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SYSTEM FOR CAPTURING AND MODIFYING LARGE PIECES OF GENOMIC DNA AND 

CONSTRUCTING ORGANISMS WITH SYNTHETIC CHLOROPLASTS 

CROSS-REFERENCE 

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

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

BACKGROUND OF THE INVENTION 

[0002) For the 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. 

10 [0003] 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 centromere-based and replicate stably and 

autonomously in yeast, but also contain a high-copy origin of replication for maintenance as bacterial plasmids. 

15 However, these vectors are limited by their small insert capacity. The second type of vector (also known as 

fragmenting vectors) has recombinogenic sequences, but is unable to transfer the recovered insert DNA to bacteria 

for large preparations of DNA. 

[0004] Researchers use fragmentation techniques to narrow down the region of interest in YACs. However, 

isolating sufficient quantities ofYAC DNA from agarose gels for microinjection or electroporation remains 

20 cumbersome. Purification remains a problem when the Y AC comigrates with an endogenous chromosome. In 

addition, Y ACs 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, PI s and bacterial artificial 

chromosomes (BACs). These vectors are limited to bacteria and cannot be shuttled to yeast for modification by 

25 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 chloroplasts of plants 

30 and algae 

SUMMARY OF THE INVENTION 

[0006] 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 

35 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 ofreplication, and at least 20 kb genomic DNA In some vectors, the yeast element is a yeast centromere, a 

yeast autonomous replicating sequence, yeast auxotrophic marker, or a combination thereof. The DNA maybe from 
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a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch. vu/garis, C. reinhardtii, D. 

salina, S. quadricanda or H. p/uva/is. 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 polynucleotides, or a combination thereof. In some 

5 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 cells, expression 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 

10 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 chloroplast genomic DNA which comprises I) 1-200 genes; 2) all essential chloroplast genes;and/or 3) 30-

400 kb. 

15 [0008] Also descnbed 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, 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 

20 replicating sequence, and a bacterial origin of replication, transfonning 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 

chloroplast genome may be co-transformed into an organism with a vector, thus the recombination step may occur 

25 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. reinhardtii, D. salina, S. quadricanda or H. p/uvalis. Organisms used to practice methods disclosed 

herein may also be noncphotosynthetic, 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 

30 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 

35 polynucleotide, deletion of one or more nucleic acid bases, mutation of one or more nucleic acid bases, 

rearrangement or a polynucleotide, or combination thereof . 

. [0010] 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 macroalgae, microalgae, Ch. vu/garis, C. reinhardtii, 

40 D. salina, S. quadricanda or H. p/uvalis. Essential chloroplast genes for use in the vectors described herein may be 

synthetic. The vectors described herein may further comprise an expressioa~sette, which may further comprise a 

region for integration into target DNA, for example organelle 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 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 chloroplast genes may comprise up to 200 genes and/or consist of up to 400 kb. In some of the 

5 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 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. Examples of such products are biomass degrading enzymes, fatty 

acids, terpenes or terpenoids. 

10 (0011] As described herein, one aspect of the present invention is an isolated chloroplast comprising a vector of 

the present invention. 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. Examples of 

organisms useful for the present invention include Saccharomyces cer.evisiae, Escherichia coli, macroalgae, 

microalgae, Ch. vulgaris, C. reinhardtii, D. sa/ina, S. quadricanda or H pluvalis. 

15 [0012] In another aspect of the present invention, a method for transforming a cell or organism is provided where 

the method comprises inserting into said cell or organism a vector comprising all 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 cell or 

organism useful for this method may be photosynthetic, non-photosynthetic and/or eukaryotic. A cell or organism 

20 useful for this method may be non-vascular. In some inatances, 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 chloroplast function, photosynthesis, carbon fixation, production of one or more hydrocarbons, or a 

25 combination thereof. 

(0013] 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 perfurm chloroplast function. 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 isoprenoid. In other instances, the vector comprises all 

30 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. 

(0014] Yet another method provided hereixi 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 

35 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, MV A 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. 

40 [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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chloroplast 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, MV A or MEP pathway. 

[0016] The present disclosure also provides a shuttle vector comprising a chloroplast genome. A genome may be 

modified. Also provided herein is a vector comprising an isolated, functional chloroplast genome. A chloroplast 

5 genome useful in such a vector may be modified. 

[0017] 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 a host organism; and (d} determining chloroplast function in the host organism. In some instances, 

JO 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. vu/garis, C. reinhardtii, D. salina, S. quadricanda or H. 

pluva/is. In other instances, the host organism is selected from the group consisting of: macroalgae, microalgae, Ch. 

vulgaris, C. reinhardtii, D. salina, S. quadrir:anda or H. pluvalis. For some embodiments, the method may further 

comprise the step of removing redundant DNA from a chloroplast genome. In other embodiments, the vector 

15 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. 

(0018] Yet another method provided herein is a method of producing an artificial chloroplast genome comprising 

20 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. 

(0019] Further provided herein is an ex vivo vector comprising a nucleic acid comprising at least about 10% of a 

25 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 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 

30 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 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 a 

product naturally produced by a host cell. Examples of some products of the present invention include a terpene, 

3 5 terpenoid, fatty acid, or biomass degrading enzyme. 

(0020] Also provided herein is an ex vivo vector comprising a nucleic acid comprising at least about 20 kilobases 

ofa 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 

40 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 
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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 ofa 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 

5 invention inClude a terpene, terpenoid, fatty acid, or biomass degrading enzyme. 

100211 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°/o 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, 

10 the genome is an organelle 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. 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, a further step comprising modifying a portion of the genome is useful in this 

method. Such a modification may comprise an addition, deletio11i mutation, or rearrangement In other 

15 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 

(06221 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 

20 to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10023] 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 

25 the accompanying drawings of which: 

J0024] In the figures, the following abbreviations are used: H!S3: yeast HfS3 gene; TRP I: yeast TRP J gene; 

URA3: yeast URA3 gene; ADE2: yeastAD£2 gene; LYS2: yeast LYS2 gene; TEL: yeast telomere; CEN: yeast 

centromere; ARS: autonomously replicating sequences, yeast origin of replication; SFOA: 5-fluoroorotic acid; Kan: 

kanamycin resistance gene; Pl plasmid rep: Pl plasmid replicon; pl lytic rep: pl lytic replicon. 

30 100251 Figure l provides a general description ofa hybrid vector of the present invention. Figure IA) Vector 

schematic. Figure IB) DNA shuttling between organisms. 

100261 Figure 2 is a schematic showing construction of a hybrid vector. 

100271 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 

35 100281 Figures 4 A, B, and C is a schematic of selectable markers for modification and/or stabilization. 

100291 Figure 5 is a schematic for introduction of hybrid vector into chloroplast genome DNA. 

100301 Figure 6 is PCR data showing integration of hybrid vector (and stabilization vector) in algae. 

10031 I Figure 7 shows analysis of captured DNA. Figure 7 A) Restriction digest with Eco RI of isolated vectors 

containing chloroplast(L, ladder; C, parent hybrid vector; I, Clone 1; and 2; Clone 2). Figure 7B) Restriction digest 

40 with EcoRl of isolates of Clone I 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 I and 2 digested with EcoRI and probed with radioactive Hindlll­

digested total DNA from C. reinhardtii. 

100321 Figures 8 A and B is a schematic showing architecture of isolated ex vivo vectors containing chloroplast 

genome DNA. 

5 [00331 Figure 9 shows growth of parent and transformed algae cells under various selection conditions. 

100341 Figure 10 is a schematic of restriction analysis for manipulation vectors. Figure IOA) Schematic of vector 

architecture. Figure l OB) Analysis of modified vector by restriction analysis with Eco RI 

100351 Figure 11 shows modification of a chloroplast genome to produce a biomass-degrading enzyme. Figure 

l lA) PCR screen of isolated transformants. Figure 1 lB) Endoxylanase activity from isolated transformants. 

10 [00361 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). 

15 

[0037] 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. 

100391 Figure 15 is a schematic showing reassembly of an entire chloroplast genome using recombination in yeast. 

DETAILED DESCRIPTION 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 wil1 now occur to those skilled in the art without departing from the invention. 

It should be understood that various alternatives to the embodiments of the invention described herein may be 

20 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. 

(00411 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 

25 principles of recombinant DNA technology include Sambrook et al., "Molecular Cloning: A Laboratory Manual", 2d 

ed., Cold Spring Harbor Laboratory Press, Plainview, N.Y., 1989; 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. 

30 "Laboratory Course Manual Methods in Yeast Genetics", Cold Spring Harbor Laboratory, Cold Spring Harbor, 

N.Y., 1986 and Guthrie et al., "Guide to Yeast Genetics and Molecular Biology", Academic, New York, 1991. 

100421 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, 

35 unless otherwise noted. This invention teaches methods and describes tools for capturing and modifying large pieces 

of DNA. It is especially useful for modifying genomic DNA, including the whole genome of an organism or 

organe1le, 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. 

40 !00431 Contemporary methods for genetically engineering genomes (e.g., chloroplast genomes) are time intensive 

(>I 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 numerous 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 

5 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 oflarge 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 

l 0 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. 

(0045] In one preferred embodiment, homologous recombination is performed in vitro. In a particularly preferred 

15 embodiment of the invention, homologous recombination is performed in vivo. In a more preferred embodiment, 

homologous recombination occurs in an algae cell. 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 complex engineering of target DNA 

20 sequences. Once all of the modifications are made to an ex vivo vector containing chloroplast genome DNA, the 

entire vector can be introduced into a chloroplast in a single transformation step. Thus, employing yeast technology 

will enable the application of metabolic engineering and/or synthetic biology to chloroplast genomes. 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, a yeast autonomous replicating 

25 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 p/uvalis. In some 

embodiments, the genomic DNA is modified, for example by insertion of a beterologous or homologous 

polynucleotide, deletion of one or more nucleic acid bases, mutation of one or more nucleic acid bases, 

rearrangement of one or more polynucleotides, or a combination thereof. In some instances, the modification is 

30 synthetic. Vectors of the present invention, when transformed into a host eel~ 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 cells, expression 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 

35 marker, a yeast 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 chloroplast 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 

40 naturally non-photosynthetic or photosynthetic and include, for example, Saccharomyces cerevisiae, Escherichia 

coli, macroalgae, microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. quadricanda 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 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 a portion of a chloroplast genome. In some instances, 

5 the targeting DNA is chloroplast genomic DNA. This method may be used to capture a portion of a genome which 

is I 0-400 kb in length. In some instances, the capturing step 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. 

I 0 vu/garis, C. reinhardtii, 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 chloroplast 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 

15 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 nucleic acid bases, mutation of one or more nucleic acid bases, 

rearrangement or a polynucleotide, or combination thereof. 

20 [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 chloroplast genes are 

cloned from a non-vascular photoshynthetic organism such as macroalgae, microalgae, Ch. vulgaris, 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 

25 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 chloroplast genes may comprise up to 200 genes and/or consist of up to 400 kb. In some of the 

30 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 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. Examples of such products are biomass degrading enzymes, fatty 

acids, terpenes or terpenoids. 

35 [0049] As described herein, one aspect of the present invention is an isolated chloroplast comprising a vector of 

the present invention. 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. Examples of 

organisms useful for the present invention include Saccharomyces cerevisiae, Escherichia coli, macroalgae, 

microalgae, Ch. vulgaris, C. reinhardtii, D. salina, S. quadricanda or H pluvalis. 

40 [0050] In another aspect of the present invention, a method for transforming a cell or organism is provided where 

the method comprises inserting into said cell or organism a vector comprising all essential chloroplast genes and 

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

5 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 chloroplast 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 

10 organism with a vector comprising one or more polynucleotides sufficient to perform chloroplast function. 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 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. 

15 [00521 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 

20 additional genes encode enzymes in the isoprenoid pathway, MV A 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 chloroplast genes; (b) adding to said vector a DNA 

25 fragment; {c) transforming a cell or organism with the vector produced by step (b); and (d) determining whether 

chloroplast 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, MV A 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 a vector comprising an isolated, functional chloroplast genome. A chloroplast 

30 genome useful in snch a vector may be modified. 

[00551 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 a host organism; and ( d) determining chloroplast function in the host organism. In some instances, 

35 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 or H. 

pluvalis. In other instances, the host organism is selected from the group consisting of: macroalgae, microalgae, Ch. 

vu/garis, C. reinhardtii, D. salina, S. quadricanda or H pluva/is. For some embodiments, the method may further 

comprise the step of removing redundant DNA from a chloroplast genome. In other embodiments, the vector 

40 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, MY A pathway, or MEP pathway. 

(0056) Yet another method provided herein is a method of producing an artificial chloroplast genome comprising 

the steps of: (a) providing a vector comprising an entire chloroplast genome; (b) deleting a portion of said entire 

5 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. 

(00571 Further provided herein is an ex vivo vector comprising a nucleic acid comprising at least about 10% of a 

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

I 0 acid is cloned from a non-vascular photosynthetic organism, for example a macroalgae, microalgae, Ch. vu/garis, 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 aux.atrophic marker, an 

15 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 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. 

20 (0058] Also provided herein 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 

25 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 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 

30 increase production of a product naturally produced by a host cell. Examples of some products of the present 

invention include a tefPene, tefPenoid, fatty acid, or biomass degrading enzyme. 

[0059] 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 genome, thereby producing a vector containing a 

35 reconstructed genome. In some instances, the host cell is eukaryotic, for example, S. cerevisiae. In other instances, 

the genome is an organelle 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. 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, a further step comprising modifying a portion of the genome is useful in this 

40 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. 

10 
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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 ofup to all chloroplast genes (or sequences). The chloroplast 

genome DNA contained in the vector can be obtained by recombination of a hybrid cloning vector with one 

5 contiguous fragment of DNA or by recombination of two or more contiguous fragments of DNA. 

(0062] 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, e.g., a chloroplast genome. In other embodiments, the captured and/or modified large pieces of DNA 

IO comprise a portion ofa chloroplast genome. A chloroplast genome may originate from any vascular or non-vascular 

plant, including algae, bryophytes (e.g., mosses, fems), 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, 

15 mutations, and/or rearrangements maybe 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/euk _ o.htrnl. 

[0063] The target DNA sequence descnbed herein may comprise at least 1, 2, 3, 4, or 5 deletions, additions, 

20 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 discemable difference in 

phenotype of a host cell without the mutation as compared to a cell with the mutation. 

25 (0064] Captured and/or modified large pieces of DNA (e.g., target DNA), may comprise a minimal or minimized 

chloroplast genome (e.g., the minimum number of genes and/or DNA fragment, required for chloroplast 

functionality). The captured and/or modified DNA may comprise the essential chloroplast genes, it may comprise 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 

30 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 example, a particular function (e.g., 

photosynthesis) may be performed inefficiently by a set of genes/gene products, however, this set would still 

35 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 ofup to 150kb in length. The DNA 

may comprise essential chloroplast genes as well as non-essential chloroplast 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 

40 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 integration 
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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. 

(00661 In other instances, captured and/or modified pieces of DNA may comprise the entire genome of a plastid or 

5 organelle. Forexample,about 10%, llo/o, 12%, 13%, 14%, 15o/o, 16%, 17%, 18%, 19%,20%,30o/o,3lo/&,32%, 

33o/o, 34%, 35%, 36o/o, 37%, 38%, 39%, 40%,41%, 42%, 43%, 44%, 45%, 46%, 47%, 48o/o, 49%, 50%, 51%, 52%, 

53o/o,54%,55%, 56o/o,571Va, 58%,59o/o,60%,61%,62%,63<Yo,64o/o,65o/o,66%,67o/o,68o/o,69'Yo., 70o/o, 7lo/o, 72%, 

73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 

93%, 94o/o, 95%, 96%, 97%, 98%, 99% of a plastid genome, or more. In one embodiment the captured and/or 

10 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. 

(00671 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 

15 kb, 46 kb, 47 kb, 48 kb, 49 kb, 50 kb, 51kb,52 kb, 53 kb, 54 kb, 55 kb, 56 kb, 57 kb, 58 kb, 59 kb, 60 kb, 61kb,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, 90 kb, 91 kb, 92 kb, 93 kb, 94 kb, 95 kb, 96 

kb, 97 kb, 98 kb, 99 kb, 100 kb, 101kb,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 

20 kb, 126 kb, 127 kb, 128 kb, 129 kb, 130 kb, 131kb,132 kb, 133 kb, 134 kb, 135 kb, 136 kb, 137 kb, 138 kb, 139 kb, 

140 kb, 141kb,142 kb, 143 kb, 144 kb, 145 kb, 146 kb, 147 kb, 148 kb, 149 kb, 150 kb, 151kb,152 kb, 153 kb, 

154kb, 155kb,156kb, 157kb, 158kb, 159kb, 160kb, 161kb,162kb, 163kb, 164kb, 165kb, 166kb, 167kb, 

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, 191kb,192 kb, 193 kb, 194 kb, 195 kb, 

25 196 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, 209 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, 51kb,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, 265 kb, 266 kb, 

30 267 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, 

281kb,282 kb, 283 kb, 284 kb, 285 kb, 286 kb, 287 kb, 288 kb, 289 kb, 290 kb, 291kb,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, 311kb,312 kb, 313 kb, 314 kb, 315 kb, 316 kb, 317 kb, 318 kb, 319 kb, 320 kb, 321kb,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, 

35 337 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, 

351kb,352 kb, 353 kb, 354 kb, 355 kb, 356 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, 381kb,382 kb, 383 kb, 384 kb, 385 kb, 386 kb, 387 kb, 388 kb, 389 kb, 390 kb, 391kb,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 organelle) DNA. 

40 In some embodiments the captured aod 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 IS, 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, 

5 108, 109, 110, lll, 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, 153, 

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, 182,183, 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, 

10 223,224,225,226,227,228,229,230,231,232,233,234,235,236,237,238,239,240,24!,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, 

270,271,272,273,274,275,276,277,278,279,280,281,282,283,284,285,286,287,288,289,290,291,292, 

293, 294, 295, 296, 297, 298, 299, 300 or more open reading frames, partial open reading frames, pseudogenes 

and/or repeating sequences. 

15 (0069] The present invention also 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., a unit essential for metabolic processes, 

photosynthesis, gene expression, photosystem I, photosystem II). Vectors of the present invention may comprise a 

transplantable chloroplast genome or portion thereof. Additionally, the vectors of the present invention may 

20 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 

chloroplast survival and/or function; 4) essential chloroplast genes; and/or 5) sufficient naturally occurring or 

modified chloroplast genes to perform one or more chloroplast 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, IO, 

25 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100 or more essential genes. 

[0070) A vector may comprise chloroplast DNA of 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, llO, 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 

30 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, MV A, 

and/or MEP pathways, such as a DNA sequence encoding a terpene synthase, or other polypeptide that produces a 

35 hydrocarbon, such as a terpene or isoprenoid. The invention further provides methods for cloning, manipulating and 

delivering a large target nucleic acid to a cell or particle, such as, for example, yeasts or bacteria. Certain 

embodiments of this method make use of a hybrid yeast-bacteria cloning system (See, e.g., U.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 elementa for function and replication in both yeast and 

40 bacteria, allowing it to 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., S. cerevisiae) are well understood and a powerful assortment of molecular biology tools 

exists for genetic engineering in yeast. 

[0071) In another 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 

5 replication. In another embodiment of the invention, each arm. further comprises a rare restriction endonuclease 

recogrtition site. Homologous recombination may be performed in vitro or in vivo, 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). 

10 [00721 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 

15 a gap-filled vector into a cell may be performed by methods well known in the field such as, for example, calcium 

phosphate transformation methodologies or electroporation (see Sambrook et al., supra). 

[0073) Accordingly, the invention provides a 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. 

20 [0074] Bacterial systems are useful for amplifying and purifying DNA, and for functionally testing the genetic 

modifications and their effect on pathways. 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. 

25 [0075] In general, target DNA (e.g., genomic DNA) may be captured by creating sites allowing for homologous 

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, 

30 or in vitro. In some embodiments, recombination is performed in yeast because of the high rate of homologous 

recombination. Once captured, 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. 

(0076] In some embodiments, target DNA is modified by adding, altering or removing genes, coding sequences, 

35 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 skilled 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 translation may be greater. Therefore, when synthesizing a gene for improved 

40 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, AIT rich in the third nucleotide position of the codons. Typically, the A/T rich codon bias is used for 

14 



WO 2009/045550 PCT/US2008/0l 1540 

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. In some 

5 embodiments, the modifications may be performed using cloned sequences. In other embodiments, the 

modifications 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 

JO 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. mobi/is, algae (e.g., macroalgae ormicroalgae, such 

15 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 bacteria, plants, fungi, protists, and animals. Genetic 

manipulations of the present invention may include stabilizing large pieces of DNA by removing or inserting 

20 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 

25 required for a certain metabolic pathway to be created or maintained. 

[0080] 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). 

30 In another embodiment, the genetic manipulations of the present invention include creating DNA and genomes 

packaged into cassettes (e.g., sites within a 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 

35 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 "selectable marker" or "selection marker" refers to a polynucleotide (or encoded 

polypeptide) that confers a detectable phenotype. A selectable marker generally encodes a detectable polypeptide, 

40 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. J 78: 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 

othel'WIBe would kill the cell. 

5 [00831 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, 

10 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 oftryptophan; 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 allows cells to utilize mannose (WO 94/20627); ornithine decarboxylase, 

which confers resistance to the ornithine decarboxylase inhibitor, 2-(difluoromethyl)-DL-ornithine (DFMO; 

15 McConlogue, 1987, In: Current Communications in Molecular Biology, Cold Spring Harbor Laboratory ed.); and 

dearninase 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 

20 confers glyphosate resistance (Hinchee et al., Bio Technology 91:915-922, 1998), 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 a mutant 

protoporphyrinogen oxidase (see U.S. Pat. No. 5,767,373), or other markers conferring resistance to an herbicide 

such as glufosinate. Selectable marlcers include polynucleotides that confer dihydrofolate reductase (DHFR) or 

25 neomycin resistance for eukaryotic cells and tetracycline; ampicillin resistance for prokaryotes such as E. coli; and 

bleomycin, gentamycin, glyphosate, bygromycin, 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 39). 

[00841 Methods for nuclear and plastid transformation are routine and well known for introducing a 

30 polynucleotide into a plant cell chloroplast (see U.S. Pat Nos. 5,451,513, 5,545,817, and 5,545,818; 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 nucleotide sequence, allowing for homologous 

recombination of the exogenous DNA into the target chloroplast 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 

35 chloroplast 16S rRNA and rpsl2 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 cell 

40 chloroplast (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 chloride, spennidine or polyethylene 

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.; Christou, 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, com, hybrid poplar and papaya. Important cereal crops such as wheat, oat, barley, sorghum and rice also 

5 have been transformed using microprojectile mediated delivery (Duan et al., Nature Biotech. 14:494-498, 1996; 

Shimarnoto, 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. 

10 [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 90:913-917, 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" 

15 refers to the state where all copies of a particular locus of interest are substantially identical. Plastid expression, in 

which genes are inserted by homologous recombination into all of the several thousand copies of the circular plastid 

genome present in each plant cell, talces advantage of the enormous copy number advantage over nuclear~expressed 

genes to permit expression levels that can readily exceed 10% of the total soluble plant protein. 

(0087] Any of the nucleotide sequences of target DNA, vector DNA, or synthetic DNA on the vectors of the 

20 invention can further include codons biased for expression of the nucleotide 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 maybe 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 G or C. 

(0088! The nucleotide sequences of the shuttle vectors of the present invention can be adapted for chloroplast 

25 expression. For example, a nucleotide sequence herein can comprise a chloroplast 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 control 

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 

30 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 

35 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 accumulation 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' 

40 untranslated 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, an algal promoter, a chloroplast 

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

5 beterologous 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'/ Acad. Sci.: 100 (438-42) and U.S. Pub. No. 

2004/0014174. 

10 [0092] Vectors of the present invention may comprise a cassette-able bacterial genome or portion thereof (e.g., a 

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. 

15 (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. 

20 (0094] Hybrid cloning systems and methods of the invention combine the high versatility of yeast as a system for 

the capture and manipulation of a given nucleic acid and the high efficiency of bacterial systems for the 

amplification of such nucleic 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 using such recombinational cloning vectors to clone, to manipulate and to deliver 

25 large nucleic acids. Finally, the invention provides methods for using such recombinational cloning systems as 

potentiators of biochemical pathway analysis, organelle analysis, and synthetic chloroplast construction. 

[0095] The vectors of the present invention may be introduced into yeast. The yeast may be a suitable strain of 

Saccharomyces cerevisiae; 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 

30 methods of manipulating the same also are well known as discussed hereinafter (see e.g., Ketner et al. (1994) Proc. 

Natl. Acad. Sci. (USA) 91:6186 6190). 

[0096] Following genetic manipulation, the cloning system may allow for the transition 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 Pl artificial chromosome, bacterial artificial chromosome (BAC) and single copy 

35 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., Ioannou et al. (1994) Nature 6:84 89). The invention also provides a shuttle vector 

comprising a yeast selectable marker, a bacterial selectable marker, a telomere, a centromere, a yeast origin of 

replication, and/or a bacterial origin of replication. 

(0097] Shuttle vectors of the present invention may enable homologous recombination in yeast to capture and to 

40 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 

5 target nucleic acid of one embodiment of the present invention comprises 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 apprapriately oriented DNA that functions as a 

telomere in yeast and a centromere. Any suitable telomere may be used. Suitable telomeres include without 

l 0 limitation telomeric repeats from many organisms, which can provide telomeric function in yeast. The terminal 

repeat sequence in humans (ITAGGG)N, is identical to that in trypanosomes and similar to that in yeast ((TG)1•3)N 

and Tetrahymena (ITGGG)N (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 

15 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 287:504 509)). 

(00100] In some embodiments, at least one of the two segments of the circular vector according to the invention 

20 includes at least one replication system that is functional in a host celllparticle of choice. As it will become apparent 

hereinafter, one of skill 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 celllparticle. Accordingly, more than one replication system 

functional in each host celllparticle of choice may be included. 

(00101) When a host cell(s) is a prokaryote, particularly E. coli, replication system(s) include those which are 

25 functional in prokaryotes, such as, for example, Pl plasmid replicon, ori, Pl lytic replicon, ColEl, 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 identified as yeast sequences that conferred high-frequency transformation. Tetrahymena DNA 

30 termini have been used as ARS elements in yeast along with ARSl and ARS4 (Kiss et al (1981) Mol. Cell Biol. 

1:535 543; Stinchcomb et al. (1979) Nature 282:39; and Barton & Smith (1986) Mo/. 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 r_eplication. 

[00102) The first and/or the second segment according to an aspect of the invention may be joined in a circularized 

35 vector form (e.g., plasmid form). Circularization can occur in vivo or in vitro using the segment of interest. 

Alternatively, a circular vector of interest can be used. As used herein, the term "vector11 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 

40 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 andfor a portion of a chromosome, genome or operon. A target nucleic acid may 

5 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 

IO 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 transcription. Enhancers, repressors and other regulatory 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.e., endogenous) or to a gene that is not found in the 

15 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 "intron11 as used herein, refers to a DNA sequence 

present in a given gene which is not translated into protein and is generally found between exons. 

20 [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, or a 

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 episomal element; that 

is, as a molecule physically independent of the host cell genome. They may be comprised within mini-

25 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 in a vector, among others. 

[00106] Vectors of the present invention may contain sufficient linear identity or similarity (homology) to have the 

30 ability to hybridize to a portion of a target nucleic acid made or which is single-stranded, such as a gene, a 

transcriptional control 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 8 to about 1000 bases of the linear nucleic acid. In 

35 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. 

[00107] 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 

40 material between the strands. The process homologous recombination naturally occurs in organisms and is also 

utilized as a molecular biology technique for introducing genetic changes into organism. 
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[00108] The vectors of the invention may be modified further to include functional entities 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 

5 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. 

[00109] 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 

10 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 ex.on, processing elements, 3' untranslated 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, orprotist), an algal 

15 promoter, a chloroplast (or other plastid) promoter, a mitochondrial promoter, and a nuclear promoter, any of which 

may be a native or syuthetic 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 

20 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 

25 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 SV 40 promoters. 

(00111 I One embodiment of the invention provides a method of producing a gap-filled vector. A gap-filled vector 

30 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 tile 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. 

[001121 Another me1hod combines: (i) a first segment including a first nucleic acid homologous to the 5' terminus 

35 of a target nucleic acid, a first selectable marker and a first cyclization element; (ii) a target nucleic acid; and (iii) a 

second segment including a second nucleic acid homologous to the 3' terminus of a target nucleic 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 

40 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 cells. 

5 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 

10 example, to transfect mammalian cells, as set forth for example in Keown et al. (Meth. Enzymol. 185:527 537, 

1990). 

(00115] Transformation may be achieved by using a soil bacterium, such as Agrobacterium tumefaciens. 

Agrobacterium tumefaciens may carry an engineered plasmid vector, or carrier of selected extra genes. Plant tissue, 

such as leaves, are cut in small pieces, eg. !OxlOmm, and soaked for 10 minutes in a fluid containing suspended 

15 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," 

20 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 cells on the other side. The cells that take up the 

25 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 

electrostatic forces; spray or vaccination guns; and apparatus based on acceleration by shock wave, such as electric 

30 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.coli, Bacillus subtilis, and such), the method of Hinnen et 

35 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. 

40 (001181 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, 

22 



WO 20091045550 PCT /US2008/011540 

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, calcium chloride, sodium 

dihydrogenphosphate, and magnesium chloride), vitamins, antibiotics (for example, tetracycline, neomycin, 

ampicillin, kanamycin, etc.). Media for some photosynthetic organisms may not require a carbon source as such 

5 organisms may be photoautotropbs 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 cultivation 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 numerous specific 

media and cultivation/selection conditions which can be used depending on the type of host cell (transformant) and 

10 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 LB media, 

M9 media (Miller et al. Exp. Mo!. Genet., Cold Spring Harbor Laboratory, p.431 (1972)), and so on. When the host 

15 is yeast, an example of medium is Burkhoter minimal medium (Bostian, Proc. Natl. Acad. Sci. USA, 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, TRP 1, 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 

20 a 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 TRP I 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, HISJ allows for selection of cells containing the 

first segment. TRP I allows for selection of cells containing the second segment. ADE allows screening and 

25 selection of clones in which homologous recombination took place. ADE enables color selection (red). 

[00122) Recombinant 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 maybe selected on the basis of the selectable markers included therein. For 

example, recombinant vectors carrying HIS3 and TRP I may be selected by growing transformed yeast cells in the 

30 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 like. 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. 

35 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 multicellular. 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 

40 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. 

[00123) 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, 

5 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 CS, CIO, CIS, 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 

10 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. 

15 [00125] An isoprenoid producing enzyme for use in the present invention may also be botryococcene synthase,~­

caryophyllene synthase, germacrene A synthase, 8-epicedrol synthase, valencene synthase, (+)-0-cadinene synthase, 

germacrene C synthase, (E)-~-famesene synthase, casbene synthase, vetispiradiene synthase, 5-epi-aristolochene 

synthase, aristolchene synthase, cx-humulene, (E,E)-cx-farnesene synthase, (- )-~-pinene synthase, y-terpinene 

synthase, limonene cyclase, linalool synthase, ( + )-bomyl diphosphate synthase, levopimaradiene synthase, 

20 isopimaradiene synthase, (E)-y-bisabolene synthase, copalyl pyrophosphate synthase, kaurene synthase, longifolene 

synthase, y-humulene synthase, 0-selinene synthase,~- phellandrene synthase, terpinolene synthase, (+)-3-carene 

synthase, syn-copalyl diphosphate synthase, cx-terpineol synthase, syn-pimara-7,15-diene synthase, ent­

sandaaracopimaradiene synthase, sterner- 13 -ene synthase, E-~-ocimene, S-linalool synthase, geraniol synthase, y­

terpinene synthase, Jinalool synthase, E-~-ocimene synthase, epi-cedrol synthase, cx-zingiberene synthase, 

25 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: cellulolytic enzymes, hemicellulolytic 

30 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., ~-glucosidase, endocellulase, 

35 exocellulase), exo-~-glucanase, endo-~-glucanase and xylanse (endoxylanase and exoxylanse). Examples of 

ligninolytic enzymes include, but are not limited to, lignin peroxidase and manganese peroxidase from 

Phanerochaete chryososporium. 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 

40 or oils by transforming host cells (e.g., alga cells such as C. reinhardtii, D. sa/ina, H. pluvalis and cyanobacterial 

cells) and/or organisms comprising host cells with nucleic acids encoding one or more different enzymes. In some 
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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 

5 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 

10 extracted from them, can synthesize complete fatty acids or intermediates of the fatty acid synthesis pathway. In 

some embodiments constructs may contain multiple 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. 

[00129) In some instances, a product (e.g. fuel, fragrance, insecticide) is a hydrocarbon-rich molecule, e.g. a 

15 terpene. A terpene (classified by the number of isoprene units) can be a hemiterpene, monoterpene, sesquiterpene, 

diterpene, triterpene, or tetraterpene. In specific embodiments the terpene is a terpenoid (aka isoprenoid), such as a 

steroid or carotenoid. Subclasses of carotenoids include carotenes and xanthophylls. In specific embodiments, a fuel 

product is limonene, 1, 8-cineole, a-pinene, camphene, (+)-sabinene, myrcene, abietadiene. taxadiene, farnesyl 

pyrophosphate, amorphadiene, (E)-n-bisabolene, beta carotene, alpha carotene, lycopene, or diapophytoene. Some 

20 of these terpenes are pure hydrocarbons (e.g. limonene) and others are hydrocarbon derivatives (e.g. cineole). 

[001301 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 product may be used for generating 

substances, or materials, useful in the petrochemical industry, including petroleum products and petrochemicals. 

25 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, 

(001311 Examples of products contemplated herein include hydrocarbon products and hydrocarbon derivative 

30 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 ofheteroatoms include, but not limited to, nitrogen, oxygen, 

sulfur, 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. 

35 [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, l to approximately 4 carbons) such as methane, ethane, propane, or butane, which may be used for heating 

(such as in cooking) or making plastics. Fuel products may also include molecules with a carbon backbone of 

40 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 I 0 to approximately 18 carbons, such as kerosene, or its precursors, may also be fuel products. 
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Fuel products may also include molecules, 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, asphal~ tar, and waxes, generally containing multiple rings with about 70 or 

5 more carbons, and their precursors. 

[00133] Bost Cells and Organisms 

[00134] 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 unicellular or 

multicellular. 

l 0 [00135] Eukaryotic cells, such as a fungal 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. 

15 [00136] 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 a rhodophyte, chlorophyte, heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, euglenoid, 

haptophyte, cryptomonad, dinotlagellum, or phytoplankton. 

20 [00137) The methods of the present invention are exemplified using the microalga, 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, functional polypeptides, including protein complexes, in the chloroplasts of any plant 

25 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. 

juncea ), particularly those Brassica species useful as sources of seed oil, alfalfa (Medicago saliva), rice ( Oryza 

30 saliva), rye (Secale cereale), sorghum (Sorghum bicolor, Sorghum vulgare), millet (e.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 (Ipomoea batatus), cassaya (Manihot esculenta), coffee (Cofea 

35 spp.), coconut (Cocos nucifera), pineapple (Ananas comosus), citrus trees (Citrus spp.), cocoa (Theobroma cacao), 

tea (Camellia sinensis), banana (µusa spp.), avocado (Persea ultilane), fig (Ficus casica), guava (Psidium guajava), 

mango (Mangifera indica), olive (Olea europaea), papaya (Garica 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 

40 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 caryophyl/us), poinsettia (Euphorbia pulcherrima), and chrysanthemum are also included. 

Additional ornamentals useful for practicing a method of the invention include impatiens, Begonia, Pelargonium, 

Viola, Cyclamen, Verbena, Vinca, Tagetes, Primula, Saint Paulia, Agertum, Amaranthus, Antihirrhinum, Aquilegia, 

5 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 taeda), slash pine (Pinus elliotii), ponderosa pine (Pinus 

ponderosa), lodgepole pine (Pinus contorta), and Monterey pine (Pinus radiata), Douglas-fir (Pseudotsuga 

menziesii); Western hemlock (Tsuga ultilane); Sitka spruce (Picea glauca); redwood (Sequoia sempervirens); 1lue 

JO firs such as silver fir (Abies amabilis) and balsam fir (Abies 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, e.g., crown vetch, hairy vetch, adzuki 

15 bean, mung bean, and chickpea, Lupinus, e.g., lupine, trifolium, Phaseo/us, e.g., common bean and lima bean, 

Pisum, e.g., field bean, Melilotus, e.g., clover, Medicago, e.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, eucalyptus, fenne~ grapefruit, honey 

20 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, chenopodium, 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, ultilane, chicory, 

25 groundnut and zucchini. Thus, the compositions contemplated herein include host organisms comprising any of the 

above nucleic acids. The host organism can be any chloroplast-containing organism. 

[00139] The term "plant" is used broadly herein to refer to a 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 s1luctural and 

30 physiological unit of the plant, comprising a protoplast 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 cells 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 be a 

3 5 seed, protoplast, callus, or any other groups of plant cells that is organized into a structural or functional 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, pollen, 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. 

40 (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 Synechocystis 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, Chore/la vulgaris, Dunalie/la salina, Haematococcus pluvalis, Scenedesmus ssp.). 

The algae can be unicellular or multicellular algae. In some instances the organism is a rhodophyte, chlorophyte, 

5 heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, euglenoid, haptophyte, cryptomonad, dinoflagellum, 

or phytoplankton. In other instancesOne of skill in the art will recognize 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 

10 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 

15 [001421 DNA is isolated and analyzed according to methods known in the art. 

[00143) To prepare DNA from Chlamydomonas reinhardtii to use as a template for PCR, 106 algae cells (from agar 

plate or liquid culture) are suspended in IO 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 Chlamydomonas reinhardtii, 5xl 08 algae cells are collected 

20 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 Iysis solution (10 mM Tris pH=8.0, 10 mM EDTA, 150 mM NaCl, 2% SDS, 2% 

Sarkosyl, and 25 uglmL Pronase (Roche)), and incubated at 37'C for 1 hour. The lysate is then gently extracted 

with phenoVchloroform 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 mglmL RNase). Chloroplast DNA 

25 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 

QlAGEN-tip 500 and the DNA is isolated according to the QIAGEN Plasmid Maxi Kit. 

[001451 An alternative method for preparing purified chloroplast DNA from Chlamydomonas reinhardtii involves 

30 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 

plugs are incubated at 55'C for 36 hours in lysis buffer (0.5 M EDTA, 1% Sarkosyl, 0.2 mglmL proteinase K). 

When lysis is complete, plugs are washed 3 times with TE, and then stored in storage buffer (JO rnM Tris pH=7.4, 1 

35 mM EDTA). To release chloroplast DNA into solution, the plugs are washed 3 times with 30 mM NaCl, and 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, 106 yeast cells (from agar plate or liquid culture) 

40 are suspended in lysis buffer (6 mM KHP04, pH=7.5, 6 mM NaCl, 3% glycerol, IU/mL zymolyase) and heated to 

37'C for 30 min, 95'C for I 0 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-Tip) to 

saturation at 30'C. Cells are collected by centrifugation at 3000 x g for I 0 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-mercaptoetbanol, and 2.5 

mg/mL zymolyase). The solution is incubated for I hr at 37'C. 300 uL of denaturing solution(!% SDS and 0.2N 

5 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. I mL ofisopropanol is added, the mixture is 

gently mixed and centrifuged at 14,000 RPM for 10 min. The pellet is washed once with I mL of70% ethanol and 

centrifuged at 14,000 RPM for 10 min. The DNA pellet is air-dried and resuspended in 60 uL ofresuspension 

10 buffer (IO mM Tris pH=7.4, I 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 PI replication elements, saturated cell cultures are 

diluted I :20 in LB+Kan+IPTG and grown for 4 hours at 37'C, then harvested. The Plasmid Maxi kit (QIAGEN) is 

15 used to prepare plasmid DNA from the cell pellets. 

[00149] For illustrative pwposes, 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 pulse-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 fur these puiposes 

20 are fully described in Gemmill et al. (in "Advances in Genome Biology", Vol. I, "Unfolding The Genome," pp 217 

251, edited by Ram S. Verma). 

[00150] 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 

25 [00151] E.coli strains DHlOB or Genehog are made electrocompetent by growing the cells to an OD 600 of0.7, 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 µg/mL), ampicil!in (100 

30 µglmL), gentamycin (50 µg/mL), tetracycline (51 µg/mL), or chloramphenicol (34 µg/mL). 

[00152] Yeast strains YPH857, YPH858 or AB 1380 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 

35 screened on agar media lacking amino and/or nucleic acids, such as tryptophan, !eucine, or uracil. Standard methods 

for yeast growth and phenotype testing are employed as descnbed by Sherman et al., supra. 

[00153] Algae strains cscl37c (mt+), Wl.l, or WI-I may be transformed by particle bombardment. Cells are 

grown to late log phase (approximately 7 days) in TAP medium in the presence or absence of 0.5 mM 5-

fluorodeoxyuridine (Gorman and Levine, Proc. Natl. Acad. Sci., USA 54:1665-1669, 1965, which is incorporated 

40 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 ml 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. 

5 Example 3: A hybrid gap-filling vector to capture a chloroplast genome 

[00155] 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 (YAP) and bacterial elements that allow it to function as a plasmid artificial chromosome (PAC). The yeast 

elements include a yeast selection marker sequence (e.g. TRP I or LEU2), a yeast centromere sequence (CEN), and a 

10 yeast autonomously replicating nucleotide sequence (ARS). Bacterial elements include a Pl or bacterial origin of 

replication sequence and a bacterial selection maker sequence (e.g. Kan'). 

[00156) 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 URA.3. One pair amplifies a region within the yeast elements (SEQ ID NOs. 21 and 22) and the 

15 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 Not! and ligated to Noll-digested pUC-SE (SEQ ID NO. 2) to form pDOCI 

(SEQ ID NO. l ). 

[00157] To adapt the hybrid gap-filling vector to capture chloroplast DNA, the vector pDOCI-10 (SEQ ID NO. 3) 

20 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 JO surrounded by a box). Each PCR product was digested with NotI and I-Seel and ligated 

to pDOCI (SEQ ID NO. 1) that was digested with I-Seel to form pDOCl-10 (SEQ ID NO. 3). 

[00158] To adapt pDOCl-10 to confer antibiotic resistance in algae, a selection marker was cloned. pSE-3HB-Kan 

25 (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 atpA gene from C. reinhardtii and the 3' UTR sequence for the rbcL gene from 

from C. reinhardtii, was digested with SnaB! , which liberated the kanamycin resistance cassette. The cassett was 

ligated to SnaBI-digested pDOCI-10 to form pDOCI-10-Kan (SEQ ID NO. 5). 

[00159] The hybrid gap-filling for capturing chloroplast DNA, pTRP-10-Kan (SEQ ID NO. 6), was constructed 

30 using recombination in yeast (Fig. 2). Briefly, pDOCI-10-Kan was digested with Paci and Asel 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-fluorooratic acid (5-FOA) and by red 

35 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 (DHIOB). To generate large amounts of pTRP-10-Kan, DH JOB cells harboring pTRP-10-

Kan were grown to saturation at 37°C in LB+Kan (50 uglmL), and then diluted 1:20 in LB+Kan+IPTG and grown 

for 4 hours at 37°C. DNA was prepared from the bacterial culture using the Plasmid Maxi kit (QIAGEN). 

40 [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 

30 



WO 2009/045550 PCT/US2008/011540 

[00161] 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 

5 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-

10 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., 

TRPI) or by comparison with native target DNA (e.g., C. reinhardtii 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 other protocols and methods to determine such differences. 

15 [00163] 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 Kienow fragment to create blunt ends and ligated to Pmll-

20 degested pSE-3HB-Strep (SEQ ID NO. 7), creating pSE-3HB-Strep-AU (Fig. 4B). pSE-3HB-Strep is a vector that 

targets a streptomycin resistance encoding gene from bacteria, which is regulated by the 5' UTR and promoter 

sequence for the atpA gene from C. reinhardtii and the 3' UTR sequence for the rbcL gene from C. reinhardtii, to 

the 3HB locus of the C. reinhardtii chloroplast genome. 

[00165] To generate vectors that target other regions of the chloroplast genome, 800-1000 bp regions were 

25 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. 31and32; 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 

IDNOs. 41 and42; site 5-3', SEQ IDNOs. 43 and44; and site7-5', SEQ ID NOs. 45 and46; site 7-3', SEQ ID 

NOs. 47 and 48). Each pair of PCR products was digested with Not! and I-Seel, mixed, and ligated to Noll-digested 

30 pUC-SE (SEQ ID NO. 2), producing plasmids pUCl, pUC3, pUC4, pUC5 and pUC7 (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. &), which was PCR amplified 

from pRS4!6. Each marker pair also contains the LEU2 gene (SEQ ID NO. 9) amplified frompRS415, theHIS3 

35 gene (SEQ ID NO. 10) amplified from pRS413, theADE2 gene (SEQ ID NO. 11) amplified frompTrp-AU, the 

LYS2 gene (SEQ ID NO. 12) amplified from S. cerevisiae genomic DNA, or the kanMX6 gene (SEQ ID NO. 13) 

from pF A6a-kanMX6, which confers resistance to the antifungal agent G4 l 8. The primers used for the URA3 gene 

add the XmaI "'8triction site to the 5' end (SEQ ID NO. 49) and Sall and Saeli to the 3' end (SEQ ID NO. 50). The 

primers used for the LEU2, HIS3, ADE2, LYS2, and G4llf genes add the Xmal restriction site to the 5' end (SEQ ID 

40 NO. 51 for LEU2, SEQ ID NO. 52 for HIS3, SEQ ID NO. 53 for ADE2. SEQ ID NO. 54 for LYS2, and SEQ ID NO. 

55 for G4llf) and Sall, Fse!, aod Spel sites to the 3' end (SEQ ID NO. 56 for LEU2, SEQ ID NO. 57 for HIS3, SEQ 

ID NO. 58 for ADE2, SEQ ID NO. 59 for LYS2, and SEQ ID NO. 60 for G41 If). Each PCR product was digested 
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withXmaI and Sall, mixed pairwise, and ligated into the desired integration vector, resulting in pUCl-URA31ADE2, 

pUC3-URA3/LEU2, pUC4-URA3/HIS3, pUC5-URA3/ADE2, and pUC7-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-URAJ gene in the case of two or more modification. Then the 

5 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 (Tet', SEQ ID NO. 15) amplified from 

10 pBR322, the chlorarnpbenicol resistance gene (Carn', SEQ ID NO. 16) amplified from pETcoco-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 addXmal sites to both the 5' and 3' ends were used to PCR amplify the antibiotic resistance 

fragment. Each PCR product was digested withXmaI and ligated intoXmal-digested pUCl-URA3/ADE2, pUC3-

15 URA3/LEU2, pUC4-URA3/HIS3, pUC5-URA3/ADE2, and pUC7-URA3/LYS2. Fig. 4C shows the arrangement of 

the yeast and bacterial stability markers. 

Example 5: Introduction of hvhrid and stabilization vectors into a chloroplast genome 

(00168) To generate a C. reinhardtii chloroplast genome that contains a hybrid vector with or without a stabilization 

vector, pTRP-10-Kan and pSE-3HB-Strep-AU were transformed into algae cells. pTRP-10-Kan was digested with 

20 Not! 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. 

[00169] For these experiments, all transformations are carried out on C. reinhardtii strain 137c (mt+). Cells are 

grown to late log phase (approximately 7 days) in the presence of0.5 mM 5-tluorodeoxyuridine in TAP medium 

(Gorman and Levine, Proc. Natl. Acad. Sci., USA 54:1665-1669, 1965, which is incorporated herein by reference) at 

25 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 TAP medium 

for subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All transformations 

are carried out under kanamycin selection (JOO µg/ml) in which resistance is conferred by the gene encoded by the 

segment in Fig. 5 labeled "Kan." (Cblarnydomonas Stock Center, Duke University). 

30 (00170] PCR is used to identify transformed strains. For PCR analysis, 106 algae cells (from agar plate or liquid 

culture) are suspended in JO mM EDTA and heated to 95"C for JO 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. Tbe magnesium concentration is varied to 

compensate for amount and concentration of algae lysate and EDT A_ added. Annealing temperature gradients are 

35 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 ID NOs. 69 and 70; Lane 2, SEQ ID NOs. 71 and 72; Lane 3, 

~ID~D~~;~4.~ID~75~%;~5.~ID~n~n;~6.~ID~. 

40 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 JO, SEQ ID 

NOs. 87 and 88; Lane 11, SEQ ID NOs. 89 and 90). To identify strains that have integrated pSE-3HB-Strep-AU, 
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primer pairs (SEQ ID NOs. 91 and 92) were used which amplify regions within the ADE2 gene. Desired clones are 

those that yield PCR products of expected size. 

Example 6: Capture of a chloroplast genome into an exogenous host 

[00172] In this example, C. reinhardtii chloroplast DNA is isolated using standard techniques as described above. 

5 C. reinhardtii chloroplast DNA containing the pTRP-10-Kan vector with or without pSE-3HB-Strep-AU was used 

to transform bacteria. Electrocompetent E. coli strains DH! OB or Genebog 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 kanamycin (50 mg/l). Saturated 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 

lO from the isolated clones. 

[00173] Fig. 7A shows the restriction analysis of two types of clones obtained from bacterial transformation (Clone 

1 and Clone 2) compared to the parent hybrid vector (Clone C). Clones land 2 are composed of>!OO 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 I comprises approximately half of 

15 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. reinhardtii kanamycin resistance cassette (which is the 

3' UTR from the rbcL gene in C. reinhardtff) and the 3' UTR of the C. reinhardtii streptomycin resistance cassette 

(which is the 3' UTR from the rbcL gene in C. reinhardtil). Clone I retained the C. reinhardtii kanamycin 

resistance cassette, but lost the C. reinhardtii streptomycin resistance cassette. Restriction mapping indicates that 

20 Clone 2 also comprises 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 atpA gene in C. 

reinhardtii) recombined with the 5' UTR of the atpA gene in the C. reinhardtii chloroplast genome and the inverted 

repeat B (IR-Bin FIG. 8) recombined with inverted repeat A (IR-A in FIG. 8). Clone 2 lost both the C. reinhardtii 

25 kanamycin resistance cassette and the C. reinhardtii streptomycin resistance cassette. 

(00174] To demonstrate that the hybrid vector would support stable replication in yeast, Clone 1 was transformed 

into the yeast strain AB 1380 by the lithium acetate met$d and transfomants were selected on CSM-Trp agar media. 

Transformants were PCR screened using a 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. 

30 Individual PCR-positive clones were streaked to 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 EcaRI. Fig. 7B shows that all isolated clones have restriction maps that are identical to the 

35 originally isolated Clone I. Thus, the hybrid vector supports stable replication in yeast. 

40 

[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 EcaRI, separated by gel electrophoresis, transferred to a 

membrane, and probed with radioactive Hindlll-digested total DNA from C. reinhardtii. Fig. 7C shows that the 

DNA in Clones I 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 

(001761 For these experiments, all transformations are carried out on either C. reinhardtii strain WI.!, which 

expresses SAA from the endogenous psbA loci, or Wl • l, which expresses LuxAB from the endogenous psbA loci. 
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Both W!.1 and WI-I are resistant to spectinomycin by virtue of transformation of p228, which introduces a 

mutation in the 16S rRNA. Cells are grown to late log 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 23°C under 

constant illumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of cells are harvested by centrifugation 

5 at 4,000xg at 23°C for 5 min. The supernatant is decanted and cells resuspended in 4 ml RSM 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 RSM, indicating that function of the psbA gene locus was 

restored. Clones were also subsequently checked for growth on TAP, TAP with spectinomycin (150 µg/ml),TAP 

10 with kanamycin (100 µg/ml), RSM, and RSM with kanarnycin (JOO µg/ml). Fig. 9 shows that WI-I transformed 

with Clone I is able to grow on all media types. Fig. 9 also shows that Wl-1 transformed with Clone 2 is unable to 

grow on media containing kanarnycin, which is expected since Clone 2 does not contain a Kan resistance marker. 

Example 8: Modification of Chloroplasts for Producing biomass-degrading enzymes 

(00178] To modify captured chloroplast genome DNA for production of a xylanase, an algae expression cassette 

15 was cloned into the yeast marker vectors described in EXAMPLE 4. Briefly, a C. reinhardtii chloroplast expression 

vector was digested with SpeI to liberate a fragment of DNA (SEQ ID NO. 18) with xylanase from T reesei 

regulated by the 5' UTR for thepsbD gene from C. reinhardtii and the 3' UTR for thepsbA gene from C. 

reinhardtii. The fragment was treated with Kienow fragment to create blunt ends and cloned into SmaI (XmaI) site 

between the yeast markers in pUCl-URA31ADE2, pUC3-URA3/LEU2, and pUC4-URA31HIS3. Fig. lOA shows the 

20 arrangement of the various elements in the new vectors. 

[00179] 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 Not!. Yeast 

harboring Clone I (from EXAMPLE 6) were grown to saturation in CSM-Trp media at 30'C, then diluted 1:20 in 

YP AD and grown for 4 hours at 30'C. Yeast were transformed using the lithium-acetate method and transformants 

25 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 xylanase expression cassette (SEQ ID NOs 9 5 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) 

30 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. 108 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 WI.I, which 

35 expresses SAA from the endogenous psbA loci, or Wl-1, which expresses LuxAB from the endogenous psbA loci. 

Both W!.l and Wl-1 are resistant to spectinomycin by virtue of transformation ofp228, which introduces a 

mutation in the !6S rRNA. Cells are grown to late log 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 illumination of 450 Lux on a rotary shaker set at 100 rpm. Fifty ml of cells are harvested by centrifugation 

40 at 4,000xg at 23°C for 5 min. The supernatant is decanted and cells resuspended in 4 ml RSM medium for 

subsequent chloroplast transformation by particle bombardment (Cohen et al., supra, 1998). All transformations are 

carried out on RSM agar. 
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[00181] Transfonnants were identified by growth on HSM, indicating that function of the psbA gene locus was 

restored. PCR is used to identify trausfonnants that also contain the endoxylanase expression cassette. For PCR 

analysis, 106 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, MgCU, dNTPs, PCR primer 

5 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 is varied to compensate for amount and concentration of algae lysate 

and EDTA added. Annealing temperature gradients are employed to detennine optimal annealing temperature for 

specific primer pairs. 

[00182] To identify strains that have the endoxylanase expression cassette, a primer pair (SEQ ID NOs 95 and 96) 

10 was used which amplifies a region within the endoxylanase expression cassette. Desired clones are those that yield 

PCR products of expected size. Fig. HA 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 patch) from TAP agar plates containiog kanarnycin (100 µg/mL)were resuspended in 50 ul 

15 of IOOmM sodium acetate pH 4.8 in a round bottom 96 well plate (Corning). Resuspended cells were lysed by 

addition of 20ul ofBugBuster Protein Extraction Reagent (Novagen) and shaken for five minutes at room 

temperature. Cell lysate (50ul) was transferred to a black 96 well plate, and the chlorophyll fluorescence of the 

resulting wells was measured in a SpectraMax M2 mi crop late reader (Molecular Devices), with an excitation 

wavelength of 440 mn and an emission wavelength of 740 mn, with a 695 mn cutoff filter. The measured 

20 chlorophyll signal in RFUs (relative fluorescence units) was used to nonnalize the xylanase activity signal to the 

amount of biomass added to the reaction. 

[00184] After measurement of the chlorophyll fluorescence, xylanase substrate was added. EnzCheck Ultra 

Xylanase substrate (lnvitrogen) was dissolved at a concentration of 50ug/ml in IOOmM 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 

25 M2 microplate reader (Molecular Devices), with an excitation wavelength of360 mn and an emission wavelength of 

460 mn, 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. llB shows that multiple algae strains containing the xylanase 

30 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 temenes 

[00185) To modify captured chloroplast genome DNA for production of an FPP synthase, an algae expression 

cassette was cloned into the yeast marker vectors descnbed 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 

3 5 G. gall us regulated by the 5' UfR for the psbD gene from C. reinhardtii and the 3' UfR for the psbA gene from C. 

reinhardtii. The fragment was treated with Kienow fragment to create blunt ends and cloned into Smal (Xmal) site 

between the yeast markers in pUC1-URA3/ADE2, pUC3-URA3/LEU2, and pUC4-URA3/HlS3. Fig. 10A shows the 

arrangement of the various elements in the new vectors. 

[00186) Chloroplast genome DNA was modified by transforming the modification vector into yeast that harbored 

40 the captured DNA For transfonnation, all modification vectors were linearized by digestion with Not!. Yeast 

harboring Clone I (from EXAMPLE 6) were grown to saturation in CSM-Trp media at 30'C, then diluted 1 :20 in 

YP AD and grown for 4 hours at 30°C. Yeast were transformed using the lithium-acetate method and transfonnants 
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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 95 and 99) 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 yeast clones and transformed into bacteria. 

5 Bacteria were PCR screened using primers specific for the FPP synthase expression cassette (SEQ ID NOs 9 5 and 

99) and a region within the chloroplast 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. 

I 0 (00187] For these experiments, all transformations are carried out on either C. reinhardtii strain W 1.1, which 

expresses SAA from the endogenous psbA loci, or Wl-1, which expresses LuxAB from the endogenous psbA loci. 

Both Wl.1 and WI-I are resistant to spectinomycin by virtue of transformation of p228, which introduces a 

mutation in the !6S rRNA. Cells are grown to late log 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 23°C under 

15 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. 

(00188] Transformants were identified by growth on HSM, indicating that function of the psbA gene locus was 

20 restored. PCR is used to identify transformants that also contain the FPP synthase expression cassette. For PCR 

analysis, 106 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, MgC12, dNTPs, PCR primer 

pair(s), DNA polymerase, and water is prepared. Algae lysate in EDT A is added to provide a template for the 

reaction. The magnesium concentration is varied to compensate for amount and concentration of algae lysate and 

25 EDT A added. Annealing temperature gradients are employed to detennine optimal annealing temperature for 

specific primer pairs. 

[00189] To identify strains that have the FPP synthase expression cassette, a 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 

30 products indicated with asterisk). 

Example 11: Gap-filling a partial chloroplast 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-BSAIO (SEQ ID NO. 20) was generated. Portions of the C. reinhardtii chloroplast genome were PCR 

35 amplified using two primer pairs specific for a region adjacent the psbD gene (A!O, 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 Not! 

and !-Seel and ligated to pDOCI (SEQ ID NO. !) that was digested with I-Seel to form pDOC!-BSA!O (SEQ ID 

NO. 20). 

(00191] The hybrid gap-filling for capturing chloroplast DNA, pTRP-B5Al 0, was constructed using recombination 

40 in yeast. Briefly, pDOCI-B5AlO (SEQ ID NO. 20) was digested with Paci and Asel 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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talces 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 ADE2 gene is eliminated. Plasmid 

DNA was isolated from yeast clones that were grown in CSM-Trp liquid media and transformed into E. coli 

5 (DHIOB). To generate large amounts ofpTRP-10-Kan, DHIOB cells harboring pTRP-10-Kan were grown to 

saturation at 37"C in LB+Kan (50 ug/mL), and then diluted I :20 in LB+Kan+IPTG and grown for 4 hours at 37"C. 

DNA was prepared from the bacterial culture using the Plasmid Maxi kit (QIAGEN). 

[00192] 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 Al 0 and BS in FIG. 13). Linearized gap filling vector DNA 

10 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 TRPI. 

Therefore, the yeast cells are plated on tryptophan-free medium to screen for positive transformants. Transformed 

15 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. 

{00193} Yeast transforrnants 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 

20 yeast clones and transformed into bacteria. Bacterial transfonnants 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 EcoRI. 

Example 12: Gap-filling a complete chloroplast genome 

[00194} In this example, a system is established using a hybrid gap-filling vector to capture a complete chloroplast 

25 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 PacI and Asel 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. 

30 Transforrnants 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 ADE2 gene is eliminated. Plasmid DNA was isolated from yeast clones that were 

grown in CSM-Trp liquid media and transformed into E. coli (DHJOB). To generate large amounts of pTRP-10-

Kan, DH! OB cells harboring pTRP-10-Kan were grown to saturation at 37"C in LB+Kan (50 ug/mL), and then 

35 diluted 1 :20 in LB+Kan+IPTG and grown for 4 hours at 37"C. DNA was prepared from the bacterial culture using 

the Plasmid Maxi kit (QIAGEN). 

[00195] The desired genomic DNA is captured by using the sites in a gap filling vector that have high homology to 

the adjacent regions of the target genomic DNA (indicated by AIO and BIO in FIG. 14). Linearized gap filling 

vector DNA and chloroplast genome DNA are used to transform S. cerevisiae using the lithium acetate or 

40 spheroplast methods as described in EXAMPLE 2. Homologous recombination talces 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 TRP I. Therefore, the yeast cells are plated on tryptophan-free medium to screen for positive 

transformants. Transformed slrains growing on the lryptophan-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. 

5 [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 lransformed 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 EcoRI. 

10 [00197] 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 multiple positions within the genome. The chloroplast genome fragments are then 

combined to reform a complete (and possibly modified) chloroplast genome. 

15 [00199] In this example, the chloroplast is divided between two vectors. One vector consists of the chloroplast 

genome DNA from B5 to AlO, 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 chloroplast genome DNA from BIO 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 I described in may 

20 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 AIO and BIO (Fig. 5). However, there is no homology sufficient to facilitate 

recombination that joins regions A5 and B5 (Fig. 5). Thus, a third vector is added that has selectable markers 

between sequences homologous to A5 and B5. 

25 (00200] The chloroplast genome is reassembled by combining all three vectors and lransforming 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 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 ADE2. Therefore, the yeast cells are plated on lryptophan-free medium to screen for positive 

30 lransformants. 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, reslriction enzyme digestion, PCR and/or gel electrophoresis. 

[00201] 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 

35 yeast clones and 1ransformed into bacteria. Bacterial lransformants 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 reslriction digest with EcoRI. 

Example 14: Vectors and methods to remove regions chloroplast genome DNA in an exogenous host 

(00202] To generate vectors that remove regions of chloroplast genome DNA, 800-1000 bp regions of chloroplast 

40 DNA are amplified using PCR primer pairs that anneal to 5' and 3' regions flanking the sites indicated in 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 4-5', SEQ ID NOs. 1087 and 1088; site 4-3', SEQ ID NOs. l 133 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 7-5', SEQ ID NOs. 1091 

and 1092; site 7-3', SEQ ID NOs. 1089 and 1090). Pairs ofpCR products from the 5' and 3' regions for different 

sites are digested with Not! and I-Seel, mixed, and ligated to Noll-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. 

5 (00203] 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 Not!. 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 lithium-acetate method and transformants were 

selected for by growth on CSM-Ura media. Transformants were propagated on CSM-Trp-Ura media and then PCR 

I 0 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 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 

15 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 

20 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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<223> paacription of Artificia2 Sequancet S~tlw.t~a poiynuo1aotide 

<400> 1 

tcgca~a~at i!M\Ctaagata cwsqagavct tacoatat~a coccag~~ot gd~a~gat~= 50 

120 

edgagogoag aaaca~cecc gcaaetecac ccg'C!ctcaat ccageotatt aattgttgcc 190 

g11\7aagcea~ &gtaagtagt tcgcaagtt& QCaget~go~ aaac~~tgt:;t gccattgcea 240 

caqscatOgt vvtatcacgc tcq~cgtttg ~tatggettd attcsw~td~ ~~~tdccu.ac 300 

g&tcaaggcg agtt&CAtga tcQeces~g~ tgtgoaaaaa agog~t~agc ~eattaggtc 360 

••• 
tgoata&tta tcttQ~tgbc atwc=atoc~ ta.a.g~tsc~b ~tebgt9act ~stwe.gtadt 460 

oaaooaagcc attctgagaa t&gtqeatgc ggogaoogag tt~ctct~go do~aagtaua 54~ 

eaolil'til'gataa taccg'dgcea c&t.A.Q'cagaa ctttaa~agt gctc&tcatt 911~aaaogtt GCO 

ottaggggog aanactoeca aggatctt&o cgotgttg&U atooagttog atg't~aoaca G~O 

720 

aaacaggaaq gaaaa~tgaa gca&aa.aagg 9aataagggc gaoacgga&.a tgttgaatao 790 

tcat&otctt cdtttttdaa tattattgaa gcatttatca ~g~ttattat atcat~•litO~ 840 

gataca~&tt ~~-a~gtatt tagQQaaatA aaca&Qt&gQ ggttocgcgc acaettece= ~00 

gaaaagtg~o ~~dtHadgto taagaaacea ctattateat gaeattaace taeaaaaata 960 

i02Q 

acatsreavot ~~qggaga=s vteac:::agct~ gt~t9~aagQ 'linlatgccggg &gcagacaag. 1080 

aodgtoavsn:r 01JOatcaacg rurt~ttggag DWtQtogggg ctgrrcttaag eatgoSfrJaat 1140 

ca~agoagat tgtsetvaga wts:rcaoca~a emrcaeeccr~ rurcgci:rc::cQt tocggatota ~aoo 

catcctgag~ tcrc:agatccg gaa.oata~tg g~uOaBG"Og .ctgacttoc" cgttbcc~"a 12~0 

atttaaga.a.& i=aoggaa&0a gaagAcdatt oatgt~gttg ctoaggecga agaogttttg 

aagoagcagt cqettaaagt:. toGctcgogt ataggtgutt cattctgata aceaqt~agg 

caaaccn::igac ag,oc:tagccg gg'ecicteaa.c gacragg11ga11 agatoo.tgcg c:eu:::i.ocQ''tQ'Qa 

oaggaceQ!&a cgctgcecga gatgc~ccge gtgc9gotGC tggagatggc g~acgcgaeg 

gatatgttct gccaaggget ggtttgogaa ttoacagttc tocg~Rag&a ttgaeegvat 

QQ&&ttattg g~gt~gtgaa tcogtcagcg •iiUftgca~cc gvet~ocatt oag-q~d~a~g 

~ugoccggc~ eea~~=~=c~ dgAcgeaacg cggggagg~a g~ca~&1Jt•~ &tJggc~g~c 

dtaeas.~eea tgc::eaacacg tteoatgtg~ togccga~gc gg=ataaa~c gocgtg&.e"ga 

~oac;rosutco aat~atcgaa aetaggatgg tangagda~a qagagatcct tgaagotgec 

ccbvatqgec gtcatctacc tgoctg~~e~ geatggcgtg caacgcgggc atcccgatgc 

cgQcg~aaga gagaagaato e~a.a~g"~ga aggooaeoo& gi:io~cgcgtc gagaacgccc 

gcaasacgea gcccagcgog tcggcegcc& tggoB'Q'ogat aatgacctge ttc~cacega 

&&cgte~agt gga"agacoa gtgaegaagg cttuagc;rag G'l1Q'gtgc&ag attecigaa~& 
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aagc:.aag-cga ca.ggccga.tc atogte:qcaa t.ooagcgan.a 13'C11iftrta:,(:ttOg ccga.aaatgtt 

Qecag~gQgc tgCCggt::aeC tgtoct&Cqa (:lCtgO&tg~t aaag•&QAC• gt.c~tasgtg 

cm:JCg-&.cgkt agtcatgccc Qgcg~cc&eQ ggaaqgaget gactQ1tgteg aagg<:1tc~c& 

agg~oa~~gg tcgagcbtg~ CAttQ'taeaa cgtttllllaca ttaddOt~~~ Qt.ecctaq"o 

cm;rcetaaga a.a.ceattabt ~~oatgadab taaeo~&t$~ aaatag'Q'crgt atoaogagqo 

ccettcgtot taaa9aa&~~ cggtcga&aa u.agaaaagg~ gagQgQc&~q agwgaggqca 

ttg~~gao~a ttga"aaagt gagb.ataeg~ gatt.aagQac aoaao.9gaag ctt~ga~tat 

g~dtgttatb aatttca~ag gtagt~d~gg tecattggtg aaagtttgag gcttgo~"ag 

oacas~ggdo gciagaatgtg ctctagaetc cgatgetgac eeucrtgg9ta ttatatgtqh 

gccoaataga a.agag~~o•~ ~tqacccmrt tattgcaagg aaa•tttcaa gtcttgtaa.a 

agcaeataaa aa~aaetoag qcactcowaa ~~aot~gget ggo;tu~ttc gtaacoau.c:e 

taaggaggat gttttggato tggtca&tga tt~awgoatt g4tatog~oc aaetgeatg~ 

~~atg&~tcg tggcaaga&t neo~ag&gtt aabOgstttg acagtt&tta all&~&ctcgt 

atttoc&aaa g~dtgoaaoa ea~t&ctoag tgca~cttoa eag•Q~cctc attagtCtat 

tacot~gtt~ ~sttcagaaq eaggt~i;va~ agg~
qaa.ot~ ~tll~a~tgg• aetaga~~tc 

t:.gacegggtt ggaaggcasg agagoceoqa $ag~ttacat tttab~tt•~ otggeguadt 

gacqcoagaa aatgttggt~ atgagcbta~ att~a~tggc getattggtg ttgatErt-&ag 

aggaggtgtg gagaoaa.o.tQ gtgtaaaega ctCtQBOAaa ata~caa..tt tcgtcAa&aa 

1:.-g'cta.a.gaaa eaggtt&tta dtgagt.mgt.~ t~ta~~t.&ag ~attqtttgt goaottgcot 

gcaggaattt tgaaaa~aaa gaat&&aatra tct~acata aaat.o:eqtQa aataacaaga 

tgt&•ag&ta atgctaaa.tc atttggotte t~aattaat~ gtacat:tJaae ata~aeatcu 

ttaattaagc lfftCOgegago teggcqtaat aat9gtoat~ get~tetcot ;tldtRaaatt 

gbt~toGg(lt 'eaC&attcaa oac~~=~tac gagoo~geo.g ~ataa&gtge aa.agcctggg 

gbgcceas~g •!ift.~agctaa ctc&Qattaa ttgoqttscg ctcactgooc ~c:tt~ovawt 

cgggaaacat gt.dgtgecag at~~attaat gaatcggoca ao~a9cgg~g agaggcggt~ 

~gcgeattgg gagotcttoc qottoetc~c toaotgaoto ~~t"cgctca gtcgtt.e:wgc 

tgaggcg&go g9b•t~a9'=~ caote~$SST cgg~aatac9 gt.tetccaea gaatoegetnt 

~eaacgoam,r aa~gaa.c&tg t~auo~$a.Ag
 qco~g~u.eaa ggccaggaae agta~a&Q'V 

OCQ'C!Qttgot ggc~tttttc oatE1V~dtcc gcoaccatga cgagoateac a.a.aa~t~gac 

aotoaagtca qagg~ggcga &aeccgaeag ~~=t~~Aaag ataCc$Q1J'Cg tttocecotg 

~titt~e '-~~act. cet"tt.ec:cga c::ectg""9'at tu.cC111Q'a.tac atgtceqc:ct 

ttetooc~~c gqgali1Q'agtu gcgotttcte atagetc~og otgtagqtat cte4gttcgg 

tqtarnrtegt ~ogc~o=~a~ c~gggct.gtg tac:cacg~mcc coccgttoa~ 
dCO~accgct 

gcgecttatc aggt~actat Cgtottgagt coaaocal!Qt arr.gacac~a= ttaecgccaQ 

egga&gcagc a~e~ggcaac:c ag~attAgoa gagagagvta t~aw"cggt gctacag~g~ 

ect~gaagtg ;rtggoctaac:: taoggctaee ctagaaga~a alJ'C•tttggt atat§oacto 

tgctgaag~c agttaootto ggQaaaagAg ~~ggtag-ctc ttgatccggc am~cnaaQQ~ 

ccgctgg1:.ag oggtggeeet Cttgttf;.Gca agcagcagat taagcgoaga B&&naaggac 

otcaag~aga tooettgatc tttt~t~ogg ggeatgaag~ toagtgg~Qa ga&aActcaa 

gttaaggsat tttggh~at:~ agateaboa4 a~aggatctt caectagaec otttbaaatt 

o.amaatgaa~ tttt(l.Qatcn atctaao.s~~ t~~~~g~9ta aaotce~dt gau~gt~~cc 

a$eQ"Ctt~t cagtgaggce oatatotQa~ a~a~atgcct attto~ttca tcoatawl;tg 

ci=~gaet:ecc c:g 
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<~00> 2 

togcgcgttt cggtgatgac ggtpaaaaoc tot~ao&o&t ~da~~teecg gQgac9gcaa 60 

~~gctti:rtct gtaagogg~t geogggagda gadaageccg taaggg-Qgc~ ecagagggtg 120 

iBO 

aecat&gggc g"ccgccage tgvAAttcta agtact~cag &gtaot~cg~ ccgc~agc~t 240 

gg~g~a.o.tca ~ggtoat~~Q tg~t~aoegt::; ;tgaaategt ea~acvctca caattccac& lOO 

ca9e&t~ega ~d~ggaagQa ta&agtgtaa aqeetgggut qcetaat~ag tga~ctaaat 360 

ea.oatta.n.tt ~ogttucgot c~ctwecagc tttcoagteg gg11.11.aoatgt o~tgoaagdb 420 

460 

ttaataqaeo &ctg&atcgc bgog"QbOQVt O;Jttoggd~g d~WOQ'Agegq tatcagatca S•O 

o~=a&a~geg v~aatac;rut tatceaeaga ataa~!JQ'gat aa~goamraa aliiJ1la~atgtg 600 

a~aaaaaggo OD.g"Qaaa~gg coagvaaQcg taaa&&g'g'OC go~tegatgg dgtttttc~a 660 

tag~otecgc OQocoegacw ng-aa~o•aaa aa.a.tcqacgo teaagta-.ga ;vt.ggcg~~« 730 

eocgacagga cta~aaagat ~ccaw~cgtt tccooctgga agctceetcg tg~go~Qtcc 

tgtttJcua.oo t.itgodgCttta ccggatacc:t gt.c:cg-o:cttt. ctcoot:t.c:sa r:aaQ"Ogt.Q'G'c; 

gctttctcae agctcacgot gt.a11t1tatct cag-cecggeg taggtegttc i:JClboaaag~t 

~ggetqtg;g cacgaaccec oogtt.uagca cg&OCGJCtgc ~ccetatccq gt:;aactat.eg 

tott~agtcc &a=ceggtaa 9aoacga.dtt atcadc~c~g gca.srcagcca ctg~taaca~ 

gatt;.agoaga gcgaggtatg tagg'Oggt~c taoaaagtto ttg~ag~ggt gg:cctaacta 

d9'9'de~cact aga~gaacag tatttggt~t dtgdg~tOt.l:J ctwaa~ceag ttaoetecigg 

l!.ft.a9as~lirtt ggt.agotatt gaeccggaaa aca4aoeuco qotasta~og gtgi;t.etttt 

~~t~gcaa¥ cagQagattA cgogeaGtw.~ aaa.~9~at~t caagaagatc etetgatott 

ttcta~g~gg tctgacgotc agtggaaoqa aaaQtcaegt t$~ggga~~t tggtcaegag 

at.tatoaa&a ~gg~tcetoa cotaqatcct ttt.aaatt~ aa~tga~~tt ttaaAtcaat 

ctaaagtata ~~tvast~aa ~ttggcctga oage~aaatu1. twatbaa~=a gtg&~gcacc 

tatote$1\fl::!W atots~~t~t tt=uttcatc c&tagttgcc tgactccocg toatgtagat 

aaataegata cgg~&SfG'gOt taoo~to~gg aooaagtgot goaatgatao agogagadcd 

Acgatcw:Jog qctccag&te tatOUHOaat B~~ooaggQ& gc~ggaaggg ccgagogcag 

&QQ'tggtcct gaa&c~~t~t cc~cctccat ccagtct&tt aat.tattucc ggga&gQtag 

ngtaagtagt ccgccaQttA atagtttgcg caaogttet~ e-Ocattgdta C&Q'gcatagt 

ggt.stc&c~e togtogtt~g gtatggatta aetoagceee wgtecoafl.B;C:f gat~aaggeg 

agttaoat~a tccaCd&~~~ tgtgeaaaaa agcggtbage toottoqgtc c~dcgatcgt 

tgtoage.age aasttgac~~ o~~tgttaec aceoabgGtt acggcagaao tQ"Oataattc 

tcttactgt.c aegcoatcc~ t&agatgctt ttctgtgact ggtg&gtaat oa.acoaagt.a 

attctgogaa ~aqtgtatgc ~gcg~o~gag ttgctcttgc ccg~~gtoaa taag;;rgataa 

taccgoaooa oatagc&ga.a ~tt:t~~ai;rt qat~atcQtt gg-a~aaQgtt Qttcggggcq 

aaaaatctca ag'G'atattac ogatQttgag atcaagtecg atgtaa.ccca otegtgaaoo 
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caactgatct bCu9'tl~~¥tt ctaotttcae c&gQgtttc~ gg~tgagoaa Qaadaggaag 

gC$&&a~qcc 9eaa&Q&agg gaata~ggge gaoacggaaa tg~tg~atAQ toataatctt 

ccttttt~aa tattQtt~aa gca~ttaeca asgtta~~
gt otcatgagcQ gataoacatt 

tgaatata~t tagaaaaata ~acaQntaqe ~gttooga~o acatttcocc ua.a.a~gegac 

aeotaaeqea taagaaacoa tt~ttatoae gaoattaac~ tatA•aaata g~dgt~tcao 

gamrcooeet cgtc 

SBQ l:l:J NO, 3 

3!1> 6638 

a~o 
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2400 

:1460 

;l.474 

10 llU> DNA 
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<213> ArtifioiaL Sequenaa 

<223> t>oucriptiori. of A:t""ti~icia1 Soqu.qnQe~ Synthetic polrnuciaotide 

<400> 3 

cogagQgc&g as.g~ggtcct aoaactttat cogogtecat OCQgcc~att aatCQ'ttgcc 180 

ggg"&llU'ctag ~wtsagtagt tcgooai;rtta •tacrtttgcv aaacg~tgtt g~oa~t~ota 240 

O$GIJC&togt ggtgt:Oadg(I tcgtcgt:ttg wtatggottc ab~d&gotec ggttccoaae JOO 

gatc~ag-gcg •gccacat.g& tcccccatgt tatg=aaaaa &gcggttagc tc~ttQgqCo ~60 

420 

tgo~ta~~~~ t~~taccgtc at~ccatce~ taa.gatuctt ttctgtgact ggtgageace 4&0 

caaec&agte attetgag&G. tagtgeat.ge ggegaccga~ ttgotcttgd ~oggcgecaa 540 

t:•ci1Uifet~a tl!lcagegcea ~~~a~eagaa etttaaa&gt getcateatt lif9'&&aaagtt 600 

attaggggog aaattctota& aggatoetaQ eggtghtgag atceagttog $t~taa.eoaa 660 

730 

aaacastraa~ goa~aati:rcc goaaaaaagg gaataatm'~~ giz.eAeg~aaa twttgaatao 7SO 

eaataot:.~t.t eett:ttt.c•a t.a.t.ta.t:t::.g;illl gc.a.t:t:.tatca l11:J'i:l'tt.a.tt:crt: ctaat::aa.gcg 840 

gabsc~t&t~ t:gaatgtGCt: tagaa~aa~a aaeaaa~e.g-~ 9g~tcagcgo aoatttcccc 900 

gaaaaghgao &cetsa.owt~ t&a~a~~~ca ttattatcat ga=atta~cc tataaaa&ta gso 

ggogta~=~~ gaggoc~ttt cgt;oto11ege gtttcm;ta'& tgsog'1tgaa aacctdtgae 

B.aat;gO&SJCf;. (U;:IQ£jG'~S'81.~'i)' gt'CIU.OEf.Q"Ctt ljjJt.Ctgt:.a,asrQ Sfgl'.lt'liJC:Cg'g'Cf U.g"Q~gacas.g' 

oao~toamis cgcgteagcg ~qtgttgqcg g~tgtc911gv otggett&ac ta~gdg~dat 

cagasrcagat tgta.oe§BilifP. gtgcaccata ~cgg·ccgc: ggcgcgr;.CQ"t: tccggatcit.g 

catcctgaga eyaagatccg 9a.a.cataatg gtgQ~gSiJ11cg ctgaettoog cgtttccaga 

ctttacgaaR c&.Qg.'ga.aaoc ~aagaaaatt oat~ttgtcg ctcaqgtclf(I a~aagttttg 

c•sd~gcagt: cgc::ittoacgt ~oa~tggcgt aecng~gatt cateatgeta acaag~a~"~ 

oaaecccsec agootngccq gsto~~aaac gaoaggasoa cga~catgcg cacoogtgga 

cas~ao=oQa cgctgacog& gaegogocgc gtgcgqotgc tggaga~ggo aeaogcg$tv 

qat~tettc~ gaoaa'1Q'gt~ ggtttgcgaa ttoac:iaet~o tccgcaagaa ttgattggc~ 

~=~~ttaetg ga.w~w"tgaa eQcgttagcg aggta-cicncc ggdttcdaet oasmtogagg 

tS'frCd~ttgQt coa~gc~ccg cw~eqcAncg o~mJg
$qgca Qaaaa.ggt:at a~ggom;cgc 

ata~~atc~a tgeaaa~ccg ttcoatgtgo tagcogaggc mraataaatc gocgtgaega 

~cage;rgtec aatgatdgaa gttaggcegq taagagoctJC 9agogatooe egaagctgtc 
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cotg&t""to gt:eatctace tq~ctggaca gaatggcetg caacgcgm;re ~tcoeuatge 

cgcoevaage gaBae."e~td a~aatgggga aggceatdoa gQatogogtc gagasaacca 

~oaagacgta gQQQ&~CReg bcggccgcca tgcQg~c~at aatggeotgd ttdtogccga 

aaogcttggt ~~oqggacca gtgacgaag~ ottvagegag gge~~gcaag et~acgaQta 

oegoaagegn caggoogato atogtcgagc tccaecgaaa geggteeteg ocgaaaat~Q 

uaoagagcgc tgocg:g;cace cgtectacga g~egcatgat aaagaa.gaea gce~eaagtg 

oggegacgat ag~eatgoec cgeg~ccGce gga~ggagoe gactgggttg aaggatQtC~ 

agaacata~g togaqcttga cattgtagga oatttaaao& t~acd~tgtt atoectsgga 

tcceacgtae aoataQtecg aag~aggaca aatt~attta thgtggtaa~ ataaa.taagt 

wsttao~ataa $t~a~ttgtm e~eaaaoecc t~cc=~tteg qgaogtoooc ttacgqga&t 

ataaatRtta gbggo&gttg cctgoaaaca aattt&ttta ttgtattaac Rtaggcagtg 

goggtaac~a tgoo&ctggc gccccaa~~t &aabattggg caActaaagt ttaca90$gt 

actaaQ&~~g aoagtagcgg tacca~t~cc ~ot~~ogtce tcettcggag tatgtaaaco 

tliJQtaoc~ea ~caaataaat ttta~totat t~taataota oaa~atttag attc~cgtta 

gqg'gAtaaao caqgca~tcg t~~Qtggogt catagtatat aaatattgca aoa~attgaQ 

•c=~t~U&ag t~aac&tttt ~=~~aSJWat~ aatatgaaat taazt..:n;tata ttt9lft&cat 

~t"attoc~o a&&aatgtcc aatacttaaa ataoaaaae~ a~aa.wtatta gttgtaaaot 

bgaot&a.cat ttt~a.atttt aaattttttc etaattats~ ~~ttta~ttw aaaaaettat 

a&aaa~t~ta tgoattetta tataat&ata ataaaacctt tatteatggt ttataAtAta 

~t~~tbgta& tgaat&tgca eaaagoagtt otageaccat &t&tataact ~~atata.acc 

cutttaaa~a ettattta&a aatatgtrrt~ taaaaCU1.tgc t~ate~~taa t~ttatttea 

tataaatt&t aatAttaaat acacaat~at taaae.ttaaa taataata&& ttta&dgt~~ 

ag&~ga~ttg ttttbttntt ttggagatac acgcaatgac aattgcgate gotacatate 

~aga~aaaoa oaaatggteo gatgaogcto at~~otgg-ct ecgtcaagao ogttccgtat 

teat.aq;;rt:.tg gteaggt:.tta ttact&ttQc ottliJtgotta otttgcaact ccwstcegg~ 

ggdttgoaeog ag&cgaette ccogcttoat ~aaaaaQgga tttectaacc ataa4n~gtg 

gattttaagg &a&gacgttt aa$gao.gtm;- cataaai;itt~ &tttget~$& gaattg~tbt 

cgcttccatt c••avaatta tta~~gabu..a amcttt~eae ttttctataa ~tt"tt~taa 

gettteo~aa dttatatqet tttaa&aatg caetea.a.teg ce~.t~aata o~ttcatett 

ae••t;rtttc aataggtatt gettgcgeca atcgaai;tat taQcg~eact ttgcetgcce 

g,tt~t~ogg~ tatb~a~aat aageaagtat aatgatttaa &a~ag'tQat« ttttgatta& 

atcttttt~a tatw~ttaaa ae.o~ttata~ tatatotaaa ~aaatttatt tttt&etaaa 

totccaattt w~amtttaoa gatataatta aaa~tataaa gttae~taag teaatttgta 

~taa$atoaa aoacaaanat gtttttaeat age~a.aa&tg t~~a~tttaa c&t&tg~taa 

ccaactaaaa ttctgtaa=~ ga~aao&a~a ~aataa~tgo ~agactttg~ g~s.nt9ecga 

agtatattta tatacttecc tetoaaaaaa a~a~a~aet~ ttgocactaa aattcatttq 

cctagg&agt c~~cttocco ttaom;rga~g ~ttatataet a~gacgtooc obtcocctta 

cggv~tat~t atataotcog &&Q'9'&0gtco cdtbo~ca a~taaatttt &gtggaQlltt 

gootgccaac tqootAITTJO& agtaaactta gggattttaa ~gc&ataaat aaatetgtQO 

ceetacagga ogtcaatgge agt~~cet~~ caaatgocta atat•aatat t&ghsga~nt 

ttat•tad~c oga~gg~gga &gteaectge oa~ceaooga ggoaaanaaa ttttngtggc 

agtggtaaog ooaotgoetg etecctcctt ooocttoggg caagtaaac~ ta~oa~gttg 

tcgacatt~e ocbgeeatoo ceaggccggc .c~aagaaaco at~attatca tgac«teaac 
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ctataaaa&t aggogta~oa cgaggccctt t~atettcaa QAAA~to~gt dgaaaaaaga 

aaagvagago g=caagaggg aggga~t~gv bgaa~ateg~ gcacg~~agt &tacgtgatt 

~seaQdaoaa aggcagcttg gagtatgtc:t gttattaate toacaggtag ~t=tQgbdea 

ttgatgaaa" ttCgc119"ott gcagag-c~Qa gaggoogoag &atg~gotet agattoogat 

cretgacttso t~agtattat ~tqtgtgoco aatggAaaga gaadaattg8 coaqgttatt 

goaag'g'aaaa tttcaagtQt tgt~aaagoa eatQaaa$ta gttoagg'Cac tccgAaatac 

ttgg'ttiiHfog tgtttctltaa toaaoctaa.g gaggatattt tggcta~g~t caatgat~ac 

ggcat~g~tm tcqtccaaot w~atg~aqat gagtcgtggc aagaatacea agagtcactc 

gget~gaaag tt&ttaaaag actcgt&ttt ccaaaagaot ~oaacataat actoagtgoa 

~attaacaga aa.oQboaeta g1:ttat~occ ~~g~bbga~t ~kga&gaagg t9SfgacaQ9't 

gaacetttgg aetsga&atc qatttct~QC eli11~ttqgaa ggcaagagag cocoeaam~c 

ttao&t~tta tgetagc~gg tlillr$gt~ac~ coagaaaaeg ~tggtgatgo gottagatta 

a&cggagtta tegatgetga tetaaucg~a ggtgtgqaga caaat~gtgt aaaagaocot 

aac&a~tag eaaaettagt caa~aataot aagaaatagg tt~ttaotw~ gtagtatttn 

~~~~A.Qtatt gttegtvcao btgcetgeag gccttttga& o.a~oaagc:~t aaaa~atota 

aaoa~aaaat aeg~aaaata aoaaeatqta aagataa.tgo ~aaaboaett ggo~ttttga 

e~gattgtac ag~uaaabnc aoaeogeeaa eeaagoggaa gq:gagottgg cqta•toatg 

r;taatagotg tttcotgt~b gae.attgt~& tccgctcace attoeacaaa aaaeac9agc 

aggaagcaca e$~tgtaaag oot.sgggtga cta.atg~gtg agctaactea cat~a&ttge 

getgcactea ctqcccgcte tccagteggg aaa.e~~gtcg tgaca~ctcrc att&11.tgaac 

oggc:caacgo gcgggg'B.g'ag ggcnrt~tgcg tatt~~ga~c tattccgctt actag~tca~ 
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gac:toggtg agatcg(iftag ttagg-ot~og Sl<l~aaoggta taagaecaae oaaa99d'1\Jt:. 5?~0 

~a~acm:rtta tccacaqaae caggQgata• cgaaggaaa~ aaaatgtaa~ caaaaggcc& S?SO 

25 

30 

35 

"oaaaaggeo aggA~cagt.a &aa&lirQ'CO~~ attw~tggo~ tttttccata ggctccgocc 

ccctgmdgAg caecacaaaa atc~&o~ctc o.e.~cQagu.gg tggogaAaac cg&oagqact 

ataaagatae caggcgtttc eocctggaag ctcacecgtg egcectcctg ttcaqaccet 

gccgcttac~ Qlf&taoctgt aagcottt~t oaottogg9a aaogtggogo ttcet~A~$~ 

otoaegetgt aggta~etc~ gt:.towqt9~a iTiiJtcattoao tceaa~OtQ11 qctgtgtgc& 

cgaaccc=cc ;tto~gcoog ~CQgctgcgc atbatocgsrt aaetatcgtc ttgagtccaa 

oooggtaasa ~Qcgadttat Cl\JClO&d~ggo agoaqcoaat ggcaaa&SlJ'a ~taucagago 

c;m,~gca~gta SlfcmJt~cta cagagttott ~aagtg~t~q cctaactae~ gctacactkg 

aaga.acagta tetgst~tct ~csot~ttrct gaageeagte &a~~tcggaa aaa~agttgg 

eagotettga tooggo~aa aa~oo~ccg~ t~gta9a9gc ggtttttttg tttgc~~IWa 

gQ&gu.ttaQ& =CJCl~&.aaWll aaggatotca ugaagatcc~ ttwabct~tt c~~cvggete 

tgmagotoau t~gaacgaaa aeteacgtta •Qtl~attttg gtoatgagae taCoaaRQ&g 

gat..dtt::._oa:i::ic tu.g.a.tcu:ttt taaa.ttaaaa atgaa.11t.t:tt aaa.t:da.at.crt ~aa11tata.ta 

ega!ifba&act tggtetgACA gttttCC&&t~ CttaahOQgt gam:raa~Ota tctcageg&t 

Qt..gtQt&ttt eu~tcatcc.a. ta.gttgcotg ·~~coccg 

40 SllQ rD NO. 4 

<.211> 7955 

<2:L2> :mu.. 

<213> Arti~icia1 Seq:uenae 
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<325> Deae~ipt~cD of Artifioial Saquecce: Synthetic ~o1ya.uc1eotide 
<400> 4 

gtgoaatctc ageaamAtct gotctua~gc o~catagtta ageoG~acca gao$Oadgeo 60 
aaoacc=gat gacgogecct gq.ogvgcttg tctgc~cccg gcatooactt ~=&~Qaea~c 120 
tgtgacogtc toegggagcit gcat~tatca gaBsttttca g~atc.a.tcsd cgaaacgcgc 
gagRcgau.ag ggcctcgtga taagoobatt tttataggtt aetgcea~g~ caata5eqgt 

l.BO 

240 
Cta~tagacg teaggtggea Qttttc~agg aaatgcgcgQ ggaaccccta tttgtteQ~t 300 
c=eotaaata catto&aata tgtatoegct oabuagaeaa taaccctgat aaacgctt~a 360 
~t•Gt&ttga &aaaggaag& g~atgagtat to~acattto ogtgtosoac tt~ttac~tt '20 
etttgcQ'Q'o• tettgocttc otgtttttgo tcaeQC~gaa acg'Qt~gtga a&gtaa~ftg& 
bgotgaagat a~~tgggt~ eao"agt.gg~ ttacatc~aa ctgga~~~ca acagc::g9taa 
gatcQttgag QCJttttcr;roo eogaa~aacg tttteo~atg atgaw~actt ttaaagetot 
ctatgtggo gagatattat oocgcaetga egccgmtToaa gagoaaotog gt:.egQcgoat 
aaao~&ttct oaqaatqaot tggttgagta aCcaocagte aca~aaaagc &tatt&aQg& 
twgoatg&ca gtaagawaat tatgoag~gc tgccata•cc atgu.gtq&ta acactgcgg~ 
aaacttaett etgac&adga tagg&g~aoo g&&'1Q"&gota ac::cgc;;:ttttt tgaa~aaoat 
g~Q\Tii&tcat gtaao~cgac ttgatowtt~ gVaacaggag otaaatqa.a.q oo~taeeaaa 
ogaogagQ'1t gaoacoaoga tgeeCg~~gc: •At!ifiJoaaca acgUtgagoa a~otattane 
tggcgaacta cttactct&g cttcec§gca aa~attaatA ga~tmr•CGJU' agg-agget•~ 
agttgaa~~a ccaotto~ge gctcliltlOoct t~CQll'CbgliJ'C tgg~ttattq ctg~taa&tc 

eggagcetn;t gagogt~g~ o~cc;rc:iggtat catt~~agea a~~gggccag atggtaagca 
etodcgta~e ~tagttatot aaaoga.Q"ggo gagtcaQttca aotat~ga~a u.acgaaatag 
aeagaeagct gagataggtw ootoaatgat teagoattgg taaotgta&g ~oeaagttta 
ctaat.&tatQ otttagattg atttaaaaot tdatttttaa tteaaaagg~ tataggtgaa 
gataettttt gataatotca tgacaaaaat coctt&acg~ g~qttttcwt tacactgaga 
gt.cagacaca ~tagaaa~ga tcaaaggatc t~ottg~gat cctttttttg twagcqtaat 
ctgct~ctt9 caaaca.aaaa. aaaanQogct aooagcggtg gi;ee~tttgc cggatcaa.g~ 
gotaccaact Qtttttocg~ aggtaaetgg o~~aagca~a s;rcsougatao aaaataetgt 
tottetagtg tagooqtagt tag~ooacc~ dt~oaaqaao ~otstagcae cg~Qtaaata 
cctaQCtOtg ot11.&tcet~t baccagtQVQ b~otgceag-1: ggogataagt agt~tctt~o 
cggge~w~mo ;caagacgg.t agttaccaga ~aaggogc&~ cggtcgggot gaacg"gggg~ 
ttegbgc&oa cagec~agat tggag-cgaaa gacatAOaaQ «aaatgBgat o.ectkeagcg 
tgagctatga gaaagcgcoa ogcttaoogs agggagaaA~ goggncaggt stcogvtaag 
oq9'0Qq99to ggaAO$ggag agcgoao~a~ ggagettcea ~~ggg~a&ag actggtatct 
tca~(L{ftoot ~tcwwsbttc ggcadototg acttgagc~t c~at~t~tqt gat"~togtc 
agg~anrscqg a510otatgga aaaa~~ccag ca.aegc~g-ac tttt~aosgt tc~tvgcctt 
ttgctggcc~ ec~~decaea tgttctttcc t~cattatcc octgattotg tggataaQcg 
tatt&OOgcc ttt~Ggtg&g ctgataccgo tageagcaoo cgaaagadag a~~guagc~a 
gtQaQtgugc g$mJaagQQtl' aagagcgccc aatao~CO<a4 cegcctotca OdgagQgttg 
gQogattoat taatgca510t ggoaag~oa~ gettcaegae cgg~aagc~g gaagtgagog 
cagagcaaet aabgtqa~tt agctaacto~ ttaugoaooo cmgvettt&c aettt~tgct 
tccm10tcgt:. •t!ifttgtQtw waattgtgag c911ataauaa tttd~oacag waaacagot& 
teaeoatgae t$egaoaagQ bogoqgccgo ~wtactcege ~m&tttbatg oaa~attaaa 
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~tcttUtQ&c aacag~tttc ~cdbtaagtg caaatatcqe ccmtbcttt~ otctt~tcgt 
atabsaatwc tataatagta ggsegtagta =oagtaaagg ~4cgacattg aat~ttaat~ 
ta~toctQag etta~bttca oaatatet~t att~gge.agt ocoottcgga taaatcr.A&~t 
ttagtggeag tgi;rtaocg~c adtacotatt tta~eacbqc gaaggaggca ~ttgge~ggc 
aaat~~tcgt ~owca~cata taa~~atcca ~taatattta ~$ttoooq~a aggggaogec 
cog~«gggq~ agggga~aaa agaagtcgcc tcceegc~Aa ~~ggttt&ct tgcccgnceA 
qtg~aagoa tactgtaaga ~~taaAt=ta ccctg•~a~g gatgc~tttc aQC~taatac 
tatacaa~ta gtgttaccet ttg&G"QAto& tnooggbwct actgga.~~at atvatctctt 
catgga~~a OU~tagcc~t ttat~taCOC &ttB~91l9~& C$~t~g'tQgQ Ctgtcaceg~ 

tocteacgag acqcaQgt~g acgttogtcc ~awaaaatte atgogctgcc tag&agoOQd 
~aaagggaag tt~aa~ge.c:1t cgeta~e.gag tg-ogetaAca g~bttaaat~ cttC$atatg 
ta~a~t&gliJlil. agec'1S'bliJG'C ag~gi:rt:•ccg dCaotgccac e17Ccgg•gga cgtcccttac 
ggtatattat atactaggat tt~uatact~ Ogaaggaggc agti.ggc~w-t:.a ccactaocae 
ta«tatttut attOgogta& sn:gacgt:.act go~tCQQaat ~t;t&lllacat tctaagteta 

cttgaodaat attbatatta qgcagttwgc aggaaaotao ta~obctcat ooteoggAgt 
atgt&a~c&t c~aagtatat aaat&taoac t&&t&tbtat attooegtaa ~svqaagtgq 

cg&Ag~«a•a ~SmJ&AflVac gtcQgtggca gtt"cot~cc aaetgoct.&.~ ~daagt&&AC 
~cagga1.7tat ata.a.•tatag gc&geo~cgg t•o~actgcc actgacgtec t~coa.actgc 
ctmggcaagt ~n•cttaugt ggaaotaaaa t(featttgcc u~aaggggaa ggaggac~oo 
agts,rvoagtg gtQaogoe&a tsecrl:eettd "gasreattaa aatcata~~ tat&Aa~~tg 
otagegoav~ aaat&lilattt tattoeaeee atatactccg ~~am;agljt1;a agta&AC~Qo 
ttQccotbog ggaaaCcn.gt g~a~tt~cct goca&ctgoc taatataaat aetagadoao 
ta•aliJtttog QKa~tgccaa ctgttgtcct to!IJg'&Q"Q'alloa aaa&&tQ:tftt &&etOReaag 
QQSJt-taac&t aaata&agt:t tcttacttt~ ccqa&gaclll't ttaccctbta tcgg~taa.gg 
agacggag&a agttgcaetg tgact~c=ta gtatageas.t tttgttbttg ~ttsbatgct 
ogacaaaatg aottccataa aaacat&$ag tagt~Agota qttatttt&t atc&atataa 

ctagggtbot CAg&flgCBCC gaA~tQ&Ott gt~~G&&tag taattteta& CC~gttta~t 
cttegt;Q'tbc ttcaaaa~ga tcacg~~att ttt~tgaagg tg~aocaaaa ct~aoat&&b. 

ctga~t•liftle agtt•oactt aacQgaagaa nceataaaaa ~asggtaaag a~a~aagctw 
gactbtcaat agctaattt& a~aat$&aat ca~~otettt tcaacatatQ tattagatag 
~tca&$agao ttgaa~aot~ tgtcccacat tCttaaaaaa agttuatct& oecaaaattt 
tQ'Coo~gaga aagamta.a.at taot~cgttt ttgQagcaga oatto&~gto actttgmaac 
tQtacetac& •a~etaaa.ea eta~ttaaaa attatttl!&Q.t ttttat&taa aaaatattat 
Att.aaataaa aaatgaacaa aga~geeota awatagtott tagtgagt&a tta&agagtt 
ttaottaaca g~caaggQag ttttttcatt ottbta4Q~c agg=aettct g~~Qtrg~aaa 
~gggactgce tactgaggtc otaggtaaat 6Cmtt~t~at gcaatttatt tot~gtgct& 
gt:.aggtt~crl:: otactoa~aa gaagcaaaad ottgaagaga g1;U1.0gttate dtcagAgtat 
ttataatcot gaga~ggaut goaetgaagA atattttact tattttttec agaaa.gta&a 
eaa..aat"gog ctaa.baaogc ttaatteatt t&Ataaac~~ tggcaaoaBll' a&ctectaaa 
vct._a~Qcat ca~~taa& ttcagaotto eaawaaaatg gtttagttac acoat~aggt 
aotctaetac gtoaaettaa o~oagn,~{JQ:e ggtaaagtat taccamrotg gggtaeaace 
gttttA4tgg ctgtatt~ac cdt~t~atce gca~cattot ta~taataac ettagaaatt 
taoaacaatt etbtae.ttee ag&tgae~~~ botatgaQ""t,b g~gQaacttt alif(lt~aagtt 
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t~tta$ttet a~etaa~aa~ aaoae~aaae 
et•&afl.Oti:Jt ttgteaaqgc ~~gd~gctaa 

gta~tott~t cgataaggta aketaq~caa dtoaaacata tttatattag goa"bg~C4C 

~g~oaaot~c o~ctggQOtt cggttat.agat aaacqci;tvg ntctdQO!:f't.G acC&gtgata 

~eeaagtaat ogatgaatt.c gaeaacatet ttata.actg~ atotoo~a~t aoeta~•~•= 

caQttgttct t~ecttttag etetaaqaac p.a.taaattta taaatat$tt tattattatg 

ct&to.atata a.atao~&tat a!Ultaeattt ~~cecettat aaatacattt ~oc~tttttt 

taa~ttgoat gatttea~tg dttat~cta
t ctttt~tatt to.g~ccataa •ndo~tta

a.~ 

ggaodttt~a ttatgg~ata tttatatttt oc~~$Caaag oa~tcggcgt cae~a&etet 

agt:.tgct~~c gaegootgt.g gacgto~cec oottoecatt ~~gggcaagt &aac~tagga 

atttta&tgc aata~taaa tttgtco~=t tcgggd&&&t gaat~ttagc atttaaatat 

~aoaagm;r~g aaecattaet tttgtta~aa ~at~~ectta ooaateaota tttttgtega 

attttaaaet taeteaaaa.t tctcgaga•~ ga.tttt~aaa a~a.AQCtttt ttaatctttt 

atttattttt tett~ttto~ tatguaattg ooO&atatt& ttcaaaaatt ta.togga&ad 

avogttt~ag --=~aaato.a aat~g9tda
g togeoatogg atgtttattc ~tetaatcqa 

aatl!l&tqaaa ct~tttttct ta~~cgatdt agaaotttat atacagagac a~oe..tacagt 

~ctQtcgtg aavcgaaaat gttw$gte(1lf ctctatcraga cettaaaqgt aeotg~$cto 

atoeta~tt ttoaQlJatqa gc:&at~tgaa ~ttatgatca oeaaag-c~at oaatacaaaa 

ocae.tttcag cgcttttttt aaaagacca~ gAAttgottg ct~tctat•~ gg"&qgQ~dtc 

aatatgt.taa att~aattgo t&ttattgat tgtoeattea ettcaaaoat ~gaeo~tcgg 

tta.aaaga~c c~ttttt tattgat&ae dAActocttg ac~atatag~ teaagataa~ 

ttt~aa&otg aattatggg" agaaaacaaG acttaccta.a. stctatg~a& tgaQ"t.taacc 

«•ga~tcgeg ttgaaga&aG ateggtcttt tctQatggcg atatc&ogga tAgt~Ataet 

~tt~tag~ta a&ttea~tga aatttatett tt•~accttg gt.Qgeqctgg g~~apaaga~ 

gaaeetg~&g m~at&toctt tgttgaaagt tgootaagag $§g&tgc~ta ggaggaaaet 

gdgaaaatat tttt$aaqca tteaaaalk&t gataqacctg a~aaa.a.""•a ttatttttt~ 

aaacttGU-~g aattgaae~a &ttoo~a!JC
& ttatetaaaa t~ctctg~sg «cacactago 

ttgtaetoa& gatovtaaa~ aaggtewtga ccttgotagc. ~&~wgtggi:::~ acge.(1..8.ttog 

ttgagottgt aaatggtota ca~~aettgQ tgct~eatgt qAagttt~~& aagaa&t~•
~ 

a~caqaattt g~taotatt~ aoa~a~t
tta attte~attt etcat~a~gt tta

~g~gaat 

ag~ataaaoa tolift!ttttat tttta~ggtg tttagattaa atacot&aac &taatttta.c 

a~~t~taaaa· ~t~tcta aag~t&tctt ~tgttbaao.e ttgaotgtet tta~&QAtta 

d~Atgb~dc& waa..aa&taaa atat~agctt ~~ta~bkt&g asttta~att tat~tatta
t 

atttt:.ataa~ ttato.ataaa a.gaaatagea acataet.aaa gcggAtut~g Cgd~tttate 

tta.$cgg~~~ qauttClif\TC« o~t&cqtaec cgggtaadQa 9gatocaogc Gfttaatagct 

caat~ttobt taaattta&t ttttaattta a~ggtgtaa~ caaaeegcct gacgaga"at 

OQaclttaau.g gatwaeagtg gegg-gotadt goctact~dc oteo11i7gata aaatttu~~t 

gaaaaaeatt a~ttacttQc taa:cs~~gca ttgacatccc ca~atttata ttaggacg~c 

oQCttogggt aaQtaaae~t tagtggacgt. ac~ctte~gg Ca&l.a.ta~att ~t&gtlillJaCa 

ataa&.taaat ttgttgocb" ccaao~~oet ag-g~aa~tQ& adttgggagt att&aa.at~q 

g~cgboag-eg gcagteqout geeaaotsdc tatatt~atA taetgc~aag CAggeaQ'twa 

cggtaCdaet gocac~ggc9 tea~aatata aa~att911ge' (it.8.Ctaas.ptt tatagcagta 

ttaaoatcet $tatttatat ac~ccg&&gg aa.eeegttag ~cqatft~geg aggcaa~$~a 

ttba~ttat~ gtocegtaaa aggatgdato caaoatcgaa ~gggaagg911 &ogtectagg 
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oaata$G&dt &aagggaG&t aoatag~aag te«tttttatn aatttataga atccaaaaaa 

dagctgcgtt at~~~taa~t tctgbta&at atggeao.&gg ggao~~gggc aatttoaadt 

aagt;taoat t~aaa.at~ga d&att~aatt tttttta&tt aea4tatata ttta~taaaa 

tataacaae& agQQcccatc gtatawgeag aattcaagct ggeggcc~oc dtatq 

SB.Q: ZD NO. 5 

<311.> $4.$8 

<212> JlMA 

<313> Ju:o~~f~cia1 Suqu.epce 

"/l!ff 

7140 

7800 

7955 

10 <223> Deaoript~oD cf Al:'tiflci&l Sequence~ Synt.hetid p01yuuc1aot~de 

<400> 5 
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to•tqtagat aoot~og~t$ aggga.r;sRdt tacoat~tm;r cocougtget geaatgat&e GO 

agi::gagaccc acgotoaocg gctccagatt tatcagoaa~ aaacoavcca gdCgg"aaggg 120 

eo9agdgcag aagtggtoat gca.Actttae aagaatocat ooagtoeate .a.ategttgcc 190 

240 

cu.ggaa~agt ggtgtcacgo tcgteget~g gbatgqottc attoagot~c ggtteoc~ac 300 

;rat:.caa.si:rct; aqttaea.tga. t;.ceccc:atgt t§t.g.c.aa.a.as. agcgcrt::t:.at.tc tcettc:t1:roto 3 GO 

otocgat~gt ~tca.gaa'1t;. ~agttggccg oagtgttat~ actQa.tgutt atggaaacac 420 

t.gca~aa~tc to~tac~gtc mtgoaatcog taagatgctt ttotgt:;~a.ot 11Q"tgagt.Q.C!t 490 

caacaaa.gtc Attc~gagaa tagtgtatgc 9~e~accga~ t~gctcttec ~cggogtdaa 

taagwwata& ta.oegog~ca oatagcag&a. etttaakagt gctcataatt ggaaaaoqtt 

~ttoggawc" a&aa~ta~ca ag-gatdttae dgctgt.tgag a.bcQagttc~ a.tvef'Ul.coa& 

aaaca.ggau.g gcaaaa.t~== gcaau.aaa~q gaataaggge gaoacggaQ& tgttg~atac 

tcataata~b oc~ttetoaa tateattg&A gcaettstoa. ggrret~ttgt ctc~tvagoq 

gatacatatt tgaatgt~tt ta~a(Mlaata aaaa.a.a.tagg ~Qteecgcac a=attcceco 

gaaaagewcc ac.ctg&a9"tC ea.agaaacoa ttatta~~ae aacattaace eataaaaata 

ggagtatoaQ gaogaocttt ogtotcgcgo gtttaggtga tqaogatg&G ~~aatatgaa 

acatgcm.gat crocgg&gacg gtcaoaao~t gtctgtaa~Q ggatgoollll'Q' agoagaa.Nlg' 

ooastce.gg-q ouc~t~agcg mt~gttggcg ggtgteqggw Oh"vcttatte ~atgcqgoae 

G4!i(a$f<;&s',.ia.t ~gtG.C~ltaga r;rtgi;;na.cicata gggcrgi:;rccat: ggcigcgc:c:gt. tccggato.t.g 

=~~cetgcg~ tgeag~tccg waaeatlMl~g Qtgcaqggcg a~gac:tto~g ggtteccaga 

atttacgaaa cac:gyaaaeo g&agaao~~t aatgt:;~getw e~~aggtcgc a~aogttetg 

ccedagC$qt cgot~aaagt bcgctogawt atcggtgatt cabtcegcta accagtaag~ 

c•~occegcc agcotag~cg ewt=aceoaac gaea.gqagaa egat~$tgcg oac~~gtgg~ 

eaggacoeaa cqotaacoga s~tgogoaga gtgc11actgo tggas$tagc uu~cgcgatg 

g&batgt~oe g-o.aa&~SG~t ggtttgogca ttc&caqttc taaqoa.agaa. tegab~a'Q'ct 

ocaa~~~ttv gagtg;t.~an eccgttaad~ aqgtgcc(fac ~gcteooa~t cag~to~agv 

tflm'OCQg~~t dCQtgcaoo~ e~aogaaa~g cgqggaggaa ~aaaaggtat agggcggdgo 

ota.oaaeeua tgccaaaoog ~t~datgtge tdq~cs&qgo mroa~aaa~u sccgtgacga 

boa.srem:rtco aa.tgat=g$.& gttagggtg-g taagagccgc gagcg&tdd~ tgaag=twto 

cotga~m;rtc gtaatotaoo tgdCtliJB'~Ca ~c&tGgcotq eaacgeggso a~accgatwc 

dge~mra~gO g~gaag&a~O ataatgmn;J& Ag"CC~CCC& UC~teg-cgtc SCl'fD.&CgCC& 
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gca•saQgta go~oagagee tdqgc~C1C!C& tgadB"Q'cgat aaeg9'0o~gc t~o~cgo~Q& 

aa~gtttggt ggd«tim'&ddn gtqp.caa&gg ottge.gagag gaagt~c&R" &ttcagaata 

oogaaasoga eaggocgatd ~td~togdgc tcca«o~aaa vdaG~eetog cav~a
aatga 

co~Q~agcgc tgcci;rr,rc&cc tgtddt&oga gttgcatgat aaagaaga=a qtca~aagtg 

cggCwQogat ~gte&tgecc a"ogoooaao ~gaAgqogct gaotgggttg aagqctetoa 

agggcatcc;g' tcg&gdttga cattgt&119"a Dgtttaaaaa ttaooctgtt atcoetaggG 

tc~ta.cgtac tcg&tga~te c~atcooat
t b~~at&&ctg gatotc•aa~ taoo~at

aaa 

ccoattr.tt:te ~tctct~tta gc~ataagaa ca~taaa~t~ ataa
~tatat ttattattat 

aatataatut aaa.tactat~ ~aaatacatt taoQttttta ta.&atacatt tacctettte 

et~Attbgoa t~&t~~taat gcittiQtgeba tcttttttat et&geoeat& ~a&Ootthd.& 

ggg-acat~~~ cttp~g-ggat aettata
t~t tcataa.caa.a. gcaa.tovgcg taa~a~aQtt 

tatJtl~getta Q~&csc=~gt 'lif{t&cgtcccc ~cottc=cct tscgggdaa.g taaacttaQV 

gat~tt.aaeg OQAtaaataa atttgtdoto ~~cgq~O$B& egaattttaa ta~ttaaata 

tgacaagogt. gaaccA~tac ttttgtt&.ae aaqtq~tott •cda~coa.ct atttttgttg 

aattttae.ac ttatetaaa~ t~cecgag$A agattttaaa aataa&ottt tbtaatcttt 

tact~~tttt tt=tttettc gtatquaatt gc~ca&tat~ actoaacaat ttatQgq&aa 

cagc;t~~t& gayacaa.ata aaattQgtQ& g~cgccetcg gatgttt&tt cttttaa~~g 

B~atamtgaa adttttttto ttaa.goga~c ta~aaottta tcb$cagag$ cou.c:a~aaa~ 

tg~ct.ctogt g&lltJCgaaaa tgttg&gtt~ gct=tctga~ aaattaaa.g~ tqco
t~&act 

aatcatgaet ~teo~~~•tg agcawtttga ~tttatgatc ~ataaagega ~caatgc&GG 

aecaatttca gcgcttttbt taao~gn.csoa aqaattgatt gctatetata n.ggagg-caot 

cn.atotgtt.a. as.t:eca.attg ctatt;e.'t.t;ra tt:.gt1;roo.i:..tt s.t.t<toe..a.acia t.-egatc&tog 

Qtta~a9ag t~aaaatttt ttattgAta.a. ccaao~cctt gaag~t&ta,g at:.ca.agat.ga 

~ttbgacact gaateatggg gagae:CAtaa aactt~ccta agectatqga &tqa;ttaae 

~ga~aotegt gttgaaga.aa gattdatttt ttot~atgac g&tataacqg atasrtaaea~ 

ttetat&U3t aaattcaatg aaattt.at~t tte~gaoott ggtegtgot~ ggttaqoaga 

tgAa~ttQt& gatata~cct ttgtt"aacg ttqoo~aaga "aqgatgcat cggaug11.&ad 

taogaaaata tttttaaago atttae.t\aaa tgaellQ'acet g&caaaagga ~ttattttt~ 

aaaaaet"at ga&ttgfil.«tt gattooaaoe ateaeotBaa atactotgoa 9'Q'O&og~t&Q 

ct~Qtaat~& agctcgtaa.a g~agotcQtg accttgct.Qg tgaaggtggc gacQt&attc 

gt.~oagcttg taru.tggtct odag&aottq otvctgo~tg ege.agtttg~ aa•gaa~ttc 

••~tcga.att tge..taoeatt uaeaaadbtt aat~~ttatt ettc$tg&~ tttatgtgaa 

eegoataaac atcgtt~tta tttttatg'gt gttt&>;m'tea aataecea&a oata&ttt~ 

o~ttttb~aa attaaattat a.aBgt:tatot tttgtttsaa ttt~cctg-t;a tttataaatt 

acgatgtgoc agAQ&&at&$ aatettaget ttbtattat~ gaatttAtdt ttatg1:;&tt3 

taetttataa qttataataa amgaaatagt aacetae~aa agagg-atgta "cgdvtttat 

c~t~$cggaa ggaahtcggo gcotacgt&t acatactacG aaggaggsoa aatttattta 

t~9t9gtaoa ata50.tRagt •gt:aoa&taa ata~a~t.gt~ ttrt.aa.acocc ttcdooe~=g 

ggac~eoco~ ttsomnraA~ ataaat~t
ea gtggcaattg cdtgceaaoa aatttaetta 

~tgtaetaad Ataqgoagtg soggtaocac tgeoa~tggQ gtcotaatat aa.atattggg 

o~ctaaagt ttat~gcaat attaa.catag gca~~ggoqg taocaotgoo $~eggogteo 

tootCcG11ag tatgtaa.acc ~gccacagoa gcaaataQat ttt&ttotat tt~a&t~ct& 

caatatttag attceeg~ta 911ggataqgQ csggcaattg t~actgvCgt oatQgtatat 
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caat.att;.gta aa11gattg-ae aco<:'tetan.g taaa.cie.tttt ttt.t:agaatt cua.tatgue.t· 

taaatugat~ ettggt~Qat tta~ttcoad aa.aaatgtac aatacttaaa ataca~~a~t 

&aaagtatte gt~gtuaact tgactaaca~ ttt&aatttt v.a11~tttctc Qtanttatat 

atbttaott9 oaaaQtttat aaaaat~tta tgQQ~tttta tatcatAAta at&BQacctt 

tattcatggt tt&t~a~a~Q ataattgtga tg~Ob~~gaa cama.gca~tt c~atttoocat 

atatataact atatata~cc cgtttaaa~a t~t&tttaaa aatatgtgtg ta~~aa~tg= 

ttatttttaa ttttatttta t&ta&gttat aabmtt&&&t Ro~ga~tq&t taan.&ttaa.a 

t&at&ataaa tttaaeg~a.$. Qgatgagt~g tttttttatt teggawatac aogc~at~ae 

-~~tgQgQCQ ggtaca~a.to ~gaga&acg caaatggttQ gatgacgotg &tgacti;n:ret 

togboa.aqa.c' Ggettagtae tagtaggt:;tg gt.caggttta ttact&ttdd attgtgcttu 

atttuoaact c~ggc.Qcggc ggacgcctQ~ agaagaatt~ to~gcttcat cagQcacggc 

~~tcctaa.cc atcaatg~t~ Q&ttttcagg aaagac"ttt aaeg"""gtgg oa~auagttt 

atttgt~gaa gmattagt~t tgtttccatt caa~g~ttg et&Q'9"9'&taa aactttgcat 

tttbbta~aa tttgttataa ~bttttcaaa ottatatgtt tttaa.a~atg catttG.E1.ttg 

cbta~t~atg c~ttc&ttet gtaatgt:tta aat•gg~Ctt qctegogeca atc~oagtat 

tocc~atact ttgte~~ctt w~tttcogg~ tahtgagaat 11.a;taavta~ aatgatt~~a 

aaau.Qtdaeg ttttqattaa atdtt~ttta taev~ttAA& aaoattatqg t&tat~b~~a 

taa~tttat~ ~ettactaaa t~tcoa.&ttt ~ca
~tttaga aab~taatta aaaotataaa. 

g~tatetaaU tt~atttgta atcaaatccQ aeacaa~a.t gtttttatat agttaao~t.g 

~~aaatttaa oatat~~taa aoaaoCaa&& teatgt.saea gaqaacaata &&&t&IUltg= 

ta~Q~tttgt: geaatgoc~a &gtatattta t~taat~ocd ttteaaaaaa ~taaataato 

ttgoaaotaa aattaatttg ootaggaogt. cccottccco ttacsggatg tttatat&ct 

a9g&a~tOCC ettQCCc:1:-ta OUtiJQ'&t&ttt &t4~A~tee~ atl$lgaggtco OQ~tCs;RJqOA 

a.a.taaatttt agtggo&gtt gaotgcaaac tg-aa~aagaa a~~a&aatta sw~attttAa 

tgeaataaat 4&atttgtco ccttacggaa ogt:.cagtggo a.gttgootgo ce'Uiotgccta 

&tataaatat tagtgg&tat ~~atatact.d cgallSJqacr;Jd agtt&cctgo ca~o~vcaga 

inrcaaataaa ttttAgtQ'Qc egtggt&cse~ dQf.etgcetq ot~c~ta~tt ocoot~dggg 

tw.agtaaaot tagQ&tgttu togacAttao C(l:tgt~atco abaggccggo etaaga.a.aoo 

at~•ttato~ tgacattaac etaba~aaa~ ag~c:atatca cgag~cgdtt tc~tottaaa 

ga&~ttQggt ogaaaaaagk aaamra~agg qoeaagatiftfQ' &gggcattgg ~g&ctatega 

gcaostgagt ataogtvat~ aagaa~ac~a aggoa~cttg ga~catgtct ~t~at
taatb 

eoacasgtag ttoegg~cea ttgqtg$Q.B.G" te~oggctt gca.gagcaoa 9awvccgoag 

&at;gtgctct agattc=ga~ go~gac~~gc tm;ratattat at"tgtgcoo aa~agaaagu 

ga.aca~ttgQ ecoq~ttatt gcaaqqaaa.a tteos.agtot tgtaaaaoca tat~aana~a 

gt~ca~9oao teQgaaata~ t~ggttggcg tgtt~
cgtaa tCa$OQ~aag gaggatgttt 

tggabcqr;rt eaa~Q&ttao HlJC&ttg~ta tcgtecaact aoatggagae gagtogtgge 

aa.gaatocoa agagttootc 9'9'~ttgooftg ttae~aaaag aotogtattt ccaa.a.a~aob 

gcaaoatact acboaogt.gca ~otteAo~~a aaeetcatcc "ttt&ttcco tewttt"att 

oagaagcagg tgggacagBt gaact~ttQlJ' atbggaactc g~t~tccgao tgggtt~gAa 

g~caagag-a.g- ~==oeaaagq tca.csatttta tgttauctga tggw:tt9~cg coagaaaat~ 

e~'19'egatgc gcttagatta aatggagtta ttac;re«ttga t;rt~agcgga «gtgtgg~ga 

c&A&tggtgt aaaagaotot aaoQ~Q&tag aaaatthcet caaaaatgot Aaga$ata~g 

t~att:a.ctga gtagtat~~A ttt&Qgtett "tttgtgenc t~gcetgcag goctttt~aa 
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aegeaagoat aaaagateta aacata~~•t ctgtaa•ata ~oaagaegt.a a&~ata&tgo 

taa&tcattt s;rgatttttQ& ttaBttgtac ag98.llaA~&t aoatogbtaa ttmageg"ao 

g~gag=~t~Q cgtaatoa~q gtcaesqcta tttcatgtgt g&Qattgtta tcogotcaaa 

aetco$oaca acatacgagQ cggaagca~a aageg~aag Od~g~ggtgc ~taatgagtg 

agaeaaotca ca~~a&ttge gttgcgotya ctgcccgctt tcoa~C~lrltlg aaaactotcg 

tgecagotgc attaat9aat C!i19'ccaaogc VQ'1Q'ggagag gawg~ttgcg tattgggcge 

teteoogott ootciwo~~ac tgao~ogoeg ogatcg~tcg ttcggctgcq gagtA.gQggta 

tcagot~•ot c~&~g-goggt ~atacggtta bGCaeagaat oaggggataa cgcaggaaaq 

ca.catgt:gD.Q' c:a.a.ae.g-wcc& gaaaaaggcc ai;rc;ra&dag-t:11 aa.1.1.a.ggcc:gi;: g1;tQ'otgg~_g­

ttettaaata ggctacgood ccctgadgag D&ta~aGaea aeogAegcta aai;rt:.aagagg 

t~§CgA.$.&cc egacag~act ac~aagatac caqgcgtttc ~cooeggaa~ otcccecgt~ 

cgctctcctg t~=c~a=oct a~ogcttacc svataeotg~ dogcc~tect cocttowg~& 

agogtggaga ettct~4tag cto~~gotgt aggtatctca qttegatgt& ggcagttcgc 

toO$.&Q'atgg gati;rt~tge& cqa~cacccc qttca~c~cg accgaeg~~c ctt.atccggt 

••=b~tegtc ttgogtooaa cccg~t-.aga caogactt&t cgaallCJ.ts;rw~ agcsgooaat 

ggtaacagga btag~agagc gaggtatgta ~SJOggtqcta oagagtt~tt gaagtggtgg 

oot~actac9 gctagaoeag aagaaea.gui!a tttmrtatct gegacobsct g&agcoagtt 

~oettc~gaa aaagagt.bgg ~gatcttga tcarr~oaaae aaaceaacac eggtagomtt. 

ggtt~~tttg tttgaaa.sroa gcagatto.c:g cgcagaae.aa aaqqatoto~ agaa.gatdot. 

etgatcttbt ct•cggggtd tgacgctca• eagaacgau.11- ~Qt.aacgtta &Ql'l'gattttg 

~toatga~t tatcaaaaag gatdttcaoa t~gatccttt ta.aaetaaaa atg&&gtttt 

a&&~c~atc~ aamat~tata taagtaaaot ~ggectgaoa Uttaaaaatg dttaatoa~c 

usggoaoat~ totcagc~-~ qtc;rt:ctattt c~~tcatcca t•~tgoctg ~d~~c~og 
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·egaatt~anc agatctaa~e gaggcrgt.a.ag aaaooOOd$t rtt~aaa~a~~ a&cagaocaa GO 

o.a.attgggo« aaoectt:a.at ccttoaatat taagcggatt bgatagtect t=•~~eeota 120 

gagatcgagt cgagoaggt.a ttcaagttat ~a•otggotog ~caggccada t~tat~gaag- 190 

&qgteataaQ tcogaaooag gtngaaa~og ktacetttgt t~Atoago~t $&a&aaggwc 240 

35 300 

agcaatttta gcotgeaata ggtgtta9a.o gggoeaeagg «~~aattaea attttgqacg $SO 

gttcca9g~g tdg~goetct ~ooata=t•g a"aaage&gg gt:,tgcgggtt eta~teacgg 430 

accag~agat aa~~gb~eag a~agavaaaa atttagc~aa a~aogttca; ~e
ageattgc 400 

agaacagc~t to~~OB$~ta ggtotgcgtt tgabgogaat gaaaaabq$t ggrgatgaq~~ 540 

40 500 

=agcgagtge taoggaagaa ~ta.gtcgd~c ttttcootCJ':, qaagtcgua$ ttAncctttt 660 

cggactacaa aacgetttgt gotg~egg~~ acgaaatS'Q'g gaaca.o.gaa.t ttagAgtt~g 720 

aeo~gottat tcaa~acata eooocggaa~ tAaaoqaaat ctt~tcoatt gaagaaatgg 780 
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ocgaaqatg& ag'ttaaaaat 4aaat~ctgc gdttgata&c aaa..ggaagco tQaotacCca 

cgvataaam:r ttctasag&t a$gteoiJt..&g ttaotgaatt a~~gaaatt~ ga;rgaa&agg' 

ategc~ttga tUi.ggaa.qagc gtgaaaqgco gt~catttt~ tt•tgagttt ~ateeaotct 

ca~aeg&gte aaagg&b~a$ ~togaoagga tqategqgoa tatc~ttagu aagagcetcg 

aeaa.aaa.~~c gaagcattaa aottbegcoa tto~•atttc act&~t•aet ~actg~~ttt 

aaugta.&.at: act~tpaa.at etcaa3qtga aatceccaog atttcaccte ggattttaoo 

ttaotccoot coeaddg&aa a~aaee.a.aaa aattgc:tttgc Qacg&SJ&Q&g ten&caagtg 

&c~tcoQata A&a~otettQ oga-aaw"ga tte•oscaag tgocttstgt tta•gg~aga 

gtu.a.attsa• taaottacgc ~p.ataQO~ga atcgtat~gc 8g&ta~c~ca aaa=qotata 

.a.e.gctgtgot tggotg~EfCa ~g~Ao~«ogo ftQ'ttcqgt$c tg~taagcaa ttoattaa•q 

atgatgccgc if"Qgtgcog~a tatataqteg ~•get~e~ag taaaga~ccg !iJf:.ttetgc~g 

gte.t.citet:;ga. tas.tgocacc: qc::tcn.a.istog i:ztooaga:gt;.g gQ"Qs.s.gt;lil'Ca. C!tQ'E.JOtqact 

ao~~cgo~go aoataaatat at~dcgcqtc oggaaattct gqcotcctgc caodag&Qgc 

t~9aan.a.otg aotg«.Cdg~« tcc•ccc~ca ~ta~catgga tgcQactaa~ aaa.gcgatgo 

~~gaatotgt 09aag~agag atgabgagag ~ttotgacgq tattabgagt otgcotttac 

eod~oae«at gateecgcat gt~oagtt~v gggC$~Cta~ egotgatqca t.gcaccttoa 

etcaggttac goqtgaccms tc~gll.Ca.tat &tga.agtott ta.aeg~ggcra ggttcato~~ 

tttrSiff;tcbt$ tgab•atavt gaegttetgg aaatgc&&to o~oggtgt.~ taoogcdage 

t&ov~egaa• ctaeetsctg rat-ogca~got oagatDQ"oac c&gcaamaod 9caac::r::tto~ 

~g&tg"&aga ettOg.!Ul!iiltJC =~gaa~qtao aaatad~a.aa aggtcrgea=t aacatctac~ 

~ta.c=Qtat ~aagtct~tt wt~oataa.o~ gttceggcag cetaattoao: tegtttaata 

e~gctg~tg'Q' tpageaaatc &Ct;.gttaca~ gcectetgAa ctacaaQatt ggtoagatcg 

ocatgt=gee cteolUl~~=g ccggatQa.ag ge&~tgaga~ cgoaattgag acgg•Bat~~ 

a~attaaas;rc cgQ~~otgag ctgatc~ogc:i tgatoaacoa cgaaat~aag aaatacaaac 

egtCcaoaag ecagttoQtt &t~VCO'S'Otg «gcaomo~gt aca~ga~cg t~twaagoac 

av~gtga~tt tggtctawnc dtgggttoeo t•cagttccg aaccotgaAg qaa~~dct~ 

cteatgaaca ""~~atgotq agtottogca bc~tgatotg gogoactqtt voqaoogaoa 

actttgac~t agctctwacg gtt•Aadagt oaett~atgt Rtqgg~Qaao atcatc=~bg 

gcaaattoc& gaotgtetae ouegao~tea t~ga.gogege ~aaatcttct ggtgag~tgU 

qgatgt~tgc tggGg-<itgat goagca~QCt tdttoo.nae& gtt"acgQag g&ttt~ttca 

&9'Q.Q&gaag$ aaaetatatc aagactcoge ats;rttoQOt& o$CCGfirt.-aea cc&ttbagoga 

eoa.c:iooaoag CAc~t~acaa aao9g0At~~ ggottottgg aggettco~g cgotttaatae 

ggaa.gt£1Q'a~ aaootgtaao aeowacat{fCI -asv~g~~s~ gggggcegag gtotgcct~~ 

tga&gaaggt gttgetgbdt cata~oag~c otwQ.O.eci;rdc cootc&taOA gooagaaagt 

gagggagaoa Qggt~gatga gagn:~ttQ't.t gtag-qtg~$.C' c~gt~ggt~A ctttgaa~tt 

tbgc~e~g~d acggAaoq~C atgogt~g~c ggga&gatga gt.~aecbgat cc~tca~~tc 

agca&aagt~ oga~t~nttc a.a.e~aagccg aowtoccgte aa~tcngogt aatgatc~gc 

aagtgetuca aoo~att•~¥ caattct~&t ta~u~Aaect Q&tegag~at ca.a~tgao.ac 

tga&a~ttat tcatatcagw attatcace$ ccatattttt "a.aaaago~u tttctgtaa~ 

gaa~agaaa aeecaooga~ gcag~tacat aguat~gcaa gatcotggta tcqqtat"cg 

•ttccgaotc gt~eaa=a~c a~eao.El4CS~ attaat~tca aotcgbQa&a a~taawgtta 

toaagtq•aG 3atcaQd&tq a«taacgact ga.atceggtg agaatuaoaa aagottatge 

atttatttce agaotegttc aada~goce~ cca~~acgct agtcatcuaa atoaetcqa~ 
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teaacaaa.ao ag:t.tattcat togtgattgo gao~g~ga~a g&c~&&&to.c ~cga~ogctg 

c~aaaaggac eattaCQB&O as~&&tegaa tsroaa~cgge gcatt~asca~ tgoeagega~ 

~caaeaatat tttoaQatga abaa~~ntat tcttetaatn catggaat«c tgttttcca~ 

mr~stagcag,tggt:~a~=•• acatgcatce tC&GgagtQ¢ ggAta~aatq attga~ggta 

sc~ag&.g"gca t&aattocgt ~agaaagtt~ Agtctgacaa tctcatctat aaeatcatt~ 

gcaacgctac ot~tgceatg t~tcagaau.c aactctmrog estQGgnctt COQatuoaat 

cgat&gat~g ~cgcacctg& tblJCccgaoa tt~tcgcgag cacatt~$ta oocat&teaa 

tcagcatcoa tgtt~~~att taatcg-eggc ~~cgegeaQv a.cgbe~aocg tbgaatataa 

ctcaeaacac coattgta~t actgtteatg taagcavaca gtttt&t~~t to~tgatgat 

a~atttttkt oet9tgQaat gtaaaatc~g agattttvag acacaaQ(r1:g geettccccc 

ceeeccct9c agg-t:.ogatBg caacsccacc aatt~aatgA ct~ecuaaat cgaacttaaa 

att9ga&cga aoaecq.gaa• tago~ttaag aacettQAtg gettcggatg teattt~ttg 

a~caacgtgg teaeetggaa a.aaoa$egat cttotbag"g geaga~aeta gu.s.tggtata 

tccttga$&t atatatatat attgchg$&a tgta.aaaggt aag&aaaQtt ~ga&~gt&ag 

a06~tt*uta acaaactatt QVAAaAaaoa atll.ggtaot~ Qa&ta.atat~ gtoas..cttca 

agta~taee~ tac&agoatt tagtcablJ't;W. cgcttcrtota ttatatatga aaagocggtt 

0~9BC•otQt caccttto~t tttt.otc::daa atettbd$gt: tgaaae~ggt atatgCgtea 

ggdB&cotot ~aa&ttaaaa a.aaaatt&cc agtoaeog~a tt~gabtdtg tgegatages 

oacetttbqtg ttotcgttat gttgaqgaaa aaaataatgg ttgc~aagag attoQa.actc 

ttgeatotta ~gatacctg5 gtAttoocae &gttaaetgc ggtoaag$ta tttottg&&t 

O•~!JdgCett agaccs;ro:tou gco5aac~ac caattaattg tt~aguaatm gagt;ataaet 

&tOOtata~a t&t&&C~btt et~&aO&OAC &tgagoaQ.gg &&igt.acag;'& C&~bbqattt 

tgaagag•at gtggat~tt~ •t«~a~~tgt tgg~at~oaa tttttaataa tRJO&ataata 

tt•«ttt~~gt agatatact~ gaaatbdt~d toga~
gctcc ocottatgeq aotcctgcat 

tagga.ag~•g acca~ea~ta ggtt~aggcc gttgageacc aoog~cgcaa gg~tggtgo 

•tgeaagqa.g- atggag-ooca acagtcgcec ggOQ&e:1ggg~ cct~ocacoa tac:ccacgcc 

••~•caat.rag cteatg&~CC cgaaQt~gcg agooc
g$~et tococatcgg t~atw~eqgo 

g&tatam:reg ccagoaa.cdg oaectg~ggc gddggtg&tg c~g9Ccacga ~geg~CCQ'9'C 

gt:.agaagatc tacaaC~CQ& ottattgttA gg~e.g&attg tocgteagee ~btt~ttaat 

~gaa&taaeg gggcg~ccaa ttteggeaaa agtgtoctct ea.ocaggaca o=t~tgagtt 

cgcota~tm:r aaaadt$gag gtgttg~Aag ~atgeAtg~t tstaa.ttaga gda&~tcatt 

acootctgaa tcoegccg~t atactd~CQtt gttogttAtc eet&t~ettg gcta~aacc~ 

c&tt&agagc ~togt~t&co gtdatgoaat qdggt.&ggtt ategangttt gatetccc~c 

ea.atat0&'11i1' c~aaogottg teattaa~gt aauoet$ett oauogoagao gcctotao~t 

tatgcbtg~& ctca~gtttt tgagtgcgte ttttggataa cag~a•attg ~cagocttta 

cettt~octt agcga~Qeat gaagt~aatt ttttvAagct ggttwttcc~ gaacc~cosw 

aaac~g&tct t~tbg~~ttt teaaQ~~gCg aettQttatt ct~b~t~gcc acgtcatoet 

gacag~a ~gg;rgtatca ~bttgacatu Blim'Wtgtggo taaaaaatta antaaaqoea 

atgt:.Q~tagc "a~aa~aget tb~acctt~g ttged~Ct
ga ag&~atcttt aattt~attt 

ctata&g<:!Q'C a~t~ttggct tgttgtgcga aggoos.&Aaa g"a~ggt.gta ~accggeaca 

ggeta~cgcg aogttcacvg ega~cgocga taad&$tctc t$C~saoaga atccce~tqt 

ctaoa~cctc aoggaatgo.a a~a$Qgacgg t~gattggct atatilCcagtt tctgccgcg~ 

bcaggcgotg aggctttttaa atgaa~eab~ aactq~ttgt tgcc9cqaga tttgcacutt 
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go~~ea~Qat a~aoe'itg'eg ctacaggat& gBOd"~a~tg t;ttac&&ag cag~caaa~~ 

Q&tagaaage. a~QQ"tA~•& ~og~teate~ ttQtAaagct cag~aaagtq act~tagca& 

gca~taoaa.t gatmrtsnree cetaataegt ctgttugogQ ~ttaoagc~~ cQaataeoag 

d&Caecagea tcaagdaa~~ gcttoatcag ooactgotg& cctttgcd~g tt&taegatrt 

cgtgaaagD.A atcctnot~= eatt~ott~~ &tas&teacg gtttotttaa ggqtgaaeta 

uoaaega~at &tgta~tatt gtttggr;tqac gtto~tga~t toacogge~g cgatcaqa~t 

t~~gtt•tca ogaamcoagg tgaD.Qa~ata gttttagocd aqgeagagca ctttggcata 

vttgc~gatt aga.a.accagc tljJVcggtag~ ~ilegegt.to~ gcgaatto~~ d~ttaggt~c 

at=eataa~o atttb~~~at coagcc~ttg et~ttgotot
 gccaggtegg ca~oo~&ac~ 

v~gagcttoa gwgegact~t go~g~$~age agg~t~taat
 cttcc'inil'ttc gatugtcgat 

aa~tgt:attnT tttaocttc& googa~aaga gCJQ~aaaato ea"cctgoge actodacagc 

ga~c&attca t;-ggcaaaag tgaogoagcc acggoottcq aoo~gcaggc atgcaa~ott 

ggcgtaa~oa taqtcatagc tQtetoctgt a~v~aattg~ tatec~ctaa oaa~toeaca 

caaoata=ga gccggaa~e~ taaagtgtaa agcct~mrgt gectmatgag tqag~b~c~ 

a~aatt11.att ~cgt~acgct o&dtgccege t~ecaaqtd~ ggaaaoct"t cgtgooag~~ 

agt.~gAt&tg gt;gc~eteta aw~~c;.a.atet gctctgatgc cge&~agtta agccagtata 

aastaagot~ togc~acgtg "Ot«ggtaat g"aegagoee cgaoaoccgc caacaooogo 

~gacgogccc tgao{llfgatt cn;ctgetoco ggcacocw~t caeagacaag ctgbgaoogt; 

~tccggg'aaa t~=acg~gec age.ggteet= accgtaatca aogaaa.agdg cg•g-qoa~ct 

g~~a.aage tcatoa~cgt gg~agtgaag- cg~ttcacrag Qtgtctgcc~ gttaat~gc 

g~ccagctcg ~tga~ttet ceagacuagt. taa.tgtct~g ettotgata.4 Agcgegeeat 

gt:taagggog gtttt~toct gbt~Qgtoaa tga~geot.cd gtgtac119gg gacttatgtt 

catg~gggi:a atgataaaga t"aaacqaga qagga~gct~ ~eg&tacqi;rg etactg~tga 

tgaao&tgcc aQ'iJbbactgg aa=vttgt.ga ~&II.fl.ca• ~tggcg9t~~ ggatgcgwcw 

gqat1oagaga aaaatcactd 11.g'gg~dAatg oca~~~ot~o g~tQAtacaa atgtAggtqt 

tcaaceggs~ agocagcagc atcct~ogat gcagatccgg aaaataatq~ tgaa~ggeqc 

tgaottoo"o gtttooagao tteaog&&&c acgg&aacaa aagaacatto &t\Tttattgd 

taaggtagoa gacgttttgc agcagoagtc scttcacgtt ~tcgogta tcggtg~ttc 

attctgc~aa ccagt:--=g4 IWOQQQgcc& gcc~•v~c~a gtddCoaao~ aca;magoad 

gatoa~gogc acccgeggyo aggadO~AQC Q'C:!tgaccgag at\;ldgcegcg tgcggC!1:.igc~ 

ggagatgycg ~acgaga~vg atatuttatg ccaa~Q'Q'ttg gtttgagciat teaca.gttct 

ocgQaaliJD.at tg&ttggotc caaeegttgg agtqgtgaat cc:ivte~gaga s:trtgcagcca 

«C~tceattc:i aggt.cgaggt ggoacggOtQ e&tgoaccgc goo~y~~cgc 9ggwaggc~g 

acaam;rt:.ata ~91if'Cg'g'cgoc ~ac&atacat gccaacccgt ~ccat~tsct cgoc~~ggcg 

qo~taa&tCB cov~g~cgat aagcggtooa atgatcaaag tta~gotggt aagegocgeg 

a~cgatccee gaa9ctgtoo cegaeggteg toacctaca~ gcctq~adaU c&tmrodtgc 

aacggggaoa e~ccg&tgoe gQCifS'aagc~ agaagaaeea ~aatgggsae ggcoetcca~ 

actcgegto~ c~asogcoag Qa&g&cgta" cecaqogc~~ =~~oagodat gocg«dwata 

a~QVect~ct ~otegc:c:gaa aQgtttaabg goQggaccag tgaagQ&BtfO ttgagegagg 

wcg~gcaaga ttoc~~atae ogQQagcgac ~ggecgatoa togtcgcgot ecaqc~a~aH 

cggtcc~~gc cgaaaatljl&c cc~g~g=~ct gcoggaa==~ qtoo~~cgaq tb~catgata 

a'1J1uagac«g taata.agt~C ggogaogaea gi:.catg~c~= gcgcccaoc9 gaaggagctg 

ao~;tggt:.~"a ggctota~~g ggdatcggte g&gottgaaa teaeatrgacg tttaaa~att 

55 

6000 

6050 

6120 

6180 

6240 

6300 

6360 

6430 

6480 

6540 

6600 

6560 

6720 

6780 

Gti4D 

6900 

6960 

7020 

7080 

7140 

7200 

7260 

7320 

7380 

74-40 

7500 

7560 

76"20 

7680 

7740 

7800 

7660 

792() 

7980 

8040 

S100 

8160 

ea20 

8290 

8340 

8400 

8460 

8520 
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adCQtgttat ccot.a~gatc ot~ogcaato gatgaattcg ataacabttt tata.adtgga 

tctca~aata dotataaacd o~ttsttcte ctcttttaga totaasaa.oa atdaa~teat 

a.aatatattt ateattatgo eataatataa atactata~& aatacattta cottettaea 

aa.eaoattta ootttttttt aQtttaoatg attttaatgQ ttatgotato etttttattt 

agtccat$&& acdtttaaag gAcct~ttct t&tgsgatat ttatatttto ~ta&aaa.agc 

aat0'1$r~atc ataaacttta gttgot~aog acgcotgtgg aogtccccoc ~ttoccctta 

Q9tJ9C1aagta aaottaggga tt~taaegoa &taaatas.at ttgtoocctt cgggca$atg 

aattttesbs tttac~~~~~ aca~gggtga tu:e&ttaott ttgttaacaa ~tg&tottae 

oaotc&ctat ttttl,Jt.tqaa tt~~a.&.aott atteaAaae~ ctcgagaaag attetaaaa& 

taaacttttt taatctttta Cttatttttt cttt~ttcgt $tgg&A~tgc cd$&tAtt~~ 

ccaacaattt •tOG"9'S1ULoa ~Qgttetas;ra gccaaataaa atelllJtcagt agaoa~oq~a 

tgtt~att~t ttt•abeg~a a~~&tgaaac t
teeet~ctt ~av~~atcta gcia.t5t~~a~a 

tacaqa.gsao aoat~cagtg totetdg~ga ag~gaa$Atg ~t;ga~ttggc t
~tctgRgma 

attaaaggtg cctqa~ctoa tc&t9aob~t tcaggGtgaq o~gttto~~t tt•t~ata~g 

taaaqcgatc ~Qtgcaa~ae eaatttcagc QCttttttta acagaccaa~ Qattuctt~c 

tatctat&B~ gaggcaobca atctgttaaa ~tcA.attgdt &ttattgate gt:.ccat~t&t 

~tcaaac&tt g&be&tcggt. eaaaa.~agtc aao.~tttttt ~tt~ateacc a&ctcattga 

ceatata~at eaa"atgat~ t~gacaet~a at
~aeg1'19'ga gaacAba~&a ottacctaag 

botatmraat ~ag~tae.ccg awactcgtg~ tw&.aqaa&qa tt;g:gtttttt ceoacggcga 

taeeac:q~mt &gt.aataett ehatagata~ &ttcaatgaa atttatettt t&g•dc~tQg 

~ogtgctSJ9'Q' ~~Agoo..watg a~tttqtag$ tata
b~ette '1ttaaao~t~ ge:ctaagaga 

awatgoaeog gagvmau.Q~g ogaaaata~~ ee~e.aageat tt~aaaaatg atagQootga, 

ca&&11.9'9aat t&ttt~tt&8> •aettg~~"& •t~~~•ttg~ ~tec&as=•t 
~~tctaaaat 

aotctgeagg caegataaot tgtaetcaag otegtao.cga a~~tc~tgac cttgctc~tv 

e5so­
ss4o 

8700 

8160 

B620 

aseo 
8940 

9000 

9060 

9120 

91BO 

9240 

9300 

UGO 

94.20 

9490 

9540 

9600 

9660 

9720 

9780 

9840 

990D 

9960 

2S aaggtggaga ~gt.aa~ecgt;; toavdttQ'ta aatgatotcc agaacttqc~ qctgcatqtg 10020 

aagt.ttggaa ~uQaatta~a tto~aatttg ~tactat~~a caaactttaa ettttatttt iooeo 

tcatgatgtt ~atgtgaata ~aataaacat cgttt~eatt tttatggtgt ttaggtta~a ~0140 

~&ectaaaca t~aettt~oa ttttt&&aat taa~ttotaa agttatcttt tetttaa4tt 10~00 

t~cctgt~tt tat$aattac gaegt•cCRg a~a&Ataaaa tctbagcttt tt&ttataga 10260 

30 attea~ctte aegt:~tta~a tttta~~aqt tataat
a~aa g~eagta.a cacaotaaag 10320 

oggatgtaga gowt~t.atct taacg~aagg IL&ttoggcg-c otadQtatac &taotdogaa 10390 

liJQ&~gadA$~ t~t~~t~att gtggtacaat caat&~~tgg taca~~aaat aaattgt~~~ 10440 

taaneooote ccocttcggg acgtcccctt aog"gaa~at ~~m~attagt ggc~Q't:.tqoc 10500 

tg~aaacaaa tteae~tatt gtattau.cat ag~cawtggo ~gt&caadtg aoadtgqcgt i0560 

35 cctaa~ataa atattgggea aota&~gttt ategeag~&t taacBtagac agtg~=«&tA 

co~dtgccaa tgecgt~otc ott@ggG"ta tgtaaaeotg ota~og:ca~c aaataa.attt 

1as20 

10680. 

t&b~CC&ttt taataoeac~ atetetag&b tQccgbtagg g~etaggcoa Qtl(Jae.~tgtc 10140 

Aotgga"taa ~aQtatatca ata~tgtaao a~Qttgadac oott~aagta aacatttbtt 10800 

ttagg~t~c& tatg~a&t~~ a&tggatatt tggta.oattt aattaoacaa &~Qt~tcoaa 10860 

40 ea.otta.as._e.t ao:a8Alit.t:taa a.s.gtatt;:a.gt t.gtaa.aottg AC1t:fll.Q.r:iatt.t t&.$.a:t.ttt.e.a 1.0920 

atttt~tcct aah&atat~~ ttta~~tgoa aaatttataa aaattt~mtg catttttaba 10980 

toa~iaAtaat aau..a.oattta ttcatggtt~ ataatatmat aatt~egat9 ae~atgdaea 1~040 

a~~agttQt agecocaeat aeataact~t atataaco~g tttaaagatt ~~tttaaaaa 11100 

56 
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tatgt~t~ta Wl.~aatgatt RtttttQatt =ta~tttata baag1;::tat3a tatta~atae 

aoaat~atta aaattBB.ata ~~n..a.taaa.tt taacgtaaow atgagttg~t tttttBtt~t 

~gag&tacac gcaatgacaa ttgagatd«g tlle!atatoaa g~ga.aa.ogQ~ c&~ggttcga 

t~$Q9'Ctgat ga~t~de~c g~caagD.cl:cg tttagtat~e wt&91rbhagt caggtttatt 

1111>0 

11230 

U280 

llHO 

5 aot&ttccct tetfJt,lttact ttgoaactoc svtccgg~gu oona=togag agg~dttgtc ~1400 

cgottcatca gQdu~ggctt t~~taAccat caatgg~gqa ttttcaggaa a~acgtetQQ 11460 

agaagt9gea taaagtttat ttgbtttaaga attg~tt~~g tttccattCA aaga~tt9tt ~1020 

aggmitaaaa etttgcattt bttt~taatt tgbtetaa.gt tcttc&aQOt tatatgtttt 11580 

t&•••&tfl"a tttaattact t~t~aatQdg tteattbbgt Qatgtttcaa taqgtott~o 116'0 

10 etgcgetG&t cgcagtat~e ooqataoett gtotgcttgt t~~t~gggta ~eqcga~~aa 1i700 

gCa~Qta~aa tgatttaaaa aagtoa~att etgattaAat ctt~tttata tg~ttaaaaa 117SQ 

oattatW~~a totataaat~ ~&ttt&tttt tt~otamatc taaaatbt«c aatttagaga 11830 

ta~aattaaa ac~ataaagt t~ttta.agtt &attt~taat oaaatcaa~o ad
a«A~atgt 11980 

t~ttatataa ttaaaa~gbe 5~atttaaca ~abgt~aaac aactaaa•~t otgtaacaga 119~0 

15 gaaca~taaa ataaatgeta ~atthtgtgt aaegQdgaag tatatttata tac~t~cett 12000 

tcaaaaaaat aaataatctt goc~Qtaa.s.A ttoattt~~c caggacg'Cac aottacoott 

aogQ"Q'atgtt tatat&ctag gaogtddect tccc:cttaog filll&t.a~ttat ataotc=waa 

!i$•esrtca=c ~tcgggc~a~ taaattb~aq eggaagttoo ct~ocaaetg cotaqvoaag 

baaaottagg ~a~tt~aatg ceataaataa A~~tgtoooc ttadggvaag taagegacas 

etgoatgaaa aotgoata&~ a~a&atatta atgsatactt atatac~oQg $&ggaggcag 

etaeatgooa aet~ccg$~ caaAtaaatt tt~gtggcag eggtac~qee aotgcctgee 

=cotaoetc= cettQggwO~ agt&aaotb& woatgttgto gaoat~aocu tgttatccet 

~w~~~cicoc aaqaa•ceat t~t~«~ca~g acattaacot •t&•aaatag goat•t~s~g 

aggoocttta t;tctt~aaga oatbo~g~eg.Qll.8.aaagaaa uggagegg~c oaagagggag 

1.2060 

12120 

12:1.ao 

1.2240 

12300 

12360 

l.24~0 

:t.24SO 

12540 

25 ggoAtt(3'9tg aotatbgagc aogt~agtat acgtga~taa goacacaaag gcagcttgg~ ii600 

gt:.atgeetgt cattaatttc Qc~ggeagtt obggeca~tt ggtgaaagtt tg~gg~tgc 12660 

agagc~~ag& ~gcogcaeaa ~gtgotct&g attcogQ~vc tgacttgc:tg rrgta~tRt&t 

~tfll;.QCCC&& t&~a&ag~ga &C&&t'tgaoc OS;rt.ta~tga &&CJ9'&&&atb t=a&gtCteg 

eaaaag-cata taaaaata~t t=Qggcactc cgaaatadt~ gg1:tggcgt9 tttCgtQAtQ 

12720 

!l.2780 

12840 

30 aacotaagga gga~qttttw ¥CtQtgqt.ca atgattGQDll os~tgatato gt;.dd~aatgc 12900 

atGQ"&.g&tga g~cgtmrcia$ gaat&acaag agttcctc~g tttgecai;ri::.t ~ttaaaagac 12960 

tcgt&tttcc aa.aa~aotgC aaeatactac tcnqt:-gcsuc ttcacagaaa octda~tcgt 13020 

eta~tcoatt qtttgattoa 'IJ&Ag'l:l&g~tg qgaoaggt"a aoetttggat t.ggoacbogs 13090 

tttct~aotg auttggaagg aaegaRa.gdc ~agaaagctt aoaetttatg ttagotggbg 131'0 

35 

40 

gActgac~oc a~~atgtt gqt~atocs= ttagsthQQA tggcg~tatt u~tattgatg 

eaaga6gagg tgtggagaca aatggtgtaa aag~tob~a ~aaaatag~a aah~~~gtc~ 

aaaatgct~a gaa.at&ggec a~t&ct~agt avt$tt~~t~ tAagtatt~t tt~tguactt 

13200 

13260 

:1.3320 

gactgca~go ettttgaaaa ~caagDataa aa.gatctaae c~~aaaQtct gtaaaabaac 13380 

aagatgtaea gataQtgcta a.a.td~ttt•s otttttaatt g$ttgtscaq gaaaatata~ 13440 

at~rroaaaB~ gttgacttet acasttteac c~oaatggaa toaaaott~t tgAagag~at 

gttcae~Q'9"C gca~aogcita caatgAcccg ~ttctt~ate. gdCttttctc ggtcttgeaa 

acaeoagaag qcagctbagh ~tataaatac aoabgt&Q&~ ~odtdtCtQc gtataot~gt 

aa~~a~ecec t~gtatttat cgtcttttcg a~gta•aaao tttaeeacaa ttabctcaaa 

57 

:usoo 
13$60 

:1.3620 

~3690 
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t1:1.c:ai:i:ceat:.t a.aoogat.'ttt a.ct:attu.tc:.t. t.ctacgct.ga CIQ.gt.a.a:t:.n.tc q,e,a.aagt:g'&C 13'74itt 

aoat&etaaa oaoagt~gct ~cttt~eata aaoaoaatca. gcoteaagtc gtdaagt.&AA 

1.TS-tttogtgt taatw~aqat ~g&taaoaat ctstatgctg ataattngcg ttv~otcatd 

&a~gcg$gat ccgt.ttaaoc ggQcCct:a~ go5oe~acec eaogttcggt: ecactwt:gtg 

od~11.8.Catg~ t=cttcacea tttta•c&tg t:.9gaattaat tat:aaabact ctt:t.~t~tqa 

t:ot~aa~ata gatAOt:.t:.ct.a agto~t~g&g gttoatdaac QattqgBttt tcegtttace 

l.3600 

13860 

13920 

13990 

14040 

egaateaagg t~~~g~~ata asatga~Act tgcttatoto ataattaadt ggeataa~tt ~4100 

tt.agt.atang ttaactot•k qagg'i;.g$~ac ttatbtac:tg taa&acttrtg aoaat~aaAc 14160 

cgg&&lif9'&a~ a.atau.saaaa ceasa~ctga t.at:&taat~c c~atttt~tg t&a&ga~tet 

a~gaeA~qAA a.goo~oqg~& ttttggoc~a tcctaggtag tgcttetttt eeaGqga~a~ 

aaaagtttct ttbedttgag caggtt~tat gtttog~tea eoa~a.&aQa& taa.ataa&tt 

1.4:120 

142SO 

14340 

&ttto~~~ta tgtttaaaaa t•aaaaat~a ~&&agtattt tanattctta aaaaagttua 14400 

ttat.a.u:g·c:Gt qtgaeatt~e gQaa.~oaatt a$~ttttgca &tttgtgatt ta~Qcaaaatl 14460 

teactatt~Q tagctagtgt: aatat&tGta tgctaatgt.9 aa.cttt~aaa eagtcgatat 14$20 

15 ~gae~t•gto aaaa~aaatt ttdtt&&aaa tatatag~&c taqod«iattt agcacttctt 14$90 

tabwagatat attatag&e~ ttatta~~cc agactegtgt attatat~ta tttaoecqgc 1464~ 

gaahd&tgga catacattCC gaaatag~ta atateo~ata tggtgaga~a qoatagata& 14700 

cc~aggat&o &~gtCaa&ag cta~tactgt tttgoagta& ettttttctt tb~tataAqa 147~0 

&t~tt•c~ac cta.nataa.g-t:. tataa~gtoa atagtta•gt ttg&tatttg &ttgta&a&t 14920 

20 acc11t.aat~t atttqeat51& teaauagv~t ca.atgttg~d ~agccas:rcat gtaaaecact 

atatit.gatca cogataeta~ gaottocaca ecaaotegt& atatgmcaat &aatt~aaga 

e~t~attcat ~agaatggco cagctcatet ~tg&oagctt atcato~at& &gatbtaatg 

14890 

14940 

15000 

awt.aqttt.a bcacagt".tu.a. .a.t-c.gcta.aog ca.gecamrcu1 c:cgtgta.t.g-11. aat.cta:i..ada.• l.?l06Q 

C!lJO~CtC&tc gtcatcctog gCaaegtoac QCtggatqct gtaggcmtag gelttggtb~t 15120 

25 go~Qatactg od9l}gcctct tgagggatat cgtecattoc aa.caqcataa aQagtcadta ~S1SO 

tggagtgct~ ctagcgot~t atgeqetga~ 9C1&at
t~cta tgcgoacccg ttotogga~c 15240 

$Cegtoog~c cgatttqgoc ~=ogcooggt ectgo~e"ce togob8Cttg gaac:ca~tat ~5300 

og&ctacgcg a~c&tgqoqa caacaoodv~ cot~tmrate autbctttag ta~aaattce 15360 

aotctga~oc atottggaag g~eeggaeaa ttaettgaaa tctcttttta &att~t~t&~ 15420 

30 gegttatgta gtaeactott tott~aaeaa tt1ULataote tagge&gaaa agc~qgetta 15490 

ag~=gc::aaga ctttaattt& ~dactaegqa attggeotat t~~gccta.oc oscto.gtoaa 15540 

ttd"ggagga tagas.aoQ"gC &gatd"QAAa 49.-&QAgt&ea taC'O.g'&Agga Wa~atga&oa 15600 

~gaao•toaa aaamftttgt& aaaQsagc::1ca oasttctgea t~~taegaat gdaottcta~ 15660 

ca;va1n1aSJC" gactoEl5gOc tteacgs.aag aaaatQ&coa aaaagcatac a~~~a4&cgt 15730 

35 &oggogtctc ~catatt&c~ cgocaegat& tgctgca~at ocdC~aacag cagcaaaa~a 15780 

aaaaataooa ~cgcotoaa ttaga~dAat oaaogattaa ~aat$ttgag to~goaaa~g 15840 

gactegatgt g~gggQoago tggeagotg~ aa&Aogotga egganoagta gatgaatac~ ~5900 

acggot&toa owtl;qtqttt g~t~ttqoaw gaaqcccgaa agaogotgat Qac&catoaG 15960 

tee&catgtt ttatcaaaag gtcggegaca ac~caatdga c&gct~guaa aaegcgggod 16020 

40 gt"eetetaa aga~agcgat a~gttogaos c~A&cgabOC "Atcotgai:.w. watcagacgc 1~080 

aag&atgljJto c'11}'ttOtg'Qa aaatttacat ctgao~gQ&a aatoo~etta ttdt&eaotg 

act•tccagg taa~dateac g#c&aaea.a~ ~ectgaoaac agcgoaauta aatgtgtca.a 

aatotgatga oacac~caaa ~tcaaoggag tggaag$tea oaaa~oastt tttgAcG~aq 

58 

16140 

l.5200 

16260 
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~og~~aa&ae atatc~gaao 9ttoa~oaat ttatogatga amtc:&attat acAtccggog 16l~O 

~caaoe~~~o goCgawagac oetoaotaca ttQaattaoaa aa~cc&t•aa e&acttgtat 16380 

eog&aqco~~ cacggaaaca ge~aac•gat acc~aqgc~a a~aatct~ta tttaaca.aag 16440 

ogtactaogg ~ggcggcaerr anct~ctto~ g~aaagaAag ccQg&a~dt~ cagdagagcg ~0500 

5 otaaaS...aog ouatectga~ ttagogQAog gcgoQotagg tatcae•sag ~taaataatg ~GSSO 

atbac~catt ~aaaagt.a aega~gccgc tqatQ&Cttc &aaoacgg~~ &otgat~aaa 15620 

~agagQgcgc gaatwtttea &~metgaacg gcaaa~ggta aet~ttcact ~at~=ac~cg 16680 

gttC~~&at g&cg~~cgat gg~attn.act oa•aQtt~tat ttaQatqott ggbtstgeat 16740 

eAaaotattt aaccgp~eet t~caa.g~eqc t~Aacaaaae aagucttgeq otqd$$At~g 16900 

10 gtett~-tcc aaaogat~~g agateoa~tt a~tctaao~t egcegtgcag caagoo$aQg 16860 

gc~acaae;t ggtt~~a~oa awot&catg& ca~$C&gaQ'if cttottcgag ~aeaaaaam:r 16920 

caac~t~qa gacaaqottd ceaatga~ea toft~aggc~a taAaaoatao gttqtaa&A& 16980 

&oe.Q'oateot Slif&gaaagva cagetgac~ tca~~eaae~ Ac&~ca~aaa wa~aatgc~g 17040 

Ge~c~~aatt uBa~ttttab tt~atttcte ~Aaa~aatgg tg~aetaact agtggvtaga 11~00 

lS bQ~&dagga~ gg'9'tstggto gaaatgatoG catagb~gat agtiTifotcc~ ag~ageg&$g 17160 

oaatrqagg~c egggowu~gg c~aaa.g~ggt. cgvaoa~tgc tecga~aacg ggtgcgaat& 17220 

9a«A~tgo$t caaoqd$~Qt agagc:t$q"C& ecacgccata gtgact\1\Tcg atgCtc;Jt.cg~ 17280 

20 

25 

30 

35 

40 

aa.t.Waagat 
i 

C:Ul.tdq,e.gggt 

::::f::::: 
ac11 .. jgtt.at 

te-e.arrui.tit. 
a.atQQ"to.a'1Q' 

I 
cu::iaa.tat:a.ta 

I 
mrtgjootde 

ar.roc::l"tt:.agt 

ataab.tqta.t 

ill&ttbcgt:gt 

&.aaa~a~aat 
t'.Cjlj;tg'CACI 

t.'t:&fl!OtQ'cat 

attoba.wcag 

lllla+gtqgQ 

Q'BC,d:O.Q4tg' 

tcia.9caaac::a 

qr;aa\t:ggogg 

u.t-(ll'Jttt::.cc:t 

aasJaccaaa 

att~t.tt.atn., 
'bct.~aottti:;i 

I 
1rti:r.c;:ctttP.11' 

t:ta at;gg-tu 

&t~CotJQl:Ulg ~ggeooWQ'C& ~taceggcat &&oeaa~oct atgcctaaug 

gacgqegocg aQ'Q'atgaog& t~a~cgoatt qttuuatt~c At&ca~~gtg 

~eageaattt &aotgtgata a~ctacc~oa tt~aagc~ta tcga~gAt•a 

&tg•ga•t~w ato~gga~ad et~aatat4a ~ttcgtataa tgt~tgctat 

·t.&m;rtcoot:c Q'a.otacgtcg tta.a!inircc:gt ~tcta;;aeaga gt.a.a.aatt:at. 

ttoaocatta tmroaaAtgg ttc~~gaagg tat~g~=tta aactceatca 

teaetgagea ttttt~&ttt gt~~tatttt ttttttttag $gaaa~tcet 

aat~~gg&~t cata~~ttQa tgattttctg ttacac:ceaa cettttgtgt 

tcottgto~A tatta&tgtt aaagtgeau.t taettttoct t&toacgttg 

&td$atttWC tt~octqtat teatttA~at cct~dCtttt ctocttctt~ 

gt:.a~~~t~au cubatagtte ogtctaceat $~ga.a.,o&t6t ~ceattttq~ 

egettat&tt ataaatttea tttataaavt tt&t~t&aAa ~~~toata&a 

c~tettaago saggat~~te ttaaot~~~t e~wcgaaa~c atdacogac~ 

tgttggaaoo ~cotaa&tca aO$gtbObga tacatge:at~ dll&Aacottt 

ctteaatggc attaoct~cc toaggca~~~ tcaatgaoaA ~ttca~aato 

a~a~gatagt. ggegabasr~a ttgaCQteat totttggcaa &tctggagoa 

ategttcfilta cQA&CQea&t gc~Qtge~Qt tcrt.ctggoQa aa~wgcQaag 

gcaaca~aca oa&~aa~cce 1n1sat11.acg~ acmcttaatc gg~gatgata 

ecrt;tgctgge gat~a~aa~• ~Qatetagwt gg"~~gmrtt ottaaetaag 

cega~tcaat caattgat~~ tqaa.oQttda e~gtagguaa ttcgttottg 

coacagtttt te~Qcataat ~ttgll'l.gagg oeaaasQ&tt agatt~atoq 

taQ'g'Ctad~Eitt tgaatoatge twtaggg~ea tgaaagomro oattcttgtQ' 

o~totgg&ac qat'7t&tcgt tcaceatocc aagQgaoacQ ateaccatog 

tottaaoaaa g1:84ataoo~ OOQactaatt ototgecaac a~cg&agtoa 

c•a~ttg~gg ottgatt911a wataaatct• ~aa~ag~ge~ gwatgc1U1aq 

eta~gttg~o gt.nca~ttqa agttotttac gg&ttetta9 taaacQttge 
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eoo~ataa oaccao4ggt acogogct~g oqgaa(Jdat.c agcaaa~~ag geca~cada" 

OQBtrcfW~&qt tgoagetttg gttcctga~t otgttctt"a tg"attaaac aaagcggcaa 

&Bbm•ca~ag ~acttoattg AtBa~ttttc ttca~~agga
 agaoat~tc&·ttcttttcta 

ogtt~aaaae a~etttgtct ttgaa.ggaga aacttgct.~a ta~tggtgtt ~ttgttetga 
ttt~ gee.ct tgttgvtgct g~gt~tgoat gggaaagt~a taaq~tQ&ag as~"co&ta~ 

age~ attgg aagtattgat caowotliftta. as~aacg-tqa tB&gt.oo&tA atgsatcttA 

accaJaeoet ~~agaegatg aaoQaaocag agca~~~~tt teacQgooau ~aRgtgaaaa 
ati;;a.ItOMJ$ aoaagcaa~g tat~ctgaea ggouaatgga aega•aagot g&agttou~a 
aaoaiet911t tgaggcggg~ ~atgii.togcc &~cgb~ttQo egc1tgacact c~egg~t~c 
tdog gagta gatcagegaa tetaaeuocg acgodg$CBa acrg~taaooa OCdtgcoooq 

aaaa~c&t ttatqtgtag gatgocagag e~tagoagtg aatattttg& t~~tccqooa 

gCIJt[~atcc to~a~a..caga ~cgaugatg atgglif'J~tta aoa~~s~gaa tagcaacgtc 

aata teaca acagagctat t•gcggt:.aac t&aaagwwQt ctt~at~tQt gat&aag~aa 

cagt savoa aao~a~oaac aaagcgaott caatotAQ&& aa.ttgagaaa at~actgttg 

gQAa coagg ateegaao~A tmodgtcgtg cettcaamot cggcgatoaQ ct~ggtt~&a 

uo.aatocgga ttgcatega~ catgtatete ~ga~ctatgd tgatga~oaa tgtaotdatQ 

tecc acoga agaggat~tt ttoagcactg aag~acqaaa aqgagttgat cgaegoattg 

Qtgt:~tttg ~tcttogg~a &gbga~gagt battcoat~• tgtqcctgaa tatggtggt& 

l890D 
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a~cgttw&eg cg~ttggggg t&ttcgtgcd g&Qgc:o&~ca aagagcaaag 

aaaaattgat gooaooae.ag cg~tteoo<:tEI gctgaa~ata got~aageo:G 

tg&tu.tta.a.a atc•ccg~to Qtcgaotd~a eatsvat$ct gatetca~aa 
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30400 
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20SSO 
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tgtaa~cgl:c cattctogea atcea&a9ct gn.a.actcooe gaatsa;tgt 

gQaaocgaat Paama~«&tg ~gtgctgecg gg6.(i.ggott~ tceaatttod 

gtgogetgga gaag~Acgcc cet~ageetg ocaagaot~t cootooa~o~ 

c~tacgdtt~ tecc~eeaqc goaoatgtaa etcea~geot ttocctocag 

~gatadeagc gatcooteca ca~cacatB.G. btcaatgcga c~teeotcta 
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tcgoa atat eagactttta ttdteoctoa agaa~~Qato g$a~QtHOOg gcraaag~cgt 21480 

tetc~ aagt tgStAgag~g tgaaacttqg ctgoooa~~~ &aacag~•aa toaaca~a&t 21SGO 
gatte IJQ'Dt a~aaoctgaa Qgtag~&qaa ataogagtcc tttatgogtg guggaegoca 21600 

aa~a ~~tq ~waoaoactt ggca~aggag ta.agciatgea ga~aatgcta tgtaaaag~a ~1660 

to~a caca c•ttattatt etatgaaaca tttttkatta aatt=Aaaa.a t&oawoataa 
•gqat~~ott t~gatgagtq 8t~ocAgOCA gottQac~aq gttgatoaaa g&gcaaaQQg 

aatg-c~caae gt~acgac~g oaoaRgt.&ca gtteoan.aag s•t~agotac acwogaac;ga 

gt~t~Qaag gtobatgQg& a~9oggeact ggc&aeattq Qdtataotg$ otogagogaa 

Qgttp =tat geogta.m.gtg aa.atgga~g& uaa'JQ'Gttat qbbttcgata aao~ecctgc 

tv~c ttca atgaa~eatg eg&tgtcaat t~agaaeatc ~ttuaaata~ at~aacateg 

cggasrfocoa aaataaao;n;nT Qtcgaencag caa&gogta~ 9egattt~ca t~tac&at~t 
taaa c~Qt gtgtoaaaA& etg~-e~u&c ~gt.ttotcbg qettcataea.a tgogtQ'Qtoa 
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21900 

21980 

42020 

a~oao 

22140 

oactc tatt attatgglltJG a~~t•~ggat eat"~tcatt ~•oot~gata Qqoaat~ttc 22300 

R~aa gatg tt~ttaa~oc -ta&~caa~d tattggt&ta ~taaao~caa catctgcAca 22260 

20 

15 ggot ~ttg daaaatgt&Q "cogtgaaga gcegttag&g 9a;tttpttg t~oattoegt ;23~0 

t~~a otggg qttgGcgtta t~catgcgtc gattgscwat gc=tttattg oatco~Q~t~ ~2390 

gag &goeR egeaatgage a~ctaodlni\7 tca9aaoa~~ oatgctqtoc tg&&&gaa.a.& ~2440 

tat~g:ttgat aagct&a&Q'a UQgat~&tga etttatcctc ot~g&tagtg gtcoecae=t l2500 

tge~ etec otgaaaaatg ~tttqwccec ggco11.atat& atgt~tacao atctgeogoo 22560 

-ge _Ctg'te g$tttcoact eatcg~t~&a atacQtt~ce cgccctao~~ agttggtgsA ~2620 

""tc~1 tttou gatg&~gg-e~ qagagtgaca gdttgcgaet aadattggt~ ttat{iftcc~a 22600 

ttttg gtaac aaggcagaoa at$4gtattg co~tagoe~g get•aagaaw tgbtcqut~g 22740 

91J'&t t9ctt gatgtdbtcc tcccedgcct ~gapg~tttt ga~ogotg~g 90Qagta~t~ 23900 

h~&cact~t atteQagcta aaocggc•&e gtatgttQllff! •Rtgctgetg a•tCgaagaa ~ZBED 

25 

Sl!IQ t> NO. 7 

<21~ 7670 

<212 !)IQ 

30 <213 Ar~ifiQi~l Set.:tu.ance 

35 

40 

<223l n•seription of A:ttifioi«l Se~tm.car 8ynth$t~c po1;,rnuo1octiae 

ot400C , 

gtgaad~cte agtaoaQece ~aectgatgc cgoat~gtta ageo$gooc~ gAoaoe~gce 

a~e 6cc::gQt g&cgCJgcaot g•cGggettg tct~~tccog "aatcegat~ aaagacaq.gc 

t~cgg~agct ~catgtg~oA ~aqgt~ttca eegtoateac =~amAc~cgQ 

50 

l.20 

UD 

300 
ttt taa~~- eattaa~ata tae~tccgot Qatgagac.a~ ~aaccdtgat aaat~cttca 360 

at$ tatt~a aaaa~creaga gtatgagtat tcaaoat~~a ogtgtcge~o tta~~ccctt 420 

480 
e9Q gaagat oai:t~Slifgtg daag•stggg tt&c&tow~a otggatctqa aoago"gtaa 540 

ga~ cttgag a~ttttogcc ccgaagaacg btttcQaatg atgagoaQtt ttaa~gttct 600 

get tftt,ggo gcggt.Q~t-t ~aogt_actga dgco9lrC1'caa gagaasctcq gtegccqoat 660 

61 



s 

JO 

JS 

20 

25 

30 

3$ 

40 

I. 
WSGR ocket No. 35430. 706.601 

acact tto~ cage.Atga~t ~ga~tgagt~ etoaooAgte Qoagaa.sagc atottacgga 720 

tggca gaca geaagagaat eatgeaatgc t«ccataa~a atgagt.gata &caatgagsa 780 

caa.ct aatt citgaaaaoga tdmragaa.oo g~awgagdt~ accgatt~tt ~gQaca~eat 840 

ggggg t~ac gtaactog~o th~~tcg~tg a~aaccggaw ctg~ntCJBaa oeatAcoaaa goo 

ga~acc=aaga tgactgta~c aat~gcaaoa Qcgtt~cgoa a«Ot&ttaao 

cttaetobag Qttceoggo~ aoaattkQt6 gadtgqatgg amrcgga~~a 

•bttg •DG• cc&ott.ct~o ~otcg-gec~~ toogQctggc tggtttattg ctgataaata 

tgqag c~"t vagcgtwggt atcge~g~~t OQ~tgaai:rc• ~tggg~ooag ~tggta.a~ac 

otegc tata wtagttatot acacgaaggg aaatcag~ca udtatggatg saegaa..tag 

aoasa ogot gagatau~tg octoaoh•&t taagd&tegg ~aactcrtcag aedaagt.tta 

cteat tata ~t~tag&ttg &t~eA&aact tcatttttaa ttt~Raagga tataggcgaa 

gatco tttt gata~to~ca tgac;;::~aaaat eco~tA•ont oaatttbci;rt. tddActgagc 

gtc&g eoeo g~a~aaaaga tQaaa~qat~ ttdt~g•ga~ octtttttto egogcgt;aet 

Ct:;'Ot~c:'tt;Q 

gct;.a. n.act:. 

ca••c~aaaa aaco~c=gQt acosgegtrt" qtt~~ttbliC! ogwatcaau~ 

ctttttccg& aggtaaoeg~ ottdagoaqa gcge~gatac aaaatac:tg~ 

tott tagtg tagac;-eawt taQgC!O'acaa ottcMt.oan.o tot11tawoao agaat•c&ta 

eoto atct~ at~a~cotgt ~ace&gt:gge tgc~g~o~ttt ugogataaat aQ't;~tdttac 

ogm:r ~gg•c tcaag&ogat agttaccsrga taaggca~~g om;\;cgggo~ gsacgwa"gg 

tea gcaca aagdCC&GCt t~g&gc~aao gaectaoa~a vQ11<:ta~gab acci:.ac&gcg 

tgag tatoa gaaa~ogcc~ eg~ttaadga &g§W~~au.ag gcggao~~ge atoaggtaag 

OiiJVD gggt:.c ggaaoaggag ag~ge&cgGg ga$gett~ca gruJQ'gaaac~ oatg;reatc~ 

'':~ ~~ ~~~ ~-~~ ·~····""' , . .,...,,,.. 
aq gog~ agoetatg'ifliJo aaaa=gaoag aaacgcagcc tbtttaoatrt eoctgacQtt 

ttgd ggcot tttgCICc&ca ~gt:t~tttoe ~OO"ttatcc d~egattotg t;trga~caocg 

t$tt aogco ~ttgagtgaw atgatacog~ tctfCl~g~•&JC oqaaag&ocg agcgaagcg• 

a•g-gaaae1iJrt aagaaogcoc a•b~~gcaaa. ca~CQtetcc ccgogegttg 

b$Qt~oagct g-gcaovaoa~ gettooo~QO tggl;'lAagogg gaa;tea~cg 

a.(ltgtgagtt agotoaotcQ ttaS"Q:'caooc aa~gatttac aotttatgct 

atgttQt~tg ~aattgt:.ga~ eggataaaaa tttcaQaca~ gaaaoagc~a 

baegccaa~c t~gcggooad agta~tatao agaettt-tg aaaa.aceaaa 

11..fl.Cagotttc tea~ta&lil't~ oaaata~ogo ocattettt~ eb~t~tta~ri 

tgtaa~ag~a ~gatgtcqe~ ecatrtGaagg tacg~Catts a•t~ttaaea 

tttao~ttao oaat•btt&t attagqaagt ogcottQQUU eaa&~a&att 

tggt.accgcc QQ~Q~Cta~t t~aa.taot~c aa.a~g•qgCA gtt~gC&liJg'C 

t011Ca~tata taaatatccQ ctaat~~t~a tatteccgta ·~~avaa~tc 

&ggagaaQQ"a agcautogi;:c: toc~tqaa~a •augtttact t~aocgaooa 

tEl'Otetaa~o tata\Ul.tota aodtqaaamt gatgcatttc aoeat&mtmc 

ge~tta=cce ttgaggatoa taaoggtaoe aotgg~atae &tggtotat~ 

cga.~a~aaat ttac~~aoce attaagoGim cntta~tg"d ctaeo&ctac 

adgacagtgg aogttegtdC tagaaaatt~ QtQ"Cgatgoa taq&agccga 

tbbaatqn.ct ogteaga9ca tgagcta&~a gg~~ta~ata dttcaatatn 

cgt;::t;::ggtggc agtg"taoca coact~acac qg~aq~~911n ~gta~Qt.taQ 

QlJt t~t~at ataotafi1g"$t btta~taotc cgaag~aq~d ~gtggoCJ1f=• ocact.gcoao 
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ta~ha!t&t attc::ccgtaa gg~ao9ccct o=tta6'Q'ewt atgtaaada~ tctaagt~ta 

cttgco aat att~$t&t~a etIC&gttgg~ &~goaao~gc tagctctcat eQttoggagt 

ae§ta cat cgoagtatat aaatstooaa eaat&ttta~,atte~~g~aa ggggaaijteQ 

OSIUl~gA& cnmg.a.agg~c gtoagtggca g-ttgcctgcc aaotgcctag gcaagtaaac 

tt~g~~~a~ ataaatatag 9oagbogegg taco~bgce actgaost~c tgcQ&aotqc 

acao~taagt qgoaetaa~~ tgoa~~tgcc ogaagggg$a ggag~aagcc 

gtaccgocac tg'C'!c~odttc G'g'agt~~~~a &&tootG~ta tqtaaa~ctg 

aaataa.atet eQttctae~t atataotocg ~tag~au•ta agtaaaoaac 

gg&ogtcagt ~cagttqodt goa&ae1e~od ea~~•taa~t attagaooac 

oG&eegccaa ot~ttgtcdb ~CtiJQ'"&Q'g'aaa a&aaatgqt;t ~actcgcaag 

aactaaaget tgttaattta ccgaagao~ ~tacoatttc tcggtt~a"g 

~Q"T:tgcaotg tgAdtgccta gb•tagcaae tttotttttg tttatatgct 

a~a actetcatas aaatataacg tagttagcta a~eattttat at~actataa 

tQt cagAqgoaoo g&&Ger;us.ctt gtaaaa&tag eacttttt&a ottgttta.a.t 

ttcaaa&gga tcaagta&tt tttttgaagq tg~aQc&aaa ataac&ta~ 

ctga& agaa a§ttacaott aao&gaawaa aaoata&aaa anagut•a.a.q aaaaaa9=tg 

gactt ccat agatoattta ataataaaat ~&ttaeattt toaaaatato tcet&g•tag 

ttoaa ag&c ttgac~actg t~cccaoat t~tta&ocaa QQtt•abcCQ eec~aaattt 

tgcac SllQA aagaataaQt taoe~ogttt tt"caGt•trO oattaatatc aoeet"a~Ac 

egtcc taoa aagttaaaea ttaatta&&& ~ttatttaat ttttacataa caaat5tt4t 

a&aegaacaa agaadtteta agat~9tott tagtgagtaa ttaaagagct 

gacaagggaq tttttbcate o~tttaaagc asvaagt.tot gaaua«uaaa 

~•cegos&~a ctoa~taaat •i:m~tttea~ oca•teeatt tottvt~at& 

atactciaeaa ga~gdaaeco o~tgacga•• gaaogetato ctcagagtat 

ttat& tccr;t: gagaggga&t gcactgaag& atatt't.tcct tAtttbt~ac agaae.gba&a 

taa~~ agcg ctQAt&&cgc t~aateC$tt taatcaacta tggcaacagg aa.ottCt&•a 

gataa oaat cae.a&geaaa ttaaga~~tc caage~aatg gtetag~tac aceattacut 

acttt ttAc gtocaatt&& ctea.gaa9d& ggtaaapt&t t•CC&11Q'Ot~ gqgtaca•Ct 

:::t$"::: 
tctt:. tttt 

gt.at t.tt.t 

cgec ct::.1Jr:: 

ctgtatttat cQttttat~t qcagoaetet tattaatoat ~ttagaaahC 

ctttaatttt agatgacgtt tctat~&C11:t gggaaactet Qgctaaagtt 

ate~acac• aacataaaat ataaaactgt ttQttlUl.gac ~agctgot~~ 

cge~aagg~a aact&&GQaa ctcaaeoa~& tt~a~atta~ gcAgtggcau 

cacei;vcctt cc;ttaaaat aaacgcgt99 aeotaaagtg aut&gtgAta 

tc~a gtaat ~gatgaattc gatdccattt ttstaactga a~ctcaaaat aoo~ataaac 

ocot gttct tdt~ttttaw ctctaau~ac aa~caattta taaa.tatatt tatt•ttatg 

ctat atatR aataccatat a•at&catt~ •catt~teat ~aAtaoa~tt acot~~t~tt 

ta&~ bgcat ga~tttnat9 ottatgotat cttttttQtt tagcooat~Q aaactttaaa 

Em'&e ttttc ~tatgg~ata tttatabttt cctaadaaag caatdQ'G'O(;tt'. cataaactte 

agt~ Q~tac eaogcctgtg gecgtaooda acttcacctt &OQ11Q'aaa~~ aa.a.atta9gs 

attt $&tgc aataaata&A t~tgtcatct tcgggoa.at gaactt~a;rt. &ttta.aatat 

W&QQ gqgtg ~e~e&ttac~ ~~~gttaaca &gtgatct=• c~aetaaQta tttttgtega 

a~tt aauat ta~ttaa.aae tctcg~ga~a gattt~aaaa atAAaottte ttaatotttt 

attt ttttt tcttttttoa tatggotogt gaagoetr~ta tagco9&a~t atoa~otoaa 
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t&gtt119'ogt datc~Attd«O aatQ~agaac cgacattgct ggcegtaaat 

eogoagt~aa tggoggectg &aQcead&ca §tg&~attga tttgcit9gt.~ 

teQggcttg-a tga.aacaaeg cm:egagott egatd~&cqa d~~tttggaa 

acet ggctt eaootggaga qawcgagate atod~agae~ tQgaagtQac aat~g~tgtg 

cacg cgaca td&t~ccgtg gogttatcca Wdtaagcgcg a.a.otgcaQtt tqgagaa~gg 

cage caatg acattc~tge aggt~~ctto 9agcca.gaca cgatcgagat tgatot~get 

ubat aa~ga caaaagcaag agaa.catagc gttgoott"g taggCceagc ellCggaggaa 

otct ~gate cgqbbootsa aaaggatctA tttgamrC\1C! tap.atgaaac ettAacgcta 

tg~a ctoao cqccogad~g ggctggc~a~ gQ~cga.e.at~ t&gtgettao gttgtoeogo 

attt staoa gagcagtaac cggcaaaatd gegaa~aagg at~tagc:tgc cgaoegggca 

atgg gcgoa tgecggceca g_t$tcagad~ gtcatactt~ aagata~aaa ggcttatctt 

ggao -gaag au.ga~~gcet ggcctogegc gcaga~c&gt. tggaa~aatt t9tocact&c 

Q"Cga aggog WJBtcaoeaa ggtagttggc a~ataattcc aa~caeta~a taaaatacte 

tgca gaaeg otaaett~ta ceoaago~cg taao9aag9t dgt:g&cettg dte~t~aagg 

tgg"Cl a~wta &ttaattaag ottgt.aaatg gtotccagaa cttgctaotg catgtacu.gt 

ttqg aaga.a attaaatt~« &atttgatac eattgaeaaa ctt~aatett tAtt~~~aat 

gatg ~~abg tg&atagoat Q&aoatow~~ tte~~tttt& t~Q"t.~ettag wtt~aata=c 

taaa aecat t~tacatttt taaaatb~a.g- ttat~aagtt atctt~tgt::t taaateegcc 

tgto t~ata aattaegatg tgooaQaa&& aeaaaatott a"otttteat tatagAattt 

at=t tatgt abta~atttb •taa.gttat• ata.a.a•waAQ tageaacata ctQ.Aa"cg~a 

tgt ewogt ttatcttaac gga&."gaatt OQttegoaeuo gt&C!ClctlQ'gt cgc~awg&to 

Qae a~t$a tagotoadtt ttotttaa.At tte~ttttts atttaaaggt gtaat:rQaaat 

tga4e~aeqa 

g'Q'a~aaaatt 

tea 'attagg 

gavatccaat te.a•ggat~a Q&~~gqoggg cta.ctc:rca~a cttoa~tcao 

tattcgaa.a.a aQgttagtta cttcceMaog gagaa~e~ac atcoooatat 

aogt.Qcciett ogggtaaata aatttta~t~ g&ogtQ~dct toq«gaaaat 

.... tttilil.g't ~~aoaa~a•a ~~aQttt~~t v=ct~cce.a.c tgoataggca agt&aactt9 

gga t~~~aa aat~wgacgt oag~ggcag~ tgootgc~aa ctgcat~tat tta~ataceg 

ant!il'Wag;ta cdaot~aoao tggcgbcQ~k ataea~&tat tQlfsQa~cta 

cagta~~n.ac atcat~~&t~ tatatuobca gaag~aaoet gtt&~oogat 

aca&atttat ttattqtcoa gtaaaaggat geqtccagaa teg&aggagQ 

a.o[Jtd ocaggacata aaadtaaa~g ~aaatccat& et~actgaeu tt&taaattt 

~~-~aatoda 

~eaottt 

ata~•tttag 

ccgqcctatg 
I 

saal~n so. e 
<2l.> 1353 

<21 > ~HA 

5890 

5$40 

6000 

G060 

6120 

6190 

6240 

6300 

6360 

6420 

6460 

6540 

6600 

6660 

6720 

6760 

6840 

6900 

6960 

7020 

7080 

7140 

7200 

"60 

7320 

7390 

7440 

7500 

7560 

7~0 

7~0 

7740 

7800 

7BSO 

1no 

40 <21 > Saccharom,yoea cere~taiae 

<•O ~ B 
tc gogttt cggtgAtgaQ gatga&&Aac tctgacaoat wcagatacag g~gacgg~a~ 60 

cag ttgtet "taagog~&t gQ~W9'9'&SCa gac\\&~ccog toagggagog cgtcagcn~R 120 

64 
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g-cigg~ tgtcgg9~dt ggcttaaota bgQggcatoa gagcag•ttg tactgagagt 180 

utacc ~oag~~tttc aGtt=aattc AtCAttttet b~ttattott tttttt"$tt 240 

tta~t tgaaattett ttuaetcggt aatatacgaa dagaaggaag aadgaagg&a 300 

s;rg'ng &Qaga eetagattgg tatatatacg cat~tgtagt gttgaagaa~ oatgaa.attg 360 

aecaf tatta ttaaccaaac tgcacaqaao Q.aaaaoatga aggaaacgaa gata~ato~t 

gtog a.a.got acatataa~g aa~gtgct~o ba~toa~dce agteetgtt~ Qtgca~agot 

attt atatc atqdaegaaa aucaaQcaaa Qttgt~tgot tcattggatg ttcgtaceac 

c~~g $~t~ otggagttag tbga~oeatt aggtcoeaaa ~tttgtttae t&a&.aacaca 

ac aattttttac cctta~aaga c•g&&&Attt 9oe~m:;1$~tg gtaatac~gt 

caaa t~dag tact~tao«G gtgtataoa~ aatagcagaa tgggoa~a=a ttaagaat~c 

aeac ~tgtg gtggqocoag g~attgt.ta~ cm:rtttgaag aaggc!ifg'oag aagaagtaa~ 

420 

490 

540 

600 

660 

720 

780 

840 

aaa.g aaoct agaggaotbt tg&tgt~as= agaattgtea tgoaa.gg~dt ccatatabe.o 900 

tnvs &&~at aetaagggta otgetgaaat tgogQ~gag~ gaoaaagatt ttgttat~ag 960 

ottt ttgcc caaagagac~ t9"1'g'tggaag •~atgSJJ~ tac~attm;rt tg&ttatgao 

acoc lltstg ggtttagatg ac~agu CQ'"Cattg-gg-e c&a=as;tat& ga&CQ9t9lfa 

tg&b ti!Jt~ tc~a~a~ae otgadattat tateatt""'a agaggactab ttgeaaaggg 

aagg atgo~ ~~;iwtagagg ~tg$BCgtta oagaaau.gc~ flVOt~gaag o~tAtttqag 

aa.ga \fOSRO d~goaaaact aaaaa$Ctgt attataw.~t~ aatgea~gta tactQQ&oto 

a.caa ttaga gcttcwa.ttt aattatQt~a Qttattaecc tatgcggtat gaaa~accgc 

a.ca ~g~~e a&ws-a~&Ak& tuooydatca gaa 

sa:Q :0 :NO .. 9 

<31 :2474 

l020 

ioeo 
1140 

l;'.100 

12GO 

l320 

1353 

25 <212 > %>Ri 

30 

;s 

40 

<~i3> saooh&z:omy'aos cerevt•iae 

<400> 9 

bo= atgcg gtattttcbc cttaogoatc tvtwoggta~ ~~oacaacgc atategac;v SO 

tog Q'ldavaa cttctagbat &tocaca~ec otaatattab twcc~tatta aaaatggaat 120 

:I.BO 

coa gt:gtgt to&a...,aogt eatatttata ggataaetat aotoeatttc tcaaoaagta 240 

att gttget tggccgagcg gt~taaggcg cot5J&ttca& gaaatatcCt gnooooagtt 300 

aac ~t~g9a ~ta~tcagg~ atc-;ta•gat gcau.waWttc gaatatcteQ gcaa.coatta 360 

ttt tttoot aaac~taaca agaa.cacacn aGagogdtG~ cge•caqaat Ca.&Qt~o11&.t 420 

480 

&&a tgggag aa~ggaaa gvtgsgeggc cggaaoom:J'f,1 ttttcaeata g~~~Agag~& 540 

ge :oatg& ct(l&.a~gu:t goatoacaah aottgaagtt gacaacatta tbb~ag~l!Lc:d 600 

tet gttett tccas.t~En:Jt gge~a~caat cgect~aott tataactttt ettacob~tt 660 

acs ttca~c aat&batata tataetteu.a. ggatatncca ttataatgto tgccoetatg 720 

780 

gaK =~a~ta aggttate$a agot&tttot gB.b9ttcgtt coa.e.twtaaA gttcgmttto S40 

gu.s. at~att taattgi:rtmi b!JCtqctatc gatgo~aaau 9taboecact tccagatgag 900 

ocs tgaaag cctccaaaaa ggt:,tgatm~o gte~tgtta~ g~gctgtgqg tggtcataaa 960 
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~qg~ aaag "~a.g~~ttag ac=tg&aoaa autttaata~ ~aat~ogt&Q agaeoteaa& 

ttgt ogoca acttaagae~ a~gtRacttt gaataagaot otottttaga at~~~~tcoa 

atca gcdae aatttgeta~ a'1Q'~aotgaa ttc::gttgttg ~da~ag$att agtr;rggagg~ 

~tte cttts g~asva~aaa ~gaagacgat ggtaat~gtg togott•aQ'&. tAgt~aaoaa 

~a.ca cgttc.oa~aagtg;oa aagaaeoaoa agaatu"acg cttteatg~c octaan.acat 

U&!ITQ aacAt tgco~ae~cg gtcattgg&t &aagctaatg tett~gccto ttca&gQtta 

tg"a aa~a~ atgtggAQlif& &aacatcaag aacga&ttcd otaoa~tgaa 9qttcaadat 

caat qaetg attctgcovc catgatoota gtta.agaaco caacdea~o~ aaat~gt~~~ 

~~aa Qacca gcaaoatget tggt~atatc atotc~g~tg aa~o~too~t tAtcQcag~t 

taQt gggtt tgetgooaeo t~cgtccttg gootctttwa cagaaaaBa~ aaccgoattt 

ggt gtac~ aaooatgeea c~iift!.totgct oc•~~~ttga caaag~ataa ggttgeoc~t 

ato~ocaata tcttgtetga tgca&t"atg ttuua.attgt aattqaactt gcctgaagaa 

qst aggcca ttga.agatge cgttQ.B.aAag qettts~acg oaggtat~ag aaatggtq~t 

tta gt.Qtrtt ocaaeagtae oaodgaQg~c ggtgatgct~ tcgoc~a~wa $gttaaga.aa 

&tc ttgdb~ IMU:l~agattc tcttttttt~ tg&tatttgt aoataaact; ~ata~~tg&a 

att ataata gaaa=••c~e gaaattaCaa aatggaatat ~tte&.t&glifV ~~g~d~aaac 

~a~ tacg~ atataaatao Q~ttatcaag aacnr~aaaa.& cm;rag-ga~ag taaa~~~Q~& 

a&ttg&tao~ a&tggcteaa cgtga~aagg aaaa~gaatt qeact~taac 

aeaa~gag~a ~liJV'OacaAoa caaaa&gtt& ggbg~~acag aaaat~Qtga 

cetAattega t~ttggagga ttttctctaa aa1UU1.aaa11.& at•=a.4l~a~a 

tc&atgacct g~ccatttga tgg11.g~tt&a ~tcaatacce tct~gaacca 

tgg-tqa&agt tocetcaaga attttactct geeaga~acig ~ccttaQgac 

tlifJiJ'l:.goaccc tcagtaaaat ctgctctgat ~deg~ata.gt t~~ccagcc 

OCQl&C'Aaccg ccgacgcgaa otwaogggat tgtctgotca as:ra=a~QC!ifC 

gebgt"&ccg tctCQQ'OO•g otqaatgtgt caqaggtttt cacc~toaC~ 

S:SO J;D ~0" 10 

<21 > 1177 

<:tl > DNA. 
I 

<213> s~ceh&rom,yCee ~e:sv~s1~$ 

<40t> 1.0 
aat~ccegtt etaagagott ggtga"cgct &ggagtaaat 9aca~gtatc 9ettgaaca~ 

-""I "taa"o •• w ~ agggaagtaa taaaaoagto =tttcccgaa athtt¥tttt tOtQt~ac~c 

ttaiac:tcct ctagtaoBct dtataeettt ttatgcctag geaatgattt tcatttttbt 
I 

ttttccceta goggat~a=e o~tetct~tt ct:.~agc~ate gacattat=a caeaatgaat 

t~~!Qattat &eamaw~aat gtwatttat~ dgaB~aat&t actaQ.&aoat "agoa~gcau 

~&t aacgaa ggcaaagacu acagag=~~a sagccctagt aaaacg~$tt acaa3t~aaa 

ooa g~ttaa gattgcgato bctttAaage gtg~tcccct agog&tagag cacecgabot 

t~~ QgaaaA agmgge$gaa voageagoag aacaqgcaa.a acaata~Qaa gtgattaaog 
I 

GCQfcacagg tatags«ttt dtggaccata ~gatAoAtQO totggec&ag CAttoo"g~t 

aliftbgotaa~ ogtbgagcga attggtg&at taaac~tagn ogl:lecueoaa aco&ctgaag 

66 

1020 

1080 

1140 

1200 

1.260 

13ao 

1380 

1440 

1500 

1560 

1620 

16'80 

17'0 

1$00 

l.BSD 

1920 

1980 

2040 

2100 

2160 

jjl220 

2280 

2340 

2400 

2460 

247' 

so 
120 

160 

240 

300 

~$0 

420 

480 

540 

GOO 
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aggatttaoa octtt:Q"gatg Qggcaot~to oagag~gqeg gtagatQttt 720 

gt~ogca~t i;rt.oaeaottg g~t~goaaag ggaga~at;rt.o gg~gAtehct ~80 

gstoacg=~t tttattgaan gOt~~gaaiJ$. ggot~gcaga attAccctcc 04Q 

tdtgegaw"c aagaatgaea a~Qaccgtag tgavagt.gc~ ttdaAgact.r; 900 

ca~4aga~&A aoe&adtaga ee~Qtggtac caacgatgt~ ccetocaoe~ 

t~tgtagt:g& d&CCgattAe ttaAagabga Q(fCl&t&oqat ab~tatae~t 

i;rtataocbae gaatgtaage aagta~9tat aegaacA~a tgatactgaa 

taa~gc~tca ttctatadat gt:.ca~tatga ~cgagucgcg ~tttaetttt 

tttttotttt tt~ttctcet gaactcg 

960 

;!.020 

10BO 

1140 

l.17'7 

SllQ u. 
<311 3008 

<2:12 D?a 

<213 saocharo:mvdGB cerev~sia@ 

15 <400 :l.:l. 

20 

25 

30 

3S 

40 

tgg« aattt O$tW~ttctt ca.acaata~a t~tgc~a~a tataacaatu taaQtct~t~ ~o 

ctod todtt agttcttou~ tdtgttOmiJA gatt•ce"a.a t:.caa~aaau.t ~tcaa~gaa.a 120 

OQga ateaa aaaaaaga.t)C aaaaa.aaal;'L& tgatgaattv &&aac=cao~ ccecccceoo 180 

gatg gocg>e Q,'tqC§Qctgc tGgagatuao ggac•cgatg gat~tg~tct qcca•gg~tt 240 

300 

toga e~t!LW aaatcgatag atot~aatta aetc~~qAat !tAtaoatAAC'! ttttcttaa& 360 

agaa ~a~ acagatall.tlL~ ttt&aqagat attaa~tatt Agtgagaagc ag&gaat~tt 420 

gtaa •~ca& oabam~aotq &catattta& C4BCttt~aa ttatg~tacu ttteteacgt 490 

e~~g ttga~ ~attaeago~ at~otgaoaa atgaetcttg ttgcatggct ac~a~eesrg~ 540 

::~"" ::::: 
00.Q' t.ggtQ.t 

t.c::a c:at:.t.aa 

d:C tg&ClC& 

aafatgt 
aa &a(l.a.c11. 

aca~a:t.{4.t:a.t 
Clt!i1~9G'aai::a 
t:egt.r:n:tsr•n. 

&lifGr~!!Ult.(lB.t 
I 

WR!lJD.cu::.11.tt 
i 

'Ctot.Gstt:.aeee 

citglt:a.Q'all't 
aa.t tt:t.t:.aci 

~!if~ tat.tau 

gQg cact:to 

tfiit.a~•·~~t gg~iiegta•~ atogttggat cectottct& as:rt&oatoct 

tcaaga&CLaa caaa~a.11.&td ggaeaaaaa~ atol:!l.&g't~tq g~ttct&g~Q 

at~aggaggg ggacaattgv Q&ogtatga~ tgtt"aggca ~c~aaoa~go 

gao91ift,aata ota~~t~otw aaaa.ttotco tQcoaaao&a ataagoaact 

a~ttaatgQc tcottt~cca aec=tdttga ~atagaaaaa dt&getgaaa 

adtaAcgatt g&gattg&q0 $eget~eg1,: toetaoaota aagaatottc 

tdOC&A&tbli a&aatttaco Qttotocag~ &acaatoaga tegataoaag 

teaaaaagag catttaataa aaaatgqt&t agcagttaco o~aBgtgttc 

agcoagt.gag acgtacctat egaat.ght~g aag&gatttg ggte~tcaat 

gtagagvact tbg'gcatadg atgg~agagg- taaottcgt:t geaa«IJQAta 

eocs~&agct ttggaagtao ~g$aggatcg toottegi::a~ qeoaa~aaat 

taota~agaa t~a§oagtoa tgattgega.g ~eoeut~aec qgteeagtqt 

a~ttgcagag acta~oo~ca aggacaata~ ttcrtwaaeta Cgt~~tRago 

tcoHsac~oc g~tQacetba Aggogaa~t qttggoagaa aatgoaatca 

cQlJt.twt;lifil't ata~~tggtg tggaaa~~t atAttte.gaa acagggs:raat 

awaa•ecgco ooaaggcctc aaaaatctow ~eattat&ec attg~t~ctt 

~caaetegaa ~~tcatttga gatcl!lAtatt ggattt~cca atgcca~aga 

67 

600 

660 

720 

780 

840 

900 

9GO 

1020 

1080 

1140 

1200 

1260 

1320 

UBO 

1440 

1500 

:!..SGO 

l..6~0 

l.SSO 
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mgataaagag otawa&actt 9cgaaag~go attggc~aob QCAggtt~cb 

aott atatt;lQ'tl&Q& uagbo~agae ctaaoagaaa agtaqgtcae ataaatatta 

tegc tccag t&t~Q'd.~gaa tgt.gaacaaa ggetgaacta catt•cag~t agaaotaat& 

t~~Q ate&& &atctctgtc g~tca&aage bm.Tacttgga agoaatggtc aaaooatt~g 

ttgg atoat ca~gggatca ~aotctgact tsoaggt~at 9tct~aogo$ tat~omr~tt 

ta.AA g&ttt tggc~ttooa ttt~aagt~a 0~$tagtctc tGCtcataga aetcoaoa~n 

0'9'at tc~gd atatgctate toagcaagca agogt~gaat taaaaoaatt ~ccgct9gag 

ot~g s0'9Q~ tgctoaot~g ecaagtatgg tqgctgoaat gaoaceactt cetgtoatcg 

gtgt ceogt aa&a~gttct ~gtct&uata gagta~attc tte~e$ttca attgt.gcaa~ 

~gee a~agg ~gttooag~a gotaccgtoa otattaataa taotac~aac gatgc"ctgt 

tg'g'a gtcag matgotbgaa gettatgatt eaa~tt~tac aaoqsaaa~g gaaoagt.ttt 

ta~ a~gca agaagaagaa gttcttgtoa aa~~aO~$&& gttagaa~ct gtcggteaa~ 

u.a.ge ta~ot ~qaaaa.csa.a~ ta$~at&taa abbtatt~~t atao~~gtae ageaaataat 

ta~ aa~~~ tatacct~tt ttttawga~t tgttatu~~t acateAaatg tggaattoa.~ 

&0&.1:jl'lif8.G.U.t 

agga)br:::i::::er:i:g 

ae:t,gtggcc 
c::it.•t:ittgttt 

11atJe.u.t::wct 

~~aegcttac aqgt.gtoatt: ttttaaga.t ttcatacata ag&tatotcg 

ggtaoagaga ~ciwaae~egc ggecgccagc '1Q'Qttaao~= tAgggeatgo 

tAatt~•aog acgtea~gtg goaaetttca "ggaaat~tg cgcggaacoc 

atttttcta~ ~ta=attc~• a~atgtatcc gotQat~~~· o~ata~occt 

~~.tl.Ata&tat ~gaaa&&gga asawtatgag ta~~d~&c&t ttoog~gtog 

cca ~att~c cttttttgo" 9Qattttgeo ttcatgt:.tte t~ct~ncca& ga~aegaegg 

tga agtaaa. agatqdtgaa gatoAgttgg gtgcacgagt gggttacato ge~ctmrate 

tea oagogg taagatcett g~gA"tttto gccdegaaga aoqt.et~Qa& atuatgago& 

ctt ta.ta.a. 

1140 

1900 

1860 

1920 

:J.9BD 

2040 

2100 

2160 

2220 

aaao 
2340 

2400 

2460 

2S20 

2580 

2640 

2700 

2760 

3920 

2980 

2940 

3000 

3008 

25 SEQ ~n NO, 12 

<21. > 4.879 

<21 > DNA 

30 

35 

40 

<21 > sacchll.r~cee ce:ruvis~ao 

'<40 > 12 

ago gttgct ttctccta~g ggaagam:tt tctaagtata aa~aagtaa.a cagttctttg 60 

eta ttcaca cttoetgg~t ~etaatcaot tgccgoot"~ a~tatatata tatgt•tQao 120 

ate w~actt gttteet~~t ttgbgdct.t~ gttacgt:.cta tatt.c&ttge aadtf1#ttut 160 

tog tt~~~t tcttgctgac cgottataga ggaategaao agttttagdg aggaaaacec 240 

tte atagtt ttgccagcgg &&CtCQactt gcaattaoae a~aaaattee gg~wwttttC 300 

360 

tgu gagecg ctgggagaag t~aaag&tat at~•w~aaea &goagooaat ageataaQ.8..0. 420 

aa tctgag tttattacot ttQQtggaat ttQ~gtgaaa aaatgaeaat taeaga~aqa 480 

ta~ $C&gag tta~tcaata atg&aeaaag aa~aQgtctg qata~a~aag ttg~ataeto 540 

oaa totee~ agtgttao;ca o~tgAetttt taog~e~$Ca a~a&gaa.cot t&taegaaac 600 

660 

aat cgctgt cEJCtttqaat gtatgggctg eabtuatata tagb.Q't:.u.u.co ggt:gacgatg 720 

&ta tgttet ttahattgcg aataacaaaa eottaag~tt caat&tto~a ecaae~tggt 7BO 

aAt taatga gctgtacect $caateaa~a at~a~ttgaa caagctaa~~ tc~aetg&gg 840 

68 
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ocaa tt~tc ctttgaogag ~ba9Q~g$aQ &A&tto&aag ttgcot'.Ulgat cbggo.a~gg~ 

oacc oaatt gttcog~etg gooettt~mr aa.a$aoaaga ttto$aatta g~ogagt.tca 

n"~a cattt agt.9gaottt gctttgnatt tggmtaec•a euataatg~q oatgttttwa 

actt attt& ta&caactta ~tirta~~~ga Atga&agagt aaac&ttqtt OC:i:Kf&oc•at 

t~aa caata tt~~actqct qogotaagcg ~tcca~ooaa t~SG~taaot ~aaatctctc 

tgat a.o:c~c atuatecaag gaeagtttac ctgatccaao ~aatraQcttg sv~tggtgcg 

QtttfSJt.Blfg "tgt&ttcac gacattt~=c a911aca&tgo ~"$.agccttc oc~gaga~&a 

cetEbut q~a"actc~a acactaaatt Cd"~CQagta OCNttdtteo aettatogcg 

aoat maccg caottotaao $t~gttgcoc ateaettea~ taaaeoaggt atoaaaagQg 

gtg& &gt gaegaeeea.t tohtdtag~g gt~tgaa~tt gatggtab~t gtgatagvtg 

C~tt aaage eggcQcaaoa ttttcagtt& tcgaooc~gc at.aececoda 9ccagacaaa. 

gQ$t tac~t agQ'tgttgct aaacgaOgtg ggttgattgt tattagago~ gc~gqacaat 

~g~~ de.sot Qg~agaa.gat taoatoa.atg atgaat~~ga g~ttgtttoa agaatcaatt 

cca.t gatat teaaga•kat ggtaocm.~tQ,&&ClCJtggcaa et~WWQC&&t ggegagg~tg 

tt:tt otcc a.ha.t1jf11t.tcac:: eacaaacra.ca c:cagaacn.11rr t.gi;;to1i(tagtt wt1.i::::i:::s.v.a.t.1: 

aaaa doaac ~dt~tcttee acatotmrtt oagan.ggeBt ccataagqat gttottggtA 

gaca ttttc ott~gotta~ tatttoaott gqatgtecna aaagttcaa.c ttaa~&~aaa 

atga aaatt oaoaat~cta agcqgta~tg eat::atgatco aauteaaaga gatatvttta 

O$QQ ttatt tttaggtgoc caattgeat~ todotaotca aqat~ae~tt qgtacacogg 

geeg ttagc i;n:;aa~gqatg agtaagtatg wttgca.cagi:. ~ac:iceattt& acacctaao~ 

tG9'EI' oaatt a=ctacegc:o oaawe~acta aaacateccc taagttacat catgagttct 

t~gt ggtg~ cuttt~sac~ aaac~tgatt gtct~a~gtt Q~~~Acottg waagaaaatt 

gcc:g attqt taatatgtao ggt.&ac&ctf;' aaaae(t{l§C~ tgQllQ'tttct catt~eqaaa 

Ct&a tcaaa &aQeg&cgat oaaaactttt ~qaaa~aatt gaaagatg~d atgcotljl'Cft~ 

Qt•,-ggtat gttgaaagtt cagctacta~ ttwt~aao~g gaacgaUdge actcaastet 

gt att.ga owatlAt&gQ'1: ~aaatteata eeagb~cllQ'g tgcrt:ttgqce ~a&ggttata 

t~ace agaet~gaat aa«gaa~aat et~tgaa=aa ctggtttatt ~&•aaagatc 

aatta tttggataag Gntaa~gg~g aaocttQ'ttag aoaattatm7 ~taggtcaaa 

aqatt st~~agaaog gg~"a~tt&g gtc~bt•tct aQca&aegi;rt:. g~ctg~ga&t 

mJdt~atgat eaaQ't~alllA& ttcgtgm:rtt oawa~tcg&• ~t•sga~aaa 

oatttoccaa eatooattm;J taagag9aQ~ ~attaettt& gttogo~aaa 

tliJQ.gt::cauca t~ae~o~c&t tt&tlfGtccc ~~wat~tgao aagddagatg 

aob ~tc.taa gttooaaa"t gatg'ttooaa aggam;ttva aaet~adaat ata;ttaagg 

gat aatcgg ttaccmtctt ttat~oaagg aoatau~gao tt~ettaaaq anaaga~tgs 

ct.a~cttatge 

,,.~ .. ~ ~,, .. 
aaa tacagt 

u.cit atgget 

toc;r t:.ttA'1Q' 

tatgoottoa ttgategtgg ttatgga~a~ aotaooat~g aatccaaatg 

t••"oataa~ cttca.a~tco eaaatccc~a geaa~~~~-~ ttgqtaqoeg 

ttctgaaact ~aQgactdtO aqtttaoc&a tgttgagcgc gaggttagaq 

aag~a~atta eataoa•agc c&goatotet Qboaooagab g4tto"tttt 

tggtcattct atctt"sata ccaa.aatgat tcttaectt& aaaaaaaaqc 

tgc age~ga tetacaatta ~acaatte tcaQ.gtatoc ~acvataaag ~=ate~goos 

agg aattga aag4atUa'.a.a taAtO~ITTf~g gatcatctca aggtg~g"tc gtagaaaatg 

bC$ tgcaaa ~tahgcBlJBS gacgaa~$~& ••ttgqttgq gac:gQ~acQa agttcg~a~e 

cot tcgaga aeat~t~gt.t ga.acct$ata qtga~wa~gg aaaaaaaaoa aetaatgtg~ 

69 

900 

960 

1020 

1080 

1140 

1200 

1260 

1320 

'1390 

l.440 

1500 

:1.560 

l.630 

1690 

1.740 

1800 

1860 

19~0 

1980 

2040 

2100 

UGO 

;r.220 

2280 

>.340 

2400 

2160 

2S20 

2580 

2640 

2700 

2760 

2820 

28BO 

21<40 

3000 

3060 

3120 

3190 

3240 

:l300 

3350 

3430 
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15 

20 
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ttgtt ccqg tgtcacagg~ tttetgggot cctQaatedt tgoagattbg ttagwacgtt 

dtcoa avaa ctaeaGt~to aaa~tgtttg c~eaegt.aag sacca&GlJ'~t gaaga~gotg 

cattt o&ag ate&o&aaag goaggtatca co~atggtmc ttg9aaagaa aaa~ttgoct 

caaat ttaa agttgtab~A ggcga~ttat ctaaaageeA $tCtqgtett taAsatga9a 

&gtgg tgga tttqgcaaac &o$gttgata t~&ttatcaa t~aeggtgeg ttAgttcact 

atatqcoaua ttga.gg~atc ea4atgttat tteaaotatc a~tgotatqa 

c~tcagaaag coa.aagttc~ ~tgactttgt ttccecc•ct t~tactcttg 

etaattt&at ttgtoae~ta o.a.cttgttQg c~a~gggaag c~a9gaattt 

~«atttaQtg aaatotgcna gdgg~ctal\.C! tGwtgg&tAt f1l,JeQ•gtcca 

tgagtA~ato a~tas•~~s cauwtgaeiag Q'tla~et&ogt a.cnreu~a~tg 

teaga oagg tte.cgtaaca agtgcctoeB ccastggete ttoaaacada ~atgAttt~t 

~attg ga~t ~tt~aaagge tcagtogaat tag~taaget too~~~t•t~ gaa~attccg 

tgQ• &tqgt to~agcagat oatgttgctc gtgttvtt9t tgct~ogtgb ttg~~tcotc 

c::=ca.a sraa.a.a 

""""f "tr•• GHr•a .ua.a. to 

t.gc:t &cat:. 

gg-aA.!Q'CC'iift: 
pe..t ggtgt 

tt::bC oc:tac 

egoef,i1:1.t:aag 

ttttgrMcatt. 

t.taCJ ttatt. 

tgaattggoo gttvcecaa.g eaaogg;tc& cd~aagaata ttattcaaa~ 

eacttt$cac gattat"~ct ~~gat\ft.ega aatcgaeagcr tRte~taaat 

Qttgsaggog ~otgttattg acag«B&tga ag&aaatgcg tti;rtatcctt 

QVt:.et~agae a.auttacct~ aa.agtaccaa agc~ceggaa ctaw~egata 

;rvc•tectta aaga&aqac• ccgoatggao aggtgttgat t~gtetaatg 

~actoea.saa gavattggt& tat&ta~tgc attt~~a&au aa111J~tgg~t 

accaa~~o•t aatga.caa~e ttcc=•ctcree aagtata~aa ataad~ca~g 

tctagttvet tcaggtgct~ gtq~togtgq au~ctodgca "=auottaaa 

Rcgt•tgat~ tg~Qcatgta aaa~aactaa aeatgaa~tA gg-agaaagao 

ttdgggt•at gtaaoetaaa aadtacgaga at&ktat•ta •~aagagaa.t 

aaaa attaw tt&ttgaata a«a•etgtaa Ateeo-otJ1Vd Qttaotctgc te.atvwca;;rc 

~tea ottgg tttattgta 

<2 

D NO~ :S.3 

1475 

3400 

3540 

3600 

3560 

3720 

3760 

38A0 

3900 

3960 

020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 

olSOO 

4560 

41620 

4680 

4740 

4600 

4860 

49?9 

30 <21 ~ Artif~cial Suf;l'1•~ee 

35 

40 

<22 > :ooocr~pt1o~ of l!.%'tificia1 Seqµanee~ S:y:n~b.et1o polynucleotide 

'"'ot 13 tt.a vtr:ea;-

gga dOC:ll.Q' 

60 

120 

lSD 
tg~ ~ocgc saggcg~g&a gaAaa$atta cgg~tactag o~goa~ao~t gegagca~gg 240 

aaa gatccc oeoaca~acg o~tt~aattq tcecoaogcd ~cgcacctgt aga~~a&~at 300 

aaa gg~eag ga~ttseo&c t~aqgetctt otteeatata cb~catttt• aaatcttgot 350 

ag~ tacaat eatcaeatcA oatacgaaca t~a.aoa~coa tgggt~agga aaasactcaa 420 

t=oegaaac.tt tgvcaaam7t agc~~tgec~ aega:wtta~ •aatwagatg 

actif9'ctg11.0 agaatttat~ oetattcoga odatoaagca ttt~atcogt. 

70 

460 

soo 
SGO 
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aot eeatg a~goatliJ(ftt aeteaceact tragar:aoocg go&Allaoag-c &'C.t;t:ll:!llg'Q'tA 720 

t:l:&Q'!a.i;raat at:c::ct:.gatte &gfiWt.Q'&O.&.O.t. attgt:t.tiJll.tg cg-o:t:,ggo•gt gtt:c:u:i:tgogd 790 

cggt gQllt.t O'iJl'.lttcct:gt: 'ttgtG.a.t:tgt ctatt:i::.ta.aca IJQS-at:.c:gcgt at'l;Cr::gtt:t:.t::; 840 

gctc r.TS'r:::.[fl:! aatcAc=gAl4t: g&ata.aoggt ttQ'fjJt~Q"atg cgagtgattt t:.gat:gaeqag 900 
$ cg to tggcrt ggcetnttou e.c,a.agtotgg aaaga.aatgo at.eagottt>t 'itf(ICl:aetotca 960 

"""" t::t:cag tasrtt:1:11abce. t.Q"g't:g'&tt tC t;.c::iai:itf:g;at& acctt:at:t:tt: t11acgD.Q'RQ" 1020 
~allt a.at:ag s-t:t:g-'l:.attga tgt:.t'ift.T('.l.CCJQ. gt.Cg'g'B.&teg C!Rg&.Odg'Bl.t,Q ccua.lifgat.ct t:. ,'LOSO 

gee a CICtltt gg-aactgcct CQlJtliJ'n.rttt. tetccttca.t tllO,!lEJ(l.0.f&OliJ gc:tttt.t.C1au. :l.:1.40 
a.ant. 'bggt.n. et:gat:aatac tgat.a.tgB.at: a.a.aetuoa;rt tt:.oatt:.t:::11a'f:. treboqatgag 12.DO 

IO t:.tt.t ot.aat: C&Q'ttld'tg"ll.O a.r.t.baaaa.a.g&. tt.ottO't:.tt.t oaa.gaaet:r:rr tcat.ttgtat; 1~GO 

tat:t.gtagtt: gtt::Cltllll'tttt aat.caau.tgt tagogt.gatt tatattt.t:tt 1g30 

c:•t:c:o.tdtliJd ocagatgag.a agttaagtgo 11ciagaaagt:a at.at.c:=a.tg-c.11 1380 
gt.1raatgctg gt:.cgcc.iat.ac tacesrccga.t tQgat.a.ct~a. ogc:c:ogccato 1440 
aacgagc:ieot ogag-aaoc:ic:i.t. t:.aata 1475 

lS 

Sl!IQ D NO. 14 

<211 PU 

<:Z!L2 DNA 

<21.3 Artificiu.1 Saqu.01:1.ca 

20 <223 l>EIBC~.i.ption. of' A:l:'t:i.:fid~a.l Saqu..enoer Byz:i.that:io po1ynucleatide 
<400 l$ 

ctoa ' tati;r eatoQgct:.ea t"4'itli.Cu.ata. u.ocotgataA &tgct:ccaat. as.tttttgas.ft 60 

•asn1 i\lif&l'lt. a:t.gagtatta an.un.tt~ccs;r tut.og-ooote attccct:.t.tt ttsrc~att 120 
tt:go tci:c:t: gttttt!(llltC acec:awaa.tt.e trc:rt.ggtgaa.a. gta.a.e:.a.ga.tg etg-atl.Q'atoQ. LSD 

25 lft<:.11 ,;ro" C!ifll.Q'tp(Jt.t u.c:atc:tJaacit g'g'D. t:.C!t:C&•Q a.gc:stsrt.ftu.Q"a tacttga11ct\T 240 
tttt:. CCCIC' miia.s-s.u.og~t t:eaoau.t:=goo:t;. llU.Q'Cl&Qt:t:tt. aaa.gttoti:rc tatgt.ggcgc 300 
gg't:at t.t1.tec egt.at:tgacg ccggqc:a.a:g11. g'C&&Ctc:IQ"fitt C:IJOCGO'G.tllCJ act.cr.tt.otea )60 
gaa.t: ct:&g gttgagt::.~o:t eaociagtca.a &t'J'&&D.G.llJC!i.t.t ett;.JJ.o;n;rattr go.a.t.g-acage 420 

&&fir&. tacagt.qc:tg ccataaoc:at. g'&gt:g'At&.B.0 tldt.[Jopgccia. &cttn.cttct 400 
30 g'&(Ul lll'Jllt:ra'U.C:Cg'll aggagcta.ao Cg'C'Ct:~~t:t.Q 0Qd8.&Cl&'t:f1!1 ggga.tca.tgt. 540 

gatogt:cggg aa.acggflgc'C gn..1:1trtaagcc atacc.aa.acg ai:=11e.gcD't.goa 600 
eot:gcagan.a tggca.aca.ac srt:.t:gt;=woaaa Clt&tCA&atg- aosaac:n:aot. 660 
tccicggeaac a~tta.ai.to.11a ot.:gg$'..t1Jga11 geggat$.aa{J t:t:gcraggacio 72D 

'tCIQ'Q'ClOOt t:CI agQ'd.tggctg gt:t:t::;~t.tgee g'll~tlafttcbg tflJ:g'CICfg'iltg'A 790 

35 gogtg ¢9'C&wtateu. tt:gc:agou.ct 9'9'QVCICB.Q'&t 9'Q"ta.a11ocu:it occgtat:.cQ't- 840 
agtta <lt&C a.oG"ao:mnma gt:.d.amroaa.c tat1111at9'&.a. cgnaat.ag-&c aga.tc9c:tga goo 
11.ata.gFtgce ta:::a.c::t:ga.t.t.a aadattggta " 931 

Sl!lQ r 1'10. 15 

40 <211> 1382 

<.3:1.2> """' 
<2131> JLrt::f.::f:l.CiG.1 SOQ:U.t\ZldG 

<223> Daaoripticn 0£ A.:t~f~cial Sal;l\18D.C6J ~thet~c po1:yu.uc1aot.~do 

71 
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<400> 15 

ttcitC'l tQtt tgllCl'l.Q'Ctt:.P. t:.ca~d;:re.ta.a. i;rc:t:.t;t.Ql;ltQ'c ggt acrt: t:; t:.a. t cac:a9tta.au. 60 

tt.gdt; acerc o.;-cca.ggoe.c cgtgtatgaa atataaoaa.t gc:qot.oatog t.aat:.oet;;cg9 120 

CO.QC daae ctevat.Q'ct.g t.aggcat.$.9Cif ottggtt:~eg eoa;rtaotgo OQ'GQ'd:et:.ot:.t 160 

s gt;jQ'gg' t:at:-c gtooattccg acagaa.'CdflC eagtgac:to.t Q'Q't;Q"t.gat.gc ~agc:gct:a.tiP- 240 

escgt: gatg aaattt.obat; gogoadOCfitt: t::ct;;eg"g'1g-ca atsrc:oegac:c gd:t<tt.ggcc:g 300 

CCliJ'CC ag-td dt:gctcg:et.t cgctactt.gg S.9'dCl&.at:a:t:c gactacgc;:ga toatgqagac 360 

I 420 

T 
otgt;ggatcc t.at.acgc1.o.gg acg-cata,9"t.Q' gecgs;roat.a& cccrac::ucca.c: 

o.ggt:g ggtt: 9'dt.1JlifdgQQC atatcgccga. i;a.tcu.ccge.t:. 9'WS'aa.gato 9'Q'g'O't.CQ"i::CA. 480 

10 o:tt:.c etc atgagcliJctt gt.tt:cggost m;JQ"CatljfiftQ' gcaggocc:n::Jg t;g'gCIO'fiig'S"g"!if 540 

at:t.Q't l:gggci g:i:u::iat:ct:cct tgoatgoil.OC a.t:toott.EJC:ti gcggo:gcrt::gC teaaoggoet 600 

daacc;u:acta CtO'(JG'c:lt:g-ot 'l:tJd"t.&a.tgoa gga.11t:c11c:at aagqg.agag-e gtc11aec::g-a.t:. 650 

Q'CICC t:;g-ag-&. gr:u::1ttoa.q.Cd ca.Q'tca.11ceo ot.t.ccggtgg- 5JC'10WGl'llJCJa t;;gactat::cgt. ?20 

"11<'" C'il.t:t:t a.eg.a.ctgt.c:t tC1'C'Ct1;1;tcat goau.e:tcgta mtSOag'gl:.Q"C cggoagagci:t 7BO 

15 tt;c:g-qcga;rg u.acgo.tttog ot.t::ra~gagcg G.ClQ"llt.g&t:OQ' gr;u;U;:.gtcgct uo 

gg~atcttgc l\CfiCC:CltC~C toallQ'c::c::tt:c 11toac:t:wata CCSJC:C:lli.CCIU.B. 900 

Q'&g'&P.Q't:a.gg cida.t:.t-abc90 ancataEfl;jS g'C!CIO'&.CllJd§C: tgggct.a.agt. 900 

ttcgcgaogo t;f8.g'g'C't.911'Vit 9gacttoooc:: &ttu.t£;Jatto tt::dtcgct:tc 1020 

WGt&t.gco:cg i;:.g-t t.gcaggc;: ca.eqctgt(!c n.qaca;rat;e.g atge.dgAOca. l.080 

20 ctt;callggat. dr;JCtCQ'C'l;1.JC tcttacca.vc: Ct1U11;1tt.cga. coattg-ga.C'o 1:1.40 

U.QggQQ'IJ.ttt atqcegodba 'iiJfJClg'&liJO~CIL tgqaacr.rnt tggCQ.eggat. i200 

vccc:t.ataoc: ttr;rtctgr::.ct dCtl'.Cgegttg C!g'tC!Q'Cm:Jtg' Cl&tQ'D'B.9CCg' :i.iso 

D.cctg'liUi-t.Q'Q' a.a;rcc:ggcgsr C'.$.O(ltcgcta. p.ogqattcut= cactedMQ'& 1320 

atcao.tt.C!t;t Q'CIOlJ~g'D.&Ob gtgD.At:gClg'O lll!!HlCOD.&CJdCI t:tggoag-aa.o 13ao 

25 .. ~ l.382 

l>IO. 16 

<211 fi79 

<2:12 DNA 

30 <213 A:r:t:l.t:L .. :l.&1 SeQUGncs 

<2.23 DotJOrip'Ciou o= Art!.Uiol.o.l. Sequ.eneat Syu.tbetic i>Cllynu.cl•otide 

<400t 1G 
coaa t:ggca t.cgtaaaga.a oattttS'alils c:a.tttoat:rt:Q a;tt.gc:::tce.a tgta.cc:tat:a. 60 

eom.gct11EJat. 0.\;'t;b.0;'11COt. t:tteaaawac:: c;rtaaagaaa. aat.&6.g'eaao. 120 

35 9'5f"'c::tttatt o~oattattg cu:::iCJiiJCCtQ"at liJaat:gcto:at ci::ggaat.t.c:c 180 

gaaag'&czggt g'iJ.Q'CtQ'9"t!O'B t;a.tgggn.to;r t:;rt.teacu:u::it:. tgt'Caoaccq 240 

goa.a.acitgaa adgtt:.t:.tcuit ogctc:eqgal\f tgaa.tu.odO.C gaogu.t:.tt.ca 300 

ttClt aca.ea.t.o.bat. t;:.c;gaa&trat:.R tg-gcgte~t::a. Cg'Q'tqae:u1ac atnc:iot.a.tt. 360 

gtt:.ta.tt;J'&g' aat.atgtttb b01i1tC:tC11il9'0 cut.cact.119" 4Jteagtttoe. 430 

40 ~tta.o.e.dgtg gaoa.Gt.Btm:r &C!Q.llC!:t::.t;Ctt Cg'd.OCIOCQ't.t:. tt:i:::acca.ta11 490 

ta.ogaa.a.ggc gACJ.aaggtgo tgutgcagct ggoQ'a.ttcb.g: gt:t.ca.tcsatg- 540 

csc11tttg-tQ'a. tgget:t:cea.t gtci:ggcagaa. 'bact:.t::ao.tga e.tite.caac:ag tac:t.Q"c::ga.ts;r t;'OO 

&IJ\> 01;\.Qllg' csnniaagt:ae. tttt:.t.t.ta.ag IJCa'liJtt:attG' gtigc:ceteaa llOQ'CO'Cggtt 660 

72 
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Q'C!~a*gc=tv aat&&Qega 

S!l:Q l> NO , l. 7 

<211 675 

s <212 mu... 

10 

15 

20 

<213 Art1£ioial Sequ.enao 

<223 neauription o~ Artif1o~a1 S•i;tU•nc•! Sy.a.tb~tic po1ynueiaot~de 

<400 17 

tgac gaacg eaqo13lJtggt aaoggogcag ~~geggtt~t catggQttgt catgactgt~ 190 

~ttt V~aOQ «tatatgdet Cmf~C&tcoa a~ca9aaaac gogbtaO~CC gtgggtegat 240 

rre~t atg&t aegga~ca~c aacgat~tta cCJt:agcagca a~gat§ttac goagcagggc 300 

agto cooba aaacaa.agtt amrtgg:ctca &gtatgggca ~e~eeo1JQaO atgtaggcto 360 

gacq &J1Qea o=tactocaa acabe•gocg vactc=g&tt •cctcgqgaa ottgo~ccgt 460 

agt:.a gacat tc&tegc9ct e~obgoot~c ~adcaavao.g- cg~ttgttqg- cgctotogc~ 540 

sett Og~t~ tgOQQ&Qtltt tgaso&gaag o~tag~gaga ~oea~Qtcta egaboteqaa 600 

Qto~ o(lgcg QgQa.Q:Qgg&g gcagggcat~ goo~ca~QWC ~c~t~~a~ot cctoaa~o•t 66D 

ec:ea;rtac:cg 
t.to~aae.t 

I 

coace~aaca Attcgetoaa gcagagato" ~attoaaggo oaoggaqteg 

tg~ca~aacg ccgcagocat c:s-~d• 

940 

875 

25 SKQ D NO. 16 

<211 1582 

<.212 ma 
<213 A:rtificia1 Seqg.eude 

<223 Dosc~iption of At:'~Lf~oLa1 Saqueuoer Synth~t~o pcly.o.uoieQt~de 

>O <400 1B 

35 

40 

aeta eataa aattaa.atcnr atatttvvt• catttaattc eacaaaaatq tocaQtactt 60 

a~aa acaaa attaaa.agta etagt.tgtae. aQ~tgactaa oatettaaat htt~~~tttt 120 
I 

ttQc a.atta tatattttao teaoaaaatt tata&aaatt ttatqouttt ttatato~ta 180 

ataa B.Aa&a attca~~cat gg~tt&taat ataataattg tgatgactat geaoa~agea 2'D 

300 

g~gt. aaaea. tgctt~tttt ca.attttatt etatataagt tatuatabtQ ~~taeacaat 360 

&r&tb aabt oaabaataa~ ~a.atttaacg taaogatgag ttgbtttett ~~tttggaga 420 

taca ca~a tB~t~o=agt atctttcaca at:;Jt.~ttttag daw=~b~h~Q a.c:cttcacgt 490 

gc:Aagb~•oa gtoausatgc tgaagtggaa tengttgcaq eugaaaaaew teaaaaaatt 540 

600 

'Q\'.rt" tRoat ataotaattm ~octggtggt aaattt~gtg teaatteuag t~a~tasg~c 660 

o.ate t"ttg qaggaa.aagg ttggcaacet ggt:.acaaaqa ataagetaat o~att~~tct 72Q 

qgt;.a ttac& accceaatg~ taattottat ttaa~tgtat aeggttRga~ coetaaoQc~ 760 

73 
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attat&ttgt agagaacttt gwbaCQtaea aa~ctecaac ag'gtgataot 

aagttaotte a~atm:;a~ca gtttatgata tttatc9tao to~acgcigea 

otQeaattgg aaotnodaot etceacca&t aotggagtgt aa$acgtea~ 

gt"gtagcgt taaeaaagca aa~cacttta atgcAtgggc tcaacaa~gt 

gtacaatgga otatcaaatt gtagce'1ttg Aaggttat~t etcaecaggt 

tcactgttag c(Tgtacowu~ g8B.&acttat actttc&agg ctcaggtggc 

&tt&Caaag& t~&tgatgat GIUltnrQadc~ WttQatd~Rg 4Cttagcrt~C 

a~dteaaa~a actaa~tttt ttttaaaota s.aataaatoe ggttaaaeat 

t~ttagttta gtttGtaoao acttttcata tatatatac~ b~at$getac 

cagt. tqgaaggacg taccoetaoa ~~•caaatgt attt~ttqtt qcoegco~p.e 

tgc ~aatat aaaeattag~ liJ9'AC~bcoo~ ttaoccttQc gg9c&agtaa aatt~g~gat 

ttt at9Qtc Qgtta~~a"g e&amtaaate ttagtggea.g ttgc=tcgcc t~toggctaa 

aaa ttcctt ci;nr~Qt.ata~ aaatato~tg acaactgocg at~tttatat ac~a.Qgc~~t 

~gc gtacca dte~acacta gt 

S'ltQ l:D NO , l.9 

<2:1. > 201'7 

<21 > DNA 

Art;~fia~al sewi.onca 

Oe~o~iption of Artificial. sequ.eaaot $ynth•t~c pc1yn.ue1eot!6e 

<4C > i.9 

940 

900 

950 

:1.020 

l.080 

1140 

i200 

1360 

1330 

1360 

1440 

1500 

1560 

1.S82 

act qtabga «attaa~tHtt atatttg'tfta oatttaatcc cAa~Qaaatg tcc4aeaett 60 

aaa t•oD.fil~ attaai!l.'llgta ttagttt:rba• acttga~ta& cattttaaat tttaaatttt 120 

tee tmatta tatatt~taa ttgcaaaate tata~aet teatgaatt~ ttat.aecata 180 

catatat~ta actat&t&t& aQag;rtttaa agatttattt aa.aa~~aegt 300 

tgottatttt t~attttatt ttatataast tataatatt& aabacu.c:aat 360 

aaa.ta~toat M&&tttaaog taacQat;JO.~ b~gt:tttttt &ttttm;raga 420 

tggtaooaea ~aagttoaoa ggbgtt~ao~ ctaaattcoa vauaQo&gaa 490 

540 

~~cgtg&e1te ~aetqRagat ggeattggtc •tccauaagt acrgtgaogdt 600 

gea atdlft.C ttaa&gaa~t at~aoaatac QQcgoaootg gtggtaaatg CQatagaggt 660 

:::It::::: 
Qllt! ACQ"l!lt:& 

"ao. ge¢t'1 

Utt tta.IJ.D.A 

caa.acagc:tt 

ttgc&getta Qcgtga&Qtt cctggac:eag gtcaaa~aga ~gct~aaagt 

ctttagcagt aggatgQ't.gt attgaatt:at tacaagcoe~ t~to~ta~t 

taatggacoa gtaa~taaat agaogtrmitc aatt&~gttg gtaoaagfta& 

gtetagatgo aataaatgat toetttc:tbt ~a~a~agctc t:gtgeato~o 

agta.ttgoQg toaac~taaa tateatgtaa atttatt~g& go~ttttot~ 

aocaaacag~ att&g~aoae a~gbbaga~t t&&Ccaetge teetgtatob 

a& tagatt tW1.~oaattt ctoagaagua egttadsaaw c~att~ttaa gtataaaaet 

get tatAtt aatto~at~t aacagttgca gaagctat~t atatgQtt~g t&tagattet 

~QA ~aqaa~ at~aaaadgc: aa.aagctatt ttactbaaaa tQWwtgaat~ ettccaaatt 

oaa atgatt atttagattg ttbtgg~uae cctgatttaa ~~gg~aaagt aggtQCtgat 

att aagatQ ac~&tgctc ~tsrittaget geqcaae~ct taga~~gag~ &&eaceagaa 

74 

730 

7BO 

840 

900 

960 

l.020 

1060 

1140 

1300 

1260 

:1:!20 
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ttttagaa9a tQat~aogst Qgtaaagaao c«gaaaaaae tqctaaagtt 

atg&g'gctgt &ggt&tgaga goc~ccttto ~&Qi:labacga agaaagtag~ 

~~tc ttcaaga~tt aatt9agaae cattotaat~ gtt~acoaaa a~aaaettto 
t~9.Si t~tag otcagaaaat abacaaaogt aa/;\llQanvta ccggtgaaaa ct~atacttt 

caag ctcag §tmldqgtgq aagtgattac aaawatgaeg atgataa.agg aaocggtt$Q 

tcta actt~ gcttoaa.cita actotu~otQ a~acaaot~~ tt~tttttt~ aaot&Qaata 

aabc ggtt& aocaeaootg gtttatttta ~~t~&~ttt~ tacaeacttt tcata~ata~ 

atao taata gobao~&tag g~agttggea ggaawtoooo ttaogggao& aat~tatbta 

tt9t gaota aoaactgoct aat~eaaatn ttaa1::ggacg t=cectta=c o~beegm;roa 
&qtA c~ba ~ggattttaa tgotcogtta ggagge&&At aaattetagt sgda~ttgoo 

tcgo tatog getaaca&gt: t~=~tcQa~ tutataaata tootgOQ~$Q twoogatatt 

~at• aot&g gcagtRgQgg baocaotega eactagt 

SEQ Il llO, 20 

lSBO 

J.440 

:uoo 
1560 

3.G~O 

l.690 

l.740 

1.800 

1860 

1920 

1980 

203.7 

15 <211 6521 

<212 D1Q. 

20 

25 

30 

JS 

40 

<~13 Artif1cia1 S•c;u.enoe 

<223 t>escript!on of ~tificial Bequeueei Synthot~c poll"CUQ1eot~de 
<400 20 

togt ta~at aactaa"a~e OEllHJaggvct tacc&tctgg acaaagtgot goaatGaCac GO 
c~cg qaccc acg-c~Q$009 gQtooagatt tatcll.Q'C&~t aa~cc~90~& Jii'C!Cggaagqg 120 

ao~a cgeag aag~~9t=~t geaaotttat eogccccaat CQagtcta~t aattget~ec 1aa 

agtaagt~gt teaocautta atagtttgeg caae~Ctgtt creoaetvota 240 

ggtgtcaQllQ ~Qgt:cgt.tb" gtatggctta attaagatoa ggt~occaac 300 

t:gca~ae..ttc 

C&AC~D.&gt:.a 

~-=•-t:P.& 
att~9'9'9'Cl9' 
C:t.t' lifCl;\dCf 

a.aa.c: . tnrafl.11 

tc:&T;.1Ct:Q:tt 

sataqatatt 

tcttactgee &tgecatccg taagatgctt tt.otwesaoe waegageaoe 

attot~at;raa eagtgeatwo agcgaccgaq ttgabcbttrC cogqagtaaa 

taaagcSJCC& eatagcaglllll. c~tta&fl.Agt ~ctoateatt ggaaaacgtt 

aaa.actatca agga~c~cac CQ"Ct§tt~&g at:..caagtccg atgt&QC~oa 

caa.ctgatct tca~ca~cte tt~ctttoac aagogtttct gggtgRgcaa 

aoaaaatgec qcaaaaaagg gaa.taagg~g waoaeggaa~ tgt~gaatac 

oat~~~~caa e•t~attg&Q {tQat~tatca ggvttattgt ctc&tgag~~ 

tg&&tgt.Att t&gusaaata aa="aat&~W IJg'ttCC~C9C $C$~tbCCCC 

gaagciacttt catetcgcgc gttteggtga egaoggtqaa aaactctgAc 

ec~ggawacg qta~aqatt gtatgta~go ggatqccggg agc&gaeang 

~g<=qtcagcq ggtgttggcq ggtgtcgggg ctggcttamo t&tgag-ga~t 

tgeactgaga ~gcad~ata 9g'l;.':ggccgcg gcgcgc~«tt ea~ge.tc~~o 

gcagatcagg aaoata&tgg t~caggqdga tgQ~ttcc"c gthbeeaqae 

acwaaaaceg aagaocatt~ Atg~tgetwo toaggtcg-Qa 9aQg~ttege 

AgcalltOa§to get~oacqtt ogceegcB't.A teggtgattc aetetgctQR QQag~~~glJO 
I 

&aQc gcca g~oeagccgq gtccteaaeg a.cagi;re.~ca~ gata&tgagc aaaoetQll~O 

75 

360 

480 

S40 

600 

650 

720 

780 

840 

900 

960 

:1.020 

1.080 

1140 

1300 

J.260 

1320 

i~ao 

1440 



5 

10 

15 

20 

25 

30 

35 

40 

WSGR yookel No. 354)0-706.601 

aggae caac gctgccag~g atge~cgcg tgcggotgot ggagatggdg gacgcgatgg 

mtatg totg ce~aQlnirtt~ gtttgegoat tdacagttet ccgcaa.gaat taateagcbc 

oaatt ttsg Qgt~gtgaat cogt~aucga 01J~gcego~g g~t~caatto a~gtcgaggt 

gg"OdC gcta aatgoacago gacgcaaogo g'9'ggaggcag aoaam;rta~~ gggcggcgoc 

tacAa ccat geeaaeccgt tccatgtgct cgcc"aggcg gc&taaa~cg ccgt~~c~at 

eago G<:da atgatcgaaw ttasgctgg~ aAg&gocQcg a~o~abodtt ~auS'(:l~stee 

otgAt t=q tcatatacct gcctggacag aatggcctgc aaascss~o~ tcoog~tgcc 

woomr agoq a~a~gaatca taata'19lr~~ mrccatc~ag d~t~gc~bog ogaacgeaaa 

cmaga gtag o~oagogogb OD'Q'dc~Cdat gQO~B'daata aCg~ootqet ectogeo~aa 

aegtt gge~ crc:g~gw:iaag tgaogD.D.~gc t~g&gagagg gogegcaa~a teeogaatae 

cgc& cgac aggccgatc& tagtogagat oeagcgaaa~ cagtcctegc cgaaaatg&c 

aeag• owoe gocqg~mcdt gt.c~~acgag ttflC!Atgata aagaagaca~ tdataagt~ 

ggcgo gata gtaa~gQodo aogoooace~ eaaggaQatg aotgqqt;.ega aggQtdtcaa 

gg~ea eggt cwascttgno attsta2s~c sttta~s~st taccctqtta tceQtaagat 

cota Cata aataot=caa agaaggac~a attbatttub ~wtg~eacaa taaataagtg 

~aaat ttag tgqcagttgo atgaoaa.e:aa atttatttat tgtatt&aca tagqeaqtgg 

dsrgt.a Cadt gecaotggag taotaatata aat&ttqgga aactaaag:tt tatcqoaqta 

ttaac:::jbag"g 

g'Ot&CIJg'CJ&l;f 

gggat,ggc::c 

ccobttiu.B.g-b 
' 

cagt:g:gcggt accactgcea. otg'gogtoct oct:.t:egga.gt at:gt.aa.a.csct: 

caaataaat~ ttattat&t:t tt&&t&ctac &&tattt&g& ttccc~ttag 

aggca~tti:tt QaotggeQ"tc atagtatatc a&tae~g~aa cag&ttgaea 

aaaoatte~e tttaggattc •t•tQ'$.satt ~aab~ga~at t~•otae~tG 

taat~ ~au& $a$a~gtQC$ ataott•aaa. tacaaaatta aaa~tat~ag ttgt.A&$Ct~ 

gt:tt~gat 
ataa a.ta 

gatg ttgt 

agaga.srogc 
ggta..~tgg 

~~aa&~ttta a&ttttttcc taatt&tata tttta=ttgc aaa&tttata 

iJt'attttt~t •toa~aat&a taaaaacttt attaatggtt tat&at&t&a 

gaota~qaaa l!l.&&tifC&gttc t&gtccaata t:.at&ta&cta. t&tataaccc 

btabttaaaa abatgtgtcrt aaaaaatgct tatttttaat ttt&ttttat 

atetb&.(l.ata oaaaetgatt naaattAA~t aataatll.l:L&t ttaaegt~e 

ttttttattt emtt•~~eaQQ. Qgcaa~§&CA A~tgcg&tcg gt.ACatatca 

acaCggtecq atgaogctga tgaotggott osto4sgaco ~tttagta~t 

tcmggcttat tactab~d~e thwtllC'~bae tttgcaacto cggtccmrcg 

gocgc taga gaogctt&oe auaeaaggoa gt,tttttcat bcttbt~aag oaggcagt~ 

aagggac~go QtaUtgogs~ qce4SiJQ!baaa taoattteta tgcAA~tta~ 

agtaggttta t&t&otoaoa a~a...a.goaa=e oottg~cgag agaao~ttat 

tttataatcc egagaggga& tgcaotgaa~ aataetttoc ttatttttt& 

cagaaa taa ataaaat&gc geta•taaag ottaattcat ttaatcaatt atggoaaaag 

gaaott taa aga~aa~ca tcaaaagtaa. &ttaagacte ccaagaacet ggttt&Qtta 

oacoat agg ta~tttatta aataa&otta a~tcag&J11.GC aggt&Qagta ttaoca~g~t 

ggg"e& &QO t~tttta$~g go~g~&~tta tcctte~att tgcagcatta ttattaatc~ 

ttttag AAt teaeaacagt tcttt~~ttt ~ngat~acgt tt~~aesagt t9G9aaaat~ 

tagoea agt ttatt&&ttt tacttaacaa aaaaata&aa t&tA&&&ctg tttgttaagg 

ctawcb ota a11tce~~ttt tcgctA~gge aui.ctQagca actcaaocat attta~atb= 

ggcagt oa ccgaanatge caCCC11iJCCt~ ccQttaagat aaacgcgtta. atagctc:act 

76 

i~OO 

1~60 

1620 

1seo 
1740 

1800 

1860 

1920 

1980 

20~0 

2100 

USO 

2220 

2280 

2340 

:1400 

2450 

2520 

2590 

2640 

2700 

2'760 

28~0 

aaao 
2940 

3000 

3060 

31.20 

3180 

3240 

3300 

336"0 

34:20 

3490 

3540 

3600 

3660 

3730 

3780 

3840 

3900 

3960 

4020 
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20 

25 

JO 

JS 

40 

ett tttaattttt aatttaaagg tgtaagoa&& ttqectg&ag agagatccac 
acagtmrcgg gotactgcet aettccotco ggaataaaait ttAtttqaaa 
acttcctaae ggageattga catccccata ttt&t&ttag gaogtccaat 
tacoatgtta teoctaggce ggcoba~ga& ac:ca~~&tta teatgacatt 
astag~gg~a toaeqaggcc =tttcgtctt caa~&aatto ggccgaaaaa 
a~m:rccaa~a qggagggcat tggt~aotat tga~~aegtg a'Qtatao~ta 
caaagg-aag'O' ttggageAtg botge~~tta atttcaoagg tQgttotg~t 
aacrt:t~gocrg ett~•v~ge acag&QV"QCW cattaaegtgc tctagattcc 
tgc~gggtat tRtatgtgt:g cccaatagaa ag&ga•c&at twaccalil'Q'~t 
aaAtttoaa.g ~cte9taaaa gaatataaaa atagt.tca•~ cactco~~aa 

ttg gcgtatttca ea.atcaaeot &&~g~m:;atg tettgg-.:itot ggt~a•tvah 
atatcgtce~ actgaatgga vatgagtage llflQaagaa~a ccaagagtto 
oaqttattaa 11Agaotc~a tttaaaaaag ~ctgoaaoae aatactdagc 

goagc t~ac RQ&&acatoa ttagtt~att ooQttgtttg &ttdagaagc: •ggtgagaca 
ggtga ctt~ tg-oattgg&a ctcgA~tto~ gacegggtta ~a.a:.ggcaag~ gagci:dccg&a 
aaott c~tt ttatgtta~Q tggtsrctaotq aogca&ga~Q ~tett9'9'tg& tgogottaua 
ttaa.a 9t1cg tt&ttJilVt&t tg&tstao.gc gg&~c;rt.;-t.mr agaoaa•~mt tr;-tae.aagAc 
tQ~a- aaaa tageu.aaeee cgecaaaaat gct~a~aaat agatc&ctao tgagtagtat 
ttatt aagt attgtttOtg o~ctt«ectq caggoueeet ga&a&g-a.Ef.Ug cataaaasrat 
otaaa at&~ aatctgt::&Aa a~•aotl&gae Qtaaagataa tgctaaabaG tttggatbtt 

:::~·: :::: 
ag-o a.age 

tg'Qlft gi:JIJCI 

&Qtd CC'8,.U, 

ca.ct ct.cg 

~aaaggaaa~ tatagatcgt ta$ttaaqeg gcagcgagct tggcgcaaea 
ctgtttootg tgtgaaateH ttatocgeta aaaattocac acaaoatacg 
&t.Aaagtgta aagaatfiltr'1g twoctaatga gt.~avetaac ta~aattaat 
tc&~twcoog ctttc0fl9t~ .Qlnjraa&gete to~~gocage tgc&t~~eeg 
cgcgcgmgga gaggoggctt wuwtattgvg cgctottaag attoa~Q;rot 
ccgcg-c:bc~~ togtte1151ct ~Qfliro~agog gtateag'Clto acteaaagliJC 

g;tao. t:O'Q' ttat.01;1acrag aa.ton.ggg-gn. to.aogcagva. 11.aQ'aaoatgt: ga.geaa.aacrg 
oaa~u m•aQ gcckqwaacc gtaaaaagg'C! oll'(ti;ttcretg 9d;Jtttteec atAggotoa~ 
Cgooc tgac gawaa~oaoa aaaatc~acg eboaagtc&g ~ggtggogaa acQCgacagg 
aotat a..iiga taoaaggogc:: teaaocstgv sagctccct~ !OtQ'C!'SQtatQ otgttcagac 
ootgo 11Ctt aoogg~t•cc tgtcusrc~tt ~atea~ttcw a~aagcgtgg egcettatc& 
tagct. aei;e tgt.a.\TO'tatc toaQ't.tr.:mrt gt&ggto~e agct:eaaaocc tqQttctvt.Qt 
1JCl&C113' &CctO 

oaacc±gt" 
agcga i:rtat. 

t::•gaa . aca. 

twn..j,,t:ot 
trt:1agea~t.t 
11•=~11a~' ll•ot 
11.SQ&t: tt;.(I 

a.t!$.tl.9'll t;R.Q, 

gatotsr ato. 

oocaetoag-a ocai:u::iagatg agoo~tetac ggtaaat~tc vtctegagtc 
ag4aaoaaet tabo*ccact ggcag=aaoo •ctQ>gtaac4 911attagaQg 
gt:.aggciggt.g ctacal;TI\Utt Q~~waagtgv t"H"Oereaact acgi;tt;~aaaci 
gtat~t9il'ea ta~srcsotct g'C't:gaaaoc& gt~acottcg gaQ&aagagt 
~gatccmrca aaaaaaccac CE=bagt&gd Slftggttttt ttwettgo&a 
&cgc90agaa aaaaaggato to~~qaagat cottt~a~et tt~otacggg 
aasbggaacg a11.11.actcacg ttaeggvatt etggeoat~a gatt&tC&Qa 
aooeagatco tttt$&At~a aaaatgaast tetaaataaa tat&aagi:.at 
&cttgg~atg acAgt~acoa at!JCtt~ahc agbwagqc&c ctatchoauc 
teta~tCQat eaatagttqa ~tqactccaa g 

77 

4090 

4140 

4200 

4260 

4320 

4380 

4440 

•soo 
456'0 

4620 

4680 

4'740 

4800 

4660 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400 

S4GO 

5520 

5580 

5640 

5700 

5760 

5820 

seeo 
5940 

6000 

6060 

6120 

6190 

fi.340 

6300 

6360 

6420 

6480 

6521 
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SEQ HO, 21 

<211 46 

<:l1.2 llNA 

<213 llrl:lficbl. Sec;rQ.e:aoe 

<223 :Deea:r:Lpt:S.ca o~ Ar't:i.f'icial Saqueuce; Sy.ntl><ltic p:r:Lm.e:r 

<400 2:1. 

tt.lin:r tgc:gg ecQ"ot.t.a-a.tt aaogatgtat atttteats;t AO~~tc 

S!!Q XI NO. ~2 

<21.:t. SS: 

<312~ DNA 

<3131 Artifiaia1 Sequ.eno~ 
<2231 Daaoript~OQ 0£ Artif~cia1 Sequence; SyAtbet~~ primer 

<600~ 2~ 

Uttt1aaoat eacaatgeea taeataggoc ggaa•aaaaa aQn~ttatl:J> ~aatgaa& 

SJ:Q NO. l!3 

<211:> 58 

46 

20 <212> DNA 

25 

30 

35 

40 

<21!> Artif ic!al Sei;:u.9=ce 

<223> Doacriptio~ of Artificial Sequmace1 Sy.a.tbet~~ ~~imer 

<4.00>' 23 

ggqog c~t& wggaeaaaag ~gtaatqttt •aacgtcct~ aaatgeoaasr ctcgAocg 58 

SEQ X 

<:111.> 

<212> 

<213> 

<.223> 

<400> 

ttg-gt 

llZQ :r 
<211> 

<21.2> 

<3.l.3> 

<323> 

HQ, 24 

46 ,,,... 
Art::i.£ie!.a1 Sequ.~a 

Deuc:r::!.pt.io:;i. of kt:i.:f::Lc:ria.l Seque:q.cel Synthetic p~iana~ 

~· 
9'C:9'Q' ccgo9gagcg cugtcocgga tctgoategc AgQ'B.tU 46 

25 

ti£iaia1 Sequ•~ca 

0£ Artif!cim1 Sequ.euce; ~thatio pri:uier 

S4 

18 
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SEQ ll ZiO. 26 

<211 s;i 

<a:J.2 DNll. 

<21.3 li.:rtificial Seqi.tmr.de 

<2a3 t>eec:r::tpti.on of 1'.rt:ifie::Lal Soquenc:s•~ Synthot~e prim.er 

<400 26 

Qcot.CI' g!'.Jtcic ggcageogce tcgagaogae tt~tcagctt aatcaascac gg 

Sll;Q it> NO. 37 

<.21:1.t 52 

<2l.3j ONA 

<313~ Arti~ioia.l ~equanQa 

<2~3 Deaaription o~ Artifio~&1 Sei:x:ue:ce1 Synthot~o ~:r:.i.nuir 

<400 27 

SEQ :ii,, NO. 28 

<Ul.~ $9 

<ni omi. 

<213> ll.:rtif~cia1 SaQQ.ence 

~223> IM5Cription of A:t'tif~aia1 ScquenaeJ Syn~hat!c primer 

25 <400,. 29 

30 <211> 48 
SEQ :tr Jl!O. 35 

35 

<Ul> !>AA 

<213> Areif !dia1 Soqueiud$ 

<223> Deecr~ptton o~ Artt£iaial Sequencei Sy:uthen!~ p~Un.ur 

<400> 29 

OQ't:C$ "a\f\1 agvocgocgg n=Q9~a;tca tccgcoooat Oto!Mltaaa 

BZ12 X NO. ~O 

<213.> 5(i 

40 <212> 

<213> 

<223> 

<400> 0 

tifioial Seque~ce 

acript~an of Arcific~~l Saquouca, Sy.a.~het!o p~i:i:ner 

79 

52 

52 

48 
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S"Q l: llO, 31 

5 <2l.1> 53 

<212'> DNA 

IO 

<313> Artificial Sequence 

<423> :oasc.ri.ption of Artificial Saquanae1 Syntb.etie pril:ner 
<400> 3l. 

~~Q'O'~~tag~ gataacfisug taa~gtctrAC gtat~taaao ce~ttoggga aac 

Sl!Q J llO, 32 

<21.1> SD 

15 c21:il.> X)kifA. 

20 

25 

30 

35 

<213> Arttfioia1 s.c;ra.en.c• 
<a23> ~eGcri~tion of Art~f~c~al Seque~oe1 Syuthet~e pri.nter 
<400> 32 

BBQ·~ NO, 33 
<211> 49 

<2.1:3:> PNA 

<213> !Art~f~cia1 Seqtt~nee 
<%23> 

1

D9tacr~pt~c= Qf Artif~dial. Sequenae1 ByDtbetLc primer 
<400> 33 

ogtot gagv agg-aago~gg aeoggagtga atacaggoa~ =ttwggta 

SllQ X NO. 34 

<2l.1> S6 

..;:212> NA 

<213> t~f~cia1 Soqu.cinc• 

40 llll:Q "" "". 35 
<211> D 

<212> NA 

~213> t~f~cia1 Sequ.enoe 

so 

56 

53 

so 

56 



, 

10 

IS 

20 

2; 

30 

.UV\JKC; .NO • .))4:iU•706.60] 

<223 Daso:r::Ltn:o:!.o)l. of Aztificl.&l. Sequence1 Sy:ctbet~c primer 
<400 35 

~bin tt:a.w gataacaggg taatgtcgac aacatgottg gcru:ttggt~t 

Sl!IQ l> NO, 35 

t;23.1 54 

<212 """ <213 J\rt:!.ficial Soquen:ee 
<2<13 Desoripti.on of ~tificial Sequ.encei S~thot~c prim.or 
..::400 35 

l!l.a.tc gg-t:c:e ggas;nraOQ"QC: tcgC4r~cgt~ gtauttta~~ toi:nr~aat.t:::t:.a gtcCL 

llZQ D ~O. 37 

<2l.J. 48 

<212 l>NA 

<213 Art::l.f:Lc:tal Set,tuence 

<2'23> De sox-:i..ptio:a. of! iu:cificie.1 Sei:;taenco; S:viJthet~c ~rimGr 
<40D> 37 

c:gt:et raa.gg- c~goegclagg acogg-agtaa ooaacc:attg- t"tg•cca 

Sl!IQ 1>10. 3B 

<211> 56 

<212> nw. 
<213> .l\:Ufia:l.&1 Sequezi.c.e 

<.623> J)Qsa:riptio:n of Ut:Lf:ic~aJ. Se:qu.e:n.ca i S)tnt:.het:Lc pr:l.=•r 
<d.DO> 38 

t: tlil'Vt: At: ta ceetwtt:otc octaQ11atc:c tAC~taags.g t~cgggat~ ggvatg 

SXQ :t NO. 3~ 

<21~> 53 

35 <2:1.2> llluL 

40 

t1£i~ia1 S~qu•noo <2:1.3> 

<:i23> ec~i.pticn of ArtificiA1 Sequanou: S3r:lthQtic prime~ 

SlOQ XI> l>lO, 4 0 

<211> tJ 

81 

so 

54 

4e 

5G 

53 



5 
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<212> DNA 

<213> A%'tific:ial S$r::ptauc:e 

<223> Das=riptia~ of Areificia1 Ssqg.auc&; SY11thet~c pri.mo• 

<400~ 40 

aotca tee gacggo~g~c eogagacgt& aaattqttta tgtggtatgg 

SEQ :r NO. 41 

<:23.1> 52 

10 <212> DNA 

lS 

<213> lu;'eif~eia1 ~equonee 
<223> l>Clloc~iptioc]of A:'tLficia1 Sequenoe1 Eya.tbotic p~i.ma~ 

<400> 41 

cgbot;ga9V cmrecgdcgg aeo.ggagtna atgtaacttt tgttgtcgat cc 

SEQ % WO. 4:2 

<.211> GO 

<212> DJ:Q. 

20 <213> Arbific!a1 s.qu.a~ae 
<~~3> Daaar.i.peioc jof Arti£icial Sequ•nce~ Synthetic prim.er 

<400> 42 

25 

SEQ :i: 

<21.1> 

<21.2> 

i 

I 
NO. 43 

54 

.C21.3> 

30 <.3'23> 

<400> 

"t''"""t 

ei=iaia1 SrqtJODQe 

~ucri.pt~oQ f £ A.rtifiaia1 Sa~anee; Synthetic pri.Jnur 

acrg gacaaaa gg ta.a.tgtogac gaagg119'30~ tcctaataba aat& 

35 - SKQ XD NO, 44 

<2:1.1> 0 

<212> 

<213> 

-<223> 

40 <400> 

u.ctac: 

t1fioia~ S Q;Uenoe 

f J\rt~£ic!a1 SaquonQef SynthDtic primer 

&2 

SU 

52 

60 

54 

50 



WSG Docket No. 354 0-706.601 

Sl?iQ D 1'0. 4S 

<211 48 

<212 :Om\ 

<212 A:t-tificial Sni:;rg.e~cu 

5 <~23 DeBcripeic 0£· A:r:tificiQl Sequence1 Syuth~t!c p%.imer 
<400 45 

OStCI agagg clnJQo cici;rs aocggagt:ga tgci~ggtta..~ gcaQtt.G'a 

10 SSQ D NO. 46 

<211. 56' 

<212 DNA 

<213> A:i:-~i~ictal. equOJ:l.ee 

<223> Du&c~iptioD of Az:"tif~cial Saqu.GJ:l.c$: Sv.o.thet~c pr:!.mar 
IS <40~> 46 

20 

25 

30 

35 

40 

Sl?lQ xr NO. 47 ! 
<211>150 i 
<212>1DNA I 
<2~3> A.rti~~cial r·qa.enoe 
<223> 'Deacr1~tion of Artifioi&l S&Q\leD~•= Synthet~o pr.imer 
•'oo> ,, I 

I ttmrt tagg gabaac'g'Q'g' taabgtcgac tt~get:tgcc taoaagagca 
I 

! SBQ I NO. 49 

<21.1> 48 

<213> Ar~i£!gial ~aquence 
I 

<223> Deacripcion. \of Art:Lfio:ial SoquC1Jnt:s1 Synthet.ic::: primer 
<401)> 49 I 

•QtQQ gtoo ggagga~QO egg&QQCMtb gc&ttaa~~t CCQF~~gg 
I 
I 
I 

sza x ;'• 49 j 
c:211> og 

~ficial Sl'l"•~ce <2!12> 

<21.3> 

<2a3> •&~ription bf Art~£~oial SaQ:Uencer Synthetio primer I 
<400> 9 I 
ttggtt ecg g~cgcgbgt ttcggtgatg acggtg 

I 
I 

R3 

48 

60 

36 



' 
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Sl!Q D NO. 50 

<~11. 42 

5 <21..2 mm. 
<.213 ll.:rtUtcial Sequona:e 
<223 DOr;ier:l.p.t:ion o:f ll..Zt;;ific::La1 Seqa.8ncio1 Synthet-:Lo pri.nta:r 
<400 50 

tew tl:rt:<:!11 &C:OCIQ'CliT9't.g atgcggta~t ttcboott&a 110 
10 

110. 51 

36 

DllA 

15 A:L"t.1.fic:ia.l 'SoquBU'111l 

DesuriptioD or Artif ioia1 Beq:aenaa1 Syn,ehot~d p::lmer 
51 

"" gaeoetgatg cggt•tttec tcctta 

20 

Sl!!Q :r NO. 52 

<211>- 36 

<212> DNA 

<22.3> Art:i.t:l.oial eequenee 
2S <223> x:>ee=r:l.pt:i.011 of Art.ific::l.al Sequenc•: SY-ft.ehoc~o primer 

<400> 52 
tt1111t occg; wgtcgcgo~t btaggtgata acggt.~ 

30 Sl!Q :r: NO, SJ 

<211> 3G 

<.212> DNA 

<U3> Art.i:f.toia.1 Sequenc:ta 
<223> D$1;1Cr:l.Pt:ion of Art.ifici:Lal Saqu:anoe .- 8)-n.ell.et:Lc primer 

35 <400> 53 

ttwt. ecg ggaaQ'ot:t:gc atgcatgc~g gt.o~at 

SEQ J: NO, 54. 

40 <211.> 5 

<2l.2> N'.1l. 

<213> hi~icial Sequence 
<223> ecriptiou o~ Artificial Sequence: S:ir:c,t.betto prirAer 

&4 

42 

35 

36 

36 



rr.:.u LJQC.Ket.NO. ::!!)430-706.601 

<400 54 

ttgg tcoag gg~~cagctg otttatoota ~ggga& 

5 S!tQ ~ NO. SS 
<2l.1 36 
<212> DW\ 

10 

15 

20 

25 

30 

<2~3J At:ti£~cia.J. Soquera.ae 
<a23>1 llflaaription of A.rtific~Q1 
<-400> SS 

sag I >lO, H 

<411> 50 

<212>" DNA 

<213> A:re:LHoia.J. Sequenoe 
<223~ Daei;ir:l.ption of Artif:l.c:i.a1 
<400> 56 

Seqo.enaet S,:vnthetie primer 

c~~nrt gtag- acmrceggcc acta~ttcSfQ gcgtttcggt u~tgacggtw 

SltQ mo. 57 

<-21.1> SD 

<::112> """' <213> uuf!,.ioJ. Sequence 
<223> »cJsc:ript:ioa of Art:l.fie:la.1 Sequ.wice1 Syntl:leti«': Primer 
<400> 57 
t:t:S"STt:. '""'" acggca~"co aatagttgat wc•gtattt~ ctcat;~ac1?c: 

SEQ X: NO~ 56 
<2.11> 50 

<21.2> DNA 

JS <21l> el~icial Soquenco 

40 

<223> Description of 1"'tifioia1 Sequanae1 S'y.D:tbaeic pr:l.n\e~ 
<.400> 58 

SEQ XD NO. 59 

<213.> 0 

<213> 

85 

31> 

36 

50 

so 

50 



WSGR Dooket N'o. 35430-706.60! 

<213> A:-t~fiaial Sai;ruenoe 
..::223> :DeDo:l::'.ip1::ion of A:rt:I. :e:lcial Seque~ca• synthet~o pr:lmor 
<400> 59 

ttggt ll't"ll' &~i:re'ooggoc aotaQttaoR Ataaaaoaag atgaagctc;re 
5 

SEQ t llO • 60 

.c-.2.11> so 
<212> ,,,... 

10 <.21.3> Art:l.£.i.c:La.1 Sei:rucncu 

<2.23> t>ee:u::ir:lpt::l.DJll of Al::'t.:l.f;Lc:.:ta.l Seque:tl.c:e: S:ynthetic pr:l.me= 
<400> Go 
tt!Jllt otcg &c::g·g·c,n::iggcic aetagtt~~t aagi;rgttctc g&.goa.gc:t:cg-t 

15 

SIOQ :t ""'. 61 

<211> 39 

<212> !)WI. 

..::213> A:r:tifio:La.l Saquen.ae. 
20 <223> De:s:o:i::l.pe:l.on of ~ti:C:lc::i.:La1 Saqu.~ndel B¥utbetic - .. <40C> 61 

""Silt oaeg q~g~tateaa tacattca&& tatgi;atcc 

2.5 SZQ :C llO, 62 

30 

3S 

40 

<2l.1> l'l 
<212::. DNA 

<213> ttif1oia1 Sequence 
<223> QROript!on of Artific~a1 

<400> 62 
I 

ttwt 

SZQ l: 

<2l.1> 

<.312> 

<.213> 

<223> 

<400> 3 

63 

if:lcial Seauenc:e 
so:>itiot:lon o~ l\rtifio:l.<'1 se~anear Syu.tbetic pci~er 

tt11crt:t ""'" lim'Batacctt otaat9t~t~ B.da~cttate at 

86 

50 

50 

3g 

41 

42 



5 

10 

15 

20 

25 

30 

35 

40 
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<2l.l. 4.2 

<312 DWI 
<~13 Zu:-tificial S~que~ge 
<223 J)Qsat!pt.!l.o~ o~ A:r:tif~oial Sequancs1 Syntbetic »rimer 

::::~.::eg egsataecat ge~ctaeaaa gggttggttt ga 

SJ!!Q !> NO. 65 
..;:Z,tl 02 

<21; IJNA 

<:113 A:rt:l.f~otaJ. .9•qur.uc:;a 
<.233 Doser.t.pt.ion of A+t.if'i.ei&l SeqneDcGt Sl'Dthet~c pri=er 
<400:il 65 

·~"" tccag amratatcec oaaecea.ggt: cotgacogbt ct 

s:sa ll ll:O. 66 

<211> ·~ 

<21~> Artl~ic~~l Sequence 
<.312Jl,, .... 
<223> VeGar~ptlon c~ A.:rtifioial Sequsu.ae1 Sy.a.thetia pri:l:n.B~ 
<400> 56 

~~ ~ ~~~· ~,.,, .. , ~·· .. 
<211> 42 

<2!1.2> ,,..... 
<213> Art:.!fic:La.l sec;ruenra• 

<223> Deuoript~on of A:rt~f~cial SQquance~ synthetio p~:lmer 
<400> 67 

ttllllt c:11:1e:g gggatatott gaaglii111'taac gcacacegtg ga 

Sl!IQ I NO. 68 

<.;ll.l> 42 

<.212> l:JHA 

<213> ~.l.('~Qid Se(IUenoe 
<223.> l'.!l";IQ;r!pt:l.OX!. cif Art:i.f.icial. Saquia».1:11;, I Syn.that.ic p:c-.:1.D'.1.er 
<400> 68 

O.QctQQ.WC!C!t:g gggaeatatg aag&tggoo~ oggogbtgbg ae 

87 

42 

42 
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15 

20 

25 

30 

35 
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!lll:Q ~" >10. 69 

<au,, 23 

<21.2> DNA 

<213"» Jl.X'tit::l.c:t.Al. Sequence 
<2"33> D@~ariptir:.>n of Ax'tifioial 
<400> 69 
oatae adbCI •Wt:;&rc::agett cao 

llll:Q :c liO. 70 
<21.1> 25 

<.312> l>NA 

<213> Art;:l.£:1.cia.l Snqo.e=.ae 
<423> Desc.::r!J:lt:Lon of'. Artif..i.eial. 
<400:> 70 

stQ'aa. !il'i!ll9'0 atg~tcQ'gQ:a aacag 

Sl!:Q I NO. '1 

<211.> 2S 

<21~> DNA 

~···1~'''"'~ ~~ <22l> ~ocription of Artifioial 
<400> 71 

cf:gtg ~os:r aac&twQtdo tt~ac 

I 
' 

S2Q I NO. 12 

<311.> 24 

<2:1.2:> Dllli. 

<213;. t,i.:ficria1 SaqtJ.ence 

<323> acription of ~tif iai~l 
<400> 72 

t:tgte ntt actagt.tggt atin:r 

BBQ XX> NQ, 73 

<21:1.> 4 

Saqueuce1 Synehati~ p~im.er 

Seiauanda; Syntbet~c pri.mar 

$&Q:U.w:toe1 Syntbat~~ prim.er 

Sequence; Syntbeti~ p~iutar 

40 <31:1> NA 

<213> ti£~c1a1 Sequence 
<333> e5e1ription 0£ lUo"t~fidial Seir,ntenoo3 aYll-th•tic primer 
<400> 3 

86 

23 

2~ 

n 

24 



·•~! IJOCKet NO. 35430-706.601 

g~e. ggagao emoteaatcs acag 
24 

-~w." s <:1:11. 23 

~·i-<2.1..3 A.rl:.!f:laio.1 Secru•:a.ee 
<323 Desc.:ript~o:n o,f A:tttd .. fic:Lal Qequanaa; Sy:c.thetio pr~er 
<400 74 

JO 

"'"'"!'"•tilt 
t1!t:A.t.tgec=t l;:tg 

23 

sma D m>. 75 

<;;!l.1 24 
IS <212 DWI. 

<213 Art:ific1a1 Sequence 
<223 Uefiil\a.t:'i.pt.ic:tl o:f Art:lf'ia:La.l Soi;u,ance1 Synthet~o pr.imer 
<400 7S 

11caa. gaett t:ot:taaett.:.c ttog •• ' 20 

-tw 76 
<:611.> ZS 

<212>• DlQ. 

25 <213l> Artifie1ai Sequence 
<3:Z3> .Da&1c:i:-:!pt.i.on of A.:rti.fieia.l Buqq.enoot Bya.tbetLc pr.:Uner 
<400> 76 

abg-aa t.cot ttgttaetge gcaga 
35 

30 

SBQ X blO. 77 

<211> 23 

<212> ,,,.,.. 
<:Zl.J> Art:.ificd.a.1 Soque:nae 

35 <223> Desc:ript:.:LOD of Artl.!:ieial 8equenoe1 sYntbot~a p~izuax 
<400> 77 

QE:UJD«l ttc1r C:Al:.l:Ul.ll'IJCOt::g' 'CQ'g 
23 

40 SltQ 79 

tific~al Sequence 

89 



". uocxet No. 3.5430~706.601 

<22 > De act:ript:!cm of: A:rt:.:J.f.iciia.1 5equence1 Syuthee!c prime~ 
<40 > 79 

""G' a.t.aa.aa gtcitaagatg ta-og 
24 

5 

SBQ 110. 79 

<211 2' 
<312 DllA 

<213 Arti.ficd.a1 SaqueQCIO 

10 <22a neec:r.ipt:ioz:i. of .iu:-t::l.:f:ia.ial Soqu.~~c•~ Syntl:Lot~o pri.me~ 
<400 79 

Q'.r.tdtl &t:illt.g' aa.cat:cgdcrs:r •GtQ' 
24 

15 sao D llO. H 

<211 24 

<212 = 
<213 Arti£ici"1 S•t;l\1.0ZICIO 

<233 DeBeri.ptioz:i. ~f' A.rti.f':Lai&J. Se(tl.1.8.a.OG l SyntJu11ti..c:: pr:imfi:r 
20 <iOO 80 

o:ttc: at:gea t:Oagc:a.ctao c&&c 
24 

SEQ l NO. 81 
25 <22.l> 33 

<.212> DNA 

<213> Art!fic.ii11..l sequ.enae 

<223> D1!!111c:::o:l.pt:l.on 0£ Art.ifieie.l Sequon~et Synthetic pr.:lnu:l~ 
<400> 81 

30 ptoa. at:.t.rr ci::ct:.111bcgt;t i:;tc:: 
23 

SBQ j llO. 82 
I 

<211> .24 

35 <21.2> P.llA 

d13> Art:i.ficial aecrue=.oe 
<233> De:scz:i,pti.ou ot' Artificial Sequ.oni:;le1 Syn.th.etic prim.or 
<4DO> 92 

aai:rec c111:.tt tga.tgQtcga. tgag-
;i4 40 

Sl!:Q :tD NO. 93 

<2::11> 5 

90 
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<~12 DNA 

<213 Art:Uic:!.&l. Buqu.m::ioa 

<223 neoo1:ipt:i.o:n of A:t:l~i.c;i:Lal 

<400 83 

g'Q'~Q llU'lbt.Q tdcgetai;rt:t gttta 

WQ ll NO. 94 

<li!..11 35 

10 <21~ CNA 

<~13> Artificial Se~ence 
<~33> Dasc~iPtiou of Art~fic1al Soc;:uouae; Syut.b..ct~c pr.1.mer 
<400 94 

15 

GBQ X NO. 85 

<211> 25 

<212> l>!Q. 

20 <213> Aztif~c~al Sequenae 
<223> Doecript~QQ of ArtZficial Sequ.•nce: S.:ynthct~c primer 

25 

Qttaatgtot ;vctt ::~ 
SEQ J NO. as 
..;;aii> 24 

<212> DNA 

<213> Artificial Seq;ueDee 
30 <2~3> DeBc~Lption Of Art~f1c~A1 SBquenee1 Synthetic primer 

<400> 96 

35 sza r NO, a7 
<211> 20 

.:;:ll12> ONA 

ti£ioia1 Saquenae <213> 

<233> aQ~ipt.ion 0£ Artit!c~a1 Sequanae1 SyntbGt!e p~ilrl.a~ 
40 <400> 7 

ggt.:ct:o1rga actti:retgct 

91 

2$ 

25 

20 
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sma II> No. ee 
<21 > 20 

<.:Z1 > :DNA 

<21 > A:rt~fici&1 Soquanoe 

5 <22 > Description. c~ 11.t:'ti£ieia1 Sequ,aace1 Syuehet~o prime~ 

<40 :>- aa 
cc~ caaot aa.cggga•eQ 

10 Sll:Q "°· 89 

<2.11 llll 

<213 = 
<-313 ""*' i e:i. di "1. Sli!IQ.1,J.Q:J:l.Cle 

<223. t>eec:i:,i;ption c:f Art.:Lf'i.c;:i.al. Saqu.tm.ca: Sycthetic printer 

l~ <400 89 

$.g'B.t tti;rtg t:.aat'(fc:u::ig-ae. at 

SllQ NO. 90 

20 <aa 20 

25 

:00 

35 

40 

::~:i ::::~f'~dtal Sequanco 
<3a3 Peeor~ptim:i. of :.:rti~ie:La1 Saquencer Sy:athet!a prili\er 

<400 90 

Sll:Q " NO. 9'. 

<2:2.1.> 20 

<2.12> :DNA 

<213> A.2:'t;i:f:Lci ~al. Soqu.ance 

<223> :beso:-ipt.!.on c£ JU't.:l.£l.cd ... J. Se.qa,ODC&$ SY»ithetio pr:L~r 

<400> 9J. 

na Q.t:ogttcrcr&t 

SEQ t 92 

<2.11> 20 

<212:tl>o ,,,... 
<.2.1.311- ~tif':Lai.a.1 Seuuonce 

<2.23> J:>eaa::-ipt.ion 0£ 4\rt:L£i.oial. Saqu.aaQo; Synthat~o »rime~ 

<400> 92 

ttUt;t,o gag taoa.aagga.c 

92 

20 

22 

20 

20 

20 
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lll!lQ D NO. 93 

<211 :l:O 

5 <21.2 l>NA 

<:l;l.3 ll:&tU:!.oial .Saquenr;te 

<223 i:>eaoriJ:Jtio:c. o.f Art.if:J.c:l..11). 

<40D 93 

ct cg ctatc:i ggr:::ta.a(:tt'l.ag' 

10 

SBQ l) NO. g4 

<21:1. 20 

<2la l>llllL 

IS <21.3 A:l:'tificial Sequez:u::a 

<2-23> Vtl!lnor!]:ation 0£ Al:ti:fi.oial 

<400> 9, 
oaaa.111 $.tiLIJC aaceoo:ttga 

20 

SEQ :t "°· 95 

<.2.1.l> 23 

<2.:l.2> P!IA 

<2l.3> AZ:tif ie:S.•1 Soi:m.•~c=:• 

25 ·~~3> Pe.ocr:l.ptiou. of .iu.-..:1.Hetal 

<400> 95 
_,.n ... "" t;a~.s.egat11ag teg 

30 Sl!Q x "°· 9fi 

<2l.!L> 23 

<312> l>NA 

<213> A:r:t:Lf!oi&l Secruance 

<333> naacript:S.on of ue:tfJ.tjial 

35 <400> 96 

liJ'QA.C:::t c:ct:g at:;ra.a.aa.at.a. aeo 

SEQ X NO, 97 

40 <211.> 3 

<312> WA 

<21l> t~£ia1$1 Seqq.e~oe 

Seque1:1oe: 6;ri:lbhotia pri~er 

Soqtl.enoa: Syntbe~~c p~hiier 

Sequanee:1 s~~'hatia p=imar 

SequeDao: Syi:icbetLc prim.a~ 

<223> acription of ~ei£~~~al. Sequ.e~eet S~~ha~ic primer 

~3 

20 

20 

23 

23 



n~ul.uocxet No. 35430-706.601 
<400 9'1 

ggaa gggao gtaggtaeat &na 

S SEQ D ~o. 98 

<.3ll ;a3 

<31.2 :!:)HA 

<213 ~t1fic~a1 Sequ.Gnoe 
<223 Z>escrip~ion 0£ JU-ti~icial Scquenaa1 Sy.ri.thetic pr:l.mer 

10 <400 98 

Sl\?Q X .110. 99 

15 <211> •• 
<21.2> l:!NA 

<213> Art.1.f'idia1 $aqu.e:11Ce 

<223> v.ao:r:ipt1.o:t1. of Artifi.cial Sequence t SyntJw:tie primer 
<4(11)> '"' 20 CQ1::;t:;C' tdtg asraa.ae,gogct: ta. 

94 

33 

23 

22 



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 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. 

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 is 

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 P 1 replication sequence or an F factor replication sequence. 

5. The plurality 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, a L YS gene or a G4 l 8 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 

1. 

17. A method of assembling a circular chloroplast genome, comprising 

obtaining a plurality of vectors, each vector 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 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 element. 
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18. The method of claim 17, wherein said plurality of vectors comprises two vectors 

and each of said vectors comp1ise two areas for homologous recombination with each other. 

19. The method of claim 17, wherein said yeast DNA replication element is a yeast 

centromere, a yeast autonomous replicating sequence, or both. 

20. The method of claim 17, wherein said bacterial DNA replication element is a Pl 

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 into a 

circular chloroplast genome contains at least 140kb of DNA. 

24. The method of claim 17, where at least 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 is an 

ADE gene, a LEU gene, a HIS gene, a L YS gene or a 0418 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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3 3. The method of claim 17, further comprising introducing said assembled circular 

chloroplast genome into an algal, plant, or cyanobacteria host organism. 

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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SEQUENCE LISTING 

<110> SAPPllIRE ENERG¥ 

<120> SYSTEM FOR CAPTURING AND MOOIFYING LARGE PIECES Oe GENOMIC DNA 
AND CONSTRUCTING ORGANISMS WITH SYNTHETIC CHLOROPLASTS 

<130> 35430•706.601 

<140> 
<141> 

<150> 60/979,02~ 
<151> 2007-10-05 

<160> 99 

<170> Pmtent:.'.I:n ver.sian 3.5 

. <210> 1 
<211> 4572 
<212> DNA 
<213> AJ;t:i.ficial Sequence 

<Z20> 
<223> Oe$C;:-iption of A,;t"t;i.f.icial Seq~ence: Synthetic 

polynucleotide 

<400> 1 
tcgtgtagat aactacgata. cgggag9qct taccatct9q oc:cc::agtgct gc::aat:.gatac 

cgcgagaccc acgctce.r;cg gctccagatt tatcagcaat t'laaccagoca gccgga11g99 

ccgagaqca.g aagt.gqtcc.t gooaactttat ocgcceecat ccagtct.act aattgctgc;:c 

gggaa.gcta9 agtaaqtagt tc9ccagt'Ca at.e.i;itttgcg caaogttgtt gccattgcta 

caggcatcgt ggtgtcacg-c tcgtc9tt.t9 g:tatgqcttc attcagctcc g9t.t.cccaac 

gatcaaggcg agttacatga tccccca.tgt tgtgcaaaaa aqcggttagc: tccttcggtc 

otcc9atcgt l:9tcagaagt aagtt99cog cagtgttatc aotc::iatqqtt atggcaqcac 

tgcataatt.o 1;'.Ct.tactgtc atgooatccg taa9atgett etct9tgact ggtgagt eiot 

caaccaageo a.ttctgagaa ta9tgtatgc ggc9acc9e.g tl:.gctcttgc ccgqo9ti;aa 

tac99qataa taccqcgeo$1 C9tagcagaa ei:tt;aC1eagt gctcat:.catt ggaaaacgtt 

ct.tc:gi;rgqcg aaaactatca aggatcttae cgct9ttgag atco:i9ti:.cg at91:aaccaa 

ctc1;ttgcacc caactqatct tcagcatott ttaotttcac cagc9tttct; g99tgagcaa 

aaacaggaa9 9c.naaatgcc gcaaaaaagg gaataa9ggo qacacggaaa tgttqt:i.iltac: 

tcatacti:::tt eottttt.caa '!:at.tattgaa qcatttatca g99t;t;attgt etcatgagc:g 

gatacat~tt tgaatgtatt t:agaaaaata aaoaaata99 9gttc:cgc90 acatt:tcacc 

60 

120 

180 

240 

300 

360 

<20 

4 80 

540 

600 

660 

no 

760 

840 

900 
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9aaaagcgco acctga7gtc taa9aaacca tt~ttatcet g<i'\ca.ttaacc tataa.a.aa.tei 960 

99c.gtatcae gaggcccttt cgtetcgo.90 t;:ttttcggtga tgacggtgaa aacctctgac 1020 

acatcycagct cccggaqacg gtoac;:;a9ctt gtctgtaagc ggat9cc9gg agcagaonu.9 10$0 

cccqtcaggg cgcqtca9c:::9 99tgtt9gcg ggtgtcgggg ct:ggctt~21c tat909gea.t 1140 

cagagcaqat tgt.~ctgaga gt9oaocat.a gggcggccgc ggogogccgt tccggatctg 1200 

catcct9c9a tgcagatccq gaacataatq gtgcagggcg ctgacttccg cgtttccaga 1260 

ctttacgaaa cacgga.a..a.cc qaagaccatt catgti:gttg ctcaq9t:egc s.gacgtttt:q 1320 

cagcagcagt cqottcacgt tcqctcgcgt atc.99tgatt a.attct.9c:1;.e: eccagtaaqq 1380 

caacccc9cc agcctagccg ggtcctcaac 9aaagga9ca cgatcatg-cg caeccgtggc H40 

caggacc:caa 0:9ctgcccga gatgcgccgc qtg:o99ct9c t:gg~g'atqgc ggacgcgat:.g 1500 

gatatgtt:ct gccaagggtt ggttt9c9ca ttaaeagttc tcc9caagaa ttgatLggct 1560 

ccaattcttg gagtggtgaa tccgtt:agcq: e99tgccgcc ggcttccat:i:: ca99tc9=-.9g 1620 

tggcccgqct caa.tqo~oeg cgacgcaacg cgggqa9gca qacaagqtat ag-ggcggcgc 16BO 

cta.ca.atec;;i tgccaacccg t.tccatgt:go to9oc9"a9gc 9gcata.aatc gccgt:gacga 1740 

t.c:a9099tec aatgatcgaa gttaggctgg taaga9cc9c 9a9cqat.cct tgaagctgtc lBOO 

cctgat99ti::: gt:catctacc tgcc:tgga.ca gcatggcct:g oaacgcgggc atcc:cgat:gc 1660 

cgccggee.gc gagaagaatc ataat:gggga aggcoate.oa gcctcgcgtc gcgaacgcca 1920 

gcaagacqta gccca9c9cgi tcggcc:gcca tgccggcgat aatggcctqc ttctcgccga i~ao 

aacgt:t:tqgt: gqo9g9acc:.ei 9"t:gacga;;igg cttgagcgaq ggcgt:goei.eg e.ttcc9aata 2040 

ci::qcaagc:ge caggccgatc atcgtcgcgc tccagogaaa gcggtcct:cq ccgaaaatga 2100 

i;n::ca9a9ogc tgccggcacc tgtcctacga gttgcatgat. a<itagaagaca gtcataagi::g 2160 

oggcgacge.t agtcatgccc cgcgcccacc ggaaggaqct gact::gggtt:g aaggctctca 2220 

~gggcatcgg tcqagcttga catt9ta9"ga cgtttaaaca ttacccI:.gtt at.cootaggc 2280 

cqqcctaaga aaccattatt atoatgacat ta:a.cctataa aaa.ta99c:gt atcacgaqgc 2340 

catttcgtc't tcaag-aaatt eggtogaaaa. aagaaaagga 9aeyggc:caag agggaqqqce 2400 

tt9gtqacta t.tga9ce.c:gt gagtatao9t g:a.ttaagcac ac:e.aaggcag cttg:gagtat. 2460 

gt;ctgteet.t aatttcac:ag gtagttctgg tccat.t99t9 e.aagt.ttgcg 9ct.t9oa9ag 2520 

cacagag9cc gcagaatgtg ctctagatti:: i:=qat:qotqac: ttgct99gto ttatatgtgt 2500 

gccoaataga aa9a9aaos.a tt9acoo99t tattgcaa99 a~aatttcaa 9tcttqt:aaa 2640 
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a.9catataaa aatagt.tcag gcactccgaa atactt:qgtt ggcgtgtttc gtaatcaacc 2700 

taa9ga99at gttttggct.c tggtcaatga ttacgqcatt 9atatc9tcc aaotgcatgq 2760 

a9e. tgagtcg tggcaagaat ia ecaaqaqt t cctc9gttt.9 r;:caqt.t.~tta aaagactc9t 2$20 

atttcca~aa gactgcaaoa tactactc:ag tgca9cttc:a cagaa"'cctc attcgttt:at 2980 

tccattgttt gat:tcagaag caggtqggac ag9tgaactt ttggattgqa actcgatt:tc 2940 

tgactgggtt ggaaggcaaq aga9ccccga ae.9cttacet tttatgttaq ctggtggact 3000 

gacgcca9eia aat.gttggtg f.ltgcgcttag attaaatggc gtt.;itt:.99tg ttgatgtaag 3060 

cggaqgtgtg gagacaaatg gtgtaaaa9a ctcta~caaa atagcaaatt tcqto~aaaa 3120 

t:.9otaagaaa taggttatta ct9a9ta9ta tttatt.t.~a9 tatt9t!;tgt 9caettgcct 3180 

gcaggcct.tt tgaaaagcaa 9e:ataaaagn. cctaaacata aaat:ctgtaa a:atoaca.a9.;i. 3zrn 
tgtaaa9eta atsctaaatc a't.ttqgcttt ttgattgatt g"tacaggaaa atatacatcg 3300 

ttaattaagc ggcc9cgc;igc t.t:ggcgtaat catg9tcata gctgtt.l:cct gtgt9aaatt 3360 

gttatccgct cacaattcca eaoea.catac 9agccgqaa9 cataaagtgt aaa.9cctgg9 3~20 

gtqceta~tg agtg~gctaa ctcacattaa t:tgcqt:t909 ct.cactgccc cyct:ttccagt 3480 

cg99aaacct gtcqtgcoag ctgcatt.aat gaatcg-9cca acgcgcgggg a9a·9gcggt:t 3540 

tgeqtattgg gc:::gctct t~c gcttcctc:gc; tcactgactc gct.9cgct:cg gi:.egttcggc 3600 

t9'cggcgagc 9gtatca.9ct cactcaaa.gg cgi;Jt.aata.cg gi:t.atccaca gaa tcagggq 3660 

a taacgea.9i;r aaag.n.ac::at:g ti:;l'aqe:aaaag gcc::e.gcaaaa ggccaggaac cgt.;iaaaagq 3720 

ccgcgttgct gqc91;tcttc cat.ag:gctcc gcc:cccctqe c:g@gcat.cac a.a~aatcgac: 3780 

gc'tcaagtca ga9'qtggcga aai;:i;:cgacag 9$Ctataaeg 9tacca99c9 tt:.tcceeetg 3640 

gaagctoect cgt.9egctct aot9ttccga ccctgccgct. t.accggat:.ac Qtgtccgcc:t 3900 

ttctoccttc ggtgaagcgt.9" gogctttctc: atagctoac9 ctgtagqtat c'tcag't.t.cgg 3960 

t.gtaggtcgt tcgctccaag ctggqct9tg tgcacga.acc cccci.;rttcag ccc9aci::gct ~020 

gcgccttatc cggtaac:tat eqt.cttgagt CC:$/i:l.CCcqgt aagacacgac t:tcitogcca.c 4060 

tg9ca9cagc cactggcaac ,.i.gge.tta9ca gagcgaggta tgtag909gt gctaca9agt '140 

tcn:tqaagtg 9t9gcctaae: tacggctac"' cta9aa9aai:: agtatttggi: atctgc9ct:c 4200 

tgc:tgaagco agttaccttc ggaaaaagag ttggtagctc tt9atec9gc aaaca.!lacca 4260 

c:cgctggtag cqgtggtttt tttgtttqca agcl.\gC:agat t.aogc:gcaga aaaaaaggat 4320 

c:tc:aagaaga tcctt.tgatc ttttctacgg ggtc:tgacgc tc~gtggaac gaaa.actcac 4380 
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gt:.taagggat: tttggtczitg agattatcaa siaaggatctt cacctagatc ctl;t:taaatt 4440 

aaaaatqaaq tttt.aaatca a.tcta.aagta t.atatgaqta aa.ct.tgg:tct; gacagttae<;: 4500 

.aat9c:ttaat cagtga99ca cctatotcag cgat:ctgt:ct atttcgt.t1;e t.ccata9ttg 4 560 

cctgactccc cg 4 $72 

<210> 2 
<211> 2474 
<2J.2> DN>. 
<21J> Artificial Sequence 

<220> 
<2.23> Oesc:tiption of Artificial Sequanoe: Syntheti.C' 

polynucleot:ide 

<400> 2 
tcgc:gcgttt cg9t9at~ac ggtgaaaaci:: t;:i;t;gacacat gcagctcccg ga9acqgtca 60 

eagcttgtct gtaagcqqat gccgg9agcs. gacaaqccc.g tcaggqcgcg 'Ccagcgggtq 120 

ttggcgggtg tcggggct99' l:!ttr;iact:atq cggcatc:ege. gcagatt9t~ ctgagagtgc iao 
acca.ta.gggc 9qccgcca.9c tggaattcta cgtac:tgcag agtactgcgg ccgcgagctt 240 

9gc9taatca tqgt.cataqc tgtt:.tcetg:t gt:gaaattgt t:.atocgctca caatt:.ooe.ca 300 

caacatacga qecggaagca taaa9t9taa agcctgqggt gcc:taatgag tqaqc:taact 360 

cacattaat:.t 9cgttgcgct caet9i::::ccgc tttccagtcg gg:aaacctqt cgtgccaget 420 

gcatt.aatga atcggccaao gc9c99g90 g aggcqqtttg cqtattgggc gctcttcegc 460 

ttcctc9ete octgacta9c tgcgcteggt cgttcggatq oggcga.gcqg tatoagot:ca 540 

ctcaaaggcg gtaatactjqt. t:.atccacaqa atcagggga.t aacgcaggaa agaacatgtg 600 

agoas.aaggc cagca.aaa.g:g ccaggaaccg taaaaa9"9oc gcgttgctgg ogtttttcca 660 

ta9gctccqc c:~ccctgacg agcatcaoaa a.aatc9acgc tcaagtoag:;;;i ggt9gcgaaa no 
CCC9'B.Caqga ctataaaqa:c. aceag9cgtt tccccctgga aqotccctc9 tgcgctct.i;:i:; 780 

tgtteog.;i.cc ctgccgctt:.a ccg9.atacct gtccgccttt ctcocttcgg gaagcgtggc 840 

qctttctcat agctcacqct gtaggt~tct cagttcg9t9 ta:qi;Jtcgt:tc gctcoaagct 900 

99gct9tgtg cacgaaccoc ecg-ttcagcc cgaccgctgc 9c:cttatcc9 gt:.aactatcg 960 

tcttgagtcc ascccqgtaa gacacgactt: atcg:ccaetg gcagcagcca ctggt;iacag 1020 

gattagcaga 9cgaggtatg taggcggt.gc taoa9agttc ttgaagtggt g9cctaacta 1080 

cggctacact: agaa9aace.g tatttggtat ctgoqoc.ctg ctgaagcca9 ttacctccgg 1140 
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aaaaagagt:t gQtagctc:tt gatecggcaa acaaa.ccacc 90.tggtagcg gtggtttttt: 1200 

tgttt9caag c::agca.q-atta ogcgcagaaa aaa.;iggatct oaagaagatc c'ttt9atct.t 1260 

ttctacgggg t:ctgacgc:tc agtggaacga aaactoacgt taa9ggatt:t tggtcatga.9 1320 

a'Ctatcaa,;i.;1 aggatcttca cci:.a.gatcct. t'ttaaeittaa aa.ai;gaagt.t t;taaatcaat 1390 

ctaaagt:ata tat9a9taaa. or:.tggtctqe. cagt:.taccaa t9cttaa.tc:a gtgaggcacc 1440 

tatotcagcg: atct:.9tcta.t tt.c9ttc.atr::: catagttgcc :.9actcc:r;cg tcgt.gcagat l50D 

aaotacgat:a cgggoggget taccatotgg cccoa.gtgct 9caatgnte.c cgcqagaccc 1560 

acqctcaccg gctcca:;ratt tatcagcaat aaaccagoca gca9gaag9q cc9agcgca9 1620 

aaqt9gtcot gcaa.ctttat. eogcctccat c;cagtctatt aa.tt9ttgcc 9'99aagctag 1680 

~gtaag'ti!J.gt tcg;ccagt.ta atagtttgc:g caacqttgtt gcoat:tgct:.a c~ggcat,ogt 17'0 

ggtqtoacgc tc:gtc9tttg 9tat.g9ottc at:.tcagctcc ggt.tcccaai;;:: gatca.aqgcq 1800 

i:lQ"ttacatga tcccoc:;;ttgt tgt9caaaa;:i -ai9"cggttagc Cccttc9gtc ctccgatcgt. 1960 

tgtcagaagt aagttggccq C:$.i;ltgttatc a<:!tcatggtt atggca9cac tgcataattc l.920 

tcttact;itc atgccatccg ta.sgatgct;.t ttctgtgac:t ggtg~gl.:.act caaccaagtc 1980 

attctgagaa t;.agtgtatgc ggcgaccgag ttgctcttgc ccg9cgtcaa tacgggataa 2040 

taccgcgcca catagc:agaa ctttaaaagt qotcetcatt g9aaaacqtt. ¢ttcg119gc11 2100 

aaaactctca agQat:ettac cgctgttgag .atC!cagttc9 atqtaaccc;:a ct:cgtqcacc 2160 

caac'Cgatct tcag'catctt ttaotttcac cagcgtttot gggt:9a9caa. aaacag9aag 2220 

9ca~aatgcc gcaaaaaagQ' 9aat.aagggc gacac99.a.aa tgtt9aatac tcatacl;ctt 2280 

cct.ttttcaa tattattgaa gc.atttatc:a gggttattg'C ctcatgaqcg qataeaeatt 2340 

tgaatgtatt: tagaaaaata aac.;iaatagg g9t!t:c;cgcgc a.cat:.ttcccc g-aaa..;i.gtgcc 2400 

a cctgacgtc taagaa.e.c:ca ttattatcat 9ac~tt:aacc tataaaaata ggcgtatcac 2160 

gaqqcccttt cgt:c 2474 

<210> 3 
<211> 6638 
<212> DNA 
<213> Arti..fieial Sequence 

<220> 
<:223> Dese::r:iption of Artificial Sequence: synthetic 

polynucleot:ide 

<400> 3 
tcgtgtagat aactacgata cgggagg9ct taecatct99 ccccagtgct gca&tg~tac 60 
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c9"cg-agac.cc acgc:tcaccg gctccaga'tt tatcagcaat l!!.aacca9cca 9ec:ggaa99g 120 

cogagcgcag aagtggtcct gcaactttat aegcctccat ccagtctatt a.;ittgttgcc 180 

gggaagote.g agt~agtagt t'.cgccagtta ataqtttqcg caacgtc.9t;t gccattgcta ?. 4 0 

c:q9gcatcgt ggtgtcat::1gc tcgtcgtttg gt.at:.ggcttc attca9ctcc ggt:tcceaac 300 

gatc:.eiaggc9 agttac:atga tcccccatgt t9t.gcaaaaa agcggc 't. age tc.ct:tc9gt.c 360 

ct:ccgatc9t "tgtcagaagt aagt.t99ccg cagtqttatc;: actcat.9gtt atggcagcac 420 

tgcataattc t¢t'.tactgl;;c at.gcc:a-cccq taagatgctt ttc:tgtg,;:ict: ggtgagtact 480 

eaaccaagtc: attct::qagaa t;agtgtatgc g9cgaccgag ttgctcttgc ccggcgtc:101a 540 

tacgggataa taecgcgcca catagcagaa ctt:.taaaaqt gctcatcatt 99aaan.e9tt 600 

ctt:oggr;rgoq aaaactc:tca aggatcttac cgct<;:fttqag atacagttcg atgt:aaccca 660 

ctogtgcacrc caaotgatct tcagcatct.t ttactttcac cagcgtt::tot ggqtgagcaa 720 

ae.acagga.ag gcaa.eatqcc gc;:~aaa.a.ngg gaata.~gggc 9acacgq.oi.aa tgttgaatac 780 

tcatactctt cctttttc.o.a tattatt:.gaa gc,;i.t,..l;tataa. 9ggttattgt ott:l.atgagcg e40 

gatcicatatt tgaatg't.att ta9aar.iaata aecaaatii!lgg ggr..tccgcgc ac:etttcccc 900 

gaaaagtgt;e acctgacgto ta.ag.Qaaco.;l ttattatcat gacattaacc tataaaaat.a 960 

9qcgtatcac gaggcccttt e.9tctcgcgci 9tttcggtga tgaoggtqaa a.ac:.ctctqac 1020 

acet9cagct cccggagacg 9tcacaqet:t gtctgtaagc 99e.tgccq9g agcagaeaag 1080 

cccgtcaggg cgcgtca9cg ggtgt:tggcg g9t:9tcgqgg ctggctta.ac. t:.atgcggc:at 1140 

cagagcagac tgtaot9aga gtqo.accata 9g9cggccgc ggcgcgccgt tccqgatctg lZOO 

cat.cctgcga tgeagat:ccg gaacat:aat9 gtgcagggcg ct9acttccg cgtttccaga 1260 

atttacgaaa cacgga.aacc gaagaocatt catgttgttg cteaggtcgc agacgttttg 1320 

oa9cagcagi: ogcttcaogt tcgct:.09c::gt atc99tgatt oatt:cti;Tctia fo\CCagta.a.gg 1380 

c.aaccccgce agcctai;n:cg ggtcoecsiac gac,s.ggagca 09e.tcat909 cacccgtg9c lHO 

caggacoeaa cgctgcccga g.atgcgccgc gtqcggctgc tggagatggc gqac:9cgatg 1500 

gatat:.9'ttct qcc.aeigggtt ggtttgcqoa ttcacagttc tccgc:a.agaa e.tgattggct 1560 

ccaat:tettg gag'tggtgaa tc.cgtta:gcq aggtgecgcc gqoetccatt c:aggtcqagg 1620 

t.9gc:ccggct ccatgcaccg cgacqeaacg cg99gaggca ga.eaag9ta t agg9cg-9egc 1680 

ctacaatoca tgcoaaeccg t'.tccat:gtgc tcgccga9ge ggcataa.~tc gcogtgacga )_74 0 

tcagc99t:oo aatgatcgaa gttacygt::!tgg taa9agee9c 9a909atcct tgaagctgtc 1600 
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cct.gatg9"t.C gt.ca.tctacc tgcctgqaca g-e~tgqcctg caacge999c atcccgatgc 1060 

cgooggaagc 9agaagaatc ataa.tgi;r~ga aggccatoca 9cctcgcgtc gcgaii'lcgcca 1920 

gca.agacgt:a gc.ccagc9cg tcggccgcca t9cc::9gcgat aatggcctgc ttctegccga 1980 

aacgtttggt gqc99gacca gtgac9aagg cttgagcgag gqe9tgeaag attccgaata 2040 

ccgcaa.qcga ca99oogatc atogtcgcgc tccagcqaaa C;JCggtcctcg ccga.ae..atga 2100 

cccagagogc. tgcc9~0.;i.cc t;gt.cctacga gttgcatgat a.aa9aagaca qtcataegt.g 2160 

c9gc9acgat a9tcatgccc 09cgcce:acc ggaa99a9ct gactgggttg aai;;gctctca 2220 

agggoatcgg togagcttga cat'Cqtagga cgtttaaa.ca ttaccctgtt: atccctaggn 2280 

tcctacgtat tZlcatactcog a.eqg6!.ggaca aatttatt:ta ttgtg~taca ataaataagt 2340 

ggtacaa'taa ataaattqta tgtaaaccoc ttc:cccttcq qgac.gtcccc ttaagggaat 2400 

ataaata:tta 9t:99c.e.9ttq cctgccaaca aatttattta. tt9tattaac ata99ca9tg 2460 

9cggteccac ;;:g-ccactqqc qtactae.tat aaatatt.99g caactaaagt ttatcgcagt 2520 

attaacatag qcagtggcgg taccactgcc actggcgtcc tccttcgqaq tatgtaaacc 2580 

tgctacogca 9caaat:aaat tttati:ctat tttaatacta caatattteg attcccgtta 2640 

ggggataggc cagqcaat:tg tcactggcgt co.tagtat.at. oaatattgtq acagattgac 2700 

accctt:t.aag taaacat.ttt ttctaggatt catatgaaat: taaat;ggata ttt.gqtacat 2760 

t:t:.aattccac auaa.;itgtcc aatacttaa.~ atacaaaat.t ~aaiagtatta qttgtaaact 2820 

t:.gactaacat ti::t.aaatttt aaattt'C.ttc ctaatt.at.ul; a.ttttacttg C?aar.r.atttat 2880 

e.e..aaatttta t9Cattttta tatcataat.;i:. etaaaacott t~ttcatq9"t ttataatata 2940 

a.taattgtga tgactatgca caaag'c;:a9tt ctagtoocat atatataact atatataa:i:::c 3000 

cg:tttaaaga tttatttaaa a.at:a.t9egtg taaaaaatgc ttatttttaa ttttatttte. 3060 

tataagttat a.;itattaaat acac.aatgat ta.aa..;ittaaa taati:ilat;aaa tttaacgtaa 3120 

cgat911.gttq tttttttat.t ttggagatac aoqcaatgac aattgcgatc ggtaca.tatc 3180 

e.aga9aaac9 c:acat99ttc gatgac9ct:.9 atgactggct tcgtcaagac cgtttcgtat; 3240 

tcgtaggttq gtca.gg-t:tta ttacta.t:tc:e ettgtgctta ctttgcaact ccqgtccggc: 3300 

99ccgcctcg agacg1'.ottg t.ccgcttcat c:a9acac9qo 'tttcci:::aacc atcaatg9tg 3360 

gattttcaqg aaag-acgttt aaa9a<:HJtgg cataaagttt: atttgttgaa gaatt99cct 3420 

tgtt:tcc:::att caaagaatt9 tt.a999ataa aactttgcat tt:tttt:ataa t'C.t.9'ttaitaa 3480 

gtttttcaaa ctte.tcitgtt: t:ttae.aaatg cat.ttaattg ctt.attaatg 09etcatttt 3540 
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gtaati:itttc aataqqtctt qcttgcgcta atcgeogtat t.cocge.te.c.t ttgtc-c.g:ctt 3600 

gtt.tt.tcggg tatt9a9•at aagtaa9tat. aatgatttaa aaaagt:catg ttt.t9attaa 3660 

ai:c:tttt:tta tatggttaaa aacatl:atgg i::.atatcte.aa t:aaatttatt ttl:.t:.actaaa 3720 

tctccaatct gcaattta9a gatataatta aaact.ataaa qttatttaag t'taattr.9te 3780 

atcaa.a:tcca aaa.caaaaat gtttttatat a9ttaacatq ttac:iattt:aa catatgttaa 3$~0 

a.caactaaaa ttctgtaaca gagaao~sta aaate.e.atgc ta.9attttgt gtaatgt::cga 3900 

.;ii;,tatattta tatacttccc tttcaaaaaa acaaatactc ttgccactaa aat:tcatttg: 3gGo 

cctag9.;ic:gt cccct:tci::cc ttacgggatg tttat.at.aet aggacqtccc. ettcccctta 4020 

c999atattt at.ar;actccg aaggacqtcc ccttcgggca aat.aaact.tt agtggc:agtt 4080 

gcc:tgccaac tgcctaggca. agt.a<;1actta 999'•ttttaa t;rcaataaat aaat~tgtcc 4140 

ccttacg9ga cgtca9tg9c agttgcatgo oaactgcota. .;i.tataaat.at t.a.gtggatat;. •200 

ttata.tactc cgaaggaggc agttacctgc caact9c.cga ggcaaataaa tt ttag tg9c- 4260 

.agtggtaccg ocactgcctg etoectcctt caoettcggg caaqt:aaact tagcatgttg 4320 

tcgacattac cctgttatce ctaggccggc ctae.gaaacc at:.tattatca tgacattaac 4360 

ctataaaaat aggcgtBtc9 cga9gccctt t.c:gtcttcael gaaattcggt cga.aaeaaga 4440 

aaagqa9ag9 gccaaqaggg C1gggcattgq tgactattga gcacgtgagt atacgtgatt 4500 

aaqcacacaa aggc::a9c:ttg gagtatgtct gttattaatt ti:::acaggtag tt-ctggtcca 4 560 

t.tg9tgaac:g tttg-c99ctt gca9agcaea. g-e.ggco9"::::a9 aatgtgctct a9attccgat 4 6ZO 

gctg~ct:tgc tg9gtattat atgtgtqoec: a51tagaaaga gaacaatt.ga ecc.ggt tat:i: 4 680 

goa$.9g~aaa. tttca.o:i.gtct tgtaal!.a9oe. tataaaaata gttcagqeae tccgaaatac 4740 

etggttggc9 t9tttcgtaa ti:::aacc::taag gaggatgttt tggctctg-gt caatgattac 4800 

ggoa'tt:.gata tcgtccaeict gCatgqagat: g'egtcgtggc aaqaatacca agagttcctc 4660 

gqtt:tgec:eq ttattaei.aag actcgtattt c:caaaagaot gcaacatact actQ:~gtgca 4 920 

9cttcaca9a lioiaccteattc gtttattccc ttgtti:.gat;.t cagaa~cag-9 tgg9acag9t !980 

g:aacttttgg att.gi;Jaactc 9atttr:.::t.gac tgggttg9aa <;;gcaa9a9a9 ccccgaaagc 5040 

ttacatttta tcyttagct99 t9qe~tgacg cca9aaaatg t tqgtg:a t:.gc gctta9atta 5100 

aatg:gcgtta ttggtgttg• tgt:aa9cgqa ggtgtggaga caa~tgg't;gt aaaagectct 5100 

aa0:a.aaatag caa.attt;;cgt caaaaa'tgct aagaaate.gq ttattaetga. gtagtattca 5220 

t t. t.a.a.gtt1tt 9tt.tgtgcac ttgcc.tgca.9 gcctttt:qa~ aagcar!t9eat aa.aa9atcta 5280 
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aa.cataaaat ctgt.e.s.aata acaa9at9ta aagataat;c ta"'a::.ce.ttt 99ctttttga 5340 

ttgattqt.ac aggaaaatat .aca:tcgt:.taa ttaagccygi;;e gcgagcttgq cqtaatcat9 5400 

gteatagotg tttcct:gtg:t gaaattgtta tccgvteac~ attccacaca aca'l:acgag¢ 5460 

cggeagcata aa9t9taaag cctggc;:ri;tt9'i;: i;:t;;i:;;1tqaqtg agctaa.ctca. oatt.aactgc 5520 

qttqcgctca ctqcccqctt tccagtcggg aaacct9t.cg tgccagctqc attaatgaat 5580 

cq9c.caacgc gcgggqaga9 gcggtttgcg tattgggcgc tottcogctt cctcgct.cao 5640 

tgaceegctg cgctoggtcg ttcggctqcg gcgago9gta tcagctcact caao9gc9gi: 5700 

aatacggt::ta tocacagaat caggggataa cgcaggaaag aacatqt.9a.9 caaaaggcca 5760 

gcaaaaggce: aggaaccgta aaaaqgccgc gtt:t;rctggcg tttttcoata ggctccgccc 5820 

occtgaogag catca.caaaa ato9ac9ctc aagtcaqagg -r.gg~gaaacc cgacaq9act 5880 

at.aaagatac cagqcgt.ttc cccctggaag ctccctogt9 cgctct:.cctg ttcc:gaocct. 5940 

gccgcttacc ggatecctgt ccgcctttct:. cc:cttcg9"ga aqcgtg9c9c t:ttctcatag 6000 

ctcac9ot9t. aggtatct.ca qttcqqtqta gqtcgttcgc tccaa9ct..99 gct.gtgtgca 6060 

agaacee:occ gttcagcccq aco9o"t9c9c cttatcc9gt aacta.te9tc ttgcrgtccaa 6120 

cocggtaaga cacgactt:.al; c:9cceict9gc agcagocact ggtaacagga ttagcaqagc 5180 

gaggtatgta ggcggtgcta caga9~t:.ctt gaagtggtgg ccrt:.aactacg gctacactag 6240 

a,;igaacagta tt:tggta~ct gcgctctgct gaaqccaqt C accttcggaa aaa9agttqq 6300 

tagctct:tga tc:c:ggcaaac aaaccaccgc:: t.gqtagcggt ggt:ttttttg tttgc:!aagr::a 6360 

gca9att.acg cgcagaaaaa aaggatctca a9aagatcct: ttgatctttt ctacggggtc 6420 

tgacgotc.ag tggaacgaaa act:.eecg-tta ~gggsttt:tq gtcat:gagat tatcaaaaag 6460 

gatcttcac:c tagatccttt taaatt:.aaaa at:qaagtttt aaatcaatct aaagt;;i.tate 6540 

tqaqteiaae:t t9gtct9aca gti:.acoaatg cttaatcagt gaqqc;;.acc:ta tctcagcgat 6600 

ctgtctattt c9ttcatcca tagttgcctg actcc:ccg 6638 

<210> 4 
<211> 7$55 
<212> DNA 
<.213> .Aztificia.l Sequence 

<220:> 
<223> Description of A.rt.ifie:i~l Sequanee; Sy:nt;Metic 

polynucleotide 
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<:~00> 4 
gtgcaetct.c agtaaaatct gctct9a.t9c cgcata9tta aqcca9cccc gacaccc:gcc 60 

aacaccc9ct gac9cgccct gac99gcttg tctqetcccg gcatccgctt acagacaagc 120 

tqt:g:acc9tc tcc9ggagct 9catgt9tca qaggttttca cc9t:catcac ogalitacgcgc 180 

ga9acgaaaq ggcctcgtga tae99ctatt tttataggtt aatgtcacga t~ataatgqt 2'0 

t:tcttagacq "caggtg9ca cttttc9999 aaatqt9c9c: qqaai::e:e.cta ttt9tttatt 300 

tttctaaata: cattcaa.ata tgtatcc9ci; catgaqaoaa taaccC;tgat aaatgettca 360 

ate.a tat: t:ga aaaagga.ag-a gtat9agtat tcaac.;itttc c9tgtcgccc ttattccctt 420 

ttttgc99ca ttttgccttc ctgtttttgc tcaeccagaa acgctggtga a.agtaaaaga 480 

tgct.gaagat c:agttggqtg c:acgagtggg ttacatc9aa ctggat:ctca a.cagcggtaa 540 

gatccttqag ~9ttttcgoc ccgaagaao9 ttttcoaatg atgaqcac:tt: ttaaagttot 600 

gctatgtggc gcggtatt:.at cccgtattga cgccgggoaa gagcaac:tcg gtc9ccgeat 660 

acac'Catt.ct caqaatgect tgqttgagta ctca.ac.aqtc acaga.aaaqc atcteacgga no 
tggcatgaca gtaagagaat tatgcei.gtgc tqccataacc atgagtgata acectgcggc 780 

caacttactt ctcyacaacga tcg9aggacc gaaggagcta ace::gcttttt t::.gcacaacat 840 

gggggotcat gtaactcgco ttgatcgttg gga.21ccggag ctgaatqaag ei::ataccaaa 900 

cg:acgagcgt 9ar:;accacga tgcctgtagc aatggcaaca aogttgcgca aa.ctattaac 960 

tg9e-gaacta cttectctag cttccoggca acaatt.aata qa.ctggatgg a9gcggataa 1020 

agttgca99a ecacttctgc gc:tcggccct tccggctggc tggtttattg ct9ataaatc: 1080 

tgqagocggt qagc9tgggt; ctcqcggi:at cattgcagca ctggggocag atggtaagcc 1140 

ctcccgtatc gta.g-ttqtct acacgacg9g qa9tco;iggca aatat99atq aaagaaatag 1200 

ao.;i.gatcgct gagata.ggtg cct:.caetgs:t t8a9e.ettg9 taaetgtcag accaagttta 1260 

ctcatatata ctti:agattg atttaa.a.a.ct tcat.ttttaa tti:aaaagga tct.a99tgaa 1320 

gatccttttt 9at:.aal:ctca tgacc::.aaaat ccc:tl:eiacgt: gagttttcgt tccactga.9c 1380 

gtcagacccc gtaqaaaaqa tc:aaaggatc t.t.cttgaq.a:e: cctttttt.tc tgcgcgtaat 1440 

ct9c:t9ett9 caaacaaaaa aiilccacogct .accagcggtg gtttgttt:gc cg.ga.tcaaqa 1500 

gct.a.eeaaet ctttttce9a. aggtaactgg cttca9ca9a gcgoa.gat.ac caaatactgt. 1560 

tcttctagtg tagccgt:agt tagqccaeoa cttcaa.gaac: tctqtagc:~ c cgcctacat.a 1620 

ootcgc:tctg ctaatcct;9t taccagtggo tgc1;.gcca9t gqcgataaqt cgtgtcttac 1690 

c:::gggttggac tcaaqacg.at agttacc99~ taa99c9cag cggtc999c:t; gaaoggg9gg 17qo 
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ttcgtgcaca cagccc;a9ct i:::99a9cqaac gacctace.cc gaact:qaga-c acct~cagi::9 1800 

tgaqctat:ga gaaagcgcca cgcttcocga a.99gagaaag gcggaeaggt atccggta;;ig 1860 

cggcag9gtc ggaacaggag agcgcecga.9 ggagcttcca; 99999aaac9 cctg9tal:ct i920 

ttai:agtcc't. 9tagggtt:tc gccacc't.ctg actt9agcgt cgatttttgt gatgoto9tc 1980 

agqggggcgg agec:ta:eg9.a aaaacgccag caacgeggcc ttt:ttacggt tcctggeett 2040 

tt9ot:.g9act tttgctcaca tgttetttoc tgeqtt:atcc cctgett.otq tggat:.aaccg 2l00 

tat\::acci;rcc ttt9a9t9ag ctgataccgc t:cgct;gc::agc agaacgacc(J agcgcagcga 2160 

gt.oagtgagc geiggae.gc:gq aagagcgccc aai:acg:caes. cc9cctctcc ccgcgcgttq 2220 

gccgattcat taatgcogct ggcacgacag gtttcccgac t99aaa9cgg gcagtgagcg 2280 

caacgcaatt aatgtgagtt agc:tc:aote.:a ttaggcaccc caggc:et.tac act'ttatgct 2340 

t cc.99i::tcgt;. atgttgtgtg gaat.tgttJag cggataacaa ttt:.eaoaca.q gaaacagcta 2400 

tqaccatgat taeg<oca.agc tcgcggccgc agt.a.ct.ct.qc agattttat9 c~aaattaaa 2460 

gtctt.9t9ac aacagctttc t:c:ottaagr.g caaatatcgc t;:C.!l.ttct:.ttc ctcttttcgt: 2520 

atataaat9c tgt.aatagta g9atg:tegta cccgtaaagg tat=:Q"SOS:ttg aatattaata 2560 

tactcctaag tttaotttoc caatatttet at:.t:aggacgt CCCCttcggg taaataaatt 2640 

ttagtggcag tg9'taeogc.c actccctatt ttaata.ctgc qaaqgag-g-oa gttgg:oa9gc 2700 

a.actcgtcgt tcgcagtata t:aaatatcca e1,,:aat:attt01 tat:.tcccgta aggggacgtc 2760 

co9aa999ga ai;.1ggqaaaga agca9tcgcc Ccct;.t;gc::g'a.a aaggtl:tact tgc:cc:gacoa 2820 

gtgaaaeigca. t::gotgta<.iqa tataaatct::a ccctgaaagg gaegcai:t.t:c accataac:ac 2080 

tatacaaatg gtgttaccot ttgaqgatca taacqgtgct actggaatat::. at.qgtctctt 2940 

catggat:aga cgatagccat t.tatttaccc attaaqggga cattagtggc otgtcactgc 3000 

teot.t:acgag acgccagt.gq aogttcgtcc: t.a9aaaattt atgcgctgcc tagaagcoac 3060 

aaaag99aag tttactgact cgt:.tagagcg: tgcgct.aaoa 99tttaaata cttc:e.e.ta.t9 3120 

tatattaq9a ogcc9gtggc ag-tggt.accg cc:aot:.g:cce.c: ogtc99agga cgtcccttac 3180 

ggtatattat atactaggat tttaatactc cgaaggaggc agtggcggta ccactgccac 3240 

t;;i.atat.ttat attcccgtaa gggacgtcct cct:.c:cggagt ut:.9taaacat: t.c:taagttta 3300 

cttgccc.;iat att:tatat.ta ggc~gttggc a9"9caa.ct9c t:.~gctcccct cctt;cg9agt; 3360 

atgtaaacat cgcagtatat: aaat:acccac t:.a.acat:.tta.t att:cccg-t?a 9gggacqtcc 3420 

cgaaggggaa. ggggaaggac ~tcagtggce. ~ttgcc.tc;icc aactgc.cts9 goaagtal'!ee 3460 
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tta99agtat ataaatatag gcagtcgcgg taccactgcc act.qacqtcc t!;JCCaactgc 3540 

ctaggcaat'JC aaacttaagt 9gcac~aaaa tgcattegoi::: e9'aa1~;rqg9aa r;1CJllr;19tlcqcc 3600 

agtg9eagtg gtaccgccac tgcctccttc gga1;;rt:.attaa aatcctagta tgtaaat.ctg 3660 

ctagcgcagg aaataaattt tattctatt:t. atatactccg ttagqagqta agtaaacccc 3720 

ttccactte9 ggi:icqtcagt 9eagtt:gcct: gacaaotqc:c taatatasat at:tagaccac 3790 

taae,qtttgg caiilctgccaa ct9tt9t.c:c:t tc99ag9a-aa aaaaatq9tt aaotcgcaag 3640 

cagttaacat aactaaagtt tgttacttt<a i;:cga~gacgt ttaccct.t:ti::: tc:g9i:.t.aagg 3900 

aga.cgga.gec agt.t9cact9 tgactgccta gtatagcaat tttgtttttg tttatstgct 3960 

ogacaaaatg actttcat:aa zi.~cit.eta.aa9 tag'ttaqi::ta gttattt-cat atcact:ataa 4020 

cta99gttct caqar;gcacc gaagtcactt gta~aaatag tact t t t t.aa cttgtttaat 4060 

ottogtgt: tc t"t.ca.aaagga. t:cacgtaatt tttl;tgaagq tgi;raccaaa:a ctaacataaa '1~0 

ctr;;Jaatagc:c agt:tacactt aacagaagaa accataaaaa ae.a9gtaall.9 ei.£1.aaac::igct:g 4?.00 

gact'l:tocat a9ctcattta atal;!.taa.~at t:attctcttt tcaacatstc tcl;tagat.a9 4 260 

ttcaa.a.agao tt.gacgaotg tgtcccacat ttttaa.acaa aattaatcta ctcaaaiitt.t 4320 

tgccc;:tgaga aagaataact tacttc:gttt t tgcag"tago. ca.ttcatgtc actttgaaae 43BO 

tgtccttaca aagttaa~oa ttaattaaaa ci;ttatt.taat t.tttatataa caaatat:tat 44~0 

attaaataa,a aa.at.gaeicaa aqaacttcta agat.Cgtcti;. tagtgagtaa tteiaagagtt 4500 

t'.t.aottacca gacsaggoag ttttttcatt c.t:tttaaa.gc aggcagttct gae9qgga.a,s 4560 

egggact.gcc tactgcggtc ctaggi:aaat acattttta.t gce.atttatt tcttqtgc"C.a 4620 

qtaggtttct. ataotcacaa ga ages.a ccc: ettgacgnga gaae9ttatc otcaqagtat 46$0 

ttataatcct gaqagqgaat geac:tgaa9a at:a.t'!:tt:cct tattttttac a9a.a.agtaaa 4740 

taaaacagcg ctaeta.acgc ttaattcat't taatcaa:t:ta t:ggcaacagg a:acttotaa.a 4800 

gctaa.acoat ca.aaagte.e.a ttcagacttc caagaacct.g 9tttag~tac ac:c:attaggt 4860 

actt.t.attac qtccacttaa etca.qaagca ggtaaagtat taccaggctg gggtacaact 4 920 

gttttaatgg ctgtatttat cottttai::tt. qcaqcattct tattaa.teat tttagaaatt 4 980 

tacaacagt:t. ett:.taa:tttt agat9ac:gt't tctatgaqtt ggqaaactt.t agctaaa9tt 5040 

t ctta.at:.ttt at.t:taa.caca ai;lcati;lj;!aat at.e.aaactgt ttgttaaggo ta9etgct:aa 5100 

gtcttctt.t't c9ct.aaggta aactaagc:aa ctcaacc:ata tttatat-tog gcagtggeac 5160 

C9CC<i1Q.Ot90 cact99co.tt ccgttaagat aa.a.c9cqtg9 atctcacgtg act"1-gtgata 5220 
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tct;acqtaat: cgat:gaatt.c 9,;i,te;ccattt i::tataactgg a'Cctoaaaat aecta.taaac 5290 

ccat.tgttct tct:.ctttt.ag ctctaagea.c aatcaattta tl;!.aatatatt tatt~ttatg 5340 

ctataatata aatactatat aaatacattt a.ootttttat aaatacattt accttttttt 5400 

taatttgcat gat.ttt.aat!i1 cttatgctat cttttttatt. tagtccataa aacctttaaa 54 60 

ggacct:tttc ttatgggata ttt$tatttt cctaacaaag caatcggcgt cataaacctt 5520 

agttgottac gacgcctgtg gacgtccccc c:ctt:cccctt acgggoaagt aaacttaggg ssao 

attt:ta~tgc aataaa'C.aaa tttgtcctc:t ec9q9ca.a.at gaat:ttt..i!lgt atttaaatat 56•0 

9acaagg9t9 a.oi.coai::tact tttgttaec.;;i. egt9ratCJtta ccactcacta tr.tttgttga 5700 

attttaaacc tabttaaaat tctcga.gaaa gat:tttaa.a~ 1'.t<i.aaotttt t t aci 't c:tt:t:. 't: 5760 

atttattttt tct'tttttog tatggaat:.tg cooaatat:t:a ttcaacaa.tt t:atcqgaaac 5620 

a.gcgttttag agccaaataa aattqqtcag tcg.r::oato9q a.tqtt:tattc ttttaatcga 5880 

a£1taat9aaa ctt:tt.tt.tct taa.909atct agcactttet ataaagagac ce.catacagt 5940 

9tctctogt:9 aag:cqaaaa.t 9tt9agttgg ctct:ctgega. aattaaaggt. gc.~tgaactc 6000 

atc.;it9aett ttcagqatga gcagtttlifaa tttatgatca ctaaagogat caatgc;;;iae.a 6060 

ccaatttcag cgcttttttt aacagaccaa gaattgcttg ctatctataa qgaggcactc 6120 

aatctgt tao ;ttcaattgc tattattgat tgtccattta tt.tcaaacat tqatcatcgg 6180 

ttaaaaqagt caaaattttt tattgataac caactccttg acgatataqa tcaagatgat 62~0 

ttt:.ge.oactg aattatgg:gg agaccataaa acttaoct.f.l.a gtct.atggee 1;.qagt.t::aacc 6300 

gagactcg-t9 ttqaagaae.g at.t.9qttttt totc.atqgo9 atatcacgg.a ta9taatatt 6360 

tttatagata aatt:oaatqa aatttatttt ttagacctt~ g~c:gtgcl:gg g-ct;;igcegat 6420 

9aatttgta~ atatatcctt tgtt9aacgt tgcotaagai;r ~99'at.qoatc qgaggaaai;t 6480 

g'cqa.aaatat ttttaaagca. tttaaaaaat gatagacctg ac:aaaagqa,!l ttatttttta 6540 

aaactt;g~tg .aattqaattg Qttceaagca tt:atctaaaei. tactctgcag gcacgcc~9c 6600 

t.t9tact.caa gc:t.c9ta.ac9 aaggtc:gtga ccttgctcgt 9aaggtgi;1eg acqtaattcg 6660 

tt:cagcttgt aaai:ggc.ctc cageac:t:tgc tgctgcatgt gaagtttgga aagaaattaa 67;:0 

attogaattt gataetattg acaaacttta atttttattt ttcatgatgt ttatgtgaat 6780 

;;;:igcataaaca tcgtttttat ttt.tat99tg tttaggttaa ataoct:aaac atcattttae 6B40 

atttt:taaaa i::.taag-ctcte. aagttatctt ttgc.ttaaat ttgcet9tot tta-caaatta 6900 

cgatgl.:qcca gaaaaataaa a:t:.cttagott t.ttattatag aatttatcet tat9tattat 6960 
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attt.tataa9 t:t:ataat::aaa agaaat~gt.a eca!;actaaa 9cggat'.9tag cgcgtttatc 7020 

tta.aeqgaaq g"aa1:.t:c::ggc9 cctacgtacc cgggtcgcg.a ggatccacgc gt't'.aatagct. 7080 

cacttt.tc:tt teaatt:taat ttttaattta aaggtgta;:i.g caaattgci;:t;. i;Jacga9a9at 11•0 

cc.acttaaa9 gatgacagtg gcggge;taot gcctacttcc c-i;ccgggata a.aat.ttattt 7200 

ga.aaaacgtt agttacttcc taacggagca t:.1:.gacatccc cat.attt:.at:a ttaggacgtc 7260 

cccttog99t. aaataaatt.t tagtggacgt ccectte:qgg- caaa.taaatt '!:.'tagtggaca 7320 

ataaata..a.at tt9tt.9oc:t9 c:caactgcct aggcaa.gtaa acttgggag:t; att.aae.ataq 7390 

gacgtcagtg qcagttgcct gccaact9cc tatatttata tactgcgaag caggcagt9g 7440 

c99t:accact gccactggcg tcctaatata aa.t~ttg9gc .s.aotaaagt'l: tatagcagta 7500 

ttaacatoct atatttatat actccgaagg aacttgttag: oc9ac~11;1gcg a.9gcaacaaa 7560 

ttI:atti:att gtcacgtaaa aggatgcctc cagcatc9ea gg.gg.aagg99 e.c9tcct:.a99 7620 

cczit.aaaact aaagggaa.a.t i::catagtaac tgatgttata aattt.ataga ctccaa~aaa. 7680 

cagctqcgtt ataaataact tc.t9etaaat at9gceaaqq qgacaq99gc actttcaact 7740 

aagt9tacat taaaaattga caattcaatt ttttttaatt a.taatatsta tttagtaaaa 7800 

tataacaaaa agcccccatc gtctaggtag aattccaqcc ggcggccgco ctatg 7855 

<210> s 
<211> 8~58 
<212> DNA 
<213> Arti f:l o:l al Sequence 

<220> 
<223> Description of .J\;r;tificia:l Sequence: Synth!!!'t!Lc 

polynucleotide 

<400> 5 
te9t:gtagat aactac:gat.a cgggaggqct taccatctg9 ccccagtgct gcaatg-atl!lc 60 

e9c9~gaccc acgctc:acc:g ge.tocagat.t tatcagcaat aaaccagcca gccgqaaggg 120 

ccga9cgca9 aa9tggtcct gca.actttat ccgcctccat ec.agi:.ctai:t asttqtt::gce 180 

g9gaagota9 agt.aagta9t tcgccagtta atagtttgcg caacgttgtt gcca.ti:gct.a 240 

c.aggo~togt 9gt:9tcac9c tcgtcgttt9 9tatg9cttc attcagctcc ggttcccaac 300 

gatcaaggc:g .agtta.c.at.ga tcccccatgt tgtgcaaaaa agcggttagc tccttcqgtc 360 

ctccgatcgt tgtcei9aa9t aagttggi:::cg: oa9t9t:tatc aot::catgg"tt atggcagc:ac 420 

tgoataai::t.c t:.ctt:actgtc at:.gccat.ccg taagatqctt ttctqtqact ggtgagtact 480 
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eaaccaagtc att:c.tgag.$.a tagt.gtatgc ggcgaccgag ttgctcttqc cc99c:gt:.o.a~ 540 

tacgggataa taccgcgcca cstagc::aga.a ctt.taaaagt. gctcatcett ggaaae.cgtt; 600 

cttcgg9gog aaaactctca aggatctta.c: 09c::t9tt9aq atccagt:tog atgtaaccca 660 

ctcqtgc.ac:o c:ia.a.at:qatct tcagcat:ctt t:'.. ta.ct t. taa.c cagcgtttot gggtgagcaa 720 

aaacaggaag gcaaaat'..gco 9caaaaaagg gaataaggqc gaoacggaaa tge!:.gaatac 700 

tcatactctr. cctttttcaa tattatt9a.a qcatttatca 999ttatt9t ctcatga90Q 040 

gatacat.att tqaatgtatt tagaaeeata aac:aaatagg ggttcagc9c acatttccc:c: 900 

qaaaagtgcc ~cct:.gai::gtc taagaaacc~ ttattatcat gacattaaec tataaaaata ~60 

ggcgta:t.cac gaggcccttt cgt:ctcgcgc gtttc::ggtQ'O. tgacggtgae aac:ctctga.c 1020 

aca.tgca.got cccggagacg 9teaca.9ctt qtctgteago ggatgccggg agcagacaag 1080 

ccCgtcaggg cgcgtca9cg ggtgttggcg ggtgtcgggg atgqct:taac t1!:lt9c9gcat 1140 

aagagcagat tgte:.ot:gaqa qtgcaccrAta gggcqgccga i;igcgcgccgt tci:::g9atotg 1200 

c:atoct.gcga tgcagat:.co9 gaacataatg 9ogcagggcg otg~~ttccg cgt t'tCCollga 1260 

ctttaogaaa cacqgaaace: 9aagaccat:.t;. cotgttgttg ctcagqtcgc agacgttt:'tg 1320 

cagcagaa9t cgct:toacgt tegotegcgt atc99t9att cattc:tgc:ta accagtaa99 1380 

caaocccgcc agcctagccq qgtccti:!aac gacagg~g'c:a cgatcat;gcg cacccgtggc 1440 

cag9'ae~caa cgctgcc:cga gatgcgcegc gtgcggctgc tggagatggc ggacgcgatg 1500 

qatal;g'ttct gccaag-ggtt ggtttgogca ttcacaqttc tccgcaagaa ttgattgg:c:t 1560 

cca~ttcttg gagtggtqa.a tccgtte.9c9 agr;rtgc:::cgoc ggcttc:catt caggtcga9g- 1620 

tgqcooggct ccatgcaccg cga cg ca a cg cggggaggca qacaaggtat agggcggcgc 1680 

otacaatcca tgocaacccg ttcoatgtgc t.09ccgaggc 99oata.aatc: qccgtgacga 1740 

tca9c9gtcc aatgatcga.a gttaggotgg taagagcc9c gagc::gatcct tgaagctgtc 1000 

cctga tggt:o gtcatC'tSCC tgcctqge.ca gcatggcct9 caacgcgggc atcccgatgc 1960 

cgc:ogqaagc gagaagaatc: ataat99gga aggecl!!lteea gcctcgcgtc qe9aacgcca 1920 

qcaagacgt.a gcccagcgcg tcqgccgooa t.9cc:::g9c9at aatggcctgc tt.ctogccga J.980 

aacgtttggt ggcgggacca gt9acgae.9q cttgagcge.g- 9909t9caag at1;co9aata 2040 

ccgcaage9~ caggccgat.c atcgtcgcgc tccagcga,;ia gc9gtcccc9 ccgaa.aetga 2100 

cocaga9cgc: tgccggcacc t;.gtcctacga 9tt9catgat aaagaag~oa. 9tcataogtg- 2160 

c99cgacgat aqtcatgccc c9cqoccacc ggaagga.gct gact.gggttg aa99ctctea 2220 
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aggqcotcgg tcgagcttga cattgta.gga cgtttaaaoa. ttaccctgtt atc:cc:tagga 2200 

tcctacgta.n tc9atgaatt cgatoo.ca.tt tttataactg 9atctcaaaa tacctataaa 2340 

ccoattgttc ttctctttr:a gctctaagaa caatcaattt ataaat:atat ttattattat 2100 

gc.tataatat a.aataotat.a taaatacatt taccttttt.a taaatacatt tacct:ttttt 2460 

ttaatttgca tga.tttta.at g'Ct.tat.gct.a tcttt"Cttat ttagtccata aaacctttaa 2520 

aggacctttt cttat.gggat ;;.;tttat.a.ttt tcctaacaaa gcaatcggcg toataaaott 25BO 

tag'tti;ictta cgacgcctgt ggacgtcc::cc ccottc:coot t.a.c9i;r9ca.aq ta.aac:ttaqq 2640 

9at:tt.t.aat<;1 caa.taaet:.aa. att::tgtcctc ttcgggcaaa tgaattttag tatt:taeata 2700 

t9acaa9g9t gaacc:attac ttttgttaac aagtgatctt accactcact atttttgtt.9 2760 

aatttt.a.<!lac ttat~t.aaaa ttct.cga9aa agattttaaa aataaacttt tt'Caatcttt 2820 

ta.tttat:ttt ttcttttttc gtat99a.att gooaa.at:att attcaacaat ttatcggaaa 2880 

caqcqtttt.a g'agocaaata aaa-ctggtca gtcgccai:c9 9atgtttatt cttt;taat:cq 2940 

aaa.taatgaei. a.c:tt;ttttto ti:.aagcga'tc tagcactt.ta. t:atacagaqa. ooaoat.acag 3000 

tgcc:totcgt gfi\agcgaaaa tgttga9ttg 9ctctctgag aaatt.ae.e99 tgcctgaact 3060 

catcat:qact tttcaggatg agca9ttt9a att"tatgatc actaaagcga tcaatgc:aaa 3120 

a~ca.atttc:e 9cgc't.ttttt taacagacca a9aattgctt 9cta't.otata agqaggcact. 3180 

caatctgt;.ta aattcaattg ctattat"tga ttqtccon:t:t atttcaaaca ttgatcatcg 3240 

gttaaaagag tos.aaatttt ttattgataa ccaai::t:c:t::et 9nc9atatag atcaaqatga 3300 

ttttgac:ac1. 90.ati:atggg gagaccatas. aacttai.i;;:cta. a9tetat:.9qa atga9ttaac 3360 

cga9actcgt 9ttgaagaaa gattggtttt ttctcatggc g.at.atC:<;1099' atagtaatat 3420 

tttta.t.agat aaattcaatg aa.atttattt ttta.ga.cctt 9gtcgtgctg ggttagcaqa 3400 

tgaatttgta ga'tatatcct ttgttgaacg tt9co.taa9s. qaggatgcat cggaggaaac 3540 

tgcgaaaata tttttaaagc atttaaaaaa tgatagacct g.ac:aaai!l'gga attattttt:t: 3~00 

aaaacttgat qaattgaatt gattccaagc at::tatctaae. at.a:r::tetgca ggcacgctag 3660 

cttgtactca a.9ctcgtaac gaaggtcgtg accttgctcg tge.a99t990 9acgtaattc 3720 

g"ttcagottg taaa.tqgtct ccagaacttg ct9ctqcatg: tgaagtttgg e.aa9aaatta ~780 

aattc:gal;l.t::t tgatactatt gai::aaa.ettt ~attt.tt.att tttcatgatg tttae9t9.aa 3840 

tagcataaae atcgttttta tt.tttatggt gtttaggtta aataoet.aaa catcatt:tta 3900 

cattttta<11a attc:i.agttct aaa9ttatct tttgtttaaa tttgocti;,rte tt.tataaatt 3960 
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acqatqt.gcc agaaa.aa.c.aa. aatcttagct. ttt.tai:t:ata gaattt.;:itct ttatgtatt:.a 4020 

tattt.te:r.aa gttataata.e. aagaaatagt aacata:ctaa. aqcggatgta gcgcgtttat 4080 

ot:taacggaa. glJaat:tcqgc gcctac9tat acatactccg aaggaggaca aat1:tattta dl,40 

tt.gtggtaca ataaataaqt ggtacaa't:ae. ato.aa:ct.qta tgtaaac:o.cc t Ccecct r.cg 4200 

ggac9ecccc ttacgggaat at.aaatatta gtggcagttg cotgccaacilil' aacttattt;a 4260 

ttgt.$1ttaac at:aqgcagtg 9eggtaccac tqccactggc 9tcctaatet aaar:att:ggg d320 

aaactaaagt t.tat.cgcagt at::t;.aacar.a9 gcagtggcgg t:eccactgcc actg9c9tcc 4380 

t.cattcggag tatqt.s.aacc tgctaccgca 9c:aaac.;i;a<it tttattctat: tttaatacta 4440 

caa.tatttaq attcccgtta g9ggataggc caggc~at.tg toactggcgt ea'taqtatat 4500 

caatatt:gta acagattqac acoctt:.taag taaacatttt ttttagqatt ca.tatqaaat ~560 

taaatg9ata tt:.tgqtacat tt~a.ttccac aaaaatgtcc aatactt::aaa atac:a.e.a.att 4620 

aaaagtatta gttgtaaact t:.gactaacat. tttaaatt::tt aaatttttte ctaattatat 4680 

a.ttttacttg caaaattt=it: aaaaatttta tgcattt.t.t.a ta"Ccataate ata.aaacctt q;10 

tat.tcatggt ttataatata. ataattgtga tgacca.tgca caaagcagtt: ctagtcccat 4800 

r.atat.a~nact atatata~cc c=9t t. t. a. aaga. tttatttaaa aat.atgtgtg t,aaaaaai:gc 4960 

ttatttttaa t:t.ttatttta tet~agtt.at aatattaaat a.cacaa tqat taaaat'l;aaa 4920 

taataataaa tttaaegtaa cgatgagttg ttti:ttta'tt ttgga9at:.ac acgcaat:gac 4980 

aatt9c9atc qgtacatatc a.aga9aaacg cacat.g'gttc gatgacgctq a.tgactqgct 5040 

tcgtt:ia~9ac cgtttcgta't; tcqtaggttg gtca.99ttta ttactat.tc::c i::ttgtgctt:a HOO 

ctttgcaact ccggtccggc qgccqcctcg e.gs:cgaottg tccgcttcat cagacacgqc 5160 

tt.tcctaaoc atcaatggtg ga:t.tt:tcaqg aaaqacgttt aaagaagtg:g e:at.aaagttt 5220 

at;t'tgttgQ.a gaattggttt tgtttccet.t caaagaatt9 tta99gataa aactttgcae 5280 

t.tttt.tataa tttgttataa gtttttcaaa cttatat.gtt tttaaaaatg ca.tttaattg 5340 

ott.attaatg cg'ttca'C"ttt qtaatqtt.tc aataggtctt gcttgcgcta atcgcagtat 5400 

tcccga.t-act ttgtctgc!:t gt.ttt:.tcqgg tatt9a.gaat aa9taaytat aatgattta.a 5460 

aaaagteat9' tttt9attaa i1tOtttttta tatggtt.aaa aaca:r:t:.atgg tatatctaaa 5520 

taaatttatt ttttaecaaa tct.ccaattt 9caattt~ga. 9at~taatta aaactataaa 5580 

9etatt1:aag ttaattt9ta atcaaatco~ acacaaaaat gtttttata.t a9ttaacatq 5640 

ttaaatttaa catatgttaa ac:aactaaaa ttct.9taaca gagaacaata aaat.a~atgc 5700 
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tagattttgt qtaatgccga aqtatattta t.atacttcc:o tttoaaa.aaa ataaataotc Si 60 

'ttgccactaa <l.attcatttg cctagqacgt coc:c-ctceoc ttacgggatg tttatatact 5B20 

aggacgtccc: ct t cccct. t: a cggga'tattt ata.tactccg aaggacgtcc ccttcgggca 5890 

a.ataaatt.tt agt:ggaagtt gcctgc:oaac tgcctaggaa agtaa.uctta gggattttaa 5940 

tgcaataaat aaa.tttgtec c:cttac::gg9a ogtcagt990 agttgccl;.gc caac.tgccta 6000 

a"tataaatat taqt::.gg-atat ttatatactc cgaaggaggo agttacctgc caactqccga 6060 

ggcaaataaa ttttagtqgc agtggt:accg ccactgcctg ctccctcctt ccccttcggg 6lZO 

ca.agtaaact tagcatgt'tg tcgacattac cctgttatcc ctaggccqgc ctaagaaacc 6180 

attattatca tgacattaac ctataaaaat aggcgtatca cga9gccctt tcgtc'ttcaa 6240 

gaaattcggt cgaaaaaa9a .eaaggaqagg gccaagaggg agggca t t.gq t:.gac:ta.ttga. 6300 

gcacgtga9t atacgti;1at:t aagca.caoaa a9goa9ott9 gagtatgtct 9ttattaatt 6360 

tcaoaggtag ttctqgtcca ttqgtgaaag ct:tgcggctt qcaqagcaca gaggccgcag 6420 

aatgtgctct agattccgat gct:gacttgc r:9g9tactat atgt9tgccc aatagaaaga 6480 

gaacaattga cccggttatt gcaagg:aaaa tttcaagt:ct tgtaaaagca i:ataaaaata 6540 

qtt:caggcac tcc.gaaatac tt99ttggcg tgtttcqt:aa tcaaoctaag gaggatgttt 6600 

tggctctggl:. caatgattac ggcattgata tcgtccaaat gcat:ggagat 9agtcgt9qc 6660 

aa9aatacca ag'agttcctc 99ttt9ooa9 ttattaaaag actcgtact!t ccaaaaqact 6720 

9oa.ac.atact 9ct.cagt9oa gcttcaca.9,a aac.eti::::a t:tc gtttattcc::c tt:.9tt:t1att: 67$0 

cagaa9ca'is tgggeicaggt gaac:tt ttqq attgga~ctc gaitttctgai::: tgggttggaa 6840 

ggcaaqagag ccccgaaagc ttacatttta tgttagctgg tggactgacg ccagaaaat.g 6900 

tt.ggtgatgc gcttagatt.a aatggcgt.t:e t.ti;-gtgttga tgtaagcgga. 9gtgt9g"9" 6960 

ca.aat99i:;.9t aaaagactct aacaaaatag caaatCtcgt caaaaatgcl:: aagaaatagg 7020 

t.tattactg;;i 9t&gtattta tttaagtatt; gttt9t9cac 't.t.goct:.gcaq 9ccttttgaa 70BO 

aagcaagcat aaaa9ateta aacar.aaaat. ct:gta.aaat.a ai;:9a9at9t;<i aa9ata.a:t.9i:: 7140 

taaatoattt ggcttt't.tge ttg~ttgta.e: aggaaaatat acatcgttaa ttaa9eggcc 7200 

9c:gagcttg9 cgtaatca'tg gtcatagctg tCtcctgtgt gaaattqtta tccgctcaca 7260 

attccacacs. aoatacgagc cggaagcata aagtqt.aaag act9qggtgc ctaacgagtq 7320 

agete.ac.tc:a cattaattgc gtt.gcgctca ctgcccqctt tccag'tc:ggq aaacc'tgtcq 7390 

tgccagct9e attaatgaat cggccaacgc gcggggagag gcggtttgc9 tattgggc9c 7440 
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tettccgctt cctcgctcac tg~ct:cgctg cgctcggtcg ttcggct9cg qec;;ra9c99ta 7500 

toa9ctcact caaaggcggt aatacggtte l;.ccacagaat: cagqggsitaa c9oa99aaag 7560 

e.acatgtgag caaaaggcca gcaaaaggcc aggaaccgta aaaagqccgc gttgctggcg 7620 

ttl:tt:ccata ggc'tccgccc ccctgacgag catcacaa.aa atcgac9ctc aagtcagagg 7680 

tggcgaaace cgaeai;igact a-r.eaagatac caggcgtttc cccctgg.aag etceotc9tg 7740 

c::9ct.ct:cctg ttccgii1ccct gcc:gct ta cc ggatacctgt ccgcctttct cccttcggga 7800 

a.gcgtggcgc tttctcatag ctcacgctgt aggtatctca qttcggtgta ggtcgttcgc 7860 

tccaagctgg gctgtgtgca cgaacccccc gttcagcccg accqctgcgc at:tatee:gqt n2o 

aactiatcgtc tt.gagtccaa cccggtaaqa cac9acttat c9c::caetgge a9t;:.ac;Jcc:act 7980 

ggtaacaqga ttaqcaga9c gaqqt:at.:gc.a g9cggtgcta ci::igagttctt gaagt9gtgg 8040 

cctaacta.r;:g gct.Q.cactag aagaaciagta tttggtatct gcgctctgat. 9aagcoa9tt B:J.00 

.e.ccttcgqaa aaagagttqg tagctcttQ"a tccgqcaaao aaaccaccgc tggtagcggt 9160 

ggtttttttg tttgcaagca gcagattacg Q9cagaG1<i!S&. aaggatctca agaaqatcct: 8220 

ttgatct:ttt ctacgqggtc tgacgct.c.aq tggaacgae.a actcacgtta ag9gattttg 8290 

gtca.tgagat tatcaaaaeg gatcttca.e:c tagat;c.c.ttt tii:'ilattaaaa a'tgaagtttt' 8340 

aaatcaatct aaagtatata t.g~9teaac:t tggtctgaca gttacoaat9 cttaatoa9t B<OO 

<;i,a9qcae:ct.~ tctcagcgat ctgt;ctattt cgttcatcca i;a9tt9octg aetecccg 0450 

<210> 6 
<211> 22908 
<212> DNA 
<2l3::> Artificial Sequanea 

<220> 
<223> Description of Artificial Set:;i:uence: Synthetic 

polynucleotide 

<400> 6 
tgaatttatc 1;1gatctaact gaggagt:;aag aaacccccat g .. t.ca.=iagaaa .a.acagaccaa 60 

caattgggcg aacccttaat ccttcaatat taagc:qqat:t t9atagttc't tcagcctctg 120 

gcgatcgagt c9a9ea99t:.a t:.t:o:aagt.tat oaa1:1t:99tcg ccaggccac:a tttatt9aa9 lBO 

aggtaatacc tccgaacoag gtagaaa.909 atac:r:ttt.gt tgatcagcat aacaacgqgc: 240 

gtgac:caggc atctottac9 ccaaaaccat taaaaa9t.at ccgaaqcact atcaa9catc 300 

e.gcaatttta: ccct.9oaa.t:a gqt9tta9ao gggctacagg gaaaattgaa atttt9gatg 360 

gttcccggcg tc9a9cttat gccatctta.g agaacgtagg gttgcgggtt tta9tr;acgg 420 
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accaggagat cagc:gttcag gaagcgcaaa att.tagcgaa agacgttcag aoagcattgc 480 

agcacagcat. t.cge.g:aaata 9gtctgcgtt tgatgcgaat gaaaaat9at:. gggatgagtc 540 

eigaaq9atat tgcagccaaa gaogggctgt ctc.;i.ggaga.a ggtcacgcgt g:otctcce.99 600 

cagcgag-t.gc tooggaagaa ttagtcgcoc ttttccctgt gcagtcgqaa t.ta.acctttt 660 

cggactacaa aacgctttgt gc:tgL.t:ggcg acga.aatggg g.aacaagaat ttag•g<ttg 720 

atcagcttat tcaaaacat:a tccccggai:l:a taaacgacat c:ttatooatt gaag:aaatgg 780 

o:agaagacga agttaaaaat aaaa:tcctgc: 9'Cttg:ataac aaa99aT:i9cc tcaiQtactca B40 

cqgataa.agg ttctaaagat aagtccgto.g ttactqaatt atg9aaattt gaggacaaqg 900 

atcgct.tt9c aaggaa9c90 qtgaaag9cc gtgcatt.ttc ttatgagttt aatcg~et.ct 960 

ca.aaagagtt acaggaagaa ctcgacagga tqattgggc.a tatccttai;i~ aa9agcct.e9 1020 

etaei.aaagcc qaagocttaa act:tt.cgcca t.toaaatttc act.attaact gactgtttt.t 1090 

aaagteaatt: actctaaaat ttcaag9tqa aatcgccacg a.tttcacct't gljatttt.acc 1140 

ttc:ctcccct: ccl:>cci::qa.aa aaee.La.aaaa aattgct.tgt cacgagaaag t:.caacaagtg 1200 

actttcaata aaatctct:tc cgaaa.a999a ttcaeaca.aq tgccttgtgt ttaaggaaga 1260 

gtaaattgag t.aacttacge ;aataceaqa. atcgtattgc agatatc9ca aaac.gctcta 1320 

ae.gotqtgct tgget9ggca ~gcactg.::gc: agtt:cgg-tac tgat.a.accaa ttcattaaag 1380 

atgat;.gccgc 9cgt9ccgca tctatccttg aagctgcaog taaaqaoc:cg gtttt<:gcgg 1440 

gte..tctctga l!Aatgccacc: gctcaaatcg ctacagcgt:g- 9gcaagt9oa ctggci:.gact 1500 

ar.;gcogcagc aoataaatct atgccgcgt:c c9gaaattct ggoctcct90 caccag:acgc 1560 

tgg&aaactg cctgatagag tccc;i.ooc9ca al;a9cat.gga tgccactaat aaagogat.gc 1620 

t.ggaatc'tgt 09cagcagag' at9si:9agcg tttctgacgg t:gttai:gogt ctgcctttat 1680 

tcctcgcgat gliitoctgcct qttcagttgg 9ggc.a.9ctac cgctga.tgi:og tgtacct-tca 1740 

t:t:.ccggttaa gcgtgaec.ag tcogacatot:. at.gaa.gtatt taac:gi:.qgca 9gttoatctt:: 1900 

ttqgttctta tgctgctggt gatgttctgg acatgcaatc cgtcggtgtg tacagccagt 1860 

tac9tc9ccg cta.t9tgctq g't9gcaaqct ccgat9gcac ca.goaaaacc gcaacct.tca 1920 

agatggaaga o"Ctcgaa.ggc CQgaatgtac caate:cqaae. e.gqtcgcact: aacatct:ieg 19BO 

tta.S.O<?<Jt.at: taagtct:g't:t gttg~l:.aacg g:t.tccggca.g octacttcac tcqtt'taeta 2040 

at9ctg>otgg tgageaaatc actgtt.acct gctctctga.;;i etaeaacatt 99tcagattg 2100 

ccctgtcqtt. c::tccaaagcg ceggataaag gcectgagat;. cgca.attgag acggaaatca Zl60 
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a.t:attgae.9c cgctcctgag ctge.tc:ccgc tgatcaacca cgaaat9aag a.aatacaccc 2220 

tgt::tc:ccaag tcagttcgtt atcgcg9etg a~e:aeaoggi:: acaqgcggcr;, ta.tgaa9cae: 2280 

agcgtgaatt tggtctggac otgg9ttccc tacagttcci;r cacc:otgaag ga~tacctgt 2340 

ctcatgaaca ggatat9ct9 egtcttcgca tcatgatctg gcgcactct.t gcgaccgai::a 2400 

oct t.tqe.c.at cgc:tctgocg gttaacoat:jt octtt.gat.gt atggqcaacc ~toattcgtg 2460 

gc.aaattcea gactgtatat cqcgacat:t:a ttgagegegt taaatcttct ggtgogatgg 2s20 

ggatgtt:tgc tggtgctg;;i.t gcagoatctt tcttcaaaca gl;.tgccgaa9 9atttcttcc 2580 

agccagccga agactatatc c:.s.qactccgt atgttcacta catcggtace! ccatttagga 2640 

ccacccacag cacotaacaa aa.cggcat:.c:a <JCC1! l:.Ctt:gg aggcttccag cgcotcn ~ct 2700 

ggaagtggaa oacct9tagc atcqacctge. a99999999g gggcgctgaq gtctqcct:.cg 2760 

tqaagaa99t gttgctgaat cataccaggc ctgaatcgcc ee:.s.toa.tcca 9ccagaaagt 2e20 

gag99e.gcca cggttgatga qagctttgtt gtagqtggac cagttggtga t.l:.ttguaatt 2680 

ttgctttqoc acqgaacggt ctgc9tt9tc qqgaagacgc gtgatctgat cettcaactc 2940 

a.gcaaaaqtt cqatttai:tc aacaaagcc9 cc9tc.:c::cgtc aagtcaqcqt aat:.gct.ct9c 3000 

cagt:.gttaca accaattaac caat"tctget ta.9aaa~act c·atcgagcat caaatgaa~~ 3060 

tgoa.atttat '?:oatatoagg a.ttatcaata ccatat. t t t t:: gaaaa.aqccg tt:tctgtaat 3!20 

gaaggagaaa aooe.oaoc9a9 gca9ttccat aqgatqgcaa gatc:ot99ta tcggtctgcg 3180 

attccgactc: gtc:caau:::ate aat:acaacct attaatttcc cotc91;c~aa aataaggcta 3240 

tcaagtgaga aatcaccatg a.gtge.011act. qaatccggtg agaatggcaa aa9cttatgc 3300 

atttctttcc agaott9ttc aacaggccag ecattacgat cgtcatcaaa atcactcgca 3360 

toa.accaaac cgttattcat tcgtgattgc: g'o.eti;;agcga gacgaaatac gcgatcgctg 3q20 

tte.e.aaggac aat:taaaaac aggaatcgga tgcaaccgqo gcaggaac<ic tgccaqcgca 3490 

tcaaoaatat tttc.a.cot9a atcagqata.t tcttctaata catggaat9a tgttttcocg 35qo 

gg:gatogea~ tg9t9•9ta• eeatgcatca tcagqagtac 9gataaaii1.t.9 ettgatg9tc :)600 

ggaagaggca taaattccgt ca9ccagttt aqtctgacca tctcai;atgt aacatcattg 3660 

9caacqctac ctetgccatg t.ttca9aa.a.c aactotggcg catcgggctt cccatacaat 3720 

cgata9attg tcgcacctga ttgcccgacl:I t:zatcgc9ag cccatttata occ:ai.:ataaa 3780 

tcagoatcca tqttggaatt taatcgcggc: ct;cgagoa.ag acgtttccc9 ttgaatatg9 3840 

ctcataacac ccctt9ta.tt actgtttatg t.aei.goa9aca 9ttttatt9t tcatgat;gat 3SOO 
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atatttttat ctt9t9caat gtaacatcag a9atttt9ag acacaacgtg get<etccci;:c 3960 

ooeeecc:tgc aggtcgataq ca9cacoacc:: a.eittaaat9<'.! t-t:tte:g-~aat cgaacttgac 4020 

atti;igaacga acatcagaa.a tagc.ttt.a.ag aaccttaati;.i gcttcggctg tgatttcttg 4080 

accaacgtgg tcacctq9ca aaa.cgacgat ctt:cttaggg gcagacatta gaat9gtata 4140 

tccttgaaat atatatatat attgctgaaa tgtaaaaggt aagaaaagtt a~.aa.eigtaa.g 4200 

acgattgcta accaecea.tt ggaaaaaaca ataggtcctt aaataatat.t 9tcaacttca 4260 

a9tatt9tga. tgcaagcatt tagtcat.9aa c9ottctcte. r:.t.ctatacga aaagcoggtt. 4320 

ccggcgctct cacctttcct ttttctccca atttttcagt t qaaaaaggt atetqcgtca 4380 

ggcgacctc:t gae.e.ttaaca aaaaattt.cc agtoatogaa tttgattctg tgcgatagcg 4440 

oceetgtgtg ttctcgtt:at g:tt~ag9aea aaaata.;1tgg ttgctaagag att:c9aacte <500 

t.cgcatctta cqatacct9a. gtattcccac agttaactgc ggtcaaqata tttottgaat 4560 

c~ggcgcct.t. .:i.gacagc:tcg gccaaacaac caattacttg ttgagaa.at1a; 9.a9tataatr. 4 620 

atcct:ataaa t:atci,.acqttt ttgaacacac at.gaacaa9g aag't.acagga caat.tgattt 4680 

tgaagogaat gtggattt:tg atgtaat::r:gt. -e.gg9attcca tttttaataa ggcaat.aata 4740 

ttaggtatgt agatatacta 9aa9tti::tcc tcgacgctct cacttatgog actc:etgcat 4aoo 
tagqaagcag ccca9tagt.e. ggttgaggcc qttgaqcaee qe.ogeer;rcaa ggaatggtgc 4860 

atgcaagga9 e.t;g9c9ccca acagi:ccccc ggccaogggg oct9ccacca. tacccacgcc 4920 

g.aaacaagcg ctcatg:agcc cgaaqtggcg a.gcoc9a.tct tccccatcgg tgatgtcggc 4980 

9atata9gog ccagcaaccg cacctgtggc 9ocggtgatg coggccacga tgcgtooggo 5040 

9tagaggatc tacaactcca cttattgtta 99tagaattg tccgtta9tt gttt.1n:.caat: 0100 

tgcaataatq qg9cgtcaa9 tt:ttqge.aac agtgtcctct t:aoaa99ac.a: cctatgagt.t 5160 

tgcctcatgg caaactagag gtgttgaaag tatgcatggt tataattaga gcaatt.ca.t~ 5220 

accccctgaa tcctgccggt: ataccccatt gttcgttatc tttat.tttt:9 gct.aaaaccg 5280 

cattaagagc ttcqLttacc 9tca.tgcaat 9cggtag9tt at::cgai:;'!lgtct gatatcccgc 5340 

caatatcag9 c9aaogcttg ttcttc::a.991; aagcatat.tt ecqcgcagcc qcctctactt 5400 

tctqctt9aa e:teatgtttt: ega9t9o;;9tt tt ttgga ta.a cc9cagat:tq tcagcctttq 5460 

ctttt9cctt agcgatccat gaagtceatt ttttgaggct ggtt9ttoc9 gceiccqccgg 5520 

a.aactgij\tct:: ttttgttttt t'Caacttgtg &cttcttatt ctttattgcc acqtcatcct 5580 

gacaggqgga ggqq9tatca ttttgacat:.9 9gg9tgtgg~ taaaaaatta aa taaagc:c:a 5640 
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atgtcttagc: gagaacagct: ttaa.ccttgg tt9ocgctqa agagat:ct t t. aatt:.t.gcttt 5700 

ctaT:.eagcgc atttnggct tgttqtqc<Ja aggccaaaaa g9atggt9U aaccggtaoa 5760 

ggttagcgcq aogttcacgg t:9at.c9ccga l:.aacaat:ctc taoagacaga attcctttgt 5820 

tta.aagcttc acgqa.atgc.a ega acgacgg- ttgat:t:ggct ataaccagtt:. t.ct.9ccgc9a 5880 

tcaggcggtq aq9cttgtga at9aaqtoi.tt cactggtt9t tgccqcgaga tttgcacatt 5940 

gcgacaggai:. ai:.9cccggcg ctacqgcya'l:'.a gaccggagtq tgttacaaag caggccaatt 6000 

cat.agcoaga aaaagt.ae.aa tc:gctcatcg ttataeai;rct caggaaa9t9 ecttt.agcoa 6060 

9oa.ttacaat gctggtggtt ctt.actacgt otg'Ctagcgc gtt9cc:9c9a caggtaccag 6120 

c:acaccagca tcaa9caatc gcttcat:ca9 ceactgctga cct.ttgo.cgg ttat.acgagt 6180 

cgtgaaagaa atcctgcttc ca.t:.tqe.ttg-t. atcgatcacq gtttctttaa gggt9aaata 62•0 

cccacgs.gat atgta'!:tett gtttggggac gttcct.9egt tc.accggttq c9atca.9aat 6300 

tccgt.tatca cgcaacca9'g tgaagagata qttttggcce aggccg~gca cttt9gcata 6360 

gttgccgatt agaaeeccg-c tggcggtaqc aa.cgcgt tea gc9aattc9a ctt.t.a9gtgc 6420 

atccataagc attttttgct ccagccgttg ettttgctct 9ccagqt~gg cagccaaacg 6480 

gag~gettca gggagactct gcg-gaata9e aggttgtaat cttccggttc gatagtcgat: 6540 

aaatgtctgg tttac:ct:.t:.ca gc:c:9aaaci;ic gggaqaaatc cagcct.9c9t actccacagc 6600 

gagcaattca tgggcaaaag tgccgccgcc acggccttcg acct9oeggc atgcaagctt 6660 

ggcgtaatc.a tggl;.catagc tgtttcctgt gt.gaaat:.1:9t: tac.ccgct:ca caatc.ccaca 6120 

caaca.tacga. gccggaaqca taaagtgtaa agcctg99g' gcctaat:gag tgagot.aacL 6780 

cacaetaatt gcgttgcgct caat:ge:ccgc: tttccagtcg ggaaacctgt ~gtgceaggt 6840 

agtcqatatq qt:goact_ctc a:gtac:.aatct gctctgatgc cgcatagtt.a agccaqta.ta 6900 

cactccgcta tcgctacgtg act9ggtcat gqctgcgcco cgaca.occgc caacaccoqc 6960 

tgacgcqccc tggcggqctt gtctgctccc ggcatccgct::. ta.oagacaag ct9't9acc9t 7020 

ot:.ccggge:gc tgcatgtgt.c aga9gt t ttc aoeqtoac.ca c:cgeaacgcq cgaggcagct 7080 

gc99taaagc tcatcagc:gt ggtcgtgaag c:gattcacag aegtctgcct gttcatccqc 7140 

9'tccagctcg ttqagt.ttct:: eoa9ae.9cgt taatgtetgg ott:ctgataa agcgggccat 7200 

gttaagggcg 9tttttl;;cct gtttggtcac tgatgcctcc qtgtaa9g9g gatCtct9tt 7260 

cat999g9te. etgataccga tgaaaoqa9a gaggat.1Jctc acqatac9gg tcar:tgatga 7320 

tqaacat9ec cqgtt:actgg aacgtt9t9a qqgtaaacaa ctggc.q9ta't g9atgcggc9 7380 
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q9accagaga aaaatc::actc aqggtcaatg ccagcgcttc gttaatacag atgtaggtgt 7440 

tcoacagg<Jt. agcca.9e&.liJ"C atcot9c9.?!t 9cagatccgg aacataatgg tgcagggcgc 7500 

tgacttccgo 9ttt.coag-ac. tt:tac:g-a.a:a.o ao99aa.accg aagacca-ctc atgttgttgc 7560 

tcaq9tc9ca gaegttttgc agcagcagtc gcttoai;g'tt. c9ctc9cgta tcgg-tgatoc 7620 

atcct9'ctaa ccagtaaggc aaccccgcca gcctagccgg gtcctcaacg acaggaqcac 7680 

gatcatgcgc acccqt9qcc aqgacccaa.c gctgcccgag atgcgccgcg tgcggct9ot 7740 

gqagatggcg gacgc9at99 atat9tt.ct9 ccaagg9ttg gtttgcgcat tcacagttct:. 7800 

cc9caa9aat t9att99ctc C<;1etttot.tg9 agt99t9o:iat ccgtt.aqo9a ggt9cc9ccg 7860 

gctt.ocattc a9gteqaggt ggcccggct.c cat9caccgc ga;cgoaa.cgc ggggaggcag 7920 

ac:aaqgtata 9ggcggcgcc tacaatcca.t qccaacccgt tccatgt9ct cgccgaggcg 7900 

ge:at.aaatcg ccgtgacgat: cagcggtcca atgatcgaag ttaggctgqt aagagccgcg 8040 

agogatactt gaagctgtcc etgat99t_c9 tcatctacct gcct:ggac::e9 catqgcct:9c 8100 

aaogc999ca t:.cc:cgatgcc gccggii!egcg .;iga~gal;l:tcti taa tgg99cua 99oc::::atc.:c1.:1g 8160 

cc:tcgc:g'tcg cga<;1cgcci19 caagacgtag cccaeycgcgt eg9c:cgccat 9cc:g9cgata 8220 

at99cotgct t.ctcgccqaa acgtttgQtg gcggqaccag tgacgaaggc ttgogcgagg B2SO 

gogtgo•ag• ttcc:gacitac cgcaaqc:gac aggccg.;i:tca tcgtcgcgct ccagc9aaaq 8340 

c9gtcctcgc cgaaaatgac ccagagcgct gccggcacct gtcctacgag ttgcatga'ta BqOQ 

aaqaa9acag c.cataagt:.gc ggcqacgata 9tcatgcccc 9cgcc:oaocg qaaggagctg 6460 

aot99gttga gqctctcaag- 9goat.og9t.I:! gagcttgaea ttgta9gac9 t.tta:aacatt 8520 

accctgttat ccctaggate c:t.a.cgtaatc ga.t9a.C1ttcg atcccDtttt ta.taact.99a B5BO 

tctcaa.a.ata cotataaacc cattqt:tcl:t: ctettttagc totaagaaca atcaatttat B6d0 

~aatatattt attattatgc: ta t:.a.a t.ata.a. ataetatata aatacattta cctttti:ata 8700 

aatacattta ccttttt'ttt aatttg-o.atg attttaatgc ttatgctatc ttttttattt 8760 

agtccataaa acctttaaag qacctt:ttct tatgggat:at ttatatt"t.to ctaacaaagc 8920 

.aatoggogtc ~t.aaacttta 9ttgcttacg acgcctgtgg ac9tcccccc cttcccctta BS80 

cgggcaa9ta ;;.1acttag9ga t:ttta-atgca at.aaetaaat ttgtcctctt cgggcaaatg 8940 

aattttagta tt:ta.;;i.e.tai:9 acaagqgt9a. acca~.taatt ttgttaacaa gtgatottac 9000 

cactee.c:t.o?i:r: ttt.tgttgaa ttttaaactt attc:eaaatt ctcqagaaag attttaaaaa 9060 

taaaottttt taa.totttta tttatttttt ct ttt:t tcgt; atggaatt9c ccaatat:tat 9120 
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tcaacaattt atcgqaaaca gcgtttta9a. gcca:aataaa attggtcagt cqc:c:atcg'eya 9100 

tgt;l:.tattct t:ttaatcgaei. a taa tgaa.ac tttt.tttctt aa9eg-atcta gcacttt~ta 9240 

taicagagac:c acllt.acagtg tctctc:iqtga agc9aaaatg tt9e.gt.tggc totctgaqaa 9300 

att.aaaggtg cccgaactaa t.c:atgacttt t.cag9at9ag cagtttgaat ttatqatcac 9360 

t:aaagagatc aatgcaaaac caatttcagc gctt.ttttta ao~gaccaag aat.tgcttgc 9420 

tatctataag gagg'r;:aetca atctgttaaa ttcaatt.~ct at:tattgatt 91:.ccet;;t~~ 9480 

ttcaaacatt gat.catcggt taaaagagtc aaaatttttt a'ttgatal!r.cc aa.ctccttqa 9540 

ogatatagat:. caaqatgatt ttgacactga attatgggga gacca.ta.aaa cttacctaa.g 9600 

tctatggaa.t gagtt.aaccg agactcgtgt tgaagaaega tt9gtttttt:. ctcatq9e9a 9660 

tatcacggat. agtaatt!lt.tt ttatagataa attcaatgaa att'tatc.i::tt tagacc:t:'tgg 9720 

tc9tgctggg ttagcagaCg aat:tti;ttaga tacatccttt gttgaacgtt gcctaagaga 91BO 

ggcitgcatog gaggaaactg cgaaaatat.t tt:.taaagoat ttaaaaaatg atagacc'C.ge 9040 

caaaaggaat tattttttas aactt'Qat..ga attgaattga tt.cca.e.gcat. tatctaa.a.~t 9900 

actctgcagg caogct@gct tgtactc:aag ctegtaacga ag9tcgtgac cti::9e:tcgtg 9960 

aaqgtggcga c9taeittcgt tcagcttgta aat9gtctcc aga.o.c!:tgct. gci::qcatgtg 10020 

aagttt.9gaa aqaae.ttaaa ttcqaatttg at:ac:tattga caaact:ttaa tttt.tatttt 10080 

tc~tgatgtt t:~t:gtgaata 9oat.aaacat c9tttttatt tttat.ggtgt ttai;igttaaa 10140 

t9cctanaoa tcattttac:.;i ttt:t:taaaat t.aagttctaa aqtesitcttt tgtl;taaatt 10?.00 

tgcctgtc;tt tataaar.tac gatgt9coag aaaaataaaa tcttagctt.t ttattataga 10260 

atttatet:tt atgt.a.t:.i:ata tt:.t:ta:taagt tataataaaa g;;aaataqtaa. catactaaaq 10320 

cgqal:cyt~gc gc9t:ttatct taacggaagg aattc99c9c otacgt.at.ac atactccg.;ia 103BO 

qga.ggacaaa ttta.tt:tatt 9t9g-=ecaat aaat.a.agtgg tacaat.saat aaa-ct9tat;g 104~0 

taa.acccctt ccocctt:cggg aogeeccctt ac.ggqaacat ii<~etattagt ggcagt.t:.9cc 10500 

tgccaacaaa tttat"ttatt gta:ctaacat aggcaqt:ggc ggtaccactg coactggcqt 10560 

cct.aatacaa ita-ttgggca act.aaagttt; atc9aa9tat 'Caacatag9c agt9gc::.ggta 10620 

ccact.gccac t:g9c9tcctc ct.taggagta tgtaa.aoot.9 ctaccgcagc aaataaattt 10600 

'tattctattt taatactaca at.attt~gat tccc9t:ta99 9'9ataggcca qgoaattgtc 10740 

ac.tggcgtc.e1 tag-tat.a tea. e.te.ttgtaac a9attgac:ac cctttaagta aacatttttt: 10800 

ttaggatt.ca tetgaaatta aet9gatatt t.9qta1.1::::~ttt aattccacaa aalatgtcca~ 10860 
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tacttaaaat acaaaattaa aagtattagt t.gtal?;:acttg actaac:-attt taaatttt'2!e. 10920 

attttttcct a.attatatat tttactt9oa. aaattrataa aaattttatg catt::tttata 10~80 

tcat.aataat. aaaacoct'ta ttcatggt:.t.t ataatataat aattgtgat.g actat:goac:o 11040 

aagcagttet agtc.oc:atat atataactat atataacco9 tttaaagat:t tattt'aaaaa lHOO 

tatqt9t9"ta aaeaa'tgctt atttttaatt ttatttt.sta taaqttataa tat'l;.aaatac 11160 

acaatgatta aaattaaat.a. ataataaatt taaogtaacg: atqaqttgtt tttttatttl:. 11220 

gqa9ataoac ge;aatga.caa ttgc9otc9g tacatatcaa 9agaaacgca catggtt:cga 11280 

tgacgctgat g~ctgqctt:c gtcaagaccg ttto9tattc gtaggttggt ca99tttatt 11340 

acta.tt::ccot tgtqcttaet:. ttgcaactcc ggtce:9gc99 ccgcctc9aq acgacttgtc 11400 

c9cttcatca gacacqgc:tt tcctaacoat c::aar;.ggtqga ttttc:aqga.a .agacgtttaa 11460 

agaa.gt.gqca taaagtt.l:.at ttgtt.gaaga •t~qgttttg tttceattca aagaattgtt 11520 

a9ggataaaa c:t.t:tgcattt tttt.ata.att tqttatae.gt tt-ttcaaact tatatgttt:t l.1580 

t:aaaa.atgca tttaattgct tattaatgcg ttcatti.;tgt aatgtttcaa taggtcttgc 11640 

ttgcgctaat cqoagtattc ccgatacttt gtc:tgcttgt ttttcggqt.a tti;ragaataa 11700 

g-r:a"agtataa. tga.tttaaaa aag"toatgtt ttga'ttaaat ct:t.tt:.tta;ta tggttaaaaa 11760 

cattat99ta. tatctaaata aatttatttt ttactaaatc tccaatttgc: aatttagaga 11820 

tataat::taaa. actataaagt tattt.aagtt aat.ttgtaat oaaatco~ac: s.ca.aaaatgt. llBBO 

ttttatatag ttaace.tg-tt aaatttaaca tatgttaaac aactaaaatt: ctqtaaca9a 11~40 

gaacaataaa ataamtgcta gattttgcgt aai::.gocgaaq tatattta-ca -r:acttcocl!.t. 12000 

t.caaaaaaat aeatactctt qccactaaaa t.t.c.att.tgcc taggacgtcc ccttccco1:t i2oso 

ac99gatgtt tatatactag gacgtcccct tccocttacq ggatat:ttat ate:ic;tccge.a 1n20 

99.acgtcccc tt.c9ggcaaa t.a.aattttag tggcaqt tgc ct:gcce.a.cf;g cctagqcaag 12180 

taaacttagg gat:t.ti:aatg caat:aaataa att'tqtcccc ttacgggacg tcagtggcag 12240 

ttqcctgcea ac::tgec:taat ataaatatta gt9gatattt a.tatactccg aaggaggcag iz:ioo 
ttacctgcca actgocgagg oaaataaatt ttagtggcag t-ggteccgcc actqcct9ct 12360 

ccctccttcc cctteggqca ag'taaaotte. gcatgtt9"tC gacattaccc tgttatc:ect 12420 

aggccggcc:t. aagaaar.:cat tattatoatg acat:t.t:i.e:cct ataaaaa.tag gcqt.atcac::g 12460 

a99ccct t::. ti;! gtcttcaaga aat:tcggtcg aaaaa.agaaa aqga.ga9"Q'9C c:aa9a.ggga9 12540 

ggoeat t:q9t.9 acte.t.tgagc acgtgagtat acqt9att:aa gcacaeaaaq goagi;;tt;.qga 12600 
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gtatgtctgt tattaatr::tc ecag!;ltagt:t ct:ggtocat t qgtqa.aagtt tgcq9ctt9c 12660 

agegcacaga ggccgcagaei tgt9ctctag .attccgat:gc tgacttgctg ggtattatat 12720 

gtgtgcccaa tagaaagaga acaattgai::c cggttat.tgc aaggaaaatt. teaagtcttg 12760 

ta~z:iagoata tsaaaatagt tcaggcactc. cgaaatactt ggttggc;gtg tttcgtaatc 12040 

aacctaagga ggai:.9ttttg qot ctg9tc:.a .atga.ttacgg cattgatatc gt.ccaactgc 12900 

atggaqatga gtr;;qtggeaa gei.atacoaag e9t:tec:t'cgg tttgccaqtt attaaaag.ac 12960 

tcl?]tatttce aaa~gactgc aacatac:tac tc~9tgc~go ttc~cagaaa cctca.ttcgt 13020 

ttatt.ecctt gtttga!:.tc.a gaaqt:aggtg 9gaca.9gtga acttttg9a:t. tggaactcga 13080 

~ttctgactg ggt.tggaagg caa9a9e.gcc eoqaaa.gott acatt:tte.tg ttagct.ggtg 13140 

gActgac9cc agaaaatgtt ggtqat9ogc ttagattaaa tgi;logttat.t ggtgttgetg 13200 

t.aagcg(ja.gg tgtgqagaca aatqgtgtaa aa9actetaa c.aaaataqca ~a.tttc:gtca 13260 

ae.aat)lctaa gaa~tag;gtt atti9.ctga9t agteitttatt ta;;i.9tattgt tt9tgcae:t:t 13320 

gcctgcaggc ctttr:9aaaa 9caagoatS;a aagatctaaa catae.aatce gta~aataao 13380 

aaqati;ttaaa g-ataatgcta aatcat.t:.tgg ct:t"tttga'tt 9attgtaoag gaaaatatac 13HO 

atc:gca9999 gttgactttt accs.tt;tcac cgcmatggei.a tcaaactt9t tgaagagaat 13500 

9tecacai;1gc gcatacgc~a caet9acccg attottgcta gcct:tttetc ggtcttgcaa 1~560 

acaaccgc::cg gc;:i.gottagt atat!a.a;:;;tac acat9taeat acct.ctctcc gt:.atcctcqt 13620 

aatcatttte ttgt.atttat cgtottttc:::.~ ctgta.aaaa.o ttt.atcacac ttatatcaaa 13680 

taca.cttatt aacogotttt actat:tatct tctli109ctga cagtaatat.r: aaacetgtg;ao 137~0 

acat:attaaa cacagtqgtt: tottt9cata aacacca.tca goc:tcaagtc gt.caagta.aa 13BOO 

ga:t:ttc9tgt tcatgcsgat agataacaat ctatatgt:tg ataattaqcg ttgccteatc 13860 

aa"t.gcgag"at ceg'tt.taaco ggac:cotagt: _c;ca ct ta c~c caol)ttc~gt ccaetgtgt9 13S20 

ccgaacatgc tcct;.tcact.ca ttttaacatg tggaattaat tct:aa.atcct ctttat.atga 1398~ 

tc-cgccgat:a gai:.e.gttcta agtcattgag 9'ttcatoa.ao aattggattt tcr.gtt"C.ac:t 14040 

oqaett:.cagg ta.g;t,;ga.aatg aQat9atact tgcttatctc .ata9ttaact 9qcataaatt.: l4l00 

tt:.a9tata9g ttaactctaa g49.9gt9a.tac ttatttaccg taaaaotgtg acgataaaac 14160 

cg9aag9aag a:ataageaaa ctegaactqa tcta.l:aat9c ctat:t'tt.ct.g taaei:9agtt;t 14220 

aa9ot.a'tgaa aqcct.cqgi:a ttttggco9c tcctaggtag tgcttttttt ccasggacaa 14ZBO 

a.acagtttct ttttcttgag caggttttat gtttcggta.e tcataaacaa. t:aaataaatt l4J40 
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atttcattta tgtttaaaa.a taaaaaa t.aa aaaagt.attt tii\aatttttia aaaaagt.t:.9a 14400 

ttataagcat gtgaoctttt gca~gcaatt aaa.ttttgca atttgt;ratt t:ag9e~aaag 144 60 

t:t.actatttc t:.i;?gctcgtgt aatatat9ta tgctaatqtg a.acl::;tt.taca aagtcgatat 14520 

ggaettagto a.aaaqaaatt ttctta;i.aatt tatataqcac; ta.gccaat:tt. a9cacttctt l4SSO 

t~tgagatat attatagaci;. ttatt.aa900: agattt9t!9t a.ttatatgta tttacccggc H6•0 

gaatcatqga catacatt.ct gaaat:a9gta. atattctc::ta tggt9a9a.oa 9cataqatAa 14700 

cctag9atac aagtta.aaag atagtactgt tttgoagtaa tttttttott tttta t.a~9a H760 

atgttaccac ctaaataagt t.ataa.agtca acaqt;.taagt ttqatatttg 9ttgta.a.es.t 14820 

accqtaa.tE1t atttgcatga tcaaaaggot eaatgttga.c tagccagcat. gt.cei.accact 14880 

atattgatca ccq.at:.attag gact:.t.ocac:a ccaac"t::agta atatgaca.at:. aaattcaa9a 14940 

tattcttcat gagasi;ggcc cagctcatqt ttgacagctt- atcatc9ata a.gctttaatg 15000 

cggt.agttta tc.ac:agttaa at.t9etaacg cagtca99ca ccgtgt.atga aatctaacaa 15060 

tgcgctcatc: gt:.catccto9 gcaccqtoac cc:t9gatgct gtagqc.atag gettggr.tat 15120 

gcc9gtac:tg ccgq9cetot tgcgggatat. c9tccattcc qacagceitcg ccaqtcac::ta. 15160 

t;rgegtgctg ctaqc:gctat atgcqttgat gcaatttcta tgcgcacc:::cg ttctcggagc 15240 

actgtccgac cgctttggcc gccgccca.gt cctgctcgc:t tcgctacttg gagccactat 15300 

cgactacgcg- .atca.tggc9a ccaoaoce9t cct:gtgqa.t.c aa.ttcttL.ag tataaatttc 15360 

actct:;gaacc iiitcttqgaag g"s.cc9gataa 'ttatttgae.a tctctttttc aattgte.ta.t 15420 

gt9ttat9ta gtatactott tottca.a.c.?a ttaaaeaotc t:cggtaqcca <ilgttggttta 15490 

aggc9c:aa9a c-cttaattta tcactacgga att.ggcctat tag9cc:tacc cactaqecas 15540 

t tcgggagga tcgaaacggc agatcgcaaa aaa.cagtaca taca'3"aagga qaoae9aaca 15600 

tgaacatoaa a~.a~attgta aaacaagcc.:;i c:agttctqac ttttacgact ge.ac::ttctgg 15660 

ca.ggaggagc gactcaagcc ttcqcgaaai; aaaataa.ccs aaaaqoata.c aaagaaacgt l5120 

ao99c9t:.cl;.c t.catatt.aca 09ccat9ate tgct9cag:a t cccr.a.aac:ag cagoaa~acg 15700 

aaaaatace.a agtgcetcaa ttcgatcaet caacgattaa aaatatt9a9 tct:goaS;aag 15840 

9acttgatgt gtggg•oago tg9ec9ctgc aaG.acgct9a cqgaa.cagta gct9aataca t5900 

acggctar.ca c9ttgtgttt gctcttgcgq 9aagccc9aa r?19acgo.t9Q.t gacacati;:a~ 15960 

t.ctacai.:gtt ttatcaaaag gtcqgcgaca aotcaatoga cagctg9aaa aacgcqggcc 16020 

gtqtctttaa a.9acagcgat aaqttcgacg ClOaac9atoc gateatgaaa gatca9acgc 16080 



29/73 

aa9aatggtc ogqttatqca ac:otttacat ctgacqgaaa aateogttt<il ttctacaot9 16140 

actattcc:9g taaao.attac ggcaaac.saa gcotgacaac agcgca9gta aatgtgtcaa 16200 

aatctgatga c.acactcaa.:i a.tc:aacgqag t99aagatea caaaac9att tttgacg<Jag 16260 

aog:gaaaaa.c atatcaga.;;.c gttcagcagt ttatcgatga aggi::ae.ttat acatccg9cg 16320 

acaeccata~ gctga91ilg~c cctcactscg ttgaagacaa a99ccataaa taccttgtat 16390 

togaagcc.aa cacggqai>ca qaaa.s.cggat accaaggcga ag;;i.atcttta tttaacaaag 16440 

cgtactai=gg cg9cg9cacg aaci:tcttcc gtaaa9aaa9 cc:agaagctt ca9caga.gc9 16500 

ctaaa.aaacg c9atgctga9 tt;e.gcgaacg 9c9ccc-r.cgg tatcata9a9 ttaaati:i.O:t9 16560 

attacacatt gaaaaaagta atgaagcc9c tgatcac:ttc aAa.oacgqta ac.tgatgaaa 166?.0 

tcgagcgcgc 9aaegttttc aaaatgi:i.acq gcaaatggt.a c:ttgttr:;HilOI:. g.attcac9C!g 16680 

qt::tc:.e~<!:laat 9e.cgatc9at ggt~ttaact c:eaacgDt.;it ttacat9c:tr. ggttatgtat 16740 

caaaetcttt aaccggcccl:. t::ac:aagccqc tgaacaaaac aggqcttgtq ctgcua,;i,.t9g 16800 

91;.ettgatcc aaacgat9r;9 acattcactt act:ctcactt cgoaqtgccg caagccaaag 16860 

gcaacaa'!=.gt 9gt tatcaca. agctacatga caaaca9~gg cttottc:gag gat:aao.aagg 16920 

caacattt;.gc gccaa9cttc ttaat9aar::.a tcaaa.99caa taaaacatcc gttgtcaaaa 16980 

aaaqc:atcct gg.;i9caag9a cagi::tgacag tca.actaata aca9caa.aaa gao\l..a:atgccg 17040 

atacttcat-t ggcati;ttc.t tttatttcte aacaagat99 tgaattgaet:. a9tgggta9a 17100 

tccacagg.ac gggtqtggtc gccat.9a.tc:9 cgtagtcgat. agtggctcc:a i'i!qtagcgaa9 l '7160 

cgagcagg.ac tgggo99ogg ccaaagcqg:t cggacagt9c tccgaqaaog ggi;gcgcata 17220 

gaaattgcat caacgeat:et agcgcta9ea gcacgccat.a gt9actqgc:9 acgctgtcgg 17260 

aatggacgat: atccc9caa9 agqcco99c9 gt.accggaat. aaccaaqor.::t atgcctacag 17340 

catccagggt qaeggt9ccg a9gar:gacga tgagcgcate gttagatttc atacacggcg 17400 

cctgaccgcg t::tagcaatt:.t. aactgtqata 1P.r.:tceacc9ca ttaaa9ct:ta tcgatgat:.4\.e. 174 60 

get gt. ea a a c atgaga.att9 atcogc;aacc cttaat:ate.;; cttcgtq.tila tgtat9ccat 17520 

acgaa9tta:t taggt:ooctc gaot.aeqteg tt::aaggccgt ttctqacaga gtaaaattct: 17580 

tgagg9aac:t ttcaocat:.ta t99gaa;:i,t99 ttc:aaqaa99 tattgactta aactcca.toa 17640 

aar;.ggecagg l::cat:tga9t:g i::ttttt.att.t. gttgtat:ttt ttttttt:t.a9 agaaaatcct. 17700 

ccaaeatata aattai;rgaat catag-tttca tgatt:tt.otg ttacacctaa ctttttg>tgt: 177$0 

g9tgccctcc t.cet:.tgtcaa tat:ta.atgtt aaagtgcaat tcttt!;t:.cct tatcacgttg- 11620 
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agccatt:.agt atc:aatttgc ttaoctgtat tcctttac:.at cctc:cttttt C't:ccttctt9 17680 

e:taaatgt.at gtagattgcg tat~tagt.tt ciitctaccct atgaacat.at tccattttgt 17940 

.9.ii!t.ttcgtgt cgtt.tctat.t atgaatttca tttataaa9e ttatgt.acaa il. teitca taii1a 18000 

aaaa9agaat cttttta"1gc aa9ga-ctttc ttaaattoct c99cgacagc atcacoq~ct 18060 

tc::9sitggtac;: tgtt9gaacc aee:taaatea ccagttctga tacctgoat:c caaaiaccttt 18120 

ti;sa.ctgcat cttcaqtgqc ot:taccr:tc:t tcag9oe\agt tcaatgaaaa t.ttcaacatc 19190 

attgcagoag aca.agatagt ggcqataggg ttqacctta"C. tctttggc:aa a tct9gagca 19240 

gaacc9t9"9c £itggttc~ta caaiiC:Caaat gc99tgttct tgtct.ggcaa aga.9gccaa9 18300 

gacgoagQ.tg 9e<?.acaaacc caaggaacct g99a\:aac99 aggctt:catc gqaga.tgata. 10360 

t:eaccaaaca tgtt9ctggt 9attataata ccatttaqgt ggqttgggtt ct.taact:agg 16420 

atcat:.99cgg caga;;itcaat. c:aatt9atgt tgaaacteca at:gta.gggaa t.tr:gttct.tg lB480 

atggtttcct ccacagtt.tt tctccate;~t ctt9aagagq cc.;ia:aacatt ag-ctttatcc 1B540 

aaggacoaaa. taggcaatgg t99ctcatgt tgtagggcca tgaaagoggc: cattctt.91..g 18600 

attatt.tgca ct:tetggaac grjtgtattgt tcactatcco aagcgacac:c atcacc~tcg · 18660 

"t:c'Ctcctttc tattaccaaa gtaaatacct: i;::c:cactaact e-tctgae~ac aacgaa9tca 18720 

gi::acctttag i::::aaatt9tg9 cttgattgga g;;itaagtcta aaagagagti:; ggatgcaa.a<:J 10780 

t'tacat99t:c ttaagtt9gc gtacaa.ttga aqttotttac ggutttttag taaaocttgt 19040 

toaggtctaa oactaccgqi:: acc:gcgcttg eqgalllgcatc agoaaataag r,:rc:cage:ace.g 18900 

ccaqcgca9t tgccgct:ttg gttcctgat.t c.tgttctt9a. tgaettaaac aaa9cggca.c 18960 

agtaacaa.$.g gacttcattg ataat't.tttc ttcagqagga agacatgtca ttctt:ttcta 19020 

cqt;.taaaaac egctt:.tgeot ttgaagga9a aacttqctgo tactggtg_tt cttgt;totga 19080 

ttt:qcgcac:t: tgttqqtgot: gggttt9cat gqqaac9tca tcagctaaag caagccatag 1H10 

agaaaattgg ca.gtcttgat ca.9gctgtta agga:ac:gtga taa9tcaata atqqatctt:a 19200 

aocagacCat tgagacgatg aaca.a.agcag ag:caacattt. t.oaeagcca9 qaagt.gaaaa 19260 

atgaatcaga acaa9ccaa9 eatgctgaca 9gcaaat9ge ai::gaaaaget ga.agt;tcaga 19320 

a.aeaactq9t tgo:ggcgggt aatgttcgco agcgtat:too tgotgacact eagcggttgc 19390 

tccgggagt:c gatcagcgaa tttaacgocg acgccg.taoaa aqgtta~cca ccctqccccc 19440 

aaaagtgoat ttat.qtgtag gatgcc:agag ttteqcagtg aatatttt:ga tqatctqcoa l9500 

gcgtatatcc tcgataeaga aac9atgctg atgqggatta aoaggE\agaa tc9caac9~1: 19560 
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aatgattaca acogagctat tag-c:ggtaac taaaagggat ttttatgtct gataaagtaa 19620 

c:a9taaa9ca asctatcaa.c aaagcqacct caatctacaa aattgaqcaa ateactgttg 19600 

gcaagcca9g atci:g.aacaa taccgt:cgt.g ctti:cqi>J.gct tgccg.s. t eag ct:tggttt.aa 19740 

aacacoegga tt9cat:tgag catgt.atttc cqacetatgc tgatgagcaa tgtactcatg 19000 

t:t.cttaccga aga99attt.t ttcagcact:g aa.gaacgaga. aggcgt tgat ogctgca.ttg 19860 

gtgt9atttg ttcttcqgta aqtgatgagt tattccctaa tgtgcc.tgaa tatggt9gt• 19920 

ttggatacca. ar:tcctgt.ac gagggcgatg a9c:ttaaatg etatgaacat ggtettctca. 19980 

tcgaaagegt agaat.aatac qactccottc caacc99eta cgttqqcogg tL.t.tt.cact'C. 20040 

atc::oacatta t.ccactggat a9atccaata atoaggtcca t.aoa9at ccc auttagatc:c 20100 

atatagatcc ctgatc9ttg caggccgogc c.acgtct9gc ttagaagtqt at:c:9cgatgt 20160 

gtgctqgagq gaaaacgatg tqtqctqg.ag ggataa.aaat gtgtgetgac: gggttgct:aa 20220 

tqtgt9ctgg cgggat.:.atag gatgt:gt:gtt gacg9~a.aag cttggc;tt:.agt tatc.ticcact 20280 

tataaa.siact atccacacaa tt:cqqaaaaa gtaatatga~ t:caatcatet ?1tctcc9nta 20:;40 

ttotttacgc aqac.attqaa aqta.aggcaa aagaaot.li'IS.C agttaattea aacaaoactq 20400 

tgcagcctgt agcgtt:9atg cgc.ttggggg tattcgtgcc gaa.gcc:atca aagagcasag 20460 

gaqaaagtaa agagatt:.g.at. gccaccaaag cgttttccca qct9gagata qat.aaa9ceg 20520 

aq9gttacga tgate.ttaaa atcaccgg'to ctcgact:aqa t:l;.)tggatact gattteaaaa 20580 

cgt9gatc9q tgt;catctac 9cgttc:a9ca. <;1a.tacg9ct'I: 9tcctciiaac acca.tccagt 20640 

tatogttt:.ce. ggaattcgct aaa.gc:ctgtg gtttcccctc illete.acgtctg gatgcgaaac 20700 

'tgcgtt::t:.aac cattcatgaa tea.cttg9ec gct:tgcgtaa caagggtatc gctt::ttaagc 20760 

gcggaaaaga tgctaaaggc 9i;1or.at.ca9a ctggtctgct gaa9gtcqgg c9tttt.gatg 20820 

ctgseettga tct9atag~9 ct9gaggct9 attcgaagtt 9tgggagctg ctccagcttg 20880 

::ittatcgcgt tctgttgcaa caccacgcct tgcgtgccct tcc9aa.9aaa gaa.getgcac 20940 

aagoaat:tta cacttt:cate qa.!!l::tgccttc c9cagaaccc gttgei;;gcta tc:gttcqcga 2l000 

gaatco9tgs gcgcctggct ttgeagtoag ctgttggcga gcaaa:e.ccgt: atcattaaga 21060 

aagcqatag.a .a.cagcttaaa acs..aee~sct atctcgactg ttctattga9 ;aagaaag900 21120 

gggaaagttt tgtaatcgtc eat tc:t.e:gca a t:.cc:::aaagct qaaae:tccoc gaataa9t9t 21180 

gtgctggagg 9aa.aco9cat taaaaagatg tgtgctgcc9 g'l):aaggcttg tcoaatttco 21240 

tgtttttgat 9t9e9ctgga gggggacgce ec:toe.9t ttg e:ccagaottt ccctcca9ca 21300 
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cac:atC'!tgto catccgcttt tccctccagt gcacatgtaa ttci:.ctgcct ttcccte!~ag 21360 

cacacatatt t.gataccagc gatccctcca cagcacataia ttcaatgcga ettccctct.a 21420 

t:egcacatct: tagacttt. ta t:. tct. ooc:i:.cc agoaoacai:c gaagotqccg ggcaagccgt 21480 

tctcaccag'T!. tgatagagag tgaagcttgg ctgcct::attg aagca99.aaa tcaccaaaet 21540 

gattea99ct ac.a;;icctgaa cgtagaagaa atccgcgtcc tttatgcgtg gaggatgcca 21600 

aa9catgt.tg- tgacar:actt ggcaaaggag taagcatgca gagaatgcta tgtaoaagca 21660 

tctacgcata cattattatt ttatgcagoa tt.ttt.Si!tta aattcaa.aa,;,, tia.aagoa.t~a 21720 

aggat.gactt tcgatqaqtg attcca9cca gettcacaa.9" gttgc't.caaa gag:caaacag 21780 

aat:gctoaat gttctgactg aacaaqtaca gctgcaaaag gatgagctac ac9c9aac9a 21840 

g-t't:ttaecag gtc::tatgcga aa9cg9cact ggc::aaaat:tg cctcr:accga ot:o9a9c9aa 21900 

egttgactat gccqtaagtq e.aat9ga.a.9a aaagggttat gttttcgata a.a cgc.cctgc 21960 

tgqctcttca atgaaatatg c9at9tceat tcs.gaacetc attgacata't: atqaacatcg 22020 

cgqagtgcca aaataoe;9gg atcgctacag cgaagcgtat gtgattttca tctccaatct 22080 

taaaqgeqgt gt9tc~aaaa ctgtatcgac ggtttctctg gcgcat9caa tgcgtgctca 22140 

ocetoatctt ct.tacggagg attt.aaggat tctgg:ttatt gaccttgatc c9oaatctto 22200 

agcaao9.atg Cttttaagcc ataaacactc tattggtatc gtaaacgca.a cat:.ctgoaca 22260 

ggc"tatgttg cagaatgtaa gccgtgaaga gct:gttagag gagtttottg ttccttctgt 2?.320 

tgtac1::n:.9g9 gttgac:gtta egcctgc:gtc gal;tgacgat gcctttattg catccgattg 22360 

9aga9agetg tgcaatgagc liltct.accggg tcagaacatc catgctqtcc tgaaagaaaa 22440 

tgtgat"Cgat aagctg:aaga gcgattatga ctttatcctc gttgatagtg gtcctcaoct: 22500 

tgil.cgcctl;c ctgaaaaatg ctttggcctc ggccaatata ctgtttacao ctctgcagcc 22560 

aqcaactgtc gatttccact catcgcttaa atacgttgoc cgecttectg agttggtg•• 22620 

actcatttcg gatgaaggct gcgagtgcca gcttgcqacc ei.aca'ttggtt: ttatgtccaa 22660 

gttgagtaa.c aa99c::agaco a.taagtai::.tg c.catagcctg 9ctaaa9aag tgttcggtgg 22740 

ggatatgctt gatgtcttcc tcc:eti::9cct tgacggtttt gaacgctgc9 gcga9tcttt 22600 

tgacactgte attt..cagcta acoo9geeec gtatgttggt a9t9ot9atg eattgaagaa. 22860 

c9cgcgaatt gccgcgqaag att:ttgcta.a agcagttttt ga.ccgtat 22908 
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<210> 7 
<211> 7870 
<2.12::> DNJ< 
<213> Artificial Sequence 

<220> 
<.223> Description of ~~tificial Sequence: Synt:het.i.c 

polynuc1eoticle 

<400> 7 
9t9oactctc agt$Claat;ct gctctgatgc cgcatagt'l:a agc:cagcccc gacacccgcc 60 

.aacaccc9et gacgcgccct gacggqottg t:.ctgctcccg gcatccqctt ac:::a9acaago 120 

tgtgaecgtc tcc99ga9et gcat.gtgtca ga.ggttttca ccgtcatcac cgaaacgcgc 180 

qage.eqaaag ggoctcgtga tacgcctatt 't.ttataggtt aatgtcatga taataatggt 240 

ttettagacg tcag9t9gca ctttt:cggq9 a.n.at9egcgc ggaaooccta tttgt:ttatt 300 

tttctaaata cattcaaata tqtatCC13"0t catgaqacaa ta.eocctgat aaat:gottca 360 

ataata.ttga aaaa99aa9a 9t.e.tg:a9t~t tcaa.ca.ttt:c c:gtgtcqccc t'tattc:o:ct.t 420 

tttt9e99ca ttttgccttc ct9tttttgc t.cacccaga.ei a.cgctgqtga aagtaaaa9a 400 

tgctgaagac caget99gtg cacgagtgqq ttacatcgaa ctggacot.ca aca.gcggtaa srn 

gat.cctt9ag agttttcgcc cc9aai;i-aacg ttttccaatg at9agcaett ttaaagtt:ct 600 

gctatgt:.g9c gcgqtattat ~co9tattga cgccggqcaa gaqcaae:t.cg gtcgccgcat 660 

acactattct cagaat9at;!t tg9ttgagta ctcacca9tc a.ca9aa.aaqc atcttacgga 720 

tqgcatgaca 9tnaga9aat tP.tgcagtgc tgccataaoc at9a9'tgata acactgo99c 7BO 

caacttactt ct9acaac9"a tcggaggacc gaaggaqcta accqctt:.t.t:t tgcacaacat 840 

gggg9atcat gtaaotcgcc ttgatcgttq ggaaccggaq e:tgaat9a;;ig ccataccaaa 900 

cqac9agc9t gacaccacga tgcctgtago aat99c.e.aca acgttgcqca aactat.t..aac 960 

t9gc:gaacta cttactot:ag cttcccggca acaattaata gactggatgg ag-g:cggat:aa 1020 

111gtt9-cagqa ccacttctqc gct:.cggccct tccggctgqc tggtttattg ctgataaatc 1090 

tggagccggt gagcgtg<;rgt c-ccgcggtat catt::gcagca ctgggqccog .a t.ggtaa9oc 1140 

c:tcccgtatc gtagttatct acacgacggq 9a.9toar;igca aotati;rgatg e1acgaaat.eg 1200 

acagatcgct gagatoggtg cctcactgat; taa9oattgq taactg-toa.9 ec:caaqttta 1260 

ctcatat.ata ett.tagattq att:taaaac.t tcatttttaa t t taa.aa gga tcta99t9aa 1320 

qatocttttt gataatatca t9aoca.a.ae:t cccttaacgt gagttttcgt tc::;cac"tgagc 1300 

gtcagacccc gtagaaaaga tcaa.a99atc ttcttgagat cctttttttc tl',Ji;gcgtaat 1440 
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ct9ctgctt9 oe.aac:aaaaa aaccac:cgct accaqe99t.g gtttgtt:tgc cggar:caa9"a 1500 

gctaccaac:t ct.ttttccga agqtaactgg ct:.teagcaga gcgcagata.c caaatsct9t 1560 

tc::ttctaqtg t1111~ccgt:agt ta.ggccacca ce.t.caagaac tct.gta.g-caC cgoct;acata 1620 

cctcgctetg cte:.;i tcctgt taceagtggc tgctgccagt 9gcgataagt cqi;.gtc:ttac 1690 

cgggttggac tcaagac:gat agttaccgga taaggcgcag cggtcqggct gaacgggggcy 1740 

ttcgtgcaca cagc::ccagct ;:ggagoge.iil.c gaccta.:ai::Q gaactga9a.t si .;ctaca9eg 1800 

tgagc'Catga gaaa9cgcca c9ctteecgo agggaqaaii!g gcggacaggt qtccggtaag 1860 

c9gca999tc 9qaacaggag .agcgeacgaq g9a9ctt:.cca gggggaaec:g cctqqtatct 1920 

ttatagtcct gtogggtttc gCC.$Cctctg acttg.;i.gcgt: cgati::ttt9t gat:gci:cgc.c 1980 

a9gggggcg9 agcctatq9'.a ~~aacgcoag caacgcggcc ttttt.acgqt tcct:ggcctt 2040 

ttgot9gcct tttgctcaca tqttctttec tgc9t.tatcc cctgattct9 t9gataaccg 2100 

tattaccqcc tttgagtga9 ctgataccgc i:cc;rccgcagc cgaao1;faccg agcgca9c9e 2160 

qtcagtgagc 9aggaagcqq aa9agcgccc aata.c:qcaaa ccgcC!t(!tcc ccgcgc9tt:.g 2220 

gccgattcat taatgcagct qgcaegacag gtttcccgac tggaaaqcgg gcagtgagag 2200 

caacgcaatt aatgtgaqtt alj'C.tcactca tta99"caccc caqqctttac actttat9et 2:l40 

tccgqctc9e •tgttgtgt9 gaattgt.gag c99ata.acaa tttcai::ace.g .gaaacagcta 2400 

t9acee.tgat t:ac9ccaa9c: tcgcggccgc agtactctgo a.9att.ttatg caaaatteaa 2460 

g'tettgtgao a.aoagct.ttc tcctta.a<;J'tg caaatatc.gc ccattctttc ctctttto9t 2520 

atataaatgc tgt.aa.tagta gqatgtcqta e:c:cgtaaagg tacgacattg aatattaata ~580 

tactccr.aag tttactttcc caatatttat attagga.c9t C'Ccctt:cggg taaataa~tt 2640 

ttagt99cog tggtaccgcc acteootet;t ttaatactg:c gaaggagg-oa. gttggcaggc 2700 

a.actcgtc:i;rc tcgcagtata taaatatcca ctaatat.tta tattc.ccqta aggggacgtc 2760 

ccgaagggga aggggaaa9a agc:,agtcgcc tccttgcgaa aaggl:ttact tqcccqaooa 2620 

9t9aaaagca t.gctgt.aaga tataaetcta ccc:t:gaaag9 gatgcatttc accat&atac: 2980 

tatacaaat.g 9t.gtt.acoc:t tt.qaggatca ta~cggt9ct ectgqaatat atg'9t¢tctt 2940 

catggataga c9atagoc:at ttatttacco attaagggqa cattaqtggc otgtc:actgc 3000 

t.ccttacgag a.c9coa.1~ft.9'9" e.cgttcgtcc ta.13a.aaatt:t atgcgctgcc ta.9aa.gcccc 3060 

aaaai;r9gaag ttta:otgact cgtt;agagcg tgcg:ct:aa.e:a ggttteaata cttcaatatg 3120 

tat:at.ta9ga cgcc:g9t9g-o ~gtggtaccg coactgocac cgte:9'Cdai;tga cg"tccct taa 3160 
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ggtatattat atactagqat tttaatactc cgaa9ga99c agtggcggta ccactgccac 3240 

taatatttat att.ccogtraa gggacqt:cot ccttcggagt atgtaaacat tctaaqttta 3300 

cttgcccaat atttatatta ggcagtt9gc aggoaaot9c tagctct.cct ccttcggagt 3360 

atqtaaac::at cgc:agtatat aaatat.ccac taatatttat attcccgta.a ggggacgtcc 3420 

cg~aggggaa ggggaa99ac gtcagtggca gt:.tgcct900 a.actgcctag gcaagtaaa.c 3490 

ttaggaqtat at:aaatetag gcagtcgc99 taccactgc:c actgacqtcc·tgccaactgc 3540 

ctaggcaagt aaacttaagt 99cac:taa;;ia tgcatttgcc cgaa~gq9aa gqaggacqcc 3600 

a11tg9,,a9tg gta.ccgcc~c tgcctccttc ggagtattaa aatcctagta tgtaaatetg 3660 

cta9cg~agg aaataaattt tattctattt atata.ctccg- tt::aggaggta agtaaacaot:: 3720 

ttcccettcg 99aogtcagt gcagt:tgcct t;tecaactgac t.aatat.aaat at:tagaoc::a.e 3700 

taaagtt.tgg c:aactgccaa ct qt t.gt;.cc.t tcggagg:a.aa aaaaatq9t.t sactcgcaag 3840 

oagttaacat aact:aaagt.t tgttacttta e:cgaagacgt tl:ac:cc.tttc tc9qttaa99 3900 

ag3cgga9ac agttgcactg tgactgccta gtataqcaat tt.tgtttttq t:tt;.itatgct 3960 

ogac:aaaat.q act:ttcataa aaatata~.ag tagtr:.agci:.a 9tt.attttat atcactataa 4020 

etagggttot: ea.9Sggcacc qaa~tc..aett gtaaaa.at.ag tactttttaa cttgtt;taat 40SO 

cttcqtgtte: ttcaaaagqa tca.cgtaatt tt.tttge.agg tggaco-a.aaa ctaacataaa 4140 

ct:9aa:e.;i:i;Jcc agttacai:::tt oacagaagaa. aocataaaaa aa.a9qtaa;;1.g eaaaaaqetg 4200 

gactttccat: agcteal::l::ta ataataaaat tattctct.tt tcaacatatc tctta9atag 4260 

ttcaaaaqac ttgacgactq tgtcccaci!!..t ttttaaaaaa aattGatcta ctcaa.sattt 4320 

tgccct:gag:a aagt1ataact t:..act:.t.Ot;tttt ttgcagtagc eia.t:.teatgtc acttt9aaac 4380 

tgtccttaca aagttaaaca ttaattaaaa attatttaat ttttatataa caaatattet 4440 

attaaataaa ~aatgaacaei agaact:tcta agat~9tctt tagtgaqtei.!l. i:taGJ.agagtt 4500 

tt&cttacca gacaaqqc:ag ttttttcatt ctt:i:taaagc aqgcagttct gaagggga~a 4560 

agggactgcc tac'tgcggti; ctaggtaaat acat:ttttat 9caattta.tt tettgtgcta 4620 

gtaggtttct a.i;.actcacaa qaagcaao:oc cttgacga9a 9aacgttatc cteaq:lgt9C 4660 

ttataat:.cce gagagqgaat. gcoi1ctgaaga atat.ttte:ct tattt.tt.tse ¢'1gaaagtaaa 41qo 

taaaatagog ctaataac90 tt;;>attcatt t.aa.toa.atta tqgcaacagg ;aact.tctaaa 4900 

9c?:a.aaeeat caaaagta.aa ttcagacttc caa9aacct9 9tt,a9ttac accatta99t 4660 

acettattac gtccacttaa ctcagaaqca g9t..aaagtat taoc:aggctg gggtaeaact 4920 



36/73 

;rttttaatgg ctqtatttat: .ce.t.ttt.a-ctt gcagcattcl: tattaatcat ttta9a.aatt 4~ao 

tacaa.cagtt cr:.ttaatttt agatgacgtt tcta.t:ga.qtt i:;:rgqaaactt.t. a9ct;;;i.eagtt 5040 

tcttaatttt atttaacaca aacataaaat ataaaact9t ttgttaagqo ta.c;Jctgctaa 5100 

qtcttcttt:t cgctaa99t.a aactaagcaa c:tcaaoc:ata tt'tatattog- goagtggcac 5160 

09i:;c.aactgc cactggcctt ccqttaagat aaac.gcgtqq at.otcacgtg actagtgata 5220 

t;Ctaicgtaat c:gatqaattc gaccccattl:; ttataactgg atctcaaaat acctat.o.aac: 5260 

ccattgttct tc:tctttta.9 ctctaagaac aatcaa.ttta t:aaatata'tt tat:t:.ati:;atg 5340 

o:t.51taatata aat.actatat aaatacattl:. acetttt;tat aaatacatt:.t accttttttt 5400 

ta~tttgcat 9i!:l'ttt:caatg cttat:gctat ottttttatt tagtccai:::~a ao.cct:. t.taaa 5460 

ggaccttttc ttat:gggata tttatatt:.tt ec:ta.acaaa9 caatcqgc9t C;;ttaaacttt 5520 

a<;rt:.t9ctt.ae: gacgcct9t9 gacgtecc:cc ccttcccctt acgggcaagt aaacttaggg 5580 

at.tttoatgc aat.a.aataaa tttgtcctct tcgggcae;at gaettttagt. atttaaat.l<lt 5640 

gacaaqggt.g aaccattact tttqttaaca a.qtgat.ctta ccactcacta t:ttt:.tgttga $700 

attttaaact t:atttaaaat tctcgaqaaa qattttaa.$.e ataaactttt ttD.atctt.tr.. 5760 

at:ttat'ttt:t tett.ttttcg tatggotcgt gaaqoi;r;tta tcgccgaagt atcm.aet.oaa 5$20 

ctatcagagg tagtt.ggcgt catcgagcgc catctc9a~c cgacgttgct 9gccgt:ac:at 5880 

ttgt.aagqct ccgoe.gt;gqa tg9cggcct:.9 aageoac::aca. gtgata.ttqa tttgctggtt 5940 

e.oggtgaccg taagqctt:-qa tqaaaeaacg oggcgaqctt tgatcaaoga cott't-tggaa 6000 

acttcqgctt cocct99a9~ 9agcga':;t:att ctccgc9otq tagaa9tcac cattgttgtg 6060 

cacgacgaca tcatt.ccgtg gcgtt:atcca gctaaqcgcg aact9oaatt t.gqagaatgg 6120 

cagoqcaat9 a.ca.tectt9c ag9tatcttc gagccagcca cge.tc'4aoat tqatctggct 6180 

atcttgo'tga ~a.$.aage;;ag r.igaacata.gc gttgccr:t99 taggtc:cagc ggcgg~qg-aa 6240 

ctcttt.gaec c9gt:tcctga acaggat.cta ttt9ag9c9c taaatgaaac cttaacgcta 6300 

tggaa.ctc:gc cgcccgar;tg ggctggcgat gagcgaaatg tagtgct.ta.c gttgtcccgc 6360 

atttggtaca gcgcagtaac cggcaaaato qc;.gccga.agg at9ee9c'Cgc cgactgggea 6~20 

atggagcgcc tgccggccca g:t.atea9cec gtcat:.actt.~ aa.gctagaca gqottatctt 6480 

ggacaagaag aaga:t:.egot.t q90.ot.c9e9c q-cagatcaqt tggaagaatt tqtocactac 6540 

gtqaaaqqcg agat:.oaet.aa ggtagttggc aaataactcc aagca1:tat.o taa.aatactc 6600 

tgcaggcacq ctagcttgta ctcaagctc:9 t!!l!!Cgaa9gt cgt.gacct tg cte(Jt.9'aagg 6660 
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tggCqacgta attcgt.t:cag ottgte.aatg qtc:tceag.asi cttgCtgctg catgtgaagt 6720 

ttgga.~agaa attaaattcg aatttgatac t.a.ttg;;icaaa, ctt:taatttt tatttttcat. 6790 

gatgt:tl:a.tg tgaa.tagcet aaa.ccitcgtt tttattttta tq9tqtl::ta9 qttaaataoc 6940 

taaaca.tcat ttt:.acatttt taaaat;taa9 ttctaaagtt atott.ttgtt:. taaatttgcc 6900 

t:gtotttata a.~:ctacgatg t'}ccagaaae ataaaatct:t aqctttttat tatagaatt.t 6960 
~tctttatqt attatatttt .ataagttata a taaa egaa.a tagtaacata ataaagcgga 7020 

tgtagag-ogt ttatcttaao gg.e.aggaatt c99cgcct;ac gtaoccg9gt:. ogcg~ggatc 7080 
caogcgttaa ta9ctoactt ttct ttaaat ttaattttt.a. atttaaaggt gtaagc::aa.;it 7140 
t.9cc:tgacga 9a9;::itccact taaa99at9a caqtggcggg ctactgccta ctt.ccctceg 7200 
ggata.aaatt t:atttgaaaa acgttagtta cttccta:i.c;g gagcattgac atccccatat 7260 
ttatattaqg acgtr.;ccctt cqg-gtaaata aattttagtg qacgtc:::coct tcgggcaaat 7320 
aaattttagt ggacaata.:;i.a taaatttgti:. gcctgccaac "Cgc:ctaggca agtaaacttg 73BO 
qqacytiatt:aa aa taggf.lcgt cagtqgoagt tgcctgcea.a ctgcctatat ttal;.a.t;actg 7440 
og.?1.a9caggc aqc.9gc:ggta ccactgcee.c tggcqtce-c~ c.itataaatat tgggcaacta 7500 
aaqtttatag cagtattaao atcctatatt tatatactcc gaagqaa.ctt gttagccQ"at 7560 
a99cgagqca. acaaatttat ttattgtccc gtasaaggat gcctcca9eia tcgaag:ggga 7620 
aqgggacgtc: ctaggccata aaaotaaag9 gaa~tccata gtaact:.9at9 ttataaatt::t 7680 
atag.aotcca aaaaaca.qct gcgttataaa taacttctgt ta.aatatggc caag9g9ai;:a 7740 
9ggg'cacttt caaot.aagtg tacattaaa~ attgacaatt: ea.£1tttttt.t taattataat 1aoo 
atatatttaq taaaatataa c:aaaaagccc ccat:cqtcta ggtagaattc c:agctggcgg 7S60 
ccgeceta.tg 

7870 

<21-0> a 
<Zll> 1353 
<212> DNA 
<2t3> saccharomyce6_ cerevisiaQ 

<400::> a 
tcgc9c9t"t'C eggtgatgae ggtgaaaacc t.ci:g.ac:ai::at gcagct:cccg 9ag-e.cggtca 60 
ca9ctt9tet. gt:aaqc9ge.t gccgggagca gaca.agcccg tca.gggagcg cgtcagcggq 120 
tgttg9099g tgtcgg9set ggcttaaota ti;ieggcatca ga9cegatt:g tact: gaga gt. lBO 
qoaecatacc aca9ottttc aattcaaetc atcatttttt tttt:attCCt tctttt:gatt 240 
tc:ggtttctt tgaaattttt l:.tgattc9gt aat;ctccqaa ca.gaagg-a.ag aacqaa.99aa 300 
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gqagcac:aga cttagattgg tatatatac9 catatgtagt 9ttgaagaaa catg6laattg 360 
ccc.;i;gt;attc tt.iaacccaac tgcacagaac aaaaacctgo aggaaacgaa g-a'taaatcat:: 420 
gtcgaaagct .;icatataagg aacgtgc:t.gc tactcatcct agtcctgttg ctgccae.get !BO 
atttaat.ato .a:itgcacgaaa agcattaoa;;;i.a cttgt9t.9ct tcat:tgga i;g ttcgtai::cac 540 
caaggaatta ctggagttag ttge.agcatt aggtcccaaa atttgtttac taa.aaacaca 600 
tgt99atatc ttgactgat:t tttccatgqa gggcacagtt aa9ccgctaa aggcattatc 660 
cgccaagtac aat:tttt;t.ac tct;tcgaaga cegaaaattt gctgacat"C.g gtaatacE19t 720 
ca.a.attqcag taotc!:.gcgg gtgt:atacag aatagcagaa tgqge.agec;;. ttacge.atgc 760 
acacggtgtg 9t9ggccca9 gt..attgtta9 cg9t t tgaa g caq9c:ggcag aagao.gtaac 640 
.aaaggaacct agaggcct"t.t. t:gatgttagc aqaatt.gtca tgcsagggct ccctatctac 900 
tggagaatat actaagggta ctgttgacat. tgcqaagagc: ga.eaaagat:t tt:gttatcgg 960 
ct:ttattgct caa~g.;rgaca tgg9t99oa9 agatgaagqt tacgat:tg9t tgattatgac 1020 
acccggtgt9 9gtttagat9 acaagggaga cgc;:i.ttgggt caa.cagtata gaaccgtgga 1080 
tgatgtgqtc tctaca9get ctgacatt/ilt tettgttgga: a9eggactat ttgca.eaggg 1140 
a.as99a.tgct aa9gtagagg 9tgaao9tta cagaaaa9ca ggctgggaag catatttgag 1200 
aaqat909gc cageaa.aact aaaaaactgt attataa9t:a aatgcatgt:a t:.aot.aaactc 1260 
aea~attaga gctt::ceiattt aattatatc;;i gttattacci:- ::.;;i tgcggtqt: gaaat:.accgi::: 1320 
acagatgcgt aagiq-egaaaa taccgeatca ggo 1353 

<210> ~ 
<211> 2474 
<212> ONl\ 
<213> Saccharomyces cerevisiae 

<400> 9 
tcct:gat:gc9 9t;attttctc ct.tac:geatc tgtgcggtat ttcacaco9c atatc9a:cgg 60 
tagaggagaa cc.tctagtat a:tc:~.:;i.ca.ta.c ctaatateat tgccttatta. aaaatggaat; 120 
cccaacaat.t acatcaaaar. ccacattc'tC ttoaaa.atca attgtcct:qt ai::ttc:cttgt ieo 
tcatgtgtgt tcaaaaai::gt tatatttata ggataattat actctatttc tcaacaagta 240 
•ttggttgtt tggccqaqcq gtot:.aa.ggcq cctgattcaa gaaatatctt qa.009cagtt 300 
aactgt9gga atect.caggt atogtaai.gat gcaagagtt.c gaatctetta goa.aocatta 360 
tttttttcct CaGicataacg .agaacacaca gqggcgctat cgcaca9a.at ca.aattc9at 420 
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gactggaaat ttttt:gttaa tttcag,a.ggt cgcctgacgc atatacctt.1!. ttcaaotgaa <BO 
aaattgggag aaaaaggaa.a ggtgagaggc cggaac~ggc t:tttcat:ata gaatagagaa 540 

gc9ttaat9a c.t.:.aatgctt gcat:caeilat acttqaa9tt qacaatatta tttaaggaoc 600 

tat.tgtl:tti:. tccaataggt. gqttagcas.t cgtcttacti:. tct~actttt cttacctttt 660 

ac ... tttca.gc aat:atatata t:atattteaa ggatatacce. tti;:taatgtc tgcccctatg 720 
tctgcccote. agaagatcgt. e9t.tttgcca ggtgaooaeg ttggtcaaga aatcacogcc 780 
gaagco:atta agqttctl:.aa agoteitt.tct gatgt:'Ccgt.t: ccaat9tcaa gttcgatttc 640 
qaa.natcatt t:aattggtgg tgctgctatc gatgctacag gt9tccceet. tccaga tqag 900 
gc.9ctggaa9 ce:tccaagaa ggttgatgcc gttttgttag gtgotgtggg tggtccta~a 960 
tgg9gtaccg gtagtgttag aoctgaacaa 99tttactaa aaatccgt.aa .eg~flcttcaa 1020 
ttgtacgcca acttaagai:c atgtaactt.t 9'Catccgact ctcttttaga cttatctcoa 1080 
a"tcaa9ccac aatt:.t9otaa aggtactgac ttcgttgtt:.9 tc:a9agaatt ag-tqgga9gt 1140 
a.ttt.actttg 9taega.gaaa qgaagaaga-: ggtgatggt9 togc:!:tggga tagtga.acaci: 1200 
taoaccgttc czi9a.agtgca aagaat:.oaca agaat99cc9 ctttcatggc cct.;ie.$\acat 1260' 

9sgccaccat tqc:ctatttq gtoctt.ggat aaa9ctaGitg ttttggoctc: ttcaagatta 1320 
tggagaaaaa ctgtggag9a aaccatcaag aacgaa.ttcc ctacattg.aa gqttcaacat 1380 
caat::t.g!l.t"C9 attctsoogc catgatccta gttaagaacc oa.a~ccacct aaat9gtatt 1440 
ataatcacca gcnac.:atgtt tggtqatatc atctccgatg a:a9cctccgt t.atcccs.9gt 1500 
t:.cottgggtt tgtt9ccatc tgcgtccttg gcctctttgc cagacaa.gac:i caccqcat:.tt l.560 
ggtetgt.;ic:g aaccatgcca cggttctgct e:cagatt;tgc caaagaataa ggttqaeeoi:. 1620 
atcgccacta tct.t.gtotgc tgcaatqat:i;;r ttgaaattgt: cattgaact.'t gcctg.;i;:igaa 1690 
gqt:aa9gcca ttgaagat:qc agttaea.6!ag gttttg9atg caggtat.c:eg iSl;!:Ctggt9at. 17•0 
ttaggtggtt ccaacagtac caccgaagtc 9gtg-atgctg tcgccqaaqa agtta~gaaa lBOO 
atcc't'.t:gi;tt aaa.a.a9attc t.cttt'tttt:.a t9ate.tttgt acataaactt tataaatgaa 1860 
att;cata9l::a gaaacgacac gaaatta.caa a~tg:gaatat gttcataggg tagacgaaac 1920 
tatatacgca atctacatac atttat.caag aaggagaaaa aggag9atag taaaggaata 1960 
ca99taagca aattgatact aat9gctcaa. cgtgata.agg aaaaagaatt gcaattta.ac 2040 
atteat::att.9 acaaggag9a gggcaccaca caaaaa9tta ggi;.gtaaca9 aaaatcatga 2100 
aar;:tacgatt cct<llatttga tatt9g;;i.gga ttt:tctotaa aaaaaaaaaa atao~acaaa 2160 
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ta.aaaaaeac tcaat:gacct gaccattt9a tggaqtttaa gtcaatacct tcttgaacca 2220 

tttcce.staa tggtgaaagt tccctcaaga atttl;actct gtcagaaacg qoottac::gac nao 
gtagtc:gata tggtgoactc tcagtaeaat: c:-c:gc:tc"t<Jat 9"Ccgoa t.agt ta.tigccagcc 2340 

ccgacacccg cc:aae:ecccg ctgac:gcgcc ccgacqqqc:t. tqtct:9ctcc eggcatccgc 2400 

ttacagacaa go.tgtqaceg tctccg9ga9 ctgcatgt9t caga9gtttt eiacogt.oatc 2460 

accgaa.a.cgc 9cga 247' 

<no> 10 
<211> 1177 
<212> DNA 
<213> Saccharomyces ce..:ce:vieiae 

<400> lO 
aattcccgr;.t ttaaqGgc:tt ggtgagcgct agga.9tcf.lct qccaggtatc gtttqaacao 60 

9gcatt.a9tc ag-9g,;i.agtca t:.cac;;icagtc ctttcccgoa At.tttctt.t.t; tctatt:acr.o 120 

ttggectcct ctagtacaot cta.tattttt t.tatgcctcg .g-taatgatl:'.t tcattt:tttt 180 

ttttceccta gc:ggatqai:t cttttttctt c:t;tagcqa.t-r;. gg:catt.a.t;ca cataai::qa.:it; 240 

t.;ita.c:attat:. ataaaqt~at gtgatttct.t cgaagaa.tat ffictaaaaaat gagcaqgcaa 300 

9ataaaa~ri~1.a ggcaaatJti. eg acagagcaga aagccctagt aaagc9tatt acaaal.9a~e 360 

ccaagattoa gat tgcga:tc tctttaaagg grggtccc:ct agcgaeagag cactc9etct. 420 

tccoaqaaaa aqa.9qeagaa ig-cagta9cag aacaggccac acaatcgcau gcg.;:it:.taacg 480 

tccacacag-g t.at~gggttt c:t9g~ccato tgatac:atgc t¢tggccaa9 eatti;:cggct 510 

9gtcgccaat 09ttga9t9c attqgtgact tacacataga cgaccatoac accactgaag 600 

actqc9g9at tgct:ctcgt;Jt caegctttta. aa9a9g:ecct actg9e9c:9t ggagtaaa.a.;.. 660 

ggttt99atc aggotttgcg ce:ttt.ggat;.g agqcactttc c•gagoggtg gtagatctct 720 

cgaacaggcc gtacgcagtt: gtcgaacteg gtttgca.eiag g9agaaagta ggagat:at;ct 7BO 

cttgcgagat g:atccct;Jcat tttcttgaaa gctttqcaqa gg1;.tagcaqa at:.t:-a.ccctcc 840 

ac9tt9stt9 tctqcgagqc .aa9aatgatc atca~cgta.g tgagaqt9c:; tccaag9otc. 900 

ttqc99ttgc cataagagaa gccacctogc ccaatgg-cac caaaga.tgt:.t ccctcoacc<ii 960 

aaqgtgttct tatgtagtqa caecgattat tta.ae.gctgc a9oatacgat atatataeat 1020 

9tgtatatat. gtat:acct:at ga~tgtcagt aa9tatgtat. ao9~acagta tgatactgaa 1080 

qatga:caagg taatgcat:.aa ctctatae9t gtcattctga aogaggoqcg ctt:.tcctttt:. 1140 

i:.t:etttttgc ttttcctttt tttttcto:et gaa.ctcg 1177 
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<210> 11 
<2U> 3008 
<21.2"> D~A 
<213> Sac:charamyces cerevi.siae 

<400> 11 
tgggc:aattt cat9t:ttctt e:aacactaca tatgcgtata tataccaatc taagtctgtg 60 

ctccttcctt cgttct.toct tct:9ttcgga gattaccgai;i tcaaaaaaat ttcaaqgaaa 120 
ccgaaatcaa <=1aaaaa.gaat aaaaa-aaaaa. tgatgaat;tg aaaaoccccc CCCt::CCCCCC 180 

gatgcgccgc gtgcggctgc tggagatggc ggaci;rcgatg g.at;.atgttot gccaagggtt 2'10 
gggtcgacgc taccttaaga 9agacgagt.g cggccgeaag ct.tgcatgcc tgcaggtcg.s. 300 

tcgactc:tag aaatcgata9 atctgaatta attcttgaat aatacataao ttttottaaa 360 
agaatoaaag aeagataa.aa. tttaagaqat attaaatatt ;;tgt9agaagc cga9.si.atttt 420 
gtaacaccaa c:ataaeactg acatctttaa oaacttttaa ttatgataca tl:.tcttacgt 460 

catgat'!:gat tattacagct. atgct:gacaa atgactcttg t't:i;rcat9gct acgaaecggg sqo 
taatactaaq tg~ttgactc ttgctg.;icct tttat:taaga actaaD.tgga caal;,;:ittat:9 600 

9a9catttca l:.gt.ataaett ggtgc9taaa atcgttggat ctctctt.cta agtacatcct 660 
actataacaa tl'.!aagaaaaa caagaasi~tc ggac:aaaace e.tcaagt:.atg gattctagaa ·120 

cagttggt.at; citta99aggg 9"9acaattg9 9e.cgtat9at:. tgttgaggca 9caaacaggc 780 
tcaacattaa gacggtaata ctagatgctg aaaattct.cc tqccaaaaaa ataagcaact s•o 
ccaatg.acca cqttaatg9c tccttttoc.:a atcctottga tatcgaaaaa etagct:gaee 900 
aatgt:gatgt QCtQ.acga t.t. gagattgage atgttgatgt tcctacacta aagaatcttc 960 
aa.gtaaaac.;i. tcccaa.atta a.a.a.attta.cc ctt.ctccaga aiiiicaatc::aga ttgatacaa9 1020 
acaaatatat tcaaaaagag catt~aatca aaaatgqtat agcaqttacc ci!!.;aagt9ttc 1080 
ctgtg9.aaea agc:c:ag-tgag aoqtccctat r:ga:atgttgg aaqagatttg ggttttccat l140 
tcgtcttgaa qte.gaggact ttggcat.acg atgqaagagg taacttc9tt gtaa.~9aata 1200 
aggaa.:atgat tccggaaget ttggaagtac tgaaqgeit:cg t:ccttt9tac gcc::geaaaat 1260 
9ggc:accatt tacr:aaagaa t:t.a9cagtca tga.tt:.gtga9 st:ct9ttaac 9gtttagtg" 1320 
tttcttaccc aattgtaga9 actatccaca aggacaat:at tt9t.gactta tgttat:.gcgc 1390 
ctgctagagt tccggactoc g:t:tcaactta aggcgaa9tt qttggoagaa aat9eaatca l440 
<i!iatct.tl!tcc c9q"t:tgtg9t ~t ... tttggt9 t9'g-aaiil;tqtt ctat:ttagaa aca99ggaat 1500 
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tgcttattaa cqaa.sr.ttgcc ccaaggcctc acaactctgg acattatacc attgatqctt: 1560 

g-c:gt;.cacttc tcaatttgaa gc:tcatttga gatcaatat.t ggatttgcca atgccaaaga 1620 

atttcacatc t:.tl:ct.ccacc attacaacga acgoc:attat gctaaae9t:.t cttqgageca 1660 

aacatacaaa a9ataaagag ctaqaaactt gcgaae>gagc attg-gcgact ooaggttcct 1740 

caqtgtact:t atatggaaaa ga9tcta9ae ctaacagaaa agta9gtcac ataaatat::ta 1800 
I 

ttqcotc:cag tatg909gae tgtgaacaaa ggctgaaota cattaca-ggt agaactgata 1660 

ttoi::a.~tcaa aatc:tctgtc gctcaaaagt tggact:tgga agcaat9gtc aaaccattgg 1920 

ttggaatcat catgggatca gactctgact -cgcc:.ggtaat gtct9ccgca tgtgcqgttt 1980 

t~aaa.gattt tggcgttcca ttt9aagtga caatagtctc tgctcataga actccacata 2040 

ggatgtcagc atatgctatt tccgc.a.aqce agcgtggaat t:aasacaatt at:cgctg9a9 2100 

ctg9t99ggc tgctcact;t.9 c:ca.9gt.at9g tggctgcaat gec:acc:actt cctgtcatcg 2160 

qt9t9cccgt aa.aa9gttct t:.gt.ctagatg gaqta9.att.c tttacattca att.gt.gcaaa 2220 

tgcctagagg tgttccagta qctaccqteq otaetaa.taa "Ca9ta.c:9aac gctgcgctgt 22BO 

tggctgtca9 ac:1.:9ct.tggc gcttatgati: ce.agttatac aacgaaaatg gaacagtt::i:t 2~40 

tattaaaqca agaagaaqaa gttctt.9tc.;i aagc.acaaaa 'i{ttagae.act gtcqgttac9 2400 

aa9ctts.tct agaaaacaag- t~etatataa gtttatt9at .et.acttgtac agcaa.ate.at 2450 

tataaaatga tatac::ctatt ttttagqctt tc;rtt-~tgatt acai:caaat9 t:.qgact.tcat 2520 

acata9w.aat caacgcttac agqtgtcctt tt:ttaagaat ttcatac<:l;t.i?. i:l.giol.tctctcg 2580 

aggatccoo9 ggtaccgagc tcqaat:tc9e ggccgcccgc gggt.taaccc.:: ta.gggcatgc 2640 

actagtggoc ta.a.ttggccg acgtcag'qtg gcactttt:cg 9ggaaeitg-t.g cgcggaaccc 2700 

ctat.ttgtt:t .atetttctaa ataca.t:tca;:, atatgt:atcc 9ctcatgaga c<liataaccct 2760 

gataaatgct tcaataatat. t9aaaa.a9ga agagtatqag ta.ttcs.acat ttccgtgtcg 2azo 
ccctt:attcc cttttt.t909 9ca~tttgcc:: ttcct~tttt tgctcaccca gaaacgctgg 2680 

tgaaa9taaa agatgot9aa gatcagttqg qi:gcacgagt g9gttaeate gaactggatc 2940 

tcaaca9c99 taagatcctt gagagt:t.ttc: gccccgaaga aoqttttct::a. al:g.at:.gagca 3000 

ctt:.ttaaa 3009 

<210> 12 
<211> 4679 
<212> DNA 
<213> sac:chSromyoes cerevi$iae 
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<400> 12 
agce.gttgct tt:ctec:tatg ggaagagctt tctaa.gtctg aa.9aagtaaa cagttotttg 60 

c:tatttct:!lca cttci;:tggtt g.a.tggtcact tgctgcctga aa.tatatata tatgtatg;;ic 120 

atatgtactt gttttctttt ttgtgccttt qttacgtcta. tattc.attga aaotgattat 100 

t;cgattttct. i;c.tt:gctgac cgcttctaga ggcatogcac a9ttttagc9 aggaaaao~t;! 240 

ttc:ae.tagtt !;.t;gcc.sgcgg aattccac:tt. gcaattacat aaa.aaattcc ggcggttttt 300 

cgcqt:gtgac to;;iatgtcg.:i aatacctgcc taatga;;icat ga.aca tcgcc caaatqt;;;.t.t 360 

tqaagacccg ctg9gagaag ttce.agat.at; ataa9taaca agcagac.aat agtat.aaaaa 420 

aaCl"atctg~g tttattacct ttcct.g9aat: t tea gt gnaa aac:tgctaot tat~gagaga 4BO 

t.:itcacage.g ttactcact.a atgactaacq aaaagqtctg ga.t:..agagaa-t') ttggat.aatc 540 

caaotctttc agtgt't:?icca c~tgactt.tt taa9cccaca s.caaqaacct tnta.cgaaac 600 

aagctacata ttcgt.tacag c:tecctcagc tcgatgtgi::o tcatgatagt tt:ttctaaoa 660 

aat.acgctgt cgctttgagt gtatgggctg cattgatata taga9tsacc ggt:gacg-atg 720 

atatt:gttct tte.tatt9c:g aataacaaaa tctt.aagatt caatattc:aa ccaacc;itggt 790 

catttasa.t:ga gotgtattct aaaattaaca .atgagt:t:.gaa c<ae:gctaaat tctettgagq 940 

ccaatttttc etttgaegag otagctgaaa aaattcaaag ttgccaagat ctqg.:i.aa9ga 900 

cccctcagtt. gttccgtttg gcctttttgg aaaaocaa9.s tttcaaatta 9a.cgaqttoa 960 

0:9catcattt agtggacttt gcttt9a:att tggatacc"lg taataatgc9 catgttttga 1020 

acttaattta ta.aoagctta ctgtattcga at::9e.aaqa9r. aaccaetgtt 9cggaccaat 10ao 
t"tactca.ata t.ttgactget gcgctaa9cg atecatccaa ttgcataaat aaaatctc"tc 1140 
tgat:.oaccgc atcatccaag qatagtttao c:tgatccaac taagaa.cttg ggctggtgcg 1200 

att:tr::9tggg gtgt:at:tcac gacattttcc a9gacaat.gc t:gaagccttc: ccagag-agaa 1260 

cctcytgttgt ggagaceeca aoaetaaatt ccgaca.ag-tc ccgr;tctt'Cc acttatcgcg 1320 

acat.caace9 cacttctaao atagtt:.gccc attatttgat taaaacagqt atcaaaagag l~BO 

gtgatgtagt gatgatotat tct:tCtfJggg qtgtggatt!t gat9gtatgt. gtgatqggtg 1440 
t:ct:t9.sa,ago cggcqcaacc t t'C t.oegt ta tc9"accctgc atatccccca gccagecaaa l5DD 
ccatttactt aqgtgtt9ct aaaee:eicgt:g 99"Ctgattgt tat.taga9ot: gct99acaat 1560 
tg9atcaact agtaga.agat t.ao.a tea a t:g fltgaattgga 9attgtttea a9a,;i.tcaatt 1620 
ccatcgctat tcaagaaaat. 99taccatt:9 a;;1.gg'tg9caa iOlttggacaat g9cgaqga t.g 16$0 
ttttggc-cco atgtqatcac tac:aaagaca ccagaaoagg tc;rtt9t.a9tt g9acca9.,;1:tt 1740 
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ccaacccaao cctatctttc acatctggtt ccgaa9gtat tectaagggt gttcttggta 1800 

gacatttttc cttggcttat tatttcaatt ggatgtcc~a aaggttaaac tt.aaca9aaa 1860 

at9ataaar;t cacaatg<::tg aqe99't.at.t.9" cacs.tgatcc aat:ta~aa.9$ gat.fltgttta 1$20 

oaocattatt ttta99tgcc c:a~tt9c.at9 tccctactca aga.tg~t;;att ggtacaccgg 1980 

gocgtt t.;rgc ggaatq~atg agtaagtatg gttgcacagt taceo..,,.ttta acacctqcca 2040 

t.g91;rccaatt act:tact9Cc ca;;i.gctacts caccattccc tat;\i;tl!tacat catgcgttct 2100 

ttgt99gt9a cattttaaca aaacqtgatt gtotqa9g<t acaaaccttg gcag-e.aaatt 2160 

9cc9ta~tgt taatat9tac ggt:accaotg aaacacagcg tSJcagt.ttct tatttcgaag 2220 

t.taaQtcaaa aaatgac9at ccaaactttt tgaaaaaatt qaaagatgtc atgcctg.ctq 2280 

gts.aa9gtat gttqaai:::gt:t cagctac.tag· ttgttaacaq gaacgatcqt actcaaat:ar: 2340 

gtggtattgg ogaaataggt gagatctatg ttcqtgc:a9g tggtttggcc gaa.g9ttata 2400 

g-aq9attacc agaatti;;aat aaagaaaaat ttgtqaa.oaa ctggtttgtt gaaaa:i.qatc 2460 

actggaatt:a ttt9gataaq gataa'Cgqtg aacct'Cggag acaattct9g ttaggtccaa 2520 

9a9~ta9att gtacagaacg ggcgatttag gtcgttatot aocaaac9gc gactgtgaat 2580 

cyttgoggtag ggctqat9"ait ca;;i9ttaaaa ttcgtgggtt ca9aategaa ttaggagaaa 2640 

tagatacgca catttcccaa c:e.tceattgg taagagaaaa cattaottte: gttcgcaaaa 2700 

.atgc.cgac.aa tgagccaa.ca ttgatcacat ttatggtccc aagatttgac a;;i91;cagatg 2760 

acttgtctaa gtt.ooaaagt gatgttccaa agqagqttga aaotga.coc:t atagttaagg 2820 

9cttaatc9g ttl!l.c:c:acctt t tatc:caagg acatca99a.c tttct.taaag aaeagattgg 2880 

cta9ct.atqc t.atgcct:tcc ttgattgtgg ttat9'9ataa actaccattg aatccaaatg 2940 

gtaaa9ttqa taagcctaaa cttcaatt~o c:.;iac:;tcccag, gcaattaaat:. ttggtagctg 3000 

aaaat.a.c.agt ttctgaaact qacgactctc aqi; t"taccaa tgtt:gagcgc ga9g't':t.<i1gag 3060 

acttatggtt aagtatat:ta cot a ocaage: c.agcatctgt atcaccagat qattcgtttt 3120 

t:cgatttagg tggtoat:.tct atcttggcta ccaaaatgat ttttacctca ;;tli:lgaaaaa9c 3180 

tg-caagttga tttaccattg ggcacaattt tcaagtatce aae9ataaag gccttt9ccg 3240 

cg9a.a.att9'8 ca.90.atteaa tcatcggqtg gatc.:atctca aggt9oggtc gl:.cqaaaa.tg 3300 

tc:aetgcaaa ttatgcgg:aa gacgccaa.ga aattggttga gacg-ol:acca agttcgtacc 3360 

cc:tctc9aga atattttgtt gaacctaata g<tgccgaagg aaaaacaaca attaatgtqt 3420 

ttgttaccgg t9tcaca99a tt:r:ctgggi:::t e:et-acatcct t.;1e:E!9".e."t:ttg tta99acgtt 3480 
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ctccaaagaa ctaca9tt.t;c aaaqt.gtttg cccac9tcag' ggccaa9gat ga.a9aagct9 3540 

catt.tgcaag attacaaaag gcaggtatca cctat99t:ao ttgqaacgaa aa.atttgcct 3600 

caaatattaa agt:.tgtatta ggogatttat Ot.$a.Q.;;:tgcca atttggteti tf;:,;igatgag~ 3660 

agc9gat99a tttggca.aac acagtt9at.ei taat'ta'tcea taatggtgcg tt:agtt~ect 3720 

gggtttatcc atat.9ccaaa ttgaggg;;r.tc caaatgttat ttcaactatc aacgttatga 3780 
gcttagccgc cgtcggc:aag ccaaa9ttet ttqactttgt ttcctccact tctaetr;!ttg :l840 

acact.gaata ctactttaat ttqtcagata aac:ttgtt:ag cgaaqggaag aoaggcattt 3$00 
tagaa-tca9a cqatttaatg aactct96u;;i gcgggctcac tggtggatat ggtca9tccta 3960 

aat9g9ct:.gc: tgagtacatc atta.g~cgtg caggtgaaeg 999c:ota.cgt gggtgtat:tg 4020 

t.ca.9aceaQ'9 ttaogtaaca ggit9cctctg ccaatgqt-ec ttcaaacaca gat9atttct 4080 

tattgagatt tttgaa.aqgt toagtccaat ta.ggt.n.a9a.t tc:cagatatc qaaaat.tccg 4140 

tgaatatggt tccagteiget catgttgctc gt9ct9tt9t tgctacgtct ttga.~tcct:c 4200 

ccaaagaaaa t9.aattggcc gttgctcaa-g taa.cqggtca cccaagaata ttatt:c:aaag 4260 

a~tac:ttgta tactttacac gatt.a.tggtt acgat.gtcga aatcgaaagc tatt:ctaaat 4320 

ggaagaaatc attggaggcg tctgtta.ttg acaggaati;ra agaaaatgcg ttgtatcctt 4380 

tgctacacat ggtcttagae; aac:tte.cctg aaagtaccaa a9otccgi;;aa ctagacgata 4440 

ggaacgccgt ggc.a.tottta aagaaagaca ccgcatgq.ae a99tgt t.gat tggtctaatg 4500 

gaataggtqt t!aetccagaa gaggttggta tatat;att9c ai:t.tt.taaac aagqttgqat 4550 

ttt::t:acctco a.ocaactcat aatgacaa01c ttoc~otgc:c ai!gtatagaa ctaactcaag 4620 

cgcaa~taag tctagtt9cn::. toaggtgctg gtgctcgtgg aagctcc9'ca gc.agcttaag <680 

9ttqagaatt acgtatgata tgtccatgta caataatt:sa at:.atg-aatta ggagaaagac 4740 

t-caqcttctt ttcqggtgat gtcacttaaa aaotccg~ga ataatatata ataa9agaat 4BOO 

aaaatat.tag ttattgaata agaactgtas. atcagctggc gttagtctqc taatggca.9c: 4860 

t.tcatcttgg tttattgta 4979 

<210> 13 
<211> 1475 
<212> ONA 
<213> Artifioie.l Sequence 

<220> 
<223> Description of Artific~al. Sequence: Synthetic 

polynuc:leotide 
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<:400> l.3 
tta9gtcta9 agatotgtt.t a9ctti;rcctc gtacccgccg gqtca.cccgg ccagcgacat 60 
9gaggccca9 aataccctcc ttgacagtct: tgacqt9c9c agctcagggg c:atgatgtga 120 
ct:.gtcgcceg tocattt~gc ccatacatc:::c ccatgta.taQ. tcattt-goat ccstacattt 180 
tgatqgccqc acqgo9cgaa gcaaaaat~.a cggctcctcg ctgcagac:ct gcgagcaggg 240 
aaacg~eccc ctcaoa.gacg cgtt:.9aattg tccccac9co gcgcccc:t.gt: cigagaaatat 300 
aa:aag-gttag gatttgccac tg-a99ttct:.t ctttcatata cttcctttta aaa.tcttgct 360 
aggata.cagt tctcacatca catccgaa.ca t.a.aacaacc:i. tgggtaaq9a e~agactcac 420 
qtttcga.ggc cgogattaaa ttccaacat:g gatgct9at:.t tatatqggte taaat;gggci: 480 
09e:Q"ataatg tc:9ggcaatc a99t9e9a;ca atct.ategat tgta.tg-ggaa gcccgat;9c9 540 
ccagagttgt ttctgaaaca t:ggcaaaggt agcgttgcca atqatgttac agai:.gaget;9 600 
gtcagactaa actggct9ac ggaatttat9 octcttccga ccatcaagca ttttatccgt 660 
actcctgat.g atgcal:ggtt actcaccact 9ogatcccc9 geioiaaacagc att~c1;1ggta no 
tta.gaagaat atcctg'.a:ttc aggtgaaaat: ottgttgatg cgctggcaqt gttcctgcgc 7BO 
c9gttgcatt c9attcctqt: Ltgt:.aattg't cct:ttt:aaca gcqatcgcg-t atttcgtctc B•O 
gctcaggcgo a.atcacgaat 9'&.at~~cgqt ttggttgatg cgaqtqa~t:t tqatgaogag 900 
cgtaatggct ggectgttga ac:aa gtct.gg aaa.9a.aa.tgc ata219ct:ttt gccattctca 960 
cc9qattca9 tcgtcactc:a tggt9at:t:tc tcacttgata acctt:.atttt tgacq:a.9999 1020 
aaatta.atag gttgtatt:ga tgttqgacqa gtc99aatcg cagaccgat:a ccaggatct:t 1000 
gccat:.ootat ggaactgcot c:ggtgagttt tctccttcat tacagaaac9 qctttttcaa U40 
aaata.t::ggta ttqataG1tcc tgatat9aat aaattgcagt ctca.ttt9at gctc9at9ag 1200 
tttttctaat cs.gtact.gac: aacaaeaaga ttCttgtttt caegaacttg tcatttgtat 1260 
agttttti::t:.a teittgtagtt gttct~tttt aatcaaat9t t:agcgtgatt tatatttttt 1320 
ttcgcotoga catcatctgc ccagatgcga agttaagtgo gcagaaagta atatcatg-09 1380 
toaatcgtat gtgaa.i:.gctg gtcgct:atac tgctgtcgat tcgatactaa cqccgccatc 14110 
cagtgtcgaa a.aegagctct cgaqaaooe:t taat.a 1475 

<210> 14 
<211> 931 
<212> DNA 
<213> Art.i fic:ial Sequence 
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<220> 
<2.Z3> Description of Artificial Sequence: Synthel:.:iC 

pal.ynuoleotide 

<400> H 
t.tcaaataeg tatccgctca tgagacaa.ta ar;cctgataa atgcttcaat aatatt:gaaa 50 

<:1aggaa9agt atgagt:at:.tc aacatttccg tgt;cgccctt a'ttccctt.tt. ttgeggem:ct 120 

ttgccttcct 9ttttt9otc acccaqaaac qctggtgaaa gtaaaa9at:.g ctga.;i.gatca 160 

9ttg9gtgca cgagt9ggtt ace.ec:gaact ggatatcaac agcggtaaga tccttgagag 240 

ttttcgcccc gaagaacgtt ttccaatgat qa9caotttt a.a.a gt tctgc tatgtqqcgc 300 

ggtat.tatoe cgtattgaog ocgqge.aaga gcaactcggt cgccgcatao actattctca 360 

gaatgacttg gttgagta.ot cac:cagtcac agaaaaqeat cttae:qqatg gcatgacagt •20 

aagagaetta tgca9tgctg ccataaccat gagtgataa.c:: aetg-eggcca act tact.tot 480 

gacaacgato 99aggaccga aggagctar.;c 09cttttttg cacaacatgg ggg•tcatgt 540 

aactcgccn:.t:. 9atcgttggg aacagqagct geiatgaagcc a taccaaacg acgagcgtga 600 

caccacgai:.g cctgcagcaa tggcaaca"1iC gt.tgcqcaaa ctattaaetg gc:gaactacr 660 

tai:::tc::tagct t:acoggcaac aattaataga ctggatggag 9cggataaa9 ttgcaggt1c:c 720 

~cttct9c9c tcg9cccttc cqgct:q9ctg gt:.te.attgct gataaatctg gagccggtga 780 

gcgtqqgtct ogc:rrgtatca ttgcagcac:t 9999ccagat ggtaaqcact::. cccgt~tcgt 040 

agttatctac ecgacg999a. 9te!a9geaac tatggatqaa cgaaatagac agatcgctga 900 

qataggtgcc tcactgat:ta agcattggta a 931 

<2).0> 15 
<211> 1382 
<212> DNA 
<213> Arti.fic:ial Sequence 

<2ZO> 
<223> Description of Artificial Sequenoei Synthetic 

polynucleotide 

<l.l 00:> 15 
ttctcatgt:l; t9acagotta teatcgataa getttaatgc ggtagtttat cacagtl'!aaa 60 

ttgctaacgc:: agt.oaggcac cqtgt:atgaa atctaacaat gcgctcatcg toatcctcgg 120 

caocgtcacc ctggatgctg tagqcata9g ct:tggttatg ccgqtao:c9c c9ggcc'tct t 180 

gcgggatatc gtccattoc:g- a.oagcatcgc cagtcactat ggc.gtqotgc til.909ctata 240 

tgcgt;cga'C9 caatttctat gcgc::acccgt tctcggagca ctgtccgacc gct.ttggccg 300 
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ccgcccagtc ctgctogctt cgct:.;:icttgg agceeictati;: gactacgcga tcacggcgac 350 
cacacccgtc ctgtggatcc tctacgccgg acgcatcgtg gcc9gr:.atca ccggcgccac 420 
aq9tgcggtt gct9gcgcct atatcgooga catcaacgat g9ggaa9atc qggctc9cca 490 
ct.t:cgggctc atgagcgctt 9tttc9gcgt gggtaeggtg 9caggcc:c:cg tggccggggg 540 
act gt tgggc 9ccatctoct tgca t gcacc attcctt9~g gcg9cggcgc tcaacg9cet fiOO 
e::aacctacta ctgggct.gct toctQ.tiltgoa ggeigtcgcat aa9gga9agc gt.cga~cgat 660 
9c:ecttga9a goc:ttcaacc cag-tcagcte cttccggtqg gcgcggggee. tgaet~tcgt 720 
cgcegcactt atgactgtct tct.ttatcillt qeaactcgta g9~cag9'tgc cgo9oagcgat: 780 
ct9g9tC&'tt tt:.cggc9e.9g accgcttt.c:g ct9gagcgcg acgatgatcg 9cct9tcgcc 640 
tgcg9tettc ggaaccttgc acgcct:!tcgc tcaa9ectto c;ttc::actggto c:cgccaci::aa 900 
a.cgtttc99c gagae.gcagg ccat:tatcgc cggcstggeg gccgacgcgc t99'gCtac9t 960 
ctt.gctggog ttcgcgaegc gag-9ct9gat ggccttcoc:c attatga:c.tc ttctc9cttc 1020 
cg9cggcatc 9ggatgoi::cg c9t;tgca9gc aa.tgct.qtcc aggca geyt ag atgacqacca 1080 
toa.ggqaeag ottcaaggat c9ctcqcggc tcttaccaqc ctaactti::i;rci tcsttg9aec ll,40 
gctg.atcgtc acgqc9'attt atgcc9c:ctc 9gcgagcsca tggaacgggt tgqcatggat 1200 
tgtag9egco gccctatacc ttgr:etgcct cccc9cgttg cgtcgcggt9 catqg.agccg 1260 
ggccacctc9 acctgaat9g aag-ccggcgg cac:ctcgcta acg9attcac cacc.ccaaqa 1320 
att.9"gagcc;;i atc.aat::.tett 9cggagaec:t gtgaat:qe:gc aaaccaaccc ttggcagi?!;ac 1360 
at 

1302 

<2l0> 16 
<211> 679 
<212:> ON/\ 
<213> Artificial Sequ(:!nce 

<220> 
<223> Descripcion of Ar~ific~al Sequence: Synthetic polynucleotid~ 

<400> 16 
cc:caatggca i;cgtaaegaa cattttgagg ea tttcagt'c agtt:qcte;ee t9tacctata 60 acoagacc9t tcagctggat. aLtac9gcct tttta.aa9ac cgtaaaga~a aataaqeaca 120 
agttttatcc 9gcctttatt cacat:tcttg oecgcetgat- gaat9ci:aat ccgga:aetco 180 
9tatggca.at gaaeigacggt gagccggtga tatg9gatag tgttcaocct tgtt.\'.lcaccg 240 
ttttccatg~ 9oa~a.ct9ao acgttttcat cgctctqgag t9aataccac 9ac9.atttCc 300 
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ggcaqtti:ct acacat:atat: tcgcaagatg tgg:cgtgtt~ cgqtgaaaac ctg;9cc::t:a.tt 360 

tccctaaa.g9 gtttatt:9a9 e.atatgtt"tt t;i;:gtctcagc caat.c:;oct99 gtgagtttca 420 

c::c:~gttttg:a ttta;:ta~gtg gcr::aatatgg acaacttctt ege:c::c:ccgt:t tccaccatgg 480 

gc.aaatatta cac:9c:aa9qc gacaaggtgc tgat.9cct1ct ggcgattcag gttcatcatg 5•0 

cogtttqtg:i tggcttccat gtcggi;agqa t:gctt.aetga a ttaca.aca.g tec:tqcgatg 600 

agtg9oa99g cggqgcqt.aa. ttt:t:tt;aag gcagttatt9 9tgcoettaa acgcctg9tt 660 

gcta.cgcctg aat~eigtga 67 9 

<210> 17 
<211> 875 
<212> ONA 
<213> Artificial Saq1.1ence 

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

polynucleotide 

<400> 17 
tt9cc999"9 acgcacaccq tggaaacg9a t9e.e.ggcacg aacccaqttg ncat:.aagccl. 60 

qtt:ag9ttc9 taaactgtaa tqcaa9ta9"e gt.atgcgctc ;;tcgcaactgg tcoa9aacot 120 

tgeocgaacg cagcggt:qqt a~cggcgcag tggcggtttt catqgctt9t tatgactgtt 180 

tttttgtaca gtctat9'cct c:gg9catcca agcagcaagc 9c9ttac9cc gtgggtcgat 240 

gtttcatgtt D.t:.q9a9cagc aacgatgtta cgcaqcagca aog~t9l:tac gCagcagggc 300 

agtcgcccta aaaca..;i.agtt aggtggctca agtat99gc..a tcattcgcac atgtag9ctc 360 

g9ccot9.;i.oc a.agtc:aaatc catgcgggct gctottgatc t.tttcggtag tgaqttogga 420 

gacgta9"eca -c:otaoteoca acat:cagccg ga.ote.egatr;. acctcgggaa ctt.gctocgt 400 

agt.aagacat tcatcgcgct tgctgccttc 9aecaagaag cggttgttgg c9otctcgcg 540 

gct:tacgtto t.9ccca9qt:.t: tgagcagc:cg cgtaqi=.qa9a tot:ata tcta tgatctcqcc. 500 

gtctcc9gcg agcacc9gag 9cagggcatt gccacc9e90 toatcaatct cctcaagcat 660 

gaggcoaaeg egctt9gtqc tt.at9tg'(!tC tac9t9caag oagat;tacgg tgaogatocc: 720 

goa9tqgctc tctacacaaa gt.tgggcata c~ggaaqaag tgatgcaott tgi;ltatcgac 7fi0 

ccaagt:accq ccacctaaca attcgttcaa gccgagatcq qottoc:oggc 09cggaqttg S4Q 

ttcggta.aat tgtcacaacg cc:gcggccat egg ca 875 
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<210> 18 
<:211> 1582 
<212> ON.11. 
<213> Artificial Sequence 

<220> 
<223> Descript.:.;i.on of A:ct~£icial Sequence: Synt:het.ic 

polynucleotide 

<400> 18 
actagtatga aatt:aaat99 atatttggta i;atttaattc cacaaaaatg tc:c:;;:i.Qtactt 60 

aaaatacaaa attaa.aagta ttagttgta~ acttg-ectaa cattttaaet tctaaatt:t:.t 120 

ttcctaatta tatatttt:ac tt.gcaaaatt tat.$~aaatt tt:e.t.gcact;t ttat:~tcata 180 

ataataaaac ct!tta.ttcat 99tt:.tataat ate.e.taattg tgatgactat gcaoaaagca 240 

gttct:.aqtoo catatatata c.ctatatata .scccgtt:taa. agatttat.t:l! aa~aata.tgt 300 

9tgta.aa.aaa tgcttatttt taattttatt t.tatataagt tataata.tta ;:;;iatacaaa.at 360 

ga.ttaa.satt aaataataat aaatt~aacg taacgat.gag ttgttt:r:.ttt attttgga9a 420 

taaacgcata tggtaecagt atcettcaca aqtcttttag cagcatctcc acottcacgt 490 

gcaagttgcc gtcccigctgc tgeogtggaa te.agttgcag t~gaaaaacq t:oae.acaatt S•O 

caaccaggta ca9gttacaa tr:i.acggttac ttttattctt actggaatqa tg~facacggt. 600 

g9'tgttacat atactaatqg aootggtggt oa,;ittt:aqtg tae..att9gag t.aactcag~c 660 

aatttt:gttc;i gaggaaaa-gg ttggcaacct ggtacaaaga ataaggtaar. Ci11.at.ttctct 720 

ggtagttaca accctaatgg taattcttat t;t;aaqtqte.t acqgti:.gge:9 ccgtaaccc.a. 780 

ttaatt9aa'C at:.t:a.ta't.tgt agaqa.~cttt ggtaaat.ace acoctcc.aac: aqgtgct'.act 640 

aaattaggtg B.$.gt;tactto .agatggatca gt.tt.atgata tt:.tetcgtac tc!!:r.acgcgta 900 

aatcaacce.t::. ct.ataatt.gg aactgccaot;. tt.ctaccaat actggagtgt:. ,;i.agacgtaat 960 

oatcgttcaa gtggt:agegt taatacagca aai::cacttta at9catgggc tcaacaaqqt 1020 

ttaaca.ttag gtacaatgga ctat.caaatt gt;agctqttg aagqtt:att.t ttcatcaggt lOSO 

agt9cttcta tcact9tt'3g cggtaccggt gaaaacttat: acttceaagg ct::ca99tggc 1140 

ggtggaagtg attacaaaga tgatgatgat aaaqg-aacc:g gt.taat;ctag actt..agcti::c 1200 

aaet.aactct agctcaaaca actaattttt ttttaaacta aaataaatct ggttaaccat 1260 

acctggt;tta ttttagtt'ea gtttataoao aci:;tttcat:a tatatatacc taatagctac 1320 

cata99ca.9t tggcagg.acg tccccttacg ggacaaatgt atttattgtt: gcctgcaas.c 1380 

tgcotaatat aaa:tettaqt ggacgtcccc t:tceccttac qggcaagt$a acttagqgat 1440 



51173 

tttaati;rctc c9tta9«;agg caaataaatt ttagtggca9 ttgcctogcc tatcg-gctaa 1500 

caaqttcctt e9gagtatat aaati!ltcctg ocaact:gco9 atat.ttatat aotaggcaqt:. 1560 

ggcggtacca ctcgaeacta 9t 1582 

<210> 19 
<211> 2017 
<212:> DNll 
<213> Artifieial Sequence 

<220> 
<223> Pescription of Artificial Sequence: Synthetic: 

pol ynucle:otide 

<400> l9 
act.agtat9a aattaaatgq atattt99ta cattta.;i.t.tc c:ace.aaaatg ti;caatactt 60 
aaaatacaaa attaaaagta. ttagttgtaa actt9actaa cat:.tttaaat tttaaatt.tt 120 

ttcctaatta tat.atttt:ac ttgcaaaatt tataaaaatt ttatgcattt ttatat.cate lBO 
ataataaaac c;:-ttat:tcat qgtttat.a.at ataataatt;g tgatgactat gcacaaa.gca 2~0 

9ttctagtcc catatatata a:ctat..atata acccgtttaa. agatt:tattt aaaaa.t~tgt 300 
gtgtaaaaaa tgcttatttt ta.attttatt ttatata.agt tata~tatta aatacacaat 360 

gattaaaatt aaataataat aaatt:taacg t;.aacgatg'ag ttgttttttt attttggaga q2Q 

tacacgoata tggte.ccaca e;e.egttcaca ggtqtt:.aat::g ctaaattcca gcna.ccagaa qao 
ttaagi'.:laatt tat:.etccagt g9te9ttgag c:::gcgaac:ia-tg aqqaa.tttgt aggettcttt 540 

oc:aeaaatt9' ttcgtgactt aactgaaqat qgtattggtc atccegaagt aggtgacgct 600 

9tagct:c9tc: ttaaagaagt attacaat~c aaogc:e.cctg gtggt(!aatg cas.t:agaggt 660 

t ta a ca gt tg ttgca9ctta ccgt9aactt tci:99accag gt:.oaaeaaga cgct;.gaaagt 720 

cttcgttgtg ctttagcagt ag9ai::ggtgt atcgaatta.t: tccaagccr:.t tttctt:.a9tt 790 

gct9~c:::gata ta.a. t qga cca gtcae:taact a9acgtggtc a:attat:gttg gtacaa.gaaa 940 

9aa.ggtgtt9 gtttagatgc aata.aatqat tcttttct.tt. t;a9aaagct~ tgtgt.utcgc 900 

gttctta·aaa agtat:tgcc9 toaacgtcca tattat9t.a.c atttattaga gct.ttt.tct:t 960 

caa;;ioa.gctt accaaa.caga attaggacaa atqr:tagatt t:aetcactgc t;cctgtat.ct 1020 

aa99tagatt t:8~gccattt ctcagaa9e.a cgttacaaaq ct!attgttaa qtataaaact lOBO 
gctttctatt ce.ttctattt accaqttgca gcagctatgt atat9gtt>m tetaga.tcct 1140 

Q.aa9aagaac atgaaaaegc aaaagctatt ttacttgaga t.99gtgaat:.a c:ttccaaatt 1200 
oaagatgatt e.tcta.ga.ttg tttt9909a< cctgctttaa cagqt:aaaqt aggtact9at 1260 
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attcaag.;it~ acaaat9ttc atq(jttagtt 9tgcaatgat tacaaagagt aaoaccagaa 1320 

caacgtcaac ctt:tagaaga ts.e.ttacg9t cgtaaagaac cagaaa.aa9't l:gctaaagtt 1380 

aaagaattat atgaggctqt aggtat9aga gccgcctt tc a.n..ca.;;?.tacga agaa.a.gtagt l4qO 

tat::"cgtcgtc ttcaag.;igtt aattgagaa.a. cattctaatc gtttaccaaa >!lgaaattttc 1500 

ttaggttt:a9 ctcagaa:aat atacaaacgt: ca¢1.aaagqta ccggt:gaaaa cttata.ctl';t 1560 

c:aaggctcag gtggc9gtgg aagt:gattao aaagatgatg a.tgataaagg aaccggt:taa 1620 

tct.agactta 9ctt:caacta sct:ctagctc aaacaactaa ttttttttta aactaaaat.a 1680 

aetctg9tte accat.acctg gttt.at.ttta g'tttagttta tacacacttt tcate.tatat 1740 

atact.taata 9etaccati;1.g gcagttqgoa ggac9tcccc ttacgggaca aatgtattt.a lBOo 

ttgttgcct9 c:ceactgoot aatataaat.3 ttagtggacq tccocttccc cttacg91¢'ca. 1860 

agt.aaactta gggatttt~a tgctccgtta ggaggcaaat: d.aatttta9e ggcagtt9cc 1920 

te9cctatc9 gctaacaagt t.ccttcggaq tat9taaata tcctgcca.ac tgccgatatt l9SO 

ta;tatactag 9caqt 9"gcgg t.n Celli ct cg a ca eta qt 2017 

<210> 20 
<211> 6521 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> be~c:ription of h..rtificial Sequence! Synthetio 

polynuclG!ot.i.de 

<400> 20 
tcgtgtagat aaota.cgata cgggagggct taccatct.99 ccccaqtgct gcaal::.ga.tac 60 

cgaga9accc a.c:gc:tcaccg gotccaga'l!t tatcagc:aat aaaccagcca gocgqaaggg 120 

cc.gagcgae:g aa(]tggtcct gcaac:tttat cc9cctccat ccagtcta.tt aattgcegco 180 

9ggaa9ctag agtaagtagr:: to9cca9tta atagtttgcg caacgt tgtt gco~ttgcta 240 

cag9aatcgt ggtgt:.cacgc t.ogtcgtttq qtatggcttc attca~ctcc ggttcccaac 300 

gatcaaqgcg agttacat9a tcecccatge t:gtgca.aaaa ag!:i;tgttagc tco:-etcggtc 360 

ctcc9at;cgt t.9tcaqaagt. aagttggcc:g caqt-9ttatc actcatggtt at99ca9cac 420 

tgcataal:tc tctcactgtc atgccat:ccg t.aagatgc:t t ttctgtgaot 99t9a9tact 480 

caaocaagtc attct9agaa t~9tgCat9e ggcgaccgaq ttgctcttgc ocg9cgtc21a 540 

t:eu;9q9ataa te.ocgcgcca cat.:agcagaa ctt.t.aaaagt gotcatcatt gqaaaac9tt 600 
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ottcqgggcg aaaa:ct:otca aggatcttac cgctgtt:gag atccagt.tcg atgtaaccca 660 
ctcqtgcaec caactgatct tc:agcatctt ttactttcac c:egcgtttct gggtgagce.s 720 
aaaca.g9aag gcaaa.;i.tgcc gcaaaaaag9 gsataagggc gacaoggaaa tgtt9~.atac iSO 
tca.taotctt: cctt:tt'tcaa tatta.ttgaa gcatttat.aa qgqttattgt ctcatgagcg 840 
9a.taca.tatt: 'tgaecgtatt tagaeaaata aace.aatag9 ggttc:cgc9c acatttccoc 900 
gaaaagtqoc acc:tgacqtc taasaeacca ttattatcat gacattaaoc tataiaaaata 960 
ggc9r:atco.c gaggcccttt cgtctcgc9c gt i:. tcggr.ga. tgac::ggt.gaa aaoccctgac 1020 
acatgcegct cc:cg9agac9 9tcaca9c.tt: gect9'C..a.oi.gc 99oatgcoggg agcagaoC!i,ag 1090 
cccgtca9g9 cgcgtcagoq ggtgr:i::g-gcg- 99cgtogggg c:tg-gcttaac ta t.gcqgca t 1140 
cagaqca9at: tgtac:tgaga gtgcac:cata g-gcgi;iec9cg 9cgc9ccgt t. ccggatctgc l200 
atcetgcg.at gc.agatcc.gg aeeataatgg tgc.agggc9e tgacttccgo gt;ttccagac 1260 
tttac9aaac .acggasaccg aagaccatt:c atgttgti:gc tcaggtcgca gacgttttgc 1320 
agcagcagtc:: gcttc.acgt: t cgctcgcgta tcggtga.ttc a.tt:ct9etaa cicei.gtaa9gc 1380 
aaccccgcca qcctagccgg gtcctcaacg .a.cagqagcac gatcat:.i;rcqc acccgt9gc:c 14 qo 
a99acccaa.c gci:9cco9ag atgc:9ccgcg- tgcg9c:tgct gg&\gatggcg gncgc9at.gg 1500 
atatgttcr:.g cca.e:gggtt.g qtttgcgcat tcaca9ttct ecgcaa9.a.;at t9a t tg9ctr; 1560 
cae.ttct:.tg9 agtggt9oat cc9ttagcg.a ggtgccgccq 9ctLcoattc a ggt cgaggt 1620 
ggcc¢9gctc catgca.ccgc 9acgcaacgc gg9gaggc•9 acaa99tata 9ggc99cgcc 1680 
tacaat.ccat 9ccaa.cocgt tccatqt.got cgccgaggcq gcataaatcg ccgtgacgat 1740 
cageqgtcca .atgatcgae.g tt:aggctg9t aagaqccgcg agcgatoett Q~.oigcl:9tcc 1900 
ct9atggtc9 tcatctacct gcetggac~g catggcctgc aacgcgggca tcccgatgcc 1860 
'JC-cggaagcg agaagaatoa. taatg9ggaa g9ccatceag cctegcgtcg cgaacgacag 1920 
caaga.egt~g oec~gcgcqt cg9cc9ccat gocggcgata at:q9'Cct9ct totcgccgaa 1990 
acgt::ttggt:g 9cgggacci!t.g tgacga;agqc t:tgagcgf;'lgg gcgtgcaaga ttecga.;,tac 2040 
ogoaagcgao aggccgati::a. togt.cgcgct ccag-oga. aag 099tcct.cgc a9aaaat9ac 2100 
ccagago9ei: gccggc.acct gtectacqag tt9aatgata. a.agaagacag tcataagt!:jc 2160 
99cgac9ate i;rtcat9cccc 9cgeccacei;r gaa9ga9ct9 e.r::tgqgttga .aggc::tctcaa 2220 
ggqcatcqgt cga.r;ic:ttqae att:gta99Q.c gtttaaaeat tacoc:tgtt.;:i tccctaggat nao 
cctaogtata cataetccga a9gag9aoaa attcattta.t t:gt9gtacaa taaat:.aagtg 2340 
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gtacaataaa taaattgt.at. gtaaacccct tccccttcgg gacgtcccct tacgggaata 2400 

taaatattag t99cagttgc c'tgccaacaa attt:atttat tgtattaaca coggcagtgg 24 60 

oggt:ac.cact gccactggcq tcctaatata aatat.tg9qc: aactaaagtt tatcgcagta 2520 

ttaacatagg cagtggcggt accaot.gcca otggcgtcot cctccgqagt atgtaaaoot 2580 

gctaccgcag caaataaatt tt.attctatt tt:aatactac aatatttaga ttcccgttaq 2640 

qggataggcc a9gcaattgt. e.actggcgto atagtatatc aatattqtaa cagattgaca 2700 

ccctttaagt aaacattttt tttag:gattc atatgaaatt aaat:ggatat ttg9taoatt 2;.;o 

taattccaca aaaatgtcca atacttaaaa tacaaaatta aaagtatt:a.9 ttgtaaactt 2B20 

qaetaaoatt ttaaatttta aattttttoc te.111ttal:ata ttttacttgc aaaatttata 2BBO 

aaaattttat gcatttttat at:cataataa t~aaaccttt attcatggtt tatas.tat:..aa :<9•0 

taattgtgat 9actat.gcac a.aagcagttc ta gt ceca ta tatataacta tatataaccc 3000 

gtt;taaagat ttatttaa.aa atatgtgtgt aaaaaatgct tatttttaat tttatttta.t 3060 

e.te.o.gtt::ata atat:tQ.ae.te cacc>atgatt aaaattaaat a.a.t.aQ.teaiat. tt':aacgtaac 3120 

gatgagttgt ttttttattt tggagatD.ca cgcoatgace attgcgatcg gtacatatt:!a 3180 

aqaqaaaogc acatggttcg a.r;9a.e:9i:::tga tgactggctt cgtcaaqac::.c 9tttcgtCltt 3240 

c9ta9qttgg tcaggtttat cactot:~ccc ttgtqcttac tt:i:9ceaer;.c c;:-ggtccggcg 3300 

9ec:9cctcg'"I gacgcttaoc ar;Jaoaaljgea gttti:ttcat tett.tt.a;r;i.ag caggcagttc 3360 

tgaaqggqaa aaqqgac:tgc ctactgcgg-t cotilggtaaa tecattttta tgcaatttat 3120 

ttcttgtgct aqtagqtcto tai:actcac:a agaagcaacc cottg.aegag agaacgttat 3480 

cctcagagta tttataatc:c t9aqa.999aa tqcactgaag aa.t.at..tti;:.cc ttat'ttttta 3540 

cagaaagt:aa ataaaatagi:: gct.aataacg cttaa'l:tcat ttaatcaatt atg9c~.ac~9 3600 

gaacttctaa agctaaacca tcaaaagtaa ar:.tcagactt ccaaqaaect ggtttagtta 3660 

caccattagq tacttta.tta c:9tec::a.eti:a actcagaagc a99taaagta ttaccaggat:. 3720 

ggggtacaac tgttttaat.9 9ctgtattt:a tcc.ttttatt tgcagcattc ttatta.ato:a 3790 

ttttagaaat tt:acaac.:a9t:. tctttii.at:tt cagatgao9t C'tctatgagt t.999.aaactt. ;e40 

tagctaaaqt ttct:taat:tt tat:t.t:aaeae aaeicataaaa tataaaacr:g tttqtte.~gg 3900 

ctagctgat:a a9t:Ctto:ttt; togctaa99t a~ac'taa.9ea actcaacaat. a.tt'tatettc 3960 

ggcagtggoa cc9ccactgc caetggcct:t ccgttaagat a.aac9cgt.ta atagctcact 4020 

tttctteaea tttaattttt. aattt.aaagg tgt~agcaaa: ttgcctgacg agaqateeAc 4090 
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ttaaaggatg <acagtg9cgg gctaetgcct octtcoctcc c;;gqacaaaat: tta't:ttgaaa 040 

aaagtt:aqtt actto~t.$.ac gg21.9c.ettga catcc:c¢ata tttatattag i;iacgtcccct 4200 
tcgtc:gacat: taccct9tta tccctagqcc gqcctaagaa accattatta tcatgacatt 4260 
aaoeT:atilaa aataggcqta tcacgaggec ctt.tcgtctt caa9aaattc ggtcgaa.aaa 4320 
agaaaaggag agggccaega gggag~gcat tggt9actat:. tgagcacgtg agtatacgt:.g 4380 
attaa9'caca caeag9ca9c ttg9a9tatg tctgt.tatta a.tttcacagg tagtt:ct9gt 4140 
ccc:ittqgtga sagtttgcgg cttgc~gagc acaga9gccg e:agaatgtgc tctaga.ttcc ~500 

gatgc:i:gact tgctg9gtat tatatgtgt'.g cccaatagaa egagaacaat tga;ecc9gt c. 4560 
attqcsagga aaatttcaag tottgtaaaa gcatataaa& atagttcagg e:a.ctccgaaa 4620 
t:acttggttg gogtgttteg !;.aatoaa.cct aa.gga99's.tg ttr;tggctQt ggtoaatgat qsBo 
tacggcattg atetcgtcca actg~atgqa gatga~tcgt ggcaaqeata ccai!:lgagttc 4740 
ctcggttt:gc cagttattaa ai.:i9actcqta. tttccaaaaq actqeaacat ac:tactcagt 4800 
gca.gcttcac agaaace.tca ttc:gtttatt cccttgttt9 &ttaa9aagc a.g-gtgggaca 4860 
ggtga;aet:tt tggattqgaa otcgattt.ct gact9ggtt9 gaaggcaaqa g£igcccagaa 4920 
agcttacatt ttat9ttagc tggtggac:tg ac9ccaqaaa atgttggtga tgcgctt:eqa 4960 
ttaaat9gcg ttattggtgt tgat9taagc 99aggtgtgg agaeaaatq~ tgtaaaqgac 5040 
tctaacaeiaa t::agcaaa.ttt cgt:c.o:isu:iaat 9ctaa9a.~at agqttattae: tgagta9tat 5100 
Ctattt.aagt attgttt.gtg oacttgcotg caggcetttt ga.a.aagcaag cataa;;i.agat 5160 
cta.!:lacataa aatctgtaaa. staacaagat qta.aagataa tg-c:::taaatoa. tt:tggctttt 5220 
tqattgattg taca9gaaaa ta tac at c:gt taattaagcg qcc:gcgagct tggc9taatc 5280 
atggtca'Cag ctgtttcctq tgtgaaattg ttatccqctc acaattccac acaaoatacg 5340 
agccgg-a;agc ataaagtqte. aagcr;:tggqg t.9cci:aa:t9a gtqagote.ac tcacatta,s;t 5400 
tgc9ttgcgc tcactgcecg cttt:.ccagtc gggaaacctg tcgt9ecagc tg-cattaatg 5460 
aatcggccaa 09cgcr;199ga 9a99e:ggttt gcgtattggg cgctottC:cg cttcctcgct 5520 
eact9actog ctqcgctcgg tc9ttc9gct gc9gcqagcg gtatcagct:.c actcaaa9ge 5~90 

ggtaatacgg tt:atccacag- aatca.99gga taacgcag-ga <"!!agaacatgt gagca1aaagg 5640 
ccaqca:aaag gc:e.aggaaoe g-taaaaaggc c9ogtt.9ct9 gogtttttec:: ataggct.ccg 5?00 
cccceotqac ga9c::atcaca aaaatcgacg ctcaagtca.g aggtggcgoa acc-cgacagg 5760 
actataaaga taeoagqcgt ttcccoctgq aa9ctcoctc 9t9c:gct:ctc ctgttcc:cyac 5820 



octgccgctt: 

tagctcaogc 

gcc<icgaaccc 

caacoc9gta 

agcgag9t:.;it 

tagaagaaca 

tqgtagctct 

geagcagatt 

gtctgac9ct 

aagga'!:ottc 

atacgai;rtaa 

gatctgtct:e. 

<210> 21 
<211> 46 
<212> DNA 

accg9atacc· tgtccgcctt 

tgtagg-tatc tcaqttcgqt 

cccgttcagc ccgaoc::a~ctg 

agacacqact tat:.cgc.oact 

gtaggc::99tg ctacagagtt 

gt.at t tggt:a tctgcgctot 

t(Jatccggca aaaaaaccac 

acgcgcagaa a.aaaagqatc 

c:agtggaacg aa.aactoacg 

acctagatcc ttttaaatta 

acttggtctg acagttacca 

tttcgt:tcat:. ocata9ttgc 

<213> Artificiai Sequence 

<220> 
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totcccttcg ggaa9ogtgg cqct t t.ctoe 

gtaggtcgtt cgotocaagc tggQ'ctgtgt 

cgccttatcc: 9gtaactatc gtettg~gtc 

ggcaqcaqcc aetggtaaca,9qattagcag 

ottgaagtgg tggcc:taect acggct.acac: 

gctqaagcca gttaccttcg gaaa<?.s.qa.g't 

cqctggtagc ggtggttttt ttgtttgcaa 

tcaagaagat. cctt:.tgatct tt:tctecggg 

ttaagggat:.t ttggtcatga gattatcaaa 

aaa.atqaagt tttaaatoaa tc:taaagtat 

atgcttaatc agt9a.ggce.c ctatctcagc 

ctgactccoc 9 

<223> Descriptio~ of Artificial Sequence~ Synthetic primer 

<:400:> 21 
ttg9tt9c99 ccgcttaatt aacqacgtat attttcctgt acaato 

<210> 22 
<211> 58 
<212> ONA 
<213> Arti~icial Sequence 

<220> 
<:223> Description of Artificial Seq~ence: Synthet~o primer 

<400> .22 

5880 

5940 

6000 

6060 

6120 

6180 

6240 

6300 

6360 

6420 

6460 

6521 

46 

gtttaaacat taccct9tta tccctaggcc ggcctaaqaa accattat~a tcat9aca 56 

<210> 23 
<2ll> SB 
<212> DNA. 
<213> Artificial Sequence 

<220> 
<223> Description of Artific~al Sequence: Synthetic p~irner 



57173 

«00> 23 
ggccggccta qggacaacag ggtaatgttt aaacgtccta caatgtoaag ctc9accg 50 

<210> 24 
<Zll> 46 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> 0$scription of ~rtificial S$quence: Synthetic primer 

<400> 24 
ttgg~tgcgg ccgo9gcgcg cc9treegga tctgcato90 aggatg 

<210> 25 
<211> 54 
<212> ONA 
<213> Artificial Seq~ence 

<220> 
<223> oesc~iption of ~tifioial Seque~ce~ synthetlc primer 

<400> 25 
ttqgtttagg ga~aacaggg taatgtcqac aaoatgcta~ gCttacttgc coqa 

<210> 26 
<211> 52 
<212> DNA 
<213> Art~ficiat Sequence 

<220> 
<223> Description 0£ Artificial Sequence: Synthetic p~imer 

<400> 26 
actceggtcc 99c9gccgcc tcgaq&ogac ttgtccgatt oatcagacac gg 

<2l0> 27 
<211> 52 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Desc~iption of Artificial Sequence: Synthetic primer 

<400> 2.7 
cgtctcgag9 oggccgccgg acc99~9~tg caaagta~gc acaaggga~t ag 

<210> 28 
<211> 59 
<212> ONJ!i. 
<213> Artificiel Sequence 

46 

54 

52 

52 
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<.220> 
<223> Description of Artificial Sequence: Synthetic primer 

<400> 2B 
tggttattac cctgttstcc ctaggatoct acgtatacet actcc9aa99 aggacmaat 59 

<;210> 2.9 
<211> 48 
<212> D~A 
<213> Artifici~l Sequence 

<220> 
<223> Desoription of lU;:'tificial Sequence: Synthetia primer 
<400> 29 
cgtetcgagg cg9ccgco9g accgga9tca tccgcaccot ctaataaa 

<2l0> 30 
<211> 56 
<212> DNA 
<213> Artificial Sequence 

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

<400> 30 
ttggttatta ~cctgttatc cct¢ggatac tacqtaeag~ ggc9gtacca caataa 

<210> 31 
<211> 53 
<212> PNA 
<213> Artificial Sequence 

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

<400> 31 
ttggttta9g 9ataaca99g ~aatgtcgac qt~tgtaaac cccttc9ggc aac 

<210> 32 
<211> 50 
<212> DNA 
<213> A.:ctificial Sequence 

<220> 
<223> Descr1ption Of Artifici~l Sequence: Synthetic primer 

<400> :32 
actccggtco g9c99cc~cc to~agecgcc qteaacaqat aggaat9acg 

48 

56 

53 

50 



<2i10> 33 
<2ll.> 4 a 
<2lZ> DNA 
<213> Artificial Sequence 

<220> 
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<223> Description of Artificial Sequence: Syn~hetic primer 

<400> JJ 
cgtctcgagg cggccgcc9g accggagtga atccaggcat cttgggta 

<210> 34 
<211> 56 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Art:ificial Sequenc~! Synthetic primer 

<400> 34 
ttggttatta ccctgttatc cctaqgatcc tacgta~99a a~ggtgcaac tacctg 

<210> 35 
<211> 50 
<212> DNA 
<213> A~tificial Sequence 

<220> 
<22~> Deseription of Artificiai Sequence~ Syhtheti~ pri~er 

<400> 35 
ttggtttagg gataacag9g caatgtcqac aacat9ctt9 go~ot~gttt 

<210> 36 
<ZH> 54 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Sequence; S~nthetio primer 

<tJOO> 3G 
actccggtcc 9gcggec9cc tcgagacgtg 9taatttatt tggtaatttg gtce 

<210> 37 
<211:> 49 
<.212> ONA 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic primer. 

<400> 37 
oqtctcgagg c9gcc9cog9 aocggagtaa ccaacoattg tgtgacc~ 

48 

56 

50 

54 



<210> 38 
<211> 56 
<212> DNA 
<213> Artificial s~quence 

<220> 
<223> Desc~iption of Artificial Sequence: Synthetic primer 

<o!lOO> 38 
tt99ttatta ccotgttatc cctaggatcc tac9taa9ag tacgQgatgt 999atq 

<210> 39 
<211> 53 
<212> DNA 
<'.13> ~•tificial sequence 

<220> 
<223> Description of Artif~cial Sequence: Synthetic p~irner 

<400> 39 
tt~~tttagg 9ataacaggg taatgtcgac ceataaqtaa actccetttt gga 

<210> 40 
<211> 50 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Deqe•iption of Artificial Sequence: Synthetic primer 

<400> 40 
actacggtcc ggcggccgcc tc9agacgta aaattgtttg tgtggtctgg 

<210> 41 
<2l.l> 52 
<212:> DNA 
<213~ Artificial.Sequence 

<220> 
<223> Description of Artificial Sequence: SYflthetic primer 

<100> 41 
c9tctcgagg oggccgcogg acc~ga9t~a at9taaottt ti~tgtcgat cc 

<210> 42 
<211> 60 
<2l2> DNA 
<213> Artificial Sequenea 

<220> 
<223> oe~c~iption of Artif1ei~l Sequence; Synthetic primez 

56 

53 

so 

52 
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<400> 42 
ttggttatta ccct9ttatc cctaggatcc tacgt~g99t aaataaattt tagtgqacgt 60 

<210> 43 
<211> 54 
<212> DNA 
<213> Artificis1 Sequence 

<220> 
<223> Descrip~ion of A~tificial Sequence: Synthetic primer 

<400> 43 
tt9qttta99 gqtaacaggq taatgtc9ac gaaqgggaag tactaatata aata 

<210> 44 
<211> 50 
<;212> DNA 
<213> A+tif icial Sequence 

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

<400> 44 
actcogqtcc 9909gccgcc tcgagacgct ~accagacaa gqoa9t~ttt 

<.210> 45 
<211> 48 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> neacziption of Ar~ificial Sequence: Synthetic primer 

<400> 45 
agtatog~gg cggoc9cc9g accgga9tgo tgctggttat 9cagtt9a 

<210> 45 
<211> 56 
<212> ONA 
<213> Art~ficial Sequence 

<220> 
<223> Description of Artificial sequence: Synthetic p~imer 

<400> 46 
tt9gttatta ccctgttetc cctaggatcc taogtagagg accaaatcc~ gcqtta 

<210> 47 
<211> 50 
<212> DNI\ 
<213> Artificial Sequence 

54 

50 

•8 

56 
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<220> 
<223> Oescrip~ion of Artif~cial Sequence: Synthecic primer 

<400> 47 
tt9gttt~gg gataacaggg taatgtcgac tttgcttgcc tacaagagca 

<210> 48 
<211> 48 
<212> DNA 
<213> Artificial sequence 

<220> 
<223> Description of Artificiel Sequence! Synthetic prime~ 

<400> 48 
actceggtcc gq~ggccgco ~c9~gacgtt qcattaaaat ~cggaaqq 

<210;> 49 
<211> 36 
<212> 01'-IA 
<213> Artificlel Sequence 

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

<400> 4 9 
ttgqttcecg ggtc9cgcgt ttcggt9atg aoqgt~ 

<210> so 
<211> 42 
<212> PNA 
<213> Artificial Sequence 

<220> 
<223> Desc~iption of Artificial Sequence: Synthetic primer 

<400> 50 
ttq9tt9tcg acccgcggtq atgc9gtatt ttc~ccttao gc 

<210> 51 
<211> 36 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of 'A.rti£icial Sequence: Synthetic primer 

<400> 51 
ttqgttcccg 9gtcctgatg 09gta~tttc ~cctt~ 

50 

46 

36 

36 



<210> 52 
<211> 36 
<212> DNJ\ 
<213> Artificial Sequence 

<220> 
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~223> Description of Art~fici~l Sequence: S~nthetic primer 

<400> 52 
ttggetcecg 99tcgcqogt ttcggtgat9 acqgtq 

<210> 53 
<211> $6 
<212> DNA 
<213> ~;r;tificiaL Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic prime~ 

<400> 53 
ttg9ttccc9 ggaa~cttgc atgcctgcag gtcgat 

<210> 54 
<211> 36 
<212::. DNA. 
<213> Artificial Sequence 

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

<400> 54 
ttggttcccg ggagcagttg ctttctccLa t~9gaa 

<210> 55 
<211> 36 
<212> DNA 
<213> Artificial Sequence 

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

<4 00> 55 
ttgg~tcccg g~ttaggtot agagatctgt tta9ct 

<210> 56 
<211> 50 
<212> DNA 
<213> Artifici~l Sequence 

<220> 
<223> Description of Artifici~l Sequence: Synthetic primer 

<400> i;G 
ttggttgtcg acggccgqcc actagttogc gc9ttto9gt gatgacggtg 

36 

36 

36 

36 

50 



<210> 51 
<2ll> 50 
<212> DNA 
<213> Art~ficiel Sequence 

<220> 
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<223> Description of Ar~i(icial Seq~eoce: Synthetic primer 

<400> 57 
ttggttgtcg ac9~co9~cc actagttgat gcggtatttt ctccttacgc 

<210> 5B 
<211> 50 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Deseription of Artificial sequen~a: Synthetic primer 

<400> 58 
ttggttgtcg ae9gecggcc actogtgatc ctcgagag~t cttaegeatg 

<210> 59 
<211> 50 
<212.> DNA 
<213> Artificial Saquence 

<220> 
<223> Oeseript~on of Artificial Sequence: Syn~hetic primer 

<400> 59 
ttggttqtcg acqgccggce actag~taca ataaaccaa9 atgaagctgc 

<210> 60 
<211> 50 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Artificial Seguence: Synthatio pr~mer 

<~00> 60 
tt9gtt9tc~ acggccggcc actagttatt aagggttctc ga9a9ctcgt 

<210> 61 
<211> 39 
<212> ONA 
<213> Artificial Sequence 

<220> 
<223> Oescr1ptian of Axti£ic±a1 sequence: Synthetic primer 

50 

50 

50 

50 
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<400> 61 
tt9qttooe9 gggatatcaa taoettcaaa tatgte~oc 

<210> 62 
<211> 41 
<212> DNA 
<213> 1!.rti£1cial sequence 

<220> 
<223> Description ot Artificial Seque~ce! Synthetic p~irn~r 

<400> 62 
tt99ttcccg gggata~cat ccttttaaat tea~aetqaa g 

<210> 63 
<211> 42 
<212> DNA 
<213> Artificial Sequencg 

<220> 
<223> Description of Artificial Sequence! Synthetic primer 

<400> 63 
ttggttcccg gggatatctt ctcat9tttg acagcttatc at 

<210> 64 
<211> 42 
<212> DNA. 
<213> Art1ficial Sequence 

<220> 
<223) Description of Artificial Seqµanca: Synthetic p~~mer 

<400> 64 
aaccaacccg gggatatcat gttctgccaa qggttgqttt go 

<210> 65 
<211> 42 
<212> ONA 
<213> Art~ficial Sequence 

<220> 
<223> Description of Artificial S~quanca: SynChetie primer 

<400> 65 
tt9q~tcccg gqqatatcec aaatccaggc ~ctgaccgtt ct 

<210> 66 
<2ll> 4 2 
<212> DNA 
<213> Artificial Sequence 

39 

41 

42 

42 

42 
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<220> 
<223> Dese~iption cf Artificial Sequence! Synthetic primer 

<400> 66 
aaccaacccg gggatatctc acttactcag gcgtagcaac ca 

<210> 67 
<211> 42 
<212> DNA 
<213> A~tificial Sequence 

<220> 
<2-23> Descript.i.on of, Artifioiol Sequence: Synthetic pr:i.mer 

<400> 67 
ttggttcccg gggatatctt gccgggtgac gcacaccgtg ga 

<210> 68 
<211> 42 
<212> DNA 
<213> ~rcificial Sequence 

<220> 
<223> Descri.ption of hrtificial Sequence: Synthetic primer 

<400> 68 
aaocaaeeog 99gacatctg ecgatggocg cggogttgtg ac 

<210> 69 
<211> ~3 
<212> DNA 
<213> Artificial Sequence 

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

<400> 69 
catactaetc agtgcagc~t cac 

<210> 70 
<211> 25 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Oeaoript1cn of ArLlficial Sequence: Synthetic primer 

<qOO> 70 
gtgaaggagc atgttoggca oacag 

42 

42 

42 

23 

25 



<210> 71 
<211> 25 
<212> DNA 
<213> Ar~ificial Sequence 

<2:'.0> 

67/73 

<223> Description of Ar~if~cial Sequence: Synthetic primer 

<4DD> 7l 
ctqtgtgceg aacatgctcc ttcac 

<210> 72 
<211> 24 
<212> DNA 
<213> A:tificial Sequepce 

<220> 
<223> oescrip~ion of Artificial SQquence! Synthecie primer 

<400> 72 
ttqtcatatt actaqtt9gt gt9g 

<23-0> H 
<211> 24 
<212> DNA 
<Zl3> AXtificial Saquenc~ 

<220> 
<223> Description of Artificial Sequence: Synthet1c primer 

<400> 73 
ggtcggegac aactcaatcg ~caq 

<210> 14 
<211> 23 
<212> Dt'IA. 
<21~> Artifieial Sequence 

<220> 
<223> Description ~f ~zti~icial Sequence: Synthetic pri~er 

<GOO> ;4 
caacqgat9t tttatt9cc~ tt~ 

<210> 75 
<2ll> 24 
<212> DNA 
<213> At"ti£~cial Seqcence 

<220> 
<223> nescription of ArtiXici&l Sequence: Synthetic primer 

<400> 75 
gOa8g~attt tcttaacttc ttc9 

25 

23 



<210> 76 
<211> 25 
<2l2> DNA 
<213> Art·ificia1 Secruenee 

<220> 

69/73 

<223> Description of Artificial Saquenee: Synthetic prime~ 

<400> 76 
8tgaagtcet ~tgctactgt gccgc 

<2l.O> 77 
<211> 23 
<212> DNA 
<213> Arrificial Sequence 

<220> 
<223> Oesc~iption 0£ Artificial Sequence! Synthetic primer 

<400> 77 
caqgaattcg ctaaaqcctq tgq 

<210> 78 
<211> 24 
<212> DNA 
<213> Artificial Seguence 

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

<400> 1a 
gagaataaaa gtctaagatg tgcq 

<210> 79 
<211> 24 
<212> DNA 
<213> Artificial Sequence 

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

<400> 7S 
9acatatat9 aaeatcgcgq agtg 

<no> ao 
<2ll> :.Ztl. 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Oescript~on of Artificial Sequence: Synthetic pzimex 

25 

23 

24 

24 



<1100> 90 
cetcaat9ca tcageactac oaac 

<210> Bl 
<211> 23 
<2l2> DNP. 
~213> Artificial Sequence 

<220> 

69/73 

<223> Description of Artificial Sequence: Synthet1o pr1mcr 

<400> Bl 
9gtca9~et9 ooctgtog~~ etc 

<210> 82 
<211> 24 
<212> D?llA 
<213> Arti£~cial Sequence 

<220> 
<223> Description of Arti!iciel Sequ~nce: Synthe~ic primer 

<400> 82 
ca9tttoatt tqntgctc9a tqag 

<210> a:i 
<211> 25 
<212> Dl'P. 
<213> Artificial Sequence 

<220> 
<223> Oase,ription of Art:if~cial Sequence~ Synehetic primer 

<400> 83 
ggtagaattg tccgtt~g~t gttta 

<210> 9~ 

<211> 25 
<212> DNA 
<213> Artificial Sequence 

<220> 
<22'3> Deser.iption of Artificial Sequence: Synt:heti.c prime~ 

<400> 84 
aacagacgta gtaagaacca ccagc 

<210> es 
<211> 25 
<212> DNA 
<213> Artificial Sequence 

23 

24 

25 

25 



70173 

<220> 
<223> Description of Artificial Sequence: Synthetic prime~ 

<400> 85 
ctc~~9aa9c gtta6tgtot ggctt 

<210:> 06 
<211> 2~ 
<212> DNA 
<213> Artificial Saquenc~ 

<220> 
<223> D~scription of Artif~cial Sequence: Synthe~ic p~imer 

<400> 86 
cgaocatcaq ggacagottc aagg 

<210> S7 
<211> 20 
<212> DNA 
<213> ArLiiicial $Qquence 

<220> 
<223> De$Oription of Artifioial Sequanoe! Sy~thetic p~imer 

<400> 87 
9gtctceaga acttgctget 

<210> 89 
<211> 20 
<212.> DNA 
<213> ~rtificial Sequenc~ 

<220> 
<223~ Oescription of hr~if~ci~l Sequence1 Synthe~ic primer 

<400> es 
cckatcooat aacgggaatc 

<210> 0 
<211> 22 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of ~~i£icial Seqoenae: Synthetic primer 

<400> as 
agattttgtg taatgccgaa gt 

25 

24 

20 

20 

22 



<:21.0> 90 
<211> 20 
<212> DNA 
<213> Artificial Sequence 

.<220> 

71/73 

<223> Description of Artificial Sequence: SyntheLic primer 

<400> 90 
tgccgtaatc attgaccaga 

<2).0> 91 
<211> 20 
<212> DNA 
<Z13> ~:r:t.~ficial Sequence 

<220> 
<223> Description of Artificial Sequence: Synthetic pr~mer 

<400> 91 
g~tgeqtaaa atcqttgg$t 

<ZlO> 92 
<211> 20 
C:212> DNA 
<Z13> Ar~ificial sequence 

<220> 
<223> Desc~iption cf Artificial Sequence: S~nthetic primer 

<4 00> 92 
~t~ttcgqcg t~caaaggac 

<210> 93 
<211> 20 
<212> DNA 
<Zl3> Artificial sequence 

<220> 
<223> Oescription of ArtifieLal Sequence: Synthetic pr~mer 

<400> 93 
etogcctatc 9gctaacaa9 

<210> $4 
(211> 20 
<212> DN/\. 
<213> Artificial sequenca 

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

<400> 94 
cacaa~aagc aaccocttg$ 

20 

20 

20 

20 

20 



<210> 95 
<:211> 23 
<212> DNA 
<213> Ar~if icial Sequence 

<220> 

72/13 

<223> Oesoription of Artificial Se~uence: Synthetic primer 

<:400> 95 
aaatttaacg taacgatgag ttg 

<210> 96 
<211> 23 
<212> ONA 
<213> ArCif icial Sequence 

<220> 
<223> Descriptioh of Artificial Seq~ence~ Synthetic p~imer 

<400> 96 
9cactiloctg atgaaaaata $CC 

<210> ~7 
<211> 23 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> De$cription of Artificial Sequence: Synthetic p~imer 

<400> 97 
gqaagg9gac gtaggtacat aaa 

<210> 98 
<211> 23 
<212:> ONA 
<213> P..rt~ficial Sequence 

<220> 
<223> Description of Art~ficial Sequence~ Synthetic primer 

<qOO> 99 
ttagaacgtg· ttttgtt;i::cc aat 

<210> 99 
<211> 22 
<212> DNA 
<213> Artificial Sequence 

<220> 
<223> Description of Ju:'Cificial Sequence: Syn~hetic primer 

23 

23 

23 
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<400> 99 
cgttettotg agaaa~ggct ta 


