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General Information
Contents: 20 g each of plasmid vector shipped in 1x TE buffer.

Storage: Plasmids should be stored at -20°C
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pKD46-RecA recombineering vectors
Introduction

Recombineering (recombinogenic engineering) is a homologous recombination-based
technology used to modify DNA. Target DNA molecules (plasmids, BAC vectors or the
host chromosome) are precisely altered by homologous recombination in host cells which
express recombineering enzymes. Recombineering in E. coli often utilize the phage A
Red recombination functions (Murphy, 1998; Datsenko and Wanner, 2000). The A genes
involved in Red recombination are exo, bet, and gam. The exo (Reda) gene product has
5’ to 3’ exonuclease activity, and the bet (Redf3) gene product is a single-strand DNA
binding protein that promotes annealing. The gam gene product inhibits the RecBCD
nuclease preventing linear DNA (i.e. PCR product) degradation.

Recombineering in E. coli is typically performed using specialized recombineering
plasmids. For example, the pKD46 plasmid was developed for recombineering and
contains arabinose-inducible exo, bet, and gam and orf60a genes in a conditional
temperature sensitive (ts) vector that is maintained at 30°C, and lost at 42°C (Datsenko
and Wanner, 2000).

Nature Technology Corporations (NTC’s) recombineering vectors are recA+ derivatives
of the popular pKD46 recombineering plasmid (Williams et al., 2009). The addition of
recA facilitates recombineering in common recA- bacterial strains such as DH5a or
DH10B.

These recA+ recombineering vectors are available in two versions.

pKD46-recA encodes constitutively expressed Escherichia coli recA+ along with wild
type rpsL. Plasmid borne rpsL converts streptomycin resistant rpsL strains such as
DH10B into streptomycin sensitive strains, allowing counterselection-based plasmid
elimination (Imam et al., 2000).

pKD46-recAya encodes constitutively expressed Pseudomonas aeruginosa recA+. The
RecApa protein induces hyper recombination in E. coli, in the absence of SOS induction,
and presence or absence of E. coli RecA protein (Baitin et al., 2006).

Both vectors have been validated for use in PCR- or genomic DNA-mediated
recombineering applications (Williams et al., 2009)

In summary, the pKD46-recA and pKD46-recA,, vectors offer the following advantages

* Arabinose-inducible exo, bet, and gam and orf60a genes

« Conditional temperature sensitive (ts) vector that is maintained at 30°C, and lost at 42°C
* Counterselection against plasmid in streptomycin resistant (rpsL-based) host strains
(pKD46-recA)

* Polylinkers for addition of new genes into vector (pKD46-recApa)
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pKD46-recA vector features

Feature Function

Constitutively expressed AraC Repression of AraBAD promoter
AraBAD promoter Highly repressed arabinose-inducible
promoter
gam, bet, eco genes Red recombination genes
tL3 terminator Maintain plasmid stability during arabinose
induction
Escherichia coli recA gene Improve recombineering in RecA- hosts
rpsL Streptomycin counterselection-based plasmid
elimination in rpsL-streptomycinR hosts
repA101(ts), oriR101 origin of replication Plasmid propagation at 30°C. Temperature
sensitive origin is non functional at 42°C
Ampicillin resistance gene (ampR) Plasmid selection in Escherichia coli cells
pKD46-recAp, vVector features
Constitutively expressed AraC Repression of AraBAD promoter
AraBAD promoter Highly repressed arabinose-inducible
promoter
gam, bet, eco genes Red recombination genes
tL3 terminator Maintain plasmid stability during arabinose
induction
Polylinker 1 Addition of new genes to vector
Pseudomonas aeruginosa recA gene Improve recombineering in RecA- hosts
Polylinker 2 Addition of new genes to vector
repA101(ts), oriR101 origin of replication Plasmid propagation at 30°C. Temperature
sensitive origin is non functional at 42°C
Ampicillin resistance gene (ampR) Plasmid selection in Escherichia coli cells
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Recombineering Vectors

Vector | RecA | Quantity  Catalog Number Price
pKD46-recA Escherichia 20 ug NTC-RV-RecA $320.00
coli
pKD46-recApa Pseudomonas 20 ug NTC-RV-RecApa $320.00
aeruginosa

Transformation and bacterial propagation

pKD46-recA and pKD46-recApa plasmids are ampicillin resistant, and are selected and
propagated on standard Escherichia coli media supplemented with ampicillin (50-100

pg/mL).

Note: Growth of pKD46 and derivatives must be performed at 30°C to prevent
inactivation of the temperature sensitive repA101(ts), oriR101 origin of replication. This
origin is non functional at 42°C, allowing plasmid elimination by temperature induction.

Preparation of competent cells for recombineering

Grow transformed cells on LB+ampicillin agar plates overnight at 30°C. Use cells to
inoculate (to an ODggo of ~0.05) LB media containing 100 ug/mL ampicillin and 0.2%
arabinose (to induce recombineering genes). Grow culture at 30°C to midlog (0.2-0.6
ODeggo/mL), cool on ice, and made electrocompetent by centrifugation and washing twice
in ice cold 10% glycerol (first wash 1x original volume, second wash % x original
volume). Resuspend the final pellet in ice cold 10 % glycerol (1/200 x original culture
volume). Use immediately or store several months at -80°C.
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Patent and Licensing information

Limited License

Nature Technology Corporation (NTC) grants the end user (purchaser) of the pKD46-
recA and pKD46-recAp, expression vectors a nontransferable, non-exclusive license to
use the plasmids for non-commercial research purposes only. These vectors are intended
for research use only by the purchaser.

The purchaser cannot sell or otherwise transfer (a) this product (b) its components

or (c) materials made using this product or its components to a third party or otherwise
use this product or its components or materials made using this product or its components
for commercial purposes.

Separate licenses are available from NTC for the express purpose of non-research use or
applications of the pKD46-recA and pKD46-recAp, vectors.

Product Use Limitations
The pKD46-recA and pKD46-recAy, vectors are sold for research use only. They are not
to be used for human diagnostic or included/used in any drug intended for human use.

Note: This vector has not been completely sequenced. The sequence file was created
using information in Genbank sequence databases and published literature.

Patent Information

NTC makes no representations that the use of the pKD46-recA and pKD46-
recApa vectors Will not infringe any patent, copyright, trademark, or other proprietary
rights.

For more information, please contact:

Justin Vincent

Nature Technology Corporation

4701 Innovation Drive, Suite 103, Lincoln Nebraska, 68521
Telephone: (402) 323-6289

Fax: (402) 323-6292

Email: natx@natx.com
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Vector Features

araC repressor (of AraBAD promoter): 11-889
gam protein: 1244-1660

bet protein: 1666-2451

exo protein: 2448-3128

orf60a protein: 3125-3307

tL3 terminator: 3170-3226

Polylinker 1: 3392-3427

RecA gene (Pseudomonas aeruginosa): 3634-4674
Polylinker 2: 4723-4807

repAl101: 4916-5866

oriR101: 5870-6610

AmpR: 6758-7618
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catcgatttattatgacaacttgacggctacatcattcactttttcttcacaaccggcacggaactcgetegggetggeeceggtge
attttttaaatacccgcgagaaatagagttgatcgtcaaaaccaacattgcgaccgacggtggcegataggeatcegggtggtget
caaaagcagcttcgectggcetgatacgttggtectcgegecagettaagacgcetaatcectaactgetggeggaaaagatgtgac
agacgcgacggcgacaagcaaacatgctgtgcgacgctggegatatcaaaattgetgtctgccaggtgategetgatgtactga
caagcctcgegtaccegattatccatcggtggatggagegactegttaatcgettecatgegeegeagtaacaattgcetcaagea
gatttatcgccagcagctccgaatagegceccttececttgcccggegttaatgatttgeccaaacaggtcgcetgaaatgeggetg
gtgcgcttcatccgggegaaagaaccecgtattggeaaatattgacggecagttaagecattcatgccagtaggegegeggac
gaaagtaaacccactggtgataccattcgcgagcectccggatgacgaccgtagtgatgaatctctcctggegggaacagcaaa
atatcacccggtcggcaaacaaattctcgtcectgatttttcaccaccecctgaccgegaatggtgagattgagaatataacctttc
attcccagcggtcggtcgataaaaaaatcgagataaccgttggectcaatcggegttaaacccgecaccagatgggcattaaac
gagtatcccggeagcaggggatcattttgegcettcagecatacttttcatactcccgecattcagagaagaaaccaattgtccatat
tgcatcagacattgccgtcactgcegtcttttactggetcttctcgctaaccaaaccggtaaccccgcttattaaaagcattctgtaaca
aagcgggaccaaagccatgacaaaaacgcgtaacaaaagtgtctataatcacggcagaaaagtccacattgattatttgcacgg
cgtcacactttgctatgccatagcatttttatccataagattagcggatcctacctgacgctttttatcgcaactctctactgtttctceat
acccgtttttttgggaattcgagctctaaggaggttataaaaaatggatattaatactgaaactgagatcaagcaaaagcattcacta
accccctttcctgttttcctaatcageccggcatttcgegggcegatattttcacagcetatttcaggagttcagecatgaacgcttatta
cattcaggatcgtcttgaggctcagagcetgggegegteactaccageagetcgeccgtgaagagaaagaggcagaactggea
gacgacatggaaaaaggcctgecccagceacctgtttgaatcgcetatgcatcgatcatttgcaacgecacggggcecagcaaaaa
atccattacccgtgcgtttgatgacgatgttgagtttcaggagcgceatggcagaacacatccggtacatggttgaaaccattgctc
accaccaggttgatattgattcagaggtataaaacgaatgagtactgcactcgcaacgctggctgggaagetggetgaacgtgte
ggcatggattctgtcgacccacaggaactgatcaccactcttcgccagacggcatttaaaggtgatgecagegatgegeagttca
tcgcattactgatcgttgccaaccagtacggcecttaatcegtggacgaaagaaatttacgectttcctgataagcagaatggceate
gttccggtggtgggegttgatggetggteccgeatcatcaatgaaaaccageagtttgatggeatggactttgagcaggacaatg
aatcctgtacatgccggatttaccgcaaggaccgtaatcatccgatctgegttaccgaatggatggatgaatgcegeegegaacc
attcaaaactcgcgaaggcagagaaatcacggggecgtggeagtcgeatcecaaacggatgttacgtcataaagecatgattca
gtgtgcecgtetggecttcggatttgetggtatctatgacaaggatgaagecgagegceattgtcgaaaatactgcatacactgeag
aacgtcagccggaacgcgacatcactccggttaacgatgaaaccatgcaggagattaacactctgetgatcgeectggataaaa
catgggatgacgacttattgccgctctgttcccagatatttcgecgegacattcgtgcatcgtcagaactgacacaggcecgaage
agtaaaagctcttggattcctgaaacagaaagccgcagagcagaaggtggeageatgacaccggacattatcctgcagegtac
cgggatcgatgtgagagctgtcgaacagggggatgatgcgtggceacaaattacggetcggegteatcaccgcttcagaagtte
acaacgtgatagcaaaaccccgctccggaaagaagtggectgacatgaaaatgtectacttccacaccetgettgetgaggttty
caccggtgtggcetceggaagttaacgctaaagcactggectggggaaaacagtacgagaacgacgecagaaccctgtttgaat
tcacttccggegtgaatgttactgaatcccegatcatctatcgcgacgaaagtatgegtacegectgetetcecgatggtttatgea
gtgacggcaacggccttgaactgaaatgecegtttacctcccgggatttcatgaagttccggeteggtggtttcgaggecataaa
gtcagcttacatggcccaggtgcagtacagcatgtgggtgacgcgaaaaaatgectggtactttgecaactatgacccgegtatg
aagcgtgaaggcctgcattatgtcgtgattgagcgggatgaaaagtacatggegagttttgacgagatcgtgccggagttcatcg
aaaaaatggacgaggcactggctgaaattggttttgtatttggggagcaatggegatgacgeatcctcacgataatatcegggta
ggcgcaatcactttcgtctactcegttacaaagcgaggctgggtatttcccggectttetgttatccgaaatccactgaaageacag
cggctggctgaggagataaataataaacgaggggctgtatgcacaaageatcttctgttgagttaagaacgagtatcgagatgg
cacatagccttgctcaaattggaatcaggtttgtgccaataccagtagaaacagacgaagaatccatgacgtcagetgtctagaa
gcttagatctccgeggtgaaggeattacccggegggaatgcettcageggegaccegtgatgeggtgegtegtcaggetactgegt
atgcattgcagaccttgtggcaacaatttctacaaaacacttgatactgtatgagcatacagtataattgcttcaacagaacatattga
ctatccggtattcgtggecegtecggecgecctgacttcgcgaggacttcaatggacgagaacaagaagegegecctggeegeg
gccctgggacagatcgaacgecaattcggecaaaggegeggteatgegeatgggegaccatgagegecaggegatecegge
catctccaccggctcectgggtctggacatcgeccteggeatcggeggectgeccaagggecggategtcgagatctacggte
cggaatcctcgggeaagaccaccctgaccctetcggtgatcgecgaggeccagaaacagggegecacctgtgecttegtcga
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cgccgageacgcegctegateccgactatgceggeaagcetgggegtcaacgtegacgacctgetggtetcecagecggacace
ggcgagcaggecctggaaatcaccgacatgetggtgegetccaacgeggtegacgtgatcategtegacteegtggecgege
tggtacccaaggccgagatcgaaggegagatgggegacgeccacgteggectgcaggeacgectgatgtcecaggegctge
gcaagatcaccggcaatatcaagaacgccaactgectggtcatcttcatcaaccagatccgcatgaagatcggegteatgttcgg
caacccggaaaccaccaccggcggtaacgcactgaagttctacgectcggteecgectggacatceegtegtaccggegeggty

aaggaaggcgacgaggtggtgggtagcgaaaccegegtcaaggtggtgaagaacaaggtttcceccgecegtteccgecaggee
gagttccagatcctctacggtaagggeatctaccgtaccggegagatcatcgatctgggegtgcaattgggectggtcgagaag
tccggegectggtacagetaccagggeagcaagatcggecagggeaaggegaacgecgecaagtacctggaagacaatcee

ggaaatcggttcggtactggagaagaccattcgegaccagttgctggecaagageggeccggtgaaggecgacgecgaaga
agtggctgacgccgaagcecgattgaggecaatggegategtgcetegatacgeecgtegecgtgeggegggeggecatggate
tgctggcgegecgtgageacgggegegecgagcetttcecgeaagttgegecagegtgeatgetctcgagggetagettcatgg
gtatggacagttttcectttgatatgtaacggtgaacagttgttctacttttgtttgttagtcttgatgcttcactgatagatacaagagec
ataagaacctcagatccttccgtatttagccagtatgttctctagtgtggttegttgtttttgcgtgagccatgagaacgaaccattga

gatcatacttactttgcatgtcactcaaaaattttgcctcaaaactggtgagctgaatttttgcagttaaagcatcgtgtagtgtttttctt
agtccgttacgtaggtaggaatctgatgtaatggttgttggtattttgtcaccattcatttttatctggttgttctcaagttcggttacgag
atccatttgtctatctagttcaacttggaaaatcaacgtatcagtcgggeggcectegcettatcaaccaccaatttcatattgetgtaagt
gtttaaatctttacttattggtttcaaaacccattggttaagccttttaaactcatggtagttattttcaagcattaacatgaacttaaattc

atcaaggctaatctctatatttgccttgtgagttttcttttgtgttagttcttttaataaccactcataaatcctcatagagtatttgttttcaa
aagacttaacatgttccagattatattttatgaatttttttaactggaaaagataaggcaatatctcttcactaaaaactaattctaattttt

cgcttgagaacttggeatagtttgtccactggaaaatctcaaagcectttaaccaaaggattcctgatttccacagttctcgtcatcag

ctctctggttgctttagctaatacaccataagcattttccctactgatgttcatcatctgagegtattggttataagtgaacgataccgte
cgttctttccttgtagggttttcaatcgtggggttgagtagtgccacacagceataaaattagettggtttcatgetcegttaagtcatag
cgactaatcgctagttcatttgctttgaaaacaactaattcagacatacatctcaattggtctaggtgattttaatcactataccaattga
gatgggctagtcaatgataattactagtccttttcctttgagttgtgggtatctgtaaattctgctagacctttgctggaaaacttgtaaa
ttctgctagaccctctgtaaattccgetagacctttgtgtgttttttttgtttatattcaagtggttataatttatagaataaagaaagaata

aaaaaagataaaaagaatagatcccagccctgtgtataactcactactttagtcagttccgeagtattacaaaaggatgtcgcaaa

cgctgtttgctectctacaaaacagaccttaaaaccctaaaggcttaagtagcaccctegcaageteggttgeggecgceaategg

gcaaatcgctgaatattecttttgtctccgaccatcaggeacctgagtegcetgtctttttegtgacattcagttcgetgegetcacgge
tctggcagtgaatgggggtaaatggcactacaggegccttttatggattcatgcaaggaaactacccataatacaagaaaagecc
gtcacgggcttctcagggegttttatggegggtetgetatgtggtgcetatetgactttttgetgttcageagttectgecctetgatttte
cagtctgaccacttcggattatcccgtgacaggtcattcagactggctaatgcacccagtaaggcagceggtatcatcaacggggt
ctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagattatcaaaaaggatcttcacctagatccttttaaatta

aaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagttaccaatgcttaatcagtgaggceacctatctcag
cgatctgtctatttcgttcatccatagttgectgactcecegtegtgtagataactacgatacgggagggcttaccatctggecceca

gtgctgcaatgataccgcgagacccacgcetcaccggetccagatttatcagcaataaaccagecagecggaagggecgageg
cagaagtggtcctgcaactttatccgectecatccagtctattaattgttgccgggaagcetagagtaagtagttcgecagttaatagt
ttgcgcaacgttgttgecattgctacaggeatcgtggtgtcacgcetegtegtttggtatggcttcattcagetecggttcecaacgat

caaggcgagttacatgatcceccatgttgtgcaaaaaageggttagetecttcggtectecgategttgtcagaagtaagttggec

gcagtgttatcactcatggttatggcagceactgcataattctcttactgtcatgccatccgtaagatgcttttctgtgactggtgagtac
tcaaccaagtcattctgagaatagtgtatgcggcgaccgagttgctcttgecccggegtcaatacgggataataccgegecacata
gcagaactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctgttgagatccagttcga
tgtaacccactcgtgcacccaactgatcttcagceatcttttactttcaccagegtttctgggtgagcaaaaacaggaaggcaaaatg
ccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactcttectttttcaatattattgaagcatttatcagggttat
tgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaataggggttccgegceacatttccccgaaaagtgecacct

g
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Vector Features

araC repressor (of AraBAD promoter): 11-889
gam protein: 1244-1660

bet protein: 1666-2451

exo protein: 2448-3128

orf60a protein: 3125-3307

tL3 terminator: 3170-3226

RecA gene (Escherichia coli): 4177-5238
rpsL: 6601-6975

repAl101: 7414-8364

oriR101: 8368-9108

AmpR: 9256-10116
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catcgatttattatgacaacttgacggctacatcattcactttttcttcacaaccggcacggaactcgetegggetggeeceggtge
attttttaaatacccgcgagaaatagagttgatcgtcaaaaccaacattgcgaccgacggtggcegataggeatcegggtggtget
caaaagcagcttcgectggcetgatacgttggtectcgegecagettaagacgcetaatcectaactgetggeggaaaagatgtgac
agacgcgacggcgacaagcaaacatgctgtgcgacgctggegatatcaaaattgetgtctgccaggtgategetgatgtactga
caagcctcgegtaccegattatccatcggtggatggagegactegttaatcgettecatgegeegeagtaacaattgcetcaagea
gatttatcgccagcagctccgaatagegeccttececttgceccggegttaatgatttgecccaaacaggtcgcetgaaatgeggcetg
gtgcgcttcatccgggegaaagaaccecgtattggeaaatattgacggecagttaagecattcatgccagtaggegegeggac
gaaagtaaacccactggtgataccattcgcgagcectccggatgacgaccgtagtgatgaatctctcctggegggaacagcaaa
atatcacccggtcggcaaacaaattctcgtcectgatttttcaccaccecctgaccgegaatggtgagattgagaatataacctttc
attcccagcggtcggtcgataaaaaaatcgagataaccgttggectcaatcggegttaaacccgecaccagatgggcattaaac
gagtatcccggeagcaggggatcattttgegcettcagecatacttttcatactcccgecattcagagaagaaaccaattgtccatat
tgcatcagacattgccgtcactgcegtcttttactggetcttctcgctaaccaaaccggtaaccccgcttattaaaagcattctgtaaca
aagcgggaccaaagccatgacaaaaacgcgtaacaaaagtgtctataatcacggcagaaaagtccacattgattatttgcacgg
cgtcacactttgctatgccatagcatttttatccataagattagcggatcctacctgacgctttttatcgcaactctctactgtttctceat
acccgtttttttgggaattcgagctctaaggaggttataaaaaatggatattaatactgaaactgagatcaagcaaaagcattcacta
accccctttcctgttttcctaatcageccggcatttcgegggcegatattttcacagcetatttcaggagttcagecatgaacgcttatta
cattcaggatcgtcttgaggctcagagcetgggegegteactaccageagetcgeccgtgaagagaaagaggcagaactggea
gacgacatggaaaaaggcctgecccageacctgtttgaatcgcetatgcatcgatcatttgcaacgecacggggcecagcaaaaa
atccattacccgtgcgtttgatgacgatgttgagtttcaggagcgceatggcagaacacatccggtacatggttgaaaccattgctc
accaccaggttgatattgattcagaggtataaaacgaatgagtactgcactcgcaacgctggctgggaagetggetgaacgtgte
ggcatggattctgtcgacccacaggaactgatcaccactcttcgccagacggcatttaaaggtgatgecagegatgegeagttca
tcgcattactgatcgttgccaaccagtacggcecttaatcegtggacgaaagaaatttacgectttcctgataagcagaatggceate
gttccggtggtgggegttgatggetggteccgeatcatcaatgaaaaccageagtttgatggeatggactttgagcaggacaatg
aatcctgtacatgccggatttaccgcaaggaccgtaatcatccgatctgegttaccgaatggatggatgaatgcecgeegegaacc
attcaaaactcgcgaaggcagagaaatcacggggecgtggeagtcgeatcecaaacggatgttacgtcataaagecatgattca
gtgtgcecgtetggecttcggatttgetggtatctatgacaaggatgaagecgagegceattgtcgaaaatactgcatacactgeag
aacgtcagccggaacgcgacatcactccggttaacgatgaaaccatgcaggagattaacactctgetgatcgeectggataaaa
catgggatgacgacttattgccgctctgttcccagatatttcgecgegacattcgtgcatcgtcagaactgacacaggcecgaage
agtaaaagctcttggattcctgaaacagaaagccgcagagcagaaggtggeageatgacaccggacattatcctgcagegtac
cgggatcgatgtgagagctgtcgaacagggggatgatgcgtggceacaaattacggetcggegteatcaccgcttcagaagtte
acaacgtgatagcaaaaccccgctccggaaagaagtggectgacatgaaaatgtectacttccacaccetgettgetgaggttty
caccggtgtggcetceggaagttaacgctaaagcactggectggggaaaacagtacgagaacgacgecagaaccctgtttgaat
tcacttccggegtgaatgttactgaatcccegatcatctatcgcgacgaaagtatgegtacegectgetetcecgatggtttatgea
gtgacggcaacggccttgaactgaaatgecegtttacctcccgggatttcatgaagttccggeteggtggtttcgaggecataaa
gtcagcttacatggcccaggtgcagtacagcatgtgggtgacgcgaaaaaatgectggtactttgecaactatgacccgegtatg
aagcgtgaaggcctgcattatgtcgtgattgagcgggatgaaaagtacatggegagttttgacgagatcgtgccggagttcatcg
aaaaaatggacgaggcactggctgaaattggttttgtatttggggagcaatggegatgacgeatcctcacgataatatcegggta
ggcgcaatcactttcgtctactcegttacaaagcgaggctgggtatttcccggectttetgttatccgaaatccactgaaageacag
cggctggctgaggagataaataataaacgaggggctgtatgcacaaageatcttctgttgagttaagaacgagtatcgagatgg
cacatagccttgctcaaattggaatcaggtttgtgccaataccagtagaaacagacgaagaatccatgcagggagetgetggea
actacctgatgtcccttactatggaaaaagtcgagaaacgcectgacggatctcageggtgctcttgetcataattatcctgaaatca
agctaacgaaatatcgccaccagctccagegtgtcttaaccgccgggctggtaactgaaaagtgggaataagataagttttcttg
actgggaagtaaaataccgtatgcgttcagtcggcaaaatttcgccaaatctectggatatcttccatcagatagecacgatagag
cagaaaacgctggatcttaactttttctgaaaagacagttggcaaaggttcgecatattttcgegtcgectgategegegecagtgce
gcaccagtcgatgtcacattcacgcatcgctttttctgtcgcettcgecgggaaatacctttctgattcagttcctggegaatacgegea
ggtccataacctttgcggetacggetggegataaagegegcaacaaatcggetgtcatcgagatagecatgttcatggcaccag
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gcaataacgcgctcgtaatcttctgecgtageatcaatctcttctgggecatttttgeccataatcggtgecgegagtttacgtegea
gttcttgctcactgtgatcgegeaccgcecagaatgegtaccgeacgatccaacaggegagceatatgecgggegacgggatgtt
gattctgtcatggcatatccttacaacttaaaaaagcaaaagggcecgcagatgcgacccttgtgtatcaaacaagacgattaaaaa
tcttcgttagtttctgctacgecttcgctatcatctacagagaaatccggegttgagttegggttgetcagecagceaactcacgtacttt
cttctcgatctctttcgeggtttccgggttatetttcagccaggeagtegeattcgetttaccetgacegatcttctcacctttgtagetg
taccacgcgcctgctttctcgatcagcettctcttttacgcccaggtcaaccagttcgecgtagaagttgataccttcgeegtagagy
atctggaattcagcctgtttaaacggcgcagegattttgttcttcaccactttcacgegggtttcgetacccaccacgttttcgeecte
tttcaccgcgecgatacgacggatgtcgagacgaacagaggcgtagaatttcagegegttaccaccggtagtggtttccgggtt
accgaacatcacaccaattttcatacggatctggttgatgaagatcagcagcegtgttggactgettcaggttacccgecagettac
gcatcgcectggceteatcatacgtgecgeaaggceccatgtgagagtegecgatttecgecttegatttcegctttcggegtcagtgec
gccacggagtcaacgacgataacgtctactgcgecagaacgegecagggegteacagatttccagtgectgetcgecggtgte
cggctgggageacagcaggttgtcgatatcgacgeccagtttacgtgegtagattgggtccagegegtgttcageatcgataaa
cgcacaggttttaccttcacgctgegetgcggegatcacctgcagegtcagegtggttttaccggaagattceggtcegtagattt
cgacgatacggcccatcggcagaccacctgecccaagegcegatatccagtgaaagegaaccggtagagatggtttceacate
catggaacggtcttcacccaggegeatgatggagectttaccaaattgtttctcaatctggeccagtgetgecgecaacgctttctg
tttgttttcgtcgatagecatttttactcctgtcatgccgggtaataccggatagtcaatatgttctgttgaagcaattatactgtatgete
atacagtatcaagtgttttgtagaaattgttgccacaaggtctgcaatgcatacgcagtagectgacgacgcaccgceatcacggte
gccgetgaageattcecgecgggtaatgecttcaccgegggeagtggcaaaagcaaaccagacggtgecgacaggcttetett
cactgccgecatccggeccggegataccactaatagacacggcataatcagcacgagecgctttcagtgegectatcgecattt
ccaccacgacgggttcactcaccgegecatgetgegecagegtcetettcgegtacgecgatcatctgegctttggettegttactg
taggtgacaaatccgcgttcaaaccaggcggagctaccggcaatatcggtaatcactttcgctacccaaccaccggtacaagac
tcggcagttgttacggttgcgecacgggctttcagcgectgeccaacctgttcacttaactgcatcagttcactgtcagtcatcaca
acctctgtcagtcaaaaatttatgccggacaagatagceactttcgtcaggaagatggtgttggegttgcaattttacgaggaggatt
cagaaaaaagctgattagccagagggaagctcacgeccccctettgtaaatagetactgtactcgegecagegecacggcettgt
cctaactgccagaccgcecattgegtaatgggtgctgtggttgtaacgggtgatggtgtagaagttcggcagaccgtaccagtact
ggtagccggtgecaacatccagacgcageaggctggcttgttgatggttgcccageggetgcetgtggegttaaacctgeggeg
gcaagctgcgaaatgctgtacttagttttgaagecatttggcaagectggagectgaccgtttgccattaccgegacctgatcgec
tttcacccagccgtgegctttgaaatagttcgccacgetaccgatcgeatcaaccggatctcgaggatcatgceatgaagcttgate
cccaacagcaagatgcaactttcgccagatacgacggcegctctttgecgtgctttctgactttccattcgecttcaccaaagacctt
cagcccggtggaatcaatcaccaggtgtgegatttcacccegatceggeagaattttacgctgaccaatgacgegacgacgtgg
catggaaatactccgttgttaattcaggattgtccaaaactctacgagtttagtttgacatttaagttaaaacgtttggecttacttaacy
gagaaccattaagccttaggacgcttcacgecatacttggaacgagcectgcttacggtctttaacgccggageagtcaagegea
ccacgtacggtgtggtaacgaacacccgggaggtctttaacacgaccgecacggatcaggatcacggagtgetectgcaggtt
gtgaccttcaccaccgatgtaggaagtcacttcgaaaccgttagtcagacgaacacggcatactttacgcagcgeggagttcggt
tttttaggagtggtagtatatacacgagtacatacgccacgtttttgcgggcatgcttccagcgcaggeacgttgettttecgcaacttt
gcgageacgtggtttgegtaccagetggttaactgttgecattaaatagetcectggttttagettttgettcgtaaacacgtaataaaa
cgtcctcacacaatatgaggacgccgaattttagggcgatgccgaaaaggtgtcaagaaatatacaacgatcccgecatcacca
ggccatctggetggggtgcttaaccgtaagtctgacgaaatcagtatagtcaatgagaatgatgtcgttcgaaatttgaccagtca
aaccgggtggacgttttgaaactgacattaaccgactttgccegcttactgacactggtgtaatccgggeagegcaacggaacgt
tcatcagggcaaaaatggaatcaataaaaccctgctatggacagttttcectttgatatctaacggtgaacagttgttctacttttgttt
gttagtcttgatgcttcactgatagatacaagagccataagaaccttcagatcctteegtatttagecagtatgttctctagtgtggtte
gttgtttttgcgtgagecatgagaacgaaccattgagatcatacttactttgcatgtcactcaaaaattttgcctcaaaactggtgage
tgaatttttgcagttaaagcatcgtgtagtgtttttcttagtcegttacgtaggtaggaatctgatgtaatggttgttggtattttgtcace
attcatttttatctggttgttctcaagttcggttacgagatccatttgtctatctagttcaacttggaaaatcaacgtatcagtcgggegg
cctcgcttatcaaccaccaatttcatattgctgtaagtgtttaaatctttacttattggtttcaaaacccattggttaagecttttaaactca
tggtagttattttcaagcattaacatgaacttaaattcatcaaggctaatctctatatttgecttgtgagttttcttttgtgttagttcttttaat
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aaccactcataaatcctcatagagtatttgttttcaaaagacttaacatgttccagattatattttatgaatttttttaactggaaaagata
aggcaatatctcttcactaaaaactaattctaatttttcgcttgagaacttggcatagtttgtccactggaaaatctcaaagectttaac
caaaggattcctgatttccacagttctcgtcatcagetctctggttgctttagctaatacaccataagceattttccctactgatgttcate
atctgagcgtattggttataagtgaacgataccgtccgttctttcettgtagggttttcaatcgtggggttgagtagtgccacacage
ataaaattagcttggtttcatgctccgttaagtcatagcgactaatcgetagttcatttgctttgaaaacaactaattcagacatacatct
caattggtctaggtgattttaatcactataccaattgagatgggctagtcaatgataattactagtccttttectttgagttgtgggtatct
gtaaattctgctagacctttgctggaaaacttgtaaattctgctagaccctctgtaaattccgctagacctttgtgtgttttttttgtttatat
tcaagtggttataatttatagaataaagaaagaataaaaaaagataaaaagaatagatcccagecctgtgtataactcactactttag
tcagttccgeagtattacaaaaggatgtcgcaaacgctgtttgctcctctacaaaacagaccttaaaaccctaaaggcettaagtage
accctcgcaagctcggttgcggecgceaatcgggcaaatcgcetgaatattecttttgtctccgaccatcaggeacctgagtegetgt
ctttttcgtgacattcagttcgetgegcetcacggcetetggeagtgaatgggggtaaatggeactacaggegccttttatggattcatg
caaggaaactacccataatacaagaaaagcccgtcacgggcttctcagggcegttttatggegggtetgctatgtggtgctatctga
ctttttgctgttcagcagttcctgecctetgattttccagtctgaccacttcggattatcccgtgacaggteattcagactggctaatge
acccagtaaggcagcggtatcatcaacggggtctgacgctcagtggaacgaaaactcacgttaagggattttggtcatgagatta
tcaaaaaggatcttcacctagatccttttaaattaaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtctgacagtt
accaatgcttaatcagtgaggcacctatctcagcgatctgtctatttcgttcatccatagttgectgactceccgtegtgtagataact
acgatacgggagggcttaccatctggccccagtgetgcaatgataccgegagacccacgetcaccggcetccagatttatcagea
ataaaccagccagccggaagggcecgagegcagaagtggtectgcaactttatccgectccatccagtctattaattgttgecggg
aagctagagtaagtagttcgccagttaatagtttgcgcaacgttgttgccattgctacaggceatcgtggtgtcacgetegtegtttgg
tatggcttcattcagctccggttcccaacgatcaaggegagttacatgatcceccatgttgtgcaaaaaageggttagetecttegg
tcctccgategttgtcagaagtaagttggeegceagtgttatcactcatggttatggcagceactgcataattctcttactgtcatgecat
ccgtaagatgcttttctgtgactggtgagtactcaaccaagtcattctgagaatagtgtatgcggegaccgagttgetettgeccgg
cgtcaatacgggataataccgcgcecacatagcagaactttaaaagtgctcatcattggaaaacgttcttcggggegaaaactcte
aaggatcttaccgctgttgagatccagttcgatgtaacccactcgtgcacccaactgatcttcageatcttttactttcaccagegttt
ctgggtgagcaaaaacaggaaggcaaaatgccgcaaaaaagggaataagggcgacacggaaatgttgaatactcatactctte
ctttttcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttgaatgtatttagaaaaataaacaaatagggg
ttccgcgcacatttccccgaaaagtgecacctg
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