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Figure S1. Schema.c descrip.on of the APT reporter gene and APRT func.on.
APRT catalyses a phosphoribosyl transfer from Phosphoribosyl Pyrophosphate (PRPP) to adenine,
forming AMP and releasing pyrophosphate (PPi). In presence of 2-Fluoroadenine APRT will form 2-
FluoroAMP, a toxic compound for the cell. In absence of a funcConal APRT high concentraCon of
adenine are toxic for the cell.
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Figure S2. Examples of dele.ons observed during BE mul.plexing.
(a) PCR genotyping of plants selected on 2-Fluoroadenine. (b) Examples of mutaCons in the APT gene,
obtained aFer mulCplex BE. Sequence for sgRNA#5 is in green, in orange for sgRNA#2 and in blue for
sgRNA#21 (PAMs in bold). MutaCons, ediCons or deleCons are indicated in red.
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CCAGTATATCTCGGACAGCATCCGTACCATTCCTGATTTTCCTCACAAAGGTACTATGCTCCACGCCATAGTCGTCACTCTC
GGTTTTGTTTTGCAGTGTTCGTGACATGTGGTTTTTTTCTTTTTTCACCTTTAGCGAAGGTTTTGTATGGAATTCTCTTTCG
TAGCGCGAGTTTACGTGATGAATTTGGTGCAGGCATTATGTTCCGAGATGTGACGACGTTGCTGTTGGATCATAAGGCTTTC
AAAGACACGATCGACATCTTTGTTGAGCGTTACCGGGACCAGAAGGTGGACGTCATTGTGGGTGCGATGCCCTTGACTCCCT
TGACGTACCATAACGGTTTTGTGTAATAATTTGAAGGCAACCGTTACGTTTATAAATTTGGGAAGATTGTCTGGCTGTTGTT
GATTACTTTCGTGCTACTTTTTTCAGGAATTGAAGCTCGAGGTTTTATCTTTGGGCCACCCATTGCTCTTGCCATCGG

CCAGTATATCTCGGACAGCATCCGTACCATTCCTGATTTTCCTCACAAAGGTACTATGCTCCACGCCATAGTCGTCACTCTC
GGTTTTGTTTTGCAGTGTTCGTGACATGTGGTTTTTTTCTTTTTTCACCTTTAGCGAAGGTTTTGTATGGAATTCTCTTTCG
TAGCGCGAGTTTACGTGATGAATTTGGTGCAGGCATTATGTTCCGAGATGTGACGACGTTGCTGTTGGATCATAAGGCTTTC
AAAGACACGATCGACATCTTTGTTGAGCGTTACCGGGACCAGAAGGTGGACGTCATTGTGGGTGCGATGCCCTTGACTCCCT
TGACGTACCATAACGGTTTTGTGTAATAATTTGAAGGCAACCGTTACGTTTATAAATTTGGGAAGATTGTCTGGCTGTTGTT
GATTACTTTCGTGCTACTTTTTTCAGGAATTGAAGCTCGAGGTTTTATCTTTGGG..ACTTATTGCTCTTGCCATCGG

CCAGTATATCTCG...∆268bp...GACCAGAAGGTGGACGTCATTGTGGGTGCGATGCCCTTGACTCCCTTGACGTACCAT
AACGGTTTTGTGTAATAATTTGAAGGCAACCGTTACGTTTATAAATTTGGGAAGATTGTCTGGCTGTTGTTGATTACTTTCG
TGCTACTTTTTTCAGGAATTGAAGCTCGAGGTTTTATCTTTGGGATACCCATTGCTCTTGCCATCGG

CCAGTATATCTCGGACAGCATCCGTACCATTCCTGATTTTCCTCACAAAGGTACTATGCTCCACGCCATAGTCGTCACTCTC
GGTTTTGTTTTGCAGTGTTCGTGACATGTGGTTTTTTTCTTTTTTCACCTTTAGCGAAGGTTTTGTATGGAATTCTCTTTCG
TAGCGCGAGTTTACGTGATGAATTTGGTGCAGGCATTATGTTCCGAGATGTGACGACGTTGCTGTTGGATCATAAGGCTTTC
AAAGACACGATCGACATCTTTGTTGAGCGTTACCGGGACCAGAAGGTGGACGTCATTGTGGGTGCGATGCCCTTGACTCCCT
TGACGTACCATAACGGTTTTGTGTAATAATTTGAAGGCAACCGTTACGTTTATAAATTTGGGAAGATTGTCTGGCTGTTGTT
GATTACTTTCGTGCTACTTTTTTCAGGAATTGAAGCTCGAGGTTTTATCTTTGGGCCACC............CATCGG
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Figure S3. Examples of mul.ple cytosines edi.ng or chimerism observed in some clones.
G418 resistant clones obtained aFer transfecCon via CBE using sgRNA#21, were analysed by Sanger
sequencing using the PpAPT#25/PpAPT#5 primers. Clone #49 shows co-ediCng of four cytosines. Clones
#60 and #43 are chimeric clones with a mix of WT cells and cytosines edited or in/del cells. Target
sequence is indicated with blue line, PAM sequence with red line and black arrows indicate chimerism
or edited C inside the target sequence.

WT sequence

G418R chimeric
Clone #60
sequence

sgRNA#21

G418R chimeric
Clone #43
sequence

G418R edited
Clone #49
sequence



Figure S4. G418 sensi.vity of ABE and CBE single and mul.plex edited clones aIer relaxing of the
an.bio.c selec.on pressure.
A total of 480 clones, 192 from single ediCng strategy (a) plus 288 from mulCplex ediCng strategies (b),
that were first selected for transient expression of the ABE or CBE vectors were picked individually and
grown for two weeks on non selecCve medium and then picked again in parallel on non selecCve or
selecCve medium containing G418 (50mg/l). SensiCvity of the clones was esCmated aFer two weeks of
growth on selecCve medium. Circled in blue is the wild-type, in red is a control corresponding to a
stable G418-resistant clone, in yellow is the unique clone that was sCll resistant to G418 aFer the step
of relaxing of the anCbioCc selecCon pressure.
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Figure S5. Nature of edi.ng using CBE or ABE for each cytosine or adenine present in the target locus.
(a) Nature of C ediCng using CBE with sgRNA#2, sgRNA#5 and sgRNA#7 for cytosines present in the
target locus. (b) Nature of A ediCng using ABE with sgRNA#1, sgRNA#21 and sgRNA#23 for adenines
present in the target locus. Primers used for amplificaCon and Sanger sequencing can be found in
Experimental procedures. Number of analysed plants is indicated.
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Figure S6. Nature of edi.ng using CBE on genes of interest for each cytosine in the target locus.
Nature of C ediCng using CBE with Pp3c3gRNA, Pp3c14gRNA and Pp3c17gRNA for each cytosines
present in the target locus. Primers used for amplificaCon and Sanger sequencing can be found in
Experimental procedures. Number of analysed plants is indicated.
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Figure S7. Sequence of two sgRNAs containing cytosines poten.ally target of ABE ac.vity and nature
of ABE edi.ng using these sgRNAs.
(a) Sequence of sgRNA#24 and sgRNA#25 : target sequence is indicated in blue, PAM sequence in red.
Cytosines in “TCN” context are indicated in green. (b) Nature of A ediCng using ABE with sgRNA#24 and
sgRNA#25 for each adenine present in the 20bp target. Primers used for amplificaCon and Sanger
sequencing can be found in Experimental procedures. Number of analysed plants is indicated.
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Figure S8. Alignment of APRT sequences from different species and phenotype of the apt P. patens
mutants.
(a) Alignment using Modeller9.18 of APRT proteins from 8 species including P. patens. Black loops
represent α-helix and black arrows represent β-strands. Single amino acids subsCtuCons obtained in the
base ediCng experiments are indicated by blue arrows. Accession numbers for the APRT used in this
analysis are as follows: Escherichia coli (PDB:2DY0), Saccharomyces cerevisiae (PDB:1G2Q), Giardia
intes8nalis (PDB:1L1Q), Thermoanaerobacter pseudethanolicus (PDB:4LZA), Rhodothermus marinus
(PDB:4M0K), Yersinia pseudotuberculosis (PDB:4MB6), Homo sapiens (PDB:4X45) and P. patens
(Q45RT2). (b) Phenotypes on 2FA and adenine of the wild-type, ABE-v#1, CBE-v#12 single mutants and
a restored ABE-v#1 mutant.
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Figure S9. View of the P. patens APRT 3D model with amino acids (in blue) that could be 

modified as single substitutions using CBE or ABE. 

The figure is supplied as a separate file 

 



Figure S10. Structure of the Pp3c3_13220, Pp3c14_9040 and Pp3c17_3870 targeted genes.
Structure of the Pp3c3_13220, Pp3c14_9040 and Pp3c17_3870 genes with their respecCve sgRNAs
posiCons. Boxes represent the exons and black lines represent the introns. The 3 sgRNAs posiCons are
indicated (in red) at the top for sgRNAs that target forward strand and at the bogom for sgRNA that
target reverse strand. Grey arrows represent the primers used for PCR and sequencing.



Figure S11. Sequence alignment of VDE from Arabidopsis and Physcomitrella.
Clustal alignment of VDE sequences from A. thaliana and P. patens. Only region corresponding to
the lipocalin domain is shown (see Arnoux et al., 2009). Numbers are from Arabidopsis mature
protein. Residues idenFfied to be within 6 Å of violaxanthin ring (see Saga et al., 2010) are boxed
in red. Amino acids that could be modified using the CBE strategy are in blue.

Arnoux P, MorosinoPo T, Saga G, Bassi R, Pignol D. 2009. A structural basis for the ph-dependent
xanthophyll cycle in Arabidopsis thaliana. Plant Cell 21: 2036–2044.
Saga G, GiorgeX A, Fufezan C, GiacomeX GM, Bassi R, MorosinoPo T. 2010. MutaFon analysis of
violaxanthin de-epoxidase idenFfies substrate-binding sites and residues involved in catalysis.
Journal of Biological Chemistry 285: 23763–23770.

AtVDE EFPAPDPSVLVQNFNISDFNGKWYITSGLNPTFDAFDCQLHEFHTEGDNKLVGNISWRIK 140
PpVDE RFPVPAPSSLVQDFDTTRFTGTWYITSGLNKTFDTFDCQKHEFTAE-PAKLSGNLSWRIA 139

.**.* ** ***:*: : *.*.******** ***:**** *** :*   ** **:**** 

AtVDE TLDSGFFTRSAVQKFVQDPNQPGVLYNHDNEYLHYQDDWYILSSKIENKPEDYIFVYYRG 200
PpVDE TPDGGFFTRSTVQNFVQDEKQPGILLNHGNEFLHYQDDWYILASRIENKPDDYVFIYYRG 199

* *.******:**:**** :***:* **.**:**********:*:*****:**:*:****

AtVDE RNDAWDGYGGAVVYTRSSVLPNSIIPELEKAAKSIGRDFSTFIRTDNTCGP 251
PpVDE KNDAWDGYGGAVVYTKSSTLPTSIIPELGAAAKKVNLDFKKFTTTDNTCGP 250

:**************:**.**.******  ***.:. **..*  *******



Figure S12. Use of the APT gene as a marker of base edi.ng efficiency.
SchemaCc representaCon of the SMART strategy.

GAA GAG TAT AGT
CTT CTC ATA TCA

Tyr103

GAA GAG TAT AGT
CTT CTC ATA TCA

WT (Y103) / Restored WT (C103Y)
2-FAS AdeR

apt variant ABEv#1 (Y103C)
2-FAR AdeS

GAA GAG TGT AGT
CTT CTC ACA TCA

Cys103

GAA GAG TGT AGT
CTT CTC ACA TCA

Cys103

A→G 
PpABE1 + sgRNA#1

T←C
PpCBE1 + sgRNArestor

2-FA selecGon

Adenine selecGon

CBE

ABE

Tyr103



Table S1. List of sgRNAs expression cassettes used in this study.  

Promoter sequences are in blue, target sequences in red and tracrRNA sequences in green. 
 

Name  Sequence (5'-3') 
sgRNA#1 ATTGAATGTCCATTGAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACG

GCGGCGTCCTTGCGGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGT
GGGTCCAGCTGGGTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGcGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCC
ACATGGAATGGAGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCgaagagtatagtctagagtaGTTTTAGAGCTAGA
AATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTAC
AAAGTTGGCATTA 

sgRNA#2 ATTGAATGTCCATTGAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACG
GCGGCGTCCTTGCGGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGT
GGGTCCAGCTGGGTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGcGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCC
ACATGGAATGGAGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCggagcgttaccgggaccagaGTTTTAGAGCTAG
AAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTCTAGACCCAGCTTTCTTGTA
CAAAGTTGGCATTA 

sgRNA#5 GTCCATTGAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCG
TCCTTGCGGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTCC
AGCTGGGTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGGGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATG
GAATGGAGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATggatgctgtccgagatatacGTTTTAGAGCTAGAAA
TAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAGCTCGTC 

sgRNA#7 GATCTAGAGTATTGGATAAAATAATACGTATAGATGTATAGATGAGCAAGTAGTAAAAGATGACTTACTCCTAGTTAAATTAAGCATGG
AAAGAAAGTGTTAGCATGTACAAAAGAGAAATAAAAATAAAAACACAAAACCTCTGTATCGATAGATTTCTTAGAAGGGGAACGAAAC
ATAAAACTTCAAGTGAATGCAAGTGATGGATGGATACTATTGAGTGAGTGCGGGGCAGGGGAGGTGGAGTTGCACCATAGCCGTTGC
GGTGGAAGGGGAAGGCCGGTATATGGAGGTGGGGGTGGAGCCGGTCTGGCatgcaacaaaattgcggaagcGTTTTAGAGCTAGAAATAGC
AAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGAGCTCGTC 

sgRNA#21 GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTgCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATgccacccattgctcttgccatGTTTAAGAGCTATGCTGGAAAC
AGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTACTAGTGACC 

sgRNA#23 GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTCCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATccacaatgacgtccaccttcGTTTAAGAGCTATGCTGGAAAC
AGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTACTAGT 

sgRNA#24 GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTCCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATatgtcttaggccctgtgattGTTTAAGAGCTATGCTGGAAACA
GCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTACTAGT 

sgRNA#25 GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTCCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATctatactcttccctaatcacGTTTAAGAGCTATGCTGGAAACA
GCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTACTAG 

sgRNArestor GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTgCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATgacactcttccctaatcacaGTTTAAGAGCTATGCTGGAAACA
GCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTT 

sgRNAPp3c3 
 

GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTGCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATgccaatcatcctgatagtggGTTTAAGAGCTATGCTGGAAAC
AGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTACTAGT 

sgRNAPp3c14 ATTGAATGTCCATTGAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACG
GCGGCGTCCTTGCGGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGT
GGGTCCAGCTGGGTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACC
CACATGGAATGGAGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATgctgtcgatcatgcggacaaGTTTAAGAGC
TATGCTGGAAACAGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGTTTTTT
ATGTCTG 

sgRNAPp3c17 GAAGCAGACGTGTTGCGACAGGTTAGCGACGATGGGTGTAGATGTGATGTGATGTGATGGTGTGGTTCTTCCACGGCGGCGTCCTTGC
GGTGGCGGAGAAGGGGATATCCCGAAGGAGCGGCAGCGGGAGAGCACAAGCAGAAAGGGTGCAGTGAGTGAGTGGGTGCAGCTGG
GTGGCTGGCCGAGTGGACGCGACCGGGTTTCGAGGGGGCGGGGGAGAAAAGGGATGGAGCGAGGGATATAACCCACATGGAATGG
AGGTGGGTGTGAAGGCGGGTATATAGGAAGGTGGAGGACTTACAACCCATgcaaacggagttcgaggttgGTTTAAGAGCTATGCTGGAAAC
AGCATAGCAAGTTTAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTACTAGT 

 
 
 
 

 

 

 

 



Table S2. Sequences of plasmids used in this study.  

 

 

pAct-Cas9 pnCas9-CBE1 pnCas9-ABE1 
GCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAGCTGGGTACCGG 
GCCCCCCCTCGAGGTCATTCATATGCTTGAGAAGAGAGTCGGGATAGTCC 
AAAATAAAACAAAGGTAAGATTACCTGGTCAAAAGTGAAAACATCAGTTA 
AAAGGTGGTATAAGTAAAATATCGGTAATAAAAGGTGGCCCAAAGTGAAA 
TTTACTCTTTTCTACTATTATAAAAATTGAGGATGTTTTGTCGGTACTTT 
GATACGTCATTTTTGTATGAATTGGTTTTTAAGTTTATTCGCGATTTGGA 
AATGCATATCTGTATTTGAGTCGGTTTTTAAGTTCGTTGCTTTTGTAAAT 
ACAGAGGGATTTGTATAAGAAATATCTTTAAAAAACCCATATGCTAATTT 
GACATAATTTTTGAGAAAAATATATATTCAGGCGAATTCCACAATGAACA 
ATAATAAGATTAAAATAGCTTGCCCCCGTTGCAGCGATGGGTATTTTTTC 
TAGTAAAATAAAAGATAAACTTAGACTCAAAACATTTACAAAAACAACCC 
CTAAAGTCCTAAAGCCCAAAGTGCTATGCACGATCCATAGCAAGCCCAGC 
CCAACCCAACCCAACCCAACCCACCCCAGTGCAGCCAACTGGCAAATAGT 
CTCCACCCCCGGCACTATCACCGTGAGTTGTCCGCACCACCGCACGTCTC 
GCAGCCAAAAAAAAAAAAAGAAAGAAAAAAAAGAAAAAGAAAAACAGCAG 
GTGGGTCCGGGTCGTGGGGGCCGGAAAAGCGAGGAGGATCGCGAGCAGCG 
ACGAGGCCCGGCCCTCCCTCCGCTTCCAAAGAAACGCCCCCCATCGCCAC 
TATATACATACCCCCCCCTCTCCTCCCATCCCCCCAACCCTACCACCACC 
ACCACCACCACCTCCTCCCCCCTCGCTGCCGGACGACGAGCTCCTCCCCC 
CTCCCCCTCCGCCGCCGCGCCGGTAACCACCCCGCCCCTCTCCTCTTTCT 
TTCTCCGTTTTTTTTTTCCGTCTCGGTCTCGATCTTTGGCCTTGGTAGTT 
TGGGTGGGCGAGAGGCGGCTTCGTGCGCGCCCAGATCGGTGCGCGGGAGG 
GGCGGGATCTCGCGGCTGGGGCTCTCGCCGGCGTGGATCCGGCCCGGATC 
TCGCGGGGAATGGGGCTCTCGGATGTAGATCTGCGATCCGCCGTTGTTGG 
GGGAGATGATGGGGGGTTTAAAATTTCCGCCATGCTAAACAAGATCAGGA 
AGAGGGGAAAAGGGCACTATGGTTTATATTTTTATATATTTCTGCTGCTT 
CGTCAGGCTTAGATGTGCTAGATCTTTCTTTCTTCTTTTTGTGGGTAGAA 
TTTGAATCCCTCAGCATTGTTCATCGGTAGTTTTTCTTTTCATGATTTGT 
GACAAATGCAGCCTCGTGCGGAGCTTTTTTGTAGGTAGACCATGGACAAG 
AAGTACTCCATTGGGCTCGATATCGGCACAAACAGCGTCGGCTGGGCCGT 
CATTACGGACGAGTACAAGGTGCCGAGCAAAAAATTCAAAGTTCTGGGCA 
ATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTC 
GACTCCGGGGAGACGGCCGAAGCCACGCGGCTCAAAAGAACAGCACGGCG 
CAGATATACCCGCAGAAAGAATCGGATCTGCTACCTGCAGGAGATCTTTA 
GTAATGAGATGGCTAAGGTGGATGACTCTTTCTTCCATAGGCTGGAGGAG 
TCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGG 
CAATATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATC 
ATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTG 
ATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACACTTCCTCAT 
CGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCC 
AACTGGTTCAGACTTACAATCAGCTTTTCGAAGAGAACCCGATCAACGCA 
TCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCG 
GCGGCTCGAAAACCTCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCC 
TGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAA 
TCTAACTTCGACCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACAC 
CTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACG 
CAGACCTTTTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGT 
GATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAG 
TATGATCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGG 
CCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGAT 
CAGTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGA 
GGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGACGGCACCG 
AGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGC 
ACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCA 
CGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACA 
GGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTATGTAGGC 
CCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGA 
AGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGGGCCT 
CTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCT 
AACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTACGAGTACTTCACAGT 
TTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGC 
CAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTC 
AAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCAA 
AAAGATTGAATGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGATCGCT 
TCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAAAGAC 
AAGGACTTCCTGGACAATGAGGAGAACGAGGACATTCTTGAGGACATTGT 
CCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGA 
AAACTTACGCTCATCTCTTCGACGACAAAGTCATGAAACAGCTCAAGAGG 
CGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGGAT 
CCGAGACAAGCAGAGTGGAAAGACAATCCTGGATTTTCTTAAGTCCGATG 
GATTTGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACC 
TTTAAGGAGGACATCCAGAAAGCACAAGTTTCTGGCCAGGGGGACAGTCT 
TCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAA 
TACTGCAGACCGTTAAGGTCGTGGATGAACTCGTCAAAGTAATGGGAAGG 
CATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTAC 
CCAGAAGGGACAGAAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGG 
GTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAAC 
ACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAG 
GGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTACG 
ACGTGGATCATATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGAT 
AATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGT 
CCCCTCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGC 
TGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCT 
GAACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCA 
GCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGATT 
CACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTG 
AAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTT 
TCAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATG 
CCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAATATCCCAAG 
CTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAA 
AATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCTAAGTACT 
TCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCC 
AATGGAGAGATTCGGAAGCGACCACTTATCGAAACAAACGGAGAAACAGG 
AGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCC 
TGTCCATGCCGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCGGA 
GGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGAT 
CGCACGCAAAAAAGATTGGGACCCCAAGAAATACGGCGGATTCGATTCTC 
CTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAG 
TCTAAAAAACTCAAAAGCGTCAAGGAACTGCTGGGCATCACAATCATGGA 
GCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGAT 
ATAAAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTCTC 
TTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCT 
GCAGAAAGGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATTTCTTGT 
ATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAG 
CAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTTGATGAGATCAT 
CGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACC 
TCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCCCATCAGG 
GAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGC 
GCCTGCAGCCTTCAAGTACTTCGACACCACCATAGACAGAAAGCGGTACA 
CCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACG 
GGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAGCAG 
GGCTGACCCCAAGAAGAAGAGGAAGGTGTGAAAGGGTTCGATCCCTACCG 
GTTAGTAATGAGTTTGGGGGATCCACTAGTTCTAGAGTCGACCTGCAGGC 
ATGCCCGCTGAAATCACCAGTCTCTCTCTACAAATCTATCTCTCTCTATA 
ATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTTCTTATAGGGTT 
TCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGTATTTGTATTTG 
TAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAACCAAAATCCAGG 

TAAACGCTCTTTTCTCTTAGGTTTACCCGCCAATATATCCTGTCAAACAC 
TGATAGTTTAAACTGAAGGCGGGAAACGACAATCTGATCCAAGCTCAAGC 
TCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCA 
GCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCA 
ATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTAT 
GCTTCCGGCTCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACA 
CAGGAAACAGCTATGACATGATTACGAATTTCAGGTGACTGATAGTGACC 
TGTTCGTTGCAACAAATTGATGAGCAATGCTTTTTTATAAAAAAGCATTG 
CTCATCAATTTGTTGCAACGAACAGGTCACTATCAGTCAAAATAAAATCA 
TTATTTGATCGAATTCCCGCGGCCGCTCGAGGTCGACGGTATCGATAAGC 
TTGGCGCGCCATTACCCTGTTATCCCTATCCTGCAGGATTAACACCCAAC 
TTTTCTATGGCCCCTACAGGTCACTAATACCATCTAAGTAGTTGATTCAT 
AGTGACTGGATATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATG 
CAAAATCTAATTTAATATATTGATATTTATATCATTTTACGTTTCTCGTT 
CAACTTTTCTATACAAAGTTGAAGATCTGACTAGCAACGATTGTACAATT 
GCTTCTTTAAAAAAGGAAGAAAGAAAGAAAGAAAAGAATCAACATCAGCG 
TTAACAAACGGCCCCGTTACGGCCCAAACGGTCATATAGAGTAACGGCGT 
TAAGCGTTGAAAGACTCCTATCGAAATACGTAACCGCAAACGTGTCATAG 
TCAGATCCCCTCTTCCTTCACCGCCTCAAACACAAAAATAATCTTCTACA 
GCCTATATATACAACCCCCCCTTCTATCTCTCCTTTCTCACAATTCATCA 
TCTTTCTTTCTCTACCCCCAATTTTAAGAAATCCTCTCTTCTCCTCTTCA 
TTTTCAAGGTAAATCTCTCTCTCTCTCTCTCTCTCTGTTATTCCTTGTTT 
TAATTAGGTATGTATTATTGCTAGTTTGTTAATCTGCTTATCTTATGTAT 
GCCTTATGTGAATATCTTTATCTTGTTCATCTCATCCGTTTAGAAGCTAT 
AAATTTGTTGATTTGACTGTGTATCTACACGTGGTTATGTTTATATCTAA 
TCAGATATGAATTTCTTCATATTGTTGCGTTTGTGTGTACCAATCCGAAA 
TCGTTGATTTTTTTCATTTAATCGTGTAGCTAATTGTACGTATACATATG 
GATCTACGTATCAATTGTTCATCTGTTTGTGTTTGTATGTATACAGATCT 
GAAAACATCACTTCTCTCATCTGATTGTGTTGTTACATACATAGATATAG 
ATCTGTTATATCATTTTTTTTATTAATTGTGTATATATATATGTGCATAG 
ATCTGGATTACATGATTGTGATTATTTACATGATTTTGTTATTTACGTAT 
GTATATATGTAGATCTGGACTTTTTGGAGTTGTTGACTTGATTGTATTTG 
TGTGTGTATATGTGTGTTCTGATCTTGATATGTTATGTATGTGCAGCGAA 
TTCGGCGCGCAATGGATAAGAAGTACTCTATCGGACTCGCTATCGGAACT 
AACTCTGTGGGATGGGCTGTGATCACCGATGAGTACAAGGTGCCATCTAA 
GAAGTTCAAGGTTCTCGGAAACACCGATAGGCACTCTATCAAGAAAAACC 
TTATCGGTGCTCTCCTCTTCGATTCTGGTGAAACTGCTGAGGCTACCAGA 
CTCAAGAGAACCGCTAGAAGAAGGTACACCAGAAGAAAGAACAGGATCTG 
CTACCTCCAAGAGATCTTCTCTAACGAGATGGCTAAAGTGGATGATTCAT 
TCTTCCACAGGCTCGAAGAGTCATTCCTCGTGGAAGAAGATAAGAAGCAC 
GAGAGGCACCCTATCTTCGGAAACATCGTTGATGAGGTGGCATACCACGA 
GAAGTACCCTACTATCTACCACCTCAGAAAGAAGCTCGTTGATTCTACTG 
ATAAGGCTGATCTCAGGCTCATCTACCTCGCTCTCGCTCACATGATCAAG 
TTCAGAGGACACTTCCTCATCGAGGGTGATCTCAACCCTGATAACTCTGA 
TGTGGATAAGTTGTTCATCCAGCTCGTGCAGACCTACAACCAGCTTTTCG 
AAGAGAACCCTATCAACGCTTCAGGTGTGGATGCTAAGGCTATCCTCTCT 
GCTAGGCTCTCTAAGTCAAGAAGGCTTGAGAACCTCATTGCTCAGCTCCC 
TGGTGAGAAGAAGAACGGACTTTTCGGAAACTTGATCGCTCTCTCTCTCG 
GACTCACCCCTAACTTCAAGTCTAACTTCGATCTCGCTGAGGATGCAAAG 
CTCCAGCTCTCAAAGGATACCTACGATGATGATCTCGATAACCTCCTCGC 
TCAGATCGGAGATCAGTACGCTGATTTGTTCCTCGCTGCTAAGAACCTCT 
CTGATGCTATCCTCCTCAGTGATATCCTCAGAGTGAACACCGAGATCACC 
AAGGCTCCACTCTCAGCTTCTATGATCAAGAGATACGATGAGCACCACCA 
GGATCTCACACTTCTCAAGGCTCTTGTTAGACAGCAGCTCCCAGAGAAGT 
ACAAAGAGATTTTCTTCGATCAGTCTAAGAACGGATACGCTGGTTACATC 
GATGGTGGTGCATCTCAAGAAGAGTTCTACAAGTTCATCAAGCCTATCCT 
CGAGAAGATGGATGGAACCGAGGAACTCCTCGTGAAGCTCAATAGAGAGG 
ATCTTCTCAGAAAGCAGAGGACCTTCGATAACGGATCTATCCCTCATCAG 
ATCCACCTCGGAGAGTTGCACGCTATCCTTAGAAGGCAAGAGGATTTCTA 
CCCATTCCTCAAGGATAACAGGGAAAAGATTGAGAAGATTCTCACCTTCA 
GAATCCCTTACTACGTGGGACCTCTCGCTAGAGGAAACTCAAGATTCGCT 
TGGATGACCAGAAAGTCTGAGGAAACCATCACCCCTTGGAACTTCGAAGA 
GGTGGTGGATAAGGGTGCTAGTGCTCAGTCTTTCATCGAGAGGATGACCA 
ACTTCGATAAGAACCTTCCAAACGAGAAGGTGCTCCCTAAGCACTCTTTG 
CTCTACGAGTACTTCACCGTGTACAACGAGTTGACCAAGGTTAAGTACGT 
GACCGAGGGAATGAGGAAGCCTGCTTTTTTGTCAGGTGAGCAAAAGAAGG 
CTATCGTTGATCTCTTGTTCAAGACCAACAGAAAGGTGACCGTGAAGCAG 
CTCAAAGAGGATTACTTCAAGAAAATCGAGTGCTTCGATTCAGTTGAGAT 
TTCTGGTGTTGAGGATAGGTTCAACGCATCTCTCGGAACCTACCACGATC 
TCCTCAAGATCATTAAGGATAAGGATTTCTTGGATAACGAGGAAAACGAG 
GATATCTTGGAGGATATCGTTCTTACCCTCACCCTCTTTGAAGATAGAGA 
GATGATTGAAGAAAGGCTCAAGACCTACGCTCATCTCTTCGATGATAAGG 
TGATGAAGCAGTTGAAGAGAAGAAGATACACTGGTTGGGGAAGGCTCTCA 
AGAAAGCTCATTAACGGAATCAGGGATAAGCAGTCTGGAAAGACAATCCT 
TGATTTCCTCAAGTCTGATGGATTCGCTAACAGAAACTTCATGCAGCTCA 
TCCACGATGATTCTCTCACCTTTAAAGAGGATATCCAGAAGGCTCAGGTT 
TCAGGACAGGGTGATAGTCTCCATGAGCATATCGCTAACCTCGCTGGATC 
TCCTGCAATCAAGAAGGGAATCCTCCAGACTGTGAAGGTTGTGGATGAGT 
TGGTGAAGGTGATGGGAAGGCATAAGCCTGAGAACATCGTGATCGAAATG 
GCTAGAGAGAACCAGACCACTCAGAAGGGACAGAAGAACTCTAGGGAAAG 
GATGAAGAGGATCGAGGAAGGTATCAAAGAGCTTGGATCTCAGATCCTCA 
AAGAGCACCCTGTTGAGAACACTCAGCTCCAGAATGAGAAGCTCTACCTC 
TACTACCTCCAGAACGGAAGGGATATGTATGTGGATCAAGAGTTGGATAT 
CAACAGGCTCTCTGATTACGATGTTGATCATATCGTGCCACAGTCATTCT 
TGAAGGATGATTCTATCGATAACAAGGTGCTCACCAGGTCTGATAAGAAC 
AGGGGTAAGAGTGATAACGTGCCAAGTGAAGAGGTTGTGAAGAAAATGAA 
GAACTATTGGAGGCAGCTCCTCAACGCTAAGCTCATCACTCAGAGAAAGT 
TCGATAACTTGACTAAGGCTGAGAGGGGAGGACTCTCTGAATTGGATAAG 
GCAGGATTCATCAAGAGGCAGCTTGTGGAAACCAGGCAGATCACTAAGCA 
CGTTGCACAGATCCTCGATTCTAGGATGAACACCAAGTACGATGAGAACG 
ATAAGTTGATCAGGGAAGTGAAGGTTATCACCCTCAAGTCAAAGCTCGTG 
TCTGATTTCAGAAAGGATTTCCAATTCTACAAGGTGAGGGAAATCAACAA 
CTACCACCACGCTCACGATGCTTACCTTAACGCTGTTGTTGGAACCGCTC 
TCATCAAGAAGTATCCTAAGCTCGAGTCAGAGTTCGTGTACGGTGATTAC 
AAGGTGTACGATGTGAGGAAGATGATCGCTAAGTCTGAGCAAGAGATCGG 
AAAGGCTACCGCTAAGTATTTCTTCTACTCTAACATCATGAATTTCTTCA 
AGACCGAGATTACCCTCGCTAACGGTGAGATCAGAAAGAGGCCACTCATC 
GAGACAAACGGTGAAACAGGTGAGATCGTGTGGGATAAGGGAAGGGATTT 
CGCTACCGTTAGAAAGGTGCTCTCTATGCCACAGGTGAACATCGTTAAGA 
AAACCGAGGTGCAGACCGGTGGATTCTCTAAAGAGTCTATCCTCCCTAAG 
AGGAACTCTGATAAGCTCATTGCTAGGAAGAAGGATTGGGACCCTAAGAA 
ATACGGTGGTTTCGATTCTCCTACCGTGGCTTACTCTGTTCTCGTTGTGG 
CTAAGGTTGAGAAGGGAAAGAGTAAGAAGCTCAAGTCTGTTAAGGAACTT 
CTCGGAATCACTATCATGGAAAGGTCATCTTTCGAGAAGAACCCAATCGA 
TTTCCTCGAGGCTAAGGGATACAAAGAGGTTAAGAAGGATCTCATCATCA 
AGCTCCCAAAGTACTCACTCTTCGAACTCGAGAACGGTAGAAAGAGGATG 
CTCGCTTCTGCTGGTGAGCTTCAAAAGGGAAACGAGCTTGCTCTCCCATC 
TAAGTACGTTAACTTTCTTTACCTCGCTTCTCACTACGAGAAGTTGAAGG 
GATCTCCAGAAGATAACGAGCAGAAGCAACTTTTCGTTGAGCAGCACAAG 
CACTACTTGGATGAGATCATCGAGCAGATCTCTGAGTTCTCTAAAAGGGT 
GATCCTCGCTGATGCAAACCTCGATAAGGTGTTGTCTGCTTACAACAAGC 
ACAGAGATAAGCCTATCAGGGAACAGGCAGAGAACATCATCCATCTCTTC 
ACCCTTACCAACCTCGGTGCTCCTGCTGCTTTCAAGTACTTCGATACAAC 
CATCGATAGGAAGAGATACACCTCTACCAAAGAAGTGCTCGATGCTACCC 
TCATCCATCAGTCTATCACTGGACTCTACGAGACTAGGATCGATCTCTCA 
CAGCTCGGTGGTGATTCAAGGGCTGATCCTAAGAAGAAGAGGAAGGTTGG 
AGGAGGGCCAGGAGCAGAGTATGTTAGAGCGTTGTTTGATTTTAACGGTA 

AGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTT 
TCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAA 
ATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCG 
TGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTC 
ACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCA 
CGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAG 
TTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGC 
TATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGT 
CGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCAC 
AGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTG 
CCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATC 
GGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGT 
AACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACG 
ACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAA 
CTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGA 
CTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTC 
CGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCT 
CGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGT 
AGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGAC 
AGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGAC 
CAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATT 
TAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCC 
CTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATC 
AAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA 
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGC 
TACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCA 
AATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTC 
TGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG 
CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAG 
TTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACA 
GCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTG 
AGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTAT 
CCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGG 
GGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGAC 
TTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAA 
AACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTT 
TGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTA 
TTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAG 
CGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCCAATACGCAAACC 
GCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGT 
TTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGAGTTAG 
CTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTAT 
GTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATG 
ACCATGATTACGCCAAGCGCGCAATTAACCCTCACTAAAGGGAACAAAAG 
CTGGGTACCGGGCCCCCCCTCGAGGTCATTCATATGCTTGAGAAGAGAGT 
CGGGATAGTCCAAAATAAAACAAAGGTAAGATTACCTGGTCAAAAGTGAA 
AACATCAGTTAAAAGGTGGTATAAGTAAAATATCGGTAATAAAAGGTGGC 
CCAAAGTGAAATTTACTCTTTTCTACTATTATAAAAATTGAGGATGTTTT 
GTCGGTACTTTGATACGTCATTTTTGTATGAATTGGTTTTTAAGTTTATT 
CGCGATTTGGAAATGCATATCTGTATTTGAGTCGGTTTTTAAGTTCGTTG 
CTTTTGTAAATACAGAGGGATTTGTATAAGAAATATCTTTAAAAAACCCA 
TATGCTAATTTGACATAATTTTTGAGAAAAATATATATTCAGGCGAATTC 
CACAATGAACAATAATAAGATTAAAATAGCTTGCCCCCGTTGCAGCGATG 
GGTATTTTTTCTAGTAAAATAAAAGATAAACTTAGACTCAAAACATTTAC 
AAAAACAACCCCTAAAGTCCTAAAGCCCAAAGTGCTATGCACGATCCATA 
GCAAGCCCAGCCCAACCCAACCCAACCCAACCCACCCCAGTGCAGCCAAC 
TGGCAAATAGTCTCCACCCCCGGCACTATCACCGTGAGTTGTCCGCACCA 
CCGCACGTCTCGCAGCCAAAAAAAAAAAAAGAAAGAAAAAAAAGAAAAAG 
AAAAACAGCAGGTGGGTCCGGGTCGTGGGGGCCGGAAAAGCGAGGAGGAT 
CGCGAGCAGCGACGAGGCCCGGCCCTCCCTCCGCTTCCAAAGAAACGCCC 
CCCATCGCCACTATATACATACCCCCCCCTCTCCTCCCATCCCCCCAACC 
CTACCACCACCACCACCACCACCTCCTCCCCCCTCGCTGCCGGACGACGA 
GCTCCTCCCCCCTCCCCCTCCGCCGCCGCGCCGGTAACCACCCCGCCCCT 
CTCCTCTTTCTTTCTCCGTTTTTTTTTTCCGTCTCGGTCTCGATCTTTGG 
CCTTGGTAGTTTGGGTGGGCGAGAGGCGGCTTCGTGCGCGCCCAGATCGG 
TGCGCGGGAGGGGCGGGATCTCGCGGCTGGGGCTCTCGCCGGCGTGGATC 
CGGCCCGGATCTCGCGGGGAATGGGGCTCTCGGATGTAGATCTGCGATCC 
GCCGTTGTTGGGGGAGATGATGGGGGGTTTAAAATTTCCGCCATGCTAAA 
CAAGATCAGGAAGAGGGGAAAAGGGCACTATGGTTTATATTTTTATATAT 
TTCTGCTGCTTCGTCAGGCTTAGATGTGCTAGATCTTTCTTTCTTCTTTT 
TGTGGGTAGAATTTGAATCCCTCAGCATTGTTCATCGGTAGTTTTTCTTT 
TCATGATTTGTGACAAATGCAGCCTCGTGCGGAGCTTTTTTGTAGGTAGA 
CCATGGCTGACGCCGAGGATATCGAATTCCTGCAGCCCGGGGGATCCACT 
AGTTCTAGAACTAGTTAATTAAGAATTATCAACAAGTTTGTACAAAAAAG 
CAGGCTTACGCCACCATGTCCGAAGTCGAGTTTTCCCATGAGTACTGGAT 
GAGACACGCATTGACTCTCGCAAAGAGGGCTTGGGATGAACGCGAGGTGC 
CCGTGGGGGCAGTACTCGTGCATAACAATCGCGTAATCGGCGAAGGTTGG 
AATAGGCCGATCGGACGCCACGACCCCACTGCACATGCGGAAATCATGGC 
CCTTCGACAGGGAGGGCTTGTGATGCAGAATTATCGACTTATCGATGCGA 
CGCTGTACGTCACGCTTGAACCTTGCGTAATGTGCGCGGGAGCTATGATT 
CACTCCCGCATTGGACGAGTTGTATTCGGTGCCCGCGACGCCAAGACGGG 
TGCCGCAGGTTCACTGATGGACGTGCTGCATCACCCAGGCATGAACCACC 
GGGTAGAAATCACAGAAGGCATATTGGCGGACGAATGTGCGGCGCTGTTG 
TCCGACTTTTTTCGCATGCGGAGGCAGGAGATCAAGGCCCAGAAAAAAGC 
ACAATCCTCTACTGACTCTGGTGGTTCTTCTGGTGGTTCTAGCGGCAGCG 
AGACTCCCGGGACCTCAGAGTCCGCCACACCCGAAAGTTCTGGTGGTTCT 
TCTGGTGGTTCTTCCGAAGTCGAGTTTTCCCATGAGTACTGGATGAGACA 
CGCATTGACTCTCGCAAAGAGGGCTCGAGATGAACGCGAGGTGCCCGTGG 
GGGCAGTACTCGTGCTCAACAATCGCGTAATCGGCGAAGGTTGGAATAGG 
GCAATCGGACTCCACGACCCCACTGCACATGCGGAAATCATGGCCCTTCG 
ACAGGGAGGGCTTGTGATGCAGAATTATCGACTTATCGATGCGACGCTGT 
ACGTCACGTTTGAACCTTGCGTAATGTGCGCGGGAGCTATGATTCACTCC 
CGCATTGGACGAGTTGTATTCGGTGTTCGCAACGCCAAGACGGGTGCCGC 
AGGTTCACTGATGGACGTGCTGCATTACCCAGGCATGAACCACCGGGTAG 
AAATCACAGAAGGCATATTGGCGGACGAATGTGCGGCGCTGTTGTGTTAC 
TTTTTTCGCATGCCCAGGCAGGTCTTTAACGCCCAGAAAAAAGCACAATC 
CTCTACTGACTCTGGTGGTTCTTCTGGTGGTTCTAGCGGCAGCGAGACTC 
CCGGGACCTCAGAGTCCGCCACACCCGAAAGTTCTGGTGGTTCTTCTGGT 
GGTTCTGATAAAAAGTATTCTATTGGTTTAGCCATCGGCACTAATTCCGT 
TGGATGGGCTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTA 
AGGTGTTGGGGAACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGT 
GCCCTCCTATTCGATAGTGGCGAAACGGCAGAGGCGACTCGCCTGAAACG 
AACCGCTCGGAGAAGGTATACACGTCGCAAGAACCGAATATGTTACTTAC 
AAGAAATTTTTAGCAATGAGATGGCCAAAGTTGACGATTCTTTCTTTCAC 
CGTTTGGAAGAGTCCTTCCTTGTCGAAGAGGACAAGAAACATGAACGGCA 
CCCCATCTTTGGAAACATAGTAGATGAGGTGGCATATCATGAAAAGTACC 
CAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAACTGATAAAGCG 
GACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTTCCGTGG 
GCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGACA 
AACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAAC 
CCTATAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCT 
CTCTAAATCCCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGA 
AGAAAAATGGGTTGTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACA 
CCAAATTTTAAGTCGAACTTCGACTTAGCTGAAGATGCCAAATTGCAGCT 
TAGTAAGGACACGTACGATGACGATCTCGACAATCTACTGGCACAAATTG 
GAGATCAGTATGCGGACTTATTTTTGGCTGCCAAAAACCTTAGCGATGCA 
ATCCTCCTATCTGACATACTGAGAGTTAATACTGAGATTACCAAGGCGCC 



GGTACCGAGCTCGAATTCAAGCTGGTGGAGCTCCAATTCGCCCTATAGTG 
AGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAACGTCGTGACTGG 
GAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTT 
CGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAAC 
AGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTAGCGGCGCATTA 
AGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAG 
CGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGT 
TCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTC 
CGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGA 
TGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGA 
CGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACA 
ACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCC 
GATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACG 
CGAATTTTAACAAAATATTAACGCTTACAATTTAGGTGGCACTTTTCGGG 
GAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAAT 
ATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTG 
AAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCT 
TTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTG 
AAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGA 
ACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAAC 
GTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTA 
TCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTC 
TCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGG 
ATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGAT 
AACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCT 
AACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTT 
GGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACG 
ATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACT 
ACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATA 
AAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATT 
GCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGC 
ACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGG 
GGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGT 
GCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATAT 
ACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGA 
AGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCG 
TTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGA 
TCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGC 
TACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCG 
AAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGT 
GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACAT 
ACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAG 
TCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCA 
GCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAA 
CGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCC 
ACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGT 
CGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATC 
TTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTG 
TGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGC 
CTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTC 
CTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGA 
GCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAG 
CGAGGAAGCGGAAGAGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTT 
GGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCG 
GGCAGTGAGCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACC 
CCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTGTGA 
GCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTAC 

ACGATGAAGAGGATTTACCCTTTAAGAAAGGCGACATTCTCAGGATTAGG 
GATAAACCTGAAGAGCAATGGTGGAATGCTGAGGATAGTGAAGGCAAACG 
AGGAATGATTTTAGTGCCGTATGTGGAGAAATATTCGGGTGACTACAAAG 
ATCATGATGGTGATTACAAAGACCATGACATCGACTACAAGGATGATGAT 
GATAAGTCAGGGATGACAGATGCTGAATATGTCAGAATCCACGAAAAGTT 
GGACATTTACACGTTTAAGAAGCAGTTCTTCAACAACAAGAAATCTGTTT 
CGCATAGGTGCTATGTGCTTTTCGAACTAAAACGTCGTGGAGAAAGACGG 
GCTTGCTTTTGGGGTTACGCGGTTAACAAACCACAATCAGGTACTGAACG 
AGGAATACACGCTGAAATCTTTTCTATCCGAAAGGTTGAGGAATATCTAC 
GTGACAATCCTGGACAGTTCACTATCAATTGGTATTCTAGCTGGTCACCA 
TGTGCAGATTGTGCTGAGAAGATTCTCGAATGGTACAATCAAGAGCTTAG 
AGGCAATGGACATACATTGAAAATATGGGCATGCAAGCTCTACTACGAAA 
AGAATGCCAGAAACCAAATTGGGCTTTGGAACTTGAGGGATAATGGAGTT 
GGGCTTAATGTCATGGTTTCTGAGCACTATCAATGTTGTCGGAAGATCTT 
CATACAAAGTTCCCATAACCAGTTGAATGAGAACAGATGGTTAGAGAAAA 
CCCTTAAAAGAGCCGAGAAGAGAAGATCCGAACTGAGCATTATGATACAG 
GTCAAAATTCTGCATACCACTAAGAGTCCAGCTGTAGGTCCTAAGAAGAA 
ACGTAAAGTAGGGCCCTGATCCAGGCCTCCCAGCTTTCGTCCGTATCATC 
GGTTTCGACAACGTTCGTCAAGTTCAATGCATCAGTTTCATTGCCCACAC 
ACCAGAATCCTACTAAGTTTGAGTATTATGGCATTGGAAAAGCTGTTTTC 
TTCTATCATTTGTTCTGCTTGTAATTTACTGTGTTCTTTCAGTTTTTGTT 
TTCGGACATCAAAATGCAAATGGATGGATAAGAGTTAATAAATGATATGG 
TCCTTTTGTTCATTCTCAAATTATTATTATCTGTTGTTTTTACTTTAATG 
GGTTGAATTTAAGTAAGAAAGGAACTAACAGTGTGATATTAAGGTGCAAT 
GTTAGACATATAAAACAGTCTTTCACCTCTCTTTGGTTATGTCTTGAATT 
GGTTTGTTTCTTCACTTATCTGTGTAATCAAGTTTACTATGAGTCTATGA 
TCAAGTAATTATGCAATCAAGTTAAGTACAGTATAGGCTTGAGCTCCCTA 
GGCCCCTAGGTAATTCTTCGGACCCAAGAATGCTAAGCCAAGAGGAGCTG 
TTATCGCCGTCCTCCTGCTTGTTTCTCTCTTTTTGTTGCTGTTTCTTCAT 
TAGCGTGGACAAAGTTTTCAACCGGCCTATCTGTTATCATTTTCTTCTAT 
TCAAAGACTGTAATACCTATTGCTACCTGTGGTTCTCACTTGTGATTTTG 
GACACATATGTTCGGTTTATTCAAATTTAATCAGATGCCTGATGAGGGTA 
CCAGAAAAAATACGTGTTCTGGTTGTTTTTGAGTTGCGATTATTCTATGA 
AATGAATAACATCGAAGTTATCATCCCAGTATTTTCGCATGAATGTTCTT 
TTCTTCTGTCTTGTGCATCAGTGATCTAGTGCATGGGAGTTTGTATTGTG 
ATGTTCGACATCACGTAACTTCCACTTTGCCTTTGCTGTTCGATATTTTA 
ATGACATGTCACACACACTTCTGATACTTTTCTTTCTTGGCTATTGTGCC 
AGCATGATGCAAGATGCATCACAGCATCAGATATATTCTCATCGTCAGGC 
TTTAGCAGCACACGAGCACGCTTTGCCGCTTAAAAGTTGTACGGCGCAGC 
TTAGACATCCCCTGTAGAAGTGATAATCTTTTCACTTTTCCTTAAACAAA 
TTGAGAGGGGAAATGGAACCATGTGGATCAGAGAAGCTTTTGTTTCTTTA 
CACAAGAATATTTGGTACAGTGGGGGTCCTATGTTCGTGGGTTCGTGGCT 
TGGCTGCCTGTCTTCAACCAAGTGTTTTCAGTTCAACATGTTAGCGTGTA 
GAAAGAGCACAATTCTGTTTATCTCCAAGGTAAAATGTGGCATTCTGTTA 
AAGAACATGATCCTGCCAATTTTTTAAGTTTCAATGGAAGAGGAATGTAA 
AGCTTTCTATGGTTTGTGTACACAACACAGTGGAAGAGGAGTGCAAGCTT 
TCTATGGTTTGTGTGCGCGTTGTGTGTCAGCACTTCAATTTTGTTAGAAA 
ATGAAAGAAAAAAAAGGATGATCATGCTTATAGTAAATCACTCTTTTTCC 
TCGCCTTCTGTACGTTTTGACTTGACAAGATTTTAAAATCTGTACATGAC 
CTTTGTTTTAAAATTACTTTATGTATTTCCATCTTTCAAGTTATGCAGAT 
GTCATCACAAATTGTTACACCAATCACCAGGCTGGCTGTTTATATATTAT 
CAGACCAGGCTATATAGAGTATACTATACTAACTGTTCATATTATCTGGA 
AATCTTGCTTGCTACTTGAGCGGTAAAAGGGTATAGATATGAGGGTCCCC 
AGATTAGCCTTTTCAATTTCAGAAAGAATGCTAACCCACAGATGGTTAGA 
GAGGCTTACGCAGCAGGTCTCATCAAGACGATCTACCCGAGCAATAATCT 
CCAGGAAATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGAT 
TCAGGACTAACTGCATCAAGAACACAGAGAAAGATATATTTCTCAAGATC 
AGAAGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCACAAACCAAG 
GCAAGTAATAGAGATTGGAGTCTCTAAAAAGGTAGTTCCCACTGAATCAA 
AGGCCATGGAGTCAAAGATTCAAATAGAGGACCTAACAGAACTCGCCGTA 
AAGACTGGCGAACAGTTCATACAGAGTCTCTTACGACTCAATGACAAGAA 
GAAAATCTTCGTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAA 
ATATCAAAGATACAGTCTCAGAAGACCAAAGGGCAATTGAGACTTTTCAA 
CAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTG 
TCACTTTATTGTGAAGATAGTGGAAAAGGAAGGTGGCTCCTACAAATGCC 
ATCATTGCGATAAAGGAAAGGCCATCGTTGAAGATGCCTCTGCCGACAGT 
GGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAGA 
CGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTG 
ACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCT 
ATATAAGGAAGTTCATTTCATTTGGAGAGAACACGGGGGACTCTAGAATG 
GGGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGA 
GAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATG 
CCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAG 
ACCGACCTGTCCGGTGCCCTGAATGAACTCCAGGACGAGGCAGCGCGGCT 
ATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTG 
TCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAG 
GATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGC 
TGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCG 
ACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCC 
GGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCC 
AGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATC 
TCGTCGTGACACATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAAT 
GGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCG 
CTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCG 
GCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGAT 
TCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGAGCT 
CTTGGGCTAATCTAAAACGATTTATCTGTGGCTTCAAGTGTATCGATCAC 
TTATGTGAGGTGTAATTACTGGTGTTTTTGGTGTGCTCTGGTTCCTTTCA 
AGTGTGTTGTTGCCGCTCGAACTACTCCGCTATGTAAAACGGTAAAACCT 
GTTGTCTCATTATGAAAGTGAACTATATTATGTTCTACTACTACTCTACT 
TAGTCAATTTTCTTCACCTTGATTAGTGTAAATATGAATCTTATATTCTT 
ATGTCTTAAGAAATTAGCACATGTGAAGCCTCCAAGTGCATATTTTCTCG 
ATCGCGAGACGCACAATGCGTGAGAAATTCAGCTGGTTATACTCAAATAT 
ATTAATATATCTAGCAGCAGCTCATGGAGATTCAGGAAACTTGGCATCCC 
TAATCCCTACCATTTCCATTCTTCCGAGATTGACAGTTCAATACAAGTAC 
AGTAATCTCCTGGTAAGTTTCTTATTAACTTGACATGTAGTAGTAATAAT 
TTGTACGTAGCATAGATACATAGACACAAAAATGTCCTCCCCATTGAGCT 
AGCCGATTGGAGCCGAACACCGCAGGAATGAATTTACATAATCTGCAAAG 
AATAAATGGAATGTGCCTCCACAGGAAAACCAGCGGCAGTGTGGCGTTTT 
CAAGAGCAGCCGTAAGTCGAAGCCTATTCTGAATCGTAGAAATCACTGGG 
GCATGGTGTAATTACATCCGACTCCAACATCTGTACCACCCTGTGCATTG 
TAGGCCGCTCCTCTGGCAAAGAACTTACACATTGTTTAGCAAGAGAAAGT 
AGAGCATCCAAGGTCTCAATCTGCACTCCCTCACAATATGGATCGACAAT 
TTCCCTCTCCCGATTCTCACCGACCAGGAAATTCAACTGCCACAGAGCAA 
GTAGATTATTTCAAGAATACATTAAATCAATTGAAGGCATACGTAATTCA 
TATCAGAAAACTGTGGATATGAAATGGAAGGACATAAAGGTCATACATAC 
CCATCCAACAATGTTCAATCCCTTTTCAATAAATGATGCATCAGTAGGTC 
GTTTTCCGCTTAGTATTTCAAGTAGCAAAACTCCAAAACTGTAGACGTCA 
GTCTTTTCGGTGGCTCTGCCACTTTGCATATACTCCTGCAGGTCGACCAT 
AGTGACTGGATATGTTGTGTTTTACAGTATTATGTAGTCTGTTTTTTATG 
CAAAATCTAATTTAATATATTGATATTTATATCATTTTACGTTTCTCGTT 
CAGCTTTCTTGTACAAAGTGGTGATATCCCGCGGAAATACGTAGAATTCG 
GGAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAAACCC 
TGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCT 
GGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGC 
AGCCTGAATGGCGAATGCTAGAGCAATTCGGCGTTAATTCAGTACATTAA 
AAACGTCCGCAATGTGTTATTAAGTTGTCTAAGCGTCAATTTGTTTACAC 
CACAATATATCCTGCCACCAGCCAGCCAACAGCTCCCCGACCGGCAGCTC 
GGCACAAAATCACCACTCGATACAGGCAGCCCATCAGTCCGGGACGGCGT 
CAGCGGGAGAGCCGTTGTAAGGCGGCAGACTTTGCTCATGTTACCGATGC 
TATTCGGAAGAACGGCAACTAAGCTGCCGGGTTTGAAACACGGATGATCT 
CGCGGAGGGTAGCATGTTGATTGTAACGATGACAGAGCGTTGCTGCCTGT 
GATCAATTCGGGCACGAACCCAGTGGACATAAGCCTCGTTCGGTTCGTAA 
GCTGTAATGCAAGTAGCGTAACTGCCGTCACGCAACTGGTCCAGAACCTT 
GACCGAACGCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTCTT 
GTTATGACATGTTTTTTTGGGGTACAGTCTATGCCTCGGGCATCCAAGCA 

GTTATCCGCTTCAATGATCAAAAGGTACGATGAACATCACCAAGACTTGA 
CACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAATATAAGGAA 
ATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACGGCGG 
AGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGA 
TGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTG 
CGAAAGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTT 
AGGCGAATTGCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCC 
TCAAAGACAATCGTGAAAAGATTGAGAAAATCCTAACCTTTCGCATACCT 
TACTATGTGGGACCCCTGGCCCGAGGGAACTCTCGGTTCGCATGGATGAC 
AAGAAAGTCCGAAGAAACGATTACTCCATGGAATTTTGAGGAAGTTGTCG 
ATAAAGGTGCGTCAGCTCAATCGTTCATCGAGAGGATGACCAACTTTGAC 
AAGAATTTACCGAACGAAAAAGTATTGCCTAAGCACAGTTTACTTTACGA 
GTATTTCACAGTGTACAATGAACTCACGAAAGTTAAGTATGTCACTGAGG 
GCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAAGCAATAGTA 
GATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTGAAAGA 
GGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGG 
TAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAG 
ATAATTAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTT 
AGAAGATATAGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTG 
AGGAAAGACTAAAAACATACGCTCACCTGTTCGACGATAAGGTTATGAAA 
CAGTTAAAGAGGCGTCGCTATACGGGCTGGGGACGATTGTCGCGGAAACT 
TATCAACGGGATAAGAGACAAGCAAAGTGGTAAAACTATTCTCGATTTTC 
TAAAGAGCGACGGCTTCGCCAATAGGAACTTTATGCAGCTGATCCATGAT 
GACTCTTTAACCTTCAAAGAGGATATACAAAAGGCACAGGTTTCCGGACA 
AGGGGACTCATTGCACGAACATATTGCGAATCTTGCTGGTTCGCCAGCCA 
TCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGCTAGTTAAG 
GTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCACGCGA 
AAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAGA 
GAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCAT 
CCTGTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCT 
ACAAAATGGAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTT 
TATCTGATTACGACGTCGATCACATTGTACCCCAATCCTTTTTGAAGGAC 
GATTCAATCGACAATAAAGTGCTTACACGCTCGGATAAGAACCGAGGGAA 
AAGTGACAATGTTCCAAGCGAGGAAGTCGTAAAGAAAATGAAGAACTATT 
GGCGGCAGCTCCTAAATGCGAAACTGATAACGCAAAGAAAGTTCGATAAC 
TTAACTAAAGCTGAGAGGGGTGGCTTGTCTGAACTTGACAAGGCCGGATT 
TATTAAACGTCAGCTCGTGGAAACCCGCCAAATCACAAAGCATGTTGCAC 
AGATACTAGATTCCCGAATGAATACGAAATACGACGAGAACGATAAGCTG 
ATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTGTCGGACTT 
CAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACCACC 
ATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAG 
AAATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTA 
TGACGTCCGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTA 
CAGCCAAATACTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAA 
ATCACTCTGGCAAACGGAGAGATACGCAAACGACCTTTAATTGAAACCAA 
TGGGGAGACAGGTGAAATCGTATGGGATAAGGGCCGGGACTTCGCGACGG 
TGAGAAAAGTTTTGTCCATGCCCCAAGTCAACATAGTAAAGAAAACTGAG 
GTGCAGACCGGAGGGTTTTCAAAGGAATCGATTCTTCCAAAAAGGAATAG 
TGATAAGCTCATCGCTCGTAAAAAGGACTGGGACCCGAAAAAGTACGGTG 
GCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGTAGTGGCAAAAGTT 
GAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAATTATTGGGGAT 
AACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTTCCTTG 
AGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACCA 
AAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAG 
CGCCGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACG 
TGAATTTCCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCT 
GAAGATAACGAACAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCT 
CGACGAAATCATAGAGCAAATTTCGGAATTCAGTAAGAGAGTCATCCTAG 
CTGATGCCAATCTGGACAAAGTATTAAGCGCATACAACAAGCACAGGGAT 
AAACCCATACGTGAGCAGGCGGAAAATATTATCCATTTGTTTACTCTTAC 
CAACCTCGGCGCTCCAGCCGCATTCAAGTATTTTGACACAACGATAGATC 
GCAAACGATACACTTCTACCAAGGAGGTGCTAGACGCGACACTGATTCAC 
CAATCCATCACGGGATTATATGAAACTCGGATAGATTTGTCACAGCTTGG 
GGGTGACTCTGGTGGTTCTCCCAAGAAGAAGAGGAAAGTCTAATACCCAG 
CTTTCTTGTACAAAGTGGTTGATAGCTTGGCGCGCCTCGACTCTAGAGTC 
GACCTGCAGGCATGCCCGCTGAAATCACCAGTCTCTCTCTACAAATCTAT 
CTCTCTCTATAATAATGTGTGAGTAGTTCCCAGATAAGGGAATTAGGGTT 
CTTATAGGGTTTCGCTCATGTGTTGAGCATATAAGAAACCCTTAGTATGT 
ATTTGTATTTGTAAAATACTTCTATCAATAAAATTTCTAATTCCTAAAAC 
CAAAATCCAGGGGTACCGAGCTCGAATTCAAGCTGGTGGAGCTCCAATTC 
GCCCTATAGTGAGTCGTATTACGCGCGCTCACTGGCCGTCGTTTTACAAC 
GTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCA 
CATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCG 
CCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGGACGCGCCCTGTA 
GCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCT 
ACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTT 
TCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCC 
CTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTT 
GATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTT 
TCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCC 
AAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAA 
GGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACA 
AAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTT 

 



GCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGAGCAGCAACG 
ATGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGTTAAACATCATGGGG 
GAAGCGGTGATCGCCGAAGTATCGACTCAACTATCAGAGGTAGTTGGCGT 
CATCGAGCGCCATCTCGAACCGACGTTGCTGGCCGTACATTTGTACGGCT 
CCGCAGTGGATGGCGGCCTGAAGCCACACAGTGATATTGATTTGCTGGTT 
ACGGTGACCGTAAGGCTTGATGAAACAACGCGGCGAGCTTTGATCAACGA 
CCTTTTGGAAACTTCGGCTTCCCCTGGAGAGAGCGAGATTCTCCGCGCTG 
TAGAAGTCACCATTGTTGTGCACGACGACATCATTCCGTGGCGTTATCCA 
GCTAAGCGCGAACTGCAATTTGGAGAATGGCAGCGCAATGACATTCTTGC 
AGGTATCTTCGAGCCAGCCACGATCGACATTGATCTGGCTATCTTGCTGA 
CAAAAGCAAGAGAACATAGCGTTGCCTTGGTAGGTCCAGCGGCGGAGGAA 
CTCTTTGATCCGGTTCCTGAACAGGATCTATTTGAGGCGCTAAATGAAAC 
CTTAACGCTATGGAACTCGCCGCCCGACTGGGCTGGCGATGAGCGAAATG 
TAGTGCTTACGTTGTCCCGCATTTGGTACAGCGCAGTAACCGGCAAAATC 
GCGCCGAAGGATGTCGCTGCCGACTGGGCAATGGAGCGCCTGCCGGCCCA 
GTATCAGCCCGTCATACTTGAAGCTAGACAGGCTTATCTTGGACAAGAAG 
AAGATCGCTTGGCCTCGCGCGCAGATCAGTTGGAAGAATTTGTCCACTAC 
GTGAAAGGCGAGATCACCAAGGTAGTCGGCAAATAATGTCTAGCTAGAAA 
TTCGTTCAAGCCGACGCCGCTTCGCCGGCGTTAAATCAAGCGATTAGATG 
CACTAAGCACATAATTGCTCACAGCCAAACTATCAGGTCAAGTCTGCTTT 
TATTATTTTTAAGCGTGCATAATAAGCCCTACACAAATTGGGAGATATAT 
CATGCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCA 
GACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCG 
CGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTT 
GTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTC 
AGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGG 
CCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAA 
TCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGG 
TTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAAC 
GGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAAC 
TGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGG 
AGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCG 
CACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCG 
GGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGG 
GGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCT 
GGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTG 
ATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGC 
CGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGA 
GCGCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACC 
GCATATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGC 
CAGTATACACTCCGCTATCGCTACGTGACTGGGTCATGGCTGCGCCCCGA 
CACCCGCCAACACCCGCTGACGCGCCCTGACGGGCTTGTCTGCTCCCGGC 
ATCCGCTTACAGACAAGCTGTGACCGTCTCCGGGAGCTGCATGTGTCAGA 
GGTTTTCACCGTCATCACCGAAACGCGCGAGGCAGGGTGCCTTGATGTGG 
GCGCCGGCGGTCGAGTGGCGACGGCGCGGCTTGTCCGCGCCCTGGTAGAT 
TGCCTGGCCGTAGGCCAGCCATTTTTGAGCGGCCAGCGGCCGCGATAGGC 
CGACGCGAAGCGGCGGGGCGTAGGGAGCGCAGCGACCGAAGGGTAGGCGC 
TTTTTGCAGCTCTTCGGCTGTGCGCTGGCCAGACAGTTATGCACAGGCCA 
GGCGGGTTTTAAGAGTTTTAATAAGTTTTAAAGAGTTTTAGGCGGAAAAA 
TCGCCTTTTTTCTCTTTTATATCAGTCACTTACATGTGTGACCGGTTCCC 
AATGTACGGCTTTGGGTTCCCAATGTACGGGTTCCGGTTCCCAATGTACG 
GCTTTGGGTTCCCAATGTACGTGCTATCCACAGGAAAGAGACCTTTTCGA 
CCTTTTTCCCCTGCTAGGGCAATTTGCCCTAGCATCTGCTCCGTACATTA 
GGAACCGGCGGATGCTTCGCCCTCGATCAGGTTGCGGTAGCGCATGACTA 
GGATCGGGCCAGCCTGCCCCGCCTCCTCCTTCAAATCGTACTCCGGCAGG 
TCATTTGACCCGATCAGCTTGCGCACGGTGAAACAGAACTTCTTGAACTC 
TCCGGCGCTGCCACTGCGTTCGTAGATCGTCTTGAACAACCATCTGGCTT 
CTGCCTTGCCTGCGGCGCGGCGTGCCAGGCGGTAGAGAAAACGGCCGATG 
CCGGGATCGATCAAAAAGTAATCGGGGTGAACCGTCAGCACGTCCGGGTT 
CTTGCCTTCTGTGATCTCGCGGTACATCCAATCAGCTAGCTCGATCTCGA 
TGTACTCCGGCCGCCCGGTTTCGCTCTTTACGATCTTGTAGCGGCTAATC 
AAGGCTTCACCCTCGGATACCGTCACCAGGCGGCCGTTCTTGGCCTTCTT 
CGTACGCTGCATGGCAACGTGCGTGGTGTTTAACCGAATGCAGGTTTCTA 
CCAGGTCGTCTTTCTGCTTTCCGCCATCGGCTCGCCGGCAGAACTTGAGT 
ACGTCCGCAACGTGTGGACGGAACACGCGGCCGGGCTTGTCTCCCTTCCC 
TTCCCGGTATCGGTTCATGGATTCGGTTAGATGGGAAACCGCCATCAGTA 
CCAGGTCGTAATCCCACACACTGGCCATGCCGGCCGGCCCTGCGGAAACC 
TCTACGTGCCCGTCTGGAAGCTCGTAGCGGATCACCTCGCCAGCTCGTCG 
GTCACGCTTCGACAGACGGAAAACGGCCACGTCCATGATGCTGCGACTAT 
CGCGGGTGCCCACGTCATAGAGCATCGGAACGAAAAAATCTGGTTGCTCG 
TCGCCCTTGGGCGGCTTCCTAATCGACGGCGCACCGGCTGCCGGCGGTTG 
CCGGGATTCTTTGCGGATTCGATCAGCGGCCGCTTGCCACGATTCACCGG 
GGCGTGCTTCTGCCTCGATGCGTTGCCGCTGGGCGGCCTGCGCGGCCTTC 
AACTTCTCCACCAGGTCATCACCCAGCGCCGCGCCGATTTGTACCGGGCC 
GGATGGTTTGCGACCGTCACGCCGATTCCTCGGGCTTGGGGGTTCCAGTG 
CCATTGCAGGGCCGGCAGACAACCCAGCCGCTTACGCCTGGCCAACCGCC 
CGTTCCTCCACACATGGGGCATTCCACGGCGTCGGTGCCTGGTTGTTCTT 
GATTTTCCATGCCGCCTCCTTTAGCCGCTAAAATTCATCTACTCATTTAT 
TCATTTGCTCATTTACTCTGGTAGCTGCGCGATGTATTCAGATAGCAGCT 
CGGTAATGGTCTTGCCTTGGCGTACCGCGTACATCTTCAGCTTGGTGTGA 
TCCTCCGCCGGCAACTGAAAGTTGACCCGCTTCATGGCTGGCGTGTCTGC 
CAGGCTGGCCAACGTTGCAGCCTTGCTGCTGCGTGCGCTCGGACGGCCGG 
CACTTAGCGTGTTTGTGCTTTTGCTCATTTTCTCTTTACCTCATTAACTC 
AAATGAGTTTTGATTTAATTTCAGCGGCCAGCGCCTGGACCTCGCGGGCA 
GCGTCGCCCTCGGGTTCTGATTCAAGAACGGTTGTGCCGGCGGCGGCAGT 
GCCTGGGTAGCTCACGCGCTGCGTGATACGGGACTCAAGAATGGGCAGCT 
CGTACCCGGCCAGCGCCTCGGCAACCTCACCGCCGATGCGCGTGCCTTTG 
ATCGCCCGCGACACGACAAAGGCCGCTTGTAGCCTTCCATCCGTGACCTC 
AATGCGCTGCTTAACCAGCTCCACCAGGTCGGCGGTGGCCCATATGTCGT 
AAGGGCTTGGCTGCACCGGAATCAGCACGAAGTCGGCTGCCTTGATCGCG 
GACACAGCCAAGTCCGCCGCCTGGGGCGCTCCGTCGATCACTACGAAGTC 
GCGCCGGCCGATGGCCTTCACGTCGCGGTCAATCGTCGGGCGGTCGATGC 
CGACAACGGTTAGCGGTTGATCTTCCCGCACGGCCGCCCAATCGCGGGCA 
CTGCCCTGGGGATCGGAATCGACTAACAGAACATCGGCCCCGGCGAGTTG 
CAGGGCGCGGGCTAGATGGGTTGCGATGGTCGTCTTGCCTGACCCGCCTT 
TCTGGTTAAGTACAGCGATAACCTTCATGCGTTCCCCTTGCGTATTTGTT 
TATTTACTCATCGCATCATATACGCAGCGACCGCATGACGCAAGCTGTTT 
TACTCAAATACACATCACCTTTTTAGACGGCGGCGCTCGGTTTCTTCAGC 
GGCCAAGCTGGCCGGCCAGGCCGCCAGCTTGGCATCAGACAAACCGGCCA 
GGATTTCATGCAGCCGCACGGTTGAGACGTGCGCGGGCGGCTCGAACACG 
TACCCGGCCGCGATCATCTCCGCCTCGATCTCTTCGGTAATGAAAAACGG 
TTCGTCCTGGCCGTCCTGGTGCGGTTTCATGCTTGTTCCTCTTGGCGTTC 
ATTCTCGGCGGCCGCCAGGGCGTCGGCCTCGGTCAATGCGTCCTCACGGA 
AGGCACCGCGCCGCCTGGCCTCGGTGGGCGTCACTTCCTCGCTGCGCTCA 
AGTGCGCGGTACAGGGTCGAGCGATGCACGCCAAGCAGTGCAGCCGCCTC 
TTTCACGGTGCGGCCTTCCTGGTCGATCAGCTCGCGGGCGTGCGCGATCT 
GTGCCGGGGTGAGGGTAGGGCGGGGGCCAAACTTCACGCCTCGGGCCTTG 
GCGGCCTCGCGCCCGCTCCGGGTGCGGTCGATGATTAGGGAACGCTCGAA 
CTCGGCAATGCCGGCGAACACGGTCAACACCATGCGGCCGGCCGGCGTGG 
TGGTGTCGGCCCACGGCTCTGCCAGGCTACGCAGGCCCGCGCCGGCCTCC 
TGGATGCGCTCGGCAATGTCCAGTAGGTCGCGGGTGCTGCGGGCCAGGCG 
GTCTAGCCTGGTCACTGTCACAACGTCGCCAGGGCGTAGGTGGTCAAGCA 
TCCTGGCCAGCTCCGGGCGGTCGCGCCTGGTGCCGGTGATCTTCTCGGAA 
AACAGCTTGGTGCAGCCGGCCGCGTGCAGTTCGGCCCGTTGGTTGGTCAA 
GTCCTGGTCGTCGGTGCTGACGCGGGCATAGCCCAGCAGGCCAGCGGCGG 
CGCTCTTGTTCATGGCGTAATGTCTCCGGTTCTAGTCGCAAGTATTCTAC 
TTTATGCGACTAAAACACGCGACAAGAAAACGCCAGGAAAAGGGCAGGGC 
GGCAGCCTGTCGCGTAACTTAGGACTTGTGCGACATGTCGTTTTCAGAAG 
ACGGCTGCACTGAACGTCAGAAGCCGACTGCACTATAGCAGCGGAGGGGT 
TGGATCAAAGTACTTTGATCCCGAGGGGAACCCTGTGGTTGGCATGCACA 
TACAAATGGACGAACGGATAAACCTTTTCACGCCCTTTTAAATATCCGTT 
ATTCTAA 

 

 



 

 

 

Table S3. List of PCR primers used in this study.  

 
Name  Sequence (5'-3') 
Rad51.1#6 TGAGGAGGAAGTTCATCATGG 

Rad51.1#7 ACCGCCAATGGGTTTATGC 

PpAPT#5 ACAAGGTGGTGTCAACTTTCA 

PpAPT#8 AACGCGAGGATGACCCAAGCC 

PpAPT#10 GCGGCGCGTAACGAAGCAA 

PpAPT#25 GTCGTCACTCTCGGTTTTG 

PpAPT#60 ATGGTCAATGTGGCAGCAAG 

PpAPT#61 CCTGTCAACCCTTACCTGGA 

Pp3c3#1 GTCAAAAGCATGAGTTCACAG 

Pp3c3#2 GTTTCCATTTGCATTAGGTAG 

Pp3c14#1 ATGGAGGTTTTAGAGCTTTGA 

Pp3c14#2 CTACCGAAGCCTCAGCCGACT 

Pp3c17#1 AAAACTCCGAAAGACACCAGT 

Pp3c17#2 TAGTTTCAACCCATTCAGCAC 

gRNA1OT1#1 GCTGATAAGCGTGGTGCAGA 

gRNA1OT1#2 TGGGGAGGGTGGATACAGAA 

gRNA1OT2#1 AGAAGTTGGCATATTGAGGTCGT 

gRNA1OT2#2 GAGAATGCACCGAGCGACTA 

gRNA1OT3#1 GCAGCAAGTGCTGGTTCTTC 

gRNA1OT3#2 AGCGCGCAGTCTCTGTTTAT 

gRNA1OT4#1 AGCTCCTTTGAAGCCTTACCA 

gRNA1OT4#2 ACGAGCCTAGACTATGTGAGA 

gRNA1OT5#3 GGCAAGTTGCAAGTGGTCTG 

gRNA1OT5#4 CGCAGGTGAGATTTGGGACT 

gRNA1OT6#1 GTCGGGGTTGATCCGATTGA 

gRNA1OT6#2 CTCTCTTTTCCCTGCCTCCG 

gRNA1OT7#1 CTTGCAGGCCGTGATAATGC 

gRNA1OT7#2 TCCGCATCTTGGTGTGTGAA 

gRNA1OT8#2 TCTCTTCGTAGAGCTCGGAGT 

gRNA1OT8#3 TTGTTTGAAAGATCTTATATCATAG 

gRNA1OT9#2 TCATGTTTGTCCATGTTTTTGGA 

gRNA1OT9#3 TGTTGGCAAAATGCCTACCT 

gRNA2OT1#1 GCAGAGGAACAGAAGGAACC 

gRNA2OT1#2 GAGCGTCATCTGCTTGCTTG 

gRNA2OT2#1 TCGGTTTTGCAGCTGCTTTC 

gRNA2OT2#2 GAGCAAAGCACAGTATGCGG 

gRNA2OT3#1 CTCTTTCCCCGCATTCCTGT 

gRNA2OT3#2 CTACGGAGCCGTTCACCATT 

gRNA2OT4#1 TCTTCACAGCAGGACGAACC 

gRNA2OT4#2 AGCAGAACAAGCTCCTCGAC 

ABE7.10-AttB1 GGGGACAAGTTTGTACAAAAAAGCAGGCTTACGCCACCATGTCCGAAGT 

ABE7.10-AttB2 GGGGACCACTTTGTACAAGAAAGCTGGGTATTAGACTTTCCTCTTCTTCTTGGG 

 
 
 

 

 

 

 

 

 



Table S4. Mutation rates of the CBE and ABE systems tested (2-FA direct selection). 
 

editing strategy sgRNAs used Regenerant 

clones 

2-FAR 

clones 

Relative mutation 

efficiency (%)a 

Native 

Cas9 

simplex sgRNA#1 23475 604 2.7 ± 0.9b 

simplex sgRNA#2 23615 672 2.9 ± 0.4 

simplex sgRNA#21 23625 798 3.5 ± 0.5 

simplex sgRNA#23 22425 522 2.3 ± 0.8 

ABE 
simplex gRNA#1 57600 493 0.8 ± 0.3 

multiplex  sgRNAs#1/21/23 21000 149 0.7 ± 0.1 

CBE 

simplex sgRNA#2 64425 1025 1.6 ± 0.6 

simplex gRNA#21 55050 813 1.5 ± 0.2 

multiplex sgRNAs#2/5/7/21 54150 1448 2.8 ± 0.6 
 
 a Relative mutation efficiency expresses the frequency of 2-FA resistant clones among the population of regenerants. 
b Average and standard deviations (± SD) were determined from at least three independent experiments. 
 

 
Table S5. Transfection efficiency of the CBE and ABE systems. 
 

editing strategy sgRNAs used Regenerant 

clones 

G418R 

clones 

Transfection 

efficiency (%) 

ABE multiplex sgRNAs#1/21/23 28950 427 1.5 ± 0.4a 

 simplex sgRNA#2 60000 1281 2.1 ± 0.6a 

CBE simplex sgRNA#21 58725 929 1.6 ± 0.1 

 multiplex sgRNAs#2/5/7/21 31125 617 2.0 ± 0.5 
 
a Average and standard deviations (± SD) were determined from at least three independent experiments 
 

 
Table S6. Mutation rates of the CBE system after pre-selection on G418. 
 

editing 

strategy 

sgRNAs used Number of 

G418R 

clones analyzed 

Number of 

mutated 

clonesa 

Number of 2FAR 

clones  

(from mutated ones)  

Knock-out 

efficiency (%)b 

CBE 
simplex sgRNA#2 46 17 17 100% 

simplex sgRNA#21 86 60 60 100% 
 
a The APT gene has been sequenced for a number of G418R clones obtained after CBE transfection (see Table S2). 
b Knock-out efficiency (in %) expresses the frequency of 2-FA resistant clones among the population of G418R 
clones mutated at the APT locus. 
 
 
  



Table S7. Frequency of substitution for cytosines at each position of the 8 sgRNAs used in this study. 
 

 C position to the PAM 
 

-21 -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 

sgRNA#2 
number of C 

     
100 

    
100 100 

    
100 100 

   

of edited C      100     1 7     0 0    

sgRNA#5 
number of C 29      29    29 29         29 
of edited C 4      28    0 0         0 

sgRNA#7 
number of C    42   42        42      42 
of edited C    42   7        0      0 

sgRNA#21 
number of C  86 86  86 86 86     86  86    86 86   
of edited C  69 58  86 82 36     0  2    0 0   

sgRNAPp3c3 
number of C   31 31    31   31 31          
of edited C   25 24    15   3 1          

sgRNAPp3c14 
number of C   10    10    10    10    10   
of edited C   9    9    4    0    0   

sgRNAPp3c17 
number of C   29    29       29        
of edited C   26    20       3        

sgRNArestor 
number of C 14   14  14  14   14 14 14     14  14  
of edited C 2   14  10  4   0 1 1     0  0  

Total 
number of C 43 86 156 87 86 200 196 45 and and 184 260 14 115 52 and 100 200 96 14 71 
of edited C 6 69 118 80 86 192 100 19   8 9 1 5 0  0 0 0 0 0 

editing (in %) 14 80 76 92 100 96 51 42   4,3 3,5 7,1 5,8 0  0 0 0 0 0 
 
a No data, there was no C in positions -13, -12 and -6 for any of the 8 sgRNAs. 
The predicted editing window (from Shimatani et al., 2017 and Eid et al., 2018), is highlighted in yellow. 
Shimatani Z, Kashojiya S, Takayama M, Terada R, Arazoe T, Ishii H, Teramura H, Yamamoto T, Komatsu H, Miura K, et al. 2017. Targeted base editing 
in rice and tomato using a CRISPR-Cas9 cytidine deaminase fusion. Nature Biotechnology 35: 441–443. 
Eid A, Alshareef S, Mahfouz MM. 2018. CRISPR base editors: genome editing without double-stranded breaks. The Biochemical journal 475: 1955–
1964. 
 

 
Table S8. Sequences and positions of possible off target sites for sgRNA1 and sgRNA2. 
Mismatches with the target sites are indicated in red). Physcomitrella genomic off target sequences were 
identified using the CRISPOR v2.0 tool (http://crispor.tefor.net). 
 

Locus name Target sequence + PAM* Position on P. patens reference 
genome from Phytozomea 

sgRNA1 Target gaagagtatagtctagagtaTGG Chr08:10812103 to 10812081 

sgRNA1 Off-Target#1 gaagagtgtagagtagagtaGGG Chr07:4705222 to 4705244 

sgRNA1 Off-Target#2 gaagcttattgtctagagttAGG Chr05:17438841 to 17438819 

sgRNA1 Off-Target#3 gtaaagtatagtctagggttGGG Chr24:6867383 to 6867405 

sgRNA1 Off-Target#4 caagcgtatactcttgagtaTGG Chr14:2675353 to 2675375 

sgRNA1 Off-Target#5 gaatattataatctagagttGGG Chr22:3453377 to 3453399 

sgRNA1 Off-Target#6 gcaaagtatagtataaagtaGGG Chr06:582960 to 582982 

sgRNA1 Off-Target#7 gaagactatagtttagagggCGG Chr02:13705150 to 13705128 

sgRNA1 Off-Target#8 gaaaagtattgtcaagactaAGG Chr05:6043528 to 6043550 

sgRNA1 Off-Target#9 gaagactatattctatactaCGG Chr17:5887705 to 5887683 

sgRNA2 Target tgagcgttaccgggaccagaAGG Chr08:10812681 to 10812659 

sgRNA2 Off-Target#1 tgaĝgagtccaagggaccagaAGG Chr16:7631517 to 7631494 

sgRNA2 Off-Target#2 tgaaggttacctggaccag=AGG Chr4:12028646 to 12028667 

sgRNA2 Off-Target#3 tgggcgtgacggggagcagaAGG Chr17:4446370 to 4446348 

sgRNA2 Off-Target#4 tgagcgtttcaggtacctgaAGG Chr09:9115552 to 9115574 
* Coordinates of the off-target sequences were identified using Basic Local Alignment Search Tool 
(http://phytozome.jgi.doe.gov/pz/portal.html#!search). 



Table S9. List of amino acids modified in the APT gene using the CBE or ABE strategy.  

In blue, clones where 1 amino acid has been modified, in green clones where 2 amino acids have been 
modified, in yellow clones where 3 amino acids have been modified, in orange clones where 4 amino acids 
have been modified.  
 

* Correspond to mutants that are 2FAR but show a wild-type developmental phenotype (one example in figure S6). 
 
 

 

 

 

 

 

 

 

 

 

 

clones sgRNAs used and amino acid modified in the WT sequence  
sgRNA#5 sgRNA#2 sgRNA#23 sgRNA#21 sgRNA#1 

WT S17 R54 R56 I63 P75 P76 I77 L79 Y103 
CBE-v#1* 

 
C 

       

CBE-v#2  G        
CBE-v#3  S        
ABE-v#1* 

        
C 

ABE-v#2 
        

H 
ABE-v#3    T      
CBE-v#4 

    
I 

    

CBE-v#5 
    

L 
    

CBE-v#6     R     
CBE-v#8 N C 

       

CBE-v#9  C G       
CBE-v#10  C W       
ABE-v#4 

   
T 

    
C 

ABE-v#5    T   V   
CBE-v#11 

    
I S 

   

CBE-v#12 
    

L C 
   

CBE-v#13 
    

L F 
   

CBE-v#14 
    

L I 
   

CBE-v#15 
    

L S 
   

CBE-v#16 
    

V S 
   

ABE-v#6 
      

V 
 

C 
CBE-v#17 N C 

  
R 

    

CBE-v#18 N C 
   

F 
   

CBE-v#19 T C 
   

F 
   

CBE-v#20 
 

C 
  

L F 
   

CBE-v#21 
 

C 
  

L C 
   

CBE-v#22 
 

C 
   

F 
 

F 
 

ABE-v#7 
   

T 
  

V 
 

C 
CBE-v#23 I C 

  
R Y 

   

CBE-v#24 N C W 
  

L 
   

CBE-v#25 N C 
  

L F 
   

CBE-v#26 N G 
  

L I 
   

CBE-v#27 T C 
  

L F 
   

CBE-v#28 T C 
  

L C 
   

CBE-v#29 T C 
  

L I 
   

CBE-v#30 T C 
  

L Y 
   

CBE-v#31 T C 
  

V C 
   

CBE-v#32 
 

C W 
 

L C 
   



Table S10. Consequence of CBE editing in the different edited clones for the 3 genes of interest. 

In blue nucleotide substitutions, in green amino acid changes, in red stop codons. 
 

Gene 
Pp3c3_13220 

(VDE) 

           

   PAM Target       

WT  
5’- T T C C T C C A C T A T C A G G A T G A T T G G T A T A A A -3’ 
3’- A A G G A G G T G A T A G T C C T A C T A A C C A T A T T T -5’ 

 F L H Y Q D D W Y I  
                                  

CBE 

#12 5’- T T C C T C C A C T A T C A G G A T G A T T c a T A A A T T -3’ 
  F L H Y Q D D S Y I  

                                 
#15 5’- T T C C T C C A C T A T C A G G A T G A T T t a T A A A T T -3’ 

  F L H Y Q D D L Y I  
                                 
#20 5’- T T C C T C C A C T A T C A G a A T G A T T a a T A A A T T -3’ 

  F L H Y Q N D stop    
                                 
#22 5’- T T C C T C C A C T A T C A G G A T G A T T a t T A A A T T -3’ 

  F L H Y Q D D Y Y I  
                                 
#34 5’- T T C C T C C A C T A T C A G G A T a A T T c a T A A A T T -3’ 

  F L H Y Q D N S Y I  
                                 
#37 5’- T T C C T C C A C T A T C A G G A T G A T T a t a A A A T T -3’ 

  F L H Y Q D D Y T I  
                                  

  
 
 

Gene 
Pp3c14_9040 

           

       Target PAM   

WT  
5’- A C C C A T G C T G T C G A T C A T G C G G A C A A T G G A -3’ 
3’- T G G G T A C G A C A G C T A G T A C G C C T G T T A C C T -5’ 

 T H A V D H A D N G  
                                  

CBE 

#3 5’- A C C C A T G g T G T C G A T C A T G C G G A C A A T G G A -3’ 
  T H G V D H A D N G  

                                 
#8 5’- A C C C A T G t T G T t G A T t A T G C G G A C A A T G G A -3’ 

  T H V V D Y A D N G  
                                 
#11 5’- A C C C A T G t T G T t G A T C A T G C G G A C A A T G G A -3’ 

  T H V V D H A D N G  
                                 
#16 5’- A C C C A T G g T G T t G A T t A T G C G G A C A A T G G A -3’ 

  T H G V D Y A D N G  
                                 
#25 5’- A C C C A T G C T G T g G A T t A T G C G G A C A A T G G A -3’ 

  T H A V D Y A D N G  
                                 

 
 
 

Gene 
Pp3c17_3870 

           

      Target PAM    

WT  
5’- T C T A T G C A A A C G G A G T T C G A G G T T G A G G A G -3’ 
3’- A G A T A C G T T T G C C T C A A G C T C C A A C T C C T C -5’ 

 S M Q T E F E V E E  
                                  

CBE 

#7 5’- T C T A T G t A A A t G G A G T T C G A G G T T G A G G A G -3’ 
  S M stop         

                                 
#9 5’- T C T A T G g A A A t G G A G T T C G A G G T T G A G G A G -3’ 

  S M E M E F E V E E  
                                 
#26 5’- T C T A T G g A A A C G G A G T T C G A G G T T G A G G A G -3’ 

  S M E T E F E V E E  
                                 
#28 5’- T C T A T G a A A A t G G A G T T C G A G G T T G A G G A G -3’ 

  S M K M E F E V E E  
                                 
#40 5’- T C T A T G g A A A g G G A G T T C G A G G T T G A G G A G -3’ 

  S M E R E F E V E E  
 

 



 

Table S11. Sequence analysis of the APT and Pp3c3_13220 locus in adenine resistant clones obtained after 

co-transfection of the ABEv#1 mutant with the CBE system and the two sgRNAs, sgRNArestor and 

sgRNAPp3c3. Clones where the APRT is reverted to the wild-type protein are highlighted in blue. One clone, 
highlighted in orange corresponds probably to an escape on adenine selection. 
 

 
 

 

 

 

 

 

 

 

 

 


