STUDIJNI MATERIALY ,
Studijni materidly pfedmétu C2130 Uvod do chemoinformatiky a bioinformatiky,
prednaska Predikce genu, Sequence-evolution-function: Computational Approaches in

BIOINFORMATIKA V PRAXI — CVICENI 3

Comparative Genomics.

PRODUKCE BIOINFORMATICKYCH DAT

Automatické sekvencovani produkuje obrovské mnozstvi biologickych dat (dlouhé sekvence

DNA az celé genomy).
Produkce ,,syrovych® biologickych dat, nutné identifikace a anotace geni a proteinti.

»Alignment™ na urovni proteinli je pro urCeni funkce genli uzitecnéjSi nez ,,alignment*

na urovni DNA.

Urceni cteciho ramce, preklad DNA = protein, identifikace genu a jeho funkce = zékladni

ukony v bioinformatice i molekularni biologii.

GENETICKY KOD
The table shows the 64 codons and the amino acid for each. The direction of the mRNA is 5" to 3.

2nd base

1st
base

UKOL 1

u

UUU (Phe/F) Phenylalanine
UUC (Phe/F) Phenylalanine

UUA (Leu/L) Leucine
UUG (Leu/L) Leucine
CUU (Leuw/L) Leucine
CUC (Leu/L) Leucine

CUA (Leu/L) Leucine
CUG (Leu/L) Leucine

AUU (llefl) Isoleucine
AUC (llefl) Isoleucine

AUA (llefl) Isoleucine

AUG (Met/M) Methionine, Start 1)

GUU (Val'v) Valine
GUC (Val’'V) Valine

GUA (Val'V) Valine
GUG (Val/V) Valine

C

UCU (Ser/S) Serine
UCC (Ser/S) Serine

UCA (Ser/S) Serine
UCG (Ser/S) Serine
CCU (Pro/P) Proline
CCC (Pro/P) Proline

CCA (Pro/P) Proline
CCG (Pro/P) Praline

ACU (Thr/T) Threonine
ACC (Thr'T) Threonine

ACA (Thr/T) Threonine
ACG (The/T) Threonine
GCU (Ala/A) Alanine
GCC (AlafA) Alanine

GCA (AlafA) Alanine
GCG (Ala/A) Alanine

A

UAU (Tyr/Y) Tyrosine
UAC (Tyr/Y) Tyrosine
UAA QOchre (Stap)
UAG Amber (Stop)
CAU (His/H) Histidine
CAC (His/H) Histidine
CAA (GIn/Q) Glutamine
CAG (GIn/Q) Glutamine

AAU (Asn/M) Asparagine
AAC (Asn/M) Asparagine
AAA (Lys/K) Lysine

AAG (Lys/K) Lysine

GAU (Asp/D) Aspartic acid
GAC (Asp/D) Aspartic acid
GAA (GIuE) Glutamic acid
GAG (Glu/E) Glutamic acid

Prelozte nasledujici DNA sekvenci do aminokyselinové sekvence

ramcu:

atgttagaaatgcgttattga

IDENTIFIKACE GENU, PROTEINU A JEJICH FUNKCE

G

UGU (Cys/C) Cysteine
UGC (Cys/C) Cysteine
UGA Opal (Stop)
UGG (Trp/W) Tryptophan
CGU (Arg/R) Arginine
CGC (Arg/R) Arginine
CGA (Arg/R) Arginine
CGG (Arg/R) Arginine
AGU (Ser/S) Serine
AGC (Ser/S) Serine

AGA (Arg/R) Arginine
AGG (Arg/R) Arginine
GGU (Gly/G) Glycine
GGC (Gly/G) Glycine
GGA (Gly/G) Glycine
GGG (Gly/G) Glycine

s vyuzitim tFi cCtecich



UKOL 2
Ptelozte nésledujici DNA sekvenci do aminokyselinové sekvence s vyuzitim Sesti Ctecich
ramcii:

agcccgaaccgget

PREDIKCE GENU A PROTEINU U PROKARYOT

Prokaryotické geny jsou nepferusované useky DNA mezi startovnim kodonem a stop
kodonem. Nejcastéji je genem nejdelsi ORF (open reading frame) odpovidajici danému useku
DNA. Nejspolehlivéjsim oveétenim, zda ORF skute¢né koduje protein, je jeho podobnost k jiz
drive popsanému proteinu (,,alignment*).

UKOL 3

Ptelozte nasledujici DNA sekvence neznamého organismu do sekvenci aminokyselin pomoci
programu Translate — server ExPassy (http://www.expasy.ch/tools/dna.html). Urcete, které
geny/proteiny mohou byt témito sekvencemi kodovany (aplikace BLAST -
http://blast.ncbi.nlm.nih.gov/Blast.cgi).

Sekvence 1
ATGGCTCAATCAGAATTTAACCAAAATCTACGGGAGCAAGGGCAATCACGTGCAAGAGTTATTATTCTACGTGTGAATAATCCGGGATACAACA
CTAATACTTTAGACATCGCAGACATAGAAGATATCATTCATTTACCTCAAGCTATAGAGTTAGCTAATGCATTTCAATCTGCACTAGTACCTAC
TACATCCAACTTCGGGGAGGACACATTAAGATTTGATGTAGAAAGGGGATTAGGAATAGCTACTCACGTTTATCCTAGAGCTATAAATGTGAAT
TATGTAACACGTACTTTATCACAAACTAATAATCAAGTACAGTCCATGATAAATAAGGTGATAGAAGAGCTTAAATCTTTATTAGGAATTAATC
TGGCTAATTCAGTGCTACAACAATTAACCACTGTAATTACAGAAACTTTTACAAACCTCTACGTACAACAGCAATCTGCTTGGCTTTTTTGGGG
ACGCCAAACATCATCACAAACCAATTATACTTATAATATCGTATTTGCAATCCAAAATGCCCAAACAGGTAGTTTTATGAAAGCTATTCCTATA
GGGTTTGAGATATCTGCATATATTGCAAGGGAACGCTTATTATTTTTTAATATTCAAGATTATGCAAGCTATAGTGTCAAAATACACGCAATTC
AAGTTATGCAGCCATTGATTCATGAGAGTTTTCAACCCCTAAGAGGCATATTTAATATCATAACTTCCGTAAATAATAGAAGTGCTATTCAAAT
TACTGAATATTATGACGAAAATACACATGATTATCCTGTTAAGTTATGGGACTATAATAATATTATTAATCAAAAATGGATTTTAGTTTTTAAT
CAAACTACCCGTGCTTACAGTATTCAAAACCTAATAGCTCGCTATTTAGTACTAACATGGGATTCTACTCCTGGATCAAATAAAGTTTTTGCTT
CTACTAATCGTTGGAACGATTCACAATTCTGGATTCTTGAAAGTACAGCAGATGGTTCCATTTTTTTAACAAATATGAAAGACACTCAATTTGT
ATTAGAGATAGAAAACTCTAGTACTACTAATGGGACAAATGTTATAGTCAATAGAAAAAATAATAATGCACAGCAAAAATTTTACTTAAATAAA
GTAAACCAAGAGTTTCAGGATGGTGTATATAAGATTAAGACTGCCCTAAACAATAGTAGCGTTCTGCAGATGTCTGAAGATTATTTTGGTTATA
CGTCAGATTACTTTGTGAAATTATGGACCAACAATAATAATGATATTAACCAAAAATGGATTTTTGAATTTGATAGCACTAAATCTGCGTATCA
AATTAAAAGTCAAAGGGATCCTTCCTTAGTACTAGCATGGACTTGGAGTGTACCTACTGTTAAACTCCCTATTCCAAATAACGATGATCATCTC
TGGTTTCTTCAAAATGCTGGGTCGGGTACCTATTATTTTGTAAATATGACAGACACCCGATATGTTTTAGAAGTGGCTAGTTCTAGTACCACTA
ATGGAACGATACTTACAATCAATAAACGAAACGGAAATTTAAATCAAAAATTTTTGTTGGACATGATTAATTAA

Sekvence 2

TAGTATGAATAACAACACCACGGCACCGACCTATACGCTGCGTGGCTTACAGTTGATTGGTTGGCGTGATATGCAGCACGCCCTCGATTATCTG
TTTGCTGACGGGCATCTTAAGCAGGGAACGCTGGTTGCCATTAATGCCGAAAAAATGCTGACCATTGAAGATAATGCTGAGGTCAGGGAGCTAA
TTAACGCTGCCGAATTTAAATATGCGGATGGCATCAGCGTTGTACGTTCAGTACGTAAAAAGTACCCGCAGGCGCAGGTTTCCCGCGTTGCCGG
TGCCGATCTCTGGGAAGAGCTGATGGCGCGCGCAGGCAAAGAAGGGACGCCGGTATTTCTTGTGGGCGGTAAACCTGAAGTGCTGGCGCAAACT
GAAGCTAAACTGCGCAACCAATGGAATGTGAATATCGTTGGCAGTCAGGATGGTTATTTTAAACCCGAGCAGCGTCAGGCGCTGTTTGAACGCA
TTCATGCCAGCGGAGCGCAAATCGTCACCGTTGCGATGGGATCGCCAAAGCAGGAGATCTTCATGCGCGACTGCCGTCTGGTGCATCCAGATGC
GCTGTATATGGGCGTTGGCGGGACTTACGATGTTTTCACCGGTCACGTAAAACGCGCACCGAAAATCTGGCAAACGCTGGGACTGGAGTGGCTC
TACCGCCTGCTTTCGCAGCCGAGCCGCATTAAGCGTCAGCTTCGTTTGCTGCGTTATTTACGCTGGCATTACACCGGCAACCTCTGAATGGTTG
CGAAAAACATTAACCTTCAAGATATTGACCCTGTCGAAACCCAGGAATGGAAGGAAGCGCTTGATTCCGTTGTTGAATACGAAAACGTGGACCG
TGCTGAATTCATTTTAGAAAAGTTGTTAGCACATGCCCGAAACGTTGGTGTTTCAGTCCCGACTGGCATTCACACTCCTTATTTAAATACCATT
CCTGCCGAGACAGAAGCTCAACTAGCGGATGATGAAATTAAAGTAATGCAACGCTTAACGAATTACCTGCGTTGGAATGCCTTGGCAATGGTGA
TGCGAGTGGGGCGTAAAAAAGCGGGGTTGGGGGGGCATCTTTCCAGTTACGCGTCGATGGCGACTTTATTTGAAGTCGGCTTAAATTATTTCTT
TCGGGCGGATGATTTAGTCTTTTTCCAGGGACATTCGGCAGAGGGTATTTATGCGCGCGCTTTCTTGGAAGGGCGCCTTAGCGAACGAGATTTA
ATCCATTTTCGTCAAGAAGCGTTGACAAAGGGGATTTCTTCTTATCCTCACCCCTTTTTAATGCCTGATTTTTGGCAATTCCCGACGGTTTCGA
TGGGCCTTGGACCCTTGATGGCGATTTATCAGGCCCAACTATTGAAATATTTACACCATCGAAAGCTGGTAGATACCGCAGGGCGAAAAGTATG
GGCTTTTTGCGGCGATGGTGAGACGGGAGAACCCGAGACGTTAGGCGGTCTATTAGTAGCGAGCCGCGAGAAATTAGATAATCTCATTTTTATC
GTTAATTGCAATTTACAGCGTCTCGATGGTCCGGTATCCGGTAACGGTAAAATTATCCAAGAATTAGAGGGCCTTTTTCGGGGCGCCGGATGGC
GAGTGATTAAAGTTATTTGGGGTCAAGATTGGGAGCGATTGTTTAAGAAAGATAAATCCGGCTTGTTGTTAAAGCGCGTTTCGGAAATGGTAGA
CGGTGAATACCAAGCGTGTTTTTCCAAAGACGGCGCTCATTTGCGCGAGCATTTCTTTGGAAAATACCCCGAATTATTAGAGCTCGTTTCTGAT
ATGAGCGACGATGAACTAAAACAATTGACTGACGGCGGCCATGATCCACAAAAAGTTTACGCGGCTTATACGGAAGCGATGAAAGATTGCGGAA
AACCCACGGTAATCCTTACTAAAACGGTGAAAGGCTATGGTTATGGGAAAGAAGGCGAATCCCAAAACATCGCTCATAATTTAGAGGAAATTAG
CGAGGAGGGATTAAAAATCTTTCGCCAACGGTTTGATTTACCCTTATCCGATAAACAATTAAGGGATCTTGAATTTTATAAACCTGATGACAAT
AGTCCAGAATTAAATTATTTACGCAAGCAACGTGAAAAATTAGGCGGACCTTTGCCCGCACGAGACGGAAAATTTGAATCGATAAAAGTCCCAG
ATTTAAGTTTATTTGAACCTGTATTGAAAGGCACCGAGGAGCGCTCTGTGTCAACGGGCGCGGCATTTTCGCGAATTATGGGGTTGATGCTGAA
AGATAAAAATATTCGGGATCGTATCGTCCCTATTGTGGCGGATGAAGCTCGGACATTGGGTTTAGAAGGCTTGTTTCGACAAACAGGCATTTAT
GCTGTGGAGGGCCAAAAATATACGCCGGAAGATCAGAGTAAATTAATATTTTATCGCGAAGACAAGACAGGACAACTTTTACAGCAAGGAATTT
CAGAAGCGGGGGCAATGGCCAGTTGGATAGCGGCAGCTACTTCCTTTGCGAATAATAATTATCCTTTAATTCCTGTGTATACTTATTATGCCAT
GTTTGGCTATCAACGCGTCGGTGATTTGGTATGGGCCGCTGCCGACATGCACGCTCGCGGTTTTATCTTAGGTGGATTGGCAGGTAGAACCACT



TTGCCGGGCGAAGGATTACAGCATCAGGATTCTCATAACTTATTAATGTTTAGCATGGTACCGACGTGTCGTTCCTATGACCCTGCTTTTGGGT
ACGAATTGGCCGTAATTATTCAAGACGGTTTACGTCGCATGTACCAAGATAAGGAAAATGTTTTTTATTACCTTACCCTGATGAATGAAAGTTA
TCAGCATCCCCCCATGCCCAAAGGGGTGGAAGAAAGCATAGTCAAAGGGATGTATTTATTTAAAAAGGGTAATGGAAAATTATCTAAACGCGTT
CAACTGTTAGGTGCAGGTGCTATTTTACGTGAAGTCATTGCCGCGTCCGAAATTTTAGAAGAACAATTTAAAGTCGCCGCGGATGTGTGGAGCG
TGCCAAGCTTTAATTTGTTACGCCATGACATTGAATCAGTAGATCGTTATAATCGCTTGCATCCCGATACTGCGCCAAAACAAAATTATGTCCA
AAAATGTTTGGATAACCAAAAAGGCCCGGTGATCGCCGCGACGGATTACATGAAATTGCTGGCTAATCAAATCCGCGAAGCGGTTAAACAACCG
TATTACGTATTAA

UKOL 4
Charakterizujte ~ ¢ast genomu neznamého organismu. Pielozte DNA  sekvenci
do aminokyselinové sekvence pomoci programu ORF Finder

(http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Urcete, které geny/proteiny mohou byt touto
sekvenci kodovany.

ACTAAATAGTATATTTTGATTTTTGATTTTTGATTTCAAATAATACAAATTTATTTACTTATTTAATTGTTTTGATCAATTATTTTTTTCTGTT
AAACAAAGGGAGCATTATATGGTAAAGATAATATTTGTGTTTTTTATTTTCTTATCATCATTTTCATATGCAAATGATGATAAGTTATATCGGG
CAGATTCTAGACCTCCTGATGAAATAAAGCAGTCAGGTGGTCTTATGCCAAGAGGACAGAATGAGTACTTTGACCGAGGTACTCAAATGAATAT
CAACCTTTATGATCATGCAAGAGGAACTCAGACGGGATTTGTTAGGCACGATGATGGATATGTTTCCACCTCAATTAGTTTGAGAAGTGCCCAC
TTAGTGGGTCAAACTATATTGTCTGGTCATTCTACTTATTATATATATGTTATAGCCACTGCACCCAACATGTTTAACGTTAATGATGTATTAG
GGGCATACAGTCCTCATCCAGATGAACAAGAAGTTTCTGCTTTAGGTGGGATTCCATACTCCCAAATATATGGATGGTATCGAGTTCATTTTGG
GGTGCTTGATGAACAATTACATCGTAATAGGGGCTACAGAGATAGATATTACAGTAACTTAGATATTGCTCCAGCAGCAGATGGTTATGGATTG
GCAGGTTTCCCTCCGGAGCATAGAGCTTGGAGGGAAGAGCCGTGGATTCATCATGCACCGCCGGGTTGTGGGAATGCTCCAAGATCATCGATGA
GTAATACTTGCGATGAAAAAACCCAAAGTCTAGGTGTAAAATTCCTTGACGAATACCAATCTAAAGTTAAAAGACAAATATTTTCAGGCTATCA
ATCTGATATTGATACACATAATAGAATTAAGGATGAATTATGATTAAATTAAAATTTGGTGTTTTTTTTACAGTTTTACTATCTTCAGCATATG
CACATGGAACACCTCAAAATATTACTGATTTGTGTGCAGAATACCACAACACACAAATACATACGCTAAATGATAAGATATTGTCGTATACAGA
ATCTCTAGCTGGAAACAGAGAGATGGCTATCATTACTTTTAAGAATGGTGCAACTTTTCAAGTAGAAGTACCAGGTAGTCAACATATAGATTCA
CAAAAAAAAGCGATTGAAAGGATGAAGGATACCCTGAGGATTGCATATCTTACTGAAGCTAAAGTCGAAAAGTTATGTGTATGGAATAATAAAA
CGCCTCATGCGATTGCCGCAATTAGTATGGCAAATTAAGATATAAAAAAGCCCACCTCAGTGGGCTTTTTTGTGGTTCGATGATGAGAAGCAAC
CGTTTTGCCCAAACATGTATTACTGCAAGTATGATGTTTTTATTCCACATCCTTAG

PREDIKCNI PROGRAMY
Jak predikovat geny, které nemaji sekvencni homology? Predikéni programy vyuzivaji ab
initio metody — predikce na zaklad¢ statistickych parametrtt DNA sekvence.

UKOL 5

Charakterizujte ~ ¢ast  genomu  pomoci  predikéniho  programu  GeneMark
(http://exon.gatech.edu/GeneMark). Urcete moznou funkci predikovanych genii/proteint
pomoci aplikace BLAST.

ATCTGGCCGGTTTTATTCACGCCTGTTACTCGCGGCAGCCGCAGCTTGCCGCCGCGCTGATGAAAGATGTTATTGCCGAACCATACCGCGCGCG
TTTACTGCCGGGCTTTAGCCAGGCGCGGCAGGCGGTGTCGGAGATCGGCGCGCTGGCGAGCGGGATTTCCGGGTCGGGGCCGACGCTGTTTGCG
CTATGCGATAAACCGGAGACGGCGCAGCGCGTCGCGGACTGGCTGAGCAAACATTATCTGCAAAATCAGGAAGGCTTCGTTCATATTTGCCGGC
TGGATACGGCGGGCGCACGAGTAGTGGGATAATCAATGAAACTCTATAATCTGAAAGACCATAATGAGCAGGTCAGCTTTGCGCAGGCCGTCAC
GCAAGGACTGGGCAAACAGCAGGGACTTTTTTTTCCGCACGATCTGCCGGAGTTTAGCCTGACGGAAATTGATGAGATGCTCAACCAGGACTTT
GTCAGCCGTAGCGCAAAGATCCTCTCGGCATTTATTGGCGATGAAATACCGCAGCAAATTCTGGAAGAGCGCGTCCGCGCGGCGTTTGCGTTCC
CGGCACCGGTAGCGCAGGTAGAAAGCGATGTCGGCTGCCTGGAGCTGTTCCATGGTCCGACGCTGGCCTTTAAAGACTTCGGCGGGCGTTTTAT
GGCGCAAATGCTGACGCATATCAGCGGCGACAAACCGGTGACGATTCTGACTGCAACGTCAGGCGATACCGGCGCGGCGGTGGCTCACGCGTTC
TATGGCCTGGAAAATGTGCGGGTCGTCATTCTCTACCCGCGCGGTAAGATCAGTCCGTTGCAGGAAAAACTGTTCTGTACGCTGGGCGGCAACA
TTGAAACCGTGGCGATCGACGGCGATTTCGACGCGTGCCAGGCGCTGGTGAAACAGGCATTTGATGACGAAGAACTGAAAACGGCGCTGGGGCT
GAATTCGGCTAATTCGATTAATATCAGCCGCCTGTTGGCGCAAATTTGCTACTACTTTGAAGCCGTGGCGCAACTGCCGCAGGGGGCGCGTAALC
CAACTGGTGATCTCCGTCCCCAGCGGCAACTTTGGCGATTTGACGGCAGGGCTGCTGGCGAAGTCGTTAGGCCTACCGGTGAAACGTTTTATCG
CCGCCACCAACGTCAACGACACGGTGCCGCGTTTTCTGCATGACGGAAAGTGGGCGCCGAAAGCGACGCAGGCGACCCTGTCGAATGCGATGGA
TGTCAGCCAGCCGAATAACTGGCCGCGCGTGGAGGAGCTATTCCGCCGTAAAATCTGGCGCCTGACTGAGCTGGGCTATGCGGCGGTGGATGAT
ACTACGACACAGCAGACGATGCGCGAGCTGAAAGCGAAAGGTTATATCTCGGAACCTCATGCGGCGGTAGCGTATCGGGCATTACGCGACCAGT
TAAACCCTGGCGAGTATGGCTTGTTTCTCGGAACGGCGCATCCGGCGAAGTTTAAAGAGAGCGTGGAGTCCATTCTGGGAGAAACGCTGGCCTT
GCCTGAAGCGCTCGCCGAACGCGCCGACCTGCCGCTGCTTTCACATCATCTGCCTGCGGATTTTGCCGCCCTGCGTAAGCTGATGATGACCCGC
CAATAACCATTGCGCCCGGTGGCGCTGTCGCTTACCGGGCCTATGGGGTGGTGTCGATTTGTAGGCCGGATAAGGCGTAACCGCCATCCGGCGA
TGCCGTTACTGCTCGTAGCGCTTAAAGACCAGCTCGTCTTGTGTGGAGGTTTCTTCATCAAAGAAATACCCTTCACGGTCAAACGCGGTAAGCT
GTTCCGGCTTCGTTAAGCGGTTTTCAATAATAAAACGGCTCATCAGTCCGCGCGCTTTTTTGGCGTAGAAGCTTACCACCTTAAACTTGCCGTT
TTTCTCATCAAGGAACACGGGCTTAATCAGTTCGGCATTCAGTTTCTTCGGCTTCACCGATTTAAAATATTCCTCGGAGGCCAGATTCACCACC
ACCCGATCGCCCTGCGCCTCAAGCGCTTCGTTGAGCTTATCGGTAATGATATCGCCCCAGAATTGATAAAGATCTTTGCCGCGCGGATTCTCCA
GGCGAATCCCCATCTCCAGACGATAAGGCTGCATTAAATCCAGCGGGCGCAATACGCCATACAAGCCAGAGAGCATACGCAGATGTTGTTGAGC
AAAATCAAAATCCGCGTCGTTGAACGTTTCCGCCTGTAGGCCGGTATAAACATCGCCTTTGAACGCCAGAATCGCCTGGCGTGCATTATCCGGC
GTAAAATGAGGCTGCCAGTCATGAAAACGCGTGGCGTTGAGATCCGCCAGTTTGTCGCTAATTCCCATCAGCCTGGAAATTTGCGGCGCCGAAA
GCTGGCGGGCCTGTTGAATAAGCTGCTGGCTGTGATCCAACAGCTCCGGCTGGGTATAGCGGGTCGTGGCCAGCGGGCTTTGATAATCAAGCGT
TTTTGCAGGTGAAATCAGAATCAGCATATTCAGTCCTTGCAGGGAATTTTCTGCGACTTTAGCAAAAAAACGCCGCAGAGTTGACCGATGGTTG
CGATTGTCGGCTTAATCGCGCGATGCCGCCTCCCAGGTATCTGGCGCCAGTTGTGGTTCGATATCCGGGAAGCGCCGCGGATCGAACTGCGGTC
TTACGCCCAGTTTCCGTTGTCGCAGATAATCGCTGGCGAGGGTATACACCACCGGTGAGAGCAACAAAATCGCCGTCAGATTGGTAATGGCCAT



ACAGGCCATGATCATGTCAGCGAGCTGCCATATCAGCGGAAAACTGATAAGCGTACCGGCGATAACCATGCCAAGCGTCGCAAGGCGTAATAGC
CAGATAGCCTTTGCGTTATGTAACCGCAGAAAAAACAGATTGTTTTCGGCGTAAATATAGTTGGCGACGATAGAACTGAACGCGAACAGAATGA
CGATAAGCGCGACAAAACTGGCGCCCCATTCACCGGTCAACGAAACCATTGCATGTTGGAGAAGCTGAATGCCTTCTGTTGACGAGTGGGACGC
GTGATTCCCCGCCAGCAGGATAATCATCGCGCTGGCGGTACAGATGATAATGGTGTCGCTGAATACGCCAATCATTTGCACAATCCCCTGCGCG
ACAGGGTGAGGGGGATACGACGTTGCCGCTGCGGCCGCATTAGGCGTTGACCCCATTCCCGCTTCATTAGAGAACATCCCACGCTGAAAACCGC
TGGTAATAGCCTGGGTGAGCGTATATCCGGCTGCGCCTGCCGCGGCTTCCTGCCAGCCAAATGCGCTTTTGACTATCGAGGCGATAACGCCAGG
CATTTGCTCAATATGCCAGAGGCAAATGAATACGCTGCCGGCGACCCACAATAACGCGATGAGGGGAATCAGCCATTGCATCAGACGGGCGACG
CCTTTGATGCCGCGAATGATAATTAACAGGGCACAGAACGCCAGAGCAATGCCGGAGATAAGCGGCGGAATGTTGAAGGCGAAATGGAGCGCGC
GTGAGACGGCATTCGCCTGCACGCTATTAAAAATCAACCCGTAGGCGACGAGCAGAAAGAGGGCGAAAACCACGCCCATCCAGCGCATTCCCAG
CCCACGCGCCATATACCACGCCGGGCCGCCGCGGAACTGGCCTGTCGGGTCACGTTCTTTATAAAGCTGGGCAAGCGAACACTCGGCGAAGGAG
GTCGCCATGCCAATGATGGCCGAGACCCACATCCAGAATACCGCGCCGGGACCGCCTGCGGCGATAGCCAGCGCCACGCCGGCCAGGTTACCGL
TGCCAATCCGCGCCGCGAGGCTGGTACACAGAGCCTGAAATGACGTCAGGCCGCCTGGCTGCGGGCTAAGGCTGCCTTTCAGACTGCGGCTAAA
TTGGCGAATATAACGAAACTGAATGAATCCGGTACGCCAGGTAAACCAACATCCTGCGCCGAGCAGCAGGTAAATCATTACCGAGCCCCAGAGT
ATTTCGTTAATAAAACTGAAAAACTCAGGCATTAACGTCCCTCTTGTTGATGCCGGCACGCTTTGATAATCCTGTATAAGCGTGACCCATGATG
TAGATGACCTTGTCAGACTAATATTAACGGCAGTTTACCATAAATACGGTGGTATCCTTTAATTGCGCATCAACCGTCGGCAGATACGCAAACA
GTGCACAAGGGCAGCCAGGTGCATGTAGGCGGTTGCGCTGTGAGTGCGTCGTGTTATCATCAGGGTAGACCGGTTACATCCCCTAACAAGCTGT
TTAAAGAGAAACTCTATCATGACGGACAAATTGACCTCCCTTCGTCAGTTCACCACCGTAGTGGCTGATACCGGAGATATCGCGGCAATGAAAC
TGTATCAGCCGCAGGATGCTACAACTAACCCTTCTCTCATTCTTAACGCAGCGCAAATCCCGGAATATCGTAAGCTGATTGACGATGCTGTCGC
CTGGGCGAAACAGCAGAGCAGCGACCGCGCGCAGCAGGTTGTTGACGCGACCGATAAGCTGGCGGTGAATATTGGCCTGGAGATCCTGAAGCTG
GTGCCGGGGCGTATTTCTACCGAAGTTGACGCGCGTCTGTCTTATGACACTGAAGCGTCTATCGCCAAAGCAAAACGTATCATTAAACTCTACA
ATGATGCGGGTATCAGCAACGATCGTATCCTGATCAAGCTGGCGTCCACCTGGCAGGGCATTCGTGCAGCCGAACAGCTGGAAAAAGAAGGCAT
CAACTGTAACCTGACGCTGCTGTTCTCCTTCGCGCAGGCGCGTGCGTGCGCCGAAGCGGGCGTCTACCTGATCTCGCCGTTCGTAGGTCGTATT
CTTGACTGGTATAAAGCCAATACCGACAAGAAAGACTATGCGCCAGCTGAAGATCCGGGCGTGGTTTCCGTAACGGAAATCTACGAGTACTACA
AACAGCATGGTTACGAAACCGTCGTTATGGGCGCAAGCTTCCGTAACGTAGGCGAAATTCTGGAGCTGGCGGGCTGCGACCGTCTGACTATCGC
GCCGGCATTGCTGAAAGAACTGGCGGAAAGCGAAGGGGCGATTGAGCGTAAGCTCTCTTTCTCCGGCGAAGTCAAAGCGCGCCCGGAACGCATT
ACCGAAGCCGAGTTCCTGTGGCAGCATCACCAGGACCCCATGGCGGTTGACAAACTGGCGGATGGTATCCGTAAGTTTGCGGTAGACCAGGAAA
AACTGGAAAAAATGATCGGCGATCTGCTGTAATCATTAACGCGTGGCCCTGATATGGGTCACGCTACCTCTTCTGAAACCTGTCTGTCCTTCCC
TTCGCAGTGTATCATTCTGTTTAACGAGACTGTTTAAACGGAATAATCATGGATACCTTACGTATTGGCTTAGTTTCTATCTCCGACCGCGCTT
CAAGCGGCGTTTACCAGGATAAAGGCATTCCTGCGCTTGAGGAGTGGCTCGCTTCTGCGCTGACCACGCCTTTCGAGGTCCAACGGCGCTTAAT
TCCTGATGAACAGGAAATTATCGAGCAAACGTTGTGTGAACTGGTCGATGAGATGAGCTGTCATCTGGTGCTGACCACTGGCGGTACCGGTCCG
GCGCGTCGCGACGTCACGCCGGACGCGACCCTTGCCATCGCCGACCGTGAAATGCCAGGTTTTGGCGAGCAGATGCGCCAGATCAGCCTGCGCT
TTGTGCCGACCGCCATTCTTTCCCGCCAGGTGGGCGTTATCCGTAAACAGGCGTTAATTCTTAATCTGCCTGGACAGCCAAAATCGATCAAAGA
AACGCTGGAAGGCGTAAAAGCGGACGATGGCAGCGTTAGCGTGCCGGGCATTTTTGCGAGCGTGCCGTATTGCATACAGCTGCTTGACGGGCCG
TATGTCGAAACCGCGCCGGAAGTGGTTGCCGCTTTCCGTCCAAAGAGCGCCAGACGTGAGAATATGTCGGACTGACCGGAAAATACTGATAGTA
GGGTTATTCCTCCCGGTGCGGGAGGAATAAAAGAGATTTAGTGCGCCTCGCCGATTGGCAGAATAGTGCGGCCAAATTGCTCGTTTAGCACTTC
ACCCATCGCCAGATAAATAGCGCTGGCGCCGCAAACCAGACCAACCCAGCCTGCGATATGGATAGTTGCTTCGTTACCGGTGATATTGCCGACC
GCCAGCAGAGCGAACAGTACGGTCAGGCTCAGGAAAACAAATTGCAGCGCGCGGGCGGCTTTCAGCGTACCGAAGAACATAAACAGCGTGAACA
CGCCCCACAGACCTAAATAAGCGCCGAGTAGCTGAGCGTC



