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Definition

e Consider a finite alphabet A.

* Eg A={a,b}

« A% is the set of finite texts writen with symbols in A.

« A" ={¢,"a","b","aa’, ...}

* Atext wis factor of atext X if X = uwv with u,v € 4™

e w = “aba”’, X = “abbaabda’, X = fabdabb”, X =
e Pattern matching problem:

* Given w and X, determine if w is factor of X.

* Application
* Parsing, compilation, search, edition. compression, etc.



Probabilistic model on sequence

* The simplest: memoryless source, P(X) =product of symbol
probabilities

 |X| length of sequence X.
* Number of occurences of win X: | X|,,

* EllX]w] = (X[ = lwDPW).

* When |w| = O(M) then E[|X|,,]~|X|P (W)

e Straightforward extension for Markov sequence generation with finite
memory



Word sequence matching problem

* Let (W{, W5, ..., Wy ) be a sequence of different words and X be a text.
* We want the w; to be factors of X and appear in this order in X.

* Let |X|w,,.,w,) be number of such occurrences in X

. E[|X|(w1,...,wk)] = (le B lWllk_ o |Wk|)P(W1) .. P(wy)

| X|*

* When |wyq| + - + |wi| = o({/|X]), then E[|X|(W1,...,wk)]~7 P(wy) ... P(wy)

e If the order is indifferent
* E[IXIgw,,..wiy] ~ [XI*P(wy) ... P(wy)



The suffix/prefix trees

 useful data structures for linear pattern matching.
 All suffixes (resp prefixes) are stored in a tree structure
* Longest copy of w found by exploration of the tree of X

* Computation of the suffix tree:
* Naive algorithm in | X|log | X|
* Rissanen algorithm in | X|
* Searchintreeisinlog|X|



Joint Complexity

e Definition: number of common
factors between two texts
* ga,ei,n,s,t, ,a ,an,is,na,s_,ti, _a,

_e, _i,ana,is_, nan, _is, anan, nana,
_is_,anana

e J(X1,X2)=25
* Fast to compute: linear via suffix trees
superposition.
* Real time classification and trend
propagation tracking
* Agnostic of language
* Resilient to mispealing

X1=The ape is eating a banana

X2=Ananas is an exotic fruit




Theoretical performance

* When texts X and Y are of same length but from sources with
different parameters

* EJX,Y)] ~

with k < 1
b

* When texts are of different lengths but from sources with same
parameters (eg Markov with same transition matrix) 6\'

e E[J(X,1)] ~ WXIHYD logUXI+VD—IX] log|x|-|¥]log |V] 5\)
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Our evil guest star

AACAAACCAACCAACTTTCGATCTCTTGTAGATCTGTTCTCTAAACGAACTTTAAAATCTGTGTGGCTGTCACTCGGCTGCATGCTTAGTGCACTC
ACGCAGTATAATTAATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAGGCTGCTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTAGGTTTCGTCCGGGTGTGACCGAAAGGTAAGATGGAGAGCCTTGT

CCCTGG CAACGAGAAAACACACGTCCAACTCAGTITGCCTG ACAGGTTCGCGACGTGCTCGTACGTGGC GGAGACTCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGGCTTAGTAGAAGTTGAAAAAGGCG GCCTCAACTTGAACAGCCCTATGTGTTCATCAAACGTTCGGATGCTCGAACTGCACCTCATGGTCATGTTATGGTTGAGCTGGTAGCAGAACTCGAAGGCATTCAGTACGGTC
GTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAGTGGCTTACCGCAAGGTTCTTCTTCGTAAGAACGGTAATAAAGGAGCTGGTGGCCATAGTTACGGCGCCGATCTAAAGTCATTTGACTTAGGCGACGAGCTTGGCACTGATCCTTATGAAGA CAAGAAAACTGGAACACTAAACATAGCAGTGGTGTTACCCGTGAACTCATGCGTGAGCTTAACGGAGGGGCATACACTCGCTATGTCGATAACAACTTCTGTGGCCCTGATG
GCFACCCTCTTGAGTGCA'ITAAAGACCTTCTAGCACGTGCFGGTAAAGC'ITCATGCA( GTCCGAACAACTGGACTTTA'ITGACACTAAGAG GG GTGTATACI'GCI'GCCGTGAACATGAG CATGAAATTGC[TGGTACACG GAACGTTCTGAAAAGAGCTATGAATTG CAGACACC GAAATTAAATTGG! CAAAGAAATTTGACACCITCAATGGGGAATGTCCAAA GTATTTCCCTTAAATTCCATAATCAAGACTATTCAACCAAGGGTTGAAAAGAAA
GCTTGATGGCTTTATGGGTAGAATTCGATCTGTCTATCCAGTTGCGTCACCAAATGAATGCAACCAAATGTGCCTTTCAACTCTCATGAAGTGTGATCATTGTGGTGAAACTTCATGGCAGACGGGCG AAAGCCACTTGCGAA GTGGCACTGAGAATTTG AAAGAAGGTGCCACTACTTGTGGTTACITACCCCAAAATGCI'GTTG AATTTATTGTCCAGCATGTCACAATTCAGAAGTAGGACCFGAGCATAGTCTTGCCGAATACCAT
AATGAATCTGGCTTGAAAACCAWC'ITCGTAAGGGTGGTCGCACI' A'ITGCCTTT GAGGCTGTGTGTTCTCTTATGTTGGTTGCCATAACAAGTGTGCCTATTGGG'ITCCACGTG CTAGCGCT, AACATAGG'ITGTAACCATACAGGTGTTGTTGGAGAAGG'ITCCGAAGGTCTTAATGACAACCITCTTGA CTCCAAAAAGA( AAAGTCAACATCAATATTG'ITGGTGACTTTA GCTTCCACAAGTG
GTGGAAACTGTGAAAGGTTTG TTGAATCCTGTGGTAA AAAGTTACAAAAGGAAAA( AAAAAAGGTGCCTGGAATATTGGTGAAC\AGAAATCAATACTGAGTCCI' C ATGCATTTGCATCAGAGGCTGCTCGTGTTGTACGATCAA CTCCCGCACF C'ITGAAACTGCTCAAAATTLTGTGC ACAGAAGGCCGCFATAACAATACTAGATGGAATITCACAGTATTCACI' GAGACTCATTGATG
CFATGATGTTCACATCF GATTTGG CTACTAACAATCF AG'ITGTAATGGCCTACATTACAGGTGGTGTTGTTCAGTTGACIT CGCAGTGG CTAACTAACAT( GGCACTGTTTATGAAAAACTCAAACCCGTCCTTGATTGGCTTGAAGAGAAGTTTAAGGAAGGTGTAGAGTTTCTTAGAGACGGTTGGGAAATTGTTAAA’ ‘CAACCT! GTGCTTGTGAAATTGTCGGTGGACAAA GTCACCTGTGCAAAGGAAATTAAGGAGAGTGTTCAGACATTCTTTA
AGCTT( TAAATAAA GGCTTTGTGTGCTGACTCTATCATTATTGGTGGAGCTAAACTTAAAGCCTTGAATTTAGGTGAAACATTTGTCACGCACT( CAAAGGGA'ITGTACAGAAAGTGTGTTAAATCCAGAGAAGAAACTGGCCTACT CATGCCFCTAAAAGCCCCAAAAGAAATTATC'ITCTTAGAGGGAGAAACAC[T CCCACAGAAGTGTTAACAGAGGAAGTTGTCITGAAAACTGGTGATTTACAACCA'ITAGAACAACCTACI’ AGTGAAGCTGTTGAAGCT
CCATT( ACACCAGTITGTATTAACGGGCTTATGTTGCTCGAAATCAAAGACACAGAAAAGTACF GTGCCCTTGCACCTAATATGATGGTAACAAACAATACCTTY CACACTCAAAGG CGGTGCACCAACAAAGGTTAC GGTGATGACACI' GTGATAGAAGTG CAAG GTTACAAGAGTGTGAATATCAC GAAC[T GATGAAAGG, AGAAGTGCTCTG CCTATACAGTTGAACFCG GTACAGAAGTAAATGAGTTCGCCF
GTGTT( TGGCAGATGCTGTCATAAAAA( GCAACCAGTATCTGAATTACTTAC/ TTTAGATGAGTGGAGTATGGCT/ ACA ACTA TTATTTGATGAGTCTGGTG TTTAAATTGGCTTCACATATGTATTGTTCTTTCTACCCTCCAG, ATGAGGAT TGATTGT( T'ITGAGCCATCAACTCAATATGAGTATGGTACTGAAGATGATT CCAAGGTAAACC AATTT CTT
AACCTGAAGA AGAGCAAGAAGAAGATTGGTTAGATGATGATAGTCAACAAACTGTTG GCAGTGAGGACAATCAGACAACT; CAAA TTGTTGAGG TTCAACCTCAATTAGAGA GGAACTTACACCAGTTGTTC, GA ATTGAA GTGGTTA AAAACTTACFGACAATGTATACATTAAAAA 'ITGTGGAAGAAGCTAAAAAGGTAAAACCAACAGTGG'ITGTTAATGCAG CAATGTITACC
AACATGGAGGAGGTGTTG! CAGGAGCCTTAAATAAGGCFACTAACAATGCCATGCAAGTTGAATCTGATGATTACATAGCF ACTAATG GACCACTTAAAGTGGGTGGTAG'ITGTG AAGCGGACACAATC'ITG CTAAACACI' GTCIT CATGTTGTCGGCCCAAATG'ITAACAAAG GTGAAGACATTCAACIT CTTAAGAGTGCTTATGAAAA AATCAGCACGAAGTTCF ACTTG CACCATTATTATCAG CTGGTA GGTGCTGACCCTATACATTC AA
GAGTTTGTGTAGATACTGTTCGCACAAATGTCTACTTAGCT( GTCTFTGATAAAAATCI' CTATGACAAA! GC GGAAATGAAGAGTGAAAAGCAAGTTGAACAAAAGATCGCTGAGATT! GAAGTT, CTGAAAGTAAACCTTCAGTTGAACAGAGAAAAC AAGATGATAAGAAAATCAAAGC[T GTG'ITGAAGAAGTTACAACAACI' AAGAAACTAAGTTCCTCACAGAAAACTT( GTTACTTTATA'ITGACATT
AATGGCAATCTTCATCCAGATTCTGCCACTCTT! GTTAGTGACATTGACA AC AAAGAAAGATGCTCCATATATAGTGGGTGATGTTGTT G GGGTG AACTGCT GTGGTTATACCTACTAAAAAGGCI' GGTGGCACF ACTGAAATG CTAGCGAAAGC GAGAAAAGTGCCAACAGACAATTATATAACCACTTACCCGGG GTTTAAATGG 'ITACACTGTAGAGGAGGCAAAGACAGTGCIT AAAAAGTGTAAAAGTGC(
ACCATCTATTATCTCTAATGAGAAGCAAGAAATTCTTGGAACT! GTITCTTGGAATTTGCGAGAAA CTTG CACATGCAGAAGAAAC GCAAATT) CCTGTCTGTGTGGAAACTAAAGCCATAGTTTCAACT) ATACAGCGTAAATATAAGGGTATTAAAATACAAGAGGGTGTGGTTGATTATGGTGCFAGA AC ACACCAGTAAAACAACI' GTAGCGTCACTTATCAACACACTTAACGATCTAAATGAAACTCTTGTTACAATGCCACTTG
AACACATGGCTTAAATTTGGAAGAAGCT! GCTCGGTATATGAGATCI' CTCAAAGTGCCAGCTACAGTTTCTGTTT( ACCT GATGCTG'ITACAGCGTATAATGGTTATCTTACTTC[T CTTCTAAAACACCTGAAGAACA AAACCATCTCACTTGCTGGTTCCTATAAAGATTGGTCCTATTCTGGACAATCTACACAACTAGGTATAGAA TTAAGAGAGGTGATAAAAGTGTATATTACACTAGTAATCCTACCACATTCCACCT, AGATGGTGAAGTTAT
CACCTTTGACAATC[T "AAGACACTTCTTTC GAGAGAAGTGAG GACTATTAAGGTGTTTACAACAGTAGACAACATTAACCF CCACACG CAAGTTGTGGACATGTCAATGACATATGGACAACAGTTI'GGTCCAAC'ITATTTGGATGGAGCI' GATGTTACTAAAATAAAACCT! CATAA'ITCACATGAAGGTAAAACA ATG ACCT, AATGATGACACTCTACGTGTTGAGG( GAGTACT, ACCACACAACTGATCCTAG CTGGGTAGGTACATGTCA
AATCACACTAAAAAGTGGAAATA\CCCACAAGTTAATGGTTTAACTTCTATTAAAT( GGGCAGATAACAACTGTTATCITGCCACTG CATTGTTAACACTCCAACAAATAGAGTTGAAGTTT, TGCTCTACAAGATGCTTATTACAGAGCAAGGGCTGGTGAAGCTGCTAAC GTGCACTT, GCCI'ACFGTAATAAGACAGTAGGTGAGTTAGGTGATG"ITAG GAAACA, TTTCAACATGCCAATTTAGATTCTTGCAAA
AGAGTC'ITGAACGTGGTGTGTAAAACIT GTGGACAACAGCAGACAACCCTT, AAGGGTGTAGAAGCTGTTATGTACATGGG CTTTCTTATGAACAATTTAAGAAAGGTGTTCAGATACCTT! GTACGTGTGGTAAACAAGCI' ACAAAATATCTAGTACAACAGGAGTCAC( GTTATGATGTCAGCACCACCTG CTCAGTATGAACTTAAGCATGGTACATTTACTTGTGCTAGTGAGTACACT GGTAAWACCAGTGTGGTCACT ATAAACATATAACTTCTAA
AAACTTTGTATTGCATAGACGGTGCTTTAC TTACAAAGTCCFCAGAATACAAAGGTCCI' ATTACGGATGTTTT( G'ITACACAACAACCATAAAACCAG'ITACTTATAAATTGGATGGTG'ITGTTTGTACAGAAATTGACCCTAAGTTGGACAATTA TTATTTCACAGAGCAACCAATTGATCTT GTACCAAACCAACCATATCCAAACGCAAGCTTCGATAA AAGTTTGTATGTGATAATATCAAATTTGCTGAT
GA'I'ITAAACCAGTTAACI' GGTTATAAGAAACCTGCTTCAAGAGA( CCCTGACTTAAATGGTGATGTGGTGGCFA'ITGATTATAAACACF 'ACACACCCTCTTTT, GGAGCTAAATTGTTACATAAACCT; CATGTTAACAATG CAACTAATAAA\GCCACGTATAAACCAAATACCI' GGTGTATACGTTGTCTTTG CACAAAACCAGTTGAAACATCAAATTCGTTTGATGTACTGAAGTCAGAGGACGCGCAGGGAAT
GGATAATCTTGCCTGCGAAGATCT, AAAACCAGTCTCTGAAGAAGTAGTGGAAAATCCTACCATACAGAAAGACGTTCITGAGTGTAATGTGAAAACI' ACCGAAGTTGTAG GAGACATTATAC[T 'AAACCAG! CAAATAATAGTTTAAAAA'ITACAGAAGAG GTTGGCCACACAGATCTAATGGCTGCTTATGTAGACAATTCTAGTCTTACT) ATTAAGAAACCTAATGAATTATCF 'AGAGTATTAGGTTTGAAAACCCTTGCTACTCATGGTTTAGCTGCTGTTAATAGTG
TCCCTTGGGATACI' ATAGCTAATTATGCTAAGCC C'ITAACAAAGTTGTTAGTACAACTACTAACATAGTTACACGGTGTFTAAACCGTGTTTGTACTAATTATATGCCIT ATTTCTTTAC ATTGCTACAATTGTGTAC ACT, AGAAGTACAAA'ITCTAGAATTAAAGCATCF ATGCCGACTACTATAGCAAAGAATACTGTTAAGAGTGTCGGTAAA GTCTAGAGGCTTCATITAA'ITATTTGAAGTCACCFAA CI' AAACF GATAAATATTATAATTT
ATATTAAGTGTITGCCTAGGTT( AATCTACTCAACCGCTGC AATGTCFAA'ITTAGGCATGCC[T CTTACTGTACTGGTTACAGAGAAGGCTATTTGAACTCTACTAATGTCACTATTGCAACCTACTGTACTGGTTCTATACCTTGTAG GTCTTAGTGGTTTAG AT—T( ACCTATCCTTC AGAAACTATACAAATTACCATTT( AAATG!

\TTC CACTAGG CTATGTACTT TTGGCTGCAATCATGCAA'ITG CAGCI' ATTTT GTACA ATTAGTAATTCTT( GGCIT ATGTGGTTAATAATTAATC'ITGTACAAATGGCCCCGATITCAGCTATGGTTAGAATGTACATC'IT TTTGCAT( CA ATTATGTATGGAAAAGTT) TGTG CATGTTGTAGACGG'ITGTAATTCATCAAC[T GTATGATGTGTTACAAACGTAATAGAGCAACAAGAGTCGAATGTACAACI' A'ITG'ITAATGGTG
'ITAGAAGGTCC ATGTCTATGCTAATGGAGGTAAAGG( GCAAACTACACAATTGGAA'ITGTG"ITAATTGT ATACATTCTGTGCTGGTAGTACATTTATTAGTGATGAAGTTGCGAGAGACTTGTCACTACAGTTTAAAAGACCAATAAATCCTACTGACCAGTCTTCTTACATCGTTGATAGTGTTACAGTGAAGAATGGTTCCATCCATCTTTAC GATAAAGCTGGTCAAAAGACTTATGAAAGACA
AGAGCTAATAACACTAAAGGTTCATTGCCTATTAATGTTATAG GATGGTAAATCAAAATGTGAAGAATCATCTGCAAAATCAGCGTCTGTTTACT, ACAGTCAGC'ITATGTGTCAACCI' ATACTGTTACTAGATCAGGCATTAGTGTCTGATG\TTGGTGATAGTGCGGAAGTTGCAGTTAAAATGTTTGATGCTTACGTTAATACG CATCAA( 'AACGTACCAATGGAAAAACT CAAAACACTAGTTGCAACT GCAGAAGCI' GAACTTG CAAAGAATGTG
TCCTTAGACAATGTC[T ATCTAC ATITCAGCAGCTCGGCAAGGGTTTGTTGA'ITCAGATGTAGAAACTAAAGATGTTG'ITGAATGTCTTAAATTGTCACATCAATCT GACATAGAAGTTACTGGCGATAGTTGTAATAACTATATGCTCACCT, ATAACAAAG'ITGAAAACATGACACCCCGTGACCITGGTG CTTGTATTGACTGTAGTGCGCGTCATATTAATGCGCAGGTAGCAAAAAGTCACAACATTGC GATATGGAACGTTAAAGATTTCATGTCATTGT

AACAACTACGAAAACAAATACGTAGTGCTGCTAAAAAGAATAAC[T ACC AAGTTGACATGTGCAACTACTAGACAAGTTGTT, TG'ITGTAACAACAAAGATAGCACIT AAGGGTGGTAAAATTGTTAATAATTGGTTGAAGCAGTTAATTAAAGTTACACTTGTGTTCC GTTGCTGCT, CTATTTAATAACACCTGTTCATGTCATGTCTAAACATACTGAC CAAGTGAAATCATAGGATACAAGGCTATTGATGGTGGTGTCACTCGTGAC
ATAGCATCTACAGATAC[T TTTTGCTAACAAACATGCTGA ACACATGGTTTAGCCAGCG:[TGGTGGTAGTTéTACI' AATGACAAAGCTTG \TTGCTGCAGTCATAACAAGAGAAGTGGG GTCGTGCCTGGTTTGCCTGGCACGATATTACGCACAACTAATGGTGAC GCATTTC'ITACCTAGAG ‘AGTGCAGTTGGTAACATCTGTTACACACCATCAAAACTTATAGAGTACACTGACTTTGCAACATCAGCTTGTG GGCTGC
G

GCTTCTGGTAAGCCAGTACCATATTGTTATGATACCAATGTACTAGAAGGTTCTGTTGCTTAT( CCI'GACACACG'ITA GTGCTCATGGATGGCTCTATTATTCAATTTCCTAACACCTACCTTGAAGGTTCTGTTAGAGTGGTAACAAC GATTCTGAGTACTGTAGGCACGGCACTTGTGAAAGATCAGAAGCTGGTGTTTGTGTATCTACTAGTGGTAGATGGGTACTTAACAATGATTATTACAGATCTTTAC
GAG CTGTGGTGTAGATGCTGTAAATTTACTTACTAATATGTTTACACCACTAATTCAACCTATTGGTGC G GACATATCAGCATCF ATAGTAGCTGGTGGTATTGTAGCTATCGTAGTAACATGCCTTGCCTACTA ATGAGGTTTAGAAGAGC GGTGAATACAGTCATGTAGTTGCCTTTAATACTTTACTATTCCTTATGTCATTCACTGTACTCTGTTTAACACCAGTTTACTCATTCTTACCTGGTGTTTATTCTGTTATTTACTTGTACTTGACATT
TTATCTTACTAATGATGTTTC AGCACATATTCAGTGGATGGTTATG'ITCACACCTTTAGTACC'ITTCTGGATAACAATTGCITATATCATTI'GTATITCCACAAAGCATTTCFA'ITG GTTCTTI'AGTAA'ITACCTAAAGAGACGTGTAGT( AATGGTGTTTCC AGTAC GAAGAAGCTGCGCTGTGCACC GTTAAATAAAGAAATGTATCTAAAGTTGCGTAGTGATGTGCT, ATTACCTCTTACGCAATATAATAGATACTTAGCT( ATAATAA
GTACAAGTA AGTGGAGCAATGGATACAACTAG CTACAGAGAAGCT! GCTTG'ITGTCATCTCGCAAAGGCFCFCAATGACTTCAGTAACFCAGGWCT CTTTACCAACCACCACAAACCTCTATCACCTCAGCTGTTTTY GTGG AGAAAAATGGCA'ITCCCATCTGGTAAAGTTGAGGGTTGTATG GTACAAGTAAC[TGTGG 'ACAACTACACTTAACGGTC GGCTTGATGACGTAGTTTACTGTCCAAGACATGTGATCTGCACCTCTGAA
GACATGCTTAACCCT, AATTA\ CATTCGTAAGTCTAATCATAATTTCTTGGTACA( TAATG'ITCAACTCAGGGT_TATTGGACA'ITCTATGCAAAATTGTGTAC'ITAAG CTTAAGGTTGATACAGCCAATCCTAAGACACCI' AAGTATAAG'ITTGTTCG GCTTGTTACAATGGTTCACCATCTGGTGTTTACCAATGTG CTATGAGGCCCAATTTCACTATTAAGGGTTC \TTCCTTAATGGTTCATGT
GGTAGTGTTGGTTTT, ATAGA'ITATGACTGTGTCI' C GTTACATGCACCATATG GAATTACCAACI' GGAGTTCATGCTGGCACAGACTTAGA ACC GTTGACAGG CAAACAG CACAAGCAGCI' GGTACGGACACAACTATT TTAATG AG CTTGGTTGTACGCF GCTG'ITATAAATGGAGACAGGTGGTITCTCAATCGATTTACCACAACTCTTAATGA( AACCTTGTGGCTATGAAGTACAA'ITATGAACCTCI' AA
CACAAGACCATGTTGACATACF 'AGGACCTCTTTCTGCTCAAACTGGAATTG! 'AGATATGGTGCTTCATTAAAAGAATTACTG CAAAATGGTATGAATGGACGTACCATATTGGGTAGTG( ATT, ACC GATGTTGTTAGACAATGCFCAG GTGTTACTTTCCAAAGTGCAGTGAAAAGAACAATCAAGGGTACACACCACTGGTTGTTACTCACAA AGTCCAGAGTACTCAATGGTCTTTGTTCT
GTATGAAAATGCC ACC GCTATGG! TATTATTGCTATGTCTG( GCAATGATGTTTGTCAAACATAAGCATG CATTTCTCTGTTTG GTTACCTTCTCTTGCCACT( GTAGC'ITA AATATGGTCTATAT CCI' GCI' AG'ITGGGTGATG CGTATTATGACATGG'ITGGATATG GTTGATACI' AGTTTGTCTGG AAGCT; AAAAGACFGTG'ITATGTATGCATCAGCFGTAGTGTTACTAATCCIT ATGACAG CAAGAACTGTGTATGATG
ATGGTG CTAG GAGAGTGTGGACACTT ATGAATGTCTTGACACTCGTTTATAAA AATGC'ITTAGATCAAGCCATITCCATGTGGG CTCTTATAATCTCTGTTACTTCTAACTACTCAGGTGTAGTTACAACTGTCATGTTTTT TTCATAACT GGTAATACACTTCAGTGTATAATGCTAG CTC GTTTACFCAACC
ACTTT/ CTTG! TTTATGATTACTTAG 'ITTCTACACAGGAGTITAGATATATGAATTCACAGGGACF ACTCC ACCCAAGAAAAGCATAGATGCCITCAAACTCAACATTAAA'ITGTTGG GTGTTGGTGGCAAACCTT GTATCAAAGTAGCCACI' GTACAGTCTAAAATGTCAGATGTAAAGTGCACATCAGTAGTCTT CTCTCAG GCAACAACT( CAGAGTAGAATCATCATCI' AAA'ITGTGGGCTCAATGTGTCCAGTT CACAA’
CITAG CTAAAGATACI' ACTGAA( C TTTGAAAAAATGGTTTCACTACTTTCTGTTTT( ATGCAGGTGCTGTAGACATAAACAAGCTTTGTGAAGAAATGCTGGACAACAGGGCAACCTTACAAGCTATAGCCTCAGAGTTTAGTTCCCTTCCATCATATGCAGC GCTACTGCTCAAGAAGCTTAT! CAGGCTGTTGCTAATGGTGATTCTGAAGTTGTTCTTAAAAAGTTGAAGAAGTC GAATGTG! AAATCTGAATTI'GACCGTGATG CAG CCA
TGCAACGTAAGTTGGAAAAGATGGCT! GATCAAGLTATGACCCAAATGTATAAACAGGCFAGATCTGAGGACAAGAGGGCAAAAGTTACF 'AGTGCTATG CAGACAATG( CACTATGCTTAGAAAGTTGGATAATGATGCACTCAACAACATTATCAACAATG! CAAGAGAT\GGTTGTG'ITCCCTTGAACATAATACCTCTTACAACAGCAGC CTAATGGTTGTCATACCAGACTATAACACATATAAAAATACGTGTGATGGTACAACATTTACTTATGCATC
AGCATTGTGG GAAATCCAACAGGTTGTAGATGCAGATAGTAAAATT AAATTAGTATGGACAA'ITCACCTAATTTAGCATGGCCFCTTATTGTAACAG( AAGGG! CAATTCTGCI' GTCAAATTACAGAATAATGAGCTTAGTCCTGTTGCACTACGACAGATGTCTTGTGCTGCCG! CACAAACT( CTTGCACTGATGACAATGCG'ITAG CTTACTACAACACAACAAAGGGAGGTAGGTTTGTACTTGCACT( G'ITATCCGATTTACAGGAT
'ITGAAATG G GCTAGA GTGATG GAACTGGTACTATCT, ATACAGAACTG GAACCACCTTGTAGGTTTGTTACAGACACACCTAAAGGTCCTAAAGTGAAGTATTTATAC ATTAAAGGATTAAACAACCTAAATAGAGGTATGGTACTTGGTAGTTTAG CTGCCACAGTACGTCFACAAG CTG GTAATGCAACAGAAGTGCCF GCCAATTCAACTGTATTATCTTTCTGTGC GCTGTAGATGCTGCTAAAGCTTACAAAGATTATCTAGCTAGTGGG
GA( TCACTAATTGT TTGTGTACACACACF GGTACTG GTCAGG CAATAACAGTTACACCGGAAGCCAATATGGATCAAGAATC( GGTGGTG CATCGTGTTGTCFGTACTG CCGTTGCCACATAGATCATCCAAATCCTAAAGGA GTGACTTAAAAGGTAAGTATGTACAAATACCTACAAC[T GTGCTAATGACCCTH GTGGG ACACTTAAAAACACAGTCTGTACCGTCTGCGGTATGTGGAAAGGTTATGGCTGTAGTTGTGA
TCAACTCCGCGAACCCATGCIT CAGTCAG CTGATGCACAATCG GGTGTAAGTGCAGCCCGTCTTACACCGTGCGGCACAGGCACTAGTACTGATGTCGTATACAGGGC GACATCTACAATGATAAAGTAGCTGG GCTAAATTCCTAAAAACTAATTGTTGTCGCTTCCAAGAAAA( CGAAGATGACAATTTAATTGATTCTTACTTTGTAGTTAAGAGACACACTTTCTCTAACTACCAACATGAAGAAACAATTTATAATTTAC
TTAAGGATTGTCCAGCTGTTGCTAAACATGACTTC AAGTITAGAATAGACGGTGACATGGTACCACATATATCACGTCAACGTCITACTAAATACACAATGGCAGACCTCGTCTATG( AAGGCA’ GATGAAGGTAATTGTGACACATTAAAAGAAATACTT GTCACATACAATTGTTGTGATGATGA'ITATTTCAATAAAAAGGACF GGTATGA GTAGAAAACCCAGATATATTACGCGTATACGCCAAC'ITAG GTGAACGTGTACGCCAAGC GTT
AAAAACAGTACAATTCTGTGATGCCATGCGAAATG CTGGTATTGTTGGTGTACTGACATTAGATAATCAAGATCTCAATGGTAACI' GGTATGATITCG GTGATTTCATACAAACCACG! CCAG GTAGTGGAGTTCCI' G'ITGTAGATTCTTATTA'ITCATTGTTAATGCCF 'ATATTAACCTTGACCAG CTGCAGAGTCACATGTTGACACTGACTTAACAAAGCCTTACATTAAGTGGGATTTGTTAAAATATGACTTCACGGAAGAGAGGTTAAAACTC
CGTTA AAATATTGG JATCAGACATACCACCCAAATTGTG'ITAA GACAGATGCATTCTGCATT( A'ITCTCTACAGTGTTCCCACCTACA CACF AGTGAGAAAAATATTTGTTGATGGTG'ITCCATTT GTITCAACTG GATACCAC\'ITCAGAGAGCTAG GTGTTGTACATAATCAGGATGTAAACTTACATAGCF CTAGACTTAG AAGGAATFAC'ITGTGT\ATGCF GCTGACCCTG CTATGCACG
CTGCTTCTGGTAATCTATT ACTAGATAAACGCACI' ACGT( CTTACTAACAATGTTGC CAAACTGTCAAACCCGG AA AACAAAGACTTCTATGACTTTY GTTTCTTTAAGGAAGGAAGTTCTGTT( CTCAGGATGGTAATGCTG CTATCAGCGATTATGACFACTATCGTTATAATCFACCAACAATGTGTGATATCA CTATTTGTAGTTGAAGTTGTTGATAAGTACTT
TGATTGTTACGATGGTGGCTGTATTAATG! CTAACCAAGTCATCGTCAACAACCTAGACAAATCAGCF GG CCA\TTTAATAAATGGGGTAAGGCTAGAC A'ITATGATTCAATGAGTTATGAGGATCAAGATG CAC CGCATATACAAAACGTAATGTCATCCCTACTATAACI' CAAATGAATCTTAAGTATGCCATTAGT! AATAGAGCTCGCACCGTAGCTGGTGTCTCTATCT( GTAGTACFATGACCAATAGACAGTTI'CATC AATTATTGAA
ATCAATAGCCGCCACT, AC‘AGGGCI' ACTGTAGTAATTGGAACAAGCAAATTCTATGGTGGTTGGCACAACATGTTAAAAACTGTTTATAGTGATGTAGAAAACCCTCACCTTATGGGTTGGGATTATCCTAAATGTGATAGAGCCATGCCTAACATGCTTAGAATTATGGCCTCACTTGTTCTTGCTCG! CAAACATACAACGTG'ITGTAG CTTGTCACACCGTITCTATAGATTAGCI' AATGAGTGTGCTCAAGTATTGAGTGAAATGGTCATGTGTGGCGGTTCACTATAT
GTTAAACCAGGTGGAACCTCATCAGGAGATGCCACAACTGCTTATGCTAATAGTG AACATTTGTCAAG CTGTCACGGCCAATG'ITAATG CAC ATCFACTGATG GTAACAAAATTGCCGATAAGTATGTCCGCAATTTACAACACAGACTTTATGAGTGTCF CTATAGAAATAGAGATGTTGACACAGAC GTGAATGAG ‘ACGCATATTTGCGTAAACATTTCTCAATGATGATACTCTCTGACGATGCTGTTGTGTGTTTCAATAGCACTTATGCATC

TCAAGGTCTAGTGGCTAGCATAAAGAAC AAGTCAGTTCTTTATTATCAAAACAATG ATGTCTGAAGCAAAATGTTGGACTGAGACTGACCTTACTAAAGGACCTCATG CTCAACATACAATGCTAGTTAAACAGGGTGATGATTATGTGTACCTTCCTTACCCAGATCCATCAAGAATCCTAGGGGCCGGCTG GTAGATGATATCGTAAAAACAGATGGTACACTTATGATTGAACGGTTCGTGTCTTTAGCI' ATAGATGCTTACCCACTT
ALTAAACATCCTAATCAGGAGTATGCTGATGTCTTTCATITGTACTTACAATACATAAGAAAGCTACATGATGAGTTAACAGGACACATG'ITAGACATGTATTCF G'ITATG CTTACT AATGATAACAC'ITCAAGGTATTGGGAACCF GAG ATGAGGCTATGTACACACCGCATACAGTCTTACAGGCTGTTGGGGCTTGTGTTC CAGA( GTGCTTGCATACGTAGACCATTCTTATGTTGTAAATGCTGTTACGACCATGTCAT
ATCAACATCACATAAATTAGTCTTGTCTGTTAATCCGTATGTTTGCAATGCTCCA( TGATGTCACAGATGTGACTCAACTTTACTTAGGAGGTATGAGCTATTATTGTAAATCACATAAACCACCCATTAG CCATTGTGTGCTAATGGACAAG GGTTTATATAAAAATACATGTGTTGGTAGCGATAATGTTACTGA! CTTI'A 'ITG CAACATGTGACI' GGACAAATGCTGGTGATTACA 'AGCTAACACCTGTACTGAAAGACT!

TGCAGCAGAAACGCTCAAAGCTACTGAGGAGACATTTAAACTGTCTT; ATGGTA'ITG CTACTGTACGTGAAGTGCFGTCTGACAGAGAATTACAT( CATGGGAAGTTGGTAAACCTAGACCACCACTTAACCGAAATTATGTCTTTACTGGTTATCGTGTAACTAAAAACAGTAAAGTACAAATAG GAGAGTACACCTTTGAAAAAGGTGACFATG GTGATGCTGTTGTTTACCGAGGTACAACAACTTACAAATTAAATGTTGGTGATTA GTGCTGACATCAC
ATACAGTAATGCCATTAAGTGCACCTACACTAGTGCCACAAGAGCACTATGTTAGAATTACTGGCTT, ATACCCAACACTCAATATCFCAGATGAG CTAGCAATGTTGCAAATTATCAAAAGGTTGGTATG CAAAAGTATTCI' ACACTCCAGG! GACCACCTGGTACI' GGTAAGAGTCA GCTATTGGCCTAGCTCTCTACTACCCTTCTG CTCGCATAGTGTATACAGC'ITG CTCTCATGCCGCFG'ITGATG CACTATGTGAGAAGGCA'ITAAAATATTTGCCI' ATA
TAAATG TAGAATTATACCTGCACGTG CTCGTGTAGAG G GATAAATTCAAAGTGAATTCAACA ACAGTATGTC GTACTGTAAATGCATTGCCTGAGACGACAG CAGATATAGTTGT( ( TGAAATTI'CAATGGCCA TTATGATTTGAGTGTTGTCAATGCCAGATTACGTGCTAAGCACTATGTGTACATTGGCGACCCTGCTCAATTACCTGCACC GGCACACTAGAACCAGAATATTT
GTGTGTAGACTTATGAAAACTATAGGTCCAGACATGTTCCTCGGAA( GGCGTTGTCCTGCTGAAATT! GTTGACACTGTGAGTG( G GTFT TGATAATAAGCTTAAAGCACATAAAGACAAATCAGCT! TTTAAAATG ATAAG G GTGTTATCACGCATGATGTITCATCTGCAATTAACAGGCCACAAATAGGCGTGGTAAGAGAATTCCITACACGTAACCCI' GCIT GGAGAAAAGCTGTCTT_TATTTCA TTATAATTCACAGAATGCTGTA
GCCTCAAAGA GGGACTACCAACT! AAACTGTTGATTCATCACAG G G CTCAGAATATGACI' ATGTCATATTCACTCAAACCACT! CACTCTT( GTAATGTAAACAGATTTAATG'ITGCTATTACCAGAGCAAAAGTAGGCATA( GCATAATGTCTGATAGAGACCTTTATGACAAGTTGCAATTTACAAGTCTTGAAATTCCACGTAGGAATGTGGC, CTGAAAATGTAACAGGACTC AAAGATTGTAGTAAGGTAATCACFGGG
TTACATCCTACACAGGCACCTACACACCTCAGTGTTGACACTAAATTCAAAACTGAAGGTTTATGTGTTGACATACCT( GGCATACCTAAG GACATGACCTATAGAAGACF CATCTCTATGATGGG 'AAAATGAATTATCAAGTTAATGGTTACCCTAACATGTTTATCACCCGCGAAGAAGCTATAAGACATGTACGTGCATGGATTGGCTTCGATGTCGAGGGGTGTCATGCTACTAGAGAAGCTGTTGGTACCAATTTACC 'ACAGCTAGG CTACAGG
GTTAACCTAGTTGCTGTACCTACAGGTTATGTTGATACACCTAATAATACAGA CCAGAGTTAGTGCTAAACCACCGCCTGGAGATCAATTTAAACACCTCATACCACTTATGTACAAAGGACTTCCTTGGAATGTAGTGCGTATAAAGATTGTACAAATGTTAAGTGACACACTTAAAAATCTCTCTGACAGAGTCGTATTTGTCTTATGGG CACATGGCTTTGAG'ITGACATCTATGAAGTA GTGAAAATAGGACCTGAGCGCACCT! G'ITGTCTATGTGATA
GACGTGCCACATG C CCACTG CTTCAGACAC[T ATGCCTGTTGGCATCATTCTATTGGATTTGATTACGTCTATAATCCGTTTATGATTGATGTTCAACAATGGGG ACAGGTAACCTACAAAGCAACCATGATCTGTATTGTCAAGTCCATGGTAATG CACATGTAGCI' AGTTGTGATG CAATCATGACT AGGTGTCF AGCTGTCCACGAGTG( GTTAAGCGTGTTGACTGGACT; ATTGAATATCCTATAATTGGTGATGAACTGAAGATTAATGCGGC[T
AGAAAGGTTCAACACATGGTTGTTAAAGCTGCATTATTAGCAGACAAATTCCCAGTTCTTCACGACATTGGTAACCCTAAAGCT, ATTAAGTGTGTACCTCAAGCI' GATGTAGAATGGAA GCCTTGTAGTGACAAAGCTTAT, GATGGTGTATGCCTA GGAATTGCAATGTCGATAGATATCCTGCI' \AATT( TTTGTAGATTTGACACTAGAGTGCTAT
CTAACCTTAACTTGCCT! GG'ITGTGATGGTGG CAGTTTGTATGTAAATAAACATGCATTCCACACACCAG C GATAAAAGTGC TATTACTCT( G CAGTCCATGTGAGTCTCATGGAAAACAAGTAGTGTCAGATATAGATTATGTACCACTAAAGTCTGCTACGTGTATAACACGTT CAATTI'AGGTGGTGCFGTCTGTAGACATCATGCF AATGAGTACAGATTGTATCI' CGATGC'ITATAACATGATGATCF CAGCT
GGC AGCTTGTGGGTTTACAAACAA’ ATACTTATAACCTCTGGAACAC 'ACAAGACTTCAGAGTTTAGAAAATGTGGC AATGTTGTAAATAAGGGACACTTTGATGGACAACAGGGTGAAGTAC CACAAAAGTTGATGGTGTTGATGTAGAATTGTTTGAAAATAAAACAACATTACCTGTTAATGTAG GC GGCTAAGCGCAACATTAAACCAGTACCAGAGGTGAAAATACTCAATAAT
'ITG G GTGTG GACATTGCI' GCT/ AATACTGTGATCTGGGACTACAAAAGAGATGCFCCAG CACATATATCI' ACTATTGGTGTTTGTTCT, ATGACTGACATAGCCAAGAAACCAACF GAAACGATFTGTGCACCACI' CACTGTC GATGGTAGAG'ITGATGGTCAAGTAGAC[T ATTTAGAAATGCCCGTAATGGTGTTCTTATTACAGAAGGTAGTGTTAAAG G'ITTACAACCATCF GTAGGTCCCAAACAAGCTAGTC[T 'AATGGAGTCACATTAATTGGAGAAGCC
GTAAAAACA GTTCAATTA'ITATAAGAAAGTTGATGGTGTTGTCCAACAA'ITACCTGAAA ACTCAGAGTAGAAATITACAAGAATTTAAACCCAGGAGTCAAA ATTTC[T AGAA'ITAG CTATGGATGAATTCATTGAACGGTATAAATTAGAAGGCT, ATGCCITCGAACATATCGTTI'ATGGAGA AGTCATAGTCAGTTAGGTGGTTTACATCTACTGATTGGACTAGCTAAACG 'AAGGAATCACC GAATTAGAAGA A
'ITCCTATGGACAGTACAGTTAAAAA TATTTCATAACAGATGCGCAAACAGGTT( AAGTGTGTGTG'ITCTGTTATTG TTTATTACTTGATGA GTTGAAATAATAAAATCCCAAGATFT AGTTTCTAAGGTTGTCAAAGTGACTATTGACTATACAGAAATTTCATTTATGCTTTGGTGTAAAGATGGCCATGTAGAAACA 'ACCCAAAATTACAATCTAGTCAAGCGTGGCAACCGGGTGTTGCTATGCCTAATCTTTACAAAATGCAAAGAATG
AAG C T GTGATAGTGCAACA'ITACCTAAAGG CATAATGATGAATGTCGCAAAATATACTCAACI' GTGTCAATATTTAAACACATTAACA'ITAG CTGTACCCT, ATAATATGAGAGTTATACA GGTGCTGGTTCTGATAAAGGAGTTGCACCAGGTACAG TG AAGACAGTGGTTGCCTACGGGTACGCTGCTTGTCGATTCAGATCTTAATGACTTTGTCTCTGATGCAGATTCAACTTTGATTGGTGATTGTGCAACTG
TACATACAG CTAATAAATGGGATCFCA'ITATTAGTGATATGTACGACCCTAAGACTAAAAA  TTACAAAAGAAAATGACTCTAAAGAGG CACTTACATTTGTGGGTTTATACAACAAAAGCTAGCTCTTGGAGGTTCCGTGGCTATAAAGATAACAGAACATTCTTGGAATGCTGATCTTTATAAGCTCATGGGACACTTCGCATGGTGGACAGCC GTTACTAATGTGAATGCGTCATCATCTGAAGCA AATTGGATGTAATTATCITG GCAAACC
ACGCGAACAAATAGATGGTTATGTCATGCATGCAAATTACATA GGAGGAATACAAATCCAATTCAGTTGTCTTCCTATTC ATTTGACATGAGTAAATITCCCCTTAAATTAAGGGGTACTG CTGTTATGTC AAAAGAAG GTCAAATCAATGATATGA ATCTCTTCTTAGTAAAGGTAGACTTATAATTAGAGAAAACAACAGAGTTGTTATTTCTAGTGATGTTCT T G'ITAACAACTAAACGAACAATG CTT G ATTGCCACI' AGTCTC
TAGTCAGTGTGTTAATCTT) ACAACCAGAACTCAATTACCCCCTG CATACACTAATTC CAC, ACGTGGTGTTTA'ITACCCTGACAAAG CAGATCCTCAG "ACATTCAACTCAGGACTTGTTCTTACCTTTC CCAATGTTACTT! ATGCTATACATGTCTCTGGGACCAATGGTACTAAGAGGTTTGATAACCCTGTCCTACCATTTAATGATGGTGTTTA GCTT( AAGTCTAACATAATAAGAGGCI' GG CTACTTTAGA
'ITCGAAGACCCAGTCCCI'A ATT( AATGTTGTTATTAAAGTCTGTGAATTTCAA GTAATGATCCA GGGTGTTTA TTACCACAAAAACAACAAAAGTTGGATGGAAAGTGAGTT GAGTITATTCTAGTGCGAATAA'ITGCAC GAATATGTCTCTCAGCC CTTATGGACCTTGAAGGAAAACAGGGTAATTTCAAAAATCTTAGGGAATTT GTFTAA AATATTGATGGTTA AAAATATA'ITCTAAG CACACGCC
ATTTAGTGCGTGATLTCCCTCAGGG CGGC'ITTAGAACCATTGGTAGATITG CCAATAGGTATTAACATCACTAGGTTTCAAACTTTACTTGCTTTACATAGAAGTTATTTGACTCCTGGTGATTCTTCTTCAGGTTGGACAGCTGGTGCTGCAGCTTATTATGTGGGTTATCTTCAACCTAGGAC CTATTAAAATATAATGAAAATGGAACCATTACAGATGCTGTAGACTGTGCACTTGACCCTCTCTCAGAAACAAAGTGTACGTTGAAA
TGTAGAAAAAG GAATCTATCAAACTTCTAACTTTAGAGTCCAACCAACAGAATCTATTGTTAGATTTCCTAATATTACAAACTTGTGCCC GGTGAAG AACGCCACCAGATTTGCATCTGTTTATGCTTGGAACAGGAAGAGAATCAGCAACTGTGTTGCTGATTATTCTGTCCTATATAATTCCGCATCA CCAC AAGTGTTATGGAGTGTCTCCT, ACFAAATTAAATGATCI' Cf G( ACTAATGTCT, ATGCAGA'ITCATTTGTAA'ITAGAGGTGAT
GAAGTCAGACAAATCGCTCCAGGGCAAACTGGAAAGATTGCTGATTATAATTATAAATTACCAGATGA ‘ACAGGCTGCGTTATAGCTT( GGAA'ITCTAACAATCTTGATTCFAAG GTTG GTGGTAATTATAA'ITACCTGTATAGATTGTITAGGAAGTCTAATCTCAAAC( GAGAGAGATATTTCAACF GAAATCTATCAGGCCGGTAGCACAC GTAATGGTGTTGAAGG TTAC CC ACAATCATATGGTITCCAACCCACT AATGGTGT
TGG'ITACCAACCATACAGAGTAGTAGTACTFTC AACITCTACATGCACCAGCAACFGTITGTGGACCTAAAAAGTCF ACTAATTTGGTTA GTCAATTTCAAC[T CAA TTTAACAGGCACAGGTGTTCITACTGAGTCT AACAAAAA( CAATTTGGCAGAGACATTGCTGA ACTGATG CTGTCCGTGATCCACAGACACTTGAGATTC[T GACA'ITACACCATGTT( GGTGTCAGTGTTATAACA
\TACTTCTAACCAGGTTGCTGTTCTTTATCAGGATGTTAACTG CACAGAAGTCCCF GTTGCTATTCATGCAGAT( ATAGGGGCT GAACATGTCAACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCG CTAGTTATCAGACI' CAGACTAATTCTCCT CGGCGGGCACGTAGTGTAG CTAGTCAATCCATCA'ITG CCTACACT, ATGTCA
CITG GTGCAGAAAATTCAGTTGCTTACTCTAATAACTCTATTGCCATACCCACAAA TTAGTGTTACCACAGAAATTCTACCAGTGTCFATGACCAAGACATCAGTAGATTGTACAATGTACATTTGTGGTGA'ITCAACTGAATGCAGCAAT GCTGTTGAACAAGACAAAAACACCCAAGAAGTTTTT( AACAAATTTACAAAACACCACCAATTAAAGA
GGTGG AA CACAAATATTACCAGATCCATCAAAACCAAGCAAGAGGTCATITATTGAAGATCI' AC CAACAAAGTGACACTTGCAGATGCTGGCTTCATCAAACAATATGGTGATTGCCTTGGTGATATTGCTGCTAGAGACCT! CAT'ITGTG CACAAAAGTTTAACGGCCIT ACTG GCCAC( G CTCACAGATGAAATGATTGCFCAATACACTTCI' GCACTGTTAGCGG GTACAATCAC[T CTGGTTGGACCTTTGGTGCAGGTGCTGCAT
TACAAATACCATTTGCTATGCAAATGGCTTATAGGTTTAATGGTATTG GAGTTACACAGAATGTTCTCTATGAGAACCAAAAATTGA'ITG CCAACCAATTTAATAGTGCTATTGGCAAAATTCAAGACT! CAC'ITTCTTCCACAGCAAGTGCACTTGGAAAACTTCAAGATGTGGTCAACCAAAATGCACAAG( 'AAACACGCTTGTTAAACAACTTAGCTCCAA GGTGCAATTTCAAGTG AAATGATATCCTTTCACGTCITGACAAAGTTGAGGCT GAAGT
CAAA AGGTTGATCACAGGCAGACTTCAAAGTTTGCAGACATATGTGACTCAACAATTAATTAGAGCTGCAGAAATCAGAGCTTCTGCTAATCTTGCTGCTACT, AAAATGTCAGAGTGTGTACTTGGACAATCAAAAAGAGWGA GTGGAAAGGGCTATCATCTTATGTCCTT! CCCTCAGTCAGCACCI' CATGGTGTAGTCTTCTT! GCATGTGACTTATGTCCCI' GCACAAGAAAAGAACTTCACAACI' GCTCCTGCCATTTGTCATGATGG,
C CCTCGTGAAGGTGTC GTTTCAAATGGCACACACTGGTTTGTAACACAAAGGAA ATGAACCACAAATCA'ITACTACAGACAACACATTTGTGTCTG GTAACTGTGATGTTGTAATAG! GAATTGTCAACAACACAGTITATGATCC GCAACCTGAATTAGACTCATTCAAGG, AGTTAGATAAATA AAGAATCATACATCACCAGATGTTGATTT, ACATCTCTGGCATTAATG! CTTCAGTTGTAAACA'ITCAAAAAGAAATTGACCGC
CTCAATGAGGTTGCCAAGAATTTAAATGAATCTCTCATCGATCTCCAAGAACTTGGAAAGTATGAGCAGTATATAAAATGGCCATGGTACATTTGGCTAGG ATAGCTGGCTT! GA'ITG CCATAGTAATGGTGACAATTATGCTTTGCT GTATGACCAG'ITG CTGTAGTTGTCF CAAG GGCTGTTGTTCTI' GTGGATCCTG CTGCAAATTI'GATGAAGACGACTCTGAG CCAGTGCI' CAAAGGAGTCAAATTACATTACACATAAACGAACTTATGGATTTGTTTATGA
GAATCTTCACAATTGGAACTGTAACTTTGAAGCAAGGTGAAATCAAGGATGCTACTCCTTCAGA’ GTTCGCG CTACI'GCAACGATACCGATACAAG CCTCACTCCC CGGATGGCTTATTGTTGGCGTTG CACTTCTI'GCFG 'CAGAGCGCTTCCAAAATCATAACCCTCAAAAAGAGATGGCAACTAGCACTCTCCAAGGGTGTTCACTTTGTTTG CTGTTGTTGTTTGTAACAGTTTACTCACACC GCTCGTTGCTGCTGGCCTTGAAGCCC
C CTCTATC ATGCTTTAGTCTACTTCTTGCAGAGTATAAAC GTAAGAATAATAATGAGGC GG CTTTGCTGGAAATGCCG'ITCCAAAAACCCATTA( 'ATGATGCCAACTA’ CTTTGCTGGCATACT) AA'ITGTTACGACTATTGTATACCTTACAATAGTGTAACIT CTTCAATTGTCA'ITACTTCAGGTGATGGCACAACAAGTCCTATTTCI' GAACATGACFACCAGATTGGTGGTTATACF AAAAATGGGAATCTGGAGTAAAAGACTGTGTTGT
ATTACACAGTTACTTCACTTCAGACTATTACCAGCTGTACTCAACTCAATTGAGTACAGACACTGGTGTTGAACATGTTACCTTCTTCATCTACAATAAAATTGTTGATGAGCCTGAAGAACATGTCCAAATTCACACAATCGACGGTTCATCCGGA( \TCCAGTAATGGAACCAATTTATGATGAACCGACGACGACTACTAGCGTGCCTTTGTAAGCACAAGCTGATGAGTACGAACTTATGTACTCATTCGTTTCGGAAGAGACAGGTACGTTAATAGTTAAT
AGCGTACTTC CITG CTTTCGTGGTA'ITC'ITG CTAGTTACACTAGCCATCCTTACT! GCGC[T CGA'ITGTGTGCGTACI' GCI' GCAATA'ITGTTAACGTGAGTCIT GTAAAACCTT( ACGTTTACTCTCGTGTTAAAAATCTGAATTCTT CTAGAGTTCCTGATCIT CTGGTCTAAACGAACT, AAATA'ITATATTAG CTGTTTGGAACTTI'AA AGCCATGGCAGATTCCAACGGTACTATTACCGTTGAAGAGCTT, AAAAAG CTCCTTGAACAATGGAACC
TAGTAAT/ TGGATTTGTCTTCTACAATTTGCCTATGCCAACAGGA, GTATATAA TTAA CCTCTGGCTGTTATGGCCAGTAACTTTAGCTTG GTGCTTGCTGCTGTTTACAGAATAAATTGGATCACCGGTGGAATTGCTATCGCAATGGCTTGTCTTY GGCTCAGCTACTTCATTGCTTCTTTCAGACTGTTTGCGCGTACGCGTTCCATGTGGTCATTCAATCC,
AACGTG CCACTCCATGGCACI' A'ITCTGACCAGACCGC[T CT) AGAAAGTGAACTCGTAATCGGAGCI' GTGATCC'ITCGTGGACATC[T CGTATTGCTGGACACCATCTAGGACGCTGTGACATCAAGGACCTGCCTAAAGAAATCACTGTTGCTACATCACGAACGCTTTCTTATTACAAATTGGGAG! CTTCGCAGCGTGTAGCAGGTGACTCAG G ‘GCTGCATACAGTCGCTACAGGATTGGCAACT) ATAAA'ITAAACACAGACCATTCCAGTAGCAGTGACAATAT
TGCTTTG CTTGTACAGTAAGTGACAACAGATGTTTCATCF CGTTGACTTTCAGGTTACTATAGCAGAGATATTACTAATTATTATGAGGAC ‘AAAGTTTCCATTTGGAATCTT( GA'ITACATCATAAACCF CATAATTAAAAATTI'ATCFAAGTCACTAACTGAGAATAAATA'ITCTCAATTAGATGAAGAGCAACCAATG GAGA'ITGATTAAACGAACATGAAAA'ITATTC CTTGGCACTGATAACACTCGCT, ACITGTGAG CTT_TATCACFACCAAGAGTGTGTTA
GAGGTACAACAGTAC AAAGAACCTTG CTCTTCI' GGAACATACGAGGGCAA'ITCACCATTI'CATCCTCTAGCTGATAACAAATITG CACTGACTTGCTTTAGCACTCAATTTGC GCTTGTCCT GACGGCGTAAAACACGTCTATCAGTTACGTGCCAGATCAGTTTC CTGTTCATCAGACAAGAGGAAGTTCAA( \TTGTTGCGGCAATAGTGTTTATAACA( CTCAAAAGAAAGACAGAATGAT
'ITTCATTAATTGAC'ITCTATTTGTG( CCTTTCTGCTATTCCTT AATTATGCTTATA CI' CACITGAACTG CAAGATCATAATGAAACITGTCACGCCTAAACGAACATGAAA AATCATCACAACI' GTAGCTG! CATTTCACCAAGAATGTAGTITACAGTCATGTACF CAACATCAACCATATGTAGTTGATGACCCGTGTCCI' ATTCACTTCTATTCT, AAATGGTATATTAGAGTAGGAGCT AGAAAATCAG
CCTFTAATTGAATTGTGCGTGGATGAG GCTG! GTTCTAA TCACCCA'ITCAGTACATCGATATCGGTAA'ITA AATTGCCAGGAACCTAAATTG! GGTAGTCTTGTAGTGCGTTGWCGTTCTATG AC AGTATCATGACGTTCGTGTTGTTTT, ATCTAAACGAACAA, CTGATAATGGACCCCAAAATCAGCGAAATGCACCCCGCATTACGTTTGGTGGACCCTC,
AACCAGAATGGAGAACGCAGTGGGGCGCGATCAAAACAACGTCGGCCCCAAGGTTTACCCAATAATACTG CGTCTTGGTTCACCGCTCTCACTCAACATGGCAAGGAAGACC'ITAAATTCCCI'CGAGG CAAG! G'ITCCAATTAACACCAATAGCAGTCCAGATGACCAAATTGGCI'ACFACCGAAGAG CTACCAGACGAATTCGTGGTGGTGACG GTAAAATGAAAGATCTCAGTCCAAGATGGTATTTCTACTACCTAGGAACTGGG CCAGAAGCTGGAC{TCC
CTATGGTG CTAACAAAGACGGCATCATATG GG'ITG CAACTGAGGGAGCC[TGAATACACCAAAAGATCACATTGGCACCCGCAATCCTG CTAACAATGCTGCAATCGTGCTACAACTTCCTCAAGGAACAACATTGCCAAAAGGCTTCTACGCAGAAGGGAGCAGAGGCGGCAGTCAAGCCTCTTCTCGTTCCTCATCACGTAGTCGCAACAGTTCAAGAAATTCAACTCCAGGCAGCAGTAGGGGAACTTCTCCTGCTAGAATGGCTGGCAATGGCGGTGATGCTG
CTTT GCTTGAGAGCAAAATGTCTGGTAAAGGCCAACAACAACAAGGCCAAACTGTCACTAAGAAATCTGCTGCTGAGG! CTTCI'AAGAAGCCFCGGCAAAAACGTACTGCCACI'AAAGCATACAATGTAACACAAG( CGGCAGACGTGGTCCAGAACAAACCCAAGGAAA GGGGACCAG GAACTAATCAGACAAGGAACFGA'ITACAAACATTGGCCGCAAATTGCACAATTTGCCCCCAGCGCITCAG CG
CGGAATGTCGCGCA'ITGGCATG GAAGTCACACCTTCGGGAACGTGG'ITGACCTACACAGGTGCCATCAAA'ITG GATGACAAAGATCCAAATTTCAAAGATCAAGTCA GCTGAATAAGCATATTGACGCATACAAAACATTCCCACCAACAGAGCCTAAAAAGGACAAAAAGAAGAAGGCTGATGAAACTCAAGCCTTACCGCAGAGACAGAAGAAACAGCAAACT GTGA(
TCCATGAG CAGTGCTGACTCAACTCAGGCCTAAACTCATGCAGACCACA GGCAGATGGGCTATATAAACG CG C CCGTITACGATATATAGTCI' ACTCTTGTGCAGAATGAATTCTCGTAACTACATAGCACAAGTAGATGTAGTTAACTTTAATCTCACATAGCAATCTTTAATCAGTGTGTAACATTAGGGAGGACTTGAAAGAGCCACCACA CACCGAGGCCACGCGGAGTACGATCGAGTGTACAGTGAACAATGCFAGGGAGAGCTG CCTA
TATGGAAGAGCCCTAATGTGTAAAATTAA’ AGTAGTGCI'ATCCCCATGTGA 'AATAGCTTCTTAGGAGAATGACA




Coronavirus SARS-2 sequence




Joint Complexity of SARS-2 versus Bat-a Coronavirus
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SARS-2 versus Bat and HIV
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“Accidental” Insertions of HIV in SARS-2 genome

* Despite not related, N
there are 19 short 5 P

common factors of HIV .

sequence in SARS-2 . .

genome .

* From 19 factors of 20+

bases each 10

e 20th is the bat-a virus : b 1]

* Perez, J. C., & Montagnier,
L. (2020). COVID-19, SARS g
and Bats Coronaviruses . oty ’
Genomes Unexpected  ._ s T 11"
Exogenous RNA
Sequences. OSF Preprints.
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Maximum joint complexity discrepancy in standard deviation unit



Matching probabilities

* If the factors are fixed, then the probability of such accidental insertions
will be smaller than 30,000194719%20 ~ 2 10~ 144]

* This is the word sequence problem

* Perez-Montagnier conclusion: the SARS-2 Cov virus has been “forged”.
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Weak pattern matching

* Let unfix the matching factors

* Assume a corpus of M bases (probably around 10°) about HIV
sequences (simian, HIV-1, HIV-2 and reversed sequences)

* Average number of matchings of the corpus over a genome of N bases is
MN X P (matching).

* P(k matchings) <
and P(matching) = 4‘50.
* Tolerance for max 3 errors multiplies by (230):

* P(19 matchings) < 1.6

MN x4~20

~ 1.4.1073 fork=19 and M = 10%, N = 30,000



Weak matching: The matching between the
matchers

* The segment 154
HIV-2-UCI1 '
(segment 11) |
versus the other 104
segments '

* Similar accidents _
* |Is it “forged” (it T
is from 1993)?

R il e
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Strong pattern matchings

* RmMYNO2 “Closely Related to SARS-CoV-2"” (Nov 2020)

Zhou H, Chen X, Hu T, Li J, Song 1200 4
H, LiuY, Wang P, Liu D, Yang J, .
Holmes EC, Hughes AC, Bi Y 1000 -

and Shi W.: A Novel Bat 1
Coronavirus Closely Related to 300 4
SARS-CoV-2 Contains Natural ]
Insertions at the S1/S2

. . 600 -
Cleavage Site of the Spike
Protein JOURNAL Curr Biol 30 '
(11), 2196-2203 (2020) 400 -

200 Ry LT

0 T T T 1 T 1
‘ 0 10000 20000 30000

Sliced joint complexity discrepancy (50 bp slices) of RmYNO2 over SARS-2



Strong pattern matchings (continued)

Normalized
Joint Complexity
With SARS-2 0o

Base index parsed from right to left



SARS-2 Covid closest known ancestor

e RaTG13 Bat
Coronavirus

e Foundin 2013 ina
cave in Yunnan

 Six years after Bat-
a, low matching.

e Strong matching
with SARS-2, six
years later.




insertion in SARS-2 from RaTG13

e with largest common factor, JC can detect the offsets between
seguences
e Offset increment: insertion
* Decrement: deletion °

) |
| H |
10000 20000
]

-104

Offset detected :
Via JC between SARS—_220

And RaTG13 ( “

-30-

_40_

Genome of SARS-2 per 50bp slice



Thankyou \Yfay at home

and
Kill Coronavirus!




