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a). Customizarea secventelor de acid dezoxiribonucleic pentru construirea unei structuri ADN 
origami complexe de tip pin 

b). Inventia are utilitate in domeniul biotehnologiilor ~i se refera la crearea unei combinatii 
specifice de secvente sintetice scurte de ADN monocatenar (denumite ~i secvente capsa) ce 
determina plierea unei secvente lungi de ADN monocatenar denumita ~i secventa scaffold in 
forma predefinita, cu 0 rigiditate mai mare fala de abordarea clasica. 
Combinatia este caracterizata prin aceea ca secventele capsa sunt generate intr-o succesiune 
exacta de baze azotate care determina plierea secventei scaffold in forma hexagonala 
predefinita prin legarea de aceasta (pe baza de complementaritate dintre bazele azotate) in 
anumite puncte fixe stabilite anterior, dar ~i modificarea manual a a unor secvente astfel incat 
sa asigure suprapunerea a doua structuri pentru consolidarea rigiditatii acesteia. 

c). Caracteristicile moleculei ADN care 0 fac potrivita pentru crearea unor astfel de structuri 
sunt conformatia predictibila a acestuia ce poate fi simulata cu diferite programe aceasta 
derivlmd din proprietatile moleculei de autoasamblare bazata pe complementaritatea dintre 
bazele azotate (A-T, C-G) (Zhang F., 2014). 
Tehnica ADN Origami a fost introdusa in anul2006 de catre Rothermund pornind de la ideea 
propusa de catre Seeman in anul 1982 (Seeman, 1982, Rothermund, 2006). Acest domeniu al 
nanotehnologiei ADN a avut 0 evolutie rapida, pomindu-se de la formele bidimensionale 
propuse de Rothermund, la forme tridimensionale (Ke et. aI., 2009, Andersen et.aI., 2009), 
recent fiind introdus conceptul de structuri Meta-ADN (Yao ~i colab., 2020) ~i asocierea de 
structuri multiple cu ajutorul unor nanoparticule de aur (Fang ~i colab., 2019). Pumrn ~i 

colaboratorii au dezvoltat un motor rotativ la scara nanometrica construit din ADN origami a 
carui capacitati mecanice se apropie de cele ale motoarelor biologice (Pumrn ~i colab., 2022). 
De asemenea, a fost descrisa utilizarea nanostructurilor ADN care codifica 0 gena umana 
intacta ~i 0 gena care codifica 0 proteina fluorescenta pentru integrarea genelor prin repararea 
directionata prin omologie mediata de CRISPR. Transferul ~i integrarea genomica au fost 
realizate prin transfectie ~i electroporare facand posibila editarea genetica (Lin-Shiao ~i 

colab., 2022). 

d) Problema pe care 0 rezolva inventia este reprezentata de gasirea unei solutii pentru 
sporirea gradului de complexitate a unei figuri simple, prin modificari minimale ~i costuri 
scazute. 
Astfel, va fi posibila construirea unei structuri in forma de pin care are ca ~i baza 0 forma 
plana compusa din doua dreptunghiuri. Structura poate fi pJiata cu secvente scaffold 
pentru a crea 0 bucla lunga de ADN monocatenar. 
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Printre avantaje se pot enumera simplificarea !li accelerarea procesului de proiectare a 
nanostructurilor ADN. Procesul obi!lnuit de proiectare in caDNAno este impaqit in patru 
etape. Mai intai, forma dorita este aproximata prin inserarea helicelor in lattice predefinita 
(tip fagurelhoneycomb sau geometria patrata/ square lattice geometry) !li apoi este construita 
calea scaffoldului care trece intre elicele vecine. Scaffoldul trebuie sa includa incruci~ri 
antiparalerale pentru a conecta elicele vecine. Scopul este de a construi un scaffold intr-o 
maniera rasterizata, ceea ce inseamna ca aceasta cale este continua de la inceput pana la 
sf'ar!lit. Odata ce scaffoldul este fmalizat, ar trebui introduse staple strands. In mod implicit, 
caDNAno introduce toate incruci~le (crossover) permise, cu exceplia celor care sunt la 
cinci perechi de baze distanta de un crossover al scaffoldului intre acele~i doua helici. In 
continuare, staple strands sunt divizate in segmente mai scurte (cu lungimi de 18 - 49 pb) !li In 
final, secventa de ADN sau ARN dorita este inserata in scaffold generandu-se automat 
secventele complementare de staple strands. 

e) Figl. Conexiuni ale secventelor capsa. - In aceasta figura sunt exemplificate conexiunile 
secventelor capsa In programul caDNAno. 
Fig 2. Vizualizare 2D a structurii ADN origami in forma de pin 
Fig 3. Vizualizare 3D a structurii ADN origami in forma de pin 
In figurile 2 !li 3 s-a realizat vizualizarea grafica a modelului cu ajutorul programelor 
utilizate, vizualizare 2D !li 3D, observandu-se forma finala a structurii in forma de pin. 

f) In aces sens, a fost creata forma de pin cu ajutorul programelor caDNAno !li Maya. 
Structurile rectangulare regulate ale pinilor urmeaza un model similar (secvente 

capsa, pauze !li suprimari) ca !li baza originala a dreptunghiului. Un exemplu de conectare a 

trunchiului structurii de pin la dreptunghiurile bazei pot fi vazute in imaginea 1 (Fig 1). 

In poqiunile in care se regasesc mai multe spatii de-a lungul secventelor capsa ce 

conecteaza nivelele, au fost dub late conexiunile pentru a oferi structurii un caracter mai rigid. 

Pattern-ul a fost divizat in patru secvente separate de ADN. Dreptunghiurile de baza 

utilizeaza secventa M13, de la baza pinului pana la primul dreptunghi a celei de-a doua 

grupari (al treilea dreptunghi al pinului din partea de jos) contine secventa de ADN p7560, iar 

vfuful pinului (al patrulea dreptunghi al pinului - partea de sus) folos~te secvenla de ADN 

M13mp18. 
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Constructia fiecarei sectiuni: 

Trunchiul de bad 

Pentru realizarea trunchiului de baza a fost mutat fiecare dreptunghi al bazei in sus 

sau in jos. Acest lucru a fost realizat pentru ca structura ~i pattern-ul intersectarilor 

secventelor de tip capsa sa fie acela~i. De asemenea, au fost realizate intersectari pentru unele 

dintre secventele capsa din partea stanga a bazei la fel ca ~i pc secventele de pliere. 

Primul nivel de ramuri 

Ramurile de pe primul nivel au fost realizate din doua dreptunghiuri (cele mai mari ca 

~i dimensiune din cadrul formei). Acestea au fost cele mai mari dreptunghiuri create pentru 

pin, iar pentru fiecare nivel au fost rasucite separat de la 0 trecere la alta pcntru a realiza 0 

forma triunghiulara pentru pin. A fost urmata structura bazei dreptunghiulare, realizand: 

pauze, intersectari ~i ~tergeri in cadrul acelui~i pattern. S-au adaugat conexiunile dintre cele 

doua dreptunghiuri ca 0 singura intersectie de mijloc pc pliere ~i multiple incruci~ari ale 

secventelor capsa pe partea stanga ~i pc partea dreapta. 

Trunchiul de legatora (mtre nivelele de ramuri) 

A fost creat un dreptunghi ( una dintre cele mai mici piese din cadrul structurii). 

Acest mic dreptunghi, a fost creat de aceea~i lungime ca ~i al celor doua dreptunghiuri de 

baza. Singura diferenta sunt intersectarile care conecteaza ramura de sus cu cea de jos, care 

sunt axate in partea dreapta fiind singura locatie potrivita. 

Nivelul al dollea de ramuri - gruparea secundara a dreptunghiurilor ramificate 

(din trei) 

Din nou, a fost urmarit modelul dreptunghiurilor ce formeaza baza. Cea mai mare 

diferenta este conexiunea intersectarilor dintre cele trei dreptunghiuri. Exista intersectari intre 

fiecare nivel iar in mijlocul acestora exista 0 a doua intersectare care pastreaza acee~i locatie 

pentru toate cele trei dreptunghiuri. Acest lucru a fost realizat pentru a stabiliza ~i restrictiona 

flexibilitatea acestui nivel al dreptunghiurilor. 

Ultima piesade conexiune a trunchiului 

Pentru aceasta piesa s-a folosit modelul de conexiune dreptunghiular din mijlocul 

trunchiului. 

Varful pinului 

Pentru van s-a incercat urmarirea modelului folosit in toate celalalte dreptunghiuri. 

Pentru conexiunile dintre intersectii a fost urmarita mentinerea modelului intersectarii plierii 

in mijlocul dreptunghiurilor iar secventele capsa distribuite pe ambele paqi. 
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Din cauza restrictiilor privind plasarea intersectarilor, nu a fost posibil sa realizam un 

~blon, pe fiecare parte, deoarce fiecare rand de ADN necesita 0 intersectare diferita in cadrul 

fiecarui dreptunghi. Pentru fiecare segment s~a incercat sa extinderea secventelor de tip capsa 

in cadrul secventei de pliere pe fiecare parte in concordanta cu potentialul de pliere a ADN

ului la capetele tenninale. 

Grila este imPartita de segmente de perechi de baze. Unnand pasul helicoidal intr-o 

structura 2D (Fig2), se poate observa ca, dupa doua segmente complete, helixul se rote§te, 

pennitand 0 unnatoare pozitie crossover la 0 spiraIa vecina. Prin virajul helicoidal, structura 

proiectata va adopta in mod natural 0 ~oara intoarcere spre dreapta. 

Dupa 3 segmente complete, spirala se indreapta din nou spre directia initiala. Totu~i, 

se poate regIa curbarea, rasucirea sau indoirea structurii prin ~tergerea sau inserarea 

perechilor de baze. ~tergerea perechilor de baza din segmente duce Ia un cuplu de stanga 

(mai putin de 240 de rotatii) ~i introducerea perechilor de baza detennina un cuplu de dreapta 

(mai mult de 240 de rotatii). Aceasta functie poate fi controlata complet, deoarece rasucirea 

sau indoirea poate fi simulata. 

Imagini ale structurii ADN Origami In fonna (discretizata) de pin in toate etapele ( 

f). Structura obtinu1A este fonnata din 2 secvente scaffold (schela) M13mp18 ~i una p7560 
~i 0 combinatie de 863 de secvente capsa: 

Secvente de ADN folosite pentru crearea structurii de ADN origami in forma de pin 
Start End Sequence length Color 

1[23] 32[23] ??????GGCCCACTACGGCGGGAGCAGGAACGAGTAATAAAA?????? 48 #333333 

85[80] 96[64] GTATTAGATAATAGATTAGAGCCGCAACAGTGTATGCAAC???????? 48 #f7931e 

l08] 74[208] CTTTCATCGGCGGATTATATAAAGCCTGTTTA 32 #aaaaOO 

66(148) 57(148) AGGGAGCCCGAGAAATCCCTTGCCGG 26 #f74308 

76(95) 78(96) AACCGAGGTACGCAGTATGTTAGTAATGAGT 31 #03b6a2 

18[207] 16[208] CTTATGCGACGTTGGGAAGAAAAAAATAGCGA 32 #333333 

90[223] 92[224] TAATATTTAAAAACAGGAAGATTGTCTACAA 31 #f7931e 

14[79] 12[80] ATTCTGTCTTAAATAAGAATAAACCAAAGAAC 32 #333333 

95(64) 80[80] ????????TTCAAATATCGCGTTTAGGAAGCCACATTCTGATTTACAT 48 #333333 

53[23] 24[23) ??????AACAAA?????? 18 #333333 

134[207] 132[208] GATTTGTACAATCATAAGGGAACCACTTTGAA 32 #57bbOO 

96[127] 97[143] TAGAGCTTAATTCTGCGAACGAGTAGATTTAG 32 #888888 

10[312] 37[312] ??????AAAATTAAGCAGCTGATAAAAGCAATAGATAAATTAA?????? 49 #333333 
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0(312] 1(287) ??????CAGGGTGGTTTTTCTTTTCACCAGTGGGAGAGGC 40 #333333 

110[159) 111(175] AGAACCACGGAGTGTACTGGTAATAAGTTTT 31 #333333 

98(167] 106[160] AACCGATTAGTTGCTGGATTGTA 23 #b8056c 

36[312] 7[312] ??????TGCCA?????? 17 #333333 

38(143] 36[144] TTTCAATTACCTTTTACATCGGGATATCATTT 32 #333333 

42[312] 13[312] ??????CAAGC?????? 17 #333333 

92[95] 94[96] AGGGGGTATACTGCGGAATCGTCCATCAAAA 31 #7300de 

23[96] 25[95] GAGCCGCCTTTGATGATACAGGAAGGCTGAG 31 #333333 

100[159] 102[160] ACCAAGCGACCAGGCGCAGGTAGACGAGTAG 31 #f7931e 

18[143) 16[144] AGGGAAGCTTTATCCCAATCCAAAATTACCGC 32 #333333 

109[64] 108[64] ????????CCGGAACCAGAGCCACTTCATAATCAAAATCA???????? 48 #b8056c 

.....[288] 33[287] AGGATCCCTGGTGCCGGAAACCAGAAGATCG 31 #333333 

79[54] 80[54] ???????CCGCTTTCCAGTCACCAGTCAC??????? 36 #f74308 

78[207] 89[207] TTTTTCAAGTTAAATATTCGCATTGTAGCCAG 32 #f74308 

48[239] 46[2401 TTAGCCGGGACCTTCATCAAGAGGATGGTTT 31 #333333 

136[111] 134[112] TAAATGAAAGAAAAATCTACGTTAAAGAACT 31 #03b6a2 

30[312] 1[312] ??????GCTGC?????? 17 #333333 

119[76] 118{76] ???????TTAACATTTT??????? 24 #f74308 

80[127] 82[128) AATACCTAAGCGTAAGAATACGTGCCTAAAAC 32 #aaaaOO 

80[79] 92[64] TGGCAGATTCGGGAAAATGTTTAG???????? 32 #f7931e 

67[129] 66[149) ???????AGGAACGGTACGCCAGTAA 26 #f74308 

'247) 93[247] ?????TAAAAATTTTTAGGGTAGCTA????? 31 #7300de 

83[54] 84[54] ???????AACACCGCCTGTCAATAGATAA??????? 36 #f74308 

66[164] 71[185] GCCTGTCACCTAAAAGAGTCTGT 23 #57bbOO 

152[178] 153[178] ??????TAAGTGGTAA?????? 22 #f74308 

36[271) 34[272] AAAGGCTATTGTTAAAATTCGCATATAATTCG 32 #333333 

134[111] 132[1121 GGCTCATTATAAGGCTTGCCCTGAACCCAAA 31 #888888 

79[176] 77[175) AATTTATCTTCATCTTCTGACCTGTTTGAAA 31 #f74308 

77[54} 78{54] ??????1AGAACTGGCATGCGCTCACTGC??????? 36 #f74308 

74[159] 76[160) TTTTTTGTGAAATAGCAAAACATACGCCTAG 31 #1700de 

121[1761 127[175) CTTCTGGTGAAAGGGGGATGTGCTTAAGTTGCGAACCAGAACTCCAA 47 #1700de 

86[95] 88[96] GCCAGGGTAGTGCCAAGCTTTCTTTCTAATC 31 #007200 
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97[144) 95[143) TTTGACCAAAGAGGTCATnnTGCTCAGGATT 32 #f7931e 

11[288) 13[287) GCAAGGCATAAATATGCAACTAATTAATTGC 31 #333333 

9[288) 11[287) CCGTTCTAATAAAGCCTCAGAGCTCATACAG 31 #333333 

117[76) 116[76) ???????AACGGCGATG??????? 24 #ccOOOO 

89[112) 87[111) ACTCGTCGCCAAAATAACCCCGCCAGGAGAA 31 #f7931e 

84[255) 83[255) ???ATCCTGATTGTTTGGATTATAACAATAACGGATTCGCCTGA??? 47 #f74308 

35[256) 37[255) TTAATATTTCAGGTCATTGCCTGACCGGAGAC 32 #333333 

132[159) 134[160) CTTCATCATTGAGATGGTGCTCCGACCTTTA 31 #7300de 

53[160) 53[191) GGAATAGGTGTATCACCGTACTCCAGTACAA 31 #333333 

48[175) 47[191) ACATAAAGGTTAGCAAACGTAGATGAAAGAG 31 #333333 

~r96) 5[95) TAATCAGTGGAAAAACGCTCATGCTGACCTG 31 #333333 

. _ ,,(64) 31[63) CTAAATCGATCAGAGCGGGAGCTAGAGAAGTG 32 #333333 

37[192) 38[176) TTTAAATGAAAATnnTAGAACCCAATACCAA 32 #333333 

139[87) 138[112) ??????GTTTATCAGCTTGCTTTCGAGGTGAATCCAAAA 39 #f74308 

89[64) 74[80) ????????TCTATGATACCGACAGCTCGCCCTATTGAGCGTTAGACGG 48 #888888 

38[47) 36[48) GGAAACAGAACCTACCATATCAATTGTTTGG 31 #333333 

12[239) 10[240) TCCCAATTAGGTGGCATCAATTCTGACCCTG 31 #333333 

142[131) 148[119) TTTCATTTTCAGAGAGGCTGAGA?????? 29 #7300de 

23[256) 25[255) TGACAACAAACAACTAAAGGAATTCTAAAGTT 32 #333333 

17[23) 48[23) ??????GTTGCTATTTTCCCAATATATCTTACGAAGGTAAAT?????? 48 #333333 

79[144) 68[129) GCGCCAGGCACACAACTCGGCCTTGCCTGAGTAGAAGAAC??????? 47 #aaaaOO 

1[159) 110[160) TTAGCGTCCAGAGCCGCCAGTACTGCTCACC 31 #b8056c 
\ 
"122[127) 124[128) AAAGCTAATTTATTTCAACGCAAGGTAGGTAA 32 #aaaaOO 

39[23) 10[23) ??????AATCCT?????? 18 #333333 

6[312) 5[312) ??????TTTTTTAACCACAGCCAGCTT?????? 33 #333333 

150[155) 149[175) TACAATTTCTGACAGTCCTGGGGGTTTTGCTCAGTACCAGGCG 43 #ccOOOO 

91[208) 76[208) AAAGCCCCTGTTAAAAAGAATAAAGCCAACGC 32 #007200 

42[175) 41[191) GTAATTTAGCCATATTTAACAACCAGACCGG 31 #333333 

2[312) 29[312) ??????CGAGCTCGAATTATTGGGCCGAATTCGTGGGCGCCAG?????? 49 #333333 

28[312) 29[287) ??????GGTGGTnnTCTTTTCACCAGTGAGAGAGGCGGT 40 #333333 

88[191) 90[192) GTCACGTTCGCGTCTGGCCTTCCTAAATTTTT 32 #f7931e 

3[128) 5[127) GTCCATCACCAGAACAATATTACCGACAATAT 32 #333333 
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41[64] 43[63) CGGAATCACAGCTAATGCAGAACGCCTAATTT 32 #333333 

107[176) 99[192] CCCATGTATGAATTTGTTTACCAGCGCC???? 32 #f7931e 

38[79) 36[80) TTAACAATAACAGAAATAAAGAAACAGATGAT 32 #333333 

35[128] 37[127] AGAAGTATAAAGAAACCACCAGAAAATATACA 32 #333333 

47[256) 49[255) ACAAGAACAATCCGCGACCTGCTCAGAATACA 32 #333333 

6[175] 5[191] ACCGAACGCCTAAAACATCGCCACGGATTGA 31 #333333 

45[128] 47[127) AGAAACGAACCCTGAACAAAGTCAGAATACCC 32 #333333 

46[111) 44[112] TTGAGCGCTATTATTTATCCCAAACGCGAGG 31 #333333 

32[271] 30[272] GCCATTCGTGCATGCCTGCAGGTCCTGTTTCC 32 #333333 

114[143) 122[128] CCAAAAGAAAGTTACCTAAAGCCTCAGAGCAT 32 #f7931e 

32[143] 30[144] CAGCCATTTCTTTGATTAGTAATACGCCGCGC 32 #333333 

~(312) 51[312] ??????TAAACAACTTTCGCTGAGGACTTTCAATGAGGCTTGC?????? 49 #333333 

46[143] 44[144] AACTGAACIIIIIIGTTTAACGTCCAGATATA 32 #333333 

23[192] 24[176] TTTATCAGAAAAGGAGCCTTTAATAACAAATA 32 #333333 

52[239] 501240] TTTTTTCAACCGATAGTTGCGCCGAACGAGG 31 #333333 

62[164] 65[185] TTAAACAGCAAGCGGTCCACGCT??????? 30 #888888 

102[191] 104[192] CAGCAGCGCGATAGTTGCGCCGACTAATTGTA 32 #aaaaOO 

4[207] 2[208) TATTACGCATTAAGTTGGGTAACGATAAAGTG 32 #333333 

0[143] 1[127] CAAAAGAATAGCCCGAGATAGGGTATTTAGAG 32 #333333 

87[144) 86[128] ATTCATGCTATTACGCCAGCTGGCGAAAGGGG 32 #007200 

411160] 57[185] TGAGAATCGGCAGAGGTCCACTATTAAAGAACG??????? 40 #f74308 

; -1[85) 124[85] ????????CCTGTAATACCGGAGACAGTC???????? 37 #888888 
\, 

"Sl[192] 52[176) ATCAGCTTAGGAGCCTTTAATTGTAATGGAAA 32 #333333 

140[159] 142[160) AACCACCAATCCTCATTACCGGACACCAAAG 31 #f74308 

37[256) 391255] AGTCAAATACCAAAAACATTATGATAATAGTA 32 #333333 

8[791 6[80] CATCATATAGGAAGGTTATCTAAACAGCAAAT 32 #333333 

126[127] 128[128] AGGAATTAAAAAACCAAAATAGCGACTGGATA 32 #7300de 

147[176] 146[160] CACCGTACTAGTACCGCCACCCTCAGAACCG 31 #333333 

63[129] 69[139] ???????AAAGAATATTTTAGACTAAACAGGCACCAGTGTCAA 43 #f74308 

90[127] 92[128] TGGTGTAAGCTGTTTCCTGTGTGACAAAATAG 32 #7300de 

64[164] 69[185] GGCGATATCCGTTGTAGCAATAC??? 26 #1700de 

120[95] 111[111] GTTGGTGTATCGTAACTTGATATTTGGAAAGCGCAGTCTCTGAATTT 47 #f74308 
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114[127] 116[128] GATTAAGAAAAGACACCACGGAATAAAGGCTA 32 #888888 

53[128] 52[144] TGCCGTCGAGAGGGTTGATATAAGCCAGTAAG 32 #333333 

5[160] 7[159] CTGATAGCAACCACCAGCAGAAGTTAGAAGT 31 #333333 

43[288] 45[287] ACGAGAATGCCAAAAGGAATTACTTAGGAAT 31 #333333 

18[175] 17[191] GCAGCCTTGTTTAACGTCAAAAACATTATAC 31 #333333 

40[271] 38[272] TGGAAGTTAACATCCAATAAATCAAAGCTAAA 32 #333333 

41[192] 42[176] AAGCAAACGAGCTTCAAAGCGAACGCCAACAT 32 #333333 

47[224] 49[223] GGCTGGCTAACGAGGCGCAGACGGAAGGCAC 31 #333333 

82[95] 84[96] GCAGAAGAAGAGCCAGCAGCAAATAGGAGCA 31 #888888 

22[111] 20[112] TTTTCATCGAGCCATTTGGGAATGCAAAGAC 31 #333333 

35[192] 36[176] TTGATAATGCATGTCAATCATATGACGTTATT 32 #333333 

,5[192] 143[205] ACCCCCAGGCCACTACTTGCCATO????? 30 #7300de 

121[144] 127[143] AGATCGCACCGTCGGATTCTCCGTCAGCTTTCATGTTTAGAGAGGCTT 48 #333333 

37[96] 39[95] ATTTTCAGCAAGAAAACAAAATTTTAGAATC 31 #333333 

127[85] 128[85] ????????ATAACCCTCGATAAATATTCA???????? 37 #1700de 

2[271] 0[272] TCCTGTGTATCGGCCAACGCGCGGAGACGGGC 32 #333333 

82[223] 84[224] CGCAGAGGTTTTACATCGGGAGAACTTCTGA 31 #f74308 

48[111] 46[112] AATCAATAAACGCAATAATAACGGAGGGTAA 31 #333333 

67[157] 67[185] TGAGAAGTGTTTTTATAATCA??????? 28 #f74308 

11[192] 12(176] ACCTGTTTGATACATTTCGCAAATAAAATCAT 32 #333333 

148(143] 150[130] AAGTATTAGGATAGCACCCCTGCC?????? 30 #888888 

:)';:1239] 34[240] AGCAAACAAGCAAATATTTAAATTTCATCAA 31 #333333 

"45[224] 47[223] AAAACGAACTTTAATCATTGTGAGGCGCATA 31 #333333 

86[159] 88[160] CTCTTCGCGCACGACTTAAACCGATCGTAGT 31 #1700de 

138[2271 139[227] ???????AAGGCAGTTA??????? 24 #57bbOO 

37[64] 39[63] GCACGTAATTCATTTGAATTACCTTCTGTAAA 32 #333333 

120[127] 121[143] ACGGCGGAACGACGACAGTATCGGCCTCAGGA 32 #333333 

35[160] 37[159] CTCGTATTAAGTTTGAGTAACATGAAACAAT 31 #333333 

114[95] 105[95] CAAACGTAACATAAAGAAACGAACTCATCAGT 32 #1700de 

13[128] 15[127] ATATGCGTAGGCATTTTCGAGCCAGCTGTCTT 32 #333333 

10[175] 9[191] ATTCGCCTTACATCGGGAGAAACCCCTCATA 31 #333333 

81[176] 79[175] TAATTACACTTAGATTAAGACGCCAATAGTG 31 #f74308 
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32[79] 30[80] ATGGATTAATCAGTGAGGCCACCGTGCTTTCC 32 #333333 

2[143] 0[144] GCGCGTAAGGAAAGCCGGCGAACGTTATAAAT 32 #333333 

19[96] 21[95] TAGCCGAAATAAGTTTATTTTGTTCACCGTC 31 #333333 

15[224] 17[223] CCAATACTGACGATAAAAACCAATCTACGTT 31 #333333 

83[160] 85[175] TCAAATTTAAAGTGGTCAGTTGGTTGAGTAACATTATCATTTTGCG 46 #aaaaOO 

48[271] 46[272] TGTGTCGACGGATATTCATTACCCAAACACCA 32 #333333 

51[23] 22[23] ??????GCCCCA?????? 18 #333333 

146[159] 148[163] CCACCCTCAGGATGGAAAGGAATAGCCC 28 #aaaaOO 

82[255] 81[255] ???TTGCTTTGAATACCAAGTTACATCAATATATGTGAGTGAAT??? 47 #04308 

84[95] 85[111] CTAACAACCTTTACAAACAATTCGACAACTC 31 #b8056c 

20[111] 18[112] ACCACGGACAAAGTTACCAGAAGTTAACTGA 31 #333333 

J(207] 14[208] GAG GCTTTTAAAATGTTTAGACTGAAATATCG 32 #333333 

104[159] 98[132] GCGATTTTTACAGGGAGAGGGGAGGCATAGTAAGAGCAAC???? 44 #007200 

50[143) 48[144] AGCGCGTTGGCCGGAAACGTCACCAGAAACGC 32 #333333 

29[23] 0[23] ??????ATCGAT?????? 18 #333333 

138[207] 136[208] CGGGATCGTTTTCATGAGGAAGTTGGGTAAAA 32 #ccooOO 

24[207] 22[208] AAGGCTCCCTTGCTTTCGAGGTGATTTGAGGA 32 #333333 

12[79) 10[80] GCGAGAAATAACCTTGCTTCTGTAGAAACAAA 32 #333333 

120[191] 121[207] CAGCTGGCGCCGGAAACCAGGCAAAGCGCCAT 32 #aaaaOO 

2[79] 0[80] TGACGAGCTCGAGGTGCCGTAAAGACTATTAA 32 #333333 

88[127] 90[128] ATGTCCCGGTGGGCACGAATATAGCTCCTGGT 32 #007200 

• -~[85] 126[85] ????????AAATCACCATGCAACACTATC???????? 37 #04308 

'30[111] 28[112] TGCTTTGAGACGGGGAAAGCCGGGTGTTGTT 31 #333333 

149[119] 148[144] ??????CTCCTCAAGAGAAGGATTAGGATTAGCAAACATGA 41 #007200 

7[128] 9[127] TCAATAGATGAGTAACATTATCATTAGATTTT 32 #333333 

5[288] 7[287] TCGCACTCATAGGAACGCCATCACATTAAAT 31 #333333 

136[143] 141[143] TCTAAAGTGAACAACACGTAACACATTCACAA 32 #888888 

123[176] 112[160] GTTTAGCTATCATACAGTTGCAGCGAGATAGGGTTGAGTGTTGTTC 46 #f74308 

22[312] 49[312] ??????TGCAGGGAGTTAGCGCGAAGAGTTAAAGCGAAACAAA?????? 49 #333333 

137[87] 138[87] ??????GGATTTTGCTTAATTGTATCG?????? 33 #03b6a2 

86[191] 88[192] GCAACTGTAGGGGACGACGACAGTTGGGATAG 32 #ccOOOO 

29[224] 31[223] CAGTCGGGCGAGCCGGAAGCATAGGGTTTTC 31 #333333 
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9[224] 11[223] GTAAAGATTTGCGGGAGAAGCCTGGGGCGCG 31 #333333 

45[23] 16[23] ??????TTTTTA?????? 18 #333333 

36[207] 34[208] TAAAACTACAGAAAAGCCCCAAAACCCGTCGG 32 #333333 

45[64] 47[63] TTTCCAGAGTTAAGCCCAATAATAGAAAAGTA 32 #333333 

10[47] 8[48] ATTTCATTATACTTCTGAATAATATGGCAAT 31 #333333 

70[185] 79(162] ???????CCATCACGCAAATTAACCATA 28 #f74308 

15(288] 17(287] AAAACGAGAACGCCAAAAGGAATGATTTAGG 31 #333333 

36[111] 34[112] ATTATCATATAGATAATACATTTGCCAGCAG 31 #333333 

33[64] 35[63] GACCTGAAATATCAAACCCTCAATTCTAAAAT 32 #333333 

1[224] 3[223] TTCCAGTCATACGAGCCGGAAGCCCAGGGTT 31 #333333 

8(239] 6[240] TGGAGCAAATAAGCAAATATTTAGCTTTCAT 31 #333333 

... 4[159] 116[160] AATAATAAAATCAATAGACCAGTGCTTTAAA 31 #ccOOOO 

0[175] 1[159] GGTTCCGAAATCGGCAAAATCCCTGGCGAGA 31 #333333 

35(64] 37[63] ATCTTTAGATCAATATAATCCTGAAATTATTT 32 #333333 

13[256] 15(255] TCATTTTTCAAAGCGGATTGCATCATATTCAT 32 #333333 

78[127] 80(128] TAAAGTGTGGGGAGAGGCGGTTTGCTCATGGA 32 #333333 

43[256] 451255] ATCCCCCTAACACTATCATAACCCTATTACAG 32 #333333 

122(159] 124(160] TAGCAAAAACCCTCATATTGGTCGCAAAATT 31 #1700de 

17(160] 19(159] GA I I I I II IACAGAGAGAATAACCCAAAAGA 31 #333333 

101[176) 100[160] ACAGAGGCCATCTTTGACCCCCAGCGATTAT 31 #7300de 

7(23] 38(23] ??????CAATATCTGGTATAATCCAGGGTTAGTACATAAATC?????? 48 #333333 

~[228] 129[228] ????????GCCCGAGGAA???????? 26 #ccOOOO 

'40(207] 38(208] CATTAGATTATATTTTCATTTGGGTTTCAACG 32 #333333 

30(239] 28(240] ACAACATAAAACCTGTCGTGCCACCCTGAGA 31 #888888 

50(111] 48[112] CCCCTTATAAATCACCAGTAGCATTTGTCAC 31 #333333 

104(207] 122(192] GGAGCCTTAATGACAACTTTTCACGTTTGCCCAGTAGTAGCATTAACA 48 #f7931e 

102[111] 112[96] ATTACCCAGGAACCGAAAAGGGCGAAAAACCG 32 #888888 

42(143] 56(129] AATAAGAGCAACGCTCTCACTTGA??????? 31 #f74308 

43[64] 45(63] ACGAGCATCCTTAAATCAAGATTACGAGCGTC 32 #333333 

112(95] 103[95] TCTATCAATATCTTACTAACAAAGGAGAAACA 32 #ccOOOO 

4(239] 2[240] TGGGAAGGCACGACGTTGTAAAACACAATTC 31 #333333 

52[47] 50[48] GCCCCCTGAACCGCCACCCTCAGCCACCGGA 31 #333333 
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121[112] 108[112] TTGAGGGGTTGACCGCCGCCACCTCATAGC 30 #f74308 

113[108] 122[85] TTAAGTACCAAAAACATTATGAC???????? 31 #f74308 

40[47] 38[481 GGTTTGAAGTGAATAACCTTGClI II I IAAT 31 #333333 

16[143] 14[144] GCCCAATAATTCCAAGAACGGGTACATGTAAT 32 #333333 

110[191] 111[207] AAGGATTACAGTGCCTTGAGTAACAGTGCCCG 32 #007200 

1[288] 3[287] GGTTTGCGTCGTAATCATGGTCAGTCGACTC 31 #333333 

11[160] 13[159] GAAGAGTCGAGACTACCTTTTTAAGTATAAA 31 #333333 

107[96] 120[96] CGGAAACTAGCGTTTACGCCATTAGGTCAC 30 #888888 

53[288] 53[312] TGTATGGGATTTTGCTAA?????? 24 #333333 

46[207] 44[208] ATGCGATTTTGGGAAGAAAAATCTAGCGAGAG 32 #333333 

4[143] 2[144] GGTAATATCGCAAATTAACCGTTGGTCACGCT 32 #333333 

, ..[207] 36[208] CAAGGATACAATGCCTGAGTAATGGGTAATCG 32 #333333 

40[312] 11[312] ??????ACAGC?????? 17 #333333 

58[164] 63[185] TGTTCAGTGTTGCGCGTAACCAC??????? 30 #1700de 

32[239] 30[240] GAAGGGCGGACGTTGTAAAACGAAATTCCAC 31 #333333 

134[175] 140[160] AAATCCGCATGTTACTTCAGAGCCGCCACCAG 32 #b8056c 

44[312] 15[312J ??????AGATA?????? 17 #333333 

136[159] 138[160] ATTATTAGAAAGGAATTGGTAGCCGAGGCGA 31 #b8056c 

28[111) 29[95J CCAGTTTGGAACAAGAGTCCACTCCCCGATT 31 #333333 

144[159J 145[175J GACTTGAGAAACCATCGATAGCAGCACCGTA 31 #1700de 

48[143J 46[144J AAAGACACTGGCATGATTAAGACTGGAGAATT 32 #333333 

'223] 97[247] CAATAAATGAAAAGGTGGCATCAATTCTACTAAT????? 39 #f74308 

'108[127J 110[128] ATTTTCGGCTCAGAACCGCCACCCAGCATTGA 32 #03b6a2 

49[23J 20[23] ??????ATTTTC?????? 18 #333333 

36[175] 35[191] AATTTTAAAAATCCTTTGCCCGATACCCCGG 31 #333333 

25[288] 25[312] TTCTGTATGGGATTTTGC?????? 24 #333333 

99[152] 94[160) TTTAATCAGTCACACCCGAGAATGACAGGCCGAGAACAT 39 #f74308 

89[144] 87[143] AATCGGCTTGCTGAATTGTCAACCGGTTGTGA 32 #888888 

94[223] 96[224] TCATATATGAGAAGCCTTTATTTCTAACATC 31 #333333 

100[95] 114[96] CGCGACCTACGGTCAATCATAAGAATCAACGCGAAGCCTATGTTAG 46 #1700de 

121[208) 108[208] TCGCCATTGTGCGGGCGCCCGGAAACCCTCAG 32 #1700de 

6[111] 4[112) AACAGTGCAGAATACGTGGCACAGCCAGCCA 31 #333333 
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85[144] 83[143] TTAAAAGTCAAATCAACAGTTGAACAAATATC 32 #7300de 

115[761 114[76] ???????TACATGAAAA??????? 24 #7300de 

75[112] 73[111] AAGAATTGAGAGAGAATAACATACTAATTTG 31 #888888 

148[194) 149[194] ??????GAGAGCCGTC?????? 22 #03b6a2 

51[256] 53[2551 CAACAACCAACTAAAGGAATTGCGAAGTTTTG 32 #333333 

108[207] 125[207] AACCGCCACGTCACCAAGAGGATCTCCACACAGATGGCTTGTTTCATT 48 #aaaaOO 

28[175] 29[159] TCCGAAATCGGCAAAATCCCTTAAAAGGAGC 31 #333333 

47[128] 49[127] AAAAGAACCACGGAATAAGTTTATCCATTACC 32 #333333 

15[96] 17[95) ATGTAGAATATTCTAAGAACGCGTCTTTCCA 31 #333333 

133[87] 134[87) ??????CATTCAGTGAATACCAGTCAG?????? 33 #57bbOO 

125[208] 102[208] CCATATAACCAATTCTACGCGCGGTGGTTTTTCAACCATCCCGCTTTT 48 #333333 

1[128) 23[127] GCAAAATCCCTTTAGCGTCAGACTAGAGCCGC 32 #333333 

5[128] 7[127) TTTTGAATGCGGTCAGTATTAACATAGAGCCG 32 #333333 

78[95) 80[96) GAGCTAACGCCAGCTGCATTAATTCGTCTGA 31 #1700de 

24[271] 22[272] TAGAAAGGACCATCGCCCACGCATGGGATCGT 32 #333333 

40[175) 39[191) TCCGGCTTTCTGAGAGACTACCTCAATAACC 31 #333333 

133.[168] 141[175) GGCGACATAAACGAAAAATACACTACCAGAGCACCGCCTC 40 #333333 

73[54) 74[54] ???????TATCCTGAATCACTGAACACCC??????? 36 #f74308 

153[135] 150[156] ??????CAGTGCCCGTATAAACAGGATGA 29 #333333 

43[23) 14[23] ??????CCTACG?????? 18 #333333 

7[224] 9[223] AAGATTGTACAAGAGAATCGATGATGTGTAG 31 #333333 

~ "r175] 13[191] ATCGCCATTCAACAGTAGGGCTTAACCAGAC 31 #333333 

·103[96] 116[96) CCAGAACCGTTAATAGTGGCAAGAGCAAAC 30 #ccOOOO 

53[224] 52[240] CTCATAGTTAGCGTAACGATCTAAATAATAA 31 #333333 

99[132] 99[15:1.] ????ACTATCATAACCCTCG 20 #888888 

52[312) 23[312) ??????ACACT?????? 17 #333333 

32[111) 30[112] ATACCTACCATCACGCAAATTAAACTATGGT 31 #333333 

21[64] 23[63] AAATTATTTTTGCCATCTTTTCATGCCACCCT 32 #333333 

20[239] 18[240) TACTTAGCGCTGACCTTCATCAATGAGATGG 31 #333333 

13[224] 15[223] AGTACCTTAGCCCGAAAGACTTCGATAGCGT 31 #333333 

12[47] 10[48] ATTTCATCAACAGTACATAAATCATTTAACA 31 #333333 

118[175] 130[168) TAATCATGTTTCCTGTGCTGTAGCTTAAATATAATATTGA 40 #aaaaOO 
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82[127) 84[128] ATCGCCATTCACCTTGCTGAACCTAGGAATTG 32 #aaaaOO 

95[176] 93[175] GTTGTACCAAGATTCAAAAGGGTGGAGACAG 31 #b8056c 

122[191] 124[192] TCCAATAAATATTTTCATTTGGGGGTAGATTT 32 #f7931e 

20[143] 18[144) AAGGTGGCAATAATAACGGAATACATAAAAAC 32 #333333 

36[143] 34[144] TGCGGAACTAGACTTTACAAACAATTAACACC 32 #333333 

108[250) 107[250] ????????TTAGTACCGCCTTCCACAGAC???????? 37 #03b6a2 

58[185) 58[165] ???????TGTAGCGGTCACGC 21 #f74308 

140[127) 135[127] GGAGGTTGGACGATTGGCGATTTTATAAAACG 32 #7300de 

151[130] 152[135) ??????TATTTCGGTAA?????? 23 #f74308 

34(239] 32[240] CATTAAATACCGTGCATCTGCCAACTGTTGG 31 #333333 

84[191) 85(207] ATTATTTGAAACCACCAGAAGGAGCGGAATTA 32 #f74308 

-::111] 1[95] GTTCCAGTTTGGAACAAGAGTCCCACTAAAT 31 #333333 

7[160) 9[159] ATTAGACTCTTTGCCCGAACGTTCAGTAACA 31 #333333 

92[223) 94(224] AGGCTATCTAAATTAATGCCGGAGAGAACCC 31 #333333 

93(208] 78[208] CTAGCTGAAGGTCATTCTTTTTAAGAGAAAAC 32 #ccOOOO 

103[64) 102[64] ????????TAAGGCTTGCCCTGACCTGCTCATTCAGTGAA???????? 48 #888888 

141[176] 132[160) CCTCAGAGACCACCCTAGCCGGAACCAGGCGCATAGGCTGGCTGAC 46 #aaaaOO 

18[79) 16[80] CGCTAATACCAACGCTAACGAGCGAGGCGTTT 32 #333333 

3[256) 5[255] AGTGCCAATCGCCATTCAGGCTGCCCAGTTTG 32 #333333 

47(160) 49[159] CGCAGTATGTGGCAACATATAAAAATGAAAC 31 #333333 

104[191] 106[192] TCGGTTTATTTCAGCGGAGTGAGATCCAGACG 32 #57bbOO 

"I"r47] 18[48] GACAAAAGCAATGAAATAGCAATCAAGAATT 31 #333333 

-20[312) 47[312] ??????AAAGTACAACGAAAGCTGCCAACGGAGGCTGCTCATT?????? 49 #333333 

34[143] 32[144) GCCTGCAAGATAGCCCTAAAACATATTACCGC 32 #333333 

146[143] 146[119] CACCCTCAGAGCCACCACC?????? 25 #888888 

143[172] 147[175] CATAATAAGTATAGGTGTAT 20 #03b6a2 

118[239] 109[223] ????????TTGCATGCCTGCAGGACGGCCAGGAACCGCCTAGGTGTA 47 #f74308 

107[64) 106[64] ????????TAGCACCATTACCATTCCAGCAAAATCACCAG???????? 48 #b8056c 

99[168] 105[175] TTCATATGTCTGTATGAAACAACT 24 #333333 

34[312) 33[312] ??????TTTAACCAATACCAGCTTTCC?????? 33 #333333 

46[271] 44[272) GAACGAGTATTCATCAGTTGAGATGAGGCATA 32 #333333 

78[79] 90[64] ATTGCGTTGATTAAGACGATAAAG???????? 32 #f74308 
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88[223] 90[224] GAACAAACAACATTAAATGTGAGCTAAACGT 31 #aaaaOO 

14[143] 12[144] TTAGGCAGTATACAAATTCTTACCACCTCCGG 32 #333333 

147[119] 137[127] ??????CTCGTCACCAGAACGCCTGCTTTCCAGTTTCAGCG 41 #333333 

141[109] 140[109] ??????GGTCAAGGCA?????? 22 #f74308 

52[175] 51[191] GCGCAGTCCCTCATTAAAGCCAGATCGGTTT 31 #333333 

83[176] 81[175] TTTCAGGTAAGATGATGAAACAAAACAAAAT 31 #f74308 

81[54] 82[54] ???????ACGACCAGTAACGGTCAGTATT??????? 36 #f74308 

123[208] 113[211] GAAAAGGTCTACTAATCAGC 20 #03b6a2 

4[271] 2[272] AGCGCCATGCTTGCATGCCTGCAGTAGCTGTT 32 #333333 

31[192] 32[176] AGGCGATTCTGGCGAAAGGGGGATTATCGGCC 32 #333333 

70[156] 67[156] ACGTTATTGCCCTGCCCTGAAATCC 25 #f74308 

. _, ..[312] 19[312] ??????GTATC?????? 17 #333333 

40[239] 38[240] CAATTCTGTGGCATCAATTCTACCCCTGTAA 31 #333333 

21[192] 22[176] AACGGGTATTTTTCATGAGGAAGTAACCATCG 32 #333333 

77[144] 75[143] AAGAAACGCCGAAGCCCTTTTTAAAAGAGCAA 32 #57bbOO 

31[160] 33[159] TGCCTGAGAATATCCAGAACAATCGCCATTA 31 #333333 

87[176] 86[160] CCAGTTTGTGGGAAGGGCGATCGGTGCGGGC 31 #f7931e 

104[127] 106[128] AGGACGTTAACTAATGCAGATACAAAGGTGAA 32 #f7931e 

90[191] 92[192] GTTAAATCTATGTACCCCGGTTGAGTCTGGAG 32 #888888 

94[191] 96[192] TGTAGGTAAAAAACATTATGACCCAGAATTAG 32 #007200 

3[288] 5[287] TAGAGGATTTCTGGTGCCGGAAACAGGAAGA 31 #333333 

11'1$1[191] 110[192] GCCACCACGTCGAGAGGGTTGATACTCAAGAG 32 #333333 
I. 

--52[271] 50[272] AAAGGAACATCGCCCACGCATAACATCGTCAC 32 #333333 

16[79] 14[80] TAGCGAACAATATCCCATCCTAATGTAAAGTA 32 #333333 

56[185] 56[165] ???????TGGACTCCAACGTC 21 #f74308 

49[224] 51[223] CAACCTAAGGCTACAGAGGCTTTTCTTAAAC 31 #333333 

0[207] 0[176] TGCCCCAGCAGGCGAAAATCCTGTTTGATGGT 32 #333333 

18[111] 16[112] ACACCCTGTTTGCCAGTTACAAATAGAAGGC 31 #333333 

13[160] 15[159] GCCAACGCATTTAACAACGCCAATTAAACCA 31 #333333 

33[256] 35[255] GGACGACGCTTCCTGTAGCCAGCTTGTAAACG 32 #333333 

131[152] 128[160] ATTCAAAGAGCGCCAAGAAGTTTTGCAAGCAACCGGCAG 39 #333333 

5[64] 7[63] CTGGCCAATAAAGCATCACCTTGCCAGTTGAA 32 #333333 
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47[96] 49[95] ACCGAGGAGAAAATTCATATGGTGGAATTAG 31 #333333 

0[47] 30[23] ACCGTCTATCAGGGCAAGTTTTTAAGGGATTTT?????? 39 #333333 

88[159] 90[160] GTCCTTAGGACGCATTTCGGAACCAATAACA 31 #1700de 

41[224] 43[223] ACCTTTAACCGAAAGACTTCAAAAGCGTCCA 31 #333333 

16[239] 14[240] TACCAGACGCGGAATCGTCATAAAAAAAGAT 31 #333333 

4[175] 3[191] GAGTAGAAATTAGTAATAACATCGATGTGCT 31 #333333 

111[208] 119[203] TATAAACATAAGAGGCTGAGACTCTAAGTATACTCTTCGCACGA 44 #03b6a2 

32[175] 31[191] TTGCTGGTTAGAAGAACTCAAACGTGCTGCA 31 #333333 

36[79] 34[80] GGCAATTCGAGCACTAACAACTAACCTTGCTG 32 #333333 

78[255] 77[255) ???ATGCTGATGCAAATCCAATCGACTAGAAAAAGCCTGTTTAG??? 47 #f74308 

144[127) 139[143] AATCACCATACCATTAAAAAAGGCTTTCTTAAACAGCTTGATACCGAT 48 #b8056c 

4[143) 22[144] GTCTCTGATTGACAGGAGGTTGAGGACAGAAT 32 #333333 

87[64] 72(80) ???????mGTAAAACGACGGCCTTTCCCAGGCTAACGATTGCTATT 48 #03b6a2 

59[129] 42[144] ???????AGGGAAGAAAGCGAAAACGTGGCGTCATCGAGGAGCCAGT 47 #f74308 

72[255] 72[224] ???CGAGAACAAGCAAGCCGTTTTTATTTTC 31 #f74308 

22[271) 20[272) CACCCTCAACACTCATCTTTGACCGCCTGATA 32 #333333 

19(160] 21[159) ACTGGCATCAAACGTAGAAAATACCATTAGC 31 #333333 

28(79) 29[63) ACGTGGACTCCAACGTCAAAGGGCGTAAAGCA 32 #333333 

50[239) 48(240] GTAGCAACAACGAAAGAGGCAAACATGTTAC 31 #333333 

35[23) 6(23) ??????CAGAAT?????? 18 #333333 

127(112) 104[112) ACGACGATCGAGGCATCATATGTTTGCCTGCCACATTCGGGAAGA 45 #03b6a2 

• -'5[144] 114(144] GGAGAGGGAATGCCTGTTTGTCACCGGAATAC 32 #ccOOOO 

C80[191] 82[192] AGCGATAGTTTAACAATTTCATTTATTACCTG 32 #f74308 

124[191] 126[192] AGTTTGACAGTACGGTGTCTGGAAAGAGCTTA 32 #f74308 

29[160] 31[159] GGGCGCTACGTAACCACCACACCACATCACT 31 #333333 

47[288] 49[287) GTAACAAAATTTGTATCATCGCCAGCGATTA 31 #333333 

127[208] 104[208) CCTTTTGATTTTTGCGACATACGACCTAATGAGAACAACTCTCCAAAA 48 #007200 

44[143] 57[139] GAAGGCTTTACCGCACAGAAAGGACGGG 28 #f74308 

92[247] 91[247] ?????TTTTTGAGAGATATAAGCAAA????? 31 #ccOOOO 

134[159] 130[128] ATTTCAACGGTTTAAAATTCAAGAAAGATTCATCAGTTGA???????? 48 #03b6a2 

6[271) 4[272] TCGCGTCTACGACAGTATCGGCCTCCAGGCAA 32 #333333 

6[143) 4[144] GAGGTGAGGGCTATTAGTCTTTAAGCCTTGCT 32 #333333 

RO 138208 A2



9C; 

97[208] 82[208] CGCGAGCTCATACAGGACAGTACCCGAATTAT 32 #f7931e 

16[175] 15[191] TTTTTATTACTCATCGAGAACAACCAGAGGG 31 #333333 

16[111] 14[112] TTATCCGGACCAATCAATAATCGGTAATAAG 31 #333333 

73[176] 72[160] TGTAGAAAGATATAGAAGGCTTATCCGGTAT 31 #03b6a2 

128[191.] 129[207] ATTCGAGCGAAGCAAAGCGGATTGCATCAAAA 32 #b8056c 

109[176] 107[175] TAAGTGCCCCTCATTTTCAGGGAAATAGGAA 31 #007200 

44[175] 43[191] ACCGCGCCTTATTTTCATCGTAGGAGGGGGT 31 #333333 

126[228] 127[228] ????????GGTCATAAGA???????? 26 #f7931e 

79[163] 81[159] AGAGTTGAGACCGCCAGCCATTGAATGGC 29 #b8056c 

97[64] 82[80] ????????TAAAGTACGGTGTCTGGTTTTAAACCACGCTGTAAAACAG 48 #f74308 

74[95] 76[96] GAAGCGCACTAATATCAGAGAGACAGAAGGA 31 #57bboo 

.. (129] 79[143] ???????AGACGGGCGAAAAACGCGTATTGG 31 #f74308 

113[76] 112[76] ???????ATAGCTAGCA??????? 24 #888888 

50[47] 48[48] ACCGCCTCTTATTCATTAAAGGTAACCGATT 31 #333333 

8[lU] 6[112] ACAAAGAATAACAACTAATAGATCCGCCTGC 31 #333333 

20[271] 18[272] AATTGTGTAACCGGATATTCATTAGAGAAACA 32 #333333 

17[128] 19[127] CCATATTAGCATTAGACGGGAGAAGAAACCGA 32 #333333 

10[207] 8[208] ACGCAAGGATGCAATGCCTGAGTAAACGGTAA 32 #333333 

134[143] 140[128] TTGTGAATGAGTAGTAGCCGCCAGCATTGACA 32 #57bbOO 

25[128] 24[144] GTTTTGCTCAGTACCAGGCGGATAAAAGCGCA 32 #333333 

35[96] 37[95] AGCCGTCACATATTCCTGATTATTTGCGTAG 31 #333333 

"271] 42[272] GTAAGAGCCAAATGCTTTAAACAGTTATAGTC 32 #333333 

'~96[247] 95[247] ?????AGTAGTAGCATAACGCAAGGA????? 31 #1700de 

118[191] 120[192] CCGAGCTCCAGGGTTTTCCCAGTCTATTACGC 32 #b8056c 

43[96] 45[95] GTCTTTCCCGAACCTCCCGACTTACAAAATA 31 #333333 

114[239] 105[223] ????????TATTGGGCGCCAGGGGGAGAGGCAAAAAAGGAAAGGAAT 47 #aaaaOO 

83[112] 81[111] CTAAAGCATAAAAATACCGAACGACCCTTCT 31 #ccooOO 

92[127] 94[128] CGAGAGGCTCCCCCTCAAATGCTTTGACTATT 32 #ccoooo 

9[192] 10[176] TATTTTAAATAAAAATTTTTAGAAAATAACGG 32 #333333 

31[128] 33[127] GCAATACTGCAACAGGAAAAACGCCTTTAATG 32 #333333 

112[191] 114[192] GAATAGCCCAAGCGGTCCACGCTGCAGTGAGA 32 #aaaaOO 

24[79] 22[80] GTAATAAGCCACCCTCAGAGCCACAGCCCCCT 32 #333333 
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145[176] 137[179] ATCAGTAGTGTAGCGCAGA 19 #007200 

49[96] 51[95] AGCCAGCATAGCGTTTGCCATCTCCACCAGA 31 #333333 

13[96] 15[95] CATAATTAAAGTACCGACAAAAGTTACGAGC 31 #333333 

31[256] 33[255] GCCAAGCTCCATTCAGGCTGCGCAGTTTGAGG 32 #333333 

44[239] 42[240] CAGACGACGAATCGTCATAAATAAAGATTAA 31 #333333 

74[223] 76[224] AGAACGCGTACCGACAAAAGGTAATCTTACC 31 #174308 

137[192] 145[205] TAAAGACTTCACCCTCTCAAGTTT?????? 30 #aaaaOO 

96[159] 97[175] CTTTTGATTTAGATACATTTCGCAAATGGTC 31 #888888 

87[112] 86[96] GCCAGGGTGCAAGGCGATTAAGTTGGGTAAC 31 #007200 

138[111] 136[112] GGAGCCTTAAACAACTTTCAACAGACGTTAG 31 #b8056c 

2[239J 0[240] CACACAACGGGAAACCTGTCGTGTGGCCCTG 31 #333333 

..,,[64] 52[80] GCTGAGACTCCTCAAGAGAAGGATGTCAGTGC 32 #333333 

76[207) 87[207] TCAACAGTATAAGAGAGACCGTAAATCGGCCT 32 #17931e 

11[256] 13[255] GTAGTAGCGTTTCATTCCATATAAATAAGAGG 32 #333333 

12[111] 10[112) CTGATGCATAATTTTCCCTTAGACATTTCAA 31 #333333 

52[207] 50[208] GCTCCAAAGCTTTCGAGGTGAATTGAGGACTA 32 #333333 

135[128) 144[128) AACTAACGTTTGTCGTTAGCATTCGCCAGCAA 32 #333333 

111[176] 109[175] AACGGGGTGGATTAGCGGGGTTTCAGGCGGA 31 #57bbOO 

82[207] 93[207] TCATTTCAGAATTACCCAATGCCTCAACCGTT 32 #333333 

68[156] 65[156] CACTTGCTGGTAAAAATCCTGAGAG 25 #174308 

107 [224J 119[239] CTGTAGCAACCCTCATGCCAAGC???????? 31 #888888 

--'256] 41[255] GTAGCATTTCATTCCATATAACAGAGAGGTCA 32 #333333 

" 
'-'28[47] 28[23] GTCTATCACATCACCCAA?????? 24 #333333 

41[23] 12[23] ??????TGTCTA?????? 18 #333333 

9[64] 11[63] TAGAACCTAAACAAAATTAATTACAATATATG 32 #333333 

103[224] 115[239] ATAACCGATCTCCAAGGTTTGCG???????? 31 #333333 

43[224] 45[223] ATACTGCGGATAAAAACCAAAATACGTTAAT 31 #333333 

96[95] 97[111) CTCAACATGAAGTTTCATTCCATATAACAGT 31 #03b6a2 

28[239) 29[223] GAGTTGCAGCAAGCGGTCCACGCCCGCTTTC 31 #333333 

51[288) 53[287] TCGGTCGCCAGTTTCAGCGGAGTGAATTTTC 31 #333333 

102[207] 112[192] GCGGGATCTTTTTCATCCCTTATAAATCAAAA 32 #cCOOOO 

46[175) 45[19~] AAAACAGGGCCTTTACAGAGAGATATACCAG 31 #333333 
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16[271) 14[272] ATAGTAAGCCTCAAATGCTTTAAACTATTATA 32 #333333 

20[79] 18180] ATAGAAAACCCTTTTTAAGAAAAGTAATTGAG 32 #333333 

143[109] 142[109] ??????ACTACTACAA?????? 22 #03b6a2 

1231112] 100[96] GAGAAGCCATCGGTTGAAAAGTACAACGTCACTGACCAGCCTGATAAATTGTGTCGAAATC 61 #ccOOOO 

49[160] 511159) CATCGATAGTTTGCCTTTAGCGTTCACAAAC 31 #333333 

118195] 109195] ATCAGCTCCAATAGGAGCCATCTTCACCGGAA 32 #57bbOO 

129[85] 1291111] ????????TTGAATCCCCCTCAAATG 26 #b8056c 

51[224] 531223] AGCTTGATCGTTGAAAATCTCCAAGACAGCC 31 #333333 

57[140] 64[129] GAAAATAAATCATTCCTCGTGCGGGAGC??????? 35 #f74308 

56[164] 611185] AAAGGCCGAATGCGCCGCTACAG????7?? 30 #aaaaOO 

~21312] 31312] ??????GGCAC?????? 17 #333333 

,A256] 171255] TGAATCCCAGCAACACTATCATAACATTATTA 32 #333333 

48[79) 46[80] GCCAAAGAGCCGAACAAAGTTACCAACCCACA 32 #333333 

1051144] 103[143] AAAGGAATAAGAACTGGCTCATTATCAACTTT 32 #007200 

101239] 8[240] TAATACTTTCAAAAGGGTGAGAATGAGAGTC 31 #333333 

136[207] 134[208] TACGTAATCGATTATACCAAGCGCACAACGGA 32 #f74308 

76[79] 88[64] TAATAACGAGAGGGTAGGAGTGAC???????? 32 #f7931e 

80[207) 91[207] GAATCCTTGAGACTACGCCTGAGATAATCAGA 32 # 1700de 

100[127] 102[128) GTATCATCACTTTGAAAGAGGACAATCTTGAC 32 #b8056c 

19[192] 20[176] GAGGACAGGAACCGAACTGACCAATTACGCAG 32 #333333 

113[212) 100[192] AGGCGGCAAAATGAGGAAGTACGAAAGAGGCAAAAGAATACACT 44 #b8056c 

'191] 94[192] CAAACAAGCCATCAATATGATATTGAGTAATG 32 #f74308 

'~8[312] 9[312] ??????ATTAT?????? 17 #333333 

851176] 83[175] GAACAAAGCACGTAAAACAGAAAGCGTAGAT 31 #f74308 

107[144] 105[143] GCGACAGACGGAAATTATTCATTATAACGCCA 32 #03b6a2 

30[207] 28[208] AGCCTGGGGCGTTGCGCTCACTGCTGGTTTGC 32 #333333 

45[256] 47[255] GTAGAAAGAGTAAATTGGGCTTGATAATCTTG 32 #333333 

1481162] 151[183] GCGATTTACCGTTCCAGTAAG????? 26 #1700de 

74[127] 76[128] GCCTTTACAGTTAAGCCCAATAATGAAAAGTA 32 #57bbOO 

53[192] 52[208] ACTACAACGCCTGTAGCATTCCACAAAAAAAG 32 #333333 

9[96] 11[95] AAAACAGAGCAAAAGAAGATGATAATCGTCG 31 #333333 

15[128] 17[127] TCCTTATCGCAAGCAAATCAGATAATAAACAG 32 #333333 
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11[23] 42[23] ??????ITTTTAATGGATTCTGACGATAAATAATAGATAAGT?????? 48 #333333 

14(312] 41(312] ??????AATCAAAAATCATGCTGTAAAATCAGGCTGTAGCTCA?????? 49 #333333 

130[167) 136[160] CGGAAATTGGAAAAGGAGGCTGA 23 #ccOOOO 

1(64] 3(63] TTTTGGGGACGTATAACGTGCTTTAGACAGGA 32 #333333 

44[79] 42(80] TTTTGAAGGTAGAAACCAATCAATCAATAAAC 32 #333333 

3[23] 34[23] ??????AACAGGAGGCCTTGGCAGACATTCTGGGCAAATCAA?????? 48 #333333 

49[128] 51[127] ATTAGCAATTCATCGGCATTTTCGGTTGAGGC 32 #333333 

90[95] 92[96] GTGGTGCTTACCGAGCTCGAAITTTTGCCAG 31 #888888 

4(111] 2[112] TTGCAACAGAGGCCACCGAGTAAGCTTAATG 31 #333333 

12(312) 39(312] ??????TCAACATGTTTAAGAATTATGTTTTAAAATTAGCAAA?????? 49 #333333 

128[159] 129[175) AGGGGGTAAATCAGGTCTTTACCCTGACTAT 31 #03b6a2 

.(224) 24(240) GCCCTCATAGTTAGCGTAACGATGCGAATAA 31 #333333 

84[127] 85[143J AGGAAGGTTCCTTTGCCCGAACGTTATTAATT 32 #174308 

58[156] 45(159J GTTTGGGAGCGGGAAGCAAATAAAAATGA 29 #174308 

33[23J 4[23] ??????GGGATT?????? 18 #333333 

112[159] 114[160] CAGTTTGGACCGAGGAAACTGGCACCGCCGC 31 #174308 

53(96] 52[112] GCGGGGTTTTGCTCAGTACCAGGCAGGAGTG 31 #333333 

43[128] 45[127] AAACCAAGATCCGGTATTCTAAGATCCAAATA 32 #333333 

24[47] 22(48] TAACAGTGGCCTCCCTCAGAGCCAATCAAAA 31 #333333 

6[79] 4[80] GAAAAATCCAGAGATAGAACCCTTGAAATACC 32 #333333 

0(79) 1(63] AGAACGTGGACTCCAACGTCAAAGATCAAGTT 32 #333333 

~ -'[204) 127[207] CGTTCAAATATCTAATTGCT 20 #7300de 
\ 

. 85(208] 95[207] TCATCATAAGGGTTAGAACCTACCATACAGTACAAGGCAATGTAATAC 48 #174308 

137(180] 125[179] GGCTCAACCTATCAACCGAGAAGGTAGCAA 30 #b8056c 

76[223] 78[224J AGTATAAACACCGGAATCATAATTCAAGACA 31 #174308 

75(54] 76[54] ???????TGAACAAAGTCGAATACCCAAA??????? 36 #174308 

31[96] 33[95] AGTCTGTCATTTTGACGCTCAATGCACAGAC 31 #333333 

72[79] 72[54] TTGCACCCAGCTACAATTT??????? 26 #888888 

17[192] 18[176] CAGTCAGGATTTTAAGAACTGGCTTGAAAATA 32 #333333 

143[144] 134[144] GCCCTCATCCATGTACTTATTACATTTAATCA 32 #17931e 

109[96] 121(111] CCGCCTCGATTGGCCCGTGCATCTGCCAGT 30 #b8056c 

33[128] 35[127] CGCGAACTCAGTGCCACGCTGAGAGAGGATTT 32 #333333 
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64[148] 60[129] TCAGATAGAATGAGCACGTATAACGTGCT??????? 36 #f74308 

7[256] 9[255] ACGTTAATCTATCAGGTCATTGCCAGGCCGGA 32 #333333 

111[144] 109[143] ATGATACACACCAGAGCCGCCGCCTCAGAGCC 32 #333333 

126[191] 128[192] ATTGCTGAGATTAGAGAGTACCTTGCGTTTTA 32 #f74308 

105[224] 117[239] TGCGAATATTAGCGTCATAAAGT???????? 31 #333333 

39[224] 41[223] TGAAAAGGCGAACGAGTAGATTTTAGAGAGT 31 #333333 

152[151] 146[144] GCCTTGAGAACCTATTGTTAATGCAGCCCAATAGAACCGC 40 #888888 

105[176] 103[175] TTCAACAGTCAGCTTGCTTTCGATTAAACAG 31 #b8056c 

84[223] 85[255] ATAATGGATTCCTGATTATCAGATGATGGCAATTCATCAATATA??? 47 #f74308 

91[144] 89[143] TCCGCTCATTCTCCGAACTCTGACGGGCCTTG 32 #007200 

R(207] 6[208] TCGTAAAAAATCAGAAAAGCCCCACAACCCGT 32 #333333 

.. [185] 62[165) ???????CACACCCGCCGCGC 21 #f74308 

116[95] 107[95] AAGAGAATTAATCGTAAATTAGAGAGCAAGGC 32 #03b6a2 

25[64] 24[80] ATTCTGAAACATGAAAGTATTAAGGTGTACTG 32 #333333 

5[96] 7[95] AAAGCGTACACGCTGAGAGCCAGATATCTTT 31 #333333 

45[96] 47[95) AACAGCCATAATATCAGAGAGATAGAAGGAA 31 #333333 

2[175] 1[191] CTAGGGCGGAAGAAAGCGAAAGGGAGCTAAC 31 #333333 

106[159] 108[160] AATATTGAATCAAGTTTGAGCCCTAGCACCT 31 #aaaaOO 

120[159] 121[175] GTAACAACCTCCAGCCAGCTTTCCGGCACCG 31 #f7931e 

119[108] 127[111) AATAGAATCGTCTTTACCAG 20 #f74308 

110[127] 111[143] CAGGAGGTAGTAAGCGTCATACATGGCTTTTG 32 #f7931e 

, . '112) 91[111] TCATTGAATTTTGCAAAAGAAGTCGTAATCA 31 #f7931e 
(, 

~i3[192] 14[176] CGGAAGCATTCGAGCTTCAAAGCGAATTGAGA 32 #333333 

18[271] 16[272) CCAGAACGAAGATTCATCAGTTGATACGAGGC 32 #333333 

8[312) 35[312] ??????TAATGCCGGAGAATCAGCTCGGAGAGGCAGCTCATTT?????? 49 #333333 

93[176] 98[168] TCAAATCAAGAATCGATGAACGGACTAGCATCGACATTC 39 #1700de 

133[192] 141(205) CAGACGGTTCATCGCCCTCAGAAC?????? 30 #1700de 

34[79] 32[80) AACCTCAAAGCGTAAGAATACGTGCGTCTGAA 32 #333333 

23[288] 25[287] TATTCGGTCAACAGTTTCAGCGGAATGAATT 31 #333333 

12[271] 10[272] GTCTGGAAATTAACATCCAATAAAATAAAGCT 32 #333333 

44[111] 42[112] CGTTTTAGTTATCATTCCAAGAAAAAAGGTA 31 #333333 

40[111) 38[112] AGAACGCGCATAGCGATAGCTTAATGATGAA 31 #333333 
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111[112] 119[107] ACCGTTCCTGAGGCAGGTCAGACCCTCAGAGTAATGGGACAAA 43 #f74308 

45[160] 47[159] AAATAGCAGAAGCGCATTAGACGCCTTATTA 31 #333333 

39[128] 41[127] CGCTGAGAGATGCAAATCCAATCGCTTACCAG 32 #333333 

22[79] 20(80] TATTAGCGCATTAAAGGTGAATTACACAATCA 32 #333333 

101(144] 100[128] GTGTACAGCGAAACAAAGTACAACGGAGATTT 32 #ccOOOO 

125[112] 102[112] TATTCAACAAGGGTGAGAAACGCCTCCTTAAATTGGGCGATATTC 45 #333333 

34[175] 33[191] AAACAGAGGAACGAACCACCAGCATTGACCG 31 #333333 

7[192] 8[176] CGGTTGATCTAGCATGTCAATCATCAACTCGT 32 #333333 

47[23] 18[23] ??????AGCATA?????? 18 #333333 

112[239] 103[223] ????????GGTGGTTCCGAAATCGAAAATCCGTTAAAGGGCCCACGC 47 #b8056c 

90[247] 89[247] ?????TATTTAAATTGGAGTAACAAC????? 31 #333333 

~[288] 23(287] TTATACCAAAAGGCCGCTTTTGCAACCGATA 31 #333333 

48[47] 46[48) GAGGGAGGCGAAGCCCTTTTTAAAGAGCAAG 31 #333333 

76[159) 68[157) CTATCTTACAAAGACAAT 18 #1700de 

20[207] 18[208) TCATAAGGATGAACGGTGTACAGATGAATTAC 32 #333333 

94[159) 96(160) AAATCAAACCTTTAATTGTAAAGGAGCACTC 31 #b8056c 

9[160] 11[159) GTACCTTTGATTGCTTTGAATACGACGCTGA 31 #333333 

16[312) 43[312] ??????TGCAGATACATAATGACCATACATAACGACCATAAAT?????? 49 #333333 

72[127] 74[128] CGACTTGCAAAATAAACAGCCATAAAATAGCA 32 #aaaaOO 

21[160) 23[159] AAGGCCGGACCGTAATCAGTAGCGCAGGTCA 31 #333333 

12[143] 10[144] CTTAGGTTCGATAGCTTAGATTAACAAGTTAC 32 #333333 

- "191) 78[192] ATTGAGAAGTGTGATAAATAAGGCATATATTT 32 #f74308 
\ 

127[144] 116(144) TTGCAAAACTAATGCACCCAAAAATTTTTGAG 32 #1700de 

18[239] 16[240] TTTAATTTGAACTAACGGAACAACCCTCGTT 31 #333333 

118(143) 125[143] TTGTAAACAGAAAAGCGATACATATTAATGCC 32 #7300de 

47[192] 48[176) GACAGATGCCGAACTGACCAACTTAAATACAT 32 #333333 

13[23] 44[23] ??????AATTTAATGGTATGCAGAGAACAAGACAGCTACAAT?????? 48 #333333 

81[144] 64[149] AATATTTTTGCAACAGAACAGCTGTTTCTTTTAGGCCGATGTT 43 #007200 

128[127] 129[143] GCGTCCAAAGTTCAGAAAACGAGAATGACCAT 32 #333333 

88(95] 90[96] TATTTACGTGCGGCCCTGCCATCTAAGCTAC 31 #57bbOO 

40[79] 38[80] TAGTTAATATTAATTAATTTTCCCAATTACAT 32 #333333 

51[64] 53[63] CCCTCAGAACAGTGCCCGTATAAAATTAAGAG 32 #333333 
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14[271] 12[272] GTCAGAAGGCGGATGGCTTAGAGCAGTACGGT 32 #333333 

10[143] 8[144] AAAATCGCACGTCAGATGAATATAATTAATTT 32 #333333 

103[144] 101[143] AATCATTGACCTTCATCAAGAGTAGATGAACG 32 #888888 

1[192] 2[176] TCACATTAGGGGTGCCTAATGAGTAGCGGGCG 32 #333333 

50[271] 48[272] CCTCAGCACTCATCTTTGACCCCCTGATAAAT 32 #333333 

8[47] 6[48] TCATCAATCAGTTGGCAAATCAATGAACCTC 31 #333333 

74[207] 86[192] TCAACAATTGTCTTTCTCGCCATTCAGGCTGC 32 #b8056c 

72[159] 74[160] TCTAAGAAAAATAAGAAATAATTCATCCCGA 31 #aaaaOO 

39[288] 41[287] AGGCAAAGATATGCAACTAAAGTATTGCTGA 31 #333333 

120[239] 111[223] ????????TGGGAAGGGCGATCGCAGGCTGCGAAAGTATGTTAATGC 47 #888888 

73[144] 72[128] CCCAATCCCGCGAGGCGTTTTAGCGAACCTCC 32 #b8056c 

/ .• [224] 33[223] CCAGTCACATCGGTGCGGGCCTCAGATGGGC 31 #333333 

78[191] 80[192] TAGTTAATAAAATCATAGGTCTGAGAAAACAT 32 #f74308 

104[111] 113[107] AAAATCTAGAGTAGTATTACGCAGCTTT 28 #f7931e 

82[191] 84[192] AGCAAAAGTTAACGTCAGATGAATATATCAAA 32 #f74308 

95[208] 80[208] TTTTGCGGTTTAAATGTTTTTTAATTCCCTTA 32 #f74308 

15[160] 17[159] AGTACCGCTTCATCGTAGGAATCTAAGAAAC 31 #333333 

130[197] 131[197] ?????????GGAGGTTGAG????????? 28 #333333 

15[64] 17[63] AGAAAAATCTCCCGACTTGCGGGATTTATCCT 32 #333333 

19[128] 21[127] GGAAACGCAACATATAAAAGAAACTAGAGCCA 32 #333333 

41[288] 43[287] ATATAATGTCTTTACCCTGACTATTCAGAAA 31 #333333 

r -160] 59[185] AGCCGTTTCAATAGCCGCTAGGGCGCTGGCAAG??????? 40 #f74308 

~ 122[228] 123[228] ????????CAATTGGCAT???????? 26 #f7931e 

83[144] 81[143] AAACCCTCTGCGCGAACTGATAGCGCACAGAC 32 #b8056c 

38[111] 36[112] ACAAACATGTTTAACGTCAGATGGGAGCGGA 31 #333333 

39[96] 41[95] CTTGAAAAAGAAAACTTTTTCAACCTGTTTA 31 #333333 

51[128] 53[127] AGGTCAGAATGGCTTTTGATGATACGGATAAG 32 #333333 

5[192] 6[176] CCGTAATGCCGTGGGAACAAACGGTTAAAAAT 32 #333333 

11l[64] 110[64] ????????CTCATTAAAGCCAGAACACAAACAAATAAATC???????? 48 #57bbOO 

80[95] 82[96] AATGGATTGCCAACAGAGATAGAAACCACCA 31 #f7931e 

42[239] 40[240] GAGGAAGCTTGCTCCTTTTGATATTGATTCC 31 #333333 

87[208] 72[192] CAGGAAGAAGCGCCATCTTATCATAATCATTACCGCGCCCAATAGCAA 48 #03b6a2 
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108[l1tJ 125(111] CCCCTTATGTCACCAAATTAAATTCATGTCAATAGTAAGACAATATGA 48 #f74308 

94[95] 96[961 AGATTAAGTAATTCGAGCTTCAATGCTGTAG 31 #b8056c 

102[127] 104[128] AAGAACCGTTGAGATGGTTTAATTTACCAGTC 32 #57bbOO 

53[40] 52[48] CTGAAACATGAAAGTCAGTTAAT 23 #333333 

129[2081 106[208] AGATTAAGAAAGACTTGTAAAACGTCGACTCTGTACAAACAAAGTTTT 48 #f74308 

30[79] 28[80J TCGTTAGAGAACCCTAAAGGGAGCATTAAAGA 32 #333333 

76[255] 75[255] ???TATCATATGCGTTATACAAATAGTAATTCTGTCCAGACGAC??? 47 #f74308 

24[175] 23[191] AATCCTCAGCCTTGATATTCACATGTATCGG 31 #333333 

4[47] 2[48] TATTTACAGATTAAAGGGATTTTCCTCGTTA 31 #333333 

116[191] 118[192] TAATTGCGGTTATCCGCTCACAATCCCGGGTA 32 #03b6a2 

28(207] 28(176) CCCAGCAGGCGAAAATCCTGTTTGATGGTGGT 32 #333333 

,.1.43] 6[144] TAAAAGTTTAATACATTTGAGGATATAAAACA 32 #333333 

80[255] 79[255) ???AACCTTGCTTCTGTAAATCGTGGTTATATAACTATATGTAA??? 47 #f74308 

46[47] 44[48] AAACAATGTCTTACCAACGCTAAGTTGCTAT 31 #333333 

37[288] 39(287] TTCTAGCTAAGCCTCAGAGCATATACAGGCA 31 #333333 

116[239] 107[223] ????????GTAAAGCCTGGGGTGGCCGGAAGAACGATCTTACAACGC 47 #7300de 

33[224] 35[223] GCATCGTAGTGAGCGAGTAACAAACAGGAAG 31 #333333 

53[256] 52[272) TCGTCTTTCCAGACGTTAGTAAATGAGAATAG 32 #333333 

112[127] 114[128] GTGGACTCAGCAGATAGCCGAACAACTGGCAT 32 #03b6a2 

33[192] 34[176] TAATGGGATGGGAACAAACGGCGGAGAAGATA 32 #333333 

44[47] 42[48J TTTGCACCAAAATAATATCCCATCGCCTGTT 31 #333333 

~nr175] 29[191] ACGCTGCGGGGCGCTGGCAAGTGCTAACTCA 31 #333333 

11[271] 1(255) AACAGCTGATTGCCCTTCACCGCCCCAGCTGC 32 #333333 

86[223] 88[224] CCAGGCAATCGCACTCCAGCCAGCTCCGTGG 31 #f74308 

100[250] 100[224J ????????TGCCACTACGAAGGCACC 26 #888888 

10[111] 8[112) TTACCTGAAATAAAGAAATTGCGTTTGCGGA 31 #333333 

94[127J 96[128) ATAGTCAGAGCAAACTCCAACAGGGGATGGCT 32 #888888 

31[23] 2[23] ??????AGACTA?????? 18 #333333 

9[256) 11(255) GACAGTCATGTACCAAAAACATTATACTAATA 32 #333333 

65[157) 58(157) TTGTCGGCAATAGGGTTGCA 20 #f74308 

142[205J 137[191) ??????TTTTCATAATCAAAATATTAGCGTGAAGGCACTTGAGGAC 46 #57bbOO 

144[205J 139[191] ??????GCCTTTAGCGTCAGACCGACAGAAAGCAGCGAACCGATAT 46 #f74308 
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21[256] 23[255] ACACTAAAGCAGCGAAAGACAGCAGCCGACAA 32 #333333 

49[288] 51[287] TACCAAGCGGCCGCTTTTGCGGGCGATATAT 31 #333333 

34[47] 32[48] GGTCAGTTGCCAACAGAGATAGACACCAGTC 31 #333333 

45[288] 47[287] ACCACATTGCTTGCCCTGACGAGAAATCAAC 31 #333333 

19[256] 21[255) TTGACAAGCGAAATCCGCGACCTGAAAAGAAT 32 #333333 

69(1401 77[143] ACTAATACGAGCACATATAA 20 #04308 

23(64] 25[63] CAGAACCGTTTTAACGGGGTCAGTAACCTATT 32 #333333 

88(247] 87[247] ?????CCGTCGGATTCTTTCCGGCAC????? 31 #7300de 

138[159] 139[175] ATAATAATCGACAATGACAACAACCATCGCC 31 #1700de 

18[312] 45(312] ??????ATTCAGTGAATATTCAACTTGAATAAGCAACTAATGC?????? 49 #333333 

52[l1t) 50[112] TACTGGTACAGCATTGACAGGAGGTCATAGC 31 #333333 

1[64) 100[64) ????????CCGGAACGAGGCGCAGGCTCCATGTTACTTAG???????? 48 #1700de 

21[96] 23[95] ACCGACTTGGCATTTTCGGTCATCACCCTCA 31 #333333 

100[223] 113[239] AACCTAAATTCCATTAAACGGGTAGCAGGGATGTTTGAT???????? 47 #04308 

40[143] 38[144] TAAATGCTAGAGTCAATAGTGAATATTATTCA 32 #333333 

135[87] 136[87] ??????GACGTTGGGATTTTCTGTATG?????? 33 #b8056c 

23[128] 25[127] CGCCAGCAATTTACCGTTCCAGTATTAGCGGG 32 #333333 

64[185) 64[165] ???????GGTTTGCCCCAGCA 21 #f74308 

7[96] 9[95] AGGAGCACACCACCAGAAGGAGCTTGCACGT 31 #333333 

139[192) 138[208) ATTCGGTCGCTGAGGCTTGCAGGGCGCTTTTG 32 #b8056c 

13[288] 15[287] TGAATATAAGGTCTTTACCCTGACAGTTCAG 31 #333333 

''"''\[228] 125[228] ????????GATTCCAGTT???????? 26 #007200 

~ 
. 39[64] 41[63] TCGTCGCTTTCATCTTCTGACCTAATAAACAC 32 #333333 

16[47] 14[48] AGCCTTAACAACAATAGATAAGTACAACATG 31 #333333 

89[176) 87[175] AAATAATTGGTGTAGATGGGCGCTGCATCTG 31 #007200 

85[54] 85[79] ???????TACATTTGAGGATTTAGAA 26 #f74308 

22[239] 20[240] AGGGTAGCTAAAACGAAAGAGGCCTCCATGT 31 #333333 

80[223] 82[224] AATTAATTTGGAAACAGTACATAAAAAATCG 31 #04308 

35[288] 37[287] TGTTAAATGTAGCTATTTTTGAGTTCAACCG 31 #333333 

17[256] 19[255] CAGGTAGAAGTAGTAAATTGGGCTGAGTAATC 32 #333333 

43[192) 44[176] AATAGTAAAAAAGAAGTTTTGCCAGAATCATT 32 #333333 

23[23] 53[39] ??????CCACCGGAACCCCCGTATCTATTATT 32 #333333 
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90[159] 99[167] TAAATCATCAAAGTTTATGTAAATAATCTTTATAGAAAA 39 #888888 

11[96] 13[95] CTATTAATAATCCAATCGCAAGAACCGGAAT 31 #333333 

50[207] 48[208] AAGACTTTTACGTAATGCCACTACGTCAATCA 32 #333333 

1[256] 3[255] ATTAATGAGAAATTGTTATCCGCTCGACGGCC 32 #333333 

109[224] 121[239] TCACCGTAGAAACATGCAACTGT???????? 31 #f74308 

5[23] 36[23] ??????CACCAGTCACAAACCCTCTTGAAAGGTCTGAATAAT?????? 48 #333333 

25[160] 25[191] CGAGAGGGTTGATATAAGTATAGCACCAGTA 31 #333333 

19[288] 21[287] AACGTAACGAGATTTGTATCATCCCCAGCGA 31 #333333 

56[156] 43[159] GAAAAGAACAAGAGCATTTTCAACAAGCA 29 #f74308 

33[160] 35[159] AAAATACCGTGAGGCGGTCAGTATTCGACAA 31 #333333 

129[176] 118[176] TATAGTCATTCAAAGGGTAACGCGAATTCG 30 #aaaaOO 

.192] 4[176] GCAAGGCGCAGCTGGCGAAAGGGGACTTGCCT 32 #333333 

8[271] 6[272] TACAAAGGATTTTGTTAAAATTCGAAAATAAT 32 #333333 

91[64] 76[80] ????????ACGGAGGATCCCCGGGTGTTACCTCTCCTTATAAACGCAA 48 #7300de 

102[159] 104[160] GCTGGCTGTGAATTACCTATTTCGGTGATAT 31 #7300de 

42[111] 40[112] AAGTAATTTGCGTTATACAAATTCAAGACAA 31 #333333 

35[224] 37[223] ATTGTATAAGAGAATCGATGAACTGTAGGTA 31 #333333 

116[175] 123[175] CACTGCCCCGGGAAACTACATTTCAATAACCT 32 #aaaaOO 

14[47] 12[48] TTCAGCTATTGAAATACCGACCGTTTAGTTA 31 #333333 

82[79] 94[64] AGGTGAGGTAAAAGGGCGAAAGAC???????? 32 #f74308 

149[176] 134[176] GATAAGTGGGTTGATGCCCCCTTCACCGGAAAAACACTTGTGTCG 45 #b8056c 

- ~1[159] 131[167] TTAAATGCTAGATGGTTTATGTTTCAACACCACAAAAG 38 #7300de 

\ 
, 1.04[250] 103[250] ????????CACGTTGAAAATATATTCGGT???????? 37 #7300de 

25[192] 24[208] CAAACTACAACGCCTGTAGCATTCCCAAAAAA 32 #333333 

102[250] 101[250] ????????CGCTGAGGCTTAAATACGTAA???????? 37 #007200 

29[256] 31[255] AATGAATCATTGTTATCCGCTCACCGGCCAGT 32 #333333 

24[239] 22[240] TAATTTTTGATACCGATAGTTGCTCGGAACG 31 #333333 

77[112] 75[111] GAAAATACGCCGAACAAAGTTACTAACCCAC 31 #333333 

22[143] 20[144] CAAGTTTGACCAGTAGCACCATTACATACATA 32 #333333 

129[144] 118[144] AAAT(AAAATAGTAAAATCAACATTATTTAAA 32 #f7931e 

2[47] 0[48] GAATCAGATGAACCATCACCCAAGGCGAAAA 31 #333333 

106[127] 108[128] TTATCACCTCGATAGCAGCACCGTTCATCGGC 32 #888888 
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37[160] 39[159] AACGGATTATCGCGCAGAGGCGATTATCAAA 31 #333333 

95[112] 93[111] AGACCGGAAAGCAAAGCGGATTGATAAATAT 31 #1700de 

30[47] 28[48] GCCGATTATGGGGTCGAGGTGCCGAAAAACC 31 #333333 

52[79] 50[80] CTTGAGTAGCCGCCACCAGAACCATTTCATAA 32 #333333 

11[64] 13[63] TGAGTGAAACTTTTTCAAATATATTGTGATAA 32 #333333 

91[112] 89[111] TGGTCATATGAGTAAACAGGGCTTGTAAGCA 31 #f74308 

7[288] 9[287] TTTTGTTAAGGGTAGCTATTTTTATATTCAA 31 #333333 

33[288] 35[287] CACTCCAGGGAACGCCATCAAAATAAATTTT 31 #333333 

121[76] 120[76] ???????GGCGCAGATG??????? 24 #57bbOO 

34[111] 32[112] CAAATGAATGAATGGCTATTAGTTCATGGAA 31 #333333 

20[175] 19[191] TATGTTAGGATTAAGACTCCTTACTTTGAAA 31 #333333 

.[175] 11[191] AGGTCTGAAATAGTGAATTTATCGGTCAATA 31 #333333 

98[192] 89[175] ????AAAGACAAAAGGGGTCAATCAAGCTCATTTTTTAACGCCATCAA 48 #57bbOO 

38[239] 36[240] TACTTTTGAAAGGGTGAGAAAGGGAGTCTGG 31 #333333 

7[64] 9[63] AGGAATTGTCCTGATTATCAGATGGGAAGGGT 32 #333333 

37[23] 8[23] ??????GGATGA?????? 18 #333333 

12[207] 10[208] GACCATTAAGCTATATTTTCATTTTTATTTCA 32 #333333 

74[255] 73[255] ???GACAATAAACAACATGTTCAGAAACCAAGTACCGCACTCAT??? 47 #f74308 

75[144] 73[143] GAAACAATTTAACGTCAAAAATGATTATTTAT 32 #57bbOO 

37[128] 39[127] GTAACAGTACCTGAGCAAAAGAAGGATTAAGA 32 #333333 

81[112] 79[111] GACCTGAACATTTTGACGCTCAAGAATCGGC 31 #03b6a2 

•• <;[143] 123[143] AGATCTACAAGTTTATAGTAATGTGATAAAAA 32 #ccOOOO 

'46[312] 171312] ??????CAGAA?????? 17 #333333 

29[288] 31[287] TTGCGTATTAATCATGGTCATAGGACTCTAG 31 #333333 

22[175] 21[191] ATAGCAGCAAACGTCACCAATGATTCCATTA 31 #333333 

4[79] 2[80] TACATTTTCCAGAATCCTGAGAAGGGTTGCTT 32 #333333 

129[112] 106[112] CTTTAAACTACTGCGATTCGCGTAATTCGCTGAAACCAGTCACCG 45 #03b6a2 

2[111] 0[112] CGCCGCTATAAAGGGAGCCCCCGTGAGTGTT 31 #333333 

136[227] 137[227] ???????TAAACTCCAT??????? 24 #b8056c 

29[96] 31[95] TAGAGCTTCGAGCACGTATAACGAGTAAAAG 31 #333333 

77[163] 70[157] TAATGAAATTACGGAATATTCGTGAATATGA 31 #f74308 

139[176] 143[171] CACGCATAAAGACAGCATCGGAAAACGGCTACGTTTTCACGGT 43 #03b6a2 
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137[128J 145[143J GAGTGAGATCTCCAAAGCAAGGCCGGAAACGT 32 1#03b6a2 

76[127J 78[128J AGCAGATAATACATAAAGGTGGCACGGAAGCA 32 1#888888 

116[159J 118[160) TTCATCTACAGGAAGATTAGCTGGTCATGTA 31 #f7931e 

106[207] 123[207] GTCGTCTTATAGAAAGGTGAGCTAATCGGCCAGCGAACGACGCGAGCT 48 I#b8056c 

11[224] 13[223] AGCTGAAACTGCGAACGAGTAGAGATTAGAG 31 1#333333 

9[23] 40[23] ??????TTGTTTGGATTTGAATTAATATGTGAATACCGACCG?????? 48 1#333333 

74[79] 86(64) GAGAATTATTACCAACTCACGACG???????? 32 #f74308 

3[64) 5[63J ACGGTACGGACGCTCAATCGTCTGGGGACATT 32 1#333333 

32[207] 30[208) TACGCCAGAAGTTGGGTAACGCCAAAGTGTAA 32 1#333333 

19[23] 50[23] ??????AGAGCAAGAAAGGCGACAGACGGAAACCTCAGAGCC?????? 48 1#333333 

171224] 191223J AATAAAACCAACTTTAATCATTGCCAGGCGC 31 1#333333 

2(111) 132187] TCAACGTAACAAAGCTGCT?????? 25 1#03b6a2 

141239] 121240] TAAGAGGATAATTGCTCCTTTTGCAGTTGAT 31 1#333333 

30[271] 281272] TGTGTGAAGGCCAACGCGCGGGGACGGGCAAC 32 1#333333 

10[79) 8[80) CATCAAGAACCATATCAAAATTATGGAATTAT 32 1#333333 

109[144] 107[143] ACCACCCTAGACTGTAGCGCGTTTAATCAGTA 32 1#f74308 

85[112] 83[111) GTATTAAATATCTAAAATATCTTTGAAAAAT 31 1#888888 

78[223) 80[224) AAGAACGCCCTCCGGCTTAGGTTGCGCTATT 31 #f74308 

10[271) 8[272] AAATCGGTAATCACCATCAATATGGAGAGATC 32 1#333333 

44[207] 42[208] GCTTTTGCAATGTTTAGACTGGATTATCGCGT 32 1#333333 

111[224] 111[250] CCCCTGCCTATTTCGGAA???????? 26 1#7300de 

'7"112] 95[111] TGATTCCCAATTGCTGAATATAAAGCGAACC 31 1#1700de 
j 
" 	'~:;,[192] 16[176] GGTAATAGTGCAAAAGAAGTTTTGGCAAGCCG 32 1#333333 

1101250] 109[250] ????????CCTATTATTCTCTCAGGAGGT???????? 37 1#888888 

961191] 97[207] CAAAATTAGTTTAGCTATATTTTCATTTGGGG 32 1#03b6a2 

42[79] 40[80] AACATGTTTAATTACTAGAAAAAGATATATTT 32 1#333333 

97[176] 95[175] AATAACCTAGCAATAAAGCCTCACTAAATCG 31 1#333333 

77[176] 75[175] TACCGACCTCGCCATATTTAACAGTAATTTA 31 1#f74308 

6[239] 4[240] CAACATTAGTAACCGTGCATCTGGCAACTGT 31 1#333333 

123[144] 112[128] TTTTTAGATTAAGCAAAGAAGGAAAACAAGAGTCCACTATTAAAGAAC 48 0007200 

57[149] 40[144] CGAACCGTCTAAACAGTAGACTATATG 27 1#f74308 

42[207] 40[208) TTTAATTCTCCAACAGGTCAGGATAGTTTGAC 32 1#333333 
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49[192] 50[176) GGGTAAAATTCATGAGGAAGTTTCGTAGCGAC 32 #333333 

118[159] 120[160) TAAGCAAATAAATGTGAGGGCGATGCAACGA 31 #007200 

131[128) 131(151) ????????GATTTAGGAATACCAC 24 #57bbOO 

100[191) 102[192) AAAACACTTTTGAGGACTAAAGACGTCACCCT 32 #333333 

38[271] 36(272) TCGGTTGTCACCATCAATATGATAAGATCTAC 32 #333333 

17(64) 19[63] GAATCTTATCAGAGAGATAACCCAAGCTATCT 32 #333333 

17[96) 19[95] GAGCCTAAAACAAAGTCAGAGGGTAAGCAGA 31 #333333 

81[160] 83[159] TAAAGAAACATCTTAGTCTTTAAAATCAATA 31 #b8056c 

37[224) 39[223J AAGATTCACGGGAGAAGCCTTTAGCGCGAGC 31 #333333 

75[176] 73(175) GGCAGAGGAGAAAAATAATATCCTACGAGCA 31 #f74308 

86(127) 88[128J GATGTGCTGGATGTTCTTCTAAGTTTATGACA 32 #73OOde 

l[l44J 132[128) ACAAATAACCAGAGCCAATTGGGCAGAGTAATCTTGACAAGAACCGGA 48 #333333 

29[128] 31[127] GCGAGAAACCGCTACAGGGCGCGTCCGTTGTA 32 #333333 

132(227) 133(227) ???????GACCAGAACT??????? 24 #b8056c 

28[271J 29[255J AGCTGATTGCCCTTCACCGCCTGGGCTGCATT 32 #333333 

72[223J 74(224) ATCGTAGGTCCAAGAACGGGTATTCTAATGC 31 #f74308 

34[207J 32[208] ATTCTCCGTAGGTCACGTTGGTGTTTCGCTAT 32 #333333 

4[312] 31[312) ??????TCCGGCACCGCCCCCGGGTACCGCTTCCGGGTACCGA?????? 49 #333333 

49[256J 51[255] CTAAAACAGCGAAAGACAGCATCGGACAATGA 32 #333333 

51[96J 53[95J GCCGCCGCATAAGTTTTAACGGGTAGGATTA 31 #333333 

114[191] 116[192J CGGGCAACCCAGCTGCATTAATGAACTCACAT 32 #ccOOoo 

r '312J 21[312J ??????AGGAC?????? 17 #333333 

\
, -S8[175J 37(191) GTTACAAACGCCTGATTGCTTTGTCATATAT 31 #333333 

145[109) 144[109] ??????ACCATGTAGC?????? 22 #57bbOO 

21[23) 52[23] ??????AACCGATTGAGACCAGAGACCCTCAGCCTATTTCGG ?????? 48 #333333 

46[239] 44[240] AATTTCAACTAACGGAACAACATTCGTTTAC 31 #333333 

9[128) 11[127] CAGGTTTAGCAGAGGCGAATTATTATCCTTGA 32 #333333 

106[250] 105[250] ????????AGCCCTCATAGATAATTTTTT???????? 37 #f7931e 

41(256) 43[255) TTTTTGCGAGCGGATTGCATCAAATTCATTGA 32 #333333 

28[143) 29[127] AAGAATAGCCCGAGATAGGGTTGACGAACGTG 32 #333333 

95[144] 93[143] AGAGAGTAAATCAGGTCTTTACCCTAAACAGT 32 #7300de 

49[64] 51[63] ACCGTCACACCGGAACCAGAGCCAAGCCACCA 32 #333333 
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93[64] 78(80] ????????ACTGGATAGCGTCCAAATAGTMACCTGTCGTICACATIA 48 #57bbOO 

145(144) 136[144J CACCMTGCCATTTGGGMCMCTCGTMCGA 32 #7300de 

41(128) 43[127] TATAMGCMTATMAGTACCGACCGGGTATI 32 #333333 

50[79J 48(80J TCAAMTCCGACTTGAGCCATTTGTIACCAGC 32 #333333 

45(192) 46[176] TCAGGACGTIMGAACTGGCTCATATAACATA 32 #333333 

66[185] 66(165) ???????GTGAGGCCACCGAG 21 #f74308 

50[175] 49[191J AGMTCMGCAGCACCGTAATCACATIAMC 31 #333333 

30[143J 28[144] TIAATGCGGGMGGGMGAMGCGTAMTCAA 32 #333333 

1[128J 3(127) CTTGACGGCCACCACACCCGCCGCMGAGTCT 32 #333333 

39[192] 40[176] TGTTTAGCACATTTCGCAAATGGTITTTMCC 32 #333333 

36[47] 34[48] ATIATACTMTIGAGGMGGTIACMTATCT 31 #333333 

,160] 5[159) CTTCTTIGGAACTCMACTATCGTGCGCGM 31 #333333 

42(271) 40[272] AGMGCMGATGGCTTAGAGCTTAACGGTGTC 32 #333333 

60(185) 56[157] ???????GGCGCGTACTATGGTIGCTTTGACGATGGTGGTIGC 43 #f74308 

1[160] 3(159J MGGMGGCTGGCMGTGTAGCGTAGCMTA 31 #333333 

11[128) 13(127) AMCATAGGGGTIATATMCTATATIAGTATC 32 #333333 

29[192) 30[176] CATIMTIGTGCCTMTGAGTGAGTAGCGGTC 32 #333333 

146[194) 147[194] ??????AGGTTTCAGG?????? 22 #f7931e 

5[256J 7[255J AGGGGACGGGCCTTCCTGTAGCCAAATIGTM 32 #333333 

106[191] 108(192] TIAGTAMCCGTMCACTGAGTTTCCCTCAGA 32 #7300de 

125[180] 114[176] CTMCATIAGACTGTCGTGAGCTGAT 26 #888888 

• -"7(176) 116[176] CAGGTCAGATATMTGTGAMTITTGCGCT 30 #f7931e 
\ 
'19[64J 21[63] TACCGMGTICATATGGTTTACCMTIGACGG 32 #333333 

105[96] 118[96] TGAGATICATTTGGGAMCTAGTTTGTIAA 30 #03b6a2 

2[207] 0[208] TAMGCCTATIGCGTIGCGCTCACCGCTGGTI 32 #333333 

150[183] 152[152] ?????CGTCATACATGGCTITTGAGTGTACTTTTMCGGGGTCAGT 46 #1700de 

41[96] 43[95] GTATCATACTGTCCAGACGACGAMTCGGCT 31 #333333 

42[47] 40[48] TATCMCMGGCGTIAMTMGMATTTAAT 31 #333333 

93[144] 91[143] TCAGMAMGACGACGATAMMCMTIGTIA 32 #7300de 

14[207] 12[208J CGTITTAAMCTCCMCAGGTCAGTTTAGTTT 32 #333333 

24[111] 22[112] ACATGGCTACCAGMCCACCACCGTAGCGCG 31 #333333 

51[160] 53[159J AMTAMTICTGMTTTACCGTTTATAGCCC 31 #333333 
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73[112] 72[96] CCAGTTACGGGAGGTTTTGAAGCCTTAAATC 31 #007200 

79[112] 77[111] CAACGCGCAAAGCCTGGGGTGCCCAAACGTA 31 #1700de 

46[79] 44[80] AGAATTGAGCCTAATTTGCCAGTTGCGGGAGG 32 #333333 

134[227] 135[227] ???????AAAGTGAAAC??????? 24 #b8056c 

86[247] 86[224] ?????CGCTTCTGGTGCCGGAAA 23 #f7931e 

6[47] 4[48] AAATATCACGACCAGTAATAAAAAAATGGAT 31 #333333 

6[207] 4[208] CGGATTCTGGATAGGTCACGTTGGCTCTTCGC 32 #333333 

39[160] 41[1591 ATCATAGGAGGTTGGGTTATATAGGCTTAAT 31 #333333 

142[159] 144[160] CCAGAAACAGTCACCGTCATTTTTCGGCACC 31 #f7931e 

0[239] 1[223] AGAGAGTTGCAGCAAGCGGTCCATGCCCGCT 31 #333333 

13(64] 15[63] ATAAGGCGCAGACGACGACAATAACCTGAACA 32 #333333 

A2561 24(272] TTGTCGTCTTTCCAGACGTTAGTAAGTGAGAA 32 #333333 

52(1431 50[144] CGTCATACCGATTGGCCTTGATATCAGACTGT 32 #333333 

21[224] 23(223] CACCAACCAACGGCTACAGAGGCATTTCTTA 31 #333333 

22(47] 20(48] TCACCGGAGGAGGGAAGGTAAATGCGCCAAA 31 #333333 

68[185] 77(162) ???????TTCTTTGATTAGTAATAACCC 28 #f74308 

15[23] 46(23] ??????CGCCTGTTTATATCAAGAATCCTGAAAAATAGCAAT?????? 48 #333333 

18(47] 16[48] GAGTTAAGGCACCCAGCTACAATGGTTTTGA 31 #333333 

3(224] 5[223] TTCCCAGTGCGATCGGTGCGGGCTGTAGATG 31 #333333 

105(64] 104[64] ????????TTACAGGTAGAAAGATTAACGGAACAACATTA11?11??? 48 #333333 

47[64] 49[63] AGCAGATACAAAAGGGCGACATTCGAATTATC 32 #333333 

, '224] 25[223] AACAGCTTTCACGTTGAAAATCTCACAGACA 31 #333333 
i 
\. 	

48[207] 46(208] TAAGGGAAAACGGTGTACAGACCAATTACCTT 32 #333333 

124[127] 126[128) AGATTCAACGTTCTAGCTGATAAAACGCCAAA 32 #333333 

19[224] 21[223] ATAGGCTGCGGAACGAGGCGCAGTACGAAGG 31 #333333 

23(160] 25[159] GACGATTGTTAAAGCCAGAATGGAGTGCCGT 31 #333333 

106[111] 123(111] ACTTGAGCTAGGAATAAGAGTCTGCATATAAAAGAAAGGCTTTTGCGG 48 #b8056c 

14[111] 12(112] AGAATATACTAGAAAAAGCCTGTTGTAAATG 31 #333333 

118[127] 120[128] TTTGTTAACTGGCCTTCCTGTAGCGGGAACAA 32 #03b6a2 

8[175] 7[191] ATTAAATCTTACAAACAATTCGAATGTACCC 31 #333333 

72[191] 74[192] GCAAATCACCAATCAATAATCGGCAGATAAGT 32 #f74308 

5[224] 7[223] GGCGCATCAATGTGAGCGAGTAAAAAACAGG 31 #333333 
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140[205] 135[191] ??????CGCCACCCTCAGAGCCCCGCCACCTGATAAATCATCTTTG 46 #ccOOOO 

132[127] 142[132] TATTCATTCGAGAAACACCAGAACTACCTTATGCCTTGATTGAG 44 #aaaaOO 

132[207] 133[191) AGAGGACAGATGAACGGTGTACAGACGAGGCG 32 #7300de 

25[96) 24[112] ACTCCTCAAGAGAAGGATTAGGAAGCGTCAT 31 #333333 

25[23] 24[48] ??????CAGTTAATGCCCCCTGCCTATTTCGGGCCTTGAG 40 #333333 

139[144] 143(143) AGTTGCGCTTTTTCACGTTGAAAAATAGAAAGGAATTAGACACAGACA 48 #f74308 

31[64) 33[63] TTTTTATATTTACATTGGCAGATTACCCTTCT 32 #333333 

103(176) 101[175) CTTGATACAAAGACAGCATCGGACAACGGCT 31 #03b6a2 

17(288) 19[287) AATACCACAAGGCTTGCCCTGACCCCAAATC 31 #333333 

32[47) 30[48] ACACGACCGTACGCCAGAATCCTAACAGGAG 31 #333333 

72[95J 74[96] AAGATTAGGCGTCTTTCCAGAGCAAAACAGG 31 #03b6a2 

,96) 3[95) CGGAACCCCAGGGCGCGTACTATTGTTTTTA 31 #333333 

114[175] 122(160] TGCCCTTCCCTGAGAGAGGCAAGGCAAAGAAT 32 #57bbOO 

22[207J 20[208] CTAAAGACAAATACGTAATGCCACACGGTCAA 32 #333333 

33[96] 35[95] AATATTTTAAATCTAAAGCATCATAGATTAG 31 #333333 

34[271) 32[272] CGTCTGGCACAGTATCGGCCTCAGGGCAAAGC 32 #333333 

116[127] 118[128] TCAGGTCAACCCCGGTTGATAATCGTTAATAT 32 #f7931e 

74[19~) 76[192] CCTGAACACATTTTCGAGCCAGTAAGGGCTTA 32 #f74308 
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Se da in continuare un exemplu de realizare: 

EXEMPLU 

Pentru construirea fonnei de pin se utilizeaza un amestec de concentratie 3 - 5 nM 

secventa scaffold ~i un exces de 18-20 ori din fiecare dintre secventele capsa (indicate mai 

sus) intr-un volum final de 100 J.tl. 

Protocol: 

1. 	 TAEIMg2+ - buffer (600 }JI apa, 400 }JI TAE 5X, 1000 }JI MgCl2 sau Acetat de 

magneziu); 

2. 	 In tub Eppi de 2 ml: 729 JlI buffer, 1 }Jl staple x 221, 50 }JI scaffold; 

3. 	 Vortex; 

4. 	 Transfer 100 Jll in tuburi PCR; 

5. 	 Program PCR (90°C la 4°C in aproximativ 12 ore dupa cum urmeaza: de la 90° la 

86°C cu 0 rata de 4°C per 5 min, de la 85° la 70°C cu 0 rata de 1°C per 5 min, de la 

70° la 40°C cu 0 rata de 1°C per 15 min, ~i 40°C la 25°C cu 0 rata de 1°C per 10 min, 

tinute la finalla 4°C 

Structurile obtinute in urma acestui proces pot fi vizualizate cu ajutorul microscopiei de foqa 

atomica. 

g) Combinatia de secvenle ADN monocatenare ce pennite asamblarea ~i oblinerea structurii 
la nivel nanometric poate fi utilizata in domeniul biotehnologiilor la nivel educalional, 
servind ca model de studiu al capacitalii de autoasamblare a ADN-ului in cadrul 
laboratoarelor de profil din centre educalionale (licee, universitati sau laboratoare de 
cercetare) putand fi comercializata sub fonna de kit de reactivi de laborator fiind disponibile 
multiple abordari. 
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REVENDICARI 

Revendicarea inventiei 'Customizarea secventelor de acid dezoxiribonuc1eic pentru 
construirea unei structuri ADN origami complexe de tip pin' care se refera la crearea unei 
combinatii specifice de secvente sintetice scurte de ADN monocatenar (denumite ~i secvenle 
capsa) ce determina plierea unei secvente lungi de ADN monocatenar provenind de la 
bacteriofagul M 13mp 18 (denumita ~i secventa scaffold) in forma predefinita, de pin cu 0 

rigiditate mai mare fata de abordarea clasica. 
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DESENE 


Fig!. Conexiuni ale secvel1/elor capsii. 
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Fig J Vizualizare 2D a slruclurii ADN origami informa de pin 

Fig 3. Viz/{a!izare 3D a slrllc furii .4 DN origami in.!ornza de pin 
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