DNA origami design with
CaDNANo ToolKit (CTK)

Tural Aksel

Douglas Lab

2018-09-25



[gami design

DNA or

S,
- ’
L e T e

R B RRRRRR
SRR

SRR3R
SRR
SRR
SRR
SRR

¢l 1L oL 6 8 £ 9 & v € ¢ 1

< oo U O w w U T

ot Pttt eeses
Pt eees
Pt eees
Pt eeses
Pt eees
Pt eees
Pt eees

¢l 1L oL 6 8 £ 9 ¢ v € ¢ 1

Al el iR i Ex




gami design with CTK

DNA or

OO0000000000
9000000000 00]
90000000000
00000000000
90000000000

0000000008
DO

JLLERRR=S

*
O .
OOO00O00000 «

D)

< oo UV O w w U T
/

autopipette

origamisim

Dl a2l iR Y £

J

N

B

autobreak

-y



Hinge v5.1_nostaples.json

o's aia @)

1 .
S r : | :
. = ,l J .
: :— = : —-——
. {
: Sle— 1 D -
- : [ - 4 ) e
m ‘ L 1
: ‘ : L 3
: &, : (—H — =Y
- - '
: ' 1
- - 3 ‘ .
- e = l I
: | H s “n
: : 1 7 :
’ skip
: | “ === b
- " :
: I IL 1 e
| [ H x 2aint
: . i :
: — | ;
: [ il
. I\ \ - -A oo
Ad i = ‘? — =
= | IW : et
: | l l l rnb- E—— ,: . = , ‘
. || | g =
< i
. A
: ' ‘ 3
-
-
. \
. L
: | e —
§ I J = b _lL_“ y
a0 S s =1
‘ ) =
-
: | | ’
: [ H -
: ——— ‘u'_ T - |
: ; 1 ;
. ! v
: ' I =
: ‘ B I ,
- r i: |
-
: X I
- ——— =
==
: I .
: - 1 — =
: — :
(T ) : ‘ T
- l |
- =
' ’ ’ - = ]
: : ==
. I . : L 8%
'...' ‘.) : . : | - b
. ol (O~ (O~ : =
’ . i I |
. . . ‘ . : | H |
: 0.
) o=@ . | .
Ses ods .
-
L) .'. .’.‘.‘. I .

BoR

)
romoReReRcRcRch




design. json design autobreak. json
CTK

autobreak

<



CTK

autobreak

<

@POOEONOOOHOOOG

design. json

6 6
o s
7| l7
| I |
9 9

8 8
1‘ 'lo
9 9
J 1
1 1




design. json

CTK

= A = A = AN
O A O A O A -
o i
“ 0r | |
Lo i
_l‘1l_ — — — y— ' B
el Lo - = = - &+
o [~ i

J
35

OAONONORORONONCRORONOX

autobreak




CTK

autobreak

<

@POOEONOOOHOOOG

design.json

| <

<

ql
o
- 4 7] 7 #if:
6! 6 i
> - 8I 8

1‘ 'lo
9 9

J |1
1 1




CTK

autobreak

<

@POOEONOOOHOOOG

1 1
-4 L

design.json

.E J L J L
35 3 F 1°F 3 F 3 F
L @
i . =
4l 4 #:
f
ma




design. json

CTK

= A = A = AN
O A O A O A -
o i
“ 0r | |
Lo i
_l‘1l_ — — — y— ' B
el Lo - = = - &+
o [~ i

J
35

OAONONORORONONCRORONOX

autobreak




design. json

CTK

d
P

OAONONORORONONCRORONOX

autobreak




design. json

CTK

= A = A = AN
O A O A O A -
o i
“ 0r | |
Lo i
_l‘1l_ — — — y— ' B
el Lo - = = - &+
o [~ i

J
35

OAONONORORONONCRORONOX

autobreak




design. json

CTK

m A m A m A
O A O A O A -

e L | |
9 o | |

[ IR | | |

- ] | e

) — L

el = 1 L. B B = = = B

“ | | r~ | |
0 0 v

| IR |

-

J
35

OAONONORORONONCRORONOX

autobreak




raph representation
CTK grap P

autobreak - %

< R



raph representation
CTK grap P

autobreak

<




possible solution 1
CTK

autobreak

<




possible solution 1
CTK

autobreak

<




possible solution 2
CTK

autobreak

<




shortest path
CTK

autobreak

<

5= W+ WAW+W,



CTK

autobreak

<

graph representation

ONCJORORORORORORORORORC)




raph representation
CTK grap P

autobreak

<

1

'

D

] ®

] oV

N
o -
K
"
®
"' .
[ )
o o °
® o
[ J
. V4
® J
Y 4
‘I
o
®
@
[
®



raph representation
CTK grap P

autobreak

<




raph representation
CTK grap P

autobreak

<




edge weilghts
CTK . .

autobreak

<

A
» o
ISH | ©
(S
I—N
&
]

ro=d
I\FI

ar R
JL JL

o
lo—l
—
—

b

R R

- |
IJ-I
|
==
==

}

= A
- Ah _‘4 Lw
| | | | | | re
| | | | | | L.
N w r-\
L.
= Ir
Sa— e
|
-
L.
l—w
L.
r-
] &
| | | | L.,
\4 ]

A
: 2
O

Ol
I T
+—F+—

@POOEONOOOHOOOG

Martin TG, Dietz H. (2012)



= AN = AN = AN
O A O A O A -
e H L- H
“ 0r | |
Lo H
_l‘1l_ — — — y— oo
) L. B - == s &
° [~ B

/|

© n '

i

HI““I“ . Hn H,H
—t——a —
o e °

edge weights
ST
I
]

e

-
M

ol L

1 r
baed
A

= v = v
Y% = v = \4 O

OAONONORORONONCRORONOX

CTK
autobreak




L
Py
\\\\+I\\\\\\I\\\
"
i
.

hybridization

OAONONORORONONCRORONOX

CTK
autobreak




b

L
Py
\\\\*I\\\\\\I\\\
"
i
.

hybridization
Loop closure

OAONONORORONONCRORONOX

CTK
autobreak




hybridization
CTK Loop closure

autobreak

<




hybridization
CTK Loop closure

autobreak

<




CTK

autobreak

<

hybridization
Loop closure

AGtotaL = AG.'1-I- AG'Z-l- AG3+ AG4+
AG, ,* AG; AG, .

Santa

Dunn

Lucia, Hicks (2004)

K.E et al.(2015)



hybridization
CTK Loop closure
encounter probability
autobreak

A AG, .., = AG,+AG +AG,+ AG,+ Santalucia, Hicks (2004)

AG, ,t AG, ,* AG, ,* Dunn K.E et al.(2015)
AG_ e Dunn K.E et al.(2015)

AG, AG_l_, 2 AG,
w53 sy




hybridization
CTK Loop closure

n nter probabilit
autobreak encounte p Yy

d< AG.....= ZAG,  + Favorable

2 AGl ,i+l +
AGcorwc

UJnfavorabl

Unfavorabl




CTK

autobreak

<

hybridization
Loop closure

encounter probability

AGtotaL = EAGl +
ZAGi,i+1 +
AGcorxc

e

-

Favorable

nfavorab

LE

nfavorabl

LE



CTK

autobreak

<

hybridization
Loop closure

encounter probability

LE

AG,....= 2AG; + Favorable
2AG1,1+1 + Jnfavorabl
AGconc Unfavorab
-AG oa /RT

prob = S - P struct =H'pI‘Ob

LE



CTK

autobreak

<

hybridization
Loop closure
encounter probability

AG.....= ZAG,  + Favorable
2AG1,1+1 + UJnfavorable
AG onc Unfavorable
AGl AG-l-’.2 AGZ
m—

5

) 2
\ 3
e 06
~o [

NP, e =2 LNPTob

prob = - Pstruct =Hpr0b




raph representation
CTK grap P

autobreak

<




raph representation
CTK grap P

autobreak

<




raph representation
CTK grap P

autobreak

<




Xstap

O A O A O A
O A O A O A -
~ed L H
~ |- [
- H
1 _ | I — .
el Lo JW = = s 5

S o= = I
n ‘
O
o
1
o
)
O
(@B
q0)
D
C

La-d

A

O v O v
\Y4 O v O v O

OAONONORORONONCRORONOX

D

CTK
autobreak

Q



CTK

autobreak

<

@POOEONOOOHOOOG

break positions

R
L 4L

b

Xstap

xscaf



CTK

autobreak

<

@POOEONOOOHOOOG

break positions

R
L 4L

ar




optimization
CTK algorithm

autobreak

<

ORONONONCRORONONONOROXC)




optimization

CTK algorithm

autobreak .3 %
:;;;ﬂ"' 8
N shortest %
path O
Q)
®
@

shortest - al— 1—3

path

shortest
path




10N

C

imiza
algorithm

opt

CTK

o

O |- || D

ar

T
1
J

T
RS

NN RE=1=i=

-o az
s ! o !

Laed
~ | |
v | v = v O

Tl

ORORCORORORORORORONORONC

autobreak

Xstap

k-shortest




T ﬁ 0 A N
- 2|— © o r
- -
Laedd
-
I T 1} B S—
o L
- -

ER AR =T =T

L
34

-o gz
s ! o !

Q

{=— 1 | | : ! | a

=R g e ._mw
D = | DD

| 4

J
317

Lo | . !
~ | |
v u v 5| v )

Tl

ORORCORORORORORORONORONC

10N

C

imliza
algorithm

k-shortest

opt

CTK
autobreak




10N

Lzat
algorithm

1miZa

opt

CTK

o ﬁ O A O A
) wd T [
. -
Laedd
o
1 = =
o Lo
. -

EEY

A e

R

-o ;z
o ! o !

Q

=1 l= A I O
CE || || EE |

| ] X

J
317

Laed i o !
[ | | |
v | v | v =

Tl

ORORCORORORORORORONORONC

k-shortest
paths

autobreak




10N

C

imiza
algorithm

opt

CTK

¢

=D

f =

-

> o
o

9
o

L

=)

e

ORORCORORORORORORONORONC

autobreak

1mes

Repeat n t

XSstap




10N

C

imliza
algorithm

opt

CTK

=l=ISil=t=1

— (o) G

N LS

f =

ORORCORORORORORORONORONC

10N

best solut

autobreak

XStap




recommended setting

CTK
autobreak @ q o
y @ = == = >
N~ o

® ) iy L xstap.all3
O : B
s) - T >
o i .
2 : R
®
()

autobreak.py -1 design.json -rule xstap.all3 -seq p8064



extra features
CTK

autobreak

§}<:: « Sequence permutation

 Read-only option to score

| L -l 1

previous designs

ONCJORORORORORORORORORC)

Recommended.:
Sequence permutation in
read-only mode xstap.all3

staple length constraints:

 Max staple length:60
 Min staple length:14
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Autoplpette enables the user

CTK to organize the staples ready for order
input output
designl. json echo_384well.cvs
designZ.json oligos 96well.xlsx

autopipette

o
N

S
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Labcyte Echo input file

Autoplpette enables the user
to organize the staples ready for

®  ©
PG E® 6 0 @ 22 % &
| A Home | Layout  Tables | Charts | SmartArt | Formulas  Dat
Edit ' Font Alignmer]
i.—j . & Fin v [Calibri(Body) (v (12 |v A A = = \abc~
paxte (A Ceerv (| BLI|YU| |Hdx | DLAL L S S
B A JEAN N x| Source Plate Barcode - 7 i
AT 1 T I ) T - S |- . F [ d
'Reservoir Al DestPlate-0 H3 5500
Reservoir Al DestPlate-0 H4 5500
| Reservoir Al DestPlate-0 H5 5500
| Reservoir Al DestPlate-0 H6 5500
Reservoir Al DestPlate-0 H7 5500
| Reservoir Al DestPlate-0 H8 5500
‘Reservoir Al DestPlate-0 H9 5500
| Reservoir Al DestPlate-0 H10 5500
| Reservoir Al DestPlate-0 H11 5500
Reservoir Al DestPlate-0 H12 5500
Platelby3v9-4-1 Al DestPlate-0 Al 25
| Plate1by3v9-4-1 Al DestPlate-0 A10 25
Platelby3vS-4-1 Al DestPlate-0 All 25
Platelby3vS-4-1 Al DestPlate-0 A12 25
Platelby3vS-4-1 Al DestPlate-0 A2 25
Platelby3v9-4-1 Al DestPlate-0 A3 25
Platelby3v9-4-1 Al DestPlate-0 A4 25
Platelby3v9-4-1 Al DestPlate-0 AS 25
Platelby3v9-4-1 Al DestPlate-0 A6 25
Platelby3v9-4-1 Al DestPlate-0 A7 25
Platelby3v9-4-1 Al DestPlate-0 A8 25
Plateiby3vS-4-1 Al DestPlate-0 A9 25
Platelby3v9-4-1 Al DestPlate-0 Bl 25
Platelby3v9-4-1 Al DestPlate-0 B10 25
Platelby3v9-4-1 Al DestPlate-0 B11 25
Plate1by3v9-4-1 Al DestPlate-0 B12 25
Platelby3v9-4-1 Al DestPlate-0 B2 25
| Plate1by3v9-4-1 Al DestPlate-0 B3 25
Platelby3v9-4-1 Al DestPlate-0 B4 25
Plate1by3v9-4-1 Al DestPlate-0 BS 25
Platelby3v9-4-1 Al DestPlate-0 B6 25
Platelby3vS-4-1 Al DestPlate-0 B7 25
Platelby3v9-4-1 Al DestPlate-0 B8 25
Rlavathy2.0. 4.1 Al DoctDiate N BQ 28

order

LARCYTE
_A




Autoplpette enables the user
CTK to organize the staples ready for order

96well format input

Structures

. B oligos_96well.xlIsx
o 3 : =] . . o A 2 v _ ' v ’r oo g ~
o Zﬂ @ H M oo & X7 2 Y 2‘\/' ?‘-' \[{J = BEJ 100% i= &
A Home Layout Tables  Charts  SmartArt = Formulas Data = Review
Edit Font Alignment Number
t 1 tt & Fill = Calibri (Body) vi11 |v||As|Ax| | E__jg abcr ) WrapText v  General ”
dUtoplIpettie e P (BLLIY] o) (SLLAL (SIS 1) (v - BEL%]0 ] (8148 ©
/\ 3 E16 sl & fx |
_T- . A P, J
1~5 Structure Stocks (ul)
| 2 | 1by3design_v9-4-cont_autobreak_legacy-A.json H20 (119)
| 3 | 1by3design_v9-4-cont_autobreak_legacy-B.json H20 (119)
S | 1by3design_v3-4-cont_autobreak_legacy_v2-A.json H20 (119)
| 5 | 1by3design_v9-4-cont_autobreak_legacy_v2-B.json H20 (119)
| 6 |1by3design_v9-4_autobreak_legacy-A.json H20 (120)
\ =7 I1by3design_v9-4_autobreak_legacv-a.json H20 (120)
8 |1by3design_v9-4_autobreak_legacy-v2-Ajson H20 (120)
9 | 1by3design_v9-4_autobreak_legacy-v2-B.json H20 (120)

__10 Total bases
,1717 4




Autoplpette enables the user
CTK to organize the staples ready for order

96well format input

Stocks

@ ®©
PEOEM 6L & @ TR
f Home Layout Tables ~ Charts = SmartArt = Formulas
Edit Font Al
§ Fill v |Calibri (Body) vi11 |v|/|A2AY| | = =8 .j
. pasta (A Coarv || B| T | U | [ DA lIEIEI =S
a UtO p I pEtte A1 sl 8 & fx| Stock Id
| B | € [ D [ - G
/\ “{Stock Id | Start Plate Start Well End Plate End Well #Oligos
2 i Platelby3vo-4-1 Al Plate1by3v9-4-2 A8 104
) 3: Pl Platelby3ve-4-2 Bl Plate1by3v9-4-2 F3 51
4 £l Platelby3ve-4-2 Gl Platelby3v9-4-2 Gl 1
5 'Y Platelby3v9-4-2 H1 Plate1by3v9-4-3 D2 50
[ 6 | Platelby3v9-4-3 E1 Plate1by3v9-4-3 £E6 5
Y | | Platelby3v9-4-3 F1 Plate1by3v9-4-3 F6 B
s 8 / Platelby3v9-4-3 Gl Platelby3v9-4-3 G6 5
(N (9 L] Platelby3v9-4-3  H1 Plate1by3v9-4-3 H9 9
10 L) Platelby3ve-4-4 Al Plate1by3v9-4-4 A9 9
11 s Platelby3ve-4-4 Bl Plate1by3v9-4-4 B3 3
(12 68 Platelby3v9-4-4 C1 Platelby3v9-4-4 C1 1
13 ¥ Piatelby3ve-4-4 D1 Plate1by3v9-4-4 D1 1
14 k8 Platelby3ve-4-4  E1 Plate1by3v9-4-4 E1 1
e
e
17
18 |
g |
20 |
21 |
22




Autoplpette enables the user
to organize the staples ready for order

96well format input

Plates

® " ® ol gos_96well.xksx
I(?_l Eg; H “ m Cor ’n 7 - . fvé'ﬂc q.;q @f;] % 100% = 7
1 A Home  Layout ; Tables Charts Smrmn 1 Formulaz Datg_ Review
Zdit Femt Algnmert Numbe~ Format
& Al = Calibei (Body) v 11 (v A~ A~ I B — 'éj abey | ) WranTet + Ceneral . r i | Nermat N
le =22 »
Pastp \/ Slear ~ B | | ! LY 2 < {"] A = === 5=t= Murge :'9 . '%,, - “‘é- ?cg E:?ll':\:::lglg — :
Al L0 ® Jx | Plare Name
| — T T T T s e (Ve e O T R ; [ T e
43 | PatelbyveA-1 P11 47 TTACGCAAGCAGCCTTTGRAATALACATAGCLATAGAGT ATCATCTGTCT 06399  15(356, A% #ccX00 111311
49 | Piatelbydve4-1 P12 48 ANTCANCCNCTATCACTAGLAT MAATTAATG LG EANV GG TGTAGL TCA | 15(18%) A9 AcciCo0  iilaain
50 | Platelbydve-1 [ 49 TAMGGANTTAGAZTC TTTATAG TGARTTTATCAMGAA APAGAALGT | 15(39%) AY #ccoCo0  Miilaain
. 51 |[Patelb/ds4-1 E2 50 GATTAMAGLGA T TTGT M AMAMGCECALCGTANT CAGTAGCANG S TGA b823 335] 11 a9 Ao il
t tt 52 |Pate1bydv42 E3 51 CATCACTAAAATACCEANDGACAAATATATTATCACCE TCALAGCAGLCA 816 391]  AIw| A9 2o Miil3iin
a u O p I p e e 53 Matclbyve 41 E4 52 C GAAACATGAPAGTGECTTTIGGTAATGTCTTTAAT GUSCGLAALAGT 3 14|350] 45 #cc00 i1l
57 |Patcibyv 41 E5 53 ATTCCALAGACAGUAAATGAALACGLAANGATAGACTTTC CICACGE | 14[56 48 a0 Millaait
/ 55 Matclbyava 41 £6 53 GATTTTATAMALG TAAATCAAT T TAGAACIT TAACAT TATTLAAAG | 15(62) 45 AccC00  TIilalil
\ 56 |Matclbyvo 41 €7 55 GGTGTACCAACTTTEGAACCEACCCTCAGE TTGAT CAGGCGAARATLCT 1 25[265] 4¢ #0000 "1iinain
57 Platclbyva 41 123 56 ATCGTTTTCATCACGTAALCGATGTGTAGSTAMAGCAATAMATTAGAG | 15[104! 4 o000 Mii131in
58 |MatclbyME 41 £9 57 AATAGGAACCIATGGAAACGAGT SCTEGTCAAACTTAAATTTCE TTGTA 21251 141119) 49 #c0000 "1iinaait
TS?;‘ MatclbyvE 41 30 53 GUGGATACGTGGTTCCSAAATGCGTAACCAICATGTGGTCCTCTTTCAT 2279 512721 49 o000 fii131it
b Platclbyave 41 Exl 59 TGSGAATSTCACCAGTAAGLGSGT LAGTGGCCCACTACGTGAGGTGICG B11°920)  18[4QT! 40 #cXC00 Miilit
b1 |[Platelbyvc4-1 €2 GO ATAAGTTTTAACCGTCATACACCAMTTAGSCGGTCAGTATTCAGIAGC b 8 2(240] 14[454! 45 #0000 fii131:t
62 | Plztelby WG4 Fi 61 TAAGGCGTTAMTARANTCATATACAGTAM CCACTGAM CTACCACCA R104121 2114051 4 #2000 iinaiit
B3 |Piziclbye-4-1 F2 G2 AAAAATAATATCCGAGAACATAATATCAM GTAATCACCAGTAGCA??? R15434] 111495 50 #2000 i1l
5419131:1&/)6-4-1 Fl 63 TAMGAATTAGATGTGAGAGCAACACCSAGTCT STANTCAG TGAGGCTACCY:S s B12°4471 2204591 T4 o000 Mii131it
s 5> | PlatelbyVva4-1 F4 63 TTITTACCAGTCCOGGAATACGTACACT AATGCGITCATTATACCAG TCAGS??? s 821 23| @20] 05 #2000 Miililit
\ 66 imuwmsd-x Fa 65 T7IACCATCACCGGGGTCAALGGCTGTTCIAGATGAGSAAG TTTCCATTAAAT? 1823 2} 420) oD AcC00 MiinaiiL
67 |Platelbyng-4-1 G 66 77ICECOATCAAAAATALTTTTTAACANMATCTAAAGA TAAGAGCAAG LY P 81923 82n) 5T #czDC00  Mi1111it
| Plate1byWE-4-1 7 67 GGGAGM.CTAATAGTAACCAACTAATSCACACOGGAATCATAGAGTCAACATCSGS 813392 12(778] %6 #ccDCO0 Mii111it
59 | Plate1byNE-41 8 68 CASGECSCGTACTAGIAACAGCAGCATTTTATTAGCGITIGEAT GG TTTACTAACA 823301)  14[301] %6 #AccDC00 Miilanit
70 |Plate1byva-4-1 F9 69 AGCAMACCAGATAGCCAAADGRGTAATAGATTT TAACCTCCIGLTIATSGITIG s811.434)  10[d54! S6 4L2000 M1i131it
71 Plateibyvaa- Fi0 70 GARARACE TALGAATACGTGATAGGAGCACCAGCECOAANMI AR ODCCCOGACAGGA s 816'307]  o{321] S6 #2000 Miinniit
72 Plateibyha-a1 Fit 71 GCAGSTCICATTT CEGTCATCAAAMAGGATCTAAACAATTCATATTAAATACAANS 893529  12(329! S6 L2000 "ii131t
73 [ Plateibyvada Fi2 72 ATTCITAACCIACAAM GO TACGTTTTATGAAATGTATGTTICAACOGTTCATCG s810335)  4{336) 56 #LX00 M:ii131it
74 | Pleie1by3va4 Gl 73 CCAGCTIGATAACCCE TRATGECGGTEATATCLSCCAAGCATAANGTETAACTGCCS s 819'63]  25[62] S6 ALD000 "ii1iiit
73 |Plelelbyhva<41 G2 74 CATATAAAATICATCATCTTTACCAGAG CEGEATTATCOC TATAAATCCAASTET s 86(300]  18(301] 56 #0000 "ii111:1
76 | Pl va-a-1 a3 75 GUAGTCTALATICCETAMARGNGAAAGCCRCRACTTACTOCACCATCATCTTTAA B16'131)  o{195) 56 400 M4113141
77 Plewli a4 6a 76 CABCRGAGTIACTATTACTCAAGASCRTAGGTTTCGTCATAGITGTITCAGEGACA B19125)  25[135] 56 40000 111114
TR | Platellyha-a3 63 77 AATCATATTTGECTCGT AT AACRTG CGAATAATTOGTTAABGRCCSCTCAAAGTA H13130)  31[139] 56 #0000 M111140
79 ;Plateltr/M-a-l G5 13 TETGAGCHGTEGAGAM GGAMAGAATHC T TATEAGCTCTACACAACATACARATCTG 81933  25(83) 56 #ceocon M0
B0 | Plielbyae-a-1 G7 79 ANTAM ANGTAAAGTSGATTTTIGAGT TGACCCTETARTATG ATARALSCT (AT il 13'55) 12[a7) 56 #rcocon MiI111110
] ;m:wln/m-a-l GR RO TCCTTTGRATTGAGGETATTAATI CAGAATAM GTHARGALAGCLAMGETTHAGT Ll 19'335) 25[335] 6 #ecocon M
&7 | Plate1bynG-a-] G R TATTTATOGATTAG T GCTATGTAATTTICGICATAT TTAACATATATGATRAANC (§13237) 12(773] S6 #rcocan M1
B3 | Plate by nGa-1 GIO 87 ACAGETATECCTTGOACTATTAGAC TGGRAT EETIGTACCALACATATAT A TTAAA 81377| 12[63) 56 accocon "1111100
B3 |plae]1bynGa-] 611 83 ATTTTAMGGCAALTAMCTGATAC TATCGAAT AGAGAATGTRG SAGANGAAC ARG 8 19'357)  25[358) S #erocon M0
B5 |platclbyaea-1 GL2 81 GALACGAAGSTTTTGAAGCCT TOGASCCACAGTAGGSCTTAATGCTTCTTTACCTS 8 13'308)  12[294] 56 #coC00 "111111IL
86 |Paelbyws4-1 HL 85 TTGAGATATAARTCAD AN CGGTCAGGGCCTCAGAGCATAACTGASTATTAATAT 81393  12[84) 56 #cac00  "111131:IL
122 _pacibiaca.) H2 5 ATTTTAGTIANTTTGTAM T GTATTTGCATATAATCCTEATT ST TSGATATCATA 1 508 3 € zcooc00 Mii131i1
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