
 
1

S
u

p
p

o
rt

in
g

 In
fo

rm
at

io
n

 

fo
r 

F
lu

o
re

sc
en

t 
si

g
n

al
 a

m
p

lif
ic

at
io

n
 o

f 
ca

rb
o

cy
an

in
e 

d
ye

s 
u

si
n

g
 e

n
g

in
ee

re
d

 v
ir

al
 n

an
o

p
ar

ti
cl

es
 

C
ar

is
sa

 M
. S

ot
o,

 A
m

y 
S

zu
ch

m
ac

he
r 

B
lu

m
, G

ar
y 

J.
 V

or
a,

 N
ik

ol
ai

 L
eb

ed
ev

, C
ar

ol
yn

 E
. M

ea
do

r,
 A

ng
el

a 
P

. W
on

, A
nj

u 
C

ha
tte

rji
, J

oh
n 

E
. J

oh
ns

on
, a

nd
 B

an
ah

al
li 

R
. R

at
na

 

 T
ab

le
 1

S.
  P

re
pa

ra
ti

on
 o

f 
N

eu
tr

A
vi

di
n-

dy
e-

vi
ru

s 
se

ri
es

.1  

M
ol

ar
 e

xc
es

s 
of

 C
y5

 2  
D

ye
 p

er
 v

ir
us

 r
at

io
 3  

1 
3-

5 

25
 

10
-1

5 

50
 

25
-3

0 

10
0*  

>
 4

0 
1  N

eu
tr

A
vi

di
n 

re
ac

te
d 

in
 a

 1
:1

 m
ol

ar
 r

at
io

, N
eu

tr
A

vi
di

n:
th

io
ls

  

2  a
dd

ed
 in

 r
ea

ct
io

n 
m

ix
; e

xc
es

s 
ca

lc
ul

at
ed

 p
er

 to
ta

l  

nu
m

be
r 

of
 th

io
ls

 o
n 

th
e 

ca
ps

id
 

3  r
es

ul
ta

nt
 r

at
io

 a
ft

er
 r

ea
ct

io
n 

an
d 

pu
ri

fi
ca

ti
on

,  

* 
ex

tr
em

e 
co

nd
it

io
ns

:  
re

ac
ti

on
 in

 3
0%

 D
M

SO
, f

in
al

 r
ea

ct
io

n 
vo

lu
m

e 
14

0 
µl

   



 
2

   

0

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
91 24

0
34

0
44

0
54

0
64

0
74

0

w
a

ve
le

n
g

th
 (

n
m

)

Absorbance

 
F

ig
ur

e 
1S

.  
U

V
/V

is
ib

le
 a

bs
or

ba
nc

e 
of

 C
PM

V
 v

ir
us

, s
ho

w
in

g 
pe

ak
 a

t 2
60

 n
m

, a
nd

 n
o 

si
gn

if
ic

an
t a

bs
or

ba
nc

e 
ab

ov
e 

40
0 

nm
. 

  In
 o

rd
er

 to
 e

xa
m

in
e 

en
er

gy
 tr

an
sf

er
 p

ro
ce

ss
es

 in
 m

or
e 

de
ta

il,
 a

 d
if

fe
re

nt
 C

PM
V

 m
ut

an
t (

D
M

),
 w

it
h 

cy
st

ei
ne

s 
in

se
rt

ed
 a

t r
es

id
ue

s 
22

8 
an

d 
21

02
 w

as
 a

ls
o 

us
ed

 a
s 

a 
sc

af
fo

ld
 f

or
 b

in
di

ng
 C

y5
.  

T
he

se
 e

xp
er

im
en

ts
, w

hi
ch

 a
re

 in
 a

 p
re

lim
in

ar
y 

st
ag

e,
 w

ill
 h

el
p 

de
te

rm
in

e 
en

vi
ro

nm
en

ta
l e

ff
ec

ts
 o

n 
C

y5
 f

lu
or

es
ce

nc
e 

si
gn

al
 e

nh
an

ce
m

en
t. 

D
M

 m
ut

an
t w

as
 m

od
if

ie
d 

us
in

g 
th

e 
sa

m
e 

pr
oc

ed
ur

e 
de

sc
ri

be
d 

in
 th

e 
m

an
us

cr
ip

t f
or

 E
F-

C
PM

V
 to

 g
en

er
at

e 
D

M
-C

y5
 c

om
pl

ex
es

. T
he

 f
lu

or
es

ce
nc

e 
of

 th
es

e 
co

m
pl

ex
es

 w
as

 th
en

 m
ea

su
re

d 
an

d 
co

m
pa

re
d 

to
 

fr
ee

 C
y5

 in
 s

ol
ut

io
n.

 F
ig

ur
e 

2-
S 

sh
ow

s 
an

 e
xc

it
at

io
n 

sc
an

 f
or

 f
re

e 
C

y5
 (

bl
ue

) 
an

d 
D

M
-C

y5
 (

re
d)

 f
or

 e
m

is
si

on
 a

t 6
66

 n
m

. T
he

 s
pe

ct
ra

 
in

di
ca

te
 th

at
 e

ne
rg

y 
tr

an
sf

er
 is

 o
cc

ur
ri

ng
 f

ro
m

 th
e 

vi
ra

l s
ca

ff
ol

d 
to

 th
e 

C
y5

 a
t 2

80
 n

m
, c

on
fi

rm
in

g 
co

up
lin

g 
of

 th
e 

C
y5

 to
 th

e 
vi

ru
s.

  



 
3

                  F
ig

ur
e 

2S
.  

E
xc

it
at

io
n 

sc
an

 o
f 

fr
ee

 C
y5

 (
bl

ue
) 

an
d 

th
e 

D
M

 m
ut

an
t o

f 
C

PM
V

 w
it

h 
bo

un
d 

C
y5

 (
re

d)
 f

or
 e

m
is

si
on

 a
t 6

66
 n

m
. I

nt
en

si
ty

 
no

rm
al

iz
ed

 to
 th

e 
C

y5
 a

bs
or

ba
nc

e 
at

 6
05

 n
m

. S
ca

n 
sh

ow
s 

en
er

gy
 tr

an
sf

er
 f

ro
m

 C
PM

V
 to

 C
y5

 m
ol

ec
ul

es
, a

s 
in

 th
e 

ca
se

 f
or

 th
e 

E
F 

m
ut

an
t. 

       Fi
gu

re
 3

-S
a 

sh
ow

s 
fl

uo
re

sc
en

ce
 o

f 
fr

ee
 C

y5
 (

bl
ue

) 
an

d 
D

M
-C

y5
 (

re
d)

 u
nd

er
 e

xc
it

at
io

n 
at

 2
80

 n
m

. A
s 

ex
pe

ct
ed

, t
he

 f
re

e 
C

y5
 s

ho
w

s 
ve

ry
 li

tt
le

 f
lu

or
es

ce
nc

e 
at

 th
is

 e
xc

it
at

io
n 

w
av

el
en

gt
h,

 a
s 

C
y5

 a
bs

or
bs

 o
nl

y 
w

ea
kl

y 
at

 2
80

 n
m

. H
ow

ev
er

, t
he

re
 is

 a
 s

tr
on

g 
fl

uo
re

sc
en

ce
 

si
gn

al
 f

or
 D

M
-C

y5
 d

ue
 to

 e
ne

rg
y 

tr
an

sf
er

 f
ro

m
 a

ro
m

at
ic

 a
m

in
o 

ac
id

s 
su

ch
 a

s 
tr

yp
to

ph
an

 to
 th

e 
at

ta
ch

ed
 C

y5
 m

ol
ec

ul
es

 o
n 

th
e 

vi
ra

l 
sc

af
fo

ld
. F

ig
ur

e 
3-

Sb
 s

ho
w

s 
fl

uo
re

sc
en

ce
 D

M
-C

y5
 (

re
d)

 a
nd

 f
re

e 
C

y5
 (

bl
ue

) 
un

de
r 

ex
ci

ta
ti

on
 a

t 6
05

 n
m

. A
s 

w
it

h 
E

F-
C

y5
 c

om
pl

ex
es

, 

0.
00

E
+

00

5.
00

E
+

07

1.
00

E
+

08

1.
50

E
+

08

2.
00

E
+

08

2.
50

E
+

08

3.
00

E
+

08

3.
50

E
+

08

4.
00

E
+

08

4.
50

E
+

08

5.
00

E
+

08

25
0

30
0

35
0

40
0

45
0

50
0

55
0

60
0

65
0

W
av

el
en

gt
h 

(n
m

)

Fluorescence, AU
 normalized to A605 nm

D
M

-C
y5

C
y5



 
4

D
M

-C
y5

 c
om

pl
ex

es
 s

ho
w

 s
ig

na
l e

nh
an

ce
m

en
t o

ve
r 

th
e 

sa
m

e 
co

nc
en

tr
at

io
n 

of
 f

re
e 

C
y5

 in
 s

ol
ut

io
n.

 S
in

ce
 th

e 
ex

ci
ta

ti
on

 w
av

el
en

gt
h 

is
 

60
5 

nm
, w

he
re

 th
e 

vi
ra

l s
ca

ff
ol

d 
do

es
 n

ot
 a

bs
or

b,
 e

ne
rg

y 
tr

an
sf

er
 a

lo
ne

 c
an

no
t e

xp
la

in
 th

is
 p

he
no

m
en

on
.  

                   F
ig

ur
e 

3S
. (

a)
 F

lu
or

es
ce

nc
e 

of
 f

re
e 

C
y5

 (
bl

ue
) 

an
d 

th
e 

D
M

 m
ut

an
t o

f 
C

PM
V

 (
cy

st
ei

ne
s 

in
se

rt
ed

 a
t r

es
id

ue
s 

22
8 

an
d 

21
02

) 
w

it
h 

bo
un

d 
C

y5
 (

re
d)

 a
t e

xc
it

at
io

n 
28

0 
nm

. I
nt

en
si

ty
 n

or
m

al
iz

ed
 to

 th
e 

C
y5

 a
bs

or
ba

nc
e 

at
 6

05
 n

m
. I

nt
en

si
ty

 f
or

 D
M

-C
y5

 s
am

pl
e 

sh
ow

s 
en

er
gy

 
tr

an
sf

er
 f

ro
m

 D
M

-C
PM

V
 to

 C
y5

. (
b)

 F
lu

or
es

ce
nc

e 
of

 f
re

e 
C

y5
 (

bl
ue

) 
an

d 
th

e 
D

M
 m

ut
an

t o
f 

C
PM

V
 (

re
d)

 a
t e

xc
it

at
io

n 
60

5 
nm

. 
In

te
ns

it
y 

no
rm

al
iz

ed
 to

 th
e 

C
y5

 a
bs

or
ba

nc
e 

at
 6

05
 n

m
. S

pe
ct

ru
m

 s
ho

w
s 

si
gn

al
 e

nh
an

ce
m

en
t f

or
 D

M
-C

y5
 s

am
pl

e 
at

 a
n 

ex
ci

ta
ti

on
 o

f 
60

5 
nm

.  
  T

ab
le

 2
S.

  D
N

A
 p

ri
m

er
s 

an
d 

pr
ob

es
. 

 T
ar

g
et

ed
 

G
en

e 
P

ri
m

er
 

N
am

e 
P

ri
m

er
 S

eq
u

en
ce

 (
5'

-3
') 

P
ro

b
e 

N
am

e 
P

ro
b

e 
S

eq
u

en
ce

 (
5'

-3
') 

gr
oE

L-
F

 
G

A
C

G
Y

B
G

C
R

G
G

T
G

A
C

G
G

T
A

C
R

A
C

M
A

C
 

gr
oE

L 
gr

oE
L-

R
 

C
G

A
C

G
R

T
C

R
C

C
A

A
A

R
C

C
A

G
G

M
G

C
T

W
T

 
gr

oE
L 

(V
c)

P
2 

A
T

C
G

C
T

T
T

A
G

T
A

T
C

G
G

C
A

C
A

A
G

G
T

A
C

A
G

A
C

A
G

T
G

C
T

T
T

C
A

A
C

T
C

T
T

C
T

A
C

C
G

C
A

G
C

G
A

T
A

A
C

C
G

C
T

T
T

A
T

 

0.
00

E
+0

0

5.
00

E
+0

7

1.
00

E
+0

8

1.
50

E
+0

8

2.
00

E
+0

8

2.
50

E
+0

8

3.
00

E
+0

8

3.
50

E
+0

8

4.
00

E
+0

8 65
0

67
0

69
0

71
0

73
0

75
0

W
av

el
en

gt
h 

(n
m

)

Fluorescence, AU
normalized to A605 nm

D
M

-C
y5

C
y5

(a
) 

0.
00

E
+

00

2.
00

E
+

07

4.
00

E
+

07

6.
00

E
+

07

8.
00

E
+

07

1.
00

E
+

08

1.
20

E
+

08

1.
40

E
+

08

1.
60

E
+

08

65
0

67
0

69
0

71
0

73
0

75
0

W
av

el
en

gt
h 

(n
m

)

Fluorescence, AU
 normalized to A 605 nm

D
M

-C
y5

C
y5

(b
) 



 
5

16
S

-2
3S

-F
 

T
T

A
A

G
C

S
T

T
T

T
C

R
C

T
G

A
G

A
A

T
G

  
16

S
-2

3S
 

IG
S

 
16

S
-2

3S
-

R
 

A
G

T
C

A
C

T
T

A
A

C
C

A
T

A
C

A
A

C
C

C
G

  
16

S
-2

3S
 

P
2 

A
T

A
A

A
T

T
G

T
T

G
T

T
T

T
G

T
C

A
G

C
T

T
T

C
C

A
A

A
T

T
G

T
T

A
A

A
G

A
G

C
A

A
G

A
T

T
T

T
C

T
G

A
T

G
A

A
A

A
C

C
A

T
T

T
T

T
A

A
A

 

lu
xO

-F
 

C
G

C
T

G
T

A
T

C
G

T
T

C
T

T
A

C
C

T
C

A
C

A
C

C
 

lu
xO

 
lu

xO
-R

 
G

C
T

C
G

C
C

G
C

A
G

A
G

T
C

A
A

T
G

G
 

lu
xO

 P
2 

C
A

G
C

A
G

G
A

T
T

A
A

G
T

C
A

G
G

C
T

C
G

C
G

A
C

G
G

C
C

A
A

T
A

C
T

C
T

C
G

A
T

G
G

C
A

T
C

G
C

G
T

C
C

G
G

T
A

C
C

C
A

C
G

A
T

A
T

T
G

 

tc
pI

-F
 

G
C

C
A

C
A

G
C

A
A

C
A

A
C

G
C

A
A

C
T

A
T

C
 

tc
pI

 
tc

pI
-R

 
G

A
A

C
G

A
A

C
C

T
C

A
T

C
C

G
C

T
A

C
T

A
C

A
G

 
tc

pI
 P

2 
T

C
G

G
T

T
A

C
G

G
A

T
G

T
C

A
T

T
A

A
T

A
A

T
A

T
A

T
C

A
G

A
T

C
A

A
A

C
T

A
A

C
T

T
A

C
T

T
G

C
C

C
T

A
A

A
T

G
C

A
G

C
T

A
T

C
G

A
G

G
 

om
pU

-F
 

T
A

C
G

C
T

G
G

T
A

T
C

G
G

T
G

G
C

A
C

T
T

A
C

 
om

pU
 

om
pU

-R
 

T
C

C
A

T
G

C
G

G
T

A
A

G
A

A
G

C
G

G
C

T
A

G
 

om
pU

 P
2 

G
T

A
C

T
C

T
G

A
C

A
A

C
G

G
T

G
A

A
G

A
T

G
G

T
T

A
C

T
C

T
C

T
G

T
C

T
G

C
T

A
T

C
T

A
C

A
C

T
T

T
C

G
G

T
G

A
C

A
C

T
G

G
C

T
T

T
A

A
C

 

om
pW

-F
 

C
A

C
C

A
A

G
A

A
G

G
T

G
A

C
T

T
T

A
T

T
G

T
G

 
om

pW
 

om
pW

-R
 

G
A

A
C

T
T

A
T

A
A

C
C

A
C

C
C

G
C

G
A

T
C

 
om

pW
 P

1 
T

A
A

C
T

G
C

C
A

A
C

T
C

A
C

T
T

T
G

A
G

T
G

T
T

T
A

A
C

A
C

T
T

T
A

T
C

G
C

T
A

C
T

G
T

C
A

T
T

A
G

G
T

A
C

T
A

C
C

G
A

G
G

C
A

A
T

A
  

ct
xA

-F
 

C
G

G
G

C
A

G
A

T
T

C
T

A
G

A
C

C
T

C
C

T
G

 
ct

xA
 

ct
xA

-R
 

C
G

A
T

G
A

T
C

T
T

G
G

A
G

C
A

T
T

C
C

C
A

C
 

ct
xA

 P
1 

G
G

C
T

A
C

A
G

A
G

A
T

A
G

A
T

A
T

T
A

C
A

G
T

A
A

C
T

T
A

G
A

T
A

T
T

G
C

T
C

C
A

G
C

A
G

C
A

G
A

T
G

G
T

T
A

T
G

G
A

T
T

G
G

C
A

G
G

 

ct
xB

-F
 

A
T

G
C

A
C

A
T

G
G

A
A

C
A

C
C

T
C

A
A

A
A

T
A

T
T

A
C

T
G

 
ct

xB
 

ct
xB

-R
 

T
C

C
T

C
A

G
G

G
T

A
T

C
C

T
T

C
A

T
C

C
T

T
T

C
A

A
T

C
 

ct
xB

 P
1 

A
G

C
T

A
G

A
G

A
T

T
C

T
G

T
A

T
A

C
G

A
A

A
A

T
A

T
C

T
T

A
T

C
A

T
T

T
A

G
C

G
T

A
T

A
T

A
T

T
T

G
T

G
T

G
T

T
G

T
G

G
T

A
T

T
C

T
G

C
A

 

to
xR

-F
 

A
C

C
G

C
A

G
C

C
A

G
C

C
A

A
T

G
T

T
G

 
to

xR
 

to
xR

-R
 

T
G

G
C

A
A

T
G

A
C

T
T

C
T

A
T

C
G

G
C

T
T

G
A

G
 

to
xR

 P
2 

G
C

C
G

T
C

A
A

T
A

T
G

C
C

G
A

A
T

A
A

C
C

A
C

C
C

T
G

A
T

C
T

T
T

C
A

A
A

C
T

G
G

C
T

A
C

C
G

T
C

A
A

T
C

G
A

A
C

T
G

T
G

C
G

T
T

A
A

A
 

st
n/

st
o-

F
 

T
C

G
C

C
C

T
T

A
G

C
C

A
A

A
C

A
G

T
A

G
A

A
A

 
st

n/
sn

o 
st

n/
st

o-
R

 
G

C
T

G
G

A
T

T
G

C
A

A
C

A
T

A
T

T
T

C
G

C
  

st
n/

st
o 

P
2 

G
G

G
C

A
T

T
C

T
T

C
A

T
T

T
T

C
A

C
T

T
A

G
T

T
T

T
T

T
A

A
T

A
T

T
T

A
C

C
T

T
G

C
T

T
T

C
A

A
T

T
T

G
T

T
G

T
G

G
T

T
G

C
T

G
C

A
C

T
G

 

ac
e-

F
 

T
G

A
T

G
G

C
T

T
T

A
C

G
T

G
G

C
T

T
G

T
G

A
T

C
 

ac
e 

ac
e-

R
 

G
C

C
T

G
T

T
G

G
A

T
A

A
G

C
G

G
A

T
A

G
A

T
G

G
 

ac
e 

P
2 

A
A

A
A

T
C

T
T

G
C

T
C

T
C

A
A

T
C

C
A

C
A

T
A

A
T

A
C

C
G

A
G

C
T

T
G

A
T

C
A

C
A

A
G

C
C

A
C

G
T

A
A

A
G

C
C

A
T

C
A

 

ep
sM

-F
 

G
A

C
G

G
T

A
C

T
C

G
C

T
A

T
C

G
C

T
T

A
T

T
G

G
 

ep
sM

 
ep

sM
-R

 
A

T
A

T
C

A
A

T
C

G
C

A
T

C
C

A
C

G
C

T
C

A
C

C
 

ep
sM

 P
1 

A
T

A
T

C
A

A
T

C
G

C
A

T
C

C
A

C
G

C
T

C
A

C
C

C
C

T
T

G
G

C
G

C
T

C
T

T
G

C
A

A
A

T
A

C
G

C
A

A
T

C
C

A
T

G
A

G
A

C
C

A
A

T
T

G
C

G
A

A
A

 

rt
xA

-F
 

A
A

T
G

G
T

A
T

T
G

C
G

G
A

A
G

G
C

G
A

C
A

T
C

 
rt

xA
 

rt
xA

-R
 

G
A

A
T

G
G

A
T

T
G

A
C

G
A

G
T

G
G

T
G

G
A

G
T

T
G

 
rt

xA
 P

1 
A

C
C

G
T

A
A

T
G

T
G

A
G

C
T

T
T

A
A

T
T

T
C

G
G

A
C

A
C

A
G

T
A

A
T

G
A

T
C

T
G

A
T

C
C

T
A

A
T

G
A

T
G

G
A

T
A

A
G

T
C

G
A

T
C

C
C

A
 

zo
t-

F
 

A
T

C
T

G
C

C
T

A
A

C
C

A
C

G
C

C
T

A
A

C
A

T
T

G
 

zo
t 

zo
t-

R
 

A
C

C
G

C
C

T
T

G
C

T
C

C
C

G
A

C
A

G
 

zo
t P

2 
C

A
G

G
G

G
G

A
A

A
T

G
A

T
G

C
A

A
C

T
A

T
C

G
A

G
T

C
A

G
A

G
C

A
A

T
C

C
G

A
G

C
C

T
C

A
G

T
C

A
A

A
G

G
C

T
A

C
T

G
T

T
G

G
G

A
A

T
G

C
 

ha
p-

F
 

G
T

G
C

T
T

A
C

T
C

A
C

C
G

C
T

T
A

A
C

G
A

C
G

 
ha

p 
ha

p-
R

 
C

A
C

T
C

G
A

A
T

G
G

T
G

A
A

C
A

T
C

A
A

T
A

C
C

G
C

 
ha

p 
P

1 
T

C
C

T
C

C
G

G
T

G
G

T
C

T
A

C
G

T
T

A
T

T
T

C
G

A
T

C
A

G
C

C
G

T
C

A
C

G
T

G
A

T
G

G
C

C
G

C
T

C
G

A
T

A
G

A
T

C
A

T
G

C
T

T
C

A
C

A
G

T
 

rf
bO

1-
F

 
T

G
G

T
T

T
C

A
C

T
G

A
A

C
A

G
A

T
G

G
G

 
rf

bN
 

rf
bO

1-
R

 
A

G
G

T
C

A
T

C
T

G
T

A
A

G
T

A
C

A
A

C
A

T
T

C
 

rf
bO

1 
P

3 
G

T
A

G
T

G
G

G
C

T
T

A
C

A
A

A
C

T
C

A
A

G
T

A
A

G
C

C
T

A
C

T
T

T
A

C
C

T
G

G
C

C
C

A
C

A
C

A
C

T
T

C
T

A
G

G
T

T
C

G
A

T
T

C
A

T
C

A
C

G
 

na
nH

-F
 

C
T

T
C

C
T

C
C

A
A

T
A

C
G

G
T

T
C

T
T

G
T

C
T

C
T

T
A

T
G

C
 

na
nH

 
na

nH
-R

 
T

T
C

G
G

C
T

A
C

C
A

T
C

G
G

C
A

A
C

T
T

G
T

A
T

C
 

na
nH

 P
3 

C
A

G
C

G
T

C
T

A
T

G
A

T
G

T
T

G
C

A
T

C
A

G
G

G
A

A
C

T
G

G
C

A
A

G
C

G
C

C
T

A
T

C
G

A
T

G
T

T
A

C
C

G
A

T
C

A
G

G
T

G
A

A
A

G
A

A
C

G
C

 

w
bf

R
-F

 
A

A
G

C
C

T
C

T
T

T
A

T
T

A
C

G
G

G
T

G
G

 
w

bf
R

 
w

bf
R

-R
 

G
T

C
A

A
A

C
C

C
G

A
T

C
G

T
A

A
A

G
G

T
 

rf
bO

13
9 

P
1 

T
T

G
A

T
T

C
G

T
C

C
A

C
T

G
T

G
G

T
G

G
G

T
A

T
T

T
T

A
C

A
A

T
C

C
C

T
C

T
C

T
A

C
T

C
G

T
C

C
G

G
T

C
A

A
A

A
C

C
T

T
T

A
C

G
A

T
C

 

w
bf

O
-F

 
T

G
A

C
G

G
T

T
C

G
A

C
T

G
A

T
A

A
G

A
C

A
C

T
A

G
A

G
 

w
bf

O
 

w
bf

O
-R

 
T

T
T

G
C

C
T

T
T

A
A

G
T

C
T

G
G

A
T

C
T

T
G

G
G

T
T

G
 

w
bf

O
 P

2 
T

C
T

A
G

C
C

C
T

T
C

A
T

T
T

A
G

G
C

T
T

A
C

T
A

T
T

A
G

C
C

C
T

T
T

G
T

T
T

T
C

T
C

T
T

G
A

A
A

C
C

A
A

T
A

C
A

A
T

A
C

G
G

T
C

A
T

C
C

T
 

ot
nA

-F
 

C
C

A
T

G
A

G
C

G
A

G
T

G
A

C
T

A
C

C
C

 
ot

nA
 

ot
nA

-R
 

C
T

C
A

G
A

T
T

G
G

T
G

T
C

A
G

C
A

C
G

G
 

ot
nA

 P
1 

C
G

T
T

G
A

G
T

T
T

A
T

C
C

A
T

G
C

C
T

T
G

A
A

T
G

G
T

C
C

A
T

C
G

A
T

T
A

G
C

C
G

A
A

G
G

C
T

C
A

C
T

C
A

A
C

A
T

T
T

G
G

C
G

T
A

A
A

T
C

 

ot
nB

 
ot

nB
-F

 
C

C
A

G
C

T
C

A
A

C
C

C
A

C
C

G
C

A
A

 
ot

nB
 P

1 
T

A
G

G
C

G
G

T
A

A
A

G
G

T
G

G
G

G
T

A
G

A
T

A
A

A
A

C
G

C
A

A
A

T
G

G
C

G
A

T
T

G
A

A
G

T
G

C
T

A
A

A
A

T
C

G
C

G
C

C
A

A
T

T
T

A
C

C
A

G
 



 
6

 
ot

nB
-R

 
G

A
G

C
T

G
A

T
C

A
G

C
A

C
T

A
T

T
G

T
C

C
 

 
 

hy
lA

-F
2 

C
G

G
C

A
T

T
G

T
G

G
G

T
T

C
C

G
C

G
A

C
A

C
C

 
hy

lA
 C

L 
P

2 
G

C
A

C
G

G
G

A
G

C
C

G
G

C
T

G
A

T
C

A
A

C
T

C
G

G
T

T
A

T
C

G
T

C
 

hy
lA

 
hy

lA
-R

3 
C

C
A

C
T

C
A

C
G

G
A

A
A

T
A

G
G

C
A

T
C

T
A

A
C

G
T

C
 

hy
lA

 E
T

 P
2 

G
C

A
C

G
G

G
A

G
C

C
G

G
C

A
T

T
C

A
T

C
T

G
A

A
T

G
A

T
C

A
A

C
T

C
G

G
T

T
A

T
C

G
T

C
 

tc
pA

E
T

-F
 

A
A

T
C

A
T

T
G

T
T

C
T

G
G

G
T

A
T

T
A

T
G

G
G

T
 

tc
pA

 
tc

pA
E

T
-R

 
A

G
C

A
G

C
A

T
C

T
G

C
G

A
C

A
C

T
C

G
T

T
 

tc
pA

 E
T

 P
1 

T
T

A
T

C
A

A
C

G
T

G
A

A
A

G
A

A
G

G
T

G
C

T
T

T
C

G
C

T
G

C
T

G
T

C
G

C
T

G
A

T
C

T
T

G
G

T
G

A
T

T
T

C
G

A
A

A
C

G
A

G
T

G
T

C
G

C
A

G
A

T
 

tc
pA

 C
L-

F
 

G
A

T
C

A
T

C
G

T
T

C
T

A
G

G
C

A
T

T
A

T
G

G
G

G
 

tc
pA

 
tc

pA
 C

L-
R

 
C

T
C

A
G

C
C

G
C

T
G

C
T

G
C

A
G

A
A

T
T

C
 

tc
pA

 C
L 

P
1 

A
T

A
T

T
G

C
A

A
T

C
A

A
A

G
C

T
G

G
T

G
G

C
G

C
A

G
T

A
G

C
A

C
T

T
G

C
A

G
A

T
C

T
A

G
G

T
G

A
T

T
T

T
G

A
G

A
A

T
T

C
T

G
C

A
G

C
A

G
C

G
 

rs
tR

 C
L-

F
2 

C
T

T
A

C
T

T
C

T
C

A
T

C
A

G
C

A
A

A
G

C
C

T
C

C
A

T
C

 
rs

tR
 C

al
c 

P
1 

G
C

A
C

A
T

T
A

A
A

G
A

C
A

G
T

A
C

G
T

G
G

A
G

A
A

A
G

G
T

T
G

A
G

G
A

A
A

A
A

A
C

C
G

T
A

A
A

A
G

C
G

G
T

A
A

T
C

G
A

G
A

C
C

A
A

A
A

C
 

rs
tR

 E
T

-F
2 

G
C

T
A

A
G

C
A

C
C

A
T

G
A

T
T

T
A

A
G

A
T

G
C

T
C

 
rs

tR
 C

L 
P

1 
G

C
A

A
A

A
T

T
C

T
A

T
G

G
T

G
T

A
C

C
A

A
T

A
G

C
T

G
A

A
C

T
T

G
T

C
A

G
C

G
A

T
A

G
C

G
A

A
A

C
A

A
A

C
A

T
T

G
A

C
G

A
A

A
A

G
C

T
G

 

rs
tR

 C
al

c-
F

2 
C

T
G

T
A

A
A

T
C

T
C

T
T

C
A

A
T

C
C

T
A

G
G

T
T

G
 

rs
tR

 E
T

 P
1 

C
C

T
T

G
T

G
A

A
G

A
T

C
G

C
A

G
A

T
G

C
T

C
T

G
G

A
G

A
T

C
T

C
A

A
T

T
G

A
T

G
A

A
C

T
A

T
G

C
G

G
A

A
G

A
T

G
G

G
C

C
A

C
A

G
A

T
G

 
rs

tR
 

rs
tR

-R
2 

G
T

A
T

C
G

A
G

Y
T

G
T

A
A

T
T

C
R

T
C

A
A

G
A

G
T

G
 

  
  

aa
c(

6'
)-

Ib
-

F
 

G
A

G
A

A
G

A
A

G
C

A
C

G
C

C
C

G
A

C
A

C
 

aa
c(

6'
)-

Ib
 

aa
c(

6'
)-

Ib
-

R
 

G
G

T
T

A
C

G
G

T
A

C
C

T
T

G
C

C
T

C
T

C
 

aa
c(

6'
)I

b 
P

1 
C

G
T

A
C

G
A

C
T

G
G

G
C

A
T

A
C

C
C

A
A

T
C

G
G

C
T

C
T

C
C

A
T

T
C

A
G

C
A

T
T

G
C

A
A

T
G

T
A

T
G

G
A

G
T

G
A

C
G

G
A

C
T

C
T

T
G

C
G

C
 

aa
dA

1-
F

 
C

A
T

C
G

A
G

C
G

C
C

A
T

C
T

C
G

A
A

C
C

G
 

aa
dA

1 
aa

dA
1-

R
 

G
C

G
G

C
G

A
G

T
T

C
C

A
T

A
G

C
G

T
T

 
aa

dA
1 

P
1 

A
G

T
T

T
C

C
A

A
A

A
G

G
T

C
G

T
T

G
A

T
C

A
A

A
G

C
T

C
G

C
C

G
C

G
T

T
G

T
T

T
C

A
T

C
A

A
G

C
C

T
T

A
C

G
G

T
C

A
C

C
G

T
A

A
C

C
A

G
C

 

aa
dA

2-
F

 
C

A
T

T
G

A
G

C
G

C
C

A
T

C
T

G
G

A
A

T
C

A
 

aa
dA

2 
aa

dA
2-

R
 

G
C

T
G

C
G

A
G

T
T

C
C

A
T

A
G

C
T

T
C

 
aa

dA
2 

P
1 

A
G

C
C

T
C

C
A

T
A

A
G

G
T

C
A

T
T

G
A

G
C

A
A

T
G

C
T

C
G

C
C

G
C

G
T

C
G

T
T

T
C

A
T

C
A

A
G

C
T

T
T

A
C

G
G

C
C

A
C

A
G

T
A

A
C

C
A

A
C

 

df
rA

1-
F

 
C

A
C

C
T

T
C

C
G

G
C

T
C

G
A

T
G

T
C

T
A

T
T

G
 

df
rA

1 
df

rA
1-

R
 

T
G

G
C

T
G

T
T

G
G

T
T

G
G

A
C

G
C

A
A

G
 

df
rA

1 
P

2 
A

C
G

T
T

C
T

C
A

T
T

G
T

C
A

G
A

T
G

T
A

A
A

A
C

T
T

G
A

A
C

G
T

G
T

T
A

C
G

A
C

C
G

C
A

T
A

C
T

T
T

C
G

G
T

T
G

G
G

T
A

A
T

G
C

T
C

C
C

A
 

df
rA

5-
F

 
G

A
G

T
G

A
T

T
G

G
T

T
G

C
G

G
T

C
C

A
C

A
C

 
df

rA
5 

df
rA

5-
R

 
C

A
T

C
T

C
C

T
T

C
C

G
G

C
T

C
A

A
T

A
T

C
A

A
T

C
 

df
rA

5 
P

1 
G

A
G

G
C

C
A

T
G

T
A

C
G

G
G

C
T

G
G

C
T

G
A

A
C

T
C

A
C

C
G

A
T

C
A

C
G

T
T

A
T

A
G

T
G

T
C

T
G

G
T

G
G

C
G

G
G

G
A

G
A

T
T

T
A

C
A

G
A

G
 

df
rA

12
-F

 
C

T
C

G
T

T
G

C
T

G
C

G
A

T
G

G
G

A
G

C
 

df
rA

12
 

df
rA

12
-R

 
G

T
G

C
C

A
G

A
G

T
G

T
A

T
A

T
C

T
C

A
G

C
T

C
 

df
rA

12
 P

1 
C

T
A

C
C

G
C

G
C

C
A

C
T

G
G

C
T

G
C

G
T

A
G

T
T

G
T

T
T

C
A

A
C

G
C

T
G

T
C

G
C

A
C

G
C

T
A

T
C

G
C

T
T

T
G

G
C

A
T

C
C

G
A

A
C

T
C

G
G

C
 

df
rA

15
-F

 
T

A
T

G
C

C
G

T
T

G
T

A
A

C
T

C
G

T
T

C
A

A
G

C
 

df
rA

15
 

df
rA

15
-R

 
C

A
T

C
A

C
C

T
T

C
T

G
G

C
T

C
A

A
T

G
T

C
G

 
df

rA
15

 P
1 

C
G

A
T

A
A

C
G

G
A

T
C

A
T

G
T

G
A

T
T

G
T

G
T

C
T

G
G

T
G

G
T

G
G

T
G

A
A

A
T

A
T

A
C

A
A

A
A

G
C

C
T

G
A

T
C

G
A

T
A

A
A

G
T

T
G

A
T

A
C

 

df
r1

8-
F

 
T

C
G

T
C

A
T

G
G

G
C

A
G

A
A

A
G

A
C

C
T

T
T

G
 

df
r1

8 
df

r1
8-

R
 

C
C

G
C

C
A

C
G

A
T

G
A

T
C

T
C

A
G

T
A

A
C

G
 

df
r1

8 
P

1 
G

T
G

T
G

A
G

C
A

C
G

A
T

G
A

C
G

T
T

G
C

G
T

C
C

G
G

G
C

A
G

G
C

C
A

T
T

G
G

G
G

A
T

G
C

T
C

T
C

A
A

A
G

G
T

C
T

T
T

C
T

G
C

C
C

A
T

G
A

C
 

er
eA

2-
F

 
G

A
A

T
C

C
A

A
G

G
G

A
C

G
A

C
C

T
A

G
C

 
er

eA
2 

er
eA

2-
R

 
G

T
A

A
A

T
G

A
T

T
G

T
T

G
T

G
C

G
C

C
A

G
C

A
G

 
er

eA
2 

P
1 

G
A

T
G

G
T

A
C

C
T

C
T

C
T

T
G

A
G

G
G

A
G

A
T

A
C

T
T

C
C

G
T

A
C

G
T

G
A

C
T

C
G

T
A

T
A

T
G

G
C

G
G

G
C

G
T

G
G

T
G

G
A

T
G

G
A

A
T

G
G

 

flo
R

-F
 

G
A

G
C

A
T

T
G

A
T

C
G

G
C

G
A

G
T

T
C

T
T

G
G

 
flo

R
 

flo
R

-R
 

A
G

G
T

G
A

G
G

A
A

T
G

A
C

G
G

C
G

A
G

C
 

flo
R

 P
2 

G
C

G
A

G
C

A
T

C
G

C
C

A
G

T
A

T
A

G
C

C
A

A
A

G
T

A
A

T
G

A
A

T
A

T
C

G
C

C
T

G
C

C
A

T
C

C
C

A
A

G
A

A
C

T
C

G
C

C
G

A
T

C
A

A
T

G
C

T
C

 

qa
cE

∆1
-F

 
C

G
C

A
A

T
A

G
T

T
G

G
C

G
A

A
G

T
A

A
T

C
G

 
qa

cE
∆1

 
qa

cE
∆1

-R
 

G
G

C
G

T
C

G
G

C
C

T
C

C
G

C
A

G
C

G
 

qa
cE

∆1
 P

1 
G

C
T

T
G

A
T

G
C

G
T

G
G

G
G

C
T

T
T

G
T

A
G

G
T

A
T

G
G

G
G

C
T

C
A

T
A

A
T

T
G

C
T

G
C

C
T

T
T

T
T

G
C

T
C

G
C

C
C

G
A

T
C

C
C

C
A

T
C

G
 

st
rA

-F
 

T
G

A
T

T
G

C
T

A
A

C
G

C
C

G
A

A
G

A
G

A
A

C
T

G
 

st
rA

 
st

rA
-R

 
G

T
C

C
A

A
T

C
G

C
A

G
A

T
A

G
A

A
G

G
C

A
A

G
G

 
st

rA
 P

2 
C

G
C

T
G

T
C

C
T

A
T

T
C

A
A

T
G

T
A

T
T

G
G

G
G

A
T

C
G

A
A

G
C

C
C

C
C

G
A

C
C

G
C

G
A

A
C

G
C

C
T

T
G

C
C

T
T

C
T

A
T

C
T

G
C

G
A

T
T

G
 

st
rB

-F
 

T
C

G
G

T
C

T
G

G
T

C
G

G
T

G
A

A
G

T
G

G
 

st
rB

 
st

rB
-R

 
G

C
G

T
T

G
C

T
C

C
T

C
T

T
C

T
C

C
A

T
C

C
 

st
rB

 P
1 

A
A

G
G

T
C

G
T

C
T

C
T

G
T

C
A

G
C

C
G

G
A

T
C

G
T

A
G

A
A

C
A

T
A

T
T

G
G

C
G

G
C

G
C

C
A

A
A

G
C

C
C

A
C

T
T

C
A

C
C

G
A

C
C

A
G

A
C

C
 



 
7

su
lII

-F
 

C
G

C
T

C
A

A
G

G
C

A
G

A
T

G
G

C
A

T
T

C
C

 
su

lII
 

su
lII

-R
 

G
G

C
T

C
G

T
G

T
G

T
G

C
G

G
A

T
G

A
A

G
 

su
lII

 P
1 

C
A

C
C

G
A

A
T

G
C

A
T

A
A

C
G

A
C

G
A

G
T

T
T

G
G

C
A

G
A

T
G

A
T

T
T

C
G

C
C

A
A

T
T

G
C

G
G

A
T

A
G

A
A

C
G

C
A

G
C

G
T

C
T

G
G

A
A

A
 

su
lI-

F
 

G
C

T
G

C
G

A
G

T
C

G
G

A
T

C
A

G
A

C
G

 
su

lI 
su

lI-
R

 
C

C
C

A
A

C
G

C
C

G
A

C
T

T
C

A
G

C
 

su
lI 

P
1 

G
A

G
G

C
G

C
G

G
G

T
T

T
C

C
G

C
C

T
T

G
C

G
A

C
G

G
A

G
C

G
G

G
G

T
C

G
C

T
G

C
C

G
A

C
C

G
G

C
T

C
A

T
C

C
T

C
G

A
T

C
C

G
G

G
G

A
T

G
G

 

vc
eA

-F
 

T
T

C
C

A
C

C
G

A
C

A
A

C
G

C
T

T
A

T
G

C
T

G
 

vc
eA

 
vc

eA
-R

 
T

C
A

C
A

C
G

C
T

G
C

T
C

A
T

T
G

G
C

T
T

C
 

vc
eA

 P
1 

G
C

A
C

T
C

G
C

A
A

A
A

C
G

C
C

G
T

G
T

A
C

G
T

A
G

C
T

A
T

C
T

C
G

C
T

A
A

T
G

A
C

G
A

A
G

G
T

T
T

A
A

G
T

G
C

T
A

T
G

G
T

G
G

A
A

G
C

A
C

 

vc
eB

-F
 

T
T

G
G

C
G

G
T

G
A

T
T

G
C

T
G

T
G

A
T

T
G

G
 

vc
eB

 
vc

eB
-R

 
C

T
G

A
T

T
C

C
A

T
T

T
C

G
T

G
C

G
G

T
T

T
G

A
C

 
vc

eB
 P

2 
G

T
C

G
G

A
A

T
A

C
C

T
T

T
A

A
A

T
C

C
A

C
G

A
C

A
G

G
G

T
T

T
C

G
C

T
C

C
G

T
T

A
G

C
T

C
C

C
A

A
A

T
C

A
A

G
A

A
T

G
C

A
A

T
G

A
A

A
C

C
 

vc
m

A
-F

 
T

G
G

A
T

C
A

T
G

T
T

G
C

T
G

C
T

G
C

T
A

C
T

G
 

vc
m

A
 

vc
m

A
-R

 
G

C
A

T
C

G
C

T
A

A
C

G
C

T
A

C
C

A
C

C
A

C
 

vc
m

A
 P

1 
G

G
T

T
T

A
A

T
G

A
C

T
G

G
C

C
T

T
G

C
C

A
C

T
G

C
G

T
G

T
A

T
T

A
C

C
G

C
G

T
T

G
C

T
C

A
C

C
G

T
G

T
T

G
T

T
T

C
G

T
G

A
A

C
A

G
A

T
C

 

    


