
S
eq
u
en
ce

L
o
g
o
s�

A
N
ew

W
ay

to
D
isp

lay

C
o
n
sen

su
s
S
eq
u
en
ces

T
h
om

as
D
�
S
ch
n
eid

er
�yan

d
R
�
M
ich

ael
S
tep

h
en
s
�

version
�

����
of

logop
ap

er�tex
����

A
u
gu

st
�

N
u
cleic

A
cid

s
R
esearch

�
��	


���
���
������

A
g
ra
p
h
ica

l
m
e
th
o
d
is
p
re
se
n
te
d
fo
r
d
isp

la
y
in
g
th
e
p
a
tte

rn
s
in

a
se
t
o
f
a
lig

n
e
d
se
q
u
e
n
ce
s�

T
h
e
ch
a
ra
cte

rs
re
p
re
se
n
tin

g
th
e
se
q
u
e
n
ce

a
re

sta
ck
e
d
o
n
to
p
o
f
e
a
ch

o
th
e
r
fo
r
e
a
ch

p
o
sitio

n
in

th
e
a
lig

n
e
d

se
q
u
e
n
ce
s�

T
h
e
h
e
ig
h
t
o
f
e
a
ch

le
tte

r
is

m
a
d
e
p
ro
p
o
rtio

n
a
l
to

its
fre

q
u
e
n
cy�

a
n
d
th
e
le
tte

rs
a
re

so
rte

d
so

th
e
m
o
st

co
m
m
o
n
o
n
e
is

o
n
to
p
�
T
h
e
h
e
ig
h
t
o
f
th
e
e
n
tire

sta
ck

is
th
e
n
a
d
ju
ste

d
to

sig
n
ify

th
e
in
fo
rm

a
tio

n
co
n
te
n
t
o
f
th
e
se
q
u
e
n
ce
s
a
t
th
a
t
p
o
sitio

n
�
F
ro
m

th
e
se

�se
q
u
e
n
ce

lo
g
o
s��

o
n
e
ca
n
d
e
te
rm

in
e
n
o
t
o
n
ly

th
e
co
n
se
n
su
s

se
q
u
e
n
ce

b
u
t
a
lso

th
e
re
la
tiv

e
fre

q
u
e
n
cy

o
f
b
a
se
s
a
n
d
th
e
in
fo
r�

m
a
tio

n
co
n
te
n
t
�m

e
a
su
re
d
in

b
its�

a
t
e
v
e
ry

p
o
sitio

n
in

a
site

o
r

se
q
u
e
n
ce
�
T
h
e
lo
g
o
d
isp

la
y
s
b
o
th

sig
n
i	
ca
n
t
re
sid

u
e
s
a
n
d
su
b
tle

se
q
u
e
n
ce

p
a
tte

rn
s�

IN
T
R
O
D
U
C
T
IO

N
A

logo
is

�a
sin

gle
p
iece

of
ty

p
e

b
earin

g
tw

o
or

m
ore

u
su

ally
sep

arate
ele�

m
en

ts�
����

In
th

is
p
ap

er	
w

e
u

se
logos

to
d

isp
lay

align
ed

sets
of

seq
u

en
ces�

S
eq

u
en

ce
logos

con
cen

trate
th

e
follow

in
g

in
form

ation
in

to
a

sin
gle

grap
h

ic
�
����

T
h
e

gen
eral

con
sen

su
s

of
th

e
seq

u
en

ces�

�N
a
tio

n
a
l
C
a
n
cer

In
stitu

te�
F
red

erick
C
a
n
cer

R
esea

rch
a
n
d
D
ev
elo

p
m
en
t
C
en
ter�

L
a
b
�

o
ra
to
ry

o
f
M
a
th
em

a
tica

l
B
io
lo
g
y�
P
�
O
�
B
o
x
B
�
F
red

erick
�
M
D

�
�
�
�
�
�
In
tern

et
a
d
d
resses	

to
m
s


n
cifcrf�g

o
v
a
n
d
step

h
en
s


n
cifcrf�g

o
v
�

yco
rresp

o
n
d
in
g
a
u
th
o
r

�




�
T

h
e

ord
er

of
p
red

om
in

an
ce

of
th

e
resid

u
es

at
every

p
osition

�

��
T

h
e

relative
freq

u
en

cies
of

every
resid

u
e

at
every

p
osition

�

�
T

h
e

am
ou

n
t

of
in

form
ation

p
resen

t
at

every
p

osition
in

th
e

seq
u

en
ce	

m
easu

red
in

b
its�

��
A

n
in

itiation
p

oin
t	

cu
t

p
oin

t	
or

oth
er

sign
i�

can
t

lo
cation

�if
ap

p
ro�

p
riate��

A
n
y

align
ed

set
of

D
N

A
	

R
N

A
or

p
rotein

seq
u

en
ces

can
b

e
rep

resen
ted

u
sin

g
th

is
tech

n
iq

u
e�

C
R
E
A
T
IO

N
O
F
B
IN

D
IN

G
S
IT

E
L
O
G
O
S

T
o

create
a

logo
from

a
set

of
seq

u
en

ces	
th

e
seq

u
en

ces
are

�
rst

align
ed

rel�
ative

to
on

e
an

oth
er�

F
or

ex
am

p
le	

a
set

of
rib

osom
e

b
in

d
in

g
seq

u
en

ces
can

b
e

align
ed

at
th

e
tran

slation
al

in
itiation

p
oin

t
����

A
tab

le
of

freq
u

en
cies

of
each

b
ase

at
each

p
osition

is
th

en
con

stru
cted

�
T

h
e

freq
u

en
cy

tab
le

is
ex

am
�

in
ed

at
each

in
d
iv

id
u
al

p
osition

an
d

sorted
b
y

th
e

freq
u

en
cy

of
b

ases�
T

h
e

m
ost

freq
u
en

t
b
ase	

called
th

e
�con

sen
su

s�
b

ase	
ap

p
ears

on
th

e
top

of
th

e
�

n
al

grap
h
ic

an
d

is
com

m
on

ly
u

sed
to

rep
resen

t
th

e
p

attern
of

a
seq

u
en

ce
���

H
ow

ever	
a

con
sen

su
s

seq
u

en
ce

d
o
es

n
ot

rep
resen

t
all

th
e

in
form

ation
in

th
e

seq
u
en

ces
sin

ce
in

m
an

y
cases

oth
er

b
ases

also
ap

p
ear

at
a

sign
i�

can
t

freq
u
en

cy�
F

or
ex

am
p
le	

th
e

p
ro

caryotic
in

itiation
co

d
on

	
w

h
ich

is
p

red
om

�
in

an
tly

A
U

G
	

also
h
as

G
U

G
an

d
U

U
G

on
o
ccasion

�
If

on
e

ign
ores

th
ese

p
ossib

ilities	
on

e
h
as

d
istorted

th
e

d
ata�

T
h

is
is

on
e

of
several

reason
s

w
h
y

th
e

con
sen

su
s

seq
u
en

ce
is

a
p

o
or

m
o
d

el
for

b
in

d
in

g
sites

��	
���

T
h

e
im

p
ortan

ce
of

a
p
articu

lar
p

osition
in

a
b

in
d

in
g

site
is

m
ore

clearly
an

d
con

sisten
tly

given
b
y

th
e

in
form

ation
req

u
ired

to
d

escrib
e

th
e

p
attern

th
ere

��	
���

T
o

ch
o
ose

on
e

sy
m

b
olor

state
from

tw
o

eq
u

ally
likely

p
ossib

ilities
req

u
ires

on
e

�b
it�

of
in

form
ation

�
F

or
ex

am
p

le	
to

com
m

u
n

icate
th

e
resu

lt
of

a
coin

��
ip

to
som

eon
e

req
u
ires

�
b
it

of
in

form
ation

b
ecau

se
on

ly
on

e
yes�n

o
q
u

estion
n
eed

s
to

b
e

an
sw

ered
�

�Is
it

h
ead

s���
If

a
p

osition
in

a
b

in
d

in
g

site
alw

ay
s

con
tain

s
on

e
b
ase

�e�g�
G

�	
th

en
w

e
n

eed
ex

actly
tw

o
b

its
of

in
form

ation
sin

ce
tw

o
yes�n

o
q
u

estion
s

n
eed

to
b

e
an

sw
ered

�
�Is

it
A

or
G

��
�i�e�

is
it

a
p
u
rin

e��
an

d
�Is

it
A

or
C

���
�If

th
e

an
sw

ers
to

b
oth

q
u

estion
s

are
�n

o�	
it

m
u
st

b
e

a
T

��
F

u
rth

erm
ore	

if
a

p
osition

con
tain

s
tw

o
b
ases

�e�g�
som

etim
es

A
an

d
som

etim
es

G
�	

on
ly

on
e

q
u

estion
su

�
ces

sin
ce

a
tw

o
ou

t
of






fou
r

ch
oice

is
eq

u
ivalen

t
to

a
on

e
ou

t
of

tw
o

ch
oice�

T
h

erefore	
on

ly
on

e
b

it
is

n
eed

ed
to

d
escrib

e
a

p
osition

in
a

b
in

d
in

g
site

th
at

con
tain

s
on

ly
p

u
rin

es	
b

u
t

tw
o

b
its

are
n
eed

ed
to

d
escrib

e
a

p
osition

th
at

alw
ay

s
con

tain
s

ad
en

in
e�

If
th

e
freq

u
en

cies
of

b
ases

are
n
ot

ex
actly

eq
u

i�p
rob

ab
le	

th
en

a
m

ore
sop

h
isticated

calcu
lation

is
n

eed
ed

to
�
n
d

th
e

average
in

form
ation

at
a

p
o�

sition
�

In
���	

C
lau

d
e

S
h
an

n
on

sh
ow

ed
h

ow
to

d
o

th
is

��	
���

F
ollow

in
g

S
h

an
n
on

	
w

e
d
e�

n
e

th
e

u
n
certain

ty
m

easu
re

as�

H
�l�

�
�

t
Xb
�
a

f
�b�l�

log
�
f

�b�l�
�b

its
p

er
p

osition
�

���

w
h

ere
H

�l�
is

th
e

u
n
certain

ty
at

p
osition

l	
b

is
on

e
of

th
e

b
ases

�a
	
c	

g
	

or
t�	

an
d
f

�b�l�
is

th
e

freq
u
en

cy
of

b
ase

b
at

p
osition

l�
T

otal
in

form
ation

at
th

e
p

osition
is

rep
resen

ted
b
y

th
e

d
ecrease

in
u

n
certain

ty
as

th
e

b
in

d
in

g
site

is
lo

cated
�or

align
ed

��

R
s
e
q
u
e
n
c
e �l�

�


�

�H
�l�

�
e�n

��
�b

its
p

er
p

osition
�

�
�

w
h

ere
R

s
e
q
u
e
n
c
e �l�

is
th

e
am

ou
n
t

of
in

form
ation

p
resen

t
at

p
osition

l	



is
th

e
m

ax
im

u
m

u
n
certain

ty
at

an
y

given
p

osition
	

an
d
e�n

�
is

a
correction

factor
req

u
ired

w
h
en

on
e

on
ly

h
as

a
few

�n
�

sam
p

le
seq

u
en

ces
����

T
h

e
en

tire
set

of
R

s
e
q
u
e
n
c
e �l�

valu
es

form
s

a
cu

rve
th

at
rep

resen
ts

th
e

im
p

ortan
ce

of
variou

s
p

osition
s

in
th

e
b

in
d

in
g

site
��	

��	
����

T
h

e
h

eigh
t

of
th

is
cu

rve
is

th
e

h
eigh

t
of

th
e

logo
at

th
at

p
osition

�
T

h
e

size
of

each
b

ase
p

rin
ted

in
a

logo
is

d
eterm

in
ed

b
y

m
u

ltip
ly

in
g

th
e

freq
u

en
cy

of
th

at
b

ase
b
y

th
e

total
in

form
ation

at
th

at
p

osition
�

h
eigh

t
of

b
ase

b
at

p
osition

l
�

f
�b�l�R

s
e
q
u
e
n
c
e �l��

���

T
h

e
b
ases

are
th

en
stacked

on
top

of
each

oth
er

in
in

creasin
g

ord
er

of
th

eir
freq

u
en

cies
an

d
p

lotted
�

V
ertical

b
ars

serve
b

oth
as

ju
n

ction
m

arkers
an

d
as

size
m

arkers�
T

h
e

logos
as

w
e

h
ave

d
escrib

ed
th

em
d

o
n
ot

accou
n
t

for
th

e
sp

acin
g

b
etw

een
p
arts

of
a

b
in

d
in

g
site	

as
w

ith
rib

osom
e

b
in

d
in

g
sites

�S
h

in
e

an
d

D
algarn

o
to

in
itiation

co
d
on

�
or

p
ro

caryotic
p

rom
oters

����
to

�����
W

h
en

a
b

in
d
in

g
site

h
as

tw
o

p
arts	

it
is

p
ossib

le
to

align
b

oth
p

ortion
s

an
d

create
a

logo
for

each
�

T
h
e

sp
acin

g
cou

ld
b

e
in

d
icated

b
y

a
h

istogram
th

at
sh

ow
s

th
e

freq
u
en

cy
d
istrib

u
tion

of
th

e
sp

acin
g�

A
ltern

atively	
a

logo
cou

ld
b

e
created

for
each

sp
acin

g�
S
in

ce
variab

le
sp

acin
g

red
u

ces
th

e
overall

in
form

ation
con

�
ten

t
of

a
p
attern

	
th

e
len

gth
of

a
d

ow
n
w

ard
p

oin
tin

g
arrow

cou
ld

b
e

u
sed

to

�



in
d

icate
th

e
am

ou
n
t

of
p

attern
red

u
ction

�
�S

ee
th

e
d

iscu
ssion

of
th

is
issu

e
in

�����In
cases

w
h
ere

th
ere

are
few

seq
u

en
ces	

a
m

ean
in

gfu
llogo

can
n

ot
b

e
m

ad
e�

O
n

e
seq

u
en

ce
d
o
es

n
ot

tell
an

y
th

in
g

ab
ou

t
th

e
p
attern

th
at

is
recogn

ized
an

d
th

e
sam

p
lin

g
correction

w
ill

force
th

e
logo

to
b

e
com

p
letely

�
at

����
H

ow
ever	

an
ex

p
erim

en
tal

tech
n
iq

u
e

h
as

b
een

d
ev

ised
w

h
ich

can
b

e
u

sed
to

d
eterm

in
e

th
e

freq
u
en

cy
tab

le
f

�b�l�
from

sy
n
th

etically
created

b
in

d
in

g
sites

��
�	
an

d
th

is
can

b
e

u
sed

to
create

th
e

logo
�F

igu
re

���
In

th
e

case
of

p
rotein

seq
u

en
ces	

w
e

u
se

th
e

form
u

lation

R
s
e
q
u
e
n
c
e �l�

�
log

�

�
�

�H
�l�

�
e�n

��
�b

its
p

er
p

osition
�

��

sin
ce

th
e

h
igh

est
p

ossib
le

u
n
certain

ty
is

from

�

eq
u

i�p
rob

ab
le

am
in

o
acid

s�
G

ap
s

are
in

tro
d
u
ced

in
to

p
rotein

seq
u

en
ces

w
h

en
th

ey
are

align
ed

�����
T

o
avoid

con
fu

sion
w

ith
th

e
sm

all
sam

p
le

size
p

rob
lem

d
iscu

ssed
ab

ove	
su

p
p

ose
th

at
w

e
h
ad

an
align

m
en

t
of

��
�

seq
u

en
ces	

an
d

th
at

at
on

e
p

osition
���

h
ad

a
gap

in
serted

an
d

th
e

rem
ain

in
g

���
h

ad
a

P
�

S
u

ch
a

p
osition

w
ou

ld
ap

p
ear

in
th

e
logo

as
stron

gly
con

served
	

even
th

ou
gh

it
ex

ists
in

on
ly

a
sm

all
fraction

of
th

e
seq

u
en

ces�
T

o
avoid

b
ein

g
fo

oled
b
y

su
ch

cases	
th

ey
are

su
p

p
ressed

b
y

ad
ju

stin
g

th
e

h
eigh

t
of

th
e

stack
of

letters
b
y

th
e

p
rop

ortion
of

th
e

d
ata

availab
le�

T
h
u
s

th
e

P
w

ou
ld

b
e

red
u

ced
to

���
of

its
u

n
su

p
p

ressed
h

eigh
t�

L
ogos

w
ere

created
u
sin

g
th

e
P

ascal
���

p
rogram

s
of

th
e

D
elila

sy
stem

���	
����

A
ll

p
rogram

s
d
escrib

ed
h

ere
are

availab
le

on
variou

s
m

ed
ia	

in
clu

d
�

in
g

m
agn

etic
tap

e	
�
op

p
y

d
isk

	
electron

ic
m

ail
�con

tact�
tom

s�
n

cifcrf�gov
�

an
d

in
tern

et
�
le

tran
sfer

p
roto

col
�ftp

n
cifcrf�gov

	
p

assw
ord

�
an

on
y
m

ou
s	

in
d

irectory
p
u
b
�d

elila��
In

form
ation

cu
rves

for
D

N
A

an
d

R
N

A
seq

u
en

ces
w

ere
calcu

lated
b
y

th
e

R
seq

an
d

S
ites

p
rogram

s
accord

in
g

to
th

e
m

eth
o
d

s
given

in
��	

��	
�
�

an
d

con
verted

to
a

u
seab

le
form

at
u

sin
g

a
p
rogram

called
D

alvec�
In

form
ation

cu
rves

for
align

ed
p

rotein
seq

u
en

ces
w

ere
calcu

lated
b
y

a
p

ro�
gram

called
A

lp
ro�

T
h
e

M
akeL

ogo
p

rogram
sorts

th
e

b
ases

or
am

in
o

acid
s

given
b
y

D
alvec

or
A

lp
ro

b
y

th
eir

freq
u

en
cy

an
d

p
ro

d
u

ces
th

e
logo

in
th

e
grap

h
ics

lan
gu

age
P

ostS
crip

t
�R

���	
����

E
ach

ch
aracter

in
th

e
logo

can
b

e
assign

ed
a

color	
an

d
can

b
e

d
raw

n
�

lled
�in

or
as

an
ou

tlin
e�

T
h

e
vertical

sizes
of

C
	

G
an

d
th

e
b

ar
��

�
ch

aracters
w

ere
ad

ju
sted

to
m

atch
th

e
sizes

of
A

an
d

T
sin

ce
C

	
G

an
d
�

ex
ten

d
ab

ove
an

d
b

elow
A

an
d

T
in

th
e

H
elvetica�

B
old

fon
t

w
e

u
sed

�
T

o
allow

for
p
rotein

s
an

d
oth

er
seq

u
en

ces	
O

	
Q

	
S

	
J

an
d

U
w

ere
also

ad
ju

sted
�

O
u

tlin
e

fon
ts

w
ere

clip
p

ed
so

th
at

th
ey

w
ou

ld





stay
w

ith
in

th
e

b
ou

n
d
s

of
th

ese
ad

ju
sted

sizes�
T

h
e

logos
w

ere
p

rin
ted

on
an

A
p

p
le
�R

L
aserw

riter
�R

IIn
tx

�

IN
T
E
R
P
R
E
T
A
T
IO

N
O
F
B
IN

D
IN

G
S
IT

E
L
O
G
O
S

L
ogos

con
tain

several
d
i�

eren
t

ty
p

es
of

in
form

ation
�

F
irst	

at
each

p
osition

th
e

b
ases

are
arran

ged
in

ord
er

of
p

red
om

in
an

ce
from

top
to

b
ottom

	
w

ith
th

e
h

igh
est�freq

u
en

cy
b
ase

b
ein

g
on

top
of

th
e

stack
�

T
h

e
gen

eral
con

sen
su

s
can

b
e

fou
n
d

b
y

read
in

g
th

e
top

b
ase

at
every

p
osition

�
In

ad
d

ition
	

th
e

relative
size

of
th

e
in

d
iv

id
u
al

b
ases

sh
ow

s
th

e
relative

freq
u

en
cy

of
th

e
fou

r
b

ases
at

a
p

osition
�

If
a

letter
is

large
com

p
ared

to
th

e
oth

er
letters

in
a

colu
m

n
	

th
en

its
freq

u
en

cy
at

th
at

p
osition

is
h

igh
�

C
on

versely	
letters

th
at

are
sm

all
w

h
en

com
p
ared

to
th

e
oth

ers
in

th
eir

colu
m

n
h

ave
low

freq
u

en
cies�

R
elative

letter
sizes

p
rob

ab
ly

on
ly

h
ave

m
ean

in
g

in
th

e
colu

m
n

th
ey

resid
e

in
	

alth
ou

gh
w

e
n
ote

th
e

cu
riou

s
con

sisten
cy

in
h

eigh
t

of
th

e
p
y
rim

id
in

es
b

elow
th

e
S
h
in

e
an

d
D

algarn
o

p
u

rin
es

����
in

F
igu

re
��

A
sim

ilar
e�

ect
is
�

F
ig

�
ob

served
for

th
e

p
u
rin

es
b

elow
th

e
p
y
rim

id
in

e
tract

at
th

e
�
�

en
d

s
of

in
tron

s
�in

p
rep

aration
��

T
h

e
h
eigh

t
of

th
e

en
tire

stack
is

p
rop

ortion
al

to
th

e
in

form
ation

at
th

at
p

osition
in

th
e

b
in

d
in

g
site�

T
h

e
m

ost
im

p
ortan

t
p

osition
s

are
easily

sp
otted

	
yet

su
b
tle

p
attern

s
can

also
b

e
ob

served
�

F
or

ex
am

p
le	

th
e

red
u

ction
in

th
e

h
eigh

t
of

th
e

�
rst

b
ase

of
th

e
in

itiation
co

d
on

in
F

igu
re

�
re�

ects
th

e
p

resen
ce

of
th

e
altern

ative
b
ases

th
at

ap
p

ear
b

elow
th

e
A

�
T

h
e

logo
in

F
igu

re



sh
ow

s
th

e
cI

an
d
cro

b
in

d
in

g
sites

in
b

acteriop
h

age
�

F
ig



�

�
It

d
em

on
strates

th
at

�for
u

n
k
n

ow
n

reason
s�

th
e

b
ases

in
th

e
b

in
d

in
g

site
h

ave
altern

atively
vary

in
g

im
p

ortan
ce�

T
o

create
th

is
logo	

b
oth

th
e

seq
u

en
ces

an
d

th
eir

com
p
lem

en
ts

w
ere

u
sed

	
so

th
e

resu
ltin

g
logo

sh
ow

s
d

yad
sy

m
m

etry
ab

ou
t

th
e

cen
tral

b
ase�

In
com

p
arison

to
th

e
oth

er
b

in
d

in
g

sites	
th

e
p

attern
at

T
�

p
rom

oters
in

th
e

p
h
age

gen
om

e
is

d
en

se
�F

igu
re

�	
u
p

p
er

logo�
an

d
con

tain
s

m
ore

in
form

a�
�

F
ig

�
tion

th
an

on
e

w
ou

ld
ex

p
ect

����
H

ow
ever	

w
h

en
an

ex
p

erim
en

t
is

p
erform

ed
to

d
eterm

in
e

w
h
at

com
p

on
en

ts
are

im
p

ortan
t

to
th

e
R

N
A

p
oly

m
erase

��
�	
on

ly
h
alf

of
th

e
p
attern

rem
ain

s
�F

igu
re

�	
low

er
logo��

T
h

e
ex

cess
p

attern
is

th
ou

gh
t

to
rep

resen
t

th
e

b
in

d
in

g
site

of
an

oth
er

D
N

A
b

in
d

in
g

p
rotein

����
T

h
e

logos
clearly

sh
ow

th
e

d
i�

eren
ce

b
etw

een
th

e
p

attern
p

resen
t

in
th

e
p

h
age

gen
om

e
an

d
th

e
p
attern

req
u

ired
b
y

th
e

T
�

R
N

A
p

oly
m

erase
alon

e�
F

in
ally	

logos
can

b
e

u
sed

to
d

isp
lay

align
ed

p
rotein

seq
u

en
ces	

as
illu

s�
trated

in
F

igu
re

�
T

h
e

con
servation

of
several

in
tern

al
h
y
d

rop
h

ob
ic

am
in

o
�

F
ig



�



acid
s

�
��
can

easily
b

e
seen

in
th

is
p

rotein
logo�

W
e

th
an

k
M

orton
S

ch
u
ltz	

P
eter

L
em

k
in

	
D

en
ise

R
u

b
en

s	
M

ich
ael

Y
arm

olin
sk

y	
P

eter
R

ogan
	

Je�
rey

S
trath

ern
	

D
ou

g
H

alverson
	

an
d

H
u

go
M

artin
ez

for
th

eir
com

m
en

ts
on

th
e

m
an

u
scrip

t	
Josep

h
M

ack
for

su
p
p
ly

�
in

g
th

e
align

ed
glob

in
seq

u
en

ces	
E

ric
M

iller
for

p
oin

tin
g

ou
t

th
e

grap
h

ical
tech

n
iq

u
e

d
ev

ised
b
y

R
ezn

iko�
an

d
M

cC
lu

re
��

an
d

th
e

m
em

b
ers

of
th

e
A

d
�

van
ced

S
cien

ti�
c

C
om

p
u
tin

g
L

ab
oratory

for
th

eir
tech

n
ical

su
p

p
ort�

R
�

M
�

S
tep

h
en

s
w

as
su

p
p

orted
b
y

th
e

N
C

I�F
C

R
D

C
S

tu
d

en
t

In
tern

P
rogram

an
d

th
e

N
IH

�F
A

E
S

M
on

es
B

erm
an

M
em

orial
F

u
n

d
�

�



E
. coli R

ibosom
e binding sites

-18 

GCA T

-17 

C G T A

-16 

G C T A

-15 

C G A T

-14 

G C T A

-13 

C T G A

-12 

C T G A

-11 

C T A G

-10 

T C A G

-9 

C T A G

-8 

C T A G

-7 

C T G A

-6 

C G A T

-5 

C G T A

-4 

G C T A

-3 

G T C A

-2 

G C A T

-1 

G C T A |
0 

T G A
1 

T
2 

G
3 

C T G A

4 

T G A C

5 

G C A T
6 

T G C A
7 

G C T A
8 

G C T A

F
igu

re
��

L
ogo

for
E
�
co
li

rib
osom

e
b

in
d

in
g

sites�
O

n
ly

���
to

�
�

of
th

e
�
�

to
�

��
site

is
sh

ow
n

�
T

h
e

�
rst

tran
slated

co
d
on

is
ju

st
to

th
e

righ
t

of
th

e



b
it

h
igh

vertical
b

ar�
��

n
atu

ral
sites

w
ere

u
sed

to
create

th
e

logo
����

�



12 L
am

bda cI and cro binding sites

|
-9 

G A C T

-8 

A C T

-7 

A
-6 

C A T

-5 

C
-4 

C T A

-3 

T C
-2 

G T C

-1 

C T G

0 

T A G C

1 

G A C

2 

C A G

3 

A G
4 

G A T
5 

G
6 

T G A

7 

T
8 

T G A
9 

T C G A |
F

igu
re


�
L

ogo
for

b
acteriop

h
age

L
am

b
d
a

cI
an

d
cro

b
in

d
in

g
sites�

T
h

e
�

n
atu

ral
op

erators
an

d
th

eir
com

p
lem

en
tary

seq
u

en
ces

w
ere

u
sed

to
create

th
e

logo
����

�



P
attern at T

7 R
N

A
 polym

erase binding sites

-21 

TCG A

-20 

G T A

-19 

C T G A

-18 

C G A T

-17 

C T
-16 

T A
-15 

A
-14 

T
-13 

C T A
-12 

G C
-11 

A G
-10 

A
-9 

C
-8 

T
-7 

C
-6 

A
-5 

G C
-4 

T
-3 

A
-2 

A T

-1 

T A |
0 

A G

1 

A G

2 

A G

3 

G A

4 

C A G

5 

T C A

6 

TG C A

P
attern required by T

7 R
N

A
 polym

erase to function

-21 

TA G C

-20 

G T C A

-19 

A G

-18 
-17 

G C T A

-16 

T A G

-15 

T C A

-14 

A T

-13 

G C A T

-12 

C
-11 

G A

-10 

GC A T

-9 

C
-8 

T
-7 

C
-6 

CTG A

-5 

C
-4 

G A T C

-3 
-2 

A T
-1 

TAC G |
0 

T A G

1 

T C A G

2 

TA G C

3 

TG A C

4 
5 

GT A C

F
igu

re
��

L
ogo

for
seq

u
en

ces
at

T
�

R
N

A
p

oly
m

erase
b

in
d

in
g

sites
in

th
e

b
ac�

teriop
h
age

T
�

gen
om

e
�u

p
p

er
logo�

an
d

logo
for

th
e

p
attern

th
at

is
req

u
ired

for
T

�
R

N
A

p
oly

m
erase

alon
e

to
fu

n
ction

�low
er

logo��
T

h
e

�
rst

tran
scrib

ed
b
ase

is
ju

st
to

th
e

righ
t

of
th

e



b
it

h
igh

vertical
b

ars�
T

h
e

��
n
atu

ral
p
rom

oter
region

s
w

ere
u
sed

to
gen

erate
th

e
u

p
p

er
logo

����
��

p
rom

oter
varian

ts
w

ere
u

sed
to

gen
erate

th
e

low
er

logo
��
��

�



A
ligned G

lobin Sequences

|||
61 

MMM QQQ CCC HHH YYY SSS LLL TTT VVV AAA GGG EEE III

62 

QQQ EEE DDD YYY KKK VVV TTT AAA LLL RRR

63 

CCC TTT VVV
III
FFF MMM LLL

64 

WWW YYY LLL FFF
65 

RRR QQQ CCC FFF HHH NNN AAA LLL
III
VVV TTT KKK

66 

QQQ LLL EEE TTT DDD
III
KKK NNN AAA GGG SSS VVV

67 

LLL TTT VVV NNN
III
FFF HHH YYY

68 

AAA KKK QQQ FFF LLL PPP
69 

PPP RRR KKK SSS AAA DDD QQQ TTT WWW EEE

70 

QQQ AAA III KKK TTT
71 

NNN VVV
III

MMM TTT HHH RRR AAA LLL QQQ KKK

72 

SSS AAA NNN
III

GGG KKK DDD EEE PPP TTT RRR

73 

QQQ GGG TTT DDD HHH SSS RRR EEE LLL AAA KKK FFF YYY

74 

VVV MMM SSS AAA FFF
75 

TTT SSS GGG RRR AAA EEE KKK DDD PPP
76 

TTT PPP GGG RRR QQQ AAA DDD NNN SSS KKK HHH
77 

WWW VVV MMM YYY LLL FFF
78 

SSS DDD AAA FFF GGG KKK
79 

KKK AAA EEE SSS GGG NNN HHH DDD
80 

VVV AAA YYY MMM RRR
III
KKK FFF LLL

81 
HHH VVV DDD GGG TTT LLL KKK SSS

82 
RRR QQQ DDD FFF GGG LLL PPP NNN KKK AAA HHH SSS TTT

83 

AAA PPP |||
F

igu
re

�
L

ogo
for

a
p

ortion
of

th
e

glob
in

s�
T

h
e

align
m

en
t

w
as

p
erform

ed
b
y

th
e

p
rogram

d
escrib

ed
b
y

H
ein

����
w

ith
th

e
w

eigh
t

of
an

in
sertion

�d
eletion

of
len

gth
k

b
ein

g
�

�
�
k

�
T

h
e

��
glob

in
seq

u
en

ces
su

p
p
lied

w
ith

th
e

p
rogram

w
ere

u
sed

�
T

h
e

logo
is

of
th

e
con

served
p

ack
in

g
an

d
slid

in
g

con
tacts

at
th

e
en

d
of

th
e

B
th

rou
gh

th
e

b
egin

n
in

g
of

th
e

D
h
elices

of
th

e
glob

in
s

�
���
T

h
e

vertical
b
ar

is
�

b
its

h
igh

�
A

lth
ou

gh
ou

tlin
ed

ch
aracters

take
lon

ger
to

d
raw

	
th

ey
are

easier
to

d
istin

gu
ish

from
on

e
an

oth
er

w
h
en

th
ere

are
m

ore
th

an


ch
aracters�

F
or

ex
am

p
le	

an
F

on
top

of
an

L
is

d
istin

gu
ish

ab
le

from
a

lon
g

E
�

A
s

a
su

b
stitu

te
for

color	
ex

tern
al

p
olar

�N
an

d
Q

�
an

d
ch

arged
�D

	
E

	
K

	
R

an
d

H
�

am
in

o
acid

s
are

ligh
tly

stip
p
led

w
h

ile
am

b
ivalen

t
�P

	
T

	
S
	

C
	

A
	

G
	

Y
an

d
W

�
an

d
in

tern
al

n
on

�p
olar

�F
	

L
	

I	
M

an
d

V
�

am
in

o
acid

s
are

b
lack

�
���

��



R
e
fe
r
e
n
c
e
s

���
A

�
H

�
S
ou

k
h
an

ov
an

d
K

�
E

llis	
�ed

��
�����

W
eb

ster s
II

N
ew

R
iversid

e
U

n
iversity

D
iction

ary	
H

ou
gh

ton
M

i!
in

C
o�	

B
oston

	
M

A
�

�
�
T

u
fte	

E
�

R
�

������
T

h
e

V
isu

al
D

isp
lay

of
Q

u
an

titative
In

form
ation

	
G

rap
h
ics

P
ress	

C
h
esh

ire	
C

on
n

ecticu
t�

���
G

old
	

L
�	

P
rib

n
ow

	
D

�	
S
ch

n
eid

er	
T

�	
S

h
in

ed
lin

g	
S

�	
S

in
ger	

B
�

S
�	

an
d

S
torm

o	
G

�
������

A
n
n
u
�
R
ev�

M
icro

bio
l��


�

	
���"���

��
R

ezn
iko�

	
W

�
S
�

an
d

M
cC

lu
re	

W
�

R
�

������
In

W
�

S
�

R
ezn

iko�
an

d
L

�
G

old
	

�ed
��	

M
ax

im
izin

g
G

en
e

E
x
p

ression
	

B
oston

�
B

u
tterw

orth
s

p
p

�
�"���

���
S
ad

ler	
J�

R
�	

W
aterm

an
	

M
�

S
�	

an
d

S
m

ith
	

T
�

F
�

������
N
u
cl�

A
cid

s

R
es��

�
�

	



�"

���

���
S
torm

o	
G

�
D

�
������

M
eth

�
E
n
zy
m
��
�




	

��"

��

���
S
h
an

n
on

	
C

�
E

�
�����

B
ell

S
y
stem

T
ech

�
J
��
�
�

	
���"
�	

�
�"���
h
ttp

���cm
�b

ell�lab
s�com

�cm
�m

s�w
h

at�sh
an

n
on

d
ay

�p
ap

er�h
tm

l�

���
P

ierce	
J�

R
�

������
A

n
In

tro
d

u
ction

to
In

form
ation

T
h

eory
�

S
y
m

b
ols	

S
ign

als
an

d
N

oise	
D

over
P

u
b

lication
s	

In
c�	

N
ew

Y
ork

secon
d

ed
ition

�

���
S

ch
n
eid

er	
T

�
D

�	
S
torm

o	
G

�
D

�	
G

old
	

L
�	

an
d

E
h

ren
feu

ch
t	

A
�

������
J
�
M
o
l�
B
io
l��
�



	
��"���

����
S

ch
n
eid

er	
T

�
D

�
������

In
G

�
J�

E
rick

son
an

d
C

�
R

�
S

m
ith

	
�ed

��	
M

ax
im

u
m

�E
n
trop

y
an

d
B

ayesian
M

eth
o
d
s

in
S

cien
ce

an
d

E
n

gin
eerin

g	
volu

m
e
�

	
D

ord
rech

t	
T

h
e

N
eth

erlan
d

s�
K

lu
w

er
A

cad
em

ic
P

u
b

lish
ers

p
p
�

��"���

����
F

ield
s	

C
�

������
N
u
cl�

A
cid

s
R
es��

�


	
����"���
�

��
�
S

ch
n
eid

er	
T

�
D

�
an

d
S
torm

o	
G

�
D

�
������

N
u
cl�

A
cid

s
R
es��

�
�

	
���"

���

����
H

ein
	

J�
������

M
eth

�
E
n
zy
m
��
�




	
�
�"���

���
Jen

sen
	

K
�

an
d

W
irth

	
N

�
������

P
ascal

U
ser

M
an

u
al

an
d

R
ep

ort	
S
p
rin

ger�V
erlag	

N
ew

Y
ork

�

��



����
S

ch
n
eid

er	
T

�
D

�	
S
torm

o	
G

�
D

�	
H

aem
er	

J�
S

�	
an

d
G

old
	

L
�

����
�
N
u
cl�

A
cid

s
R
es��

�
�

	
����"��
�

����
S

ch
n
eid

er	
T

�
D

�	
S
torm

o	
G

�
D

�	
Y

aru
s	

M
�

A
�	

an
d

G
old

	
L

�
�����

N
u
cl�

A
cid

s
R
es��

�
�

	
�
�"���

����
A

d
ob

e
S
y
stem

s
In

corp
orated

������
P

ostS
crip

t
L

an
gu

age
R

eferen
ce

M
an

u
al	

A
d
d
ison

�W
esley

P
u

b
lish

in
g

C
om

p
an

y	
R

ead
in

g	
M

A
�

����
A

d
ob

e
S
y
stem

s
In

corp
orated

������
P

ostS
crip

t
L

an
gu

age
T

u
torial

an
d

C
o
ok

b
o
ok

	
A

d
d
ison

�W
esley

P
u

b
lish

in
g

C
om

p
an

y	
R

ead
in

g	
M

A
�

����
S
h
in

e	
J�

an
d

D
algarn

o	
L

�
�����

P
roc�

N
a
tl�

A
ca
d
�
S
ci�

U
S
A
�
�
�

	
��
"

����

�
��
B

ash
ford

	
D

�	
C

h
oth

ia	
C

�	
an

d
L

esk
	

A
�

M
�

������
J
�
M
o
l�
B
io
l��

�
�
�

	
���"
���

�
��
D

ickerson
	

R
�

E
�

an
d

G
eis	

I�
������

H
em

oglob
in

�
S

tru
ctu

re	
F

u
n

ction
	

E
volu

tion
	

an
d

P
ath

ology	
T

h
e

B
en

jam
in

�C
u

m
m

in
gs

P
u

b
lish

in
g

C
o�	

In
c�	

M
en

lo
P

ark
	

C
aliforn

ia�

�



