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IT CAN BE HARD TO SEE
THE BIG PICTURE. 

HOW CAN ONE UNDERSTAND THE WHOLE 
IF ONLY A PART CAN BE SEEN? 
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HOW CAN A PERSON STAND APART FROM THE CROWD

IF THEY DON’T KNOW WHO THEY ARE?
HOW COULD COPERNICUS, GALILEO, AND NEWTON HAVE REVOLUTIONIZED SCIENCE 
WITHOUT STUDYING THE COSMOS AS THE SUM OF ITS PARTS?

It
 s

ou
n

d
s 

fa
r-

fe
tc

h
ed

, 
b

u
t 

th
at

’s
 w

h
at

 t
h

e 
N

IA
C

 i
s 

fo
r.

 F
or

m
ed

 i
n

 1
99

8 
an

d
  

op
er

at
ed

 b
y 

th
e 

U
n

iv
er

si
ti

es
 S

p
ac

e 
R

es
ea

rc
h

 A
ss

oc
ia

ti
on

, t
h

e 
N

IA
C

 e
x

is
ts

 t
o  

fu
n

d
 s

tu
d

ie
s 

of
 “

re
vo

lu
ti

on
ar

y 
ae

ro
n

au
ti

ca
l 

an
d

 s
p

ac
e 

co
n

ce
p

ts
” 

th
at

 c
ou

ld
 

fo
rm

 t
h

e 
b

as
is

 o
f N

A
SA

 m
is

si
on

s 
in

 1
0 

to
 4

0 
ye

ar
s.

T
h

e b
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e p
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 d
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e p
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TO RISE ABOVE THE NOISY CROWD,

WE HAVE TO STEP BACK.
WAY BACK.
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IN SPACE ALL IS QUIET,
PERSPECTIVE IS GAINED
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AND THE UNIVERSE BECOMES DISTILLED

INTO A COLLECTION
OF GLOBES, DUST AND VAPOR.
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TO GAIN PERSPECTIVE, 

WE HAVE TO LOOK AWAY
FROM THE SCREEN, 
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o d
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AND THROUGH THE CLOUDS.OUT THE WINDOW
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ration
 an

d
 th
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 s
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WHEN YOU SEE THE BIG PICTURE, 
YOU CAN TRULY KNOW YOURSELF. 

Sn
ow

 con
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ere n
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 an
d

 in
 p
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th
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to a k
n

ife-ed
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u
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ey p
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d
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ly an
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ed
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m
m

it b
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9 a.m
. T

h
e loop

in
g rid

ge a
h

ead
 w

as w
eigh

ed
 d

ow
n
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ith

 h
eav

y sn
ow

 corn
ices 

overh
an

gin
g th

e frigh
tfu

lly steep
 East, or K

an
gsh

u
n

g Face. T
h

ey took stock of 

h
ow

 m
u

ch
 ox

ygen
 w
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in
g

, an
d

 th
en

 H
illary led

 a trick
y an

d
 d

iffi
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lt 

p
ath
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in

g th
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ices on
 on
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e an

d
 steep

 slop
es on

 th
e oth

er.
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 c
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om
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h
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h
. T

h
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n
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n
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f 
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n
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d

v
an

ce
 f
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m
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er

ia
l 

p
h

ot
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ra
p

h
s,

 b
u

t 
d
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n
ot
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n

ow
 w

h
et
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 b
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n
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d

. L
u

ck
il

y,
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n

d
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 c
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w
h
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h
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e 

w
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b
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p
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ja
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 T
h

e 
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le
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 c
a
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h

e 
H
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la
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p
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.
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d
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d
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e p
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u
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b

ack p
rogress 

a
lon

g th
e su

m
m
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n
til fi

n
a

lly th
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ey h

ad
 p
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 th

e last corn
er. 

A
h

ead
 of th

em
 lay on

ly a sn
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y d
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d
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 of T
ib

et. ‘A
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m
ore w

h
acks of th

e ice a
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 th
e fi
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, an

d
 w
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,’ H
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d
escrib

ed
 later. It w
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. an

d
 th

e h
igh

est p
oin

t on
 earth
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ad

 at last 

b
een

 trod
d

en
 b

y m
an

.

MOVE THE CROWD. 
UNDERSTAND YOUR WORLD.UNDERSTAND YOUR WORLD.
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is
 b

u
il

t 

a
n

d
 r

u
n

 w
it

h
 f

ew
er

 t
h

a
n

 1
0

0,
0

0
0 

k
in

d
s 

of
 p

ro
te

in
 m

ol
ec

u
le

s.
 A

n
d

 f
or

 e
ac

h
 o

f 

th
es

e 
p

ro
te

in
s,

 w
e 

ca
n

 i
m

ag
in

e 
a 

si
n

g
le

 c
or

re
sp

on
d

in
g 

ge
n

e 
(t

h
ou

g
h

 t
h

er
e 

is
 s

om
et

im
es

 s
om

e 
re

d
u

n
d

a
n

cy
) 

w
h

os
e 

jo
b

 i
t 

is
 t

o 
en

su
re

 a
n

 a
d

eq
u

at
e 

a
n

d
 

ti
m

el
y 

su
p

p
ly

. 
co
n
ti
n
u
ed
—

THERE IS SO MUCH LIFE 

In
 a m

ateria
l sen

se, th
en

, a
ll of th

e su
b

tlety of ou
r sp

ecies, a
ll of ou

r art an
d

 

scien
ce, is u

ltim
ately accou

n
ted

 for b
y a su

rp
risin

gly sm
a

ll set of d
iscrete 

gen
etic in

stru
ction

s. M
ore su

rp
risin

g still, th
e d

ifferen
ces b

etw
een

 tw
o  

u
n

related
 in

d
iv

id
u

a
ls, b

etw
een

 th
e m

an
 n

ex
t d

oor an
d

 M
ozart, m

ay refl
ect 

a m
ere h

an
d

fu
l of d

ifferen
ces in

 th
eir gen

om
ic recip

es—
p

erh
ap

s on
e a

ltered
 

w
ord

 in
 fi

ve h
u

n
d

red
.

THAT ESCAPES THE EYE.



W
e 

a
re

 f
a

r 
m

or
e 

a
li

ke
 t

h
a

n
 w

e 
a

re
 d

if
fe

re
n

t.
 A

t 
th

e 
sa

m
e 

ti
m

e,
 t

h
er

e 
is

 r
oo

m
 

fo
r 

n
ea

r-
in

fi
n

it
e 

v
a

ri
et

y.

It
 i

s 
n

o 
ov

er
st

at
em

en
t 

to
 s

ay
 t

h
at

 t
o 

d
ec

od
e 

ou
r 

30
,0

0
0 

ge
n

es
 i

n
 s

om
e 

fu
n

-

d
a

m
en

ta
l 

w
ay

 w
ou

ld
 b

e 
a

n
 e

p
oc

h
a

l 
st

ep
 t

ow
a

rd
 u

n
ra

ve
li

n
g 

th
e 

m
a

n
if

ol
d

  

m
y

st
er

ie
s 

of
 li

fe
. THE HECTIC PACE OF MODERN LIFE 

O
n

e of th
e cen

tra
l goa

ls of th
e H

u
m

a
n

 G
en

om
e P

roject is to p
rod

u
ce a  

d
eta

iled
 “m

ap” of th
e h

u
m

a
n

 gen
om

e. B
u

t, ju
st as th

ere a
re top

ograp
h

ic m
ap

s 

a
n

d
 p

olitica
l m

ap
s a

n
d

 h
ig

h
w

ay m
ap

s of th
e U

n
ited

 States, so th
ere a

re d
if-

feren
t k

in
d

s of gen
om

e m
ap

s, th
e v

a
riety of w

h
ich

 is su
ggested

 in
 G

en
om

ic 

geograp
h

y. O
n

e ty
p

e, a gen
etic lin

kage m
ap

, is b
ased

 on
 ca

refu
l a

n
a

ly
ses of 

h
u

m
a

n
 in

h
erita

n
ce p

attern
s.

IN A WORLD WHERE BUSY-NESS

IS A HOLY VIRTUE 



It
 i

n
d

ic
at

es
 f

or
 e

ac
h

 c
h

ro
m

os
om

e 
th

e 
w

h
er

ea
b

ou
ts

 o
f 

ge
n

es
 o

r 
ot

h
er

 “
h

er
i-

ta
b

le
 m

a
rk

er
s,

” 
w

it
h

 d
is

ta
n

ce
s 

m
ea

su
re

d
 i

n
 c

en
ti

m
or

ga
n

s,
 a

 m
ea

su
re

 o
f  

re
co

m
b

in
at

io
n

 f
re

qu
en

cy
. 

D
u

ri
n

g 
th

e 
fo

rm
at

io
n

 o
f 

sp
er

m
 a

n
d

 e
gg

 c
el

ls
, 

a  

p
ro

ce
ss

 o
f g

en
et

ic
 r

ec
om

b
in

at
io

n
—

or
 “

cr
os

si
n

g 
ov

er
”—

oc
cu

rs
 in

 w
h

ic
h

 p
ie

ce
s 

of
 g

en
et

ic
 m

at
er

ia
l a

re
 s

w
ap

p
ed

 b
et

w
ee

n
 p

a
ir

ed
 c

h
ro

m
os

om
es

. T
h

is
 p

ro
ce

ss
 

of
 c

h
ro

m
os

om
a

l s
cr

a
m

b
li

n
g 

ac
co

u
n

ts
 f

or
 t

h
e 

d
if

fe
re

n
ce

s 
 in

v
a

ri
ab

ly
 s

ee
n

DEMANDS OUR ATTENTION

 AT EVERY TURN. 

IT CAN BE DIFFICULT

          TO SEE THE TREES 

even
 in

 siblin
gs (ap

art from
 id

en
tica

l tw
in

s). Logica
lly, th

e closer tw
o gen

es 

are to each
 oth

er on
 a sin

gle ch
rom

osom
e, th

e less likely th
ey are to get sp

lit u
p

 

du
rin

g gen
etic recom

b
in

ation
. W

h
en

 th
ey are close en

ou
gh

 th
at th

e ch
an

ces 

of b
ein

g sep
arated

 are on
ly on

e in
 a h

u
n

d
red

, th
ey are said

 to b
e sep

arated
 b

y 

a d
istan

ce of on
e cen

tim
organ

.



T
h

e 
ro

le
 o

f 
h

u
m

an
 p

ed
ig

re
es

 n
ow

 b
ec

om
es

 c
le

ar
. 

B
y 

st
u

d
y

in
g 

fa
m

il
y 

tr
ee

s 

an
d

 t
ra

ci
n

g 
th

e 
in

h
er

it
an

ce
 o

f 
d

is
ea

se
s 

an
d

 p
h

y
si

ca
l 

tr
ai

ts
, 

or
 e

ve
n

 u
n

iq
u

e 

se
gm

en
ts

 o
f 

D
N

A
 i

d
en

ti
fi

ab
le

 o
n

ly
 i

n
 t

h
e 

la
b

or
at

or
y,

 g
en

et
ic

is
ts

 c
an

 b
eg

in
 t

o 

p
in

 d
ow

n
 t

h
e 

re
la

ti
ve

 p
os

it
io

n
s 

of
 t

h
es

e 
ge

n
et

ic
 m

ar
ke

rs
. B

y 
th

e 
en

d
 o

f 
19

94
, 

a 
co

m
p

re
h

en
si

ve
 m

ap
 w

as
 a

v
ai

la
bl

e 
th

at
 i

n
cl

u
d

ed
 m

or
e 

th
an

 5
80

0 
su

ch
  

m
ar

ke
rs

, i
n

cl
u

d
in

g 
ge

n
es

 im
p

li
ca

te
d

 in
 c

y
st

ic
 fi

b
ro

si
s,

 m
yo

to
n

ic
 d

y
st

ro
p

h
y,

 

FOR THE FOREST. 
IF ALL OF US COULD SEE 

H
u

n
tin

g
ton

 d
isease, Tay-Sach

s d
isease, severa

l ca
n

cers, a
n

d
 m

a
n

y oth
er  

m
a

lad
ies. T

h
e average gap

 b
etw

een
 m

a
rkers w

as ab
ou

t 0.7 cen
tim

orga
n

.

W
h

ereas th
e issu

es ra
ised

 b
y m

od
ern

 gen
om

e resea
rch

 a
re a

m
on

g th
e m

ost 

ch
a

llen
gin

g w
e face, th

ey a
re n

ot u
n

p
reced

en
ted

. Issu
es of p

riv
acy, k

n
otty 

qu
estion

s of h
ow

 k
n

ow
led

ge is to b
e com

m
ercia

lized
, p

rob
lem

s of d
ea

lin
g



THE TEXTURE, DETAIL, PURE FORM,
AND VISUAL CLUES

w
it

h
 p

ro
b

ab
il

is
ti

c 
ri

sk
s,

 a
n

d
 t

h
e 

im
p

er
at

iv
es

 o
f 

ed
u

ca
ti

on
 h

av
e 

a
ll

 b
ee

n
 

co
n

fr
on

te
d

 b
ef

or
e.

 A
s 

u
su

a
l, 

d
ef

en
si

b
le

 p
er

sp
ec

ti
ve

s 
an

d
 r

ea
so

n
ab

le
 a

rg
u

-

m
en

ts
, 

ev
en

 p
re

ci
ou

s 
ri

gh
ts

, 
ex

is
t 

on
 o

p
p

os
in

g 
si

d
es

 o
f 

ev
er

y 
is

su
e.

 I
t 

is
 a

  

b
a

la
n

ce
 t

h
at

 m
u

st
 b

e 
so

u
gh

t.
 A

cc
or

d
in

gl
y,

 f
u

rt
h

er
 s

tu
d

y 
is

 n
ee

d
ed

, a
s 

w
el

l a
s  

co
n

ti
n

u
in

g 
ef

fo
rt

s 
to

 p
ro

m
ot

e 
p

u
b

li
c 

aw
ar

en
es

s 
an

d
 u

n
d

er
st

an
d

in
g

, 
as

 w
e 

st
ri

ve
 t

o 
d

efi
n

e 
p

ol
ic

ie
s 

fo
r 

th
e 

in
te

ll
ig

en
t 

u
se

 o
f 

th
e 

p
ro

fo
u

n
d

 k
n

ow
le

d
ge

IN THE WORLD THAT SURROUNDS US,

w
e seek to u

n
cover ab

ou
t ou

rselves.
T

h
e A

ge of D
iscovery w

as an
 era w

h
en

 Eu
rop

ean
 civ

ilization
 reach

ed
 ou

t to 

th
e Far East an

d
 th

u
s fi

lled
 m

an
y of th

e void
s in

 its m
ap

 of th
e w

orld
. B

u
t in

 a 

larger sen
se, w

e h
ave n

ever ceased
 from

 ou
r ex

p
loration

  an
d

 d
iscovery. 



Sc
ie

n
ce

 h
as

 b
ee

n
 u

n
st

in
ti

n
g 

ov
er

 t
h

e 
ag

es
 i

n
 i

ts
 e

ff
or

ts
 t

o 
co

m
p

le
te

 o
u

r  

in
te

ll
ec

tu
a

l 
p

ic
tu

re
 o

f 
th

e 
u

n
iv

er
se

. 
In

 t
h

is
 c

en
tu

ry
, 

ou
r 

ex
p

lo
ra

ti
on

s 
h

av
e  

ex
te

n
d

ed
 f

ro
m

 t
h

e 
su

b
at

om
ic

 t
o 

th
e 

co
sm

ic
, a

s 
w

e 
h

av
e 

m
ap

p
ed

 t
h

e 
h

ea
ve

n
s 

to
 t

h
ei

r 
fa

rt
h

es
t 

re
ac

h
es

 a
n

d
 c

h
ar

te
d

 t
h

e 
p

ro
p

er
ti

es
 o

f 
th

e 
m

os
t 

fl
ee

ti
n

g 
el

-

em
en

ta
ry

 p
ar

ti
cl

es
. N

or
 h

av
e 

w
e 

n
eg

le
ct

ed
 t

o 
lo

ok
 in

w
ar

d
, s

ee
ki

n
g

, a
s 

it
 w

er
e,

 

to
 d

efi
n

e 
th

e 
to

p
og

ra
p

h
y 

of
 t

h
e 

h
u

m
an

 b
od

y.
 B

eg
in

n
in

g 
w

it
h

 t
h

e 
fi

rs
t 

m
od

er
n

 

BOLD NEW IDEAS 

WOULD BE AS COMMON AS AIR. 

an
atom

ica
l stu

d
ies in

 th
e six

teen
th

 cen
tu

ry, w
e h

ave ad
d

ed
 d

ram
atica

lly 

to ou
r p

ictu
re of h

u
m

an
 an

atom
y, p

h
y

siolog
y, an

d
 b

ioch
em

istry. T
h

e H
u

-

m
an

 G
en

om
e Project is th

u
s th

e n
ex

t stage in
 an

 ep
ic voy

age of d
iscovery—

a  

voy
age th

at w
ill b

rin
g u

s to a p
rofou

n
d

 u
n

d
erstan

d
in

g of h
u

m
an

 b
iolog

y. 



T
h

e sequ
en

ce of ou
r gen

om
e w

ill u
ltim

ately a
llow

 u
s to u

n
lock th

e secrets of 

life’s p
rocesses, th

e b
ioch

em
ica

l u
n

d
erp

in
n

in
gs of ou

r sen
ses a

n
d

 ou
r m

em
o

-

ry, ou
r d

evelop
m

en
t a

n
d

 ou
r agin

g
, ou

r sim
ila

rities a
n

d
 ou

r d
ifferen

ces.

It h
as fu

rth
er b

een
 sa

id
 th

at th
e H

u
m

a
n

 G
en

om
e P

roject is g
u

a
ra

n
teed

 to  

su
cceed

: Its goa
l is n

oth
in

g m
ore assu

m
in

g th
a

n
 a sequ

en
ce of th

ree b
illion

 

ch
a

racters. A
n

d
 w

e h
ave a very good

 id
ea of h

ow
 to read

 th
ose ch

a
racters.

WE NEED TO EXAMINE A PROBLEM 

In
 a

n
 im

p
or

ta
n

t 
w

ay
, t

h
ou

gh
, t

h
e 

ge
n

om
e 

p
ro

je
ct

 is
 v

er
y 

d
if

fe
re

n
t 

fr
om

 m
an

y 

of
 o

u
r 

ex
p

lo
ra

to
ry

 a
d

ve
n

tu
re

s.
 It

 is
 s

p
u

rr
ed

 b
y 

a 
co

n
v

ic
ti

on
 o

f 
p

ra
ct

ic
a

l v
a

lu
e,

 

a 
ce

rt
ai

n
ty

 t
h

at
 h

u
m

an
 b

en
efi

ts
 w

il
l f

ol
lo

w
 i

n
 t

h
e 

w
a

ke
 o

f 
su

cc
es

s.
 T

h
e 

p
ro

d-

u
ct

 o
f 

th
e 

H
u

m
an

 G
en

om
e 

Pr
oj

ec
t 

w
il

l b
e 

an
 e

n
or

m
ou

sl
y 

ri
ch

 b
io

lo
gi

ca
l d

at
a-

b
as

e,
 t

h
e 

ke
y 

to
 t

ra
ck

in
g 

d
ow

n
 e

ve
ry

 h
u

m
an

 g
en

e—
an

d
 t

h
u

s 
to

 u
n

ve
il

in
g

, a
n

d
 

ev
en

tu
a

ll
y 

to
 s

u
b

ve
rt

in
g

, t
h

e 
ca

u
se

s 
of

 t
h

ou
sa

n
d

s 
of

 h
u

m
an

 d
is

ea
se

s.

FROM THE MACRO
TO THE MICRO



U
n

li
ke

 p
er

il
ou

s 
vo

y
ag

es
 o

r 
se

ar
ch

es
 f

or
 u

n
k

n
ow

n
 s

u
b

at
om

ic
 p

ar
ti

cl
es

, 
th

is
 

ve
n

tu
re

 i
s 

as
su

re
d

 o
f 

it
s 

go
a

l. 
B

u
t 

b
ey

on
d

 a
 d

et
ai

le
d

 p
ic

tu
re

 o
f 

h
u

m
an

 D
N

A
, 

n
o 

on
e 

ca
n

 p
re

d
ic

t 
th

e 
fo

rm
 s

u
cc

es
s 

w
il

l t
a

ke
. T

h
e 

ge
n

om
e 

p
ro

je
ct

 it
se

lf
 o

ff
er

s 

n
o 

p
ro

m
is

es
 o

f 
ca

n
ce

r 
cu

re
s 

or
 q

u
ic

k 
fi

xe
s 

fo
r 

A
lz

h
ei

m
er

’s
 d

is
ea

se
, n

o 
d

et
ai

le
d

 

u
n

d
er

st
an

d
in

g 
of

 g
en

iu
s 

or
 s

ch
iz

op
h

re
n

ia
. B

u
t 

if
 w

e 
ar

e 
ev

er
 t

o 
u

n
co

ve
r 

th
e 

m
y

st
er

ie
s 

of
 c

ar
ci

n
og

en
es

is
, i

f 
w

e 
ar

e 
ev

er
 t

o 
k

n
ow

 h
ow

 b
io

ch
em

is
tr

y 

IN ORDER TO CREATE SYSTEMS
AND TRANSLATE MEANING. TO UNDERSTAND THE BIG PICTURE, 

con
trib

u
tes to m

en
ta

l illn
ess a

n
d

 d
em

en
tia, if w

e ever h
op

e to rea
lly u

n
d

er-

sta
n

d
 th

e p
rocesses of grow

th
 a

n
d

 d
evelop

m
en

t, w
e m

u
st fi

rst h
ave a d

eta
iled

 

m
ap

 of th
e gen

etic la
n

d
scap

e. T
h

at’s w
h

at th
e H

u
m

a
n

 G
en

om
e P

roject p
rom

-

ises. In
 a w

ay, it’s a rath
er p

rosa
ic step

, b
u

t w
h

at lies b
eyon

d
 is b

reath
ta

k
in

g.
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DOWN TO THE SMALLEST FRAGMENT OF BEING.
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WE HAVE TO LOOK CLOSER, 


