 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
S
pec
i
f
i
c
 
 
A
i
m
s
) (
E
m
e
r
g
i
n
g
 
e
v
i
dence
 
s
u
ggest
 
t
hat
 
co
n
t
r
a
r
y
 
t
o
 
p
r
e
v
i
ous
 
ass
u
m
p
t
i
on
 
n
o
t
 
a
l
l
 
c
e
l
l
s
 
o
f
 
t
he
 
h
u
m
an
 
body
 
h
a
v
e
 
i
den
t
i
cal
 
D
N
A
 
 
se
q
uenc
e
.
 
 
B
es
i
des
 
 
s
i
n
g
l
e
  
 
nu
c
l
eo
t
i
de
 
 
v
ar
i
a
t
i
on
 
 
(
S
N
V
)
,
 
 
d
i
v
i
d
i
n
g
 
 
ce
l
l
s
 
 
acc
u
m
u
l
a
t
e
 
 
l
a
r
g
e
r
 
 
s
o
m
a
t
i
c
 
s
t
r
uc
t
u
r
al
 
v
ar
i
an
t
s
 
 
(
S
V
s
)
.
 
T
hese
 
i
nc
l
ude
 
copy
 
nu
m
ber
 
v
a
r
i
a
t
i
ons
 
(
CN
V
s,
 
i
.
e
.
,
 
dup
l
i
ca
t
i
ons
 
and
 
de
l
e
t
i
ons
)
,
 
as
 
w
e
l
l
 
as
 
i
n
v
e
r
s
i
ons
 
and
 
t
r
ans
l
oc
a
t
i
ons,
 
a
l
l
 
i
n
v
o
l
v
i
ng
 
f
r
o
m
 
f
ew
 
hun
d
r
eds
 
t
o
 
se
v
e
r
al
 
m
illi
ons
 
nu
c
l
eo
t
i
des.
 
In
 
add
i
t
i
on,
 
a
 
h
i
g
h
 
d
e
g
r
ee
 
o
f
 
r
e
t
r
o
t
r
ansposon
 
m
ob
i
l
i
z
a
t
i
on
 
i
s
 
t
ho
u
g
h
t
 
t
o
 
oc
c
ur
 
i
n
 
t
he
 
de
v
e
l
op
i
ng
 
h
u
m
an
 
b
r
a
i
n
.
 
La
r
g
er
 
s
o
m
a
t
i
c
 
S
V
s
 
a
r
e
 
l
i
k
e
l
y
 
t
o
 
i
n
t
e
r
sect
 
g
en
e
s
 
an
d
/
or
 
r
e
g
u
l
a
t
o
r
y
 
e
l
e
m
en
t
s
 
and
 
m
ay
 
ha
v
e
 
c
ons
i
de
r
ab
l
e
 
pheno
t
y
p
i
c
 
e
f
f
e
c
t
s.
 
Fu
r
t
he
r
m
o
r
e
,
 
depend
i
n
g
 
o
n
 
t
he
i
r
 
a
l
l
e
l
e
 
f
r
e
q
ue
n
c
y
 
t
hey
 
a
r
e
 
l
i
k
e
l
y
 
t
o
 
c
o
n
f
ound
 
t
he
 
r
e
l
a
t
i
onsh
i
ps
 
be
t
w
een
 
geno
t
y
pe
 
and
 
pheno
t
y
pe,
 
i
f
 
“
g
en
o
t
y
pe”
 
i
s
 
ass
u
m
e
d
 
t
o
 
be
 
un
i
f
o
r
m
 
t
h
r
o
u
g
h
out
 
t
he
 
bod
y
.
 
C
u
r
r
en
t
l
y
 
t
he
r
e
 
i
s
 
no
 
c
o
m
p
r
ehens
i
v
e
 
es
t
i
m
a
t
e
 
o
f
 
t
he
 
n
u
m
b
e
r
 
and
 
a
l
l
e
l
i
c
 
f
r
e
q
uenc
y
 
o
f
 
g
en
o
m
i
c
 
v
a
r
i
a
t
i
on
 
i
n
) (
s
o
m
a
t
ic
 
c
e
ll
s
.
 
A
l
l
 
s
t
ud
i
e
s
 
so
 
f
ar
 
ha
v
e
 
been
 
do
n
e
 
on
 
t
he
 
popu
l
a
t
i
on
 
l
e
v
e
l
,
 
w
h
i
ch
 
i
s
 
n
o
t
 
sens
i
t
i
v
e
 
eno
u
g
h
 
t
o
) (
e
v
a
l
ua
t
e
 
t
he
 
f
u
l
l
 
r
a
n
g
e
 
o
f
 
so
m
a
t
i
c
 
v
a
r
i
an
t
s
 
and
 
p
r
ec
l
udes
 
a
 
t
r
ue
 
es
t
i
m
a
t
e
 
o
f
 
t
he
i
r
 
f
r
e
q
ue
n
c
y
.
) (
S
o
m
a
t
i
c
 
v
a
r
i
a
t
i
ons
 
a
r
e
 
m
o
r
e
 
f
r
e
q
uent
 
i
n
 
p
r
o
l
i
f
e
r
a
t
i
ng
 
ce
l
l
s
 
and
 
a
r
e
 
m
o
r
e
 
l
i
ke
l
y
 
t
o
 
occur
 
du
r
i
n
g
 
t
he
 
e
a
r
l
y
 
phases
 
o
f
 
e
m
b
r
y
on
i
c
 
de
v
e
l
op
m
e
nt
 
2
-
4
.
 
T
he
 
h
u
m
an
 
c
e
r
eb
r
al
 
co
r
t
ex
 
d
i
sp
l
a
y
s
 
a
 
v
e
r
y
 
h
i
g
h
 
d
e
g
r
ee
 
o
f
 
m
i
t
o
t
i
c
 
e
x
pans
i
on
 
and
 
t
hus
 
i
s
 
l
i
k
e
l
y
 
t
o
 
be
 
p
a
r
t
i
c
u
l
a
r
l
y
 
suscep
t
i
b
l
e
 
t
o
 
ac
c
u
m
u
l
a
t
e
 
so
m
a
t
i
c
 
v
a
r
i
a
t
i
o
ns
 
du
r
i
n
g
 
on
t
o
g
enes
i
s
.
 
W
h
i
l
e
 
so
me
 
so
m
a
t
i
c
 
v
a
r
i
an
t
s
 
a
r
e
 
l
i
k
e
l
y
 
t
o
 
be
 
e
l
i
m
i
na
t
ed
 
v
i
a
 
n
e
g
a
t
i
v
e
 
se
l
ec
t
i
on,
 
a
 
p
o
r
t
i
o
n
 
m
ay
 
pe
r
s
i
s
t
 
because
 
t
hey
 
m
ay
 
be
 
i
n
i
t
i
a
l
l
y
 
neu
t
r
al
 
or
 
co
n
f
er
 
adap
t
i
v
e
 
p
r
ope
r
t
i
es
 
t
o
 
t
he
 
ce
l
l
s.
 
T
he
 
a
c
cu
m
u
l
a
t
i
on
 
o
f
 
s
o
m
a
t
i
c
 
v
a
r
i
a
t
i
on
 
i
n
 
t
he
 
b
r
a
i
n
 
m
ay
 
p
l
ay
 
a
 
r
o
l
e
 
i
n
 
adap
t
a
t
i
on,
 
l
ea
r
n
i
ng
 
and
 
g
e
ne
-
en
v
i
r
on
m
ent
 
i
n
t
e
r
a
c
t
i
on
 
and
 
m
ay
 
p
l
ay
 
a
 
r
o
l
e
 
i
n
 
shap
i
n
g
 
i
nd
i
v
i
dual
 
suscep
t
i
b
i
l
i
t
y
 
and
 
r
es
i
l
i
ence
 
t
o
 
ne
u
r
op
s
y
ch
i
a
t
r
i
c
 
d
i
so
r
d
e
r
s.
 
D
e
v
e
l
op
m
en
t
al
 
d
i
so
r
de
r
s
 
su
c
h
 
as
 
a
u
t
i
s
m
 
ha
v
e
 
been
 
f
ound
 
t
o
 
be
 
a
ssoc
i
a
t
ed
 
w
i
t
h
 
h
i
g
her
 
f
r
e
q
uency
 
o
f
 
de
 
novo
 
CN
V
s
 
6
-
1
0
.
 
H
o
w
e
v
e
r
,
 
i
t
 
i
s
 
cu
r
r
en
t
l
y
 
unc
l
ear
 
w
he
t
her
 
t
hese
 
h
i
g
h
e
r
 
r
a
t
es
 
o
f
 
de
 
novo
 
C
N
V
s
 
r
e
f
l
ect
 
t
h
o
se
 
p
r
ese
n
t
 
i
n
 
t
he
 
g
e
r
m
l
i
ne,
 
as
 
c
o
m
m
on
l
y
 
assu
m
e
d
,
 
or
 
r
a
t
h
e
r
 
r
e
f
l
ect
 
s
o
m
a
t
i
c
 
v
a
r
i
an
t
s
 
i
n
 
t
he
 
b
l
ood.
I
n
 
t
h
i
s
 
p
r
oposal
 
w
e
 
ana
l
y
z
e
 
t
he
 
f
u
l
l
 
e
x
t
ent
 
o
f
 
s
o
m
a
t
i
c
 
m
osa
i
c
i
sm
 
i
n
 
t
he
 
e
m
b
r
y
on
i
c
 
hu
m
an
 
c
e
r
e
b
r
al
 
co
r
t
ex
 
and
 
basal
 
g
a
n
g
l
i
a
 
by
 
co
m
p
a
r
i
ng
 
t
he
i
r
 
g
en
o
m
es
 
w
i
t
h
 
geno
m
es
 
o
f
 
c
l
onal
 
ce
l
l
 
p
o
pu
l
a
t
i
ons
 
f
r
om
 
t
hese
 
t
i
s
s
ues
 
and
 
by
 
co
m
pa
r
i
n
g
 
co
r
t
ex
 
and
 
b
asal
 
g
a
n
g
l
i
a
 
g
en
o
m
es
 
w
i
t
h
 
an
o
t
her
 
t
i
ssue
 
f
r
om
 
t
h
e
 
sa
m
e
 
e
m
b
r
y
o,
 
i
.
e
.
,
 
t
he
 
b
l
ood.
 
 
We
 
w
i
l
l
 
sequence
 
t
he
 
gen
o
m
es
 
o
f
 
t
i
ssues
 
and
 
c
l
o
n
al
 
ce
l
l
 
popu
l
a
t
i
ons
 
i
n
 
o
r
d
er
 
t
o
 
i
den
t
i
f
y
 
t
he
 
f
u
l
l
 
r
a
n
ge
 
(
s
i
z
es
 
and
 
t
ypes)
 
of
 
so
m
a
t
i
c
 
v
a
r
i
an
t
s
 
and
 
e
s
t
i
m
a
t
e
 
t
he
i
r
 
ov
e
r
a
l
l
 
a
ll
e
l
i
c
 
f
r
equency
 
i
n
 
t
h
e
 
b
r
a
i
n.
 
O
u
r
 
c
o
m
pu
t
a
t
i
o
n
al
 
ana
l
y
ses
 
o
f
 
t
he
 
s
e
q
ue
n
ce
 
a
r
ound
 
v
a
r
i
an
t
s,
 
p
a
r
t
i
cu
l
a
r
l
y
 
C
N
V
 
b
r
e
a
k
po
i
n
t
s
,
 
w
i
l
l
 
a
l
so
 
g
i
v
e
 
i
m
po
r
t
ant
 
c
l
ues
 
as
 
t
o
 
t
he
i
r
 
o
r
i
g
i
n
.
A
i
m
 
1.
 
C
ons
t
r
uct
 
a
 
m
a
p
 
of
 
som
a
t
i
c
 
v
ar
i
a
t
i
on
 
pr
esent
 
 
i
n
 
pr
oge
n
i
t
or
 
c
e
l
l
s
 
o
f
 
t
he
 
cerebr
a
l
 
 
co
r
t
ex
 
 
and
 
b
a
s
a
l
 
gang
l
i
a
 
and
 
e
s
t
i
ma
t
e
 
t
h
e
i
r
 
f
r
equency
 
i
n
 
br
a
i
n
 
t
i
ssue
 
 
as
 
w
e
l
l
 
as
 
i
n
 
t
he
 
b
l
ood.
1a.
 
G
ene
r
a
t
e
 
c
l
onal
 
ce
l
l
 
popu
l
a
t
i
ons
 
f
r
o
m
 
t
he
 
ce
r
eb
r
al
 
c
o
r
t
ex
 
and
 
basal
 
gan
g
l
i
a
 
o
f
 
po
s
t
m
o
r
t
e
m
 
h
u
m
an
 
e
m
b
r
y
os
 
at
 
1
4
-
15
 
w
ee
k
s
 
o
f
 
g
e
s
t
a
t
i
on
 
and
 
ob
t
a
i
n
 
t
he
 
c
o
m
p
l
e
t
e
 
g
eno
m
i
c
 
D
N
A
 
s
e
q
uence
 
o
f
 
each
 
c
l
one.
 
U
s
i
n
g
 
co
m
pu
t
a
t
i
onal
 
ana
l
y
se
s
,
 
d
i
sco
v
er
 
g
en
o
m
i
c
 
v
a
r
i
a
n
t
s
 
m
an
i
f
e
s
t
ed
 
i
n
 
each
 
c
l
one
 
as
 
c
o
m
p
a
r
ed
 
t
o
 
t
he
 
o
r
i
g
i
nal
 
ce
l
l
 
popu
l
a
t
i
on
 
and
 
t
o
 
ano
t
h
er
 
t
i
ssue
 
(
b
l
ood
)
.
 
V
a
l
i
da
t
e
 
v
a
r
i
ant
 
e
x
i
s
t
ence
 
a
nd,
 
f
o
r
 
l
a
r
g
e
 
C
N
V
s,
 
d
e
t
e
r
m
i
ne
 
t
he
i
r
 
p
r
ec
i
s
e
 
b
r
e
a
k
po
i
n
t
s
 
by
 
P
C
R
 
and
 
q
PCR.
) (
1b.
 
U
s
i
n
g
 
t
he
 
d
a
t
aset
 
o
f
 
v
a
l
i
da
t
ed
 
g
eno
m
i
c
 
v
a
r
i
an
t
s
 
m
an
i
f
e
s
t
ed
 
i
n
 
p
r
o
gen
i
t
or
 
c
l
one
s
,
 
u
t
i
l
i
z
e
 
an
 
u
l
t
r
a
 
deep
 
t
a
r
g
e
t
ed
 
r
e
-
s
e
q
uenc
i
n
g
 
app
r
oach,
 
P
C
R
 
and
 
d
i
g
i
t
a
l
P
C
R
 
t
o
 
de
t
e
r
m
i
ne
 
t
h
e
 
p
r
esence
 
and
 
a
l
l
e
l
e
 
f
r
e
q
uency
 
f
o
r
 
spec
i
f
i
c
 
g
en
o
m
i
c
 
v
a
r
i
an
t
s
 
i
n
 
t
he
 
o
r
i
g
i
nal
 
b
r
a
i
n
 
t
i
s
s
ue
(
s)
 
and
 
i
n
 
t
he
 
b
l
ood.
A
i
m
 
2.
 
D
e
t
er
m
i
ne
 
 
t
he
 
i
m
pact
 
 
o
f
 
som
a
t
i
c
 
v
ar
i
a
n
t
s
 
 
on
 
m
R
N
A
 
t
r
anscr
i
p
t
s.
 
A
na
l
y
z
e
 
t
he
 
t
r
a
n
sc
r
i
p
t
o
m
e
 
o
f
 
t
h
e
 
c
l
onal
 
ce
l
l
 
popu
l
a
t
i
ons
 
by
 
R
N
A
-
S
eq
 
t
o
 
ass
e
ss
 
w
he
t
her
 
c
l
one
-
m
an
i
f
e
s
t
ed
 
g
eno
m
i
c
 
v
a
r
i
an
t
s
 
c
o
r
r
espond
 
t
o
 
v
a
r
i
a
t
i
ons
 
i
n
 
t
r
an
s
c
r
i
p
t
s
.
 
P
e
r
f
o
r
m
 
g
ene
 
ne
t
w
o
r
k
 
a
na
l
y
ses
 
t
o
 
e
v
a
l
ua
t
e
 
t
he
 
e
f
f
e
c
t
 
o
f
 
s
o
m
a
t
i
c
 
g
eno
m
i
c
 
v
a
r
i
a
t
i
on
 
on
 
m
odu
l
es
 
o
f
 
f
un
c
t
i
ona
l
l
y
 
r
e
l
a
t
ed
 
g
enes.
 
I
den
t
i
f
y
 
t
he
 
m
o
du
l
e
(
s)
 
w
hose
 
e
x
p
r
ess
i
on
 
p
r
o
f
i
l
e
 
d
i
f
f
e
r
s
 
i
n
 
c
l
onal
 
ce
l
l
 
popu
l
a
t
i
ons
 
as
 
c
o
m
p
a
r
e
d
 
t
o
 
o
r
i
g
i
nal
 
b
r
a
i
n
 
t
i
ssue
 
and
 
de
t
e
r
m
i
ne
 
w
he
t
her
 
t
hese
 
m
odu
l
es
 
a
r
e
 
en
r
i
c
h
ed
 
i
n
 
so
m
a
t
i
c
 
v
a
r
i
an
t
s.
 
A
 
s
i
m
i
l
ar
 
en
r
i
c
h
m
ent
 
ana
l
y
s
i
s
 
w
i
l
l
 
be
 
pe
r
f
o
r
m
ed
 
a
c
r
oss
 
i
nd
i
v
i
dua
l
s
 
i
n
 
our
 
d
a
t
aset
 
a
n
d
 
 
i
n
 
l
a
r
g
er
 
da
t
ase
t
s
 
o
f
 
de
v
e
l
op
i
ng
 
h
u
m
an
 
b
r
a
i
n,
 
w
i
t
h
 
t
he
 
a
i
m
 
o
f
 
i
den
t
i
f
y
i
ng
 
t
hose
 
s
o
m
a
t
i
c
 
v
a
r
i
an
t
s
 
t
h
a
t
 
m
ay
 
p
o
t
en
t
i
a
l
l
y
 
be
 
causa
t
i
v
e
 
f
or
 
e
x
p
r
ess
i
on
 
cha
n
g
e
 
i
n
 
s
e
t
s
 
o
f
 
f
unc
t
i
ona
l
l
y
 
r
e
l
a
t
ed
 
g
enes.
 
O
u
r
 
e
x
pec
t
a
t
i
on
 
i
s
 
t
hat
 
t
h
e
se
 
ana
l
y
ses
 
w
i
l
l
 
a
l
l
o
w
 
us
 
t
o
 
assess
 
w
he
t
her
 
so
m
a
t
i
c
 
v
a
r
i
a
t
i
on
 
has
 
g
ene
r
al
 
i
m
p
l
i
ca
t
i
ons
 
f
or
 
p
r
oce
s
ses
 
o
f
 
b
r
a
i
n
 
d
e
v
e
l
op
m
en
t
.
A
i
m
 
 
3
.
 
I
n
v
es
t
i
ga
t
e
 
t
he
 
 
m
o
s
t
 
 
l
i
k
e
l
y
 
 
b
i
o
l
og
i
c
a
l
 
o
r
i
g
i
n
 
 
of
 
 
som
a
t
i
c
 
v
ar
i
an
t
s
.
 
 
A
na
l
y
z
e
 
se
q
uence
 
f
ea
t
u
r
es
 
a
t
 
v
a
r
i
a
t
i
on
 
s
i
t
es,
 
co
r
r
e
l
a
t
e
 
v
a
r
i
an
t
s
 
w
i
t
h
 
r
ec
o
m
b
i
n
a
t
i
on
 
ho
t
spo
t
s
,
 
C
p
G
 
i
s
l
ands
 
and
 
h
i
s
t
one
 
m
a
r
ks
 
t
o
 
y
i
e
l
d
 
a
 
h
y
po
t
hes
i
s
 
about
 
m
ech
a
n
i
s
m
s
 
r
espons
i
b
l
e
 
t
he
i
r
 
c
r
ea
t
i
on
 
(
l
i
k
e
 
r
ec
o
m
b
i
na
t
i
on,
 
doub
l
e
 
s
t
r
anded
 
b
r
e
a
k
s
,
 
e
t
c
.
)
T
o
g
e
t
he
r
,
 
t
hese
 
sp
e
c
i
f
i
c
 
a
i
m
s
 
w
i
l
l
 
p
r
o
v
i
de
 
t
he
 
f
i
r
st
 
 
com
p
r
ehens
i
v
e
 
es
t
i
m
a
t
e
 
 
of
 
 
t
he
 
 
num
b
e
r
 
 
and
 
 
a
l
l
e
l
i
c
 
f
r
equency
 
of
 
genom
i
c
 
 
v
ar
i
a
t
i
on
 
i
n
 
s
o
ma
t
i
c
 
 
c
e
l
l
s
 
 
o
f
 
t
he
 
br
a
i
n
 
and
 
w
i
l
l
 
y
i
e
l
d
 
h
y
po
t
heses
 
abo
u
t
 
m
echan
i
s
m
s
 
r
espons
i
b
l
e
 
f
o
r
 
t
he
i
r
 
c
r
e
a
t
i
on
 
as
 
w
e
l
l
 
as
 
t
he
i
r
 
s
i
g
n
i
f
i
cance
 
f
o
r
 
b
r
a
i
n
 
de
v
e
l
op
m
en
t
.
) (
Specific
 
Aims
) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
Re
s
ea
r
c
h
 
Str
a
te
g
y
Si
gn
i
fi
c
a
n
c
e
G
e
n
o
m
i
c
 
v
a
r
i
a
n
t
s
 
m
a
y
 
e
i
t
h
e
r
 
b
e
 
i
n
h
e
r
i
t
e
d
 
(i
.
e
.
,
 
g
e
n
e
r
a
t
e
d
 
i
n
 
t
h
e
 
g
e
r
m
l
i
n
e
)
 
o
r
 
c
a
u
s
e
d
 
b
y
 
d
e
 
nov
o
 
m
u
t
a
t
i
o
n
 
i
n
) (
so
m
a
t
i
c
 
 
t
i
ssu
es
.
 
E
m
e
r
g
i
n
g
 
 
e
v
i
d
e
n
c
e
 
 
s
u
g
g
e
s
t
 
 
w
i
d
e
s
p
r
e
a
d
 
 
g
e
n
o
m
i
c
 
 
m
o
s
a
i
c
i
s
m
 
 
i
n
 
s
o
m
a
t
i
c
 
 
l
i
n
e
a
g
e
s
.
 
 
S
o
m
a
t
i
c
) (
va
r
i
a
t
i
o
n
s
 
a
r
e
 
be
l
i
eve
d
 
t
o
 
b
e
 
on
e
 
o
f
 
t
h
e
 
cause
s
 
o
f
 
cance
r
 
11,
 
12
,
 
a
g
i
n
g
 
13,
 
14
 
an
d
 
seve
r
a
l
 
d
i
sease
s
 
15-17
.
 
W
h
il
e
 
it
 
ha
s
 
bee
n
 
es
t
ab
l
i
she
d
 
15-17
 
f
o
r
 
m
a
n
y
 
d
e
c
a
d
e
s
 
t
h
a
t
 
c
e
l
l
s
 
i
n
 
t
h
e
 
h
u
m
a
n
 
b
o
d
y
 
c
a
r
r
y
 
s
o
m
a
ti
c
 
va
r
i
a
t
i
o
n
s
,
 
t
h
e
i
r
 
ex
t
ent
 
i
s
 
s
t
il
l
 
t
o
 
b
e
 
d
e
t
e
r
m
i
n
e
d
 
13,
 
14,
 
18
.
 
Fo
r
 
e
x
a
m
p
l
e
,
 
i
n
 
r
e
c
e
n
t
 
s
t
u
d
i
e
s
 
b
y
 
e
x
o
m
e
 
s
e
q
u
e
n
c
i
n
g
,
 
m
u
l
t
i
p
l
e
 
l
o
w
 
f
r
e
q
u
e
n
c
y
 
so
m
a
t
i
c
 
s
i
n
g
l
e
 
n
uc
l
e
o
t
i
d
e
 
v
a
r
i
a
n
t
 
(
S
N
V
s
)
 
w
e
r
e
 
f
o
u
n
d
 
t
o
 
b
e
 
t
r
a
ns
m
i
t
t
e
d
 
i
n
t
o
 
hu
m
a
n
 
i
n
d
u
c
e
d
 
p
l
u
ri
p
o
t
e
n
t
 
s
t
e
m
 
c
e
ll
 
(
h
i
P
S
C
)
 
li
n
e
s
 
19,
 
20
.
 
S
i
m
i
l
a
r
l
y
,
 
i
n
 
ou
r
 
ongo
i
n
g
 
s
t
ud
y
 
(
s
e
e
 
P
r
e
l
i
m
i
n
a
r
y
 
D
a
t
a
)
 
i
n
 
w
h
i
c
h
 
w
e
 
exa
m
i
ne
d
 
b
y
 
w
ho
l
e
 
geno
m
e
 
 
sequenc
i
n
g
 
 
t
h
e
 
 
e
x
t
e
n
t
 
 
o
f
 
 
s
t
r
uc
t
u
r
a
l
 
 
va
r
i
a
n
t
s
 
 
(
SV
s
)
 
 
i
n
 
 
h
i
P
S
C
 
 
de
r
i
ve
d
 
 
f
r
o
m
 
 
s
k
i
n
 
 
f
i
b
r
ob
l
as
t
s
,
 
 
w
e
 
d
i
s
cove
r
e
d
 
t
ha
t
 
be
t
w
ee
n
 
5
0
 
an
d
 
80
%
 
o
f
 
t
h
e
 
C
N
V
s
 
f
oun
d
 
i
n
 
h
i
P
S
C
 
w
e
r
e
 
a
l
r
ead
y
 
p
r
esen
t
 
i
n
 
t
h
e
 
f
i
b
r
ob
l
as
t
s
 
of
 
o
ri
g
i
n
.
 
M
o
r
e
o
v
e
r
,
 
a
s
s
u
m
i
n
g
 
t
h
a
t
 
a
n
 
h
i
P
S
C
 
li
n
e
 
i
s
 
a
n
 
e
x
p
a
n
s
i
o
n
 
o
f
 
a
 
s
i
n
g
l
e
 
c
e
ll
,
 
w
e
 
es
t
i
m
a
t
e
d
 
t
h
a
t
 
~
3
8
%
 
s
k
i
n
 
fi
b
r
o
b
l
a
s
t
 
c
e
l
l
s
 
c
a
r
r
y
 
s
o
m
a
ti
c
 
C
N
V
s
,
 
s
u
g
g
e
s
ti
n
g
 
s
o
m
a
ti
c
 
v
a
r
i
a
b
i
l
it
y
 
w
it
h
i
n
 
c
e
l
l
s
 
i
n
 
h
u
m
a
n
 
b
o
d
y
 
21
.
D
if
f
e
r
e
n
t
l
y
 
p
a
t
t
e
r
n
e
d
 
i
n
s
t
a
n
c
e
s
 
o
f
 
s
o
m
a
t
i
c
 
m
o
s
a
i
c
i
s
m
 
i
n
 
C
N
S
 
r
e
g
i
o
n
s
 
h
a
v
e
 
b
e
e
n
 
s
h
o
w
n
 
t
o
 
b
e
 
p
r
e
s
e
n
t
 
i
n
 
m
o
n
o
z
y
g
o
t
i
c
 
t
w
i
n
s
 
22
 
 
an
d
 
t
h
r
oughou
t
 
d
i
f
f
e
r
en
t
 
t
i
s
sue
s
 
w
i
t
h
i
n
 
a
n
 
i
nd
i
v
i
dua
l
 
23,
 
24
.
 
A
d
d
i
t
i
o
n
a
l
l
y
,
 
r
e
t
r
o
t
r
a
n
s
p
o
s
i
t
i
o
n
 
o
f
 
anc
i
en
t
 
v
i
r
us
-li
k
e
 
e
l
e
m
e
n
t
s
 
(
m
o
s
t
l
y
 
L
1
,
 
A
l
u
 
a
n
d
 
S
V
A
)
 
h
a
s
 
v
e
r
y
 
r
e
c
e
n
t
l
y
 
b
e
e
n
 
p
r
o
p
o
s
e
d
 
a
s
 
a
 
m
e
c
h
a
n
i
s
m
 
f
o
r
 
t
h
e
 
o
c
c
u
r
r
e
n
c
e
 
o
f
 
so
m
a
t
i
c
 
m
o
sa
i
c
i
s
m
 
i
n
 
t
h
e
 
m
a
m
m
a
li
a
n
 
b
r
a
i
n
 
25,
 
26
.
 
E
m
e
r
g
i
n
g
 
e
v
i
d
e
n
c
e
 
s
u
g
g
e
s
t
 
t
h
a
t
 
s
u
b
s
t
a
n
ti
a
l
) (
va
r
i
a
t
i
o
n
 
i
n
 
t
h
e
 
s
t
r
u
c
t
u
r
e
 
o
f
 
D
N
A
 
b
e
t
w
e
e
n
 
d
i
f
f
e
r
e
n
t
 
r
e
g
i
o
n
s
 
o
f
 
t
h
e
 
h
u
m
a
n
 
b
r
a
i
n
 
i
s
 
m
e
d
i
a
t
e
d
 
b
y
 
r
e
t
r
o
t
r
a
n
s
p
o
s
o
n
) (
m
o
b
i
l
i
z
a
t
i
o
n
 
a
n
d
 
r
e
-i
n
s
e
r
t
i
o
n
 
i
n
t
o
 
a
r
e
a
 
o
f
 
t
h
e
 
g
e
n
o
m
e
 
t
h
a
t
 
a
r
e
 
h
i
g
h
l
y
 
e
x
p
r
e
s
s
e
d
.
 
W
h
il
e
 
r
e
t
r
o
t
r
a
n
s
p
o
s
it
i
o
n
 
i
s
 
n
o
w
 
e
m
e
r
g
i
n
g
 
a
s
 
a
n
 
i
m
po
r
t
an
t
 
caus
e
 
o
f
 
so
m
a
t
i
c
 
va
r
i
a
t
i
o
n
 
i
n
 
t
h
e
 
b
r
a
i
n
 
25,
 
27,
 
28
,
 
t
h
e
 
r
e
a
l
 
e
x
t
e
n
t
 
o
f
 
t
h
i
s
 
p
h
e
n
o
m
e
n
o
n
 
i
s
 
unc
l
ea
r
 
an
d
 
w
he
t
he
r
 
i
t
 
m
i
gh
t
 
r
esu
l
t
 
i
n
 
change
s
 
i
n
 
gen
e
 
exp
r
es
s
i
o
n
 
an
d
 
p
l
a
y
 
a
 
r
o
l
e
 
i
n
 
ce
l
l
u
l
a
r
 
d
i
f
f
e
r
en
t
i
a
t
i
o
n
 
and
 
u
l
t
i
m
a
t
e
l
y
 
b
r
a
i
n
 
f
unc
t
i
o
n
 
i
s
 
unkno
w
n
.
 
R
e
t
r
o
t
r
ansposo
n
 
r
e
-i
n
s
e
r
t
i
o
n
 
c
a
n
 
d
ir
ec
t
l
y
 
chang
e
 
t
h
e
 
D
N
A
 
s
t
r
uc
t
u
r
e
 
and
 
ca
n
 
 
f
u
r
t
h
e
r
m
o
r
e
 
 
f
ac
i
l
i
t
a
t
e
 
 
a
d
d
i
t
i
o
n
a
l
 
 
C
N
V
 
 
f
o
r
m
a
t
i
o
n
,
 
 
a
s
 
 
r
e
t
r
o
t
r
ansposon
s
 
 
hav
e
 
 
h
i
g
h
 
 
con
t
en
t
 
 
o
f
 
 
r
epe
t
i
t
i
v
e
se
q
u
e
nc
e
 
e
l
e
m
e
n
t
s.
Th
e
 
 
e
m
e
r
g
e
n
c
e
  
 
o
f
 
 
n
e
w
  
 
s
o
m
a
t
i
c
  
 
v
a
r
i
a
n
t
s
  
 
a
n
d
 
 
r
e
t
r
o
t
r
a
n
s
p
o
s
o
n
  
 
m
o
b
i
l
i
z
a
t
i
o
n
  
 
i
n
 
 
n
e
u
r
a
l
  
 
c
e
l
l
s
  
 
c
o
u
l
d
  
 
b
e
 
deve
l
op
m
en
t
a
l
l
y
 
 
adap
t
i
v
e
 
b
y
 
va
r
y
i
n
g
 
t
h
e
 
gene
t
i
c
 
m
akeu
p
 
an
d
 
ep
i
gene
t
i
c
 
 
r
egu
l
a
t
i
o
n
 
 
i
n
 
i
nnova
t
i
v
e
 
 
w
ay
s
 
and
) (
27
.
) (
a
l
l
o
w
i
n
g
 
 
se
l
ec
t
i
o
n
 
 
o
f
 
 
f
avo
r
ab
l
e
 
 
m
u
t
a
t
i
o
n
s
 
 
du
r
i
n
g
 
 
t
h
e
 
 
phas
e
 
 
o
f
 
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
 
o
f
 
 
neu
r
a
l
 
 
p
r
ogen
i
t
o
r
s
 
 
ce
l
l
s
) (
H
o
w
e
v
e
r
,
 
e
x
c
e
s
s
i
v
e
 
so
m
a
t
i
c
 
v
a
r
i
a
t
i
o
n
 
a
n
d
 
e
l
e
m
en
t
 
m
ob
i
l
i
za
t
i
o
n
 
m
a
y
 
b
e
 
de
t
r
i
m
en
t
a
l
 
b
y
 
knoc
k
i
n
g
 
ou
t
 
gene
s
 
and
 
des
t
ab
i
l
i
z
i
n
g
 
 
t
h
e
 
 
geno
m
e
.
 
 
C
u
r
r
e
n
t
l
y
,
 
 
pos
s
i
b
l
e
 
 
e
f
f
ec
t
s
 
 
o
f
 
 
so
m
a
t
i
c
 
 
va
r
i
a
t
i
on
s
 
 
o
n
 
 
gen
e
 
 
exp
r
es
s
i
o
n
 
 
an
d
 
 
ce
l
l
 
pheno
t
ype
s
 
a
r
e
 
unkno
w
n.
Th
e
 
m
e
c
h
a
n
i
s
m
s
 
b
y
 
w
h
i
c
h
 
d
i
f
f
e
r
en
t
 
t
ype
s
 
o
f
 
geno
m
i
c
 
va
r
i
a
n
t
s
 
a
r
i
s
e
 
du
r
i
n
g
 
deve
l
op
m
en
t
 
i
s
 
n
o
t
 
c
l
e
a
r
,
 
h
o
w
e
v
e
r
 
it
 
i
s
 
w
e
l
l
 
k
n
o
w
n
 
t
h
a
t
 
SNV
s
 
a
n
d
 
i
n
d
e
l
s
 
a
r
e
 
c
r
e
a
t
e
d
 
a
s
 
a
 
r
e
su
l
t
 
o
f
 
r
ep
l
i
ca
t
i
o
n
 
e
r
r
o
r
s
 
an
d
 
sp
o
n
t
a
n
e
o
u
s
 
m
u
t
a
t
i
o
n
s
 
29
.
 
S
ugges
t
e
d
 
m
echan
i
s
m
s
 
f
o
r
 
c
r
ea
t
i
n
g
 
S
V
s
 
a
r
e
 
e
i
t
he
r
 
r
ep
li
c
a
t
i
o
n
 
e
r
r
o
r
s
 
o
r
 
pos
t
-r
e
p
l
i
c
a
t
i
o
n
 
c
h
r
o
m
o
s
o
m
e
 
c
r
o
s
s
i
n
g
 
ove
r
 
5,
 
30,
 
31
,
 
henc
e
 
a
l
s
o
 
m
os
t
l
y
 
r
e
l
a
t
e
d
 
t
o
 
ce
l
l
 
d
i
v
i
s
i
on
.
 
Fu
r
t
h
e
r
m
o
r
e
,
 
t
h
e
 
r
e
s
u
l
t
s
 
o
f
 
Sh
i
 
e
t
 
a
l
.
 
32
 
an
d
 
Ku
b
o
 
e
t
 
a
l
.
 
33
 
s
t
r
o
n
g
l
y
 
su
g
g
es
t
 
t
h
a
t
 
ce
l
l
 
d
i
v
i
s
i
o
n
 
a
s
 
a
 
m
a
j
o
r
 
r
a
t
e
-li
m
it
i
n
g
 
f
a
c
t
o
r
 
f
o
r
 
r
e
tr
o
tr
a
n
s
p
o
s
i
ti
o
n
.
 
I
n
 
o
u
r
 
d
i
s
c
o
v
e
r
y
 
s
t
u
d
y
 
of
 
nove
l
 
r
e
t
r
ogene
s
 
(
i
.
e
.
,
 
t
hos
e
 
c
r
ea
t
e
d
 
b
y
 
r
e
t
r
o
t
r
anspos
i
t
i
o
n
 
o
f
 
m
R
N
A
)
 
absen
t
 
f
r
o
m
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
geno
m
e
 
(
s
e
e
 
P
r
e
l
i
m
i
n
a
r
y
 
D
a
t
a
)
 
w
e
 
o
b
s
e
r
v
e
d
 
t
h
a
t
 
r
e
t
r
o
g
e
n
e
s
 
a
r
e
 
c
r
e
a
t
e
d
 
f
r
o
m
 
g
e
n
e
s
 
t
h
a
t
 
h
a
v
e
 
t
h
e
 
h
i
ghes
t
 
exp
r
es
s
i
o
n
 
at
 
tr
a
n
s
i
ti
o
n
 
fr
o
m
 
M
 
t
o
 
G
1
 
p
h
a
s
e
 
o
f
 
t
h
e
 
ce
l
l
 
c
y
c
l
e
.
 
W
e
 
h
y
p
o
t
h
e
s
i
z
e
 
t
h
a
t
 
exp
r
es
s
i
o
n
 
o
f
 
gene
s
 
du
r
i
n
g
 
ce
l
l
 
d
i
v
i
s
i
o
n
g
i
ve
s
 
t
he
i
r
 
m
R
N
A
 
t
h
e
 
h
i
ghes
t
 
chanc
e
 
o
f
 
be
i
n
g
 
r
e
t
r
o
t
r
ansposed.
I
n
 
s
u
m
m
a
r
y
,
 
i
t
 
i
s
 
v
e
r
y
 
l
i
k
e
l
y
 
t
h
a
t
 
a
l
l
 
t
y
p
e
s
 
o
f
 
s
o
m
a
t
i
c
 
va
r
i
a
t
i
o
n
s
 
oc
cu
r
 
m
o
r
e
 
f
r
equen
t
l
y
 
i
n
 
p
r
o
lif
e
r
a
t
i
n
g
 
c
e
ll
s
 
a
n
d
,
 
i
n
 
p
a
r
t
i
c
u
l
a
r
,
 
i
n
 
ea
r
l
y
 
phase
s
 
o
f
 
e
m
b
r
yon
i
c
 
deve
l
op
m
en
t
 
du
r
i
n
g
 
ex
t
ens
i
v
e
 
g
r
o
w
t
h
.
 
Th
e
 
b
r
a
i
n
,
 
an
d
 
i
n
 
p
a
r
t
i
c
u
l
a
r
 
t
h
e
 
hu
m
a
n
 
ce
r
eb
r
a
l
 
co
r
t
ex
,
 
d
i
sp
l
ay
s
 
a
 
ve
r
y
 
h
i
g
h
 
deg
r
e
e
 
o
f
 
m
i
t
o
t
i
c
 
expans
i
o
n
 
du
r
i
n
g
 
a
 
r
es
t
r
i
c
t
e
d
 
pe
r
i
o
d
 
i
n
 
on
t
ogenes
i
s
,
 
an
d
 
t
hu
s
 
co
r
t
i
ca
l
 
p
r
o
g
en
i
t
o
r
 
ce
l
l
s
 
ar
e
 
 
l
i
ke
l
y
 
t
o
 
 
b
e
 
 
p
ar
t
i
cu
l
ar
l
y
 
su
scep
t
i
b
l
e
 
t
o
 
 
accu
m
u
l
a
t
e
 
ge
no
m
i
c
 
va
r
i
a
n
t
s
 
dur
i
n
g
 
de
ve
l
op
m
e
nt
.
 
S
o
m
a
t
i
c
 
m
u
t
a
t
i
o
n
s
 
a
r
e
 
l
i
ke
l
y
 
t
o
 
p
l
a
y
 
a
 
r
o
l
e
 
i
n
 
c
o
r
t
i
c
a
l
 
deve
l
op
m
ent
 
an
d
 
pe
r
hap
s
 
i
n
 
d
i
so
r
de
r
s
 
o
f
 
t
h
e
 
ce
r
eb
r
a
l
 
co
r
t
ex
.
 
Th
e
 
a
c
c
u
m
u
l
a
t
i
o
n
 
o
f
 
s
o
m
a
t
i
c
 
v
a
r
i
a
t
i
o
n
 
i
n
 
t
h
e
 
b
r
a
i
n
 
m
a
y
 
p
l
a
y
 
a
 
c
r
uc
i
a
l
 
r
o
l
e
 
i
n
 
a
d
a
p
t
a
t
i
o
n
,
 
 
l
e
a
r
n
i
n
g
 
a
n
d
 
g
e
n
e
-
env
i
r
on
m
en
t
 
 
i
n
t
e
r
ac
t
i
ons
,
 
 
an
d
 
i
t
 
m
a
y
 
b
e
 
a
 
s
i
gn
i
f
i
can
t
 
 
f
ac
t
o
r
 
i
n
 
sh
a
p
i
n
g
 
susce
p
t
i
b
i
l
i
t
i
e
s
 
 
t
o
 
n
e
u
r
o
psych
i
a
t
r
i
c
 
 
d
i
so
r
d
e
r
s
.
 
Fu
rt
h
e
r
m
o
r
e
,
 
p
e
r
s
o
n
s
 
a
r
e
 
li
k
e
l
y
 
t
o
 
b
e
 
d
if
f
e
r
e
n
t
 
i
n
 
t
h
e
ir
 
ca
t
a
l
o
g
 
o
f
 
v
a
r
i
a
n
t
s
,
 
su
g
g
es
t
i
n
g
 
t
h
a
t
 
geno
m
i
c
 
m
osa
i
c
i
s
m
 
co
u
l
d
 
co
n
t
r
i
b
u
t
e
 
t
o
 
i
n
t
e
r
i
n
d
i
v
i
d
u
a
l
 
v
a
r
i
a
b
i
l
i
t
y
.
I
n
 
t
h
i
s
 
p
r
o
p
o
s
a
l
,
 
w
e
 
a
n
a
l
y
z
e
 
t
h
e
 
e
x
t
e
n
t
 
o
f
 
so
m
a
t
i
c
 
m
o
sa
i
c
i
s
m
 
i
n
 
f
o
r
e
b
r
a
i
n
 
n
e
u
r
a
l
 
s
t
e
m
 
 
ce
l
l
s
 
o
f
 
m
i
d
-f
e
t
a
l
 
hu
m
a
n
 
b
r
a
i
n
.
 
S
o
m
a
t
i
c
 
v
a
ri
a
t
i
o
n
s
 
 
a
r
e
 
d
i
f
f
i
cu
l
t
 
t
o
 
a
n
a
l
yz
e
 
b
eca
us
e
 
t
y
p
i
ca
l
l
y
 
(
u
n
l
es
s
 
t
h
e
y
 
h
a
p
p
e
n
 
i
n
 
t
h
e
 
e
a
r
l
y
 
s
t
a
g
e
s
 
o
f
 
d
e
v
e
l
o
p
m
e
n
t
)
,
 
t
h
e
y
 
a
r
e
 
p
r
ese
n
t
 
i
n
 
a
 
subse
t
 
o
f
 
ce
l
l
s
 
w
i
t
h
i
n
 
a
 
t
i
s
su
e
 
an
d
 
t
hu
s
 
a
r
e
 
no
t
 
eas
i
l
y
 
de
t
ec
t
ab
l
e
 
w
h
e
n
 
a
n
a
l
y
z
i
n
g
 
l
a
r
g
e
 
p
o
o
l
s
 
o
f
 
c
e
l
l
s
.
 
I
n
 
p
r
i
n
c
i
p
l
e
,
 
t
h
e
 
i
d
e
a
l
 
a
p
p
r
o
a
c
h
 
f
o
r
 
t
h
e
 
a
n
a
l
y
s
i
s
 
o
f
 
s
o
m
a
ti
c
 
v
a
r
i
a
ti
o
n
 
i
s
) (
34
.
) (
s
i
n
g
l
e
 
 
ce
l
l
 
 
se
q
u
e
nc
i
n
g
 
 
a
n
d
 
 
a
n
a
l
ys
i
s
) (
H
o
w
e
v
e
r
,
 
 
t
h
i
s
 
 
i
s
 
 
s
ti
l
l
 
 
e
x
tr
e
m
e
l
y
 
 
c
h
a
l
l
e
n
g
i
n
g
 
 
a
s
 
 
w
h
o
l
e
 
 
g
e
n
o
m
e
) (
a
m
p
l
i
f
i
ca
t
i
o
n
 
 
(
a
 
p
r
e
r
equ
i
s
i
t
e
 
 
f
o
r
 
s
i
n
g
l
e
 
c
e
l
l
 
s
e
q
u
e
n
c
i
n
g
)
 
 
a
m
p
l
i
f
i
e
s
 
 
o
n
l
y
 
a
b
ou
t
 
~6
%
 
o
f
 
a
 
geno
m
e
.
 
A
 
va
l
uab
l
e
 
a
l
t
e
r
na
t
i
v
e
 
i
s
 
s
i
ng
l
e
 
ce
l
l
 
c
l
ona
l
 
expans
i
o
n
 
(
g
r
o
w
i
n
g
 
a
 
co
l
on
y
 
o
f
 
ce
l
l
s
 
f
r
o
m
 
a
 
s
i
ng
l
e
 
ce
l
l
)
 
f
o
l
l
o
w
e
d
 
b
y
 
ana
l
y
s
i
s
.
   
 
) (
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) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
M
o
r
e
 
 
s
p
e
c
i
f
i
c
a
l
l
y
,
 
 
i
n
 
t
h
i
s
 
p
r
o
j
e
c
t
 
 
w
e
 
w
i
l
l
 
d
i
s
c
ove
r
 
rar
e
 
 
ge
no
m
i
c
 
va
r
i
a
n
t
s
 
m
a
n
i
f
e
s
t
e
d
 
 
i
n
 
c
l
o
n
a
l
 
p
o
p
u
l
a
t
i
o
n
 
de
r
i
ve
d
 
f
r
o
m
 
a
 
s
i
ng
l
e
 
neu
r
a
l
 
s
t
e
m
/
p
r
ogen
i
t
o
r
 
ce
l
l
,
 
a
m
p
l
i
fi
e
d
 
u
s
i
n
g
 
t
h
e
 
n
e
u
r
o
s
p
h
e
r
e
 
a
s
s
a
y
.
 
W
e
 
w
i
l
l
 
t
h
e
m
 
c
o
n
d
u
c
t
 
f
o
l
l
o
w
 
u
p
 
e
x
p
e
r
i
m
e
n
t
s
 
t
o
 
p
r
o
v
e
 
t
h
e
 
e
x
i
s
t
e
n
c
e
o
f
 
t
h
e
 
va
r
i
an
t
s
 
i
n
 
t
h
e
 
o
r
i
g
i
na
l
 
sa
m
p
l
e
 
of
 
s
t
e
m
/
p
r
ogen
i
t
o
r
 
ce
l
l
s
.
 
A
d
d
i
t
i
o
n
a
l
l
y
,
 
w
e
 
w
i
l
l
 
co
m
p
a
r
e
 
g
e
n
o
m
e
s
 
o
f
 
d
i
f
f
e
r
en
t
 
t
i
s
sue
s
 
t
o
 
fi
n
d
 
m
o
r
e
  
 
f
r
e
q
u
e
n
t
 
 
so
m
a
t
i
c
 
 
v
ar
i
an
t
s
 
 
t
h
a
t
  
 
a
r
e
ti
s
s
u
e
 
s
p
e
c
i
fi
c
.
) (
T
r
a
d
i
t
i
o
n
a
ll
y
,
) (
n
e
w
) (
v
a
ri
a
n
t
s
) (
hav
e
) (
been
) (
de
t
ec
t
e
d
 
w
i
t
h
 
cap
i
l
l
a
r
y
 
base
d
 
sequenc
i
n
g
 
35-37
) (
38
) (
39
) (
an
d
 
 
S
N
P
     
 
o
r
 
 
C
G
H
     
 
a
r
r
a
y
 
 
app
l
i
cab
l
e
 
 
f
or
 
CN
V
 
d
i
s
c
o
v
e
r
y
.
 
R
ecen
t
 
advance
s
 
i
n
 
D
N
A
 
se
q
u
e
nc
i
n
g
 
t
ech
n
o
l
o
g
y
 
h
a
v
e
 
f
u
r
t
h
e
r
 
e
n
a
b
l
e
d
 
fi
n
e
-
sca
l
e
 
i
d
e
n
t
i
f
i
ca
t
i
o
n
 
o
f
 
a
l
l
 
t
ype
s
 
o
f
 
va
r
i
an
t
s
 
i
n
 
a
n
 
u
n
b
i
a
s
e
d
 
 
a
n
d
 
co
m
p
r
e
h
e
ns
i
v
e
 
 
m
a
n
n
e
r
.
 
W
e
 
w
i
l
l
,
 
t
h
e
r
e
f
o
r
e
,
 
app
l
y
 
D
N
A
 
sequenc
i
n
g
 
t
o
 
d
i
s
cove
r
 
a
 
co
m
p
r
e
h
e
ns
i
v
e
 
ca
t
a
l
o
g
 
o
f
 
va
r
i
a
n
t
s
 
m
a
n
i
f
e
s
t
e
d
 
i
n
 
s
i
n
g
l
e
 
ce
l
l
s
 
o
f
 
t
h
e
 
e
m
b
r
y
o
n
i
c
 
hu
m
a
n
  
 
ce
r
eb
r
a
l
  
 
co
r
t
e
x
  
 
an
d
  
 
t
he
i
r
  
 
c
l
onal
de
r
i
va
t
i
ves
.
B
e
s
i
d
e
s
 
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
 
t
h
e
 
f
u
l
l
 
e
x
t
e
n
t
 
 
o
f
 
so
m
a
t
i
c
 
 
va
r
i
a
t
i
o
n
s
,
 
 
i
t
 
 
i
s
 
 
i
m
p
o
rt
a
n
t
 
 
t
o
 
 
a
s
s
e
s
s
) (
how
) (
w
i
desp
r
ead
) (
pa
r
t
i
cu
l
ar
) (
va
r
i
a
n
t
s
) (
a
r
e
) (
a
m
on
g
 
t
i
s
su
e
 
w
i
t
h
i
n
 
a
n
 
o
r
gan
i
s
m
.
 
V
a
r
i
a
n
t
s
 
es
t
ab
l
i
she
d
 
ea
r
l
i
e
r
 
i
n
 
on
t
ogenes
i
s
 
w
i
l
l
 
be
 
co
m
m
o
n
 
b
e
t
w
e
e
n
 
t
i
ssu
es
,
 
w
h
i
l
e
 
t
h
os
e
 
a
r
i
s
i
n
g
 
du
r
i
n
g
 
 
o
r
ganogenes
i
s
  
 
w
i
l
l
 
 
b
e
 
 
p
r
i
va
t
e
 
 
t
o
 
 
a
 
g
i
ve
n
  
 
t
i
s
s
u
e
  
 
o
r
  
 
o
r
g
a
n
.
  
 
W
h
i
l
e
  
 
t
h
i
s
  
 
p
r
o
j
e
c
t
 
f
o
c
u
se
s
 
 
o
n
 
 
t
h
e
 
 
b
r
a
i
n
,
 
 
w
e
 
 
w
i
l
l
 
 
de
t
e
r
m
i
n
e
 
 
t
o
) (
w
h
a
t
) (
e
x
t
e
n
t
 
g
e
n
o
m
i
c
 
so
m
a
t
i
c
) (
va
r
i
a
n
t
s
) (
d
i
s
cove
r
e
d
 
i
n
 
t
h
e
 
b
r
a
i
n
 
(
w
h
i
c
h
 
de
r
i
v
e
 
f
r
om
 
neu
r
oec
t
ode
r
m
)
 
a
r
e
 
p
r
i
va
t
e
 
t
o
 
t
h
i
s
 
t
i
s
su
e
 
or
 
sh
a
r
e
d
 
w
i
t
h
 
a
 
ti
s
s
u
e
 
o
f
 
d
i
ff
e
r
e
n
t
 
e
m
b
r
y
o
l
o
g
i
c
a
l
 
o
r
i
g
i
n
,
 
i
.
e
.
,
 
b
l
oo
d
 
(
w
h
i
c
h
 
de
r
i
v
e
s
 
fr
o
m
 
t
h
e
 
m
e
s
o
d
e
r
m
)
.
) (
I
nno
v
a
ti
on
O
u
r
 
p
r
o
j
e
c
t
 
co
n
t
a
i
n
s
 
f
i
v
e
 
po
i
n
t
s
 
o
f
 
co
nce
p
t
u
a
l
 
an
d
 
t
echn
i
ca
l
 
i
nnova
t
i
on:
) (
F
i
gu
r
e
 
 
1
.
  
 
Ge
n
o
m
i
c
 
h
e
t
e
r
o
g
e
n
e
i
t
y
 
i
n
 
f
i
b
r
o
b
l
a
s
t
s
.
 
E
x
a
m
p
l
e
 
o
f
 
m
a
n
i
f
e
s
t
e
d
 
 
C
N
V
 
(
d
u
p
l
i
c
a
t
i
o
n
)
 
 
i
n
 
i
P
S
C
,
 
w
h
i
c
h
 
o
r
i
g
i
n
a
t
e
s
 
 
i
n
 
fi
b
r
o
b
l
a
s
t
s
 
 
i
n
 
s
m
a
l
l
 
a
l
l
e
l
e
 
fr
e
q
u
e
n
c
y
.
 
 
(
A
-
D
)
 
T
h
e
 
d
u
p
l
i
c
a
t
i
o
n
 
 
a
l
l
e
l
e
 
wa
s
 
 
p
r
e
s
e
n
t
 
 
i
n
 
 
t
h
e
 
 
f
i
b
r
o
b
l
a
s
t
s
 
 
a
t
 
 
~
2
0
%
 
 
a
l
l
e
l
e
 
 
f
r
e
q
u
e
n
c
y
 
 
a
n
d
 
es
cape
d
 
de
t
ec
t
i
on
.
 
T
w
o
 
o
f
 
t
h
e
 
t
h
r
e
e
 
p
r
oduce
d
 
h
i
P
S
C
 
we
r
e
 
m
ade
 
fr
o
m
 
 
t
h
e
 
 
c
e
l
l
s
 
 
w
it
h
 
 
t
h
e
 
 
d
u
p
l
i
c
a
ti
o
n
  
 
a
l
l
o
w
i
n
g
 
 
f
o
r
 
 
it
s
 
 
c
o
n
fi
d
e
n
t
 
de
t
ec
t
i
on
.
 
(
E
)
 
Subsequen
t
 
P
C
R
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
r
evea
l
e
d
 
t
ha
t
 
t
he
 
dup
l
i
ca
t
i
o
n
 
wa
s
 
i
ndee
d
 
p
r
esen
t
 
i
n
 
f
i
b
r
ob
l
as
t
s
.
 
(
F
)
 
Sequen
c
i
n
g
 
of
 
a
m
p
l
i
f
i
e
d
  
 
ban
d
  
 
showe
d
  
 
t
ha
t
 
 
t
h
e
 
 
d
u
p
l
i
c
a
ti
o
n
  
 
b
r
e
a
k
p
o
i
n
t
s
  
 
a
r
e
 
exac
t
l
y
 
t
h
e
 
sa
m
e
 
i
n
 
f
i
b
r
ob
l
as
t
s
 
an
d
 
t
h
e
 
t
w
o
 
h
i
P
S
C
,
 
f
u
r
t
he
r
 
p
r
ov
i
ng
 
t
h
a
t
 
t
h
e
 
e
v
e
n
t
 
w
a
s
 
p
r
e
s
e
n
t
 
i
n
 
fi
b
r
o
b
l
a
s
t
s
 
a
n
d
 
w
a
s
 
c
a
r
r
i
e
d
 
o
v
e
r
 
to
 
h
i
P
S
C
.
 
Loca
t
i
o
n
 
 
o
f
 
p
r
i
m
e
r
s
 
f
o
r
 
P
C
R
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
 
i
s
 
dep
i
c
t
e
d
 
 
as
 
a
n
 
exa
m
p
l
e
 
i
n
 
(
A
)
.
 
 
 
) (
1.
) (
Th
e
 
 
i
de
a
 
 
o
f
 
 
so
m
a
t
i
c
 
 
m
osa
i
c
i
s
m
 
 
i
s
 
 
j
us
t
 
e
m
e
r
g
i
ng
.
 
W
e
 
de
t
ec
t
e
d
 
so
m
a
t
i
c
 
C
N
V
s
 
i
n
) (
sk
i
n
) (
fi
b
r
o
b
l
a
s
t
) (
(
s
e
e
) (
b
e
l
o
w
)
,
) (
a
n
d
) (
r
e
t
r
o
t
r
anspos
i
t
i
on
 
e
l
e
m
en
t
s
 
has
 
p
r
opose
d
 
a
s
 
a
) (
o
f
 
anc
i
en
t
 
v
i
r
us
-li
k
e
) (
ve
r
y
) (
r
ecen
t
l
y
) (
been
 
t
he
) (
m
echan
i
s
m
 
f
or
) (
oc
cu
r
r
enc
e
 
 
o
f
 
 
so
m
a
t
i
c
 
 
m
o
sa
i
c
i
s
m
 
 
in
) (
t
h
e
) (
m
a
mm
a
l
i
a
n
 
b
r
a
i
n
.
N
o
 
o
n
e
 
h
a
s
 
ye
t
 
a
t
t
e
m
p
t
e
d
 
t
o
 
exa
m
i
n
e
 
t
he
 
ex
t
en
t
 
 
o
f
 
 
t
hes
e
 
 
pheno
m
en
a
 
 
i
n
 
 
t
h
e
 
e
m
b
r
yon
i
c
 
hu
m
a
n
 
b
r
a
i
n
.
 
W
e
 
app
r
oac
h
 
t
h
i
s
 
ques
t
i
o
n
 
us
i
n
g
 
a
n
 
i
nnova
t
i
v
e
 
expe
r
i
m
en
t
al
) (
2.
) (
des
i
g
n
 
t
ha
t
 
w
i
l
l
 
i
nvo
l
v
e
 
i
so
l
a
t
i
n
g
 
c
l
ona
l
 
popu
l
a
t
i
o
n
s
 
o
f
 
neu
r
a
l
 
p
r
ecu
r
so
r
 
ce
l
l
s
 
f
r
o
m
 
t
h
e
 
e
m
b
r
yon
i
c
 
b
r
a
i
n
 
to
 
ob
t
a
i
n
 
t
he
i
r
 
co
m
p
l
e
t
e
 
D
N
A
 
sequence.
G
e
n
o
m
i
c
 
 
d
a
t
a
 
w
i
l
l
 
b
e
 
ana
l
y
ze
d
 
 
b
y
 
r
ecen
t
l
y
 
 
deve
l
ope
d
 
 
b
i
o
i
n
f
o
r
m
a
t
i
c
s
 
 
t
oo
l
s
 
a
l
l
o
w
i
n
g
 
 
t
h
e
 
d
i
s
cove
r
y
 
 
o
f
 
a
l
l
 
va
r
i
a
n
t
s
 
(
i
n
c
l
u
d
i
n
g
 
SV
s
)
 
b
y
 
co
m
pa
r
i
n
g
 
D
N
A
 
sequenc
e
 
o
f
 
c
l
ona
l
 
ce
l
l
 
popu
l
a
t
i
on
s
 
w
i
t
h
 
t
h
e
 
t
i
s
su
e
 
o
f
 
o
r
i
g
i
n.
) (
3.
) (
   
 
) (
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) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
4
.
  
 
W
e
 
w
i
l
l
 
a
n
a
l
y
z
e
 
a
 
n
e
w
 
t
y
p
e
 
o
f
 
g
e
n
o
m
i
c
 
v
a
r
i
a
ti
o
n
s
 
–
 
nove
l
 
p
r
oces
se
d
 
pse
u
d
o
g
e
n
es
.
 
T
h
i
s
 
t
y
p
e
 
o
f
 
v
a
r
i
a
t
i
o
n
 
ha
s
 
no
t
 
bee
n
 
s
t
ud
i
e
d
 
s
o
 
f
a
r
.
5.
 
 
Th
e
 
 
p
r
e
s
e
n
c
e
 
 
o
f
 
SV
s
 
 
i
n
 
t
h
e
 
 
t
i
s
s
u
e
 
 
o
f
 
o
ri
g
i
n
 
 
w
i
l
l
 
b
e
 
 
as
ce
r
t
a
i
ne
d
 
 
b
y
 
 
d
i
g
i
t
a
l
 
 
P
C
R
,
 
 
a
 
r
ecen
tl
y
 
 
d
e
v
e
l
o
p
e
d
 
t
e
c
h
no
l
og
y
 
a
l
l
o
w
i
n
g
 
h
i
gh
-r
e
s
o
l
u
t
i
o
n
 
a
n
a
l
y
s
e
s
 
o
f
 
D
N
A
 
s
e
q
u
e
n
c
e
 
v
a
ri
a
n
t
s
.
P
r
e
l
i
m
i
n
a
r
y
 
D
a
t
a
D
i
s
c
o
v
e
r
i
n
g
 
s
o
m
a
t
i
c
 
CNV
s
.
 
 
W
e
 
h
a
v
e
 
p
r
e
v
i
o
u
s
l
y
 
p
e
r
f
o
r
m
e
d
 
d
i
s
c
o
v
e
r
y
 
o
f
 
so
m
a
t
i
c
 
CNV
s
 
i
n
 
s
k
i
n
 
f
i
b
r
o
b
l
a
s
t
 
c
e
l
l
s
) (
21
.
.
 
B
r
i
e
f
l
y
,
 
f
o
r
 
eac
h
 
fi
b
r
o
b
l
a
s
t
 
s
a
m
p
l
e
 
fr
o
m
 
7
 
i
n
d
i
v
i
d
u
a
l
s
 
w
e
 
h
a
v
e
 
p
r
o
d
u
c
e
d
 
3
 
hu
m
a
n
 
i
n
d
u
c
e
d
 
p
l
u
ri
p
o
t
e
n
t
 
s
t
e
m
 
ce
l
l
 
(
h
i
P
S
C
)
 
li
n
e
s
.
 
W
e
 
t
h
e
n
 
s
e
q
u
e
n
c
e
d
 
m
o
s
t
 
o
f
 
t
h
o
s
e
 
l
i
n
e
s
 
a
l
o
n
g
 
w
it
h
 
t
h
e
 
co
r
r
esp
o
n
d
i
n
g
 
f
i
b
r
o
b
l
as
t
 
sa
m
p
l
e
s
 
in
 
o
r
de
r
 
t
o
 
co
m
pa
r
e
 
t
he
i
r
 
geno
m
es
.
 
A
s
 
r
ep
r
og
r
a
m
m
i
n
g
 
i
s
 
v
e
r
y
 
i
n
e
ffi
c
i
e
n
t
,
 
t
h
e
 
r
e
s
u
l
ti
n
g
 
h
i
P
S
C
 
c
o
l
o
n
i
e
s
 
a
r
e
 
v
e
r
y
 
li
k
e
l
y
 
t
o
 
b
e
 
p
r
o
d
u
c
e
d
 
f
r
o
m
 
a
 
s
i
n
g
l
e
 
c
e
l
l
 
a
n
d
,
 
t
hus
,
 
r
ep
r
esen
t
 
a
 
c
l
ona
l
 
ce
l
l
 
p
o
p
u
l
a
t
i
o
n
.
 
A
n
a
l
y
s
i
s
 
o
f
 
t
h
e
i
r
 
g
e
n
o
m
e
s
 
ca
n
 
 
u
n
m
as
k
 
 
va
r
i
a
t
i
o
n
s
 
 
p
r
esen
t
 
 
i
n
 
 
t
h
e
 
 
f
ounde
r
 
 
ce
l
l
 
 
bu
t
 
 
absen
t
 
 
f
r
o
m
 
 
m
os
t
 
 
o
f
 
 
o
t
he
r
 
 
f
i
b
r
ob
l
as
t
 
 
ce
l
l
s
.
 
 
U
s
i
n
g
 
CNV
n
a
t
o
r
 
40
 
 
so
f
t
w
a
r
e
 
t
h
a
t
 
u
t
i
l
i
ze
s
 
t
h
e
 
r
e
a
d
 
d
e
p
t
h
 
a
p
p
r
o
a
c
h
,
 
w
e
 
hav
e
 
p
r
ed
i
c
t
e
d
 
C
N
V
s
 
t
ha
t
 
a
r
e
 
m
an
i
f
es
t
e
d
 
i
n
 
h
i
P
S
C
 
li
n
e
s
 
(
i.
e
.
,
 
p
r
e
s
e
n
t
 
i
n
 
h
i
P
S
C
 
li
n
e
s
 
a
n
d
 
a
b
s
e
n
t
 
i
n
 
f
i
b
r
o
b
l
a
s
t
s
)
,
 
t
e
r
m
e
d
 
l
i
n
e
-
m
a
n
i
f
e
s
t
e
d
 
C
N
V
s
 
(
L
M
-
CNV
s
)
 
an
d
 
 
cons
i
s
t
i
n
g
 
 
o
f
 
 
de
l
e
t
i
ons
,
 
 
t
ande
m
 
 
dup
l
i
ca
t
i
on
s
 
 
an
d
 
 
d
i
spe
r
se
d
 
 
dup
l
i
ca
t
i
ons
.
 
 
Th
e
s
e
 
 
c
o
u
l
d
 
 
b
e
 
 
l
o
w
 
 
a
ll
e
le
 
fr
e
q
u
e
n
c
y
 
 
C
N
V
s
 
 
i
n
 
 
fi
b
r
o
b
l
a
s
t
s
  
 
t
h
a
t
 
 
h
a
d
 
 
b
e
e
n
tr
a
n
s
m
i
tt
e
d
 
t
o
 
h
i
P
S
C
s
 
b
u
t
 
c
o
u
l
d
 
a
l
s
o
 
b
e
 
CNV
s
 
gene
r
a
t
e
d
 
d
e
 
nov
o
 
du
r
i
n
g
 
t
h
e
 
h
i
P
S
C
 
d
e
-
 
d
i
f
f
e
r
en
t
i
a
t
i
o
n
 
p
r
oces
s
 
and
/
o
r
 
h
i
P
S
C
 
p
r
o
lif
e
r
a
t
i
o
n
.
 
U
s
i
n
g
 
q
P
C
R
 
w
e
 
h
a
v
e
 
v
a
l
i
d
a
t
e
d
 
2
8
 
o
f
 
t
h
e
 
p
r
ed
i
c
t
i
ons
.
T
w
o
 
m
a
n
i
f
e
s
t
e
d
 
t
a
n
d
e
m
 
d
u
p
l
i
c
a
t
i
o
n
s
 
w
i
t
h
 
a
l
m
os
t
 
 
t
h
e
 
 
sa
m
e
 
 
bounda
r
i
e
s
 
 
w
e
r
e
 
 
p
r
ed
i
c
t
e
d
 
 
i
n
 
t
w
o
 
d
i
ff
e
r
e
n
t
 
l
i
n
e
s
 
o
r
i
g
i
na
t
e
d
 
f
r
o
m
 
t
h
e
 
sa
m
e
 
fi
b
r
o
b
l
a
s
t
 
s
a
m
p
l
e
 
(
F
i
g
.
 
1
)
.
 
W
e
 
hypo
t
hes
i
ze
d
 
t
hat
 
t
h
e
s
e
 
C
N
V
s
 
w
e
r
e
 
t
h
e
 
s
a
m
e
 
s
o
m
a
t
i
c
 
CN
V
 
p
r
e
-
 
ex
i
s
t
i
n
g
 
i
n
 
f
i
b
r
ob
l
as
t
s
.
 
T
o
 
p
r
ov
e
 
t
ha
t
,
 
w
e
 
des
i
gned
 
PC
R
 
p
r
i
m
e
r
s
 
(
F
i
g
.
 
1
)
 
t
h
a
t
 
w
o
u
l
d
 
g
i
v
e
 
a
n
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
 
p
r
oduc
t
 
 
on
l
y
 
 
i
f
 
t
h
e
 
dup
l
i
ca
t
i
o
n
 
 
w
as
) (
p
r
esen
t
 
i
n
 
t
ande
m
 
i
n
 
t
h
e
 
geno
m
e
.
 
P
C
R
 
ana
l
y
s
i
s
 
r
e
v
e
a
l
e
d
 
t
h
a
t
 
t
h
e
 
d
u
p
l
i
c
a
t
i
o
n
 
w
a
s
 
i
n
d
e
e
d
 
p
r
e
s
e
n
t
 
i
n
 
b
o
t
h
 
h
i
P
S
C
 
a
n
d
 
f
i
b
r
o
b
l
a
s
t
s
.
 
B
e
c
a
u
s
e
 
t
h
e
 
PC
R
 
a
m
p
l
i
co
n
 
i
n
 
f
i
b
r
o
b
l
a
s
t
 
w
a
s
 
m
u
c
h
 
w
e
a
k
e
r
 
t
h
a
n
 
t
h
a
t
 
i
n
 
h
i
P
S
C
,
 
w
e
 
c
o
n
c
l
u
d
e
d
 
t
h
a
t
 
t
h
i
s
 
d
u
p
li
c
a
t
i
o
n
 
w
a
s
 
p
r
esen
t
 
a
t
 
a
 
s
m
a
l
l
 
a
l
l
e
l
e
 
f
r
equenc
y
 
i
n
 
f
i
b
r
ob
l
as
t
s
.
) (
F
i
gu
r
e
  
 
2
.
 
 
Co
m
p
a
r
i
s
o
n
 
 
o
f
 
 
g
e
n
e
 
 
e
x
p
r
e
s
s
i
o
n
 
 
(
RP
K
M
)
 
i
n
t
e
r
s
e
c
ti
n
g
 
 
li
n
e
-
m
a
n
i
f
e
s
t
e
d
 
 
CNV
s
 
i
n
 
i
P
SCs
.
 
C
l
e
a
r
 
t
e
n
d
e
n
c
y
 
(
p
-
va
l
u
e
  
 
o
f
 
 
0
.
0
2
 
 
b
y
 
 
F
i
s
c
h
e
r
’
s
  
 
exa
c
t
 
 
t
e
s
t
)
 
 
o
f
 
 
i
n
c
r
e
a
s
e
  
 
i
n
 
exp
r
es
s
i
o
n
 
 
f
o
r
 
gene
s
 
 
i
n
 
dup
l
i
ca
t
i
on
s
 
 
an
d
 
dec
r
eas
e
 
 
i
n
 
exp
r
es
s
i
o
n
 
f
o
r
 
gene
s
 
i
n
 
de
l
e
t
i
on
s
 
ca
n
 
b
e
 
obse
r
ved
.
 
 
) (
21
.
) (
S
a
n
g
e
r
 
 
sequenc
i
n
g
 
 
o
f
 
t
h
e
 
a
m
p
l
i
c
o
n
 
 
i
n
 
h
i
P
S
C
s
 
 
a
n
d
 
 
f
i
b
r
o
b
l
a
s
t
 
 
r
e
v
e
a
l
e
d
 
 
t
h
e
 
exac
t
 
 
sa
m
e
 
 
b
r
eakpo
i
n
t
s
 
By
) (
geno
t
yp
i
n
g
 
t
h
i
s
 
r
eg
i
o
n
 
w
i
t
h
 
C
N
V
na
t
o
r
 
40
,
 
w
e
 
e
s
ti
m
a
t
e
d
 
t
h
a
t
 
t
h
e
 
d
u
p
l
i
c
a
ti
o
n
 
a
l
l
e
l
e
 
w
a
s
 
p
r
e
s
e
n
t
 
i
n
 
fi
b
r
o
b
l
a
s
t
 
w
ith
~
20
%
 
a
l
l
e
l
e
 
f
r
equenc
y
,
 
w
h
i
c
h
 
exp
l
a
i
n
s
 
w
h
y
 
i
t
 
ha
d
 
es
cape
d
 
de
t
ec
t
i
on.
U
s
i
n
g
 
P
C
R
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
a
c
r
o
s
s
 
CN
V
 
j
u
n
c
t
i
o
n
s
,
 
w
e
 
co
u
l
d
 
co
n
f
i
d
e
n
t
l
y
 
de
t
ec
t
e
d
 
7
 
add
i
t
i
ona
l
 
so
m
a
t
i
c
 
C
N
V
s
 
i
n
 
fi
b
r
o
b
l
a
s
t
s
 
o
f
 
4
 
i
nd
i
v
i
dua
l
s
.
 
F
r
o
m
 
r
e
a
d
 
d
e
p
t
h
 
g
e
n
o
t
y
p
i
n
g
 
b
y
 
C
N
V
n
a
t
o
r
 
a
n
d
 
q
P
C
R
 
w
e
 
e
s
t
i
m
a
t
e
d
 
t
h
a
t
 
a
l
l
 
o
f
 
t
h
e
 
so
m
a
t
i
c
 
C
N
V
s
 
(
e
xce
p
t
 
t
h
e
 
o
n
e
 
d
i
scusse
d
 
a
b
o
v
e
)
 
h
a
v
e
 
m
uc
h
 
s
m
a
l
le
r
 
a
l
l
e
l
e
 
f
r
equenc
y
 
t
ha
n
 
20
%
.
 
 
W
e
,
 
t
h
e
r
e
f
o
r
e,
) (
de
m
ons
t
r
a
t
ed
 
t
he
 
app
l
i
c
ab
i
l
i
t
y
 
of
 
s
i
ng
l
e
 
c
e
l
l
 
c
l
onal
 
ex
pans
i
on
 
f
or
 
d
i
s
c
ov
e
r
i
ng
 
s
o
m
a
t
i
c
 
C
N
V
s
 
i
n
 
a
 
t
i
s
s
ue
 
sa
m
p
l
e
.
) (
M
o
r
e
o
v
e
r
  
 
we
  
 
s
h
o
w
  
 
t
h
a
t
  
 
we
  
 
c
a
n
  
 
a
c
h
i
e
v
e
  
 
b
r
e
a
k
p
o
i
n
t
) (
r
e
s
o
l
u
t
i
o
n
 
o
f
 
C
N
V
s
,
 
w
h
i
c
h
 
c
a
n
 
b
e
 
u
s
e
d
 
f
o
r
 
a
n
a
l
y
s
i
s
 
o
f
 
t
h
e
i
r
) (
o
r
i
g
i
n
.
 
Fo
r
 
e
x
a
m
p
l
e
,
 
t
h
e
 
CN
V
 
i
n
 
F
i
g
.
 
1
 
i
s
 
a
 
t
a
n
d
e
m
 
dup
l
i
ca
t
i
on
,
 
w
h
i
c
h
 
s
t
r
ong
l
y
 
sugges
t
s
 
r
eco
m
b
i
na
t
i
o
n
 
a
s
 
a
 
m
e
c
h
a
n
i
s
m
 
f
o
r
 
i
t
s
 
c
r
e
a
t
i
o
n
.
 
H
o
w
e
v
e
r
,
 
i
t
 
i
s
 
a
p
p
a
r
e
n
t
 
t
h
a
t
 
se
q
u
e
nce
s
 
a
r
o
u
n
d
 
b
r
e
akp
o
i
n
t
s
 
a
r
e
 
n
o
t
 
h
o
m
o
l
o
g
o
us
,
 
a
n
d
 
t
h
e
r
e
 
i
s
 
a
n
 
i
n
s
e
r
ti
o
n
 
 
a
t
 
b
r
e
a
k
p
o
i
n
t
s
 
 
(
F
i
g
.
 
 
1
F
)
.
 
T
h
e
r
e
f
o
r
e
,
) (
   
 
F
i
g
.
3
A
 
 
Pa
i
r
e
d
-
en
d
 
T
E
 
m
app
i
ng
:
 
5
’
 
(
b
l
ue
)
 
o
r
 
3
’
 
(
r
ed)
en
d
 
f
r
ag
m
en
t
 
m
ap
s
 
t
o
 
un
i
qu
e
 
sequen
c
e
,
 
an
d
 
t
he
 
o
t
he
r
 
 
f
r
ag
m
en
t
 
(
g
r
een
)
 
t
o
 
non
-
un
i
qu
e
 
T
E
 
da
t
abas
e
 
se
q
u
e
nce
.
   
 
) (
5
) (
non
-
ho
m
o
l
ogou
s
 
 
en
d
 
 
j
o
i
n
i
n
g
 
i
s
 
 
t
h
e
 
 
li
k
e
l
y
 
 
m
e
c
h
a
n
i
s
m
 
r
e
s
p
o
n
s
i
b
l
e
 
f
o
r
 
c
r
e
a
t
i
o
n
 
o
f
 
t
h
i
s
 
C
N
V
.
) (
D
i
s
c
ov
e
r
i
ng
  
 
s
o
m
a
t
i
c
  
 
SN
V
s
.
 
R
e
c
e
n
t
 
s
t
u
d
i
e
s
 
h
a
v
e
) (
r
e
p
o
rt
e
d
 
d
i
s
c
o
v
e
r
y
 
o
f
 
s
o
m
a
t
i
c
 
SNV
s
 
19,
 
20
.
 
S
i
m
il
a
rl
y
 
t
o
 
o
u
r
 
s
t
u
d
y
,
 
t
h
e
y
 
s
t
u
d
i
e
d
 
h
i
P
S
 
c
e
ll
s
 
a
n
d
 
t
h
e
 
d
e
s
i
g
n
 
o
f
 
t
h
e
i
r
 
s
t
u
d
y
 
w
a
s
 
 
c
o
n
c
e
p
t
u
a
l
l
y
  
 
s
i
m
i
l
a
r
 
 
t
o
 
 
t
h
e
 
 
o
n
e
 
 
w
e
 
 
u
s
e
d
 
 
i
n
 
 
o
u
r
) (
   
 
F
i
gu
r
e
 
 
3
B
:
 
Sp
l
i
t
-r
e
a
d
 
T
E
 
m
a
p
p
i
n
g
:
 
p
a
r
t
 
o
f
 
e
a
c
h
i
n
f
o
r
m
a
ti
v
e
 
r
e
a
d
 
c
a
n
 
b
e
 
u
n
i
q
u
e
l
y
 
m
a
p
p
e
d
 
(
r
e
d
 
o
r
 
b
l
ue
)
,
 
an
d
 
t
h
e
 
o
t
he
r
 
pa
r
t
 
ca
n
 
b
e
 
m
appe
d
 
t
o
 
t
h
e
 
T
E
da
t
abase
.
 
 
) (
ana
l
y
s
i
s
) (
(
see
) (
above
)
.
) (
U
s
i
ng
) (
t
a
r
ge
t
ed
) (
u
l
t
r
a
-
deep
) (
se
q
u
e
nc
i
n
g
 
t
h
e
y
 
h
a
v
e
 
sh
o
w
n
 
t
h
a
t
 
a
 
l
a
r
g
e
 
f
r
a
c
t
i
o
n
 
o
f
 
SNVs
 
m
a
n
i
f
e
s
t
e
d
 
i
n
 
h
i
P
S
 
li
n
e
s
 
w
a
s
 
a
c
t
u
a
ll
y
 
p
r
e
s
e
n
t
 
a
s
 
s
o
m
a
t
ic
) (
   
 
) (
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) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
va
r
i
a
n
t
s
 
i
n
 
t
h
e
 
o
r
i
g
i
n
a
l
 
so
m
a
t
i
c
 
t
i
ssu
e
 
sa
m
p
l
es
.
 
 
Th
e
s
e
 
a
n
a
l
y
s
e
s
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
a
t
 
n
o
t
 
o
n
l
y
 
C
N
V
s
/
S
V
s
 
b
u
t
 
a
l
s
o
) (
s
i
n
g
l
e
 
n
u
c
l
e
o
t
i
d
e
 
so
m
a
t
i
c
 
va
r
i
a
n
t
s
 
ca
n
 
b
e
 
d
i
sco
ve
r
e
d
 
t
h
r
o
u
g
h
 
c
l
o
n
a
l
 
e
x
p
a
n
s
i
o
n
 
a
n
d
 
s
e
q
u
e
n
c
i
n
g
.
) (
E
f
f
e
c
t
 
 
o
f
 
L
M
-
CNV
s
 
 
o
n
 
g
e
n
e
 
 
e
x
p
r
e
s
s
i
o
n
.
 
T
o
 
e
x
a
m
i
n
e
 
w
h
e
t
h
e
r
 
L
M
-
CNV
s
 
a
f
f
e
c
t
 
e
x
p
r
e
s
s
i
o
n
 
o
f
 
t
h
e
 
g
e
n
e
s
 
t
h
a
t
) (
t
h
e
y
 
i
n
t
e
r
s
e
c
t
,
 
 
w
e
 
c
o
m
p
a
r
e
d
 
 
t
h
e
 
e
x
p
r
e
s
s
i
o
n
 
 
l
e
v
e
l
s
 
(
a
s
 
o
b
t
a
i
n
e
d
 
 
fr
o
m
 
d
e
e
p
 
c
o
v
e
r
a
g
e
 
 
R
N
A
s
e
q
 
da
t
a
)
 
o
f
 
t
he
 
gene
s
 
w
hos
e
 
O
R
F
s
 
i
n
t
e
r
sec
t
e
d
 
a
 
C
N
V
 
i
n
 
h
i
P
S
C
 
l
i
ne
s
 
ca
r
r
y
i
n
g
 
t
h
e
 
L
M
-
CN
V
 
v
s
.
 
h
i
P
S
C
 
w
i
t
h
o
u
t
 
t
h
e
 
CNV
.
 
W
e
 
li
m
it
e
d
 
o
u
r
 
c
o
m
p
a
ri
s
o
n
 
t
o
 
p
a
ir
s
 
o
f
 
h
i
P
S
C
 
li
n
e
s
 
d
e
ri
v
e
d
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 
p
e
r
s
o
n
 
t
o
 
e
n
s
u
r
e
 
t
h
a
t
 
t
h
e
 
d
if
f
e
r
e
n
c
e
s
 
w
e
r
e
 
no
t
 
t
h
e
 
r
esu
l
t
 
o
f
 
i
n
t
e
r
pe
r
sona
l
 
 
g
e
n
o
m
i
c
 
v
a
ri
a
b
ilit
y
.
 
A
s
 
w
e
 
p
r
o
d
u
c
e
d
 
t
h
r
e
e
 
h
i
P
S
C
 
li
n
e
s
 
f
o
r
 
e
a
c
h
 
p
e
r
s
o
n
 
w
h
i
l
e
 
t
h
e
 
o
b
s
e
r
v
e
d
 
L
M
-
CNV
s
 
a
r
e
 
t
y
p
i
c
a
l
l
y
 
f
o
u
n
d
 
i
n
 
o
n
l
y
 
o
n
e
 
h
i
P
S
C
 
l
i
n
e
,
 
w
e
 
c
o
u
l
d
 
m
a
k
e
 
t
w
o
 
e
x
p
r
e
s
s
i
o
n
 
co
m
p
a
r
i
so
n
s
 
p
e
r
 
g
e
n
e
.
 
O
u
r
 
se
l
ec
t
i
o
n
 
r
esu
l
t
e
d
 
i
n
 
4
0
 
g
e
n
e
s
 
f
o
r
 
w
h
i
c
h
 
w
e
 
h
a
d
 
8
0
 
d
a
t
a
 
p
o
i
n
t
s
:
 
5
2
 
f
o
r
 
d
u
p
li
c
a
t
i
o
n
s
 
an
d
 
2
8
 
f
o
r
 
de
l
e
t
i
on
s
 
(
F
i
g
.
 
 
2
)
.
 
F
o
r
 
g
e
n
e
s
 
i
n
 
d
u
p
l
i
c
a
t
e
d
 
C
N
V
s
 
t
h
e
 
e
x
p
r
e
s
s
i
o
n
 
t
y
p
i
c
a
l
l
y
 
i
n
c
r
e
a
s
e
d
,
 
a
n
d
 
t
h
i
s
 
w
a
s
 
f
o
u
n
d
 
i
n
 
3
6
 
o
u
t
 
o
f
 
5
2
 
c
a
s
e
s
 
(
6
9
%
)
.
 
F
o
r
 
d
e
l
e
ti
o
n
s
 
t
h
e
 
tr
e
n
d
 
w
a
s
 
w
e
a
k
e
r
 
b
u
t
 
s
ti
l
l
 
n
o
ti
c
e
a
b
l
e
;
 
i
n
 
1
6
 
o
f
 
2
8
 
c
a
s
e
s
 
(
5
7
%
)
 
g
e
n
e
 
exp
r
es
s
i
o
n
 
dec
r
eased
.
 
S
t
a
t
i
s
t
i
ca
l
 
ana
l
y
s
i
s
,
 
us
i
n
g
 
F
i
s
che
r
’
s
 
exac
t
 
t
es
t
,
 
sho
w
e
d
 
t
ha
t
 
w
i
t
h
 
t
h
e
 
p
-
va
l
u
e
 
o
f
 
0
.
0
2
 
t
he
r
e
 
w
a
s
 
a
 
d
i
r
ec
t
 
as
soc
i
a
t
i
o
n
 
o
f
 
gen
e
 
exp
r
es
s
i
o
n
 
w
i
t
h
 
i
t
s
 
cop
y
 
nu
m
be
r
,
 
i
.
e
.
,
 
dup
l
i
ca
t
i
o
n
 
i
nc
r
eased
 
exp
r
es
s
i
o
n
 
 
w
h
i
l
e
 
de
l
e
t
i
o
n
 
dec
r
ease
d
 
 
i
t
.
 
 
W
e
,
 
t
h
e
r
e
f
o
r
e
,
 
 
d
e
m
o
n
s
t
r
a
t
e
d
 
 
t
h
a
t
 
w
i
t
h
 
R
N
A
s
e
q
 
w
e
 
c
a
n
 
o
b
s
e
r
v
e
 
a
n
) (
e
ff
e
c
t
 
o
f
 
C
N
V
s
 
o
n
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
.
) (
S
o
m
a
t
i
c
 
m
o
b
i
l
e
 
e
l
e
m
e
n
t
 
i
n
s
e
r
t
i
o
n
 
i
n
 
b
r
a
i
n
.
 
I
n
 
r
e
c
e
n
t
 
s
t
u
d
y
 
25
 
t
h
e
 
a
u
t
h
o
r
s
 
c
a
p
t
u
r
e
d
 
D
N
A
 
o
f
 
m
o
b
i
l
e
 
e
l
e
m
e
n
t
s
) (
an
d
 
f
l
ank
i
n
g
 
r
e
g
i
o
n
s
.
 
T
h
e
 
D
N
A
 
w
a
s
 
s
e
q
u
e
n
c
e
d
 
b
y
 
I
L
L
U
M
I
N
A
 
pa
i
r
ed
-
en
d
 
sequenc
i
n
g
 
an
d
 
ana
l
y
ze
d
 
w
i
t
h
 
t
he
 
a
i
m
 
o
f
 
f
i
nd
i
n
g
 
so
m
a
t
i
c
 
m
ob
i
l
e
 
e
l
e
m
en
t
s
 
i
nse
r
t
i
ons
.
 
W
h
i
l
e
 
t
h
i
s
 
s
t
u
d
y
 
p
r
o
v
i
d
e
s
 
d
i
r
e
c
t
 
e
v
i
d
e
n
c
e
 
f
o
r
 
s
o
m
a
t
i
c
 
m
o
b
i
l
e
 
e
l
e
m
en
t
 
i
nse
r
t
i
on
s
 
t
h
e
 
ques
t
i
o
n
 
abou
t
 
it
s
 
e
x
t
e
n
t
 
i
s
 
y
e
t
 
t
o
 
b
e
 
a
n
s
w
e
r
e
d
.
A
n
a
l
y
s
e
s
 
o
f
 
 
R
e
t
r
o
t
r
a
n
s
p
o
s
o
n
 
i
n
s
e
r
t
i
o
n
s
:
 
W
h
o
l
e
-
geno
m
e
 
sequenc
i
n
g
 
ca
n
 
de
t
ec
t
 
a
l
l
 
t
ype
s
 
o
f
 
tr
a
n
s
p
o
s
a
b
l
e
) (
e
l
e
m
e
n
t
s
 
(
T
E
s
)
 
(
L
1
,
 
A
l
u
,
 
S
V
A
,
 
H
E
R
V
 
e
t
c
.
)
 
a
n
d
 
a
t
 
n
o
 
a
d
d
e
d
 
c
o
s
t
 
s
i
n
c
e
 
w
e
 
c
a
n
 
r
e
-
ana
l
y
z
e
 
t
h
e
 
a
l
r
ead
y
 
ex
i
s
t
i
ng
 
w
h
o
l
e
-
geno
m
e
 
da
t
a
 
f
o
r
 
t
h
i
s
 
pu
r
pos
e
 
41
 
(
F
i
gur
e
 
 
3
,
 
fr
o
m
 
41
)
.
 
T
E
 
c
a
l
l
i
n
g
 
i
s
 
i
n
t
e
g
r
a
t
e
d
 
w
i
t
h
 
t
h
e
 
M
O
S
A
I
K
 
m
a
p
p
i
n
g
 
so
f
t
w
a
r
e
,
 
 
b
u
t
 
 
i
ns
t
e
a
d
 
 
o
f
 
 
d
i
sca
r
d
i
n
g
 
 
n
o
n
-
un
i
qu
e
 
 
sequences
,
 
 
t
he
y
 
 
a
r
e
 
 
m
appe
d
 
 
t
o
 
 
t
h
e
 
 
r
e
f
e
r
enc
e
 
 
geno
m
e
 
 
i
n
 
r
e
l
a
t
i
o
n
 
 
t
o
 
 
t
h
e
 
 
d
a
t
a
b
a
s
e
 
 
o
f
 
 
T
E
 
 
s
e
q
u
e
n
c
e
s
 
 
(
a
s
 
 
w
e
l
l
 
 
a
s
 
 
l
o
c
a
t
i
o
n
s
 
 
o
f
 
 
k
n
o
w
n
 
 
T
E
 
 
p
o
l
y
m
o
r
p
h
i
s
m
s
)
.
 
 
W
e
 
 
h
a
v
e
 
pa
r
t
i
c
i
pa
t
e
d
 
i
n
 
t
h
e
 
deve
l
op
m
en
t
 
an
d
 
t
es
t
i
n
g
 
o
f
 
m
e
t
hodo
l
og
y
 
t
o
 
de
t
ec
t
 
T
E
 
i
n
s
e
r
t
i
o
n
 
i
n
t
o
 
t
h
e
 
g
e
n
o
m
i
c
 
s
e
q
u
e
n
c
e
 
i
n
 
w
h
o
l
e
-
geno
m
e
 
 
sequenc
e
 
da
t
a
 
41
.
 
T
h
e
 
a
l
g
o
r
it
h
m
 
d
e
t
e
c
t
e
d
,
 
i
n
 
1
0
0
0
 
G
e
n
o
m
e
s
 
l
o
w
-
co
v
e
r
a
g
e
 
 
(
2
-
3
X
)
 
w
ho
l
e
-
 
geno
m
e
 
P
E
 
sequenc
i
n
g
 
da
t
a
 
f
o
r
 
15
0
 
i
nd
i
v
i
dua
l
s
 
an
d
 
i
n
 
h
i
g
h
-
co
v
e
r
a
g
e
 
 
(
1
5
-
40
X
)
 
da
t
a
 
f
o
r
 
2
 
pa
r
en
t
-
ch
i
l
d
 
t
r
i
o
s
 
(
D
N
A
 
f
r
o
m
 
c
e
l
l
 
l
i
n
e
s
)
,
 
a
 
t
o
t
a
l
 
o
f
 
7
,
3
8
0
 
T
E
 
i
n
s
e
r
ti
o
n
 
s
it
e
s
 
(
8
5
%
 
A
L
U
,
 
1
2
%
 
L
1
,
 
2
.
5
%
 
S
V
A
)
,
 
o
f
 
w
h
i
c
h
 
6
9
%
 
w
e
r
e
 
nove
l
,
 
w
i
t
h
 
a
 
~95
%
 
va
l
i
da
t
i
o
n
 
r
a
t
e
 
b
y
 
P
C
R
,
 
sugges
t
i
n
g
 
t
ha
t
 
co
m
pu
t
a
t
i
ona
l
 
de
t
ec
t
i
o
n
 
us
i
n
g
 
w
ho
l
e
-
geno
m
e
 
P
E
 
se
q
u
e
nc
i
n
g
 
 
i
s
 
 
t
h
e
 
 
cu
r
r
e
n
t
 
 
m
e
t
h
o
d
 
 
o
f
 
 
ch
o
i
ce
.
 
 
T
E
 
 
s
i
t
e
s
 
 
r
ese
m
b
l
e
d
 
 
S
N
P
s
 
 
i
n
 
 
e
v
i
d
e
nc
e
 
 
f
o
r
 
 
se
l
ec
t
i
o
n
 
 
(
s
i
m
i
l
a
r
 
d
i
s
t
r
i
bu
t
i
o
n
 
o
f
 
f
r
equenc
i
es
,
 
i
nc
l
ud
i
n
g
 
50
x
 
f
e
w
e
r
 
even
t
s
 
i
n
 
cod
i
n
g
 
r
eg
i
on
s
 
t
ha
n
 
expec
t
e
d
 
b
y
 
chance
)
 
an
d
 
i
n
 
t
he
 
c
l
us
t
e
r
i
n
g
 
 
o
f
 
 
a
l
l
e
l
i
c
 
 
f
r
e
q
u
e
nc
i
e
s
  
 
b
y
 
 
co
n
t
i
n
e
n
t
a
l
ances
t
r
y
.
D
i
s
co
v
e
r
i
ng
 
pr
oc
e
s
s
e
d
 
ps
e
udoge
ne
s
) (
(
r
e
t
r
o
g
e
n
e
s
)
 
f
r
o
m
 
 
s
e
q
u
e
n
c
i
n
g
 
da
t
a
.
   
 
 
We
) (
deve
l
oped
 
d
i
s
cove
r
i
ng
) (
a
) (
co
m
pu
t
a
t
i
ona
l
 
p
i
pe
l
i
ne
) (
f
o
r
 
novel
) (
fr
o
m
) (
s
e
q
u
e
n
c
i
n
g
) (
d
a
ta
) (
p
r
oces
se
d
  
 
pseudogene
s
,
  
 
i.
e
.
,
  
 
t
h
o
s
e
  
 
t
h
a
t
  
 
a
r
e
 
absen
t
 
f
r
o
m
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
g
e
n
o
m
e
,
 
(r
e
f
e
rr
e
d
 
to
 
be
l
o
w
 
 
a
s
 
 
r
e
t
r
ogenes
)
,
 
 
an
d
 
 
hav
e
 
 
app
l
i
e
d
 
 
i
t
 
 
t
o
 
ana
l
yz
e
 
da
t
a
 
f
r
o
m
 
t
h
e
 
100
0
 
G
eno
m
e
s
 
P
r
o
j
ec
t
 
(
m
a
n
u
s
c
ri
p
t
 
i
s
 
u
n
d
e
r
 
r
e
v
i
e
w
)
.
 
R
e
t
r
o
g
e
n
e
s
 
a
r
e
 
c
r
e
a
t
e
d
 
b
y
 
r
e
t
r
o
t
r
a
nsp
os
i
t
i
o
n
,
 
so
,
 
i
f
 
ex
t
e
ns
i
ve
 
so
m
a
t
i
c
 
r
e
t
r
o
t
r
a
nsp
os
i
t
i
o
n
 
i
n
 
b
r
a
i
n
 
d
o
e
s
 
ex
i
s
t
,
 
w
e
 
expec
t
 
 
t
o
 
 
f
i
n
d
 
 
nove
l
 
 
r
e
t
r
ogenes
.
 
 
Th
u
s
 
 
f
a
r
,
 
va
r
i
a
t
i
o
n
 
i
n
 
r
e
t
r
o
g
e
n
e
s
 
ha
s
 
no
t
 
r
ece
i
ve
d
 
any
 
a
t
t
en
t
i
on
.
 
 
O
u
r
 
 
p
i
p
e
l
i
n
e
 
 
i
s
 
 
t
h
e
 
 
f
i
r
s
t
 
 
a
n
d
 
 
u
n
i
que
) (
F
i
gu
r
e
 
 
4
.
 
A
)
 
C
o
n
c
e
p
t
u
a
l
 
p
i
p
e
l
i
n
e
 
f
o
r
 
d
i
s
c
o
v
e
r
i
n
g
 
n
o
v
e
l
 
r
e
tr
o
g
e
n
e
s
.
 
B
)
 
C
a
n
d
i
d
a
t
e
 
o
f
 
p
a
r
e
n
t
 
g
e
n
e
,
 
B
C
L
A
F
1
,
 
w
i
t
h
 
n
o
v
e
l
 
o
r
pha
n
 
r
e
t
r
ogene
.
 
E
i
gh
t
 
sp
l
i
c
e
-j
u
n
c
t
i
o
n
s
 
a
r
e
 
c
o
n
f
i
r
m
e
d
 
b
y
 
un
i
que
l
y
 
m
appe
d
 
r
eads
.
 
Nove
l
 
r
e
t
r
ogen
e
 
i
s
 
co
r
r
obo
r
a
t
e
d
 
by
 
i
n
c
r
e
a
s
e
d
 
r
e
a
d
 
d
e
p
t
h
 
i
n
 
e
x
o
n
s
.
 
 
) (
a
t
t
e
m
pt
 
f
or
 
s
y
s
t
e
m
a
t
i
c
 
ana
l
y
s
i
s
 
of
 
nov
el
) (
r
e
t
r
o
g
e
n
e
s
.
 
 
I
n
 
b
r
i
e
f
,
 
w
e
 
c
o
n
s
tr
u
c
t
e
d
 
 
a
 
sp
l
i
c
e
-j
u
n
c
t
i
o
n
 
 
l
i
b
r
a
r
y
 
b
y
 
j
o
i
n
i
n
g
 
s
e
q
uence
s
 
 
f
l
ank
i
n
g
 
 
i
n
t
r
on
s
 
(
F
i
g
.
 
 
4
).
 
N
a
m
e
l
y
,
 
f
o
r
 
e
a
c
h
 
g
e
n
e
,
 
w
e
 
exhaus
t
i
ve
l
y
 
co
ns
t
r
uc
t
e
d
 
se
q
u
e
nce
s
 
co
ns
i
s
t
i
n
g
 
o
f
 
2
5
 
base
s
 
a
t
 
t
h
e
 
5
’
-
en
d
 
o
f
 
eac
h
 
i
n
t
r
o
n
 
a
n
d
 
o
f
 
2
5
 
b
a
s
e
s
 
a
t
 
t
h
e
 
3
’
-
en
d
 
o
f
 
t
h
e
 
sa
m
e
 
an
d
 
a
l
l
 
do
w
ns
t
r
ea
m
 
 
i
n
t
r
on
s
 
(
t
h
e
 
nu
m
be
r
 
o
f
 
base
s
 
a
t
 
t
he
 
j
u
n
c
t
i
o
n
 
i
s
 
i
n
c
r
e
a
s
e
d
 
w
i
t
h
 
r
e
a
d
 
l
e
n
g
t
h
)
.
 
W
e
 
t
h
e
n
 
m
a
ppe
d
 
g
D
N
A
 
r
e
a
d
s
 
t
h
a
t
 
p
r
e
v
i
o
u
s
l
y
 
c
o
u
l
d
 
n
o
t
 
b
e
 
m
a
p
p
e
d
 
t
o
 
t
h
e
 
 
r
e
f
e
r
e
n
c
e
 
 
g
e
n
o
m
e
 
 
t
o
 
 
t
h
i
s
 
 
s
p
l
i
c
e
-j
u
n
c
t
i
o
n
 
 
l
i
b
r
a
r
y
.
 
 
R
e
a
d
s
 
 
t
h
a
t
 
 
m
a
p
p
e
d
 
 
u
n
i
q
u
e
l
y
 
 
t
o
 
 
a
 
s
p
l
i
c
e
-j
u
n
c
t
i
o
n
 
 
a
r
e
 
r
e
t
a
i
n
e
d
 
 
f
o
r
 
t
h
e
 
a
n
a
l
y
s
i
s
 
 
a
s
 
t
h
e
y
 
 
a
r
e
 
i
n
d
i
c
a
t
i
v
e
 
 
o
f
 
t
h
e
 
j
u
n
c
t
i
o
n
 
 
b
e
i
n
g
 
 
p
r
e
s
e
n
t
 
 
i
n
 
t
h
e
 
s
t
u
d
i
e
d
 
 
g
e
n
o
m
e
 
 
a
s
 
a
 
co
n
t
i
n
u
o
u
s
 
 
(
w
i
t
h
o
u
t
 
 
i
n
t
r
o
n
)
 
 
se
q
u
e
nce
,
 
 
su
g
g
es
t
i
n
g
 
 
t
h
a
t
 
 
a
 
 
co
r
r
esp
o
n
d
i
n
g
 
 
g
e
n
e
,
 
 
i
.
e
.
,
 
 
a
 
 
p
a
r
e
n
t
 
 
g
e
n
e
,
 
 
h
a
s
 
 
a
n
 
o
r
pha
n
 
 
r
e
t
r
ogen
e
 
 
t
ha
t
 
 
i
s
 
 
no
t
 
 
i
n
 
 
t
h
e
 
 
r
e
f
e
r
enc
e
 
 
geno
m
e
.
 
 
W
e
 
 
h
a
v
e
 
 
c
r
e
a
t
e
d
 
 
add
i
t
i
ona
l
 
 
e
l
abo
r
a
t
e
 
 
ana
l
y
s
i
s
 
p
r
ocedu
r
e
s
 
(
i
.
e
,
 
co
m
pa
r
i
so
n
 
w
i
t
h
 
nu
l
l
 
m
ode
l
,
 
de
t
e
c
ti
n
g
 
i
n
s
e
r
ti
o
n
 
p
o
i
n
t
s
,
 
e
m
p
l
o
y
i
n
g
 
r
e
a
d
 
d
e
p
t
h
 
i
n
f
o
r
m
a
ti
o
n
)
 
to
   
 
) (
Research
 
Strategy
) (
Page
 
61
)

 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
se
l
ec
t
 
co
n
f
i
d
e
n
t
 
d
i
sco
v
e
r
i
es
.
 
A
n
 
e
x
a
m
p
l
e
 
o
f
 
a
 
d
i
sco
v
e
r
e
d
 
n
o
v
e
l
 
r
e
t
r
o
g
e
n
e
 
i
s
 
sh
o
w
n
 
i
n
 
F
i
g
.
 
 
4
B
.
 
W
h
e
n
 
u
s
i
n
g
 
da
t
a
 
f
r
o
m
 
t
h
e
 
100
0
 
G
eno
m
e
s
 
P
r
o
j
ec
t
 
w
e
 
hav
e
 
d
i
s
cove
r
e
d
 
hund
r
ed
s
 
o
f
 
nove
l
 
r
e
t
r
ogene
s
 
i
n
 
a
l
m
os
t
 
a
 
t
h
o
u
s
a
n
d
 
peop
l
e
 
f
r
o
m
 
1
4
 
popu
l
a
t
i
ons
.
 
 
W
e
 
a
l
s
o
 
f
oun
d
 
t
ha
t
 
pa
r
en
t
 
gene
s
 
f
o
r
 
t
hos
e
 
r
e
t
r
ogene
s
 
hav
e
 
h
i
ghe
r
 
exp
r
es
s
i
on
 
t
h
a
n
 
o
t
h
e
r
 
g
e
n
e
s
 
s
p
e
c
i
fi
c
a
l
l
y
 
w
h
e
n
 
c
e
l
l
s
 
tr
a
n
s
i
ti
o
n
 
fr
o
m
 
M
 
t
o
 
G
1
 
p
h
a
s
e
 
o
f
 
t
h
e
 
ce
l
l
 
c
y
c
l
e
 
(
F
i
g
.
 
5
)
.
 
W
e
,
 
t
h
u
s
,
 
hypo
t
hes
i
z
e
 
 
t
ha
t
 
 
t
he
i
r
 
 
h
i
g
h
 
 
exp
r
es
s
i
o
n
 
 
an
d
 
 
nuc
l
ea
r
 
 
m
e
m
b
r
an
e
 
 
d
i
s
r
up
t
i
o
n
 
 
du
r
i
n
g
 
 
d
i
v
i
s
i
o
n
 
 
a
r
e
 
 
conduc
i
v
e
 
 
t
o
 
c
r
e
a
t
i
o
n
 
o
f
 
r
e
t
r
o
g
e
n
e
s
 
f
r
o
m
 
t
h
e
i
r
 
m
R
N
A
.
 
T
h
i
s
 
h
y
p
o
t
h
es
i
s
 
d
i
r
ec
t
l
y
 
i
m
p
l
i
ca
t
e
s
 
ce
l
l
 
d
i
v
i
s
i
o
n
 
i
n
 
r
e
t
r
o
t
r
a
nsp
os
i
t
i
o
n
,
w
h
i
c
h
 
h
a
s
 
b
e
e
n
 
s
u
g
g
e
s
t
e
d
 
b
y
 
p
r
e
v
i
o
u
s
 
s
t
u
d
i
e
s
 
32,
 
33
.
) (
A
d
v
a
n
t
a
g
e
s
 
 
o
f
  
 
c
l
o
n
a
l
 
 
s
e
q
u
e
n
c
i
n
g
 
 
o
v
e
r
  
 
d
e
e
p
  
 
t
i
s
s
u
e
) (
-/
"
) (
seq
u
en
c
i
n
g
.
 
S
e
q
u
e
n
c
i
n
g
  
 
o
f
  
 
c
l
o
n
a
l
  
 
p
o
p
u
l
a
t
i
o
n
s
  
 
h
a
s
  
 
a
) (
!#
) (
nu
m
be
r
 
 
o
f
 
 
advan
t
age
s
 
 
ove
r
 
 
dee
p
 
 
sequenc
i
n
g
 
 
o
f
 
 
o
r
i
g
i
nal
 
ti
s
s
u
e
.
 
F
i
r
s
t
,
 
i
t
 
c
a
n
 
u
n
m
a
s
k
 
s
o
m
a
ti
c
 
v
a
r
i
a
n
t
s
 
a
t
 
m
u
c
h
 
s
m
a
l
l
e
r
 
fr
e
q
u
e
n
c
y
.
 
E
v
e
n
 
a
t
 
1
0
0
0
x
 
c
o
v
e
r
a
g
e
 
o
f
 
o
r
i
g
i
n
a
l
 
ti
s
s
u
e
 
d
i
s
cove
r
i
n
g
 
o
f
 
va
r
i
an
t
s
 
a
t
 
<0
.
1
%
 
o
f
 
a
l
l
e
l
e
 
f
r
equenc
y
 
i
s
 
i
m
p
o
s
s
i
b
l
e
,
 
w
h
i
l
e
 
co
n
f
i
d
e
n
t
 
d
i
sco
v
e
r
y
 
i
s
 
l
i
ke
l
y
 
t
o
 
b
e
 
a
r
ch
i
v
e
d
 
f
o
r
 
v
a
r
i
a
n
t
s
 
w
it
h
 
a
l
l
e
l
e
 
fr
e
q
u
e
n
c
y
 
>
1
%
.
 
T
h
e
 
s
a
m
e
 
c
o
v
e
r
a
g
e
 
ca
n
 
b
e
 
sp
l
i
t
 
ove
r
 
3
0
 
c
l
one
s
 
t
o
 
y
i
e
l
d
 
ave
r
ag
e
 
>30
x
 
cove
r
age,
 
w
h
i
c
h
 
i
s
 
e
n
o
u
g
h
 
t
o
 
d
i
s
c
o
v
e
r
 
a
l
l
 
v
a
r
i
a
n
t
 
w
i
t
h
i
n
 
a
 
c
l
o
n
e
,
 
e
v
e
n
 
t
h
o
s
e
 
t
h
a
t
 
a
r
e
 
a
t
 
e
x
tr
e
m
e
l
y
 
l
o
w
 
fr
e
q
u
e
n
c
y
 
i
n
 
o
r
i
g
i
n
a
l
 
ti
s
s
u
e
.
 
S
e
c
o
n
d
,
 
c
l
o
n
a
l
 
s
e
q
u
e
n
c
i
n
g
 
p
r
o
v
i
d
e
s
 
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
 
w
h
i
c
h
 
va
r
i
a
n
t
s
 
m
a
y
 
co
-
ex
i
s
t
 
w
i
t
h
i
n
 
a
 
s
i
n
g
l
e
 
c
e
l
l
.
 
O
n
e
 
c
a
n
 
o
b
s
e
r
v
e
 
co
-
oc
cu
r
r
enc
e
 
o
f
 
C
N
V
s
 
and
/
o
r
 
S
N
V
s
 
and
/
o
r
 
m
ob
i
l
e
 
e
l
e
m
ent
 
i
n
s
e
r
t
i
o
n
s
,
 
a
s
 
w
e
l
l
 
a
s
 
h
i
g
h
 
an
d
 
l
o
w
 
a
l
l
e
l
e
 
f
r
equenc
y
 
va
r
i
an
t
s
.
) (
!#
'"
) (
!#
&"
) (
!#
%"
) (
(!"
) (
$!!"
) (
$(!"
) (
%!!"
) (
%(!"
) (
&!!"
) (
&(!"
 
'!!"
) (
F
i
gu
r
e
) (
5
.
 
Av
e
r
a
g
e
 
 
g
e
n
e
 
 
e
x
p
r
e
s
s
i
o
n
 
 
d
u
r
i
n
g
 
 
c
e
l
l
) (
1
.
) (
cyc
l
e
.
) (
D
a
t
a
  
 
f
r
o
m
) (
D
iff
e
r
e
n
t
  
 
c
u
r
v
e
s
  
 
s
h
o
w
) (
exp
r
es
s
i
o
n
 
 
du
r
i
n
g
 
 
ce
l
l
 
 
c
y
c
l
e
s
 
 
f
o
r
 
a
l
l
 
gene
s
 
 
w
i
t
h
 
da
t
a
,
 
f
o
r
 
gene
s
 
w
i
t
h
 
va
r
i
ab
l
e
 
 
pseudognee
s
,
 
 
and
 
f
o
r
 
 
t
h
e
 
 
r
e
m
a
i
n
i
n
g
  
 
g
e
n
e
s
.
 
 
1
0
0
%
 
 
o
f
 
 
c
e
l
l
 
 
c
y
c
l
e
 
m
a
r
k
s
 
t
r
a
n
s
i
t
i
o
n
 
f
r
o
m
 
M
 
t
o
 
G
1
 
p
h
a
s
e
.
 
G
e
n
e
s
 
w
i
t
h
 
nove
l
 
 
pse
u
d
o
g
e
n
e
s
 
 
h
a
v
e
 
 
h
i
g
h
e
r
 
 
e
x
p
r
ess
i
o
n
 
a
r
oun
d
 
t
ha
t
 
po
i
n
t
.
 
 
) (
F
i
n
a
l
l
y
,
) (
c
l
o
n
a
l
) (
s
e
q
u
e
n
c
i
n
g
) (
c
a
n
) (
a
l
s
o
) (
g
i
v
e
) (
i
m
p
o
r
t
a
n
t
) (
i
n
f
o
r
m
a
t
i
o
n
 
a
b
o
u
t
 
t
h
e
 
t
i
m
e
li
n
e
 
o
f
 
v
a
ri
a
n
t
 
exa
m
p
l
e
,
 
i
n
 
ou
r
 
ana
l
y
s
i
s
 
o
f
 
h
i
P
S
C
 
l
i
ne
 
so
m
a
t
i
c
 
 
C
N
V
 
 
i
n
 
 
t
w
o
 
 
l
i
n
es
.
 
 
F
o
r
 
 
o
n
e
 
 
l
i
n
e
) (
g
e
n
e
r
a
ti
o
n
.
 
Fo
r
 
w
e
 
 
obse
r
ve
d
 
 
a
 
i
t
 
 
w
a
s
 
 
t
h
e
 
 
o
n
l
y
) (
so
m
a
t
i
c
 
C
N
V
,
 
w
h
i
l
e
 
f
o
r
 
t
h
e
 
o
t
h
e
r
 
o
n
e
 
w
e
 
d
e
t
ec
t
e
d
 
t
w
o
 
m
o
r
e
 
CNV
s
.
 
T
h
e
 
m
o
s
t
 
l
i
k
e
l
y
 
e
x
p
l
a
n
a
t
i
o
n
 
i
s
 
t
h
a
t
 
t
h
o
s
e
 
t
w
o
 
w
e
r
e
 
c
r
e
a
t
e
d
 
a
f
t
e
r
 
t
h
e
 
o
n
e
 
sha
r
e
d
 
b
y
 
bo
t
h
 
l
i
nes
.
) (
App
r
o
a
c
h
A
i
m
 
 
1
.
 
C
o
n
s
t
r
u
c
t
 
a
 
m
a
p
 
 
o
f
 
 
s
o
m
a
t
i
c
 
va
r
i
a
t
i
on
s
 
pr
e
s
e
n
t
 
i
n
 
pr
oge
n
i
t
o
r
 
c
e
l
l
s
 
o
f
 
 
t
h
e
 
 
c
e
r
e
br
a
l
 
c
or
t
e
x
 
a
nd
ba
s
a
l
 
ga
ng
l
i
a
 
a
n
d
 
e
s
t
i
m
a
t
e
 
t
he
i
r
 
f
r
e
que
nc
y
 
i
n
 
t
h
e
 
or
i
g
i
na
l
 
c
e
l
l
 
popu
l
a
t
i
o
n
 
a
s
 
w
e
l
l
 
a
s
 
i
n
 
o
t
he
r
 
 
e
m
bryon
i
c
 
ti
s
s
u
e
s
.
A
i
m
 
 
1a
.
 
G
ene
r
a
t
e
 
c
l
ona
l
 
ce
l
l
 
popu
l
a
t
i
on
s
 
f
r
o
m
 
t
h
e
 
ce
r
eb
r
a
l
 
co
r
t
e
x
 
an
d
 
basa
l
 
gang
l
i
a
 
o
f
 
pos
t
m
o
r
t
e
m
 
 
hu
m
an
 
e
m
b
r
yo
s
 
a
t
 
14
-
1
5
 
w
eek
s
 
o
f
 
ges
t
a
t
i
o
n
 
an
d
 
ob
t
a
i
n
 
t
h
e
 
co
m
p
l
e
t
e
 
geno
m
i
c
 
D
N
A
 
sequenc
e
 
o
f
 
eac
h
 
c
l
one
.
 
U
s
i
ng
 
co
m
p
u
t
a
t
i
o
n
a
l
 
 
a
n
a
l
yse
s
 
 
d
i
sco
v
e
r
 
 
geno
m
i
c
 
 
va
r
i
a
t
i
o
n
s
 
 
m
a
n
i
f
e
s
t
e
d
 
 
i
n
 
e
a
c
h
 
 
c
l
o
n
e
 
 
a
s
 
co
m
p
a
r
e
d
 
 
t
o
 
t
h
e
 
w
h
o
l
e
,
 
o
r
i
g
i
na
l
 
 
ce
l
l
 
 
popu
l
a
t
i
o
n
 
 
va
l
i
da
t
e
 
 
t
h
i
s
 
 
i
n
f
o
r
m
a
t
i
o
n
 
 
b
y
 
 
PC
R
,
 
 
q
P
C
R
,
 
 
d
i
g
i
t
a
l
P
C
R
 
 
an
d
 
 
de
t
e
r
m
i
n
e
 
 
t
h
e
 
 
exac
t
 
b
r
eakpo
i
n
t
s
 
o
f
 
S
V
s
.
G
e
n
e
r
a
l
 
d
e
s
i
g
n
.
 
T
h
e
 
f
o
l
l
o
w
i
n
g
 
s
t
e
p
s
 
a
r
e
 
r
e
q
u
i
r
e
d
:
) (
1.
2.
) (
S
a
m
p
l
e
 
p
r
e
p
a
r
a
t
i
o
n
C
l
o
n
a
l
 
expans
i
o
n
 
an
d
 
sequenc
i
ng
) (
3
.
1
.
 
B
i
o
i
n
f
o
r
m
a
t
i
c
s
 
 
p
r
ed
i
c
t
i
on
s
 
 
o
f
 
l
o
w
-
a
l
l
e
l
e
 
 
f
r
equenc
y
 
 
(
i
.
e
.
,
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
)
 
 
v
a
r
i
a
n
t
s
 
 
b
y
 
c
o
m
p
a
r
i
n
g
 
 
w
h
o
l
e
 
geno
m
e
 
sequenc
i
n
g
 
da
t
a
 
f
r
o
m
 
c
l
ona
l
l
y
 
expande
d
 
l
i
ne
s
 
an
d
 
o
r
i
g
i
na
l
 
b
r
a
i
n
 
t
i
s
sue
s
 
(
F
i
g
.
 
6
)
3
.
2
.
 
B
i
o
i
n
f
o
r
m
a
t
i
c
s
 
p
r
ed
i
c
t
i
on
s
 
o
f
 
h
i
g
h
 
a
l
l
e
l
e
-fr
e
q
u
e
n
c
y
 
v
a
r
i
a
n
t
s
 
b
y
 
co
m
pa
r
i
n
g
 
da
t
a
 
f
r
o
m
 
d
i
f
f
e
r
en
t
 
t
i
s
sue
s
 
and
 
b
r
a
i
n
 
r
eg
i
ons
) (
4
.
) (
V
a
l
i
d
a
ti
n
g
 
p
r
e
d
i
c
ti
o
n
s
) (
1
.
 
S
a
m
p
l
e
 
co
l
l
ec
t
i
o
n
/
p
r
ep
ara
t
i
o
n
.
 
 
Th
e
 
r
e
s
e
a
r
c
h
 
o
u
t
l
i
n
e
d
 
i
n
 
t
h
i
s
 
g
r
a
n
t
 
a
p
p
l
i
c
a
t
i
o
n
 
w
i
l
l
 
b
e
 
c
o
n
d
u
c
t
e
d
 
u
s
i
n
g
 
t
h
e
) (
ti
s
s
u
e
 
p
r
o
c
u
r
e
m
e
n
t
 
p
i
p
e
l
i
n
e
 
a
t
 
N
e
n
a
d
 
S
e
s
t
a
n
’
s
 
l
a
b
o
r
a
t
o
r
y
 
i
n
 
t
h
e
 
D
e
p
a
rt
m
e
n
t
 
o
f
 
N
e
u
r
o
b
i
o
l
o
g
y
 
a
t
 
Y
a
l
e
 
U
n
i
v
e
r
s
ity
 
S
c
h
o
o
l
 
o
f
 
M
e
d
i
c
i
n
e
.
 
I
n
 
t
h
e
 
fi
r
s
t
 
t
w
o
 
ye
a
r
s
 
o
f
 
t
h
i
s
 
p
r
o
j
e
c
t
,
 
t
i
s
s
u
e
 
w
i
l
l
 
b
e
 
c
o
l
l
e
c
t
e
d
 
a
f
t
e
r
 
p
a
r
e
n
t
a
l
 
o
r
 
n
e
x
t
 
o
f
 
k
i
n
 
co
nse
n
t
 
a
n
d
 
w
i
t
h
 
a
p
p
r
o
v
a
l
 
b
y
 
t
h
e
 
i
ns
t
i
t
u
t
i
ona
l
 
r
ev
i
e
w
 
boa
r
d
s
 
a
t
 
t
h
e
 
Y
a
l
e
 
U
n
i
ve
r
s
i
t
y
 
S
choo
l
 
o
f
 
M
ed
i
c
i
n
e
 
an
d
 
of
 
an
y
 
o
t
he
r
 
i
ns
t
i
t
u
t
i
o
n
 
f
r
o
m
 
w
h
i
c
h
 
t
i
s
su
e
 
spec
i
m
en
s
 
m
a
y
 
b
e
 
ob
t
a
i
ned
.
 
A
pp
r
op
r
i
a
t
e
 
w
r
i
t
t
e
n
 
i
n
f
o
r
m
e
d
 
consen
t
 
w
i
l
l
 
b
e
 
ob
t
a
i
ne
d
 
an
d
 
on
l
y
 
non
-i
d
e
n
tif
y
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
w
il
l
 
r
e
c
o
r
d
e
d
 
f
o
r
 
e
ac
h
 
spec
i
m
en
.
 
T
h
e
 
hand
l
i
n
g
 
o
f
 
t
i
s
su
e
 
i
s
 
pe
r
f
o
r
m
e
d
 
i
n
 
ac
co
r
danc
e
 
w
i
t
h
 
e
t
h
i
ca
l
 
gu
i
de
l
i
ne
s
 
an
d
 
r
egu
l
a
t
i
on
s
 
f
o
r
 
t
h
e
 
r
esea
r
c
h
 
us
e
 
o
f
 
hu
m
a
n
 
b
r
a
i
n
 
t
i
s
su
e
 
set
 
f
o
rt
h
 
b
y
 
t
h
e
 
N
I
H
 
(
h
tt
p
://
b
i
o
e
t
h
i
c
s
.
o
d
.
n
i
h
.
g
o
v
/
h
u
m
a
n
ti
s
s
u
e
.
h
t
m
l
)
 
a
n
d
 
t
h
e
 
W
M
A
 
D
e
c
l
a
r
a
ti
o
n
 
o
f
 
H
e
l
s
i
n
k
i
 
(
w
w
w
.
wm
a
.
n
e
t
/
e
n
/
3
0
p
u
b
l
i
c
a
t
i
o
n
s
/
1
0
p
o
l
i
c
i
e
s
/
b
3
/
i
n
d
e
x
.
h
t
m
l
)
.
 
T
o
 
e
n
s
u
r
e
 
t
h
e
 
h
i
g
h
e
s
t
 
s
t
a
n
d
a
r
d
 
f
o
r
 
d
a
t
a
 
p
r
o
t
e
c
t
i
o
n
,
 
n
o
 
pe
r
sona
l
 
i
den
t
i
f
y
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 
w
i
l
l
 
b
e
 
co
l
l
ec
t
e
d
 
no
r
 
w
i
l
l
 
i
t
 
b
e
 
ac
ces
s
i
b
l
e
 
b
y
 
an
y
 
o
f
 
t
h
e
 
i
nves
t
i
ga
t
o
r
s
 
o
n
 
t
h
i
s
   
 
) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
p
r
o
j
ec
t
.
 
I
n
 
add
i
t
i
on
,
 
w
e
 
w
i
l
l
 
doub
l
y
 
c
o
d
e
 
i
n
 
p
u
b
l
i
c
a
t
i
o
n
s
 
a
l
l
 
i
n
f
o
r
m
a
t
i
o
n
 
r
e
c
e
i
ve
d
 
t
o
 
c
o
m
p
l
y
 
w
i
t
h
 
t
h
e
 
l
a
t
e
s
t
 
H
I
P
A
A
 
r
e
g
u
l
a
t
i
o
n
s
.
 
W
e
 
w
i
l
l
 
u
s
e
 
t
h
i
s
 
n
o
n
-i
d
e
n
tif
y
i
n
g
 
m
e
d
i
c
a
l
 
h
i
s
t
o
r
y
 
o
f
 
t
h
e
 
s
u
b
j
e
c
t
 
f
r
o
m
 
w
h
i
c
h
 
t
h
e
 
b
r
a
i
n
 
t
i
s
s
u
e
 
w
il
l
 
b
e
 
ob
t
a
i
ned
,
 
 
o
r
 
t
h
e
 
 
m
o
t
he
r
’
s
 
 
m
ed
i
ca
l
 
 
h
i
s
t
o
r
y
 
 
i
n
 
t
h
e
 
 
cas
e
 
 
o
f
 
p
r
e
-
 
 
an
d
 
 
neona
t
a
l
 
 
spec
i
m
ens
,
 
 
f
o
r
 
qua
l
i
t
y
 
 
con
t
r
ol
 
m
e
a
s
u
r
e
s
.
 
 
W
e
 
w
i
l
l
 
r
e
v
i
e
w
 
 
a
v
a
i
l
a
b
l
e
 
 
a
n
t
e
 
m
o
r
t
e
m
 
 
i
n
f
o
r
m
a
t
i
o
n
,
 
 
i
n
c
l
u
d
i
n
g
 
 
g
e
n
d
e
r
,
 
 
e
t
h
n
i
c
i
t
y
,
 
 
w
e
i
g
h
t
,
 
 
c
a
u
s
e
 
 
o
f
 
dea
t
h
,
 
m
ed
i
ca
t
i
ons
,
 
an
d
 
r
e
l
evan
t
 
m
ed
i
ca
l
 
cond
i
t
i
ons
.
 
T
h
i
s
 
i
n
f
o
r
m
a
t
i
o
n
 
w
i
l
l
 
b
e
 
on
l
y
 
use
d
 
t
o
 
ex
c
l
ud
e
 
so
m
e
 
pos
t
m
o
rt
e
m
 
s
p
e
c
i
m
e
n
s
 
fr
o
m
 
t
h
e
 
s
t
u
d
y
,
 
l
i
k
e
 
t
h
o
s
e
 
w
it
h
 
k
n
o
w
n
 
h
i
s
t
o
r
y
 
o
f
 
d
r
u
g
 
o
r
 
a
l
c
o
h
o
l
 
a
b
u
s
e
,
 
n
e
u
r
o
l
o
g
i
c
a
l
 
o
r
 
ps
y
ch
i
a
t
r
i
c
 
d
i
so
r
de
r
s
.
 
A
l
s
o
,
 
a
v
a
i
l
a
b
l
e
 
i
n
f
o
r
m
a
ti
o
n
 
s
h
o
w
i
n
g
 
s
p
e
c
i
fi
c
 
a
g
o
n
a
l
 
c
o
n
d
i
ti
o
n
s
,
 
i
n
c
l
u
d
i
n
g
 
c
o
m
a
,
 
h
y
p
o
x
i
a
,
 
py
r
ex
i
a
,
 
 
se
i
zu
r
es
,
 
 
seve
r
e
 
 
dehyd
r
a
t
i
on
,
 
 
hypog
l
y
ce
m
i
a
,
 
 
m
u
l
t
i
p
l
e
 
 
o
r
ga
n
 
 
f
a
i
l
u
r
e
,
 
 
hea
d
 
 
i
n
j
u
r
y
,
 
 
an
d
 
 
i
nges
t
i
o
n
 
 
of
neu
r
o
t
ox
i
c
 
subs
t
ance
s
 
b
y
 
m
o
t
he
r
 
a
t
 
t
i
m
e
 
o
f
 
dea
t
h
 
w
i
l
l
 
a
l
s
o
 
b
e
 
g
r
ound
s
 
f
o
r
 
ex
c
l
us
i
o
n
 
o
f
 
t
h
e
 
pos
t
m
o
r
t
e
m
 
t
i
s
sue.
2.
  
 
C
l
o
n
a
l
 
 
e
x
p
a
n
s
i
o
n
 
 
a
n
d
  
 
s
e
q
u
e
n
c
i
n
g
.
 
 
Th
e
) (
ve
n
t
r
i
c
u
l
a
r
 
a
n
d
 
s
u
bve
n
t
r
i
c
u
l
a
r
 
z
o
n
e
 
(
V
Z
/
SV
Z
)
 
of
 
fr
o
n
t
a
l
 
a
n
d
 
o
c
c
i
p
it
a
l
 
p
o
l
e
s
 
o
f
 
t
h
e
 
ce
r
eb
r
a
l
 
co
r
t
i
cal
 
w
a
l
l
 
 
a
n
d
 
 
o
f
 
 
t
h
e
 
 
g
a
n
g
l
i
o
n
i
c
  
 
e
m
i
n
e
n
c
e
s
  
 
o
f
 
 
t
h
e
 
ve
n
t
r
a
l
 
t
e
l
e
n
c
e
p
h
a
l
o
n
 
w
i
l
l
 
b
e
 
m
i
c
r
o
d
i
s
s
e
c
t
e
d
 
fr
o
m
 
c
l
i
n
i
ca
l
l
y
 
u
n
r
e
m
a
r
ka
b
l
e
 
m
i
d
-f
e
t
a
l
 
b
r
a
i
n
 
s
p
e
c
i
m
e
n
s
,
 
i.
e
.
,
  
 
f
r
o
m
  
 
1
3
  
 
t
o
  
 
1
5
  
 
p
o
s
t
-
co
nce
p
t
i
o
n
a
l
  
 
w
e
eks
 
(
P
C
W
)
.
 
A
 
t
o
t
a
l
 
o
f
 
fi
v
e
 
f
e
t
u
s
e
s
 
w
i
l
l
 
b
e
 
co
l
l
ec
t
e
d
 
i
n
 
t
h
e
 
fi
r
s
t
 
t
w
o
 
ye
a
r
s
 
o
f
 
t
h
i
s
 
g
r
a
n
t
.
 
Th
e
 
f
o
l
l
o
w
i
n
g
 
f
e
t
a
l
 
ti
s
s
u
e
s
 
 
w
i
l
l
 
 
b
e
 
 
fr
e
s
h
l
y
 
 
h
a
r
v
e
s
t
e
d
:
 
 
V
Z
/
SV
Z
 
 
f
r
o
m
 
t
h
e
 
 
dor
s
a
l
 
an
d
 
 
t
h
e
 
 
v
en
t
r
a
l
 
t
e
l
en
cep
h
a
l
o
n
,
 
t
h
e
dor
s
a
l
 
c
or
t
i
c
a
l
 
p
l
a
t
e
,
 
a
n
d
 
a
 
s
a
m
p
l
e
 
o
f
 
b
l
ood
.
N
e
u
r
o
s
p
h
e
r
e
s
,
 
w
h
i
c
h
 
a
r
e
 
fr
e
e
-
fl
o
a
ti
n
g
 
c
l
u
s
t
e
r
s
 
of
 
p
r
ogen
i
e
s
 
o
f
 
a
 
s
i
ng
l
e
 
neu
r
a
l
 
s
t
e
m
/
p
r
ogen
i
t
o
r
 
ce
l
l
s
,
 
w
i
l
l
 
b
e
 
g
e
n
e
r
a
t
e
d
 
b
y
 
s
u
s
p
e
n
d
i
n
g
 
t
h
e
 
c
e
l
l
s
 
d
i
s
soc
i
a
t
e
d
 
f
r
o
m
 
t
h
e
 
dor
s
a
l
 
a
n
d
 
t
h
e
 
ve
n
t
r
a
l
 
t
e
l
e
n
c
e
p
h
a
l
o
n
 
V
Z
/
SV
Z
 
us
i
n
g
 
a
 
m
od
i
f
i
ca
t
i
o
n
 
42
 
of
 
t
h
e
 
o
r
i
g
i
n
a
l
 
p
r
o
t
o
c
o
l
 
d
e
v
e
l
o
p
e
d
 
b
y
 
R
e
y
n
o
l
d
s
 
a
n
d
 
W
e
i
s
s
 
43
.
 
 
D
i
s
s
o
c
i
a
t
e
d
 
s
i
n
g
l
e
 
p
r
i
m
a
r
y
 
ce
l
l
s
 
w
i
l
l
 
b
e
 
cu
l
t
u
r
e
d
 
 
a
t
 
 
l
o
w
 
 
(
c
l
o
n
a
l
)
 
 
d
e
ns
i
t
y
 
 
i
n
 
 
a
 
 
m
e
d
i
u
m
) (
F
i
g
.
 
6
.
 
Co
n
c
e
p
t
u
a
l
 
d
e
s
i
g
n
 
f
o
r
 
a
n
a
l
y
s
i
s
 
o
f
 
s
o
m
a
t
i
c
 
va
r
i
a
n
t
s
.
 
C
l
o
n
a
l
l
y
 
 
expande
d
 
 
neu
r
osphe
r
e
s
 
 
a
r
e
 
 
p
r
oduce
d
 
 
f
r
o
m
 
 
s
i
ng
l
e
 
ce
l
l
s
 
o
f
 
i
n
i
t
i
a
l
 
b
r
a
i
n
 
t
i
ssu
es
.
 
C
o
m
p
a
r
i
so
n
 
 
o
f
 
se
q
u
e
nc
i
n
g
 
 
d
a
t
a
 
fr
o
m
 
t
h
e
 
c
l
o
n
e
s
 
a
n
d
 
i
n
iti
a
l
 
ti
s
s
u
e
 
a
l
l
o
w
s
 
f
o
r
 
d
i
s
c
o
v
e
r
y
 
o
f
 
l
i
n
e
 
m
a
n
i
f
e
s
t
e
d
 
C
N
V
s
.
 
T
h
e
n
 
t
h
e
s
e
 
C
N
V
s
 
a
r
e
 
t
e
s
t
e
d
 
f
o
r
 
t
h
e
i
r
 
p
r
esenc
e
 
i
n
 
t
h
e
 
i
n
i
t
i
a
l
 
t
i
s
s
u
e
 
a
t
 
l
o
w
 
a
l
l
e
l
e
 
f
r
equen
c
y
.
 
 
) (
l
a
c
k
i
n
g
 
a
d
h
e
r
e
n
t
 
neces
sa
r
y
 
g
r
o
w
t
h
 
g
r
o
w
t
h
  
 
f
ac
t
o
r
  
 
and
) (
s
u
b
s
t
r
a
t
e
s
 
an
d
 
co
n
t
a
i
n
i
n
g
 
f
ac
t
o
r
s
 
suc
h
 
a
s
 
ep
i
de
r
m
al
 
f
i
b
r
ob
l
as
t
  
 
g
r
o
w
t
h
  
 
f
a
c
t
o
r
.
  
 
A
) (
m
i
n
i
m
u
m
 
 
o
f
 
t
w
e
n
t
y
 
pr
i
m
a
r
y
 
ne
ur
os
phe
r
e
s
 
w
i
l
l
 
b
e
 
d
i
s
soc
i
a
t
e
d
 
an
d
 
se
p
a
r
a
t
e
l
y
 
e
x
p
a
n
d
e
d
 
b
y
 
d
i
ssoc
i
a
t
i
o
n
 
a
n
d
 
g
r
o
w
t
h
 
a
s
 
seco
n
d
a
r
y
 
a
n
d
 
t
e
r
ti
a
r
y
 
n
e
u
r
o
s
p
h
e
r
e
 
p
r
eps
.
  
 
G
e
n
o
m
i
c
 
D
N
A
 
 
w
i
l
l
 
b
e
 
e
x
t
r
a
c
t
e
d
 
 
f
r
o
m
 
 
e
a
c
h
 
 
c
l
o
n
a
l
l
y
 
 
exp
an
d
e
d
 
ne
ur
os
phe
r
e
 
p
r
e
p
 
 
an
d
 
 
f
r
o
m
 
 
t
he
 
or
i
g
i
na
l
 
br
a
i
n
 
ti
s
s
u
e
 
use
d
 
t
o
 
gene
r
a
t
e
 
t
h
e
 
neu
r
osphe
r
es
,
 
a
s
 
w
e
l
l
 
a
s
 
f
r
o
m
 
a
 
sa
m
p
l
e
 
o
f
 
b
l
oo
d
 
fr
o
m
 
t
h
e
 
s
a
m
e
 
f
e
t
u
s
.
 
D
N
A
 
w
i
l
l
 
t
h
e
n
 
b
e
 
su
b
j
ec
t
e
d
 
t
o
 
w
h
o
l
e
 
g
e
n
o
m
e
,
 
h
i
g
h
 
t
h
r
oughpu
t
 
P
E
 
D
N
A
 
sequenc
i
n
g
 
a
t
 
30
X
 
cove
r
ag
e
 
t
o
 
i
d
e
n
tif
y
 
 
a
l
l
 
t
y
p
e
s
 
o
f
 
g
e
n
o
m
i
c
 
 
v
a
r
i
a
t
i
o
n
 
 
(
C
N
V
/
S
V
s
,
 
 
SNV
s
,
 
r
e
tr
o
tr
a
n
s
p
o
s
o
n
/
p
s
e
u
d
o
g
e
n
e
 
 
i
n
s
e
r
t
i
o
n
)
 
 
b
y
 
co
m
p
r
e
h
e
ns
i
v
e
 
co
m
p
u
t
a
t
i
o
n
a
l
 
a
n
a
l
yse
s
 
a
s
 
d
esc
r
i
b
e
d
 
b
e
l
o
w
 
(
F
i
g
.
 
6
)
.
F
i
r
s
t
,
 
w
e
 
w
i
l
l
 
d
i
s
c
o
v
e
r
 
g
e
n
o
m
i
c
 
v
a
r
i
a
n
t
s
 
i
n
 
t
h
e
 
2
0
 
c
l
o
n
a
l
l
y
 
 
e
x
p
a
n
d
e
d
 
n
e
u
r
o
s
p
e
h
e
r
e
 
pr
e
pa
r
a
t
i
on
s
 
an
d
 
t
h
e
 
or
i
g
i
na
l
 
 
dor
s
a
l
 
a
n
d
 
 
t
h
e
 
 
ve
n
t
r
a
l
 
 
t
e
l
e
nc
e
pha
l
o
n
 
V
Z
/
SV
Z
 
 
ce
l
l
 
 
p
o
p
u
l
a
t
i
o
n
 
 
w
i
t
h
 
 
r
e
s
p
e
c
t
 
 
t
o
 
 
t
h
e
 
 
r
e
f
e
r
e
n
c
e
 
geno
m
e
.
 
The
n
 
w
e
 
w
i
l
l
 
geno
t
yp
e
 
eac
h
 
c
l
ona
l
 
popu
l
a
t
i
o
n
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
V
Z
/
SV
Z
 
ce
l
l
 
p
o
p
u
l
a
t
i
o
n
 
o
f
 
o
r
i
g
i
n
 
t
o
 
fi
n
d
 
s
t
r
uc
t
u
r
a
l
 
D
N
A
 
va
r
i
a
n
t
s
 
m
a
n
i
f
e
s
t
e
d
 
on
l
y
 
i
n
 
eac
h
 
c
l
one
.
 
C
u
r
r
e
n
t
l
y
,
 
w
e
 
c
a
n
 
p
r
e
p
a
r
e
 
g
e
n
o
m
i
c
 
DN
A
 
l
i
b
r
a
r
i
e
s
 
su
i
t
a
b
l
e
 
f
o
r
 
se
q
u
e
nc
i
n
g
 
o
n
 
t
h
e
 
I
l
l
u
m
i
n
a
 
H
i
S
e
q
 
i
ns
t
r
u
m
e
n
t
 
us
i
n
g
 
a
s
 
l
i
t
t
l
e
 
a
s
 
5
0
 
n
g
 
t
o
t
a
l
 
D
N
A
,
 
w
h
i
c
h
 
sh
o
u
l
d
 
b
e
 
eas
i
l
y
 
ob
t
a
i
nab
l
e
 
b
y
 
a
 
c
l
ona
l
 
popu
l
a
t
i
o
n
 
o
f
 
50
,
00
0
 
ce
l
l
s
.
 
Th
e
 
r
e
a
s
o
n
 
f
o
r
 
c
o
m
p
a
ri
n
g
 
t
h
e
 
d
e
g
r
e
e
 
o
f
 
m
o
s
a
i
c
i
s
m
 
of
 
t
h
e
 
d
o
r
s
a
l
 
a
n
d
 
v
e
n
tr
a
l
 
t
e
l
e
n
c
e
p
h
a
l
i
c
 
V
Z
/
SV
Z
 
i
s
 
t
h
a
t
 
t
h
e
y
 
sh
a
r
e
 
t
h
e
 
sa
m
e
 
g
e
n
e
r
a
l
 
l
oca
t
i
o
n
 
(
t
h
e
 
t
e
l
encepha
l
i
c
 
ve
s
i
c
l
e
)
 
b
u
t
 
t
h
e
 
v
e
n
tr
a
l
 
V
Z
/
S
V
Z
 
r
e
p
r
e
s
e
n
t
s
 
a
 
r
e
g
i
o
n
 
w
i
t
h
 
a
 
l
o
w
e
r
 
d
e
g
r
e
e
 
o
f
 
c
l
o
n
a
l
 
e
x
p
a
n
s
i
o
n
 
t
h
a
n
 
t
h
e
 
do
r
sal
 
co
r
t
e
x
.
3
.
1
 
B
i
o
i
n
f
o
r
m
a
t
i
c
s
 
pr
e
d
i
c
t
i
ons
 
of
 
 
l
o
w
-
a
l
l
e
l
e
 
f
r
eq
u
en
cy
 
so
m
a
t
i
c
 
var
i
an
t
s
.
 
W
e
 
h
a
v
e
 
e
x
t
e
n
s
i
v
e
 
e
x
p
e
r
i
e
n
c
e
) (
w
h
e
n
 
w
o
r
k
i
n
g
 
w
i
t
h
 
n
e
x
t
-
gene
r
a
t
i
o
n
 
sequenc
i
n
g
 
da
t
a
 
40,
 
44-51
.
 
F
o
r
 
o
u
r
 
a
n
a
l
y
s
i
s
 
w
e
 
w
i
l
l
 
a
d
o
p
t
 
a
 
p
i
p
e
l
i
n
e
 
u
s
e
d
 
b
y
 
t
h
e
 
1
0
0
0
 
G
e
n
o
m
e
s
 
P
r
o
j
e
c
t
 
f
o
r
 
a
l
i
g
n
i
n
g
 
d
a
t
a
 
t
o
 
t
h
e
 
r
e
f
e
r
e
n
c
e
 
g
e
n
o
m
e
 
46,
 
48
.
 
I
n
 
b
r
i
e
f
,
 
s
e
q
u
e
n
c
i
n
g
 
r
e
a
d
s
 
w
i
l
l
 
b
e
 
a
l
i
gne
d
 
t
o
 
t
h
e
 
l
a
t
es
t
 
ve
r
s
i
o
n
 
o
f
 
t
h
e
 
r
e
f
e
r
enc
e
 
geno
m
e
,
 
f
i
l
t
e
r
e
d
 
t
o
 
r
e
m
ov
e
 
dup
l
i
ca
t
es
,
 
r
ea
l
i
gne
d
 
a
r
oun
d
 
kno
w
n
 
i
n
d
e
l
 
l
o
c
a
ti
o
n
s
,
 
f
o
l
l
o
w
e
d
 
b
y
 
r
e
c
a
l
i
b
r
a
ti
o
n
 
o
f
 
b
a
s
e
 
q
u
a
l
it
y
 
s
c
o
r
e
s
.
 
T
h
e
n
,
 
w
e
’l
l
 
u
s
e
 
a
 
va
r
i
e
t
y
 
o
f
 
m
e
t
hod
s
 
base
d
 
on
 
d
i
f
f
e
r
en
t
 
app
r
oache
s
 
f
o
r
 
c
o
m
p
r
e
h
e
n
s
i
v
e
 
d
i
s
c
o
v
e
r
y
 
o
f
 
va
r
i
a
n
t
s
 
i
n
 
e
a
c
h
 
s
a
m
p
l
e
.
 
N
a
m
e
l
y
,
 
f
o
r
 
S
N
V
 
d
i
s
c
o
v
e
r
y
 
we
 
w
i
l
l
 
u
s
e
 
G
A
T
K
 
52
 
an
d
 
ou
t
pu
t
 
o
f
 
s
t
anda
r
d
 
I
LL
U
M
I
N
A
 
analys
i
s
 
p
i
p
e
l
i
n
e
,
 
f
o
r
 
i
n
d
e
l
 
d
i
s
c
o
v
e
r
y
 
w
e
 
w
i
l
l
 
u
s
e
 
G
A
T
K
 
52
,
 
P
I
N
DE
L
 
53
 
an
d
 
D
I
N
D
E
L
 
54
,
 
f
o
r
 
m
o
b
i
l
e
 
e
l
e
m
e
n
t
 
d
i
s
c
o
v
e
r
y
 
w
e
 
w
i
l
l
 
u
s
e
 
S
P
A
N
N
E
R
 
41,
 
46
 
an
d
 
T
-
Le
x
 
55
,
 
f
o
r
 
C
N
V
/
S
V
 
d
i
s
cove
r
y
 
w
e
 
w
i
l
l
 
us
e
 
CNV
n
a
t
o
r
 
40,
 
46
,
 
PEM
e
r
 
45
,
 
P
i
n
d
e
l
 
53
,
 
S
R
i
C
 
47
 
an
d
 
AG
E
 
44
,
 
a
n
d
 
f
o
r
 
pseudogen
e
 
d
i
s
cove
r
y
   
 
) (
Research
 
Strategy
) (
Page
 
63
)

 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
w
e
 
w
i
l
l
 
u
s
e
 
ou
r
 
ex
i
s
t
i
n
g
 
p
i
pe
l
i
n
e
 
(
m
a
n
u
s
c
ri
p
t
 
i
s
 
u
n
d
e
r
 
r
e
v
i
e
w
)
.
 
W
e
 
h
a
v
e
 
p
r
e
v
i
o
u
s
l
y
 
d
e
v
e
l
o
p
e
d
 
o
r
 
p
a
r
t
i
c
i
p
a
t
e
d
 
i
n
 
deve
l
op
m
en
t
 
o
f
 
a
 
nu
m
be
r
 
o
f
 
t
hos
e
 
so
f
t
w
a
r
e
:
 
C
N
V
na
t
o
r
 
40,
 
46
,
 
S
P
A
N
N
E
R
 
46
,
 
P
E
M
e
r
 
45
,
 
SR
i
C
 
47
 
an
d
 
A
G
E
 
44
.
 
W
it
h
 
a
l
m
os
t
 
a
l
l
 
o
t
he
r
s
 
w
e
 
ha
d
 
p
r
ev
i
ou
s
 
expe
r
i
ence.
Fo
r
 
a
 
c
l
o
n
a
l
 
ce
l
l
 
p
o
p
u
l
a
t
i
o
n
,
 
t
h
e
 
l
i
s
t
 
o
f
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
va
r
i
a
n
t
s
 
w
i
l
l
 
b
e
 
a
 
s
u
b
s
e
t
 
o
f
 
t
h
e
 
va
r
i
a
n
t
s
 
ca
l
l
s
,
 
w
h
i
ch
 
don
’
t
 
ove
r
l
a
p
 
an
d
 
hav
e
 
n
o
 
ev
i
denc
e
 
o
f
 
ex
i
s
t
enc
e
 
i
n
 
t
h
e
 
o
r
i
g
i
na
l
 
b
r
a
i
n
 
sa
m
p
l
e
.
 
Fo
r
 
SNV
s
,
 
t
h
a
t
 
w
o
u
l
d
 
m
e
a
n
 
t
h
a
n
 
n
o
 
r
ead
s
 
i
n
 
sequenc
i
n
g
 
da
t
a
 
f
r
o
m
 
t
h
e
 
o
r
i
g
i
na
l
 
sa
m
p
l
e
 
su
p
p
o
r
t
i
n
g
 
a
 
g
i
v
e
n
 
SN
V
 
a
r
e
 
f
ound
.
 
F
o
r
 
C
N
V
s
,
 
t
h
a
t
 
w
o
u
l
d
 
m
e
a
n
 
t
h
a
t
 
n
o
 
d
i
s
co
r
dan
t
l
y
 
m
a
p
p
e
d
 
R
P
 
a
n
d
/
o
r
 
n
o
 
s
p
l
i
t
-r
e
a
d
 
a
n
d
/
o
r
 
n
o
 
R
D
 
d
e
v
i
a
t
i
o
n
 
f
r
o
m
 
n
o
r
m
a
l
 
l
e
v
e
l
 
s
u
g
g
e
s
t
s
 
a
 
C
N
V
 
i
n
 
t
h
e
 
o
r
i
g
i
na
l
 
b
r
a
i
n
 
sa
m
p
l
e
.
 
S
i
m
i
l
a
r
l
y
,
 
f
o
r
 
a
 
t
i
s
s
u
e
 
i
t
s
 
s
p
e
c
i
f
i
c
 
v
a
r
i
a
n
t
s
 
w
i
l
l
 
b
e
 
t
h
o
s
e
 
h
a
v
i
n
g
 
n
o
 
e
v
i
d
e
n
c
e
 
o
f
 
ex
i
s
t
enc
e
 
i
n
 
t
h
e
 
o
t
he
r
 
t
i
s
sue
.
 
Th
e
 
v
a
r
i
a
n
t
 
c
a
n
 
b
e
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
 
b
e
c
a
u
s
e
 
o
f
 
t
w
o
 
r
e
a
s
o
n
s
:
 
(
i
)
 
t
h
e
 
v
a
r
i
a
n
t
 
ne
w
l
y
 
deve
l
ope
d
 
du
r
i
n
g
 
c
l
ona
l
 
expans
i
o
n
 
an
d
 
cu
l
t
u
r
i
ng
;
 
(
i
)
 
t
h
e
 
va
r
i
an
t
 
w
a
s
 
p
r
esen
t
 
a
t
 
l
o
w
 
a
l
l
e
l
i
c
 
f
r
equenc
y
 
i
n
 
t
h
e
 
o
r
i
g
i
n
a
l
 
ti
s
s
u
e
 
a
n
d
 
t
h
u
s
 
n
o
t
 
d
e
t
e
c
t
a
b
l
e
.
3
.
2
 
B
i
o
i
n
f
o
r
m
a
t
i
cs
 
pr
e
d
i
c
t
i
ons
 
of
 
 
h
i
gh
-
a
l
l
e
l
e
 
f
r
eq
u
en
cy
 
so
m
a
t
i
c
 
var
i
an
t
s
.
 
H
i
g
h
-
a
l
l
e
l
e
 
fr
e
q
u
e
n
c
y
 
so
m
a
t
i
c
) (
va
r
i
a
n
t
s
 
 
c
a
n
 
 
b
e
 
 
f
o
u
n
d
 
 
b
y
 
 
c
o
m
p
a
r
i
n
g
 
 
s
e
q
u
e
n
c
i
n
g
 
 
d
a
t
a
 
 
f
r
o
m
 
 
t
w
o
 
 
t
i
s
s
u
e
 
 
s
a
m
p
l
e
s
.
 
 
W
e
 
 
w
i
l
l
 
 
c
o
m
p
a
r
e
 
 
dor
s
a
l
 
V
Z
/
SV
Z
,
 
 
v
e
n
t
r
a
l
 
V
Z
/
SV
Z
 
 
a
n
d
 
 
t
h
e
 
 
b
l
o
o
d
,
 
a
 
ti
s
s
u
e
 
w
it
h
 
d
i
ff
e
r
e
n
t
 
e
m
b
r
y
o
n
i
c
 
l
i
n
e
a
g
e
.
 
A
l
l
 
t
h
e
 
m
e
t
h
o
d
o
l
o
g
i
e
s
,
 
co
m
p
a
r
i
so
ns
,
 
a
p
p
r
o
ach
es
,
 
e
x
p
e
r
i
m
e
n
t
s
,
 
a
n
d
 
v
a
l
i
d
a
t
i
o
n
s
 
des
c
r
i
be
d
 
f
o
r
 
s
t
e
p
 
3
.
1
 
abov
e
 
an
d
 
s
t
e
p
 
4
 
be
l
o
w
 
ca
n
 
b
e
 
app
l
i
e
d
 
f
o
r
 
suc
h
 
d
i
sco
v
e
r
y
.
 
N
a
m
e
l
y
,
 
t
h
e
 
l
i
s
t
 
o
f
 
s
a
m
p
l
e
-
m
a
n
i
f
e
s
t
e
d
 
v
a
r
i
a
n
t
s
 
w
i
l
l
 
b
e
 
a
 
subse
t
 
o
f
 
t
h
e
 
va
r
i
an
t
s
 
ca
l
l
s
,
 
w
h
i
c
h
 
d
o
n
’
t
 
o
v
e
r
l
a
p
 
a
n
d
 
h
a
v
e
 
n
o
 
e
v
i
d
e
n
c
e
 
o
f
 
e
x
i
s
t
e
n
c
e
 
i
n
 
o
t
he
r
 
ti
s
s
u
e
s
.
) (
T
a
b
l
e
 
1
.
 
V
a
l
i
d
a
t
i
o
n
 
s
t
r
a
t
e
g
i
e
s
 
o
f
 
p
r
e
d
i
c
t
e
d
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
a
n
d
 
t
i
s
s
u
e
s
 
s
p
e
c
i
f
i
c
 
va
r
i
a
n
t
s
.
) (
4.
 
V
a
l
i
d
a
t
i
o
n
 
an
d
 
 
r
e
f
i
n
e
m
en
t
 
of
 
 
pr
e
d
i
c
t
ed
 
var
i
an
t
s
.
 
C
a
n
d
i
d
a
t
e
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
CNV
s
/
SV
s
,
 
SNV
s
,
 
i
n
d
e
l
s
) (
an
d
 
 
r
e
t
r
o
t
r
a
n
s
p
o
s
o
n
/
p
s
e
u
d
o
g
e
n
e
  
 
i
n
s
e
r
t
i
o
n
s
 
 
d
i
s
c
o
v
e
r
e
d
 
 
b
y
 
 
s
e
q
u
e
n
c
i
n
g
 
 
w
il
l
 
 
b
e
 
 
v
a
li
d
a
t
e
d
 
 
b
y
 
 
a
n
 
 
o
r
t
h
o
g
o
n
a
l
 
m
e
t
h
o
d
,
 
P
C
R
 
and
/
o
r
 
q
PC
R
,
 
i
n
 
t
h
e
 
o
ri
g
i
n
a
l
 
D
N
A
 
f
r
o
m
 
t
h
e
 
n
e
u
r
o
s
p
h
e
r
e
 
c
l
o
n
e
s
 
a
n
d
 
t
h
e
 
o
ri
g
i
n
a
l
 
c
e
l
l
 
p
o
p
u
l
a
t
i
o
n
 
fr
o
m
 
t
h
e
 
c
o
r
ti
c
a
l
 
 
V
Z
/
S
V
Z
 
 
(
F
i
g
.
 
 
6
)
 
t
o
 
y
i
e
l
d
 
a
 
l
i
s
t
 
o
f
 
geno
m
i
c
 
 
r
eg
i
on
s
 
 
t
ha
t
 
a
r
e
 
t
r
u
l
y
 
d
i
f
f
e
r
en
t
 
 
be
t
w
ee
n
 
 
c
l
onal
 
neu
r
osphe
r
e
s
 
an
d
 
b
r
a
i
n
 
sa
m
p
l
e
.
 
Th
e
 
p
u
r
p
o
s
e
 
o
f
 
v
a
l
i
d
a
t
i
o
n
 
i
s
 
t
o
 
a
r
r
i
v
e
 
a
t
 
a
 
con
f
i
d
en
t
 
se
t
 
o
f
 
c
l
one
-
m
a
n
i
f
e
s
t
e
d
 
va
r
i
a
n
t
s
.
 
 
F
o
r
 
S
N
V
s
 
 
a
n
d
 
i
n
d
e
l
s
 
(t
h
e
 
e
x
p
e
c
t
e
d
 
 
m
a
j
o
ri
t
y
 
 
o
f
 
v
a
ri
a
n
t
s
)
 
 
w
e
 
w
i
l
l
 
v
a
l
i
d
a
t
e
 
 
1
0
0
 
r
a
n
d
o
m
 
 
e
v
e
n
t
s
 
 
p
e
r
 
sa
m
p
l
e
.
 
V
a
l
i
d
a
t
i
o
n
 
r
e
s
u
l
t
s
 
c
a
n
 
b
e
 
u
s
e
d
 
t
o
 
o
p
t
i
m
i
z
e
 
p
a
r
a
m
e
t
e
r
s
/
c
u
t
 
o
f
f
s
 
f
o
r
 
c
a
l
l
i
n
g
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
S
N
V
s
 
and
 
i
n
d
e
l
s
.
 
Fo
r
 
S
V
s
,
 
M
E
I
 
a
n
d
 
p
s
e
u
d
o
g
e
n
e
s
 
(
w
i
t
h
 
p
r
i
o
r
 
e
x
p
e
c
t
a
t
i
o
n
 
o
f
 
j
u
s
t
 
a
 
f
e
w
 
e
v
e
n
t
s
 
p
e
r
 
c
l
o
n
e
)
 
w
e
 
w
i
l
l
 
v
a
l
i
d
a
te
 
eac
h
 
even
t
.
 
Th
e
o
r
e
t
i
c
a
l
l
y
,
 
P
C
R
 
an
d
 
subsequen
t
 
g
e
l
 
b
a
n
d
 
s
e
q
u
e
n
c
i
n
g
 
c
a
n
 
b
e
 
a
p
p
l
i
e
d
 
f
o
r
 
v
a
l
i
d
a
ti
o
n
 
o
f
 
a
n
y
 
t
y
p
e
 
o
f
 
 
va
r
i
an
t
s
:
 
 
SN
V
s
,
 
 
i
n
d
e
l
s
,
 
CNV
s
/
S
V
s
,
 
 
m
o
b
i
l
e
 
 
e
l
e
m
e
n
t
 
 
an
d
 
pseudogen
e
 
 
i
n
s
e
r
t
i
o
n
s
 
 
(
T
a
b
l
e
 
 
1
)
.
 
H
o
w
e
v
e
r
,
 
 
t
h
e
 
succes
s
 
 
o
f
 
P
C
R
 
 
f
o
r
 
va
l
i
da
t
i
o
n
 
 
o
f
 
C
N
V
s
/
S
V
s
 
 
ca
n
 
 
b
e
 
co
m
p
r
o
m
i
se
d
 
 
b
y
 
o
f
f
-t
a
r
g
e
t
 
 
p
r
i
m
e
r
 
 
p
l
a
c
e
m
e
n
t
s
 
 
d
u
e
 
 
to
 
unce
r
t
a
i
n
t
y
 
i
n
 
b
r
eakpo
i
n
t
 
l
oca
t
i
on
.
 
W
e
 
w
i
l
l
 
des
i
g
n
 
m
u
l
t
i
p
l
e
 
pa
i
r
 
o
f
 
p
r
i
m
e
r
s
 
f
o
r
 
l
a
r
g
e
 
v
a
r
i
a
n
t
s
 
t
o
 
a
d
d
r
e
s
s
 
t
h
i
s
 
i
s
sue.
 
A
d
d
i
t
i
o
n
a
l
l
y
,
 
w
e
 
w
i
l
l
 
v
a
l
i
d
a
t
e
 
C
N
V
s
 
w
i
t
h
 
q
P
CR
.
 
Th
e
 
r
e
s
u
l
t
s
 
w
i
l
l
 
a
l
s
o
 
p
r
ov
i
d
e
 
u
s
 
w
i
t
h
 
a
n
 
es
t
i
m
a
t
e
 
o
f
 
ho
w
 
o
f
t
en
 
CNV
s
/
S
V
s
 
co
u
l
d
 
n
o
t
 
b
e
 
v
a
l
i
d
a
t
e
d
 
w
i
t
h
 
r
e
g
u
l
a
r
 
P
C
R
 
d
u
e
 
t
o
 
p
r
i
m
e
r
 
m
i
s
-
p
l
ace
m
en
t
.
 
I
n
 
o
u
r
 
a
n
a
l
y
s
i
s
 
o
f
 
s
o
m
a
ti
c
 
CNV
s
 
i
n
 
f
i
b
r
o
b
l
a
s
t
 
u
s
i
n
g
 
h
i
P
S
 
li
n
e
s
 
w
e
 
w
e
r
e
 
a
b
l
e
 
t
o
 
d
e
s
i
g
n
 
w
o
r
k
a
b
l
e
 
P
C
R
 
p
ri
m
e
r
s
 
f
o
r
 
6
8
%
 
o
f
 
C
N
V
s
 
v
a
li
d
a
t
e
d
 
w
i
t
h
 
q
P
CR
.
 
W
e
 
a
n
t
i
c
i
p
a
t
e
 
t
h
a
t
 
i
n
 
t
h
e
 
p
r
o
p
o
s
e
d
 
r
e
s
e
a
r
c
h
 
t
h
i
s
 
f
r
a
c
t
i
o
n
 
w
i
l
l
 
b
e
 
h
i
g
h
e
r
 
a
s
 
w
e
 
w
i
l
l
 
hav
e
 
deeper
 
se
q
u
e
nc
i
n
g
 
 
o
f
 
 
e
ac
h
 
 
sa
m
p
l
e
,
 
 
w
h
i
c
h
 
 
a
l
l
o
w
s
 
 
d
e
t
e
r
m
i
n
i
n
g
 
 
C
N
V
 
 
b
o
u
n
d
a
r
i
e
s
 
 
m
o
r
e
 
 
p
r
ec
i
se
l
y
.
 
 
W
e
,
 
 
t
h
e
r
e
f
o
r
e
,
 
an
t
i
c
i
pa
t
e
 
t
ha
t
 
f
o
r
 
m
os
t
 
r
ea
l
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
va
r
i
a
n
t
s
 
w
e
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
 
c
o
n
d
u
c
t
 
a
 
s
u
c
c
e
s
s
f
u
l
 
P
CR
.
 
Fo
r
 
e
a
c
h
 
success
f
u
l
 
P
C
R
 
w
e
 
w
i
l
l
 
a
l
s
o
 
se
q
u
e
nc
e
 
t
h
e
 
r
esu
l
t
i
n
g
 
b
a
n
d
 
w
i
t
h
 
S
a
n
g
e
r
 
se
q
u
e
nc
i
n
g
.
 
 
T
h
i
s
 
w
i
l
l
 
b
e
 
a
n
 
u
l
t
i
m
a
t
e
p
r
oo
f
 
o
f
 
a
 
va
r
i
an
t
 
ex
i
s
t
enc
e
 
and
,
 
f
o
r
 
l
a
r
g
e
 
C
N
V
s
,
 
w
i
l
l
 
a
l
l
o
w
 
u
s
 
t
o
 
de
t
e
r
m
i
n
e
 
t
h
e
i
r
 
p
r
ec
i
s
e
 
b
r
eak
po
i
n
t
s
 
44,
 
47
.
) (
   
 
) (
Research
 
Strategy
) (
Page
 
64
) (
Va
r
i
a
n
t
 
t
y
p
e
) (
Va
l
i
d
a
t
i
o
n
 
e
x
p
e
r
i
m
e
n
t
) (
Co
n
f
i
r
m
a
t
o
r
y
 
e
v
i
d
e
n
c
e
) (
SN
V
) (
PC
R
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
o
f
 
l
o
c
u
s
 
&
ca
p
i
l
l
a
r
y
 
se
q
u
e
nc
i
n
g
 
o
f
 
b
a
n
d
) (
Ba
s
e
 
m
i
s
m
a
t
c
h
 
i
n
 
t
h
e
 
s
e
q
u
e
n
c
e
) (
I
n
d
e
l
) (
PC
R
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
o
f
 
l
o
c
u
s
 
&
ca
p
i
l
l
a
r
y
 
se
q
u
e
nc
i
n
g
 
o
f
 
b
a
n
d
) (
I
n
d
e
l
 
i
n
 
t
h
e
 
s
e
q
u
e
n
c
e
) (
CNV
/
S
V
) (
PC
R
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
a
c
r
o
s
s
 
b
r
e
a
k
p
o
i
n
t
s
 
&
ca
p
i
l
l
a
r
y
 
se
q
u
e
nc
i
n
g
 
o
f
 
b
a
n
d
) (
Sp
l
i
t
 
s
e
q
u
e
n
c
e
 
 
a
l
i
g
n
m
e
n
t
 
 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
 
t
o
 
t
h
e
 
va
r
i
a
n
t
 
(
e
.
g
.
,
 
d
e
l
e
t
i
o
n
)
) (
qP
C
R
 
i
n
 
t
h
e
 
m
i
dd
l
e
 
o
f
 
a
 
C
N
V
) (
De
v
i
a
t
i
o
n
  
 
f
r
o
m
  
 
1
 
 
o
f
 
 
r
a
t
i
o
  
 
f
o
r
 
 
c
o
p
y
  
 
n
u
m
b
e
r
 
es
t
i
m
a
t
e
s
 
i
n
 
t
w
o
 
co
m
pa
r
e
d
 
sa
m
p
l
es
) (
Re
t
r
o
t
r
a
n
s
p
o
s
o
n
 
i
n
s
e
r
ti
o
n
) (
PC
R
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
a
c
r
o
s
s
 
b
r
e
a
k
p
o
i
n
t
s
 
&
ca
p
i
l
l
a
r
y
 
se
q
u
e
nc
i
n
g
 
o
f
 
b
a
n
d
) (
F
r
a
c
t
i
o
n
 
 
o
f
 
 
t
h
e
 
 
s
e
q
u
e
n
c
e
 
 
m
a
p
s
 
 
t
o
 
 
t
h
e
 
 
t
a
r
g
e
t
 
l
o
c
a
ti
o
n
 
a
n
d
 
t
h
e
 
r
e
s
t
 
i
s
 
r
e
p
e
a
t
) (
P
r
o
c
e
s
s
e
d
 
pseudogene
 
i
n
s
e
r
ti
o
n
) (
PC
R
 
a
m
p
l
i
f
i
c
a
t
i
o
n
 
a
c
r
o
s
s
 
e
x
o
n
-
exon
 
j
u
n
c
t
i
o
n
(
s
)
 
&
 
c
a
p
i
l
l
a
r
y
 
s
e
q
u
e
n
c
i
n
g
) (
Sp
l
i
t
 
s
e
q
u
e
n
c
e
 
a
l
i
g
n
m
e
n
t
 
w
i
t
h
 
g
a
p
s
 
a
t
 
i
n
t
r
o
n
s
) (
PC
R
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
ac
r
os
s
 
b
r
eakpo
i
n
t
s
 
&
ca
p
i
l
l
a
r
y
 
se
q
u
e
nc
i
n
g
) (
F
r
a
c
t
i
o
n
 
 
o
f
 
 
t
h
e
 
 
s
e
q
u
e
n
c
e
 
 
m
a
p
s
 
 
t
o
 
 
t
h
e
 
 
t
a
r
g
e
t
 
l
o
c
a
ti
o
n
 
a
n
d
 
t
h
e
 
r
e
s
t
 
m
a
p
s
 
t
o
 
p
a
r
e
n
t
 
g
e
n
e
)

 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
E
x
p
e
c
t
e
d
 
r
e
s
u
l
t
s
:
 
 
Th
e
 
r
e
s
u
l
t
s
 
o
f
 
c
o
m
p
l
e
t
i
n
g
 
t
h
i
s
 
s
u
b
-
a
i
m
 
w
i
l
l
 
b
e
 
a
 
se
t
 
o
f
 
ti
s
s
u
e
s
 
f
o
r
 
5
 
e
m
b
r
y
o
s
,
 
w
h
i
c
h
 
c
a
n
 
b
e
) (
use
d
 
 
f
o
r
 
 
ana
l
y
s
i
s
 
 
o
f
 
 
so
m
a
t
i
c
 
 
va
r
i
an
t
s
 
 
i
n
 
 
t
h
e
 
 
w
ho
l
e
 
 
bod
y
 
 
(
no
t
 
 
j
us
t
 
 
b
r
a
i
n
)
.
 
 
A
no
t
he
r
 
 
r
esu
l
t
 
 
i
s
 
 
t
h
e
 
 
set
 
co
n
f
i
d
e
n
t
/
va
l
i
d
a
t
e
d
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
an
d
 
t
i
s
su
e
 
spec
i
f
i
c
 
va
r
i
a
n
t
s
 
i
n
 
b
r
a
i
n
 
w
i
t
h
 
a
 
m
a
j
o
r
i
t
y
 
o
f
 
t
he
m
 
r
eso
l
ve
d
 
a
t
 
a
 
s
i
n
g
l
e
 
b
ase
p
a
i
r
 
l
e
v
e
l
.
) (
A
i
m
 
 
1b
.
 
U
s
i
n
g
 
t
h
e
 
d
a
t
a
s
e
t
 
o
f
 
v
a
l
i
d
a
t
e
d
 
g
e
n
o
m
i
c
 
v
a
r
i
a
n
t
s
 
m
a
n
i
f
e
s
t
e
d
 
i
n
 
p
r
o
g
e
n
i
t
o
r
 
c
l
o
n
e
s
,
 
u
t
i
l
i
z
e
 
t
a
r
g
e
t
 
u
ltr
a
 
dee
p
 
sequenc
i
n
g
 
app
r
oach
,
 
P
C
R
 
an
d
 
d
i
g
i
t
a
l
P
C
R
 
t
o
 
de
t
e
r
m
i
n
e
 
t
h
e
 
p
r
esenc
e
 
an
d
 
a
l
l
e
l
e
 
f
r
equenc
y
 
f
o
r
 
spec
i
f
i
c
 
so
m
a
t
i
c
 
va
r
i
a
t
i
o
n
s
 
i
n
 
t
h
e
 
o
ri
g
i
n
a
l
 
b
r
a
i
n
 
c
e
l
l
 
popu
l
a
t
i
o
n
 
an
d
 
i
n
 
a
t
 
l
eas
t
 
ano
t
he
r
 
e
m
b
r
yon
i
c
 
t
i
s
su
e
 
l
i
neag
e
 
suc
h
 
as
 
t
h
e
 
b
l
o
o
d
.
G
e
n
e
r
a
l
 
d
e
s
i
g
n
.
 
 
I
t
 
i
s
 
c
r
u
c
i
a
l
 
 
t
o
 
de
t
e
r
m
i
n
e
 
 
t
h
e
 
so
m
a
t
i
c
 
 
n
a
t
u
r
e
 
 
a
n
d
 
a
l
l
e
l
e
 
f
r
e
q
u
e
nc
y
 
 
o
f
 
a
l
l
 
d
i
sco
v
e
r
e
d
 
 
S
V
s.
) (
S
o
m
a
t
i
c
 
v
a
r
i
a
t
i
o
n
 
i
n
 
c
u
l
t
u
r
e
d
 
c
e
l
l
 
p
o
p
u
l
a
t
i
o
n
s
 
m
a
y
 
n
o
t
 
n
e
c
e
s
s
a
r
i
l
y
 
b
e
 
p
r
esen
t
 
i
n
 
endogenou
s
 
ce
l
l
s
,
 
a
s
 
i
t
 
m
a
y
 
be
 
m
e
r
e
l
y
 
a
 
p
r
o
d
u
c
t
 
o
f
 
i
n
 
v
i
t
r
o
 
expans
i
o
n
 
an
d
 
t
h
e
 
as
soc
i
a
t
e
d
 
m
i
t
o
s
e
s
.
 
T
o
 
d
i
s
c
r
i
m
i
n
a
t
e
 
b
e
t
w
e
e
n
 
g
e
n
o
m
i
c
 
v
a
r
i
a
t
i
o
n
 
gene
r
a
t
e
d
 
i
n
 
v
it
r
o
 
an
d
 
va
r
i
a
t
i
o
n
 
du
e
 
t
o
 
m
osa
i
c
i
s
m
 
o
f
 
t
h
e
 
ce
l
l
 
popu
l
a
t
i
o
n
 
f
r
o
m
 
t
h
e
 
V
Z
/
S
V
Z
 
w
i
t
h
i
n
 
t
h
e
 
b
r
ain
,
 
w
e
 
w
i
l
l
 
ge
no
t
yp
e
 
t
h
e
 
 
ge
no
m
i
c
 
va
r
i
a
n
t
s
 
i
n
 
t
h
e
 
 
or
i
g
i
na
l
 
t
i
s
s
u
e
 
use
d
 
t
o
 
p
r
epa
r
e
 
t
h
e
 
ce
l
l
 
suspens
i
o
n
 
f
o
r
 
c
l
o
n
a
l
 
ana
l
y
se
s
 
us
i
n
g
 
t
h
e
 
m
os
t
 
 
s
e
ns
i
t
i
v
e
 
t
e
c
hn
i
que
s
 
a
va
i
l
a
b
l
e
.
I
n
 
a
d
d
i
ti
o
n
 
t
o
 
t
e
s
ti
n
g
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
f
 
S
V
s
 
i
n
 
t
h
e
 
o
r
i
g
i
n
a
l
 
s
a
m
p
l
e
 
o
f
 
c
o
r
ti
c
a
l
 
a
n
d
 
b
a
s
a
l
 
g
a
n
g
l
i
a
 
V
Z
/
V
Z
 
u
s
e
d
 
to
 
p
r
epa
r
e
 
t
h
e
 
ce
l
l
 
suspens
i
on
,
 
w
e
 
w
i
l
l
 
as
ses
s
 
t
he
i
r
 
p
r
esenc
e
 
i
n
 
t
h
e
 
s
u
p
e
r
fi
c
i
a
l
 
p
a
r
t
 
o
f
 
t
h
e
 
c
o
rt
e
x
 
(
c
o
r
ti
c
a
l
 
p
l
a
t
e
)
,
 
i
n
 
w
h
i
c
h
 
e
a
r
l
y
-
gene
r
a
t
e
d
 
neu
r
ons
,
 
a
r
i
s
i
n
g
 
f
r
o
m
 
neu
r
a
l
 
s
t
e
m
 
ce
l
l
s
 
i
n
 
t
h
e
 
co
r
t
i
ca
l
 
an
d
 
basa
l
 
gang
l
i
a
 
V
Z
/
SV
Z
,
 
r
e
s
p
e
c
t
i
v
e
l
y
,
 
m
i
g
r
a
t
e
 
t
o
 
f
o
r
m
 
t
h
e
 
c
o
r
t
i
c
a
l
 
l
a
m
i
n
a
r
 
s
t
r
u
c
t
u
r
e
.
 
A
 
s
a
m
p
l
e
 
o
f
 
m
i
c
r
o
d
i
s
s
e
c
t
e
d
 
co
r
t
i
ca
l
 
p
l
a
t
e
 
o
f
 
fr
o
n
t
a
l
 
an
d
 
oc
c
i
p
i
t
a
l
 
co
r
t
i
ce
s
 
an
d
 
basa
l
 
gang
l
i
a
 
w
i
l
l
 
b
e
 
r
e
t
a
i
ne
d
 
a
t
 
t
h
e
 
ti
m
e
 
o
f
 
t
h
e
 
o
r
i
g
i
na
l
 
e
m
b
r
y
o
 
d
i
s
sec
t
i
on
.
 
W
e
 
w
i
l
l
 
co
n
f
i
r
m
 
t
h
a
t
 
t
h
e
 
geno
m
i
c
 
m
o
s
a
i
c
i
s
m
 
f
o
u
n
d
 
i
n
 
c
e
l
l
s
 
g
e
n
e
r
a
t
e
d
 
i
n
 
v
it
r
o
 
i
s
 
a
l
s
o
 
f
o
u
n
d
 
i
n
 
p
o
s
t
m
it
o
t
i
c
 
c
o
r
t
i
c
a
l
 
a
n
d
 
s
t
r
i
a
t
a
l
 
n
e
u
r
o
n
s
 
an
d
 
t
hu
s
 
i
s
 
de
r
i
ve
d
 
b
y
 
i
n
 
v
i
v
o
 
m
i
t
o
s
e
s
.
 
 
Fu
r
t
h
e
r
m
o
r
e
,
 
t
o
 
de
t
e
r
m
i
n
e
 
w
h
e
t
h
e
r
 
t
h
e
 
s
a
m
e
 
g
e
n
o
m
i
c
 
even
t
s
 
a
r
e
 
p
r
esen
t
 
i
n
 
o
t
he
r
 
t
i
s
sues
,
 
w
e
 
w
i
l
l
 
as
ses
s
 
w
h
e
t
h
e
r
 
va
l
i
d
a
t
e
d
 
geno
m
i
c
 
va
r
i
an
t
s
 
f
o
u
n
d
 
i
n
 
t
h
e
 
b
r
a
i
n
 
a
r
e
 
a
l
s
o
 
p
r
esen
t
 
i
n
 
t
h
e
 
b
l
o
o
d
 
o
b
t
a
i
n
e
d
 
f
r
o
m
 
t
h
e
 
s
a
m
e
 
f
e
t
u
s
.
 
I
n
 
 
t
o
t
a
l
,
 
 
w
e
 
 
w
il
l
 
a
s
s
e
s
s
 
 
t
h
e
 
 
p
r
e
s
e
n
c
e
 
o
f
 
 
c
l
o
n
e-
 
m
a
n
i
f
e
s
t
e
d
 
v
a
r
i
a
n
t
s
 
i
n
 
4
 
t
i
ssu
es
:
 
V
Z
/
SV
Z
 
o
f
 
t
h
e
 
 
cer
eb
r
a
l
 
co
r
t
ex
,
 
V
Z
/
SV
Z
 
o
f
 
t
h
e
 
 
ba
s
a
l
 
ga
ng
l
i
a
,
 
co
r
t
i
cal
 
p
l
a
t
e
 
a
n
d
 
b
l
ood
.
 
 
E
s
t
a
b
l
i
s
h
i
n
g
 
t
h
e
 
so
m
a
t
i
c
 
n
a
t
u
r
e
 
 
o
f
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
v
a
r
i
a
n
t
s
.
 
Fo
r
 
v
a
l
i
d
a
t
e
d
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
v
a
r
i
a
n
t
s
 
we
) (
w
i
l
l
 
de
t
e
r
m
i
n
e
 
t
h
e
i
r
 
p
r
esenc
e
 
an
d
 
fr
e
q
u
e
n
c
y
 
i
n
 
t
h
e
 
b
r
a
i
n
 
sa
m
p
l
e
s
 
w
i
t
h
 
t
a
r
g
e
t
e
d
 
u
l
t
r
a
 
 
de
e
p
 
 
s
e
que
nc
i
n
g
,
 
PC
R
 
an
d
 
 
d
i
g
i
t
a
l
P
C
R
 
app
r
oac
he
s
 
 
(
F
i
g
.
 
 
3
)
.
 
W
e
 
 
i
n
t
e
n
d
 
 
t
o
 
a
p
p
l
y
 
 
a
l
l
 
t
h
r
e
e
 
 
t
e
c
h
n
i
q
u
e
s
,
 
 
a
s
 
n
o
n
e
 
 
o
f
 
t
h
e
m
 
 
a
l
o
n
g
 
 
i
s
 
un
i
ve
r
sa
l
.
 
 
T
a
r
ge
t
e
d
 
 
sequenc
i
n
g
 
 
ca
n
 
 
b
e
 
a
p
p
l
i
e
d
 
 
f
o
r
 
a
n
a
l
ys
i
s
 
 
o
f
 
a
l
l
 
v
a
r
i
a
n
t
s
 
 
b
u
t
 
i
t
 
ca
n
 
 
m
i
s
s
 
 
v
e
r
y
 
 
l
o
w
 
 
a
ll
e
le
 
fr
e
q
u
e
n
c
y
 
 
v
a
r
i
a
n
ts
.
 
F
o
r
 
e
x
a
m
p
l
e
,
 
f
o
r
 
v
a
r
i
a
n
t
s
 
a
t
 
0
.
1
%
 
a
l
l
e
l
e
 
fr
e
q
u
e
n
c
y
 
 
a
t
 
l
e
a
s
t
 
1
0
0
0
x
 
c
o
v
e
r
a
g
e
 
o
f
 
t
a
r
g
e
t
e
d
 
r
e
g
i
o
n
s
 
 
i
s
 
r
e
q
u
ir
e
d
.
 
 
A
l
s
o
,
 
 
e
s
t
i
m
a
t
e
 
 
o
f
 
va
r
i
a
n
t
 
 
f
r
e
q
u
e
n
c
y
 
 
ca
n
 
 
b
e
 
b
i
ase
d
 
 
du
e
 
 
t
o
 
va
r
i
ab
l
e
 
 
cap
t
u
r
e
 
 
e
f
f
i
c
i
enc
y
.
 
C
o
n
t
r
o
l
 
e
x
p
e
r
i
m
e
n
t
s
 
w
o
u
l
d
 
a
l
l
o
w
 
c
o
r
r
e
c
t
i
n
g
 
f
o
r
 
t
h
e
 
b
i
a
s
 
b
u
t
 
i
t
 
w
i
l
l
 
a
l
s
o
 
i
n
c
r
e
a
s
e
 
t
h
e
 
cos
t
.
 
P
C
R
 
a
n
d
 
d
i
g
i
t
a
l
PC
R
 
a
r
e
 
no
t
 
su
i
t
e
d
 
f
o
r
 
as
ses
s
i
n
g
 
l
o
w
 
f
r
equenc
y
 
SN
V
s
 
an
d
 
i
nde
l
s
 
a
s
 
t
h
e
 
non
-
va
r
i
a
n
t
 
a
l
l
e
l
e
 
w
o
u
l
d
 
a
l
s
o
 
b
e
 
a
m
p
l
i
f
i
e
d
 
(
e
x
c
e
p
t
 
i
n
 
r
a
r
e
 
c
a
s
e
s
 
w
h
e
n
 
t
h
e
 
p
r
i
m
e
r
 
w
o
u
l
d
 
i
n
c
l
u
d
e
 
t
h
e
 
va
r
i
a
n
t
)
.
 
H
o
w
e
v
e
r
,
 
PC
R
 
a
n
d
 
d
i
g
i
t
a
l
PC
R
 
co
u
l
d
 
b
e
 
m
o
r
e
 
se
ns
i
t
i
v
e
 
t
h
a
n
 
t
a
r
g
e
t
e
d
 
se
q
u
e
nc
i
n
g
 
t
o
 
a
s
s
e
s
s
 
l
o
w
 
fr
e
q
u
e
n
c
y
 
C
N
V
s
/
S
V
s
,
 
p
r
o
c
e
s
s
e
d
 
p
s
e
u
d
o
g
e
n
e
s
 
a
n
d
 
r
e
t
r
o
t
r
a
n
s
p
o
s
o
n
s
 
i.
e
.
,
 
w
h
e
n
 
a
m
p
lif
y
i
n
g
 
a
c
r
o
s
s
 
b
r
e
a
k
p
o
i
n
t
s
 
(
F
i
g
.
 
1
E
)
.
 
O
u
r
 
p
r
i
m
a
r
y
 
ch
o
i
c
e
 
b
e
t
w
e
e
n
 
P
C
R
 
a
n
d
 
d
i
g
i
t
a
l
P
C
R
 
w
i
l
l
 
b
e
 
t
h
e
 
l
a
t
t
e
r
 
(
a
s
 
i
t
 
a
l
l
o
w
s
 
no
t
 
on
l
y
 
obse
r
v
i
n
g
 
bu
t
 
a
l
s
o
 
es
t
i
m
a
t
i
n
g
 
t
h
e
 
fr
e
q
u
e
n
c
y
 
f
o
r
 
l
o
w
 
fr
e
q
u
e
n
c
y
 
va
r
i
a
n
t
s
)
.
 
H
o
w
eve
r
,
 
t
he
r
e
 
i
s
 
a
 
su
b
t
l
e
 
d
i
f
f
e
r
e
nc
e
 
i
n
 
p
r
i
m
e
r
 
d
es
i
g
n
 
f
o
r
 
success
f
u
l
 
a
p
p
l
i
ca
t
i
o
n
 
o
f
 
eac
h
 
t
echn
i
que
.
 
D
i
g
it
a
l
P
C
R
 
i
s
 
b
e
s
t
 
p
e
r
f
o
r
m
e
d
 
f
o
r
 
s
h
o
r
t
 
a
m
p
l
i
con
s
 
(
<
1
0
0
b
p
)
 
w
i
t
h
 
h
i
g
h
 
a
f
f
i
n
i
t
y
 
h
y
b
ri
d
i
z
a
t
i
o
n
 
p
r
obe
s
,
 
w
h
i
l
e
 
P
C
R
 
r
e
s
u
l
t
s
 
 
a
r
e
 
 
b
e
s
t
 
 
o
b
s
e
r
v
e
d
 
 
f
o
r
 
 
l
a
r
g
e
r
 
 
a
m
p
l
i
c
o
n
s
 
 
(
>
1
0
0
 
 
b
p
)
 
 
a
n
d
 
 
r
e
q
u
ir
e
 
 
n
o
 
 
h
y
b
ri
d
i
z
a
t
i
o
n
 
 
p
r
o
b
e
.
 
 
Th
e
r
e
f
o
r
e
,
depend
i
n
g
 
o
n
 
nuc
l
eo
t
i
d
e
 
con
t
en
t
,
 
PC
R
 
c
a
n
 
b
e
 
m
o
r
e
 
s
e
n
s
i
t
i
v
e
 
f
o
r
 
d
e
t
e
c
t
i
o
n
 
o
f
 
l
o
w
 
a
l
l
e
l
e
 
f
r
e
q
u
e
n
c
y
 
v
a
r
i
a
n
t
s
.
Fo
r
 
t
h
e
 
t
a
r
g
e
t
e
d
 
u
l
tr
a
 
d
e
e
p
 
s
e
q
u
e
n
c
i
n
g
 
app
r
oach
,
 
w
e
 
w
i
l
l
 
f
i
r
s
t
 
des
i
g
n
 
a
 
ca
p
t
u
r
e
 
a
r
r
a
y
 
w
i
t
h
 
p
r
o
b
e
s
 
t
a
r
g
e
t
i
n
g
 
t
h
e
) (
r
e
g
i
o
n
s
 
a
r
o
u
n
d
 
v
a
l
i
d
a
t
e
d
 
c
l
o
n
e
-
m
a
n
i
f
e
s
t
e
d
 
 
va
r
i
a
n
t
s
 
an
d
 
t
he
n
 
sequenc
e
 
cap
t
u
r
e
d
 
D
N
A
 
m
a
t
e
r
i
a
l
 
w
i
t
h
 
Il
l
u
m
i
n
a
 
M
i
S
e
q
 
2
x
2
5
0
 
b
p
 
r
e
a
d
s
 
t
o
 
ex
t
r
e
m
e
l
y
 
 
h
i
g
h
 
(
~1000x
)
 
co
v
e
r
a
g
e
.
 
 
Fo
r
 
t
h
i
s
 
a
n
a
l
y
s
i
s
 
w
e
 
w
i
l
l
 
p
r
e
p
a
r
e
 
s
h
o
r
t
 
i
n
s
e
r
t
 
li
b
r
a
ri
e
s
 
o
f
 
~
4
0
0
 
b
p
,
 
s
o
 
t
h
a
t
 
3
’
-
end
s
 
o
f
 
25
0
 
bp
s
 
pa
i
r
e
d
 
r
ead
s
 
ove
r
l
a
p
 
a
l
l
o
w
i
n
g
 
cons
t
r
uc
t
i
n
g
 
a
 
s
i
ng
l
e
 
l
onge
r
 
r
ead
 
o
f
 
~400b
p
 
i
n
 
l
eng
t
h
.
 
A
l
i
g
n
m
e
n
t
 
o
f
 
t
h
e
s
e
 
r
e
a
d
s
 
w
i
l
l
 
b
e
 
u
s
e
d
 
t
o
 
sh
o
w
 
t
h
e
 
p
r
esenc
e
 
o
f
 
va
r
i
a
n
t
s
 
i
n
 
t
h
e
 
o
r
i
g
i
n
a
l
 
b
r
a
i
n
 
sa
m
p
l
e
,
 
i
n
 
t
h
e
 
sa
m
e
 
w
a
y
 
w
e
 
i
n
t
e
n
d
e
d
 
t
o
 
us
e
 
t
h
e
 
r
esu
l
t
 
o
f
 
ca
p
i
l
l
a
r
y
 
se
q
u
e
nc
i
n
g
 
a
f
t
e
r
 
P
C
R
 
(
T
a
b
l
e
 
1
)
.
 
C
l
o
n
e
-
 
m
a
n
i
f
e
s
t
e
d
 
C
N
V
s
/
S
V
s
 
and
 
ps
eudogene
/
r
e
t
r
o
tr
a
n
s
p
o
s
o
n
 
 
i
n
s
e
r
ti
o
n
s
 
sh
o
w
i
n
g
 
no
 
ev
i
denc
e
 
of
 
be
i
ng
 
s
o
m
a
t
i
c
 
in
) (
b
r
a
i
n
 
sa
m
p
l
e
s
 
a
f
t
er
 
t
a
r
ge
t
ed
 
s
equenc
i
n
g
 
 
w
i
l
l
 
b
e
 
t
e
s
t
e
d
 
w
i
t
h
 
d
i
g
i
t
a
l
P
CR
 
 
and
 
PC
R
.
 
W
e
 
w
i
l
l
 
a
l
s
o
 
app
l
y
 
t
h
e
s
e
) (
t
e
c
h
n
i
q
u
e
s
 
t
o
 
a
 
s
u
b
s
e
t
 
o
f
 
S
N
V
s
 
a
n
d
 
i
n
d
el
s
 
b
y
 
us
e
 
r
es
t
r
i
c
t
i
o
n
 
enz
y
m
e
 
cu
tti
n
g
 
a
t
 
r
e
f
e
r
e
n
c
e
 
a
l
l
e
l
e
 
s
it
e
,
 
t
h
u
s
 
a
ft
e
r
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
 
w
e
 
shou
l
d
 
 
b
e
 
ab
l
e
 
t
o
 
se
e
 
t
w
o
 
sho
r
t
 
band
s
 
f
o
r
 
cu
t
 
r
e
f
e
r
enc
e
 
 
a
l
l
e
l
e
 
an
d
 
a
 
l
o
n
g
 
b
a
n
d
 
f
o
r
 
n
o
n
-
 
r
e
f
e
r
e
n
c
e
,
 
i
.
e
.
,
 
s
o
m
a
t
i
c
,
 
a
l
l
e
l
e
.
 
R
e
s
u
l
t
s
 
o
f
 
d
i
g
i
t
a
l
P
C
R
 
an
d
 
PC
R
 
ana
l
y
s
i
s
 
w
i
l
l
 
b
e
 
a
l
s
o
 
use
d
 
t
o
 
es
t
i
m
a
t
e
 
se
n
s
it
i
v
it
y
 
an
d
 
p
r
ec
i
s
i
o
n
 
o
f
 
a
r
r
a
y
 
cap
t
u
r
e
 
expe
r
i
m
en
t
 
i
n
 
p
r
ed
i
c
t
i
n
g
 
a
l
l
e
l
e
 
f
r
equenc
y
 
o
f
 
so
m
a
t
i
c
 
va
r
i
an
t
s
.
Fo
r
 
 
t
h
e
 
 
t
a
r
g
e
t
e
d
 
 
u
l
tr
a
 
 
d
e
e
p
 
 
s
e
q
u
e
n
c
i
n
g
 
 
app
r
oac
h
,
 
 
w
e
 
 
hav
e
 
 
pe
r
f
o
r
m
e
d
 
 
a
r
r
a
y
 
 
ca
p
t
u
r
e
 
 
e
x
p
e
r
i
m
e
n
t
 
 
f
o
r
 
C
N
V
) (
va
l
i
d
a
t
i
o
n
 
i
n
 
t
h
e
 
p
i
l
o
t
 
p
h
a
s
e
 
o
f
 
t
h
e
 
1
0
0
0
 
G
e
n
o
m
e
s
 
P
r
o
j
e
c
t
 
46
,
 
w
h
e
r
e
 
w
e
 
t
a
r
g
e
t
e
d
 
~
1
4
 
M
b
p
 
o
f
 
g
e
n
o
m
e
 
w
i
t
h
 
2
.
1
M
o
l
i
g
o
 
N
i
m
b
l
e
g
e
n
 
cus
t
o
m
 
a
r
r
a
y
.
 
Fo
r
 
t
h
e
 
p
r
o
p
o
s
e
d
 
p
r
o
j
e
c
t
,
 
m
os
t
 
o
f
 
t
h
e
 
t
es
t
e
d
 
va
r
i
an
t
 
w
i
l
l
 
b
e
 
kno
w
n
 
w
i
t
h
 
b
a
s
e
p
a
i
r
   
 
) (
Research
 
Strategy
) (
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)

 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
r
e
s
o
l
u
t
i
o
n
 
(
e
x
c
e
p
t
 
o
f
 
so
m
e
 
C
N
V
s
/
S
V
s
 
f
o
r
 
w
h
i
c
h
 
b
r
e
akp
o
i
n
t
s
 
ca
n
 
b
e
 
o
f
f
 
b
y
 
u
p
 
t
o
 
1
 
K
bp
)
,
 
s
o
 
w
e
 
es
t
i
m
a
t
e
 
t
h
a
t
 
o
n
 
ave
r
ag
e
 
 
w
e
 
w
i
l
l
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5
’
 
a
n
d
 
3
’
 
e
n
d
 
o
f
 
t
h
e
 
d
u
p
l
i
c
a
t
e
d
 
r
e
g
i
o
n
.
 
In
 
t
h
i
s
 
w
a
y
 
s
p
e
c
i
fi
c
 
p
r
o
d
u
c
t
s
 
w
i
l
l
 
b
e
 
a
m
p
l
i
fi
e
d
 
o
n
l
y
 
w
h
e
n
 
d
e
l
e
ti
o
n
s
 
o
r
 
d
u
p
l
i
c
a
ti
o
n
s
 
a
r
e
 
p
r
e
s
e
n
t
.
 
G
e
n
o
m
i
c
 
D
N
A
 
fr
o
m
 
t
h
e
 
H
a
p
M
a
p
 
c
e
l
l
 
l
i
n
e
 
G
M
1
2
8
7
8
 
w
i
l
l
 
b
e
 
u
s
e
d
 
a
s
 
n
e
g
a
t
i
v
e
 
c
o
n
t
r
o
l
.
 
W
h
e
n
 
n
e
c
e
s
s
a
r
y
,
 
a
 
s
e
c
o
n
d
 
r
o
u
n
d
 
o
f
 
PC
R
 
w
i
t
h
3
0
 
 
c
y
c
l
e
s
 
 
w
a
s
 
 
pe
r
f
o
r
m
e
d
 
 
t
o
 
 
f
u
r
t
he
r
 
 
i
nc
r
eas
e
 
 
t
h
e
 
 
s
i
gna
l
s
 
 
f
o
r
 
 
l
o
w
 
 
a
l
l
e
l
e
 
 
fr
e
q
u
e
n
c
y
 
 
e
v
e
n
ts
.
 
 
A
l
l
 
 
s
p
e
c
i
fi
c
a
l
l
y
) (
   
 
) (
Research
 
Strategy
) (
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66
)

 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
a
m
p
l
i
f
i
e
d
 
P
C
R
 
band
s
 
w
i
l
l
 
b
e
 
r
u
n
 
o
n
 
2
 
%
 
E
-
ge
l
 
(
I
nv
i
t
r
ogen
,
 
C
A
)
,
 
ge
l
 
ex
t
r
a
c
t
e
d
 
b
y
 
M
i
n
E
l
u
t
e
 
g
e
l
 
p
u
r
i
f
i
ca
t
i
o
n
 
K
i
t
(
Q
i
a
g
e
n
,
 
M
D
)
,
 
a
n
d
 
s
e
q
u
e
n
c
e
d
 
u
s
i
n
g
 
b
o
t
h
 
f
o
r
w
a
r
d
 
a
n
d
 
r
e
v
e
r
s
e
 
p
ri
m
e
r
s
.
D
i
g
i
t
a
l
 
P
CR
.
 
 
D
i
g
it
a
l
 
P
C
R
 
i
s
 
c
o
n
c
e
p
t
u
a
ll
y
 
s
i
m
il
a
r
 
t
o
 
r
e
g
u
l
a
r
 
P
C
R
.
 
I
n
 
e
s
s
e
n
c
e
 
i
t
 
i
s
 
p
a
r
a
l
l
e
l
 
P
C
R
 
i
n
 
m
a
n
y
 
(t
e
n
s
 
o
f
) (
t
h
o
u
s
a
n
d
s
)
 
s
i
n
g
l
e
 
c
e
l
l
s
,
 
t
h
e
 
nu
m
be
r
 
o
f
 
ce
l
l
s
 
w
i
t
h
 
t
h
e
 
obse
r
ve
d
 
a
m
p
l
i
f
i
ca
t
i
o
n
 
g
i
v
i
n
g
 
a
 
sens
e
 
abou
t
 
ho
w
 
f
r
equen
t
 
t
h
e
 
p
a
r
ti
c
u
l
a
r
 
l
o
c
u
s
 
i
s
.
 
I
n
 
a
d
d
i
ti
o
n
 
t
o
 
a
 
p
a
i
r
 
o
f
 
a
m
p
l
i
fi
c
a
ti
o
n
 
p
r
i
m
e
r
s
 
i
t
 
r
e
q
u
i
r
e
s
 
a
 
p
r
i
m
e
r
 
f
o
r
 
a
 
fl
u
o
r
o
p
h
o
r
e
,
 
w
h
i
c
h
 
ca
n
 
b
e
 
d
es
i
g
n
e
d
 
w
i
t
h
 
s
t
a
n
d
a
r
d
 
t
o
o
l
s
 
l
i
k
e
 
P
r
i
m
e
r
3
.
 
DN
A
 
f
r
o
m
 
t
i
s
s
u
e
 
w
i
l
l
 
b
e
 
t
h
e
 
s
i
g
n
a
l
.
 
DN
A
 
f
r
o
m
 
c
l
o
n
e
s
 
w
h
e
r
e
 
a
 
va
r
i
a
n
t
 
w
a
s
 
d
i
s
c
ove
r
e
d
 
w
i
l
l
 
b
e
 
u
s
e
d
 
f
o
r
 
n
o
r
m
a
l
i
z
a
t
i
o
n
.
 
G
e
n
o
m
i
c
 
D
N
A
 
f
r
o
m
 
t
h
e
 
H
a
p
M
a
p
 
c
e
l
l
 
l
i
n
e
 
G
M
1
2
8
7
8
 
w
i
l
l
 
b
e
 
 
use
d
 
 
a
s
 
 
nega
t
i
v
e
 
 
con
t
r
o
l
.
 
 
W
e
 
 
w
i
l
l
 
 
u
s
e
 
 
t
h
e
 
 
B
i
o
r
a
d
QX
1
0
0
 
 
D
r
o
p
l
e
t
 
 
D
i
g
i
t
a
l
 
 
P
C
R
 
 
(
d
d
P
C
R
)
 
 
s
y
s
t
e
m
,
 
 
w
h
i
c
h
 
p
r
ov
i
de
s
 
a
 
nea
r
 
abso
l
u
t
e
 
m
easu
r
e
 
o
f
 
t
a
r
ge
t
 
D
N
A
 
m
o
l
ecu
l
e
s
 
f
o
r
 
quan
t
i
t
a
t
i
v
e
 
P
C
R
 
a
m
p
l
i
f
i
ca
t
i
ons
.
 
T
h
e
 
d
r
o
p
l
e
t
 
gene
r
a
t
o
r
 
pa
r
t
i
t
i
on
s
 
sa
m
p
l
e
s
 
i
n
t
o
 
20
,
00
0
 
nano
l
i
t
e
r
-
s
i
ze
d
 
d
r
o
p
l
e
t
s
.
 
A
f
t
e
r
 
P
C
R
 
o
n
 
a
 
t
h
e
r
m
a
l
 
cyc
l
e
r
,
 
d
r
o
p
l
e
t
s
 
f
r
o
m
 
eve
r
y
 
 
sa
m
p
l
e
 
 
a
r
e
 
 
s
t
r
ea
m
e
d
 
 
i
n
 
s
i
ng
l
e
 
 
f
i
l
e
 
 
o
n
 
t
h
e
 
 
Q
X
 
 
d
r
o
p
l
e
t
 
 
r
e
a
d
e
r
.
 
 
T
h
e
 
 
P
C
R
-
pos
i
t
i
v
e
 
 
an
d
 
 
P
C
R
-
nega
t
i
v
e
d
r
op
l
e
t
s
 
a
r
e
 
coun
t
e
d
 
t
o
 
p
r
ov
i
d
e
 
abso
l
u
t
e
 
quan
t
i
f
i
ca
t
i
o
n
 
o
f
 
t
a
r
ge
t
 
D
N
A
 
i
n
 
d
i
g
i
t
a
l
 
f
o
r
m
 
(
F
i
g
.
 
7
)
.
E
x
p
e
c
t
e
d
 
r
e
s
u
l
t
s
:
 
 
Th
e
 
r
e
s
u
l
t
s
 
o
f
 
co
m
p
l
e
t
i
n
g
 
t
h
i
s
 
su
b
-
a
i
m
 
w
i
l
l
 
b
e
 
t
h
e
 
e
s
ti
m
a
ti
o
n
,
 
f
o
r
 
a
 
g
i
v
e
n
 
s
e
t
 
o
f
 
so
m
a
t
i
c
) (
geno
m
i
c
 
va
r
i
an
t
s
,
 
t
h
e
 
nu
m
be
r
 
an
d
 
a
l
l
e
l
e
 
fr
e
q
u
e
n
c
y
 
o
f
 
t
h
e
s
e
 
v
a
r
i
a
n
t
s
 
i
n
 
t
h
e
 
o
r
i
g
i
n
a
l
 
ti
s
s
u
e
.
 
F
u
rt
h
e
r
m
o
r
e
 
w
e
 
w
i
l
l
 
es
t
i
m
a
t
e
 
w
he
t
he
r
 
t
h
i
s
 
f
r
equenc
y
 
i
s
 
h
i
ghe
r
 
i
n
 
do
r
sa
l
 
a
s
 
co
m
pa
r
e
d
 
t
o
 
ve
n
t
r
a
l
 
g
e
r
m
i
n
a
l
 
l
aye
r
s
.
 
A
d
d
i
t
i
o
n
a
l
l
y
 
w
e
 
w
i
l
l
 
es
t
i
m
a
t
e
 
o
f
 
ho
w
 
m
a
n
y
 
va
r
i
a
n
t
s
 
d
i
scove
r
e
d
 
a
n
d
 
va
l
i
d
a
t
e
d
 
i
n
 
t
h
e
 
b
r
a
i
n
 
a
r
e
 
a
l
s
o
 
p
r
esen
t
 
i
n
 
t
h
e
 
b
l
ood
,
 
w
h
i
c
h
 
w
i
l
l
 
a
l
l
o
w
 
t
o
 
i
nd
i
r
ec
t
l
y
 
es
t
i
m
a
t
e
 
w
he
n
 
t
he
y
 
a
r
os
e
 
i
n
 
on
t
ogenes
i
s
.
) (
A
i
m
 
2
.
 
D
e
t
e
r
m
i
n
e
 
t
h
e
 
i
m
p
a
c
t
 
o
f
 
so
m
a
t
i
c
 
va
r
i
a
n
t
s
 
o
n
 
m
R
N
A
 
t
r
a
ns
c
r
i
p
t
s
.
 
D
u
e
 
t
o
 
c
o
m
p
l
e
x
 
h
i
e
r
a
r
c
h
y
 
o
f
 
tr
a
n
s
c
ri
p
t
i
o
n
a
l
 
r
e
g
u
l
a
t
i
o
n
 
i
t
 
i
s
 
c
h
a
ll
e
n
g
i
n
g
 
t
o
 
d
e
c
i
p
h
e
r
 
t
h
e
 
e
f
f
e
c
t
 
o
f
 
e
a
c
h
 
i
n
d
i
v
i
d
u
a
l
 
v
a
ri
a
n
t
 
o
n
 
t
h
e
 
e
x
p
r
e
s
s
i
o
n
 
o
f
 
a
 
pa
r
t
i
cu
l
a
r
 
gen
e
 
o
r
 
se
t
 
o
f
 
genes
.
 
W
e
,
 
t
h
e
r
e
f
o
r
e
,
 
i
n
 
a
 
f
ir
s
t
 
i
n
s
t
a
n
c
e
,
 
w
i
l
l
 
a
i
m
 
a
t
 
d
e
t
e
r
m
i
n
i
n
g
 
t
h
e
 
ove
r
a
l
l
 
e
f
f
ec
t
 
o
f
 
t
he
 
va
r
i
a
n
t
s
 
 
o
n
 
gen
e
 
 
exp
r
es
s
i
on
.
 
 
T
h
e
 
s
i
m
p
l
es
t
 
 
cas
e
s
 
 
f
o
r
 
s
u
c
h
 
 
a
n
a
l
y
s
i
s
 
 
a
r
e
 
C
N
V
s
.
 
 
A
 
p
r
i
o
r
 
e
x
p
e
c
t
a
ti
o
n
 
 
i
s
 
t
h
a
t
 
exp
r
es
s
i
o
n
 
f
o
r
 
gene
s
 
t
ha
t
 
i
n
t
e
r
sec
t
 
dup
l
i
ca
t
i
on
s
 
w
i
l
l
 
i
nc
r
eas
e
 
w
h
i
l
e
 
exp
r
es
s
i
o
n
 
f
o
r
 
gene
s
 
t
ha
t
 
i
n
t
e
r
sec
t
 
de
l
e
t
i
on
s
 
w
i
l
l
 
d
e
c
r
e
a
s
e
.
 
I
n
 
r
e
l
a
t
i
o
n
 
t
o
 
a
n
a
l
y
s
i
s
 
o
f
 
h
i
P
S
C
,
 
w
e
 
s
ho
w
e
d
 
t
ha
t
 
i
ndee
d
 
t
he
r
e
 
i
s
 
suc
h
 
s
t
a
t
i
s
t
i
ca
l
l
y
 
s
i
g
n
i
f
i
c
a
n
t
 
co
r
r
e
l
a
t
i
o
n
 
(
p
r
e
l
i
m
i
na
r
y
 
da
t
a
 
an
d
 
F
i
g
.
 
2
)
.
 
W
e
 
w
i
l
l
 
p
e
rf
o
r
m
 
a
 
s
i
m
i
l
a
r
 
a
n
a
l
y
s
i
s
 
f
o
r
 
so
m
a
t
i
c
 
CNV
s
 
d
i
s
c
o
v
e
r
e
d
 
i
n
 
t
h
e
 
p
r
opose
d
 
s
t
udy
.
D
e
t
e
r
m
i
n
i
n
g
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
 
f
r
o
m
 
RNA
s
e
q
 
d
a
t
a
.
 
O
u
r
 
ex
i
s
t
i
n
g
 
R
N
A
se
q
 
w
o
r
k
f
l
o
w
 
i
s
 
d
e
s
c
r
i
b
e
d
 
b
r
i
e
f
l
y
 
a
s
 
f
o
l
l
o
w
s
.
) (
To
p
h
a
t
 
56
 
i
s
 
u
s
e
d
 
t
o
 
a
li
g
n
 
t
h
e
 
d
a
t
a
 
aga
i
ns
t
 
t
h
e
 
hu
m
a
n
 
geno
m
e
 
(h
G
R
C
37
/
hg19
)
,
 
t
h
e
 
G
encod
e
 
v1
1
 
anno
t
a
t
i
o
n
 
57,
) (
58
,
) (
59
) (
an
d
 
 
dyna
m
i
ca
l
l
y
 
 
cons
t
r
uc
t
e
d
 
 
e
x
o
n
s
 
 
a
n
d
 
 
sp
l
i
c
e
 
 
li
b
r
a
ri
e
s
.
 
 
Th
e
 
 
o
u
t
p
u
t
 
 
i
n
 
BA
M
 
 
f
o
r
m
a
t
 
i
s
 
p
r
o
c
e
s
s
e
d
 
 
b
y
) (
60
) (
B
e
d
T
o
o
l
s
     
 
t
o
 
c
o
m
p
u
t
e
 
 
t
h
e
 
 
r
a
w
 
 
r
e
a
d
 
 
co
u
n
t
s
 
 
f
o
r
 
e
ac
h
 
 
g
e
n
e
.
 
 
W
e
 
 
t
h
e
n
 
 
q
u
a
n
t
i
f
y
 
 
e
x
p
r
e
s
s
i
o
n
 
 
b
y
 
R
ead
s
 
 
P
er
 
K
il
o
b
a
s
e
 
o
f
 
tr
a
n
s
c
r
i
p
t
 
pe
r
 
m
illi
o
n
 
m
a
p
p
e
d
 
f
r
a
g
m
e
n
t
s
 
(
RP
K
M
)
 
us
i
n
g
 
RS
E
Q
t
o
o
l
s
61
.
 
Th
e
 
r
a
w
 
c
o
u
n
t
s
 
a
r
e
 
u
s
e
d
 
f
o
r
 
de
t
e
r
m
i
n
i
n
g
 
d
i
f
f
e
r
en
t
i
a
l
l
y
 
exp
r
es
se
d
 
gene
s
 
b
y
 
D
E
S
eq
62
,
 
a
n
 
R
 
p
a
c
k
a
g
e
 
t
h
a
t
 
u
s
e
s
 
n
e
g
a
ti
v
e
 
b
i
n
o
m
i
a
l
 
d
i
s
t
r
i
bu
t
i
on
 
t
o
 
m
o
d
e
l
 
r
e
a
d
 
c
o
u
n
t
s
 
p
e
r
 
g
e
n
e
 
a
n
d
 
t
h
e
 
B
e
n
j
a
m
i
n
i
-
H
o
c
h
b
e
r
g
 
m
e
t
h
o
d
 
f
o
r
 
a
d
j
us
t
i
n
g
 
f
o
r
 
m
u
l
t
i
p
l
e
 
co
m
pa
r
i
son
s
 
63
.
O
v
e
r
a
l
l
,
 
o
u
r
 
hy
po
t
hes
i
s
 
i
s
 
t
hat
 
so
m
a
t
i
c
 
va
r
i
a
n
t
s
 
l
e
a
d
 
t
o
 
d
i
f
f
e
r
e
n
t
i
a
l
 
e
xp
r
e
s
s
i
o
n
 
o
f
 
genes
 
i
n
 
t
he
i
r
 
v
i
c
i
n
i
t
y
.
 
M
o
r
e
) (
sp
ec
i
f
i
ca
l
l
y
,
 
w
e
 
w
i
l
l
 
co
m
p
a
r
e
 
e
x
p
r
ess
i
o
n
 
o
f
 
g
e
n
e
s
 
i
n
 
c
l
o
n
a
l
 
an
d
 
i
n
 
t
h
e
 
or
i
g
i
na
l
 
c
e
l
l
 
popu
l
a
t
i
ons
.
 
T
o
 
t
e
s
t
 
f
o
r
 
t
h
i
s
,
 
w
e
 
w
i
l
l
 
f
i
r
s
t
 
a
s
s
i
g
n
 
po
t
en
t
i
a
l
l
y
 
 
i
n
f
l
uen
t
i
a
l
 
 
va
r
i
an
t
s
 
t
o
 
eac
h
 
gene
.
 
H
e
r
e
 
w
e
 
w
i
l
l
 
s
i
m
p
l
y
 
ex
t
en
d
 
anno
t
a
t
ed
 
gene
s
 
 
coo
r
d
i
na
t
e
s
 
 
b
y
 
 
2
 
 
kb
p
 
 
do
w
ns
t
r
ea
m
 
 
an
d
 
 
ups
t
r
ea
m
,
 
 
an
d
 
 
eve
r
y
 
 
va
r
i
an
t
 
 
w
i
t
h
i
n
 
 
suc
h
 
 
r
eg
i
on
s
 
 
w
i
l
l
 
 
be
 
“
p
o
t
e
n
t
i
a
l
l
y
 
 
i
n
f
l
u
e
n
t
i
a
l
”
 
 
f
o
r
 
 
t
h
e
 
 
g
e
n
e
.
 
 
W
e
 
 
w
i
l
l
 
 
t
h
e
n
 
 
p
e
r
f
o
r
m
 
 
a
n
 
 
e
n
r
i
c
h
m
e
n
t
 
 
a
n
a
l
y
s
i
s
 
 
o
f
 
 
w
h
e
t
h
e
r
 
 
gene
s
 
 
w
i
t
h
 
“
p
o
t
e
n
t
i
a
l
l
y
 
i
n
f
l
u
e
n
t
i
a
l
”
 
v
a
ri
a
n
t
s
 
a
r
e
 
m
o
r
e
 
o
f
t
e
n
 
d
i
f
f
e
r
en
t
i
a
l
l
y
 
exp
r
es
se
d
 
t
he
n
 
gene
s
 
w
i
t
hou
t
 
suc
h
 
va
r
i
an
t
s
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
o
ri
g
i
n
a
l
 
p
o
p
u
l
a
t
i
o
n
.
 
W
e
 
a
l
s
o
 
expec
t
 
t
ha
t
 
gene
s
 
w
i
t
h
 
f
r
a
m
e
 
sh
i
f
t
i
n
g
 
i
nde
l
s
/
M
E
I
s
 
an
d
 
S
N
V
s
 
l
e
a
d
i
n
g
 
t
o
 
 
s
t
o
p
 
 
c
o
d
o
n
s
 
 
(
d
i
s
r
u
p
t
i
n
g
 
 
s
p
l
i
c
e
-
s
i
t
e
 
 
o
r
 
 
i
n
t
r
oduc
i
n
g
 
 
s
t
o
p
 
 
codon
)
 
 
w
i
l
l
 
 
h
a
v
e
 
 
d
e
c
r
e
a
s
e
d
 
 
exp
r
es
s
i
o
n
 
 
du
e
 
 
t
o
 
nonsens
e
-
m
e
d
i
a
t
e
d
 
d
e
c
a
y
 
(
N
M
D
)
.
 
W
e
 
w
i
l
l
,
 
t
h
u
s
,
 
t
e
s
t
 
f
o
r
 
a
n
 
e
n
r
i
c
h
m
e
n
t
 
o
f
 
d
o
w
n
 
r
e
g
u
l
a
t
e
d
 
g
e
n
e
s
 
a
m
on
g
 
t
h
o
s
e
hav
i
n
g
 
suc
h
 
S
N
V
s
 
a
n
d
 
i
n
d
e
l
s
/
M
E
I
s
.
W
e
 
 
w
i
l
l
 
a
l
s
o
 
 
a
t
t
e
m
p
t
 
 
t
o
 
p
r
e
d
i
c
t
 
 
a
n
 
e
f
f
e
c
t
 
 
o
f
 
“
po
t
en
t
i
a
l
l
y
 
 
i
n
f
l
uen
t
i
a
l
”
 
 
v
a
r
i
an
t
s
 
 
t
h
a
t
 
 
a
r
e
 
li
k
e
ly
 
 
t
o
 
r
e
s
i
d
e
 
 
in
 
t
h
e
) (
p
r
o
m
o
t
er
 
 
r
e
g
i
o
n
 
 
of
 
an
 
as
s
i
gned
 
 
gene
,
 
 
i.
e
.
,
 
u
p
s
tr
e
a
m
 
 
fr
o
m
 
 
t
h
e
 
tr
a
n
s
c
r
i
p
ti
o
n
 
 
s
t
a
r
t
 
s
i
t
e
.
 
Th
e
 
a
n
a
l
y
s
i
s
 
 
w
i
l
l
 
b
e
) (
f
o
c
u
s
e
d
 
o
n
 
t
h
e
 
i
d
e
n
tif
i
c
a
t
i
o
n
 
o
f
 
t
r
a
n
s
c
ri
p
t
i
o
n
 
f
a
c
t
o
r
 
(
T
F
)
 
b
i
nd
i
n
g
 
m
o
t
i
f
s
 
t
ha
t
 
a
r
e
 
c
r
ea
t
ed
/
l
os
t
/
change
d
 
a
s
 
a
 
r
esu
l
t
) (
o
f
 
i
n
t
r
oduc
i
n
g
 
 
a
 
va
r
i
a
n
t
.
 
 
I
n
 
p
a
r
ti
c
u
l
a
r
,
 
 
w
e
 
w
i
l
l
 
l
o
o
k
 
a
t
 
w
h
e
t
h
e
r
 
 
a
 
v
a
r
i
a
n
t
s
 
 
(
e
.
g
.
 
S
NV
s
)
 
 
l
e
a
d
s
 
 
t
o
 
a
 
p
r
e
d
i
c
t
e
d
 
i
n
c
r
e
a
s
e
/
d
e
c
r
e
a
s
e
 
i
n
 
T
F
 
b
i
n
d
i
n
g
 
a
f
f
i
n
it
y
 
f
r
o
m
 
P
o
s
it
i
o
n
 
W
e
i
g
h
t
e
d
 
M
a
t
ri
x
 
(
P
W
M
)
 
64
.
 
W
e
 
w
i
l
l
 
f
o
c
u
s
 
o
n
 
a
n
a
l
y
s
i
s
 
o
f
 
m
o
t
i
f
s
 
f
o
r
 
T
F
 
u
n
i
f
o
r
m
l
y
 
ac
t
i
v
e
 
ac
r
os
s
 
he
t
e
r
ogeneou
s
 
t
i
s
sue
s
 
i
n
 
t
h
e
 
hu
m
a
n
 
bod
y
 
(
suc
h
 
t
ha
t
 
P
o
l
2
,
 
S
M
AD
1
,
 
E
T
S
1
,
 
J
U
N
,
 
C
R
E
B
,
 
A
T
F
3
)
 
a
n
d
 
T
F
s
 
t
h
a
t
 
a
r
e
 
en
r
i
che
d
 
i
n
 
t
h
e
 
b
r
a
i
n
 
(
s
u
c
h
 
a
s
 
F
O
X
G
1
,
 
F
E
ZF2
,
 
L
H
X
2
,
 
N
E
U
R
O
G
2
)
.
 
G
i
v
e
n
 
t
h
e
 
p
r
e
d
i
c
t
e
d
 
e
f
f
ec
t
 
o
f
 
va
r
i
an
t
s
 
o
n
 
t
h
e
 
gen
e
 
exp
r
es
s
i
on
,
 
w
e
 
w
i
l
l
 
c
o
r
r
e
l
a
t
e
 
i
t
 
w
i
t
h
 
t
h
e
 
m
e
a
s
u
r
e
d
 
exp
r
es
s
i
o
n
 
t
he
w
a
y
 
w
e
 
d
o
 
f
o
r
 
CNV
s
,
 
i.
e
.
,
 
p
e
rf
o
r
m
 
a
n
 
e
n
r
i
c
h
m
en
t
 
ana
l
y
s
i
s
 
o
n
 
m
an
y
 
genes
.
O
b
s
e
r
v
i
n
g
  
 
suc
h
 
 
e
n
r
i
ch
m
e
n
t
s
/
co
r
r
e
l
a
t
i
o
n
s
  
 
w
i
l
l
 
 
p
o
t
e
n
t
i
a
ll
y
  
 
a
l
l
o
w
 
 
u
s
 
 
t
o
 
 
su
g
g
es
t
 
 
ho
w
 
 
an
d
 
 
t
h
r
oug
h
 
 
w
h
i
c
h
 
m
e
c
h
a
n
i
s
m
 
 
(
e
.
g
.
,
 
 
g
e
n
e
 
 
d
u
p
l
i
c
a
t
i
o
n
/
d
e
l
e
t
i
o
n
,
 
 
T
F
 
 
b
i
n
d
i
n
g
 
 
s
i
t
e
 
 
c
r
e
a
t
i
o
n
/
d
e
l
e
t
i
o
n
,
 
 
e
t
c
.
)
 
 
so
m
a
t
i
c
 
 
va
r
i
a
n
t
s
 
 
a
f
f
e
c
t
 
mR
N
A
 
e
x
p
r
e
s
s
i
o
n
.
 
 
W
e
 
a
r
e
 
con
f
i
den
t
 
i
n
 
ou
r
 
ab
i
l
i
t
i
e
s
 
t
o
 
pe
r
f
o
r
m
 
suc
h
 
a
n
 
ana
l
y
s
i
s
 
a
s
 
w
e
 
d
i
d
 
i
t
 
p
r
ev
i
ous
l
y
 
in
 
va
r
i
o
u
s
 
s
t
u
d
i
e
s
 
w
h
e
r
e
 
w
e
:
 
co
r
r
e
l
a
t
e
d
 
gen
e
 
exp
r
es
s
i
o
n
 
w
i
t
h
 
C
N
V
 
(r
e
f
 
21
 
 
an
d
 
p
r
e
l
i
m
i
na
r
y
 
da
t
a
)
,
 
s
t
u
d
i
e
d
 
a
l
l
e
l
e
   
 
) (
Research
 
Strategy
) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
sp
ec
i
f
i
c
 
e
x
p
r
ess
i
o
n
 
a
n
d
 
b
i
n
d
i
n
g
 
w
i
t
h
i
n
 
E
N
C
O
D
E
 
p
r
o
j
ec
t
 
51,
 
65
,
 
s
u
r
v
e
y
e
d
 
l
o
s
s
-
o
f
-f
u
n
c
ti
o
n
 
 
v
a
r
i
a
n
t
s
 
w
it
h
i
n
 
1
0
0
0
G
e
n
o
m
e
s
 
P
r
o
j
e
c
t
 
48,
 
66
,
 
a
n
d
 
a
n
a
l
y
z
e
d
 
t
h
e
 
e
ff
e
c
t
 
o
f
 
v
a
r
i
a
n
t
s
 
o
n
 
co
d
i
n
g
 
a
n
d
 
non
-
co
d
i
n
g
 
g
e
n
o
m
i
c
 
e
l
e
m
e
n
t
s
 
67,
 
68
.
 
S
o
m
e
 
t
e
c
h
n
i
c
a
l
 
d
e
t
a
i
l
s
 
o
f
 
o
u
r
 
a
n
a
l
y
s
i
s
 
a
r
e
 
g
i
v
e
n
 
b
e
l
o
w
.
I
m
p
a
c
t
 
o
f
 
s
o
m
a
ti
c
 
v
a
r
i
a
n
ts
 
o
n
 
f
u
n
c
ti
o
n
a
l
 
g
e
n
e
 
co
-
ex
p
r
es
s
i
on
 
m
o
d
u
l
e
s
.
 
C
e
l
l
s
 
hav
e
 
co
m
p
l
e
x
 
r
egu
l
a
t
o
r
y
 
ne
t
w
o
r
k
s
,
) (
an
d
 
t
h
e
 
e
ff
e
c
t
 
o
f
 
g
e
n
o
m
i
c
 
v
a
r
i
a
n
t
s
 
o
n
 
g
e
n
e
 
e
x
p
r
e
s
s
i
o
n
 
i
s
 
n
o
t
 
a
l
w
a
y
s
 
s
tr
a
i
g
h
tf
o
r
w
a
r
d
.
 
I
n
 
p
a
r
ti
c
u
l
a
r
,
 
a
 
v
a
r
i
a
n
t
 
c
a
n
 
i
n
t
r
o
d
u
c
e
 
 
o
n
l
y
 
 
a
 
 
m
i
n
o
r
 
 
c
h
a
n
g
e
 
 
t
o
 
 
g
e
n
e
 
 
e
x
p
r
e
s
s
i
o
n
 
 
w
h
i
l
e
 
 
t
h
i
s
 
 
c
h
a
n
g
e
 
 
c
a
n
 
 
b
e
 
 
a
m
p
l
i
f
i
e
d
 
 
i
n
 
 
a
 
 
c
a
s
c
a
d
e
 
 
o
f
 
do
w
ns
t
r
ea
m
 
r
egu
l
a
t
o
r
y
 
even
t
s
.
 
T
o
 
p
a
r
t
i
a
l
l
y
 
o
v
e
r
c
o
m
e
 
t
h
e
s
e
 
p
r
o
b
l
e
m
s
 
w
e
 
w
i
l
l
 
a
d
o
p
t
 
a
n
 
a
d
d
i
t
i
o
n
a
l
 
s
t
r
a
t
e
g
y
,
 
i.
e
.
,
 
w
e
 
w
i
l
l
 
eva
l
ua
t
e
 
t
h
e
 
e
f
f
ec
t
s
 
o
f
 
so
m
a
t
i
c
 
geno
m
i
c
 
va
r
i
an
t
s
 
o
n
 
g
en
e
 
c
o
-
exp
r
es
s
i
o
n
 
ne
t
w
o
r
k
s
,
 
a
 
po
w
e
r
f
u
l
 
t
oo
l
 
f
or
 
ne
t
w
o
r
k
 
i
n
f
e
r
enc
e
 
an
d
 
da
t
a
 
r
educ
t
i
o
n
 
69
.
 
S
p
e
c
i
fi
c
a
l
l
y
,
 
i
n
 
e
a
c
h
 
i
n
d
i
v
i
d
u
a
l
,
 
w
e
 
w
i
l
l
 
us
e
 
t
h
e
 
W
G
C
N
A
 
pac
kag
e
 
69
 
to
) (
p
r
oces
s
 
 
gen
e
 
 
exp
r
es
s
i
o
n
 
 
da
t
a
 
 
fr
o
m
 
 
a
l
l
 
 
t
h
e
 
 
b
r
a
i
n
 
 
r
e
g
i
o
n
s
,
 
 
i
n
 
 
c
l
o
n
a
ll
y
 
 
e
x
t
e
n
d
e
d
 
 
c
e
l
l
 
 
an
d
 
 
t
h
e
 
 
o
r
i
g
i
n
a
l
 
 
c
e
l
l
 
popu
l
a
t
i
on
.
 
W
G
C
N
A
 
r
e
l
i
e
s
 
o
n
 
t
h
e
 
c
o
r
r
e
l
a
t
i
o
n
 
s
t
r
e
n
g
t
h
 
b
e
t
w
e
e
n
 
c
o
-
exp
r
es
se
d
 
gene
s
 
t
o
 
r
educ
e
 
t
h
e
 
w
ho
l
e
 
se
t
 
of
 
gen
e
 
tr
a
n
s
c
r
i
p
t
s
 
t
o
 
a
 
m
u
c
h
 
s
m
a
l
l
e
r
 
s
e
t
 
o
f
 
“
m
o
d
u
l
e
s
”
.
 
Th
e
s
e
 
“
m
o
d
u
l
e
s
”
 
a
r
e
 
d
e
f
i
n
e
d
 
b
y
 
s
e
t
s
 
o
f
 
g
e
n
e
s
 
w
h
o
s
e
 
exp
r
es
s
i
o
n
 
 
p
r
o
f
i
l
e
s
 
 
a
r
e
 
 
co
r
r
e
l
a
t
e
d
 
 
ac
r
os
s
 
 
sa
m
p
l
es
.
 
 
Th
e
 
 
ove
r
a
l
l
 
 
exp
r
es
s
i
o
n
 
 
l
eve
l
 
 
o
f
 
 
eac
h
 
 
m
odu
l
e
 
 
w
i
l
l
 
 
b
e
 
des
c
r
i
be
d
 
b
y
 
it
s
 
fi
r
s
t
 
 
p
r
i
n
c
i
p
a
l
 
c
o
m
p
o
n
e
n
t
 
(t
h
e
 
 
m
o
d
u
l
e
 
e
i
g
e
n
g
e
n
e
)
.
 
M
o
d
u
l
e
s
’
 
e
i
g
e
n
g
e
n
e
 
w
i
l
l
 
b
e
 
t
e
s
t
e
d
 
f
o
r
 
d
i
f
f
e
r
en
t
i
a
l
 
 
exp
r
es
s
i
o
n
 
 
be
t
w
ee
n
 
 
c
l
ona
l
l
y
 
 
ex
t
ende
d
 
 
ce
l
l
 
 
popu
l
a
t
i
o
n
s
 
 
aga
i
ns
t
 
 
t
h
e
 
 
o
r
i
g
i
na
l
 
 
ce
l
l
 
 
popu
l
a
t
i
on
,
 
 
to
 
i
d
e
n
tif
y
 
t
h
e
 
m
o
d
u
l
e
(
s
)
 
w
h
o
s
e
 
 
e
x
p
r
e
s
s
i
o
n
 
p
r
o
f
i
l
e
 
i
s
 
l
i
k
e
l
y
 
a
f
f
e
c
t
e
d
 
b
y
 
t
h
e
 
g
e
n
e
t
i
c
 
v
a
r
i
a
n
t
s
.
Th
e
 
g
e
n
e
s
 
i
n
 
e
a
c
h
 
m
o
d
u
l
e
 
w
i
l
l
 
b
e
 
e
n
r
i
c
h
e
d
 
f
o
r
 
g
e
n
e
 
o
n
t
o
l
o
g
y
 
(
G
O
)
 
c
l
a
s
s
e
s
 
a
n
d
 
b
i
o
l
o
g
i
c
a
l
 
p
a
t
h
w
a
y
s
 
t
o
 
a
s
s
e
s
s
 
t
h
e
 
b
i
o
l
o
g
i
c
a
l
 
s
i
g
n
i
fi
c
a
n
c
e
 
o
f
 
t
h
e
 
m
o
d
u
l
e(
s
)
.
 
W
e
 
w
i
l
l
 
u
s
e
 
I
n
g
e
n
u
i
t
y
 
(
h
t
t
p
:
/
/
w
w
w
.
i
ngenu
i
t
y
.
co
m
)
,
 
D
A
V
I
D
 
(
h
t
t
p
:
/
/
dav
i
d
.
abc
c
.
nc
i
f
c
r
f
.
go
v
)
  
 
a
n
d
 
 
M
e
t
a
C
o
r
e
™
 
 
(
h
t
t
p
s
:
/
/
p
o
rt
a
l
.
g
e
n
e
g
o
.
c
o
m
)
  
 
s
o
f
t
w
a
r
e
 
 
a
n
d
 
 
d
a
t
a
b
a
s
e
s
 
 
f
o
r
 
 
t
h
i
s
) (
pu
r
pose
.
 
T
hes
e
 
ana
l
y
se
s
 
w
i
l
l
 
a
l
l
o
w
 
u
s
 
t
o
 
de
r
i
v
e
 
t
h
e
 
m
os
t
 
s
i
gn
i
f
i
can
t
 
b
i
o
l
og
i
ca
l
 
pa
t
h
w
ay
s
 
f
o
r
 
l
i
s
t
 
o
f
 
gene
s
 
t
hat
 
pa
r
t
i
c
i
pa
t
e
 
i
n
 
a
 
ne
t
w
o
r
k
 
m
odu
l
e.
W
e
 
w
i
l
l
 
t
h
e
n
 
se
l
ec
t
 
t
h
os
e
 
m
o
d
u
l
e
s
 
t
h
a
t
 
a
r
e
 
d
i
f
f
e
r
e
n
t
i
a
l
l
y
 
e
x
p
r
esse
d
 
be
t
w
ee
n
 
c
l
o
n
a
l
l
y
 
e
x
t
e
n
d
e
d
 
ce
l
l
 
p
o
p
u
l
a
t
i
o
n
s
 
an
d
 
t
h
e
 
o
r
i
g
i
na
l
 
b
r
a
i
n
 
t
i
s
sue
s
 
w
i
t
h
i
n
 
e
a
c
h
 
b
r
a
i
n
,
 
a
n
d
 
f
u
rt
h
e
r
 
de
t
e
r
m
i
n
e
 
w
h
e
t
h
e
r
 
tr
a
n
s
c
r
i
p
t
s
 
b
e
l
o
n
g
i
n
g
 
t
o
 
e
a
c
h
 
m
o
d
u
l
e
 
a
r
e
 
s
i
g
n
i
f
i
can
t
l
y
 
en
r
i
ch
e
d
 
w
i
t
h
 
 
gene
s
 
 
ha
r
bo
r
i
n
g
 
po
t
e
n
t
i
a
l
l
y
 
i
n
f
l
ue
n
t
i
a
l
 
ge
no
m
i
c
 
va
r
i
a
n
t
s
,
 
s
i
m
i
l
a
r
l
y
 
t
o
 
 
w
h
a
t
 
 
w
e
 
 
w
i
l
l
 
 
d
o
 
 
f
o
r
 
 
gene
s
 
 
(
se
e
 
 
above
)
.
 
 
C
o
l
l
e
c
t
i
v
e
l
y
,
 
 
t
h
e
s
e
 
 
a
n
a
l
y
s
e
s
 
 
w
i
l
l
 
 
a
l
l
o
w
 
 
u
s
 
 
t
o
 
 
d
e
r
i
v
e
 
 
t
h
e
 
 
m
o
s
t
 
s
i
g
n
i
f
i
ca
n
t
 
g
e
n
e
 
ne
t
w
o
r
k
s
 
an
d
 
b
i
o
l
og
i
ca
l
 
pa
t
h
w
ay
s
 
w
h
o
s
e
 
d
i
f
f
e
r
en
t
i
a
l
 
exp
r
es
s
i
o
n
 
co
r
r
e
l
a
t
e
 
w
i
t
h
 
sp
ec
i
f
i
c
 
so
m
a
t
i
c
 
va
r
i
a
n
t
s
 
 
i
n
 
 
e
a
c
h
 
 
i
n
d
i
v
i
d
u
a
l
.
 
 
Th
e
s
e
 
 
ge
no
m
i
c
 
va
r
i
a
n
t
s
 
 
t
ha
t
 
 
a
r
e
 
 
s
i
gn
i
f
i
c
a
n
t
l
y
 
 
a
s
s
oc
i
a
t
e
d
 
w
i
t
h
 
 
t
r
a
n
s
c
r
i
p
t
 
m
o
d
u
l
e
s
 
w
i
l
l
 
t
h
e
n
 
 
b
e
 
s
e
l
e
c
t
e
d
 
f
o
r
 
 
f
u
r
t
h
e
r
 
a
n
a
l
y
s
e
s
.
 
Th
e
 
m
o
d
u
l
e
s
 
d
e
r
i
v
e
d
 
f
r
o
m
 
t
h
e
 
v
a
r
i
o
u
s
 
i
n
d
i
v
i
d
u
a
l
s
 
m
a
y
 
unde
r
l
i
n
e
 
co
m
p
l
e
t
e
l
y
 
i
n
d
e
p
e
n
d
e
n
t
 
o
r
,
 
m
o
r
e
 
li
k
e
l
y
,
 
ove
r
l
app
i
n
g
 
f
unc
t
i
ons
.
 
W
e
 
w
i
l
l
 
t
h
e
r
e
f
o
r
e
 
t
e
s
t
 
f
o
r
 
c
o
n
s
e
n
s
u
s
 
m
o
d
u
l
e
s
 
a
c
r
o
s
s
 
i
n
d
i
v
i
d
u
a
l
s
 
t
o
 
i
d
e
n
t
i
f
y
 
p
o
s
s
i
b
l
e
 
c
o
mm
o
n
 
b
i
o
l
o
g
i
c
a
l
 
f
u
n
c
t
i
o
n
s
 
a
f
f
e
c
t
e
d
 
b
y
 
t
h
e
 
i
n
d
i
v
i
d
u
a
l’
s
 
SV
s
.
I
n
 
a
d
d
i
ti
o
n
 
t
o
 
m
i
n
i
m
i
z
i
n
g
 
t
h
e
 
i
s
s
u
e
 
o
f
 
m
u
l
ti
p
l
e
 
c
o
m
p
a
r
i
s
o
n
s
,
 
m
o
d
u
l
a
r
 
ana
l
y
s
i
s
 
w
i
l
l
 
l
i
k
e
l
y
 
i
n
c
r
e
a
s
e
 
o
u
r
 
a
b
i
lit
y
 
t
o
 
de
t
e
r
m
i
n
e
 
 
t
h
e
 
 
b
i
o
l
o
g
i
c
a
l
 
 
s
i
g
n
i
fi
c
a
n
c
e
 
 
o
f
 
 
t
h
e
 
 
de
t
ec
t
e
d
 
 
geno
m
i
c
 
 
so
m
a
t
i
c
 
 
va
r
i
a
n
t
s
.
 
 
Th
e
 
 
p
r
e
d
i
c
t
i
o
n
 
 
fr
o
m
 
 
t
h
i
s
 
ana
l
y
s
i
s
 
i
s
 
t
h
a
t
 
w
e
 
w
i
l
l
 
i
d
e
n
tif
y
 
se
t
s
 
o
f
 
co
-
exp
r
es
se
d
 
t
r
ans
c
r
i
p
t
s
 
t
ha
t
 
a
r
e
 
s
i
gn
i
f
i
can
t
l
y
 
as
soc
i
a
t
e
d
 
w
i
t
h
 
g
e
n
o
m
i
c
 
va
r
i
a
n
t
s
 
i
n
 
c
l
o
n
a
l
 
c
e
l
l
 
p
o
p
u
l
a
t
i
o
n
s
 
w
h
e
r
e
 
t
h
e
s
e
 
geno
m
i
c
 
va
r
i
an
t(
s
)
 
w
e
r
e
 
d
i
s
cove
r
ed
.
 
A
lt
h
o
u
g
h
 
en
r
i
ch
m
en
t
 
does
 
no
t
 
neces
sa
r
i
l
y
 
m
ea
n
 
ca
usa
t
i
o
n
,
 
t
h
es
e
 
a
n
a
l
yse
s
 
w
i
l
l
 
a
l
l
o
w
 
u
s
 
t
o
 
f
o
c
u
s
 
o
n
 
 
t
h
o
s
e
 
 
so
m
a
t
i
c
 
v
ar
i
an
t
s
 
t
h
a
t
 
 
m
ay
 
b
e
 
a
s
s
oc
i
a
t
e
d
,
 
o
r
 
e
ve
n
 
b
e
 
c
a
us
a
t
i
v
e
 
f
o
r
 
e
x
pr
e
s
s
i
o
n
 
c
ha
ng
e
 
 
i
n
 
m
odu
l
e
s
 
o
f
 
f
u
n
c
t
i
o
n
a
l
l
y
 
r
e
l
a
t
e
d
 
 
g
en
es
.
W
e
 
w
i
l
l
 
f
u
rt
h
e
r
 
co
m
p
a
r
e
 
d
i
f
f
e
r
e
n
t
i
a
l
l
y
 
e
x
p
r
esse
d
 
m
o
d
u
l
e
s
 
e
n
r
i
ch
e
d
 
i
n
 
so
m
a
t
i
c
 
v
a
r
i
a
n
t
s
 
w
i
t
h
 
m
o
d
u
l
e
s
 
o
f
 
c
o
-
 
exp
r
es
se
d
 
 
gene
s
 
 
i
n
 
 
deve
l
op
i
n
g
 
 
b
r
a
i
n
 
 
us
i
n
g
 
 
l
a
r
ge
r
 
 
da
t
ase
t
s
 
 
ava
i
l
ab
l
e
 
 
f
r
o
m
 
 
t
h
e
 
 
S
es
t
a
n
 
 
l
ab
.
 
 
T
h
e
 
 
S
es
t
an
 
l
a
b
o
r
a
t
o
r
y
 
ha
s
 
gene
r
a
t
e
d
 
an
d
 
ana
l
y
ze
d
 
R
N
A
-
S
e
q
 
a
n
d
 
D
N
A
 
m
e
t
h
y
l
a
t
i
o
n
 
da
t
a
 
f
o
r
 
t
h
e
 
B
r
a
i
n
S
pa
n
 
p
r
o
j
ec
t
 
(
www
.
B
r
a
i
n
S
p
a
n
.
o
r
g
)
 
 
70,
 
71
.
 
S
i
n
c
e
 
t
h
e
 
m
o
d
u
l
e
s
 
o
f
 
c
o
-
exp
r
es
se
d
 
gene
s
 
f
r
o
m
 
t
h
e
s
e
 
l
a
r
g
e
r
 
d
a
t
a
s
e
t
s
 
a
r
e
 
li
k
e
l
y
 
t
o
 
co
n
t
a
i
n
 
 
a
 
 
w
i
d
e
r
 
 
r
ep
r
esen
t
a
t
i
o
n
 
 
o
f
 
 
t
r
ans
c
r
i
p
t
s
 
 
exp
r
es
se
d
 
 
i
n
 
 
d
e
v
e
l
o
p
i
n
g
 
 
b
r
a
i
n
 
 
a
c
r
o
s
s
 
 
a
 
 
l
a
r
ge
r
 
 
nu
m
be
r
 
 
of
 
i
n
d
i
v
i
d
u
a
l
s
,
 
w
e
 
w
i
l
l
 
f
u
rt
h
e
r
 
d
e
t
e
r
m
i
n
e
 
w
h
i
c
h
 
m
o
d
u
l
e
s
 
i
n
 
t
h
e
 
B
r
a
i
n
S
p
a
n
 
p
r
o
j
e
c
t
 
d
a
t
a
s
e
t
s
 
a
r
e
 
en
r
i
che
d
 
w
i
t
h
 
genes
 
co
n
t
a
i
n
i
n
g
 
so
m
a
t
i
c
 
v
a
r
i
a
n
t
s
,
 
a
s
 
d
e
t
e
r
m
i
n
e
d
 
 
b
y
 
t
h
e
 
p
r
i
o
r
 
s
t
e
p
 
i
n
 
o
u
r
 
a
n
a
l
yse
s
.
 
O
u
r
 
e
x
p
e
c
t
a
t
i
o
n
 
 
i
s
 
t
h
a
t
 
t
h
e
s
e
 
ana
l
y
se
s
 
w
i
l
l
 
a
l
l
o
w
 
u
s
 
t
o
 
d
r
a
w
 
co
r
r
e
l
a
t
i
on
s
 
ac
r
os
s
 
i
n
d
i
v
i
d
u
a
l
s
,
 
i.
e
.
,
 
i
n
v
e
s
t
i
g
a
t
e
 
w
h
e
t
h
e
r
 
s
o
m
a
t
i
c
 
v
a
r
i
a
t
i
o
n
 
h
a
s
 
gene
r
a
l
 
i
m
p
l
i
ca
t
i
on
s
 
f
o
r
 
p
r
o
c
e
s
s
e
s
 
o
f
 
b
r
a
i
n
 
d
e
v
e
l
o
p
m
e
n
t
.
 
In
 
t
h
e
 
f
u
t
u
r
e
,
 
w
e
 
w
i
l
l
 
v
a
l
i
d
a
t
e
 
t
h
e
 
m
o
d
u
l
e
s/
p
a
t
h
w
a
y
s
) (
a
r
i
s
i
n
g
 
 
f
r
o
m
 
 
t
h
e
 
 
p
r
esen
t
 
 
ana
l
y
s
i
s
,
 
 
b
y
 
 
fi
r
s
t
 
 
i
den
ti
f
y
i
n
g
 
 
k
e
y
 
 
r
e
g
u
l
a
t
o
r
s
 
 
i
n
 
 
e
a
c
h
 
 
r
e
l
e
v
a
n
t
 
 
m
o
d
u
l
e
/
p
a
t
h
w
a
y
,
 
 
f
o
r
 
i
n
s
t
a
n
c
e
 
 
b
y
 
c
l
a
s
s
if
y
i
n
g
 
 
g
e
n
e
s
 
b
y
 
t
h
e
i
r
 
d
e
g
r
e
e
 
 
o
f
 
c
o
n
n
e
c
t
i
v
it
y
 
 
(“
h
u
b
”
 
g
e
n
e
s
)
,
 
 
t
h
e
n
 
b
y
 
s
e
l
e
c
ti
v
e
l
y
 
pe
r
t
u
r
b
i
ng
/
b
l
oc
k
i
n
g
 
t
h
e
i
r
 
ac
t
i
v
i
t
y
 
(e
.
g
.
 
RNA
i
,
 
e
t
c
.
)
 
a
n
d
 
a
s
s
e
s
s
i
n
g
 
t
h
e
 
i
m
p
a
c
t
 
o
f
 
s
u
c
h
 
o
p
e
r
a
t
i
o
n
 
o
n
 
t
h
e
 
c
e
l
l
u
l
a
r
 
pheno
t
ype.
S
t
a
t
i
s
t
i
c
a
l
 
a
n
a
l
y
s
i
s
.
 
Fo
r
 
e
a
c
h
 
g
e
n
e
/
m
o
d
u
l
e
 
an
d
 
i
t
s
 
“
po
t
en
t
i
a
l
l
y
 
i
n
f
l
uen
t
i
a
l
”
 
so
m
a
t
i
c
 
va
r
i
a
n
t
(
s
)
,
 
w
e
 
w
i
l
l
 
c
o
m
p
a
r
e
) (
exp
r
es
s
i
o
n
 
o
f
 
t
h
e
 
gene
/
m
o
d
u
l
e
 
i
n
 
t
h
e
 
p
a
i
r
 
c
l
o
n
e
 
–
 
o
r
i
g
i
na
l
 
popu
l
a
t
i
on
,
 
w
he
r
e
 
a
 
va
r
i
an
t
 
w
a
s
 
d
i
s
cove
r
ed
.
 
G
i
ve
n
 
a
 
se
t
 
o
f
 
v
a
r
i
a
n
t
s
 
(
e
.
g
.
,
 
C
N
V
s
,
 
m
R
N
A
 
d
i
s
r
u
p
t
i
n
g
 
S
N
V
s
/
i
n
d
e
l
s
,
 
e
t
c
.
)
 
e
ac
h
 
suc
h
 
co
m
p
a
r
i
so
n
 
w
i
l
l
 
b
e
 
a
 
d
a
t
a
 
p
o
i
n
t
.
 
Th
e
s
e
 
d
a
t
a
 
p
o
i
n
t
s
 
w
i
l
l
 
b
e
 
u
s
e
d
 
f
o
r
 
s
t
a
t
i
s
t
i
c
a
l
 
a
n
a
l
y
s
i
s
.
 
Fo
r
 
e
n
r
i
c
h
m
e
n
t
 
a
n
a
l
y
s
i
s
 
(
e
.
g
.
 
f
o
r
 
d
i
f
f
e
r
e
n
t
i
a
l
 
e
x
p
r
e
s
s
i
o
n
 
o
f
 
gene
s
 
w
i
t
h
 
“
po
t
en
t
i
a
l
l
y
 
i
n
f
l
uen
t
i
a
l
”
 
va
r
i
an
t
s
)
 
w
e
 
w
i
l
l
 
app
l
y
 
t
es
t
 
f
o
r
 
co
m
pa
r
i
so
n
 
o
f
 
t
w
o
 
p
r
opo
r
t
i
ons
.
 
W
e
 
w
i
l
l
 
f
i
r
s
t
 
as
s
i
g
n
 
 
po
t
en
t
i
a
l
l
y
 
 
i
n
f
l
uen
t
i
a
l
 
 
va
r
i
an
t
s
 
 
t
o
 
eac
h
 
 
gen
e
 
 
a
s
 
des
c
r
i
b
e
d
 
 
abov
e
 
 
an
d
 
 
t
he
n
 
 
w
e
 
w
i
l
l
 
t
he
n
 
 
pe
r
f
o
r
m
 
 
an
 
en
r
i
ch
m
en
t
 
 
ana
l
y
s
i
s
 
 
o
f
 
 
w
he
t
he
r
 
 
gene
s
 
 
w
i
t
h
 
 
“
po
t
en
t
i
a
l
l
y
 
 
i
n
f
l
uen
t
i
a
l
”
 
 
va
r
i
an
t
s
 
 
a
r
e
 
 
m
o
r
e
 
 
o
f
t
e
n
 
 
d
i
f
f
e
r
en
t
i
a
l
l
y
 
exp
r
es
se
d
 
t
he
n
 
gene
s
 
w
i
t
hou
t
 
suc
h
 
va
r
i
an
t
s
 
w
i
t
h
i
n
 
t
h
e
 
d
i
f
f
e
r
en
t
i
a
l
l
y
 
exp
r
es
se
d
 
m
odu
l
e
(
s
)
.
 
W
e
 
w
i
l
l
 
a
l
s
o
 
t
es
t
 
f
or
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
a
n
 
en
r
i
ch
m
en
t
 
o
f
 
do
w
n
 
r
e
g
u
l
a
t
e
d
 
m
o
d
u
l
e
s
 
a
m
on
g
 
t
hos
e
 
hav
i
n
g
 
f
r
a
m
e
 
sh
i
f
t
i
n
g
 
i
nde
l
s
/
M
E
I
s
 
an
d
 
S
N
V
s
 
l
ead
i
n
g
 
t
o
 
s
t
o
p
 
 
co
d
o
ns
.
 
 
W
h
e
n
 
 
t
h
e
r
e
 
 
a
r
e
 
 
t
w
o
 
 
p
o
s
s
i
b
l
e
 
 
o
u
t
c
o
m
e
s
 
 
o
f
 
 
o
u
r
 
 
p
r
e
d
i
c
t
i
o
n
s
 
 
(
e
.
g
.
,
 
 
i
n
c
r
e
a
s
e
 
 
i
n
 
 
e
x
p
r
e
s
s
i
o
n
 
 
o
f
 
dup
l
i
ca
t
e
d
 
 
gene
s
 
an
d
 
dec
r
eas
e
 
 
i
n
 
exp
r
es
s
i
o
n
 
 
i
n
 
de
l
e
t
e
d
 
genes
)
 
w
e
 
w
i
l
l
 
us
e
 
F
i
s
che
r
’
s
 
exac
t
 
t
es
t
 
t
o
 
ac
ces
s
 
s
t
a
t
i
s
t
i
ca
l
 
s
i
g
n
i
f
i
ca
nce
.
 
T
h
e
 
r
esu
l
t
i
n
g
 
p
-
va
l
u
e
s
 
w
i
l
l
 
b
e
 
c
o
r
r
e
c
t
 
f
o
r
 
m
u
l
t
i
p
l
e
-
hypo
t
hes
i
s
 
t
es
t
i
n
g
 
(
i
.
e
.
,
 
nu
m
be
r
 
of
 
co
r
r
e
l
a
t
i
o
n
s
 
a
n
a
l
yze
d
)
.
E
x
p
e
c
t
e
d
 
r
e
s
u
l
t
s
:
 
C
o
l
l
e
c
t
i
v
e
l
y
,
 
 
t
h
e
s
e
 
a
n
a
l
y
s
e
s
 
w
i
l
l
 
p
r
o
v
i
d
e
 
a
n
o
t
h
e
r
 
l
a
y
e
r
 
o
f
 
a
n
a
l
y
si
s
 
t
o
 
t
r
y
 
t
o
 
e
s
t
i
m
a
t
e
 
 
t
h
e
) (
po
t
en
t
i
a
l
 
b
i
o
l
og
i
ca
l
 
s
i
gn
i
f
i
canc
e
 
o
f
 
t
h
e
 
va
r
i
an
t
,
 
base
d
 
upo
n
 
t
h
e
 
m
os
t
 
s
i
gn
i
f
i
can
t
 
gen
e
 
ne
t
w
o
r
k
s
 
an
d
 
b
i
o
l
og
i
cal
 
pa
t
h
w
ay
s
 
t
ha
t
 
co
r
r
e
l
a
t
e
 
w
i
t
h
 
i
t
 
w
i
t
h
i
n
 
a
n
d
 
a
c
r
o
s
s
 
i
n
d
i
v
i
d
u
a
l
s
.
 
Th
i
s
 
w
i
l
l
 
g
r
e
a
t
l
y
 
i
n
c
r
e
a
s
e
 
t
h
e
 
p
r
e
d
i
c
t
i
v
e
 
p
o
w
e
r
 
o
f
 
ou
r
 
ana
l
y
s
i
s
 
an
d
 
as
ses
s
 
t
h
e
 
b
i
o
l
og
i
ca
l
 
s
i
gn
i
f
i
canc
e
 
o
f
 
t
h
e
 
g
e
n
o
m
i
c
 
v
a
r
i
a
n
t
s
.
A
i
m
 
3
.
 
I
n
v
e
s
t
i
g
a
t
e
 
t
h
e
 
m
o
s
t
 
 
li
k
e
l
y
 
b
i
o
l
o
g
i
c
a
l
 
o
r
i
g
i
n
 
o
f
 
so
m
a
t
i
c
 
va
r
i
a
n
t
s
H
e
r
e
 
w
e
 
w
il
l
 
f
o
c
u
s
 
o
n
 
a
n
a
l
y
s
i
s
 
o
f
 
C
N
V
s
 
a
n
d
 
S
V
s
.
 
O
b
v
i
o
u
s
l
y
 
i
n
s
e
r
t
i
o
n
 
o
f
 
p
s
e
u
d
o
g
e
n
e
s
 
a
n
d
 
m
o
b
i
l
e
 
e
l
e
m
e
n
t
s
 
i
s
 
t
h
e
 
r
e
s
u
l
t
 
o
f
 
r
e
tr
o
tr
a
n
s
p
o
s
i
ti
o
n
.
 
 
O
t
h
e
r
 
S
V
s
,
 
h
o
w
e
v
e
r
,
 
c
a
n
 
b
e
 
g
e
n
e
r
a
t
e
d
 
b
y
 
m
u
l
t
i
p
l
e
 
m
e
c
h
a
n
i
s
m
s
 
 
5,
 
30,
 
31
.
 
W
e
 
hav
e
 
p
r
ev
i
ous
l
y
 
deve
l
ope
d
 
a
n
 
a
l
go
r
i
t
h
m
 
f
o
r
 
op
t
i
m
a
l
 
a
l
i
gn
m
en
t
 
o
f
 
sequence
s
 
w
i
t
h
 
S
V
s
 
44
.
 
T
h
e
 
s
tr
e
n
g
t
h
 
o
f
 
t
h
e
 
m
e
t
h
o
d
 
 
i
s
 
 
t
h
a
t
 
 
i
t
 
 
g
u
a
r
a
n
t
e
e
s
 
 
a
n
 
 
o
p
t
i
m
a
l
 
 
a
l
i
g
n
m
e
n
t
 
 
o
f
 
 
sequenc
i
n
g
 
 
a
r
oun
d
 
 
S
V
 
 
b
r
eakpo
i
n
t
s
 
 
w
i
t
hou
t
 
 
p
r
i
or
 
as
su
m
p
t
i
o
n
 
abou
t
 
se
q
u
e
nc
e
 
f
e
a
t
u
r
e
s
 
a
r
o
u
n
d
 
b
r
e
akp
o
i
n
t
s
.
 
I
n
 
p
a
r
ti
c
u
l
a
r
,
 
t
h
e
 
a
l
g
o
r
it
h
m
 
n
a
t
u
r
a
l
l
y
 
d
e
t
e
c
t
s
 
m
i
c
r
o
-
 
i
n
s
e
r
t
i
o
n
s
 
 
a
r
o
u
n
d
 
 
S
V
 
 
b
r
e
a
k
p
o
i
n
t
s
 
 
(
F
i
g
.
 
 
1
F
)
 
 
an
d
 
 
ca
n
 
 
r
eso
l
v
e
b
r
eakpo
i
n
t
s
 
m
as
ke
d
 
b
y
 
l
on
g
 
ho
m
o
l
ogou
s
 
sequence
s
 
44
.
 
W
h
e
n
 
pe
r
f
o
r
m
i
n
g
 
 
va
l
i
da
t
i
o
n
 
 
expe
r
i
m
en
t
s
 
 
(
F
i
g
.
  
 
6
)
 
 
w
i
t
h
 
 
P
C
R
 
 
a
n
d
/
o
r
 
t
a
r
g
e
t
e
d
 
r
e
s
e
q
u
e
n
c
i
n
g
 
 
w
it
h
 
l
o
n
g
 
r
e
a
d
s
 
w
e
 
w
i
l
l
 
a
li
g
n
 
r
e
a
d
s
 
w
it
h
 
ou
r
 
a
l
go
r
i
t
h
m
 
t
o
 
d
e
r
i
v
e
 
S
V
 
b
r
e
a
k
p
o
i
n
t
s
.
 
W
e
 
w
i
l
l
 
c
o
n
d
u
c
t
 
s
i
m
i
l
a
r
 
ana
l
y
s
i
s
 
w
he
n
 
es
t
ab
l
i
sh
i
n
g
 
so
m
a
t
i
c
 
na
t
u
r
e
 
o
f
 
C
N
V
s
.
 
M
a
t
c
h
i
n
g
 
b
r
eakpo
i
n
t
s
  
 
f
r
o
m
  
 
t
h
e
  
 
t
w
o
  
 
ana
l
y
se
s
  
 
w
i
l
l
  
 
p
r
ov
i
d
e
  
 
add
i
t
i
onal
co
n
f
i
r
m
a
t
o
r
y
 
e
v
i
d
e
nc
e
 
f
o
r
 
o
u
r
 
fi
n
d
i
n
g
s
.
H
a
v
i
n
g
 
 
f
o
u
n
d
 
 
p
r
ec
i
s
e
 
 
C
N
V
/
S
V
 
 
b
r
e
akp
o
i
n
t
s
 
 
w
e
 
w
i
l
l
 
us
e
 
ou
r
 
 
ex
i
s
t
i
n
g
 
 
p
i
pe
l
i
n
e
 
 
t
o
 
 
c
l
as
s
i
f
y
 
 
m
echan
i
s
m
s
 
 
gene
r
a
t
i
n
g
 
 
t
he
 
CNV
s
 
49
.
 
I
n
 
b
r
i
e
f
,
 
t
h
e
 
p
i
p
e
l
i
n
e
 
l
o
o
k
s
 
a
t
 
s
e
q
u
e
n
c
e
 
f
e
a
t
u
r
e
s
 
a
r
ound
) (
F
i
gu
r
e
  
 
8
.
 
 
C
r
e
a
t
i
o
n
 
 
o
f
 
 
d
e
l
e
t
i
o
n
 
 
a
n
d
 
 
t
a
n
d
e
m
 
dup
l
i
ca
t
i
o
n
 
a
l
l
e
l
e
s
 
a
s
 
a
 
r
esu
l
t
 
o
f
 
ch
r
o
m
oso
m
e
) (
S
V
 
b
r
e
a
k
p
o
i
n
t
s
 
t
o
 
p
r
e
d
i
c
t
 
t
h
e
 
m
o
s
t
 
l
i
k
e
l
y
 
m
e
c
h
a
n
i
s
m
 
g
e
n
e
r
a
t
i
n
g
 
t
h
e
 
SV
:
 
N
o
n
-
a
l
l
e
l
i
c
 
H
o
m
o
l
ogou
s
 
R
eco
m
b
i
na
t
i
o
n
 
(
N
A
H
R
)
,
 
m
ob
i
l
e
 
e
l
e
m
en
t
 
i
nse
r
t
i
o
n
 
 
(
M
E
I
)
,
 
V
a
r
i
ab
l
e
 
 
T
ande
m
 
 
R
epea
t
s
 
 
(
V
T
R
)
 
and
 
A
d
d
i
t
i
o
n
a
l
l
y
,
 
 
j
u
s
t
 
l
o
o
k
i
n
g
 
 
a
t
 
t
h
e
 
fr
e
q
u
e
n
c
y
 
 
o
f
 
e
a
c
h
 
 
t
y
p
e
 
o
f
 
C
N
V
) (
5
) (
c
r
oss
-
ove
r
.
 
Th
e
 
f
i
gu
r
e
 
i
s
 
adop
t
e
d
 
f
r
o
m
 
 
.
 
 
N
o
n
-
H
o
m
o
l
o
g
o
u
s
 
 
R
e
a
r
r
a
n
g
e
m
e
n
t
s
 
 
(
NHR
)
.
) (
(
d
e
l
e
t
i
o
n
 
 
v
s
.
 
 
d
u
p
l
i
c
a
t
i
o
n
)
 
 
g
i
v
e
s
 
 
va
l
u
a
b
l
e
 
 
i
n
f
o
r
m
a
t
i
o
n
 
 
a
b
o
u
t
 
 
ce
l
l
u
l
a
r
 
 
p
r
ocesse
s
 
 
u
n
d
e
r
l
i
n
g
 
 
C
N
V
/
S
V
 
 
c
r
e
a
t
i
o
n
.
 
Ta
n
d
e
m
 
d
u
p
l
i
c
a
t
i
o
n
s
 
s
t
r
o
n
g
l
y
 
i
m
p
l
y
 
c
h
r
o
m
o
s
o
m
a
l
 
c
r
o
s
s
-
ove
r
,
 
i
.
e
.
,
 
ho
m
o
l
ogous
/
non
-
ho
m
o
l
ogou
s
 
 
r
eco
m
b
i
na
t
i
on,
 
a
s
 
a
 
C
N
V
 
c
r
ea
t
i
n
g
 
even
t
.
 
D
i
s
p
e
r
s
e
d
 
d
u
p
l
i
c
a
t
i
o
n
s
 
w
e
r
e
 
s
u
g
g
e
s
t
e
d
 
t
o
 
a
r
i
s
e
 
du
r
i
n
g
 
r
ep
l
i
ca
t
i
o
n
 
e
r
r
o
r
s
 
o
r
 
co
m
p
l
ex
) (
5,
 
30,
 
31
.
) (
r
e
c
o
m
b
i
n
a
t
i
o
n
 
 
e
v
e
n
t
) (
D
e
l
e
t
i
o
n
s
 
 
c
o
u
l
d
 
 
b
e
 
t
h
e
 
r
e
s
u
l
t
 
o
f
 
d
o
u
b
l
e
 
 
s
t
r
a
n
d
e
d
 
 
DN
A
 
b
r
e
a
k
 
 
o
r
 
c
h
r
o
m
o
s
o
m
a
l
) (
c
r
oss
-
ove
r
 
 
(
F
i
g
.
 
 
8
)
.
 
 
I
n
 
 
t
h
e
 
 
l
a
tt
e
r
 
 
c
a
s
e
 
 
a
 
 
t
a
n
de
m
 
 
dup
l
i
ca
t
i
o
n
 
 
i
s
 
 
a
l
s
o
 
 
c
r
ea
t
ed
.
 
 
N
o
t
e
,
 
 
t
ha
t
 
 
bo
t
h
 
 
a
l
l
e
l
e
s
 
 
w
i
t
h
 
dup
l
i
ca
t
i
o
n
 
an
d
 
de
l
e
t
i
o
n
 
ca
n
 
b
e
 
p
r
esen
t
 
i
n
 
o
r
i
g
i
na
l
 
b
r
a
i
n
 
ce
l
l
 
p
o
p
u
l
a
t
i
o
n
 
b
u
t
 
o
n
l
y
 
o
n
e
 
o
f
 
t
h
e
m
 
w
i
l
l
 
b
e
 
p
r
e
s
e
n
t
 
i
n
 
eac
h
 
g
i
ve
n
 
c
l
one
.
 
W
e
 
w
i
l
l
 
pe
r
f
o
r
m
 
a
n
 
expe
r
i
m
en
t
 
t
o
 
f
i
n
d
 
ou
t
 
w
he
t
he
r
 
a
t
 
l
eas
t
 
so
m
e
 
o
f
 
d
e
t
e
c
t
e
d
 
d
u
p
l
i
c
a
ti
o
n
 
c
a
n
 
b
e
 
t
h
e
 
r
esu
l
t
 
o
f
 
c
r
os
s
-
ove
r
 
 
i
n
 
b
r
a
i
n
 
c
e
ll
s
.
 
N
a
m
e
l
y
,
 
 
f
o
r
 
e
a
c
h
 
d
e
l
e
t
i
o
n
 
 
(
i
n
v
e
r
s
e
l
y
 
 
t
a
n
d
e
m
 
 
d
u
p
l
i
c
a
t
i
o
n
)
 
 
w
e
 
w
i
l
l
 
as
su
m
e
 
t
ha
t
 
t
he
r
e
 
ex
i
s
t
s
 
a
 
t
ande
m
 
dup
l
i
ca
t
i
o
n
 
(
i
nve
r
se
l
y
 
de
l
e
t
i
on
)
 
i
n
 
t
h
e
 
b
r
a
i
n
 
sa
m
p
l
e
.
 
W
e
 
w
i
l
l
 
t
h
e
n
 
a
d
d
 
t
h
e
s
e
 
“
h
y
p
o
t
h
e
t
i
c
a
l
”
 
 
v
a
ri
a
n
t
s
 
 
t
o
 
o
u
r
 
t
e
s
t
 
l
i
s
t
 
f
o
r
 
e
s
t
a
b
l
i
s
h
i
n
g
 
 
s
o
m
a
t
i
c
 
 
n
a
t
u
r
e
 
 
(
s
e
e
 
A
i
m
 
 
1
)
,
 
a
n
d
 
ana
l
y
z
e
 
 
t
he
m
 
 
w
i
t
h
 
des
c
r
i
be
d
 
expe
r
i
m
en
t
s
 
(
P
C
R
,
 
d
i
g
i
t
a
l
P
C
R
,
 
a
n
d
 
u
l
t
r
a
-
dee
p
 
t
a
r
ge
t
e
d
 
r
esequ
enc
i
ng
)
.
I
t
 
i
s
 
m
o
r
e
 
c
h
a
l
l
e
n
g
i
n
g
 
t
o
 
de
t
e
r
m
i
n
e
 
t
h
e
 
m
e
c
h
a
n
i
s
m
s
 
c
r
e
a
t
i
n
g
 
so
m
a
t
i
c
 
SNV
s
 
an
d
 
i
nde
l
s
,
 
a
s
 
t
h
e
y
 
(
m
e
c
h
a
n
i
s
m
s
)
 
hav
e
 
n
o
 
d
i
s
t
i
nc
t
 
s
i
gna
t
u
r
e
s
 
i
n
 
s
e
q
u
e
n
c
e
.
 
W
e
 
t
h
e
r
e
f
o
r
e
 
w
i
l
l
 
a
n
a
l
y
z
e
 
w
h
e
t
h
e
r
 
s
t
a
t
i
s
t
i
c
a
l
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
s
o
m
a
t
i
c
 
SNV
s
/
i
n
d
e
l
s
 
a
r
e
 
d
i
f
f
e
r
e
n
t
 
f
r
o
m
 
t
h
e
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f
 
g
e
r
m
l
i
n
e
 
SNP
s
/
i
n
d
e
l
s
.
 
I
n
 
p
a
r
ti
c
u
l
a
r
,
 
w
e
 
w
i
l
l
 
c
o
m
p
ar
e
 
t
h
e
i
r
 
d
i
s
t
r
i
bu
t
i
o
n
 
ac
r
os
s
 
geno
m
e
,
 
d
i
s
t
r
i
bu
t
i
o
n
 
w
i
t
h
i
n
 
a
n
d
 
o
u
t
s
i
d
e
 
c
o
d
i
n
g
 
r
e
g
i
o
n
s
,
 
agg
r
ega
t
i
o
n
 
a
r
oun
d
 
r
eco
m
b
i
na
t
i
on
 
ho
t
-
sp
o
t
s
,
 
 
a
n
d
 
 
tr
a
n
s
i
ti
o
n
 
 
t
o
 
tr
a
n
s
v
e
r
s
i
o
n
 
 
r
a
t
i
os
.
 
 
I
t
 
m
a
y
 
 
w
e
l
l
 
 
b
e
 
t
h
a
t
 
 
so
m
a
t
i
c
 
 
S
N
V
s
/
i
n
d
e
l
s
 
 
c
l
ose
l
y
 
 
r
ese
m
b
l
e
 
ge
r
m
l
i
n
e
 
S
N
V
s
/
i
nde
l
s
,
 
t
he
n
 
t
h
i
s
 
w
i
l
l
 
b
e
 
t
h
e
 
e
n
d
 
p
o
i
n
t
 
o
f
 
o
u
r
 
a
n
a
l
y
s
i
s
.
 
I
n
 
c
a
s
e
 
t
h
e
y
 
a
r
e
 
d
i
f
f
e
r
e
n
t
 
w
i
l
l
 
f
u
r
t
h
e
r
 
ch
a
r
ac
t
e
r
i
z
e
 
 
so
m
a
t
i
c
 
 
S
N
V
s
/
i
n
d
e
l
s
 
 
w
i
t
h
 
 
t
h
e
 
 
a
i
m
 
 
o
f
 
 
b
e
t
t
e
r
 
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
 
t
h
e
i
r
 
 
n
a
t
u
r
e
.
 
 
I
n
 
 
p
a
r
ti
c
u
l
a
r
,
 
 
w
e
 
 
w
i
l
l
 
a
t
t
e
m
p
t
 
i
den
t
i
f
y
i
n
g
 
c
l
us
t
e
r
s
 
o
f
 
so
m
a
t
i
c
 
S
N
V
s
/i
n
d
e
l
s
,
 
b
i
o
i
n
f
o
r
m
a
t
i
ca
l
l
y
 
co
r
r
e
l
a
t
e
 
t
h
e
i
r
 
(
v
a
r
i
a
n
t
s
’
)
 
d
i
s
tr
i
b
u
ti
o
n
 
w
ith
 
ch
r
o
m
a
t
i
n
 
 
s
t
r
uc
t
u
r
e
 
a
n
d
 
h
i
s
t
on
e
 
m
a
r
k
s
 
(
u
s
i
n
g
 
e
x
i
s
t
i
n
g
 
d
a
t
a
s
e
t
s
,
 
e
.
g
.
,
 
fr
o
m
 
E
N
C
O
D
E
 
 
p
r
o
j
e
c
t
)
,
 
an
d
 
co
r
r
e
l
a
t
e
 
t
h
e
i
r
 
d
i
s
tr
i
b
u
ti
o
n
 
 
w
it
h
 
d
i
s
tr
i
b
u
ti
o
n
 
 
o
f
 
C
N
V
s
/
S
V
s
 
 
a
n
d
 
M
E
I
s
.
 
C
l
u
s
t
e
r
i
n
g
 
 
o
f
 
s
o
m
a
t
i
c
 
 
S
NV
s
 
and
/
o
r
 
i
nde
l
s
 
and
/
or
 
CNV
s
 
 
a
n
d
/
o
r
 
 
M
E
I
s
 
 
m
a
y
 
 
i
d
e
n
t
i
f
y
 
 
g
e
n
o
m
i
c
 
 
r
e
g
i
o
n
s
 
 
s
u
s
c
e
p
t
i
b
l
e
 
 
t
o
 
 
s
o
m
a
t
i
c
 
 
v
a
r
i
a
n
t
s
 
 
o
r
 
 
e
v
e
n
 
 
i
m
p
l
y
 
 
c
o
m
m
o
n
 
ce
l
l
u
l
a
r
 
p
r
oces
s
(
es
)
 
l
ead
i
n
g
 
t
o
 
t
he
i
r
 
gene
r
a
t
i
on.
E
x
p
e
c
t
e
d
 
r
e
s
u
l
t
s
:
 
Th
e
 
r
e
s
u
l
t
 
o
f
 
a
n
a
l
y
s
i
s
 
i
n
 
t
h
i
s
 
a
i
m
 
w
i
l
l
 
b
e
 
a
n
 
i
m
p
r
ove
d
 
unde
r
s
t
and
i
n
g
 
o
f
 
w
h
i
c
h
 
m
echan
i
s
m
) (
a
r
e
 
r
espons
i
b
l
e
 
f
o
r
 
gene
r
a
t
i
n
g
 
so
m
a
t
i
c
 
C
N
V
s
/
S
V
s
 
 
an
d
 
w
he
t
he
r
 
so
m
a
t
i
c
 
S
N
V
s
/
i
nde
l
s
 
 
a
r
e
 
s
i
m
i
l
a
r
 
t
o
 
ge
r
m
l
i
ne
SNP
s
/
i
n
d
e
l
s
.
) (
   
 
) (
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)

 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
L
i
t
er
a
t
ur
e
 
C
i
t
ed
) (
1.
) (
W
h
i
t
f
i
e
l
d,
 
M
.
L
.
,
 
S
he
r
l
o
c
k,
 
G
.
,
 
S
a
l
danha,
 
A
.
J
.
,
 
M
u
r
r
a
y
,
 
J
.
I
.
,
 
B
a
l
l
,
 
C
.
A
.
,
 
A
l
e
x
a
nde
r
,
 
K
.
E
.
,
 
M
a
t
ese,
 
J
.
C
.
,
 
P
e
r
o
u
,
C
.
M
.
,
 
H
u
rt
,
 
M
.
M
.
,
 
B
r
o
w
n,
 
P
.
O
.
 
&
 
B
o
t
s
t
e
i
n
,
 
D
.
 
I
d
e
n
t
i
f
i
ca
t
i
on
 
o
f
 
g
en
e
s
 
pe
r
i
o
d
i
ca
l
l
y
 
e
x
p
r
essed
 
i
n
 
t
he
 
hu
m
an
 
ce
l
l
 
c
y
c
l
e
 
and
 
t
he
i
r
 
e
x
p
r
e
ss
i
on
 
i
n
 
t
u
m
o
r
s.
 
M
o
l
ecu
l
ar
 
b
i
o
l
ogy
 
o
f
 
t
he
 
ce
l
l
 
1
3
,
 
1977
-
2000
 
(
2002
)
.
F
r
a
n
k
,
 
 
S
.
A
.
 
 
E
v
o
l
u
t
i
on
 
 
i
n
 
 
hea
l
t
h
 
 
and
 
 
m
ed
i
c
i
ne
 
 
S
a
c
k
l
er
 
 
co
l
l
o
q
u
i
u
m
:
 
 
S
o
m
a
t
i
c
 
 
e
v
o
l
u
t
i
ona
r
y
 
 
g
e
no
m
i
c
s:
m
u
t
a
t
i
ons
 
d
u
r
i
n
g
 
de
v
e
l
op
m
ent
 
cause
 
h
i
g
h
l
y
 
v
a
r
i
ab
l
e
 
g
ene
t
i
c
 
m
osa
i
c
i
sm
 
w
i
t
h
 
r
i
s
k
 
o
f
 
ca
n
cer
 
and
 
neu
r
od
e
g
ene
r
a
t
i
on.
 
P
r
o
c
eed
i
ngs
 
of
 
t
he
 
N
a
t
i
onal
 
A
cade
m
y
 
of
 
S
c
i
ences
 
of
 
t
he
 
U
n
i
t
ed
 
S
t
a
t
es
 
o
f
 
A
m
e
r
i
ca
 
1
07
S
uppl
 
1
,
 
172
5
-
1730
 
(
2
0
10
)
.
F
r
a
n
k
,
 
S
.
A
.
 
&
 
N
o
w
a
k
,
 
M
.
A
.
 
P
r
ob
l
e
m
s
 
o
f
 
so
m
a
t
i
c
 
m
u
t
a
t
i
on
 
and
 
cance
r
.
 
B
i
o
E
ssays
 
:
 
n
e
w
s
 
and
 
r
e
v
i
e
w
s
 
i
n
 
m
o
l
ecu
l
a
r
,
 
ce
l
l
u
l
ar
 
and
 
d
eve
l
op
m
en
t
al
 
b
i
o
l
ogy
 
2
6
,
 
291
-
299
 
(
200
4
)
.
F
r
a
n
k
,
 
S
.
A
.
 
&
 
N
o
w
ak,
 
M
.
A
.
 
C
e
l
l
 
b
i
o
l
o
g
y
:
 
D
e
v
e
l
op
m
en
t
al
 
p
r
ed
i
spos
i
t
i
on
 
t
o
 
cance
r
.
 
N
a
t
u
r
e
 
42
2
,
 
494
 
(
2003
)
.
 
H
as
t
i
n
g
s
,
 
P
.
J
.
,
 
Lup
s
k
i
,
 
J
.
R
.
,
 
R
osenbe
r
g,
 
S
.
M
.
 
&
 
I
r
a
,
 
G
.
 
M
echan
i
s
m
s
 
o
f
 
cha
n
g
e
 
i
n
 
g
ene
 
copy
 
nu
m
be
r
.
N
a
t
u
r
e
 
r
ev
i
e
w
s.
 
G
en
e
t
i
c
s
 
10
,
 
551
-
564
 
(
200
9
)
.
S
eba
t
,
 
J
.
,
 
L
a
k
s
h
m
i
,
 
B
.
,
 
M
a
l
ho
t
r
a,
 
D
.
,
 
T
r
o
g
e,
 
J
.
,
 
L
ese
-
M
a
r
t
i
n,
 
C
.
,
 
W
a
l
s
h
,
 
T
.
,
 
Y
a
m
r
o
m
,
 
B
.
,
 
Y
oon,
 
S
.
,
 
K
r
asn
i
t
z
,
 
A
.
,
 
K
enda
l
l
,
 
J
.
,
 
Leo
t
t
a
,
 
A
.
,
 
P
a
i
,
 
D.
,
 
Zha
n
g
,
 
R
.
,
 
Lee,
 
Y
.
H.
,
 
H
i
c
k
s,
 
J
.
,
 
S
pence,
 
S
.
J
.
,
 
Le
e
,
 
A.
T
.
,
 
P
uu
r
a,
 
K
.,
 
Leh
t
i
m
a
k
i
,
 
T
.
,
 
Ledb
e
t
t
e
r
,
 
D
.
,
 
G
r
e
g
e
r
se
n
,
 
P
.
K
.
,
 
B
r
eg
m
a
n
,
 
J
.
,
 
S
u
t
c
l
i
f
f
e
,
 
J
.
S
.
,
 
Jobanp
u
t
r
a
,
 
V
.
,
 
C
hung,
 
W
.
,
 
W
a
r
bu
r
t
o
n
,
 
 
D
.
,
 
 
K
i
n
g
,
 
 
M
.
C
.
,
 
 
S
k
use,
 
 
D
.
,
 
 
G
esc
h
w
i
nd,
 
 
D
.
H
.
,
 
 
G
i
l
l
i
a
m
,
 
 
T
.
C
.
,
 
 
Y
e
,
 
 
K
.
 
 
&
 
 
W
i
g
l
e
r
,
 
 
M
.
 
 
S
tr
o
n
g
 
assoc
i
a
t
i
on
 
o
f
 
de
 
no
v
o
 
copy
 
nu
m
ber
 
m
u
t
a
t
i
ons
 
w
i
t
h
 
a
u
t
i
s
m
.
 
S
c
i
ence
 
316
,
 
445
-
449
 
(
2007
)
.
S
ande
r
s,
 
S
.
J
.
,
 
E
r
can
-
S
e
nc
i
cek,
 
A
.
G
.
,
 
H
us,
 
V
.
,
 
Luo,
 
R
.
,
 
M
u
r
t
ha,
 
M
.
T
.
,
 
M
o
r
eno
-
D
e
-
Luca,
 
D
.
,
 
C
hu,
 
S
.
H
.
,
 
M
o
r
eau,
 
M
.
P
.
,
 
G
up
t
a
,
 
A
.
R
.
,
 
T
h
o
m
so
n
,
 
S
.
A
.
,
 
M
ason,
 
C
.
E
.
,
 
B
i
l
g
u
v
a
r
,
 
K
.
,
 
C
e
l
es
t
i
no
-
S
ope
r
,
 
P
.
B
.
,
 
C
ho
i
,
 
M
.
,
 
C
r
a
w
f
o
r
d
,
 
E
.
L
.
,
 
D
a
v
i
s,
 
L
.
,
 
W
r
i
g
h
t
,
 
N
.
R
.
,
 
D
hod
a
p
k
a
r
,
 
R
.
M
.
,
 
D
i
C
o
l
a,
 
M
.
,
 
D
i
Lu
l
l
o,
 
N
.
M
.
,
 
Fe
r
nan
d
e
z
,
 
T
.
V
.
,
 
F
i
e
l
d
i
n
g
-
S
i
n
g
h,
 
V
.
,
 
F
i
s
h
m
an,
 
D
.
O
.
,
 
F
r
a
h
m
,
 
S
.
,
 
G
a
r
a
g
a
l
o
y
an,
 
R
.
,
 
G
oh,
 
G
.
S
.
,
 
K
a
m
m
e
l
a,
 
S
.
,
 
K
l
e
i
,
 
L
.
,
 
Lo
w
e,
 
J
.
K
.
,
 
Lun
d
,
 
S
.
C
.
,
 
M
c
G
r
e
w
,
 
A
.
D
.
,
 
M
e
y
e
r
,
 
K
.
A
.
,
 
M
o
f
f
a
t
,
 
W
.
J
.
,
 
M
u
r
doch,
 
J
.
D
.
,
 
O'
R
o
a
k,
 
B
.
J
.
,
 
O
b
e
r
,
 
G
.
T
.
,
 
P
o
t
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T
.
,
 
A
r
en
i
l
l
as,
 
D
.
,
 
Zha
o
,
 
X
.
,
 
V
a
l
en,
 
E
.
,
 
Y
us
u
f
,
 
D
.
,
 
Le
n
ha
r
d,
 
B
.
,
 
W
a
s
se
r
m
an,
 
 
W
.
W
.
 
 
&
 
 
S
ande
l
i
n,
 
 
A
.
 
 
J
A
S
P
A
R
 
 
2010:
 
 
t
he
 
 
g
r
e
a
t
l
y
 
 
e
x
p
a
nded
 
 
open
-
acce
s
s
 
 
da
t
a
base
 
 
o
f
t
r
ans
c
r
i
p
t
i
on
 
f
ac
t
o
r
 
b
i
nd
i
ng
 
p
r
o
f
i
l
e
s
.
 
N
uc
l
e
i
c
 
ac
i
ds
 
r
ese
a
r
ch
 
3
8
,
 
D
10
5
-
110
 
(
2010
)
.
65.
 
T
he_
E
N
C
O
D
E
_
P
r
o
j
e
c
t
_
C
onso
r
t
i
u
m
.
 
A
n
 
I
n
t
e
g
r
a
t
e
d
 
E
nc
y
c
l
oped
i
a
 
of
 
D
N
A
 
E
l
e
m
en
t
s
 
i
n
 
t
he
 
H
u
m
an
 
G
eno
m
e
.
N
a
t
u
r
e
 
acce
p
t
ed
 
(
2012
)
.
66.
 
M
ac
A
r
t
hu
r
,
 
 
D
.
G
.
,
 
 
B
a
l
a
s
ub
r
a
m
an
i
an,
 
 
S
.
,
 
 
F
r
a
n
k
i
sh,
 
 
A
.
,
 
 
H
ua
n
g,
 
 
N
.
,
 
 
M
o
r
r
i
s,
 
 
J
.
,
 
 
W
a
l
t
e
r
,
 
 
K.
,
 
 
Jo
s
t
i
ns,
 
 
L
.,
 
H
abeg
g
e
r
,
 
L
.
,
 
P
i
c
k
r
e
l
l
,
 
J
.
K
.
,
 
M
on
t
g
o
m
e
r
y
,
 
S
.
B
.
,
 
A
l
be
r
s,
 
C
.
A
.
,
 
Zha
n
g
,
 
Z
.
D
.
,
 
C
on
r
ad,
 
D
.
F
.
,
 
Lu
n
t
e
r
,
 
G
.
,
 
Zheng,
 
H
.
,
 
A
y
ub,
 
Q
.
,
 
D
e
P
r
i
s
t
o,
 
M
.
A
.
,
 
B
an
k
s
,
 
E
.
,
 
H
u,
 
M
.
,
 
H
andsa
k
e
r
,
 
R
.
E
.
,
 
R
ose
n
f
e
l
d,
 
J
.
A
.
,
 
F
r
o
m
e
r
,
 
M
.
,
 
J
i
n
,
 
M
.
,
 
M
u,
 
X
.
J
.
,
 
K
hu
r
an
a
,
 
E
.
,
 
Y
e,
 
K
.
,
 
K
a
y
,
 
M
.
,
 
S
aunde
r
s,
 
G
.
I
.
,
 
S
une
r
,
 
M
.
M
.
,
 
H
un
t
,
 
T
.
,
 
B
a
r
nes,
 
I.
H
.
,
 
A
m
i
d,
 
C
.
,
 
C
a
r
v
a
l
h
o
-
 
S
i
l
v
a,
 
D
.
R
.
,
 
B
i
g
ne
l
l
,
 
A
.
H
.
,
 
S
no
w
,
 
C
.
,
 
Y
n
g
v
ado
tt
i
r
,
 
B
.
,
 
B
u
m
ps
t
ea
d
,
 
S
.
,
 
C
o
o
pe
r
,
 
D
.
N
.
,
 
X
u
e
,
 
Y
.
,
 
R
o
m
e
r
o,
 
I
.
G
.
,
 
W
a
n
g,
 
J
.
,
 
L
i
,
 
Y
.
,
 
G
i
bbs,
 
R
.
A
.
,
 
M
c
C
a
r
r
o
l
l
,
 
S
.
A
.
,
 
D
e
r
m
i
t
z
a
k
i
s,
 
E
.
T
.
,
 
P
r
i
t
ch
a
r
d,
 
J
.
K
.
,
 
B
a
r
r
e
t
t
,
 
J
.
C
.
,
 
H
a
r
r
o
w
,
 
J
.,
 
H
u
r
l
es,
 
M
.
E
.
,
 
G
e
r
s
t
e
i
n,
 
M
.
B
.
 
&
 
T
y
l
e
r
-
S
m
i
t
h,
 
C
.
 
A
 
s
y
s
t
e
m
a
t
i
c
 
s
u
r
v
ey
 
of
 
l
os
s
-
o
f
-
f
u
n
c
t
i
on
 
v
a
r
i
an
t
s
 
i
n
 
h
u
m
an
 
p
r
o
t
e
i
n
-
cod
i
n
g
 
g
enes.
 
S
c
i
ence
 
335
,
 
8
23
-
828
 
(
20
1
2
)
.
67.
 
M
u,
 
X
.
J
.
,
 
L
u
,
 
Z
.
J
.
,
 
K
o
n
g,
 
Y
.
,
 
La
m
,
 
H
.
Y
.
 
&
 
G
e
r
s
t
e
i
n,
 
M
.
B
.
 
A
na
l
y
s
i
s
 
of
 
g
en
o
m
i
c
 
v
a
r
i
a
t
i
on
 
i
n
 
non
-
cod
i
n
g
 
e
l
e
m
en
t
s
 
us
i
n
g
 
popu
l
a
t
i
on
-
sca
l
e
 
s
e
quenc
i
ng
 
d
a
t
a
 
f
r
om
 
t
he
 
1000
 
G
en
o
m
e
s
 
P
r
o
j
e
c
t
.
 
N
uc
l
e
i
c
 
ac
i
ds
 
r
esea
r
ch
39
,
 
705
8
-
7076
 
(
2011
)
.
68.
 
B
a
l
asub
r
a
m
an
i
an,
 
S
.
,
 
H
a
beg
g
e
r
,
 
L
.
,
 
F
r
a
n
k
i
s
h
,
 
A
.
,
 
M
ac
A
rt
hu
r
,
 
D
.
G
.
,
 
H
a
rt
e
,
 
R
.
,
 
T
y
l
e
r
-
S
m
i
t
h,
 
C
.
,
 
H
a
r
r
o
w
,
 
J.
 
&
 
G
e
r
s
t
e
i
n,
 
M
.
 
G
ene
 
i
nac
t
i
v
a
t
i
on
 
and
 
i
t
s
 
i
m
p
l
i
ca
t
i
o
n
s
 
f
o
r
 
anno
t
a
t
i
on
 
i
n
 
t
he
 
e
r
a
 
o
f
 
p
e
r
sonal
 
g
en
o
m
i
cs.
 
G
enes
 
&
 
deve
l
op
m
ent
 
25
,
 
1
-
10
 
(
2
011
)
.
69.
 
Lang
f
e
l
de
r
,
 
P
.
 
&
 
H
o
r
v
a
t
h,
 
S
.
 
W
G
C
N
A
:
 
an
 
R
 
p
ac
k
a
g
e
 
f
or
 
w
e
i
g
h
t
ed
 
c
o
r
r
e
l
a
t
i
on
 
n
e
t
w
o
r
k
 
ana
l
y
s
i
s.
 
B
M
C
 
B
i
o
i
n
f
o
r
m
a
t
i
cs
 
9
,
 
559
 
(
2
0
08
)
.
70.
 
K
an
g
,
 
H
.
J
.
,
 
K
a
w
as
a
w
a,
 
Y
.
I
.
,
 
C
he
n
g
,
 
F
.
,
 
Zhu,
 
Y
.
,
 
X
u,
 
X
.
,
 
L
i
,
 
M
.
,
 
S
ous
a
,
 
A
.
M
.
,
 
P
l
e
t
i
k
os,
 
M
.
,
 
M
e
ye
r
,
 
K
.
A
.,
 
S
ed
m
a
k
,
 
G
.
,
 
G
uenne
l
,
 
T
.
,
 
S
h
i
n,
 
Y
.
,
 
Joh
n
son,
 
M
.
B
.
,
 
K
r
sn
i
k,
 
Z
.
,
 
M
a
y
e
r
,
 
S
.
,
 
F
e
r
t
u
z
i
nhos,
 
S
.
,
 
U
m
l
a
u
f
,
 
S
.
,
 
L
i
s
g
o
,
S
.
N
.
,
 
V
o
r
t
m
e
y
e
r
,
 
A
.
,
 
W
e
i
nbe
r
g
e
r
,
 
D
.
R
.
,
 
M
ane,
 
S
.
,
 
H
y
de,
 
T
.
M
.
,
 
H
u
t
t
ne
r
,
 
A
.
,
 
R
e
i
m
e
r
s
,
 
M
.
,
 
K
l
e
i
n
m
a
n
,
 
J
.
E
.
 
&
 
S
es
t
an,
 
N
.
 
S
pa
t
i
o
-
t
e
m
p
o
r
al
 
t
r
ansc
r
i
p
t
o
m
e
 
o
f
 
t
he
 
h
u
m
an
 
b
r
a
i
n.
 
N
a
t
u
r
e
 
478
,
 
483
-
489
 
(
2011
)
.
71.
 
Johnson,
 
M
.
B
.
,
 
K
a
w
asa
w
a,
 
Y
.
I
.
,
 
M
ason,
 
C
.
E
.
,
 
K
r
sn
i
k,
 
Z
.
,
 
C
oppo
l
a,
 
G
.
,
 
B
o
g
dano
v
i
c,
 
D
.
,
 
G
esch
w
i
nd,
 
D
.
H
.
,
 
M
ane,
 
S
.
M
.
,
 
S
t
a
t
e
,
 
M
.
W
.
 
&
 
S
es
t
a
n,
 
N
.
 
Fu
n
c
t
i
onal
 
and
 
e
v
o
l
u
t
i
ona
r
y
 
i
ns
i
g
h
t
s
 
i
n
t
o
 
h
u
m
an
 
b
r
a
i
n
 
de
v
e
l
op
m
e
n
t
 
t
h
r
o
u
g
h
 
g
l
obal
 
t
r
a
n
sc
r
i
p
t
o
m
e
 
ana
l
y
s
i
s.
 
N
eu
r
on
 
6
2
,
 
49
4
-
509
 
(
2009
)
.
) (
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 (
Principal
 
Investigator/Program
 
Director
 
(Last,
 
first,
 
middle):
 
Vaccarino,
 
Flora
) (
R
esour
ce
 
 
S
har
i
ng
 
 
P
l
an
) (
D
a
t
a
 
t
h
a
t
 
w
i
l
l
 
be
 
co
l
l
ec
t
ed
 
i
n
 
t
h
i
s
 
p
r
o
j
ect
 
a
r
e
:
 
w
ho
l
e
 
g
eno
m
e
 
s
e
q
uenc
i
n
g
 
d
a
t
a
 
f
r
o
m
 
D
N
A
 
and
 
R
N
A
 
e
x
t
r
ac
t
ed
f
r
o
m
 
b
r
a
i
n
 
t
i
ssue
 
and
 
b
l
ood
 
o
f
 
pos
t
m
o
r
t
e
m
 
h
u
m
an
 
e
m
b
r
y
o
s
.
) (
B
i
o
m
a
t
e
r
i
a
l
s
 
a
r
e
 
D
N
A
 
a
n
d
 
R
N
A
 
e
x
t
r
ac
t
s
 
p
r
epa
r
ed
 
f
r
om
 
c
l
onal
 
cu
l
t
u
r
es
 
d
e
r
i
v
ed
 
f
r
om
 
p
r
i
m
a
r
y
 
b
r
a
i
n
 
t
i
ssue
 
and
d
i
r
ec
t
l
y
 
f
r
o
m
 
f
e
t
al
 
t
i
ssue
s
.
) (
W
e
 
p
l
an
 
su
b
m
i
t
t
i
ng
 
t
h
e
 
d
a
t
a
 
and
 
a
v
a
i
l
ab
l
e
 
b
i
o
m
a
t
e
r
i
a
l
s
 
t
o
 
a
 
pub
l
i
c
 
r
epos
i
t
o
r
y
 
t
o
 
enab
l
e
 
r
ap
i
d
 
sh
a
r
i
ng
 
o
f
 
da
t
a
and
 
b
i
ospec
i
m
ens
 
i
n
 
t
he
 
sc
i
en
t
i
f
i
c
 
c
o
m
m
un
i
t
y
.
 
For
 
e
x
a
m
p
l
e,
 
a
l
l
 
s
e
q
uenc
i
n
g
 
da
t
a
 
w
i
l
l
 
be
 
depos
i
t
ed
 
t
o
 
N
C
B
I
 
G
E
O
 
(
r
nas
e
q
 
r
e
a
f
s)
 
and
 
db
G
A
P
 
(
dn
a
s
e
q
)
 
as
 
so
o
n
 
as
 
t
he
 
pap
e
r
 
d
e
sc
r
i
b
i
n
g
 
t
he
 
da
t
a
 
i
s
 
su
b
m
i
t
t
ed
) (
T
he
 
t
i
m
e
t
ab
l
e
 
f
or
 
depos
i
t
i
on
 
o
f
 
t
he
 
d
a
t
a
 
a
n
d
/
o
r
 
b
i
o
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
be
 
a
f
t
er
 
p
u
b
l
i
ca
t
i
on
 
o
f
 
t
he
 
r
ese
a
r
ch
 
or
 
s
i
x
m
on
t
hs
 
a
f
t
er
 
t
he
 
end
 
o
f
 
t
he
 
a
w
a
r
d
 
pe
r
i
od,
 
w
h
i
ch
e
v
er
 
i
s
 
sho
r
t
e
r
.
) (
D
a
t
a
 
w
i
l
l
 
be
 
d
i
s
t
r
i
bu
t
ed
 
f
r
om
 
t
he
 
V
acc
a
r
i
no,
 
S
es
t
a
n
 
and
 
G
e
r
s
t
e
i
n
 
l
abo
r
a
t
o
r
i
es.
 
T
hese
 
l
abo
r
a
t
o
r
i
es
 
wil
l
 
ce
r
t
i
f
y
t
he
 
q
ua
l
i
t
y
 
o
f
 
a
l
l
 
da
t
a
 
g
e
n
e
r
a
t
ed
 
p
r
i
or
 
t
o
 
su
b
m
i
ss
i
on
 
t
o
 
t
he
 
r
epos
i
t
o
r
y
 
and
 
w
i
l
l
 
r
e
v
i
e
w
 
t
he
 
da
t
a
 
f
or
 
ac
c
u
r
acy
 
a
f
t
e
r
 
sub
m
i
ss
i
on.
 
B
i
ospec
i
m
e
ns
 
w
i
l
l
 
be
 
d
i
s
t
r
i
b
u
t
ed
 
by
 
t
he
 
V
acca
r
i
no
 
l
ab
o
r
a
t
o
r
y
 
at
 
Y
a
l
e
 
U
n
i
v
e
r
s
i
t
y
.
 
W
e
 
h
a
v
e
bud
g
e
t
ed
 
f
or
 
sh
i
pp
i
ng
 
c
o
s
t
s
 
and
 
f
or
 
pe
r
sonnel
 
(
M
s.
 
T
o
m
as
i
n
i
)
 
t
hat
 
t
hat
 
w
i
l
l
 
o
r
g
an
i
z
e
 
t
he
 
r
ece
i
pt,
 
s
t
o
r
a
g
e,
ca
t
a
l
o
g
u
i
n
g
 
and
 
sh
i
p
m
e
n
t
 
o
f
 
s
a
m
p
l
es.
) (
W
e
 
w
i
l
l
 
ensu
r
e
 
t
h
a
t
 
any
 
app
l
i
cab
l
e
 
b
i
o
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
be
 
s
t
o
r
ed
 
at
 
Y
a
l
e
 
U
n
i
v
e
r
s
i
t
y
 
i
n
 
t
he
 
V
acc
a
r
i
no
 
l
abo
r
a
t
o
r
y
f
ac
i
l
i
t
i
es
 
and
 
w
i
l
l
 
be
 
t
r
a
c
ked
 
v
i
a
 
a
 
w
eb
-
access
i
b
l
e
 
da
t
abase
 
w
he
r
e
 
s
a
m
p
l
es
 
a
r
e
 
l
i
s
t
ed
 
w
i
t
hout
 
p
e
r
so
n
al
 
i
den
t
i
f
i
e
r
s
.
) (
T
o
 
r
ece
i
v
e
 
t
he
 
b
i
o
m
a
t
e
r
i
a
l
s
,
 
r
e
c
i
p
i
ent
 
i
n
v
es
t
i
g
a
t
o
r
s
 
and
 
t
he
i
r
 
I
n
s
t
i
t
u
t
i
ons
 
w
i
l
l
 
be
 
r
e
q
u
i
r
ed
 
t
o
 
s
i
g
n
 
m
a
t
e
r
i
al
t
r
an
s
f
er
 
a
g
r
e
e
m
en
t
s
 
(
M
T
A
)
 
i
n
 
beha
l
f
 
o
f
 
Y
a
l
e
 
U
n
i
v
e
r
s
i
t
y
.
 
T
he
 
r
ec
i
p
i
ent
 
w
i
l
l
 
be
 
a
l
so
 
r
e
q
u
i
r
ed
 
t
o
 
p
r
o
v
i
de
 
w
r
i
t
t
en
 
assu
r
ance
 
and
 
e
v
i
dence
 
t
hat
 
(
1
)
 
t
he
 
b
i
o
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
be
 
used
 
so
l
e
l
y
 
i
n
 
acco
r
d
 
w
i
t
h
 
t
he
i
r
 
I
n
s
t
i
t
u
t
i
onal
 
r
e
v
i
e
w
;
 
(
2)
t
hat
 
b
i
o
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
not
 
be
 
f
u
r
t
h
e
r
 
d
i
s
t
r
i
bu
t
ed
 
by
 
t
he
 
r
ec
i
p
i
ent
 
w
i
t
hout
 
con
s
ent
 
o
f
 
o
u
r
 
P
r
o
g
r
a
m
;
 
(
3
)
 
t
hat
 
b
i
o
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
not
 
be
 
u
sed
 
f
o
r
 
c
o
m
m
e
r
c
i
al
 
p
u
r
p
oses.
) (
R
e
q
ue
s
t
s
 
f
r
o
m
 
f
o
r
-
p
r
o
f
i
t
 
co
r
po
r
a
t
i
ons
 
t
o
 
use
 
t
he
 
c
e
l
l
s
 
co
m
m
e
r
c
i
a
l
l
y
 
w
i
l
l
 
be
 
ne
g
o
t
i
a
t
ed
 
by
 
o
u
r
 
i
ns
t
i
t
u
t
i
on
'
s
t
echno
l
o
g
y
 
t
r
an
s
f
er
 
o
f
f
i
c
e.
 
A
l
l
 
l
i
cens
i
ng
 
sha
l
l
 
be
 
s
ub
j
ect
 
t
o
 
d
i
s
t
r
i
bu
t
i
on
 
p
u
r
s
uant
 
t
o
 
o
u
r
 
i
n
s
t
i
t
u
t
i
on
'
s
 
p
o
l
i
c
i
es
 
and
 
p
r
ocedu
r
es
 
on
 
r
o
y
a
l
t
y
 
i
nco
m
e.
 
T
he
 
t
echno
l
o
g
y
 
t
r
an
s
f
er
 
o
f
f
i
ce
 
w
i
l
l
 
r
epo
r
t
 
a
ny
 
i
n
v
en
t
i
on
 
d
i
sc
l
osu
r
e
 
sub
m
i
t
t
ed
 
t
o
t
hem
 
t
o
 
t
he
 
app
r
o
p
r
i
a
t
e
 
Fede
r
al
 
A
g
enc
y
.
) (
O
ur
 
i
ns
t
i
t
u
t
i
on
 
and
 
w
e
 
w
i
l
l
 
adhe
r
e
 
t
o
 
t
he
 
N
I
H
 
G
r
a
n
t
s
 
P
o
l
i
cy
 
on
 
S
ha
r
i
n
g
 
o
f
 
U
n
i
q
ue
 
R
ese
a
r
ch
 
R
eso
u
r
c
es
i
nc
l
ud
i
ng
 
t
he
 
"
 
P
o
li
cy
 
f
o
r
 
S
ha
r
i
ng
 
o
f
 
D
a
t
a
 
O
b
t
a
i
ned
 
i
n
 
N
I
H
 
S
upp
o
r
t
ed
 
or
 
C
onduc
t
ed
 
G
en
o
m
e
-
W
i
de
 
A
ssoc
i
a
t
i
on
S
t
ud
i
es
 
(
G
W
A
S
)
"
 
i
ssued
 
i
n
 
A
u
g
u
s
t
 
2
8
,
 
2007
 
(
h
t
t
p
:
/
/
g
r
an
t
s
.
n
i
h
.
g
o
v
/
g
r
a
n
t
s
/
gu
i
de
/
no
t
i
c
e
-
f
il
e
s
/
NO
T
-
OD
-
07
-
088
.
h
t
m
l
)
 
and
 
t
he
 
“
S
ha
r
i
ng
 
H
u
m
an
 
D
a
t
a
 
v
i
a
 
t
he
 
N
a
t
i
onal
 
D
a
t
abase
 
f
or
 
A
u
t
i
sm
 
R
esea
r
c
h
”
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