
N
at

ur
al

 S
el

ec
tio

n 
on

 
In

tro
ns

 in
 

C
ry

pt
oc

oc
cu

s 
ne

of
or

m
an

s

S
te

ph
an

ie
 H

ug
he

s
Ja

ck
so

n 
S

ta
te

 U
ni

ve
rs

ity
S

um
m

er
 2

00
6



W
ha

t i
s 

an
 in

tro
n?

E
XO

N

IN
TR

O
N

E
XO

N

A
n 

in
tro

n 
is

 a
 n

on
co

di
ng

re
gi

on
 th

at
 in

te
rv

en
es

 e
xo

ns
. 



In
tr

od
uc

tio
n

�
Fu

nc
tio

n 
of

 in
tro

ns
 is

 u
nc

le
ar

�
N

at
ur

al
 s

el
ec

tio
n 

is
 in

vo
lv

ed
 w

ith
 in

tro
ns

:

�
S

iz
e 

co
rre

la
te

s 
w

ith
 a

re
as

 o
f h

ig
h 

re
co

m
bi

na
tio

n 
in

 
D

ro
so

ph
ila

�
S

iz
e 

co
rre

la
tio

n 
in

 h
ig

hl
y 

ex
pr

es
se

d 
ge

ne
s

�
S

iz
e 

co
rre

la
tio

n 
an

d 
in

tro
n 

ra
nk

�
R

ol
e 

in
 p

ro
te

in
 e

vo
lu

tio
n 

an
d 

ge
ne

 
ex

pr
es

si
on



In
tro

n 
P

ro
fil

es
 A

cr
os

s 
Th

e 
Eu

ka
ry

ot
es

D
.d

is
co

id
e

u
m

C
.p

a
rv

u
m

P
.f

a
lc

ip
a

ru
m

A
.t

h
a

lia
n

a

O
.s

a
ti

va

C
.e

le
g

a
n

s

D
.m

e
la

n
o

g
a

st
e

r

A
.g

a
m

b
ia

e

D
.r

e
ri

o

M
.m

u
s

cu
lu

s

H
.s

a
p

ie
n

s

C
.n

e
o

fo
rm

a
n

s

S
.p

o
m

b
e

N
.c

ra
ss

a

A
.f

u
m

ig
a

tu
s

A
.n

id
u

la
n

s

Y
.l

ip
o

ly
ti

ca

D
.h

a
n

se
n

ii

C
.a

lb
ic

a
n

s

K
.l

a
c

tis

C
.g

la
b

ra
ta

S
.c

e
re

v
is

ia
e

70
%

15
0 

bp
1.

90

1%
93

 b
p

1.
29

51
%

17
9 

bp
2.

61

78
%

16
0 

bp
5.

63

77
%

37
4 

bp
4.

04

98
%

35
3 

bp
5.

36

84
%

78
1 

bp
4.

32

86
%

97
8 

bp
3.

23

95
%

26
61

 b
p

7.
90

74
%

42
29

 b
p

8.
57

77
%

42
81

 b
p

7.
55

95
%

69
 b

p
5.

48

43
%

84
 b

p
2.

07

75
%

12
2 

bp
2.

07

77
%

10
2 

bp
2.

36

86
%

10
4 

bp
3.

03

10
%

27
1 

bp
1.

1

5%
17

8 
bp

1.
06

3%
12

7 
bp

1.
18

2%
34

5 
bp

1.
02

2%
45

4 
bp

1.
02

5%
10

9 
bp

1.
03

ge
ne

s 
w

/
in

tr
on

s
A

vg
. i

nt
ro

n
le

ng
th

A
vg

#
in

tr
on

s/
ge

ne



*M
od

e 
= 

52
 b

pIn
tr

on
 le

ng
th

 h
as

 a
 b

ro
ad

 r
an

ge

0
10

00
20

00
30

00
40

00
50

00
60

00
70

00
80

00

5

25

45

65

85
10

5
12

5
14

5
16

5
18

5
More

In
tr

on
 L

en
gt

h

Frequency



W
hy

 C
. n

eo
fo

rm
an

s?
�F

ou
r s

tra
in

s 
se

qu
en

ce
d

�(
Tw

o 
at

 th
e 

B
ro

ad
)

�S
tra

in
s 

di
ve

rg
ed

 b
ut

 re
m

ai
n 

si
m

ila
r (

0.
5 

su
bs

/s
ite

)



H
yp

ot
he

se
s

A
ss

um
in

g 
th

at
 ty

pi
ca

l i
nt

ro
ns

 
ar

e 
in

 m
ut

at
io

n-
se

le
ct

io
n 

eq
ui

lib
riu

m
:

A
) L

on
g 

in
tro

ns
 a

re
 

te
m

po
ra

ril
y 

in
 

di
se

qu
ilib

riu
m

.
-O

R
-

B
) L

on
g 

in
tro

ns
 a

re
 

m
ai

nt
ai

ne
d 

by
 n

at
ur

al
 

se
le

ct
io

n.

0

10
00

20
00

30
00

40
00

50
00

60
00

70
00

80
00

5
25
45
65
85
105
125
145
165
185

More



M
et

ho
ds

�
A

na
ly

ze
 in

tro
ns

 b
y 

do
in

g 
th

e 
fo

llo
w

in
g:

�
Te

st
 to

 c
on

fir
m

 in
tro

ns
�

D
is

tin
gu

is
h 

in
tro

n 
si

ze
�

A
na

ly
ze

  i
nd

el
s

�
C

ho
os

e 
on

ly
 ro

ot
ab

le
in

de
ls

�
C

ou
nt

 n
um

be
r o

f b
p

in
 e

ac
h 

in
de

l
�

C
al

cu
la

te
 p

er
ce

nt
ag

e 
of

 c
on

se
rv

at
io

n



To
ta

l b
p

de
le

te
d 

= 
17

60
4

To
ta

l b
p

in
se

rte
d 

= 
11

92
0 

M
os

t i
nd

el
s

ar
e 

1 
bp

To
ta

l d
el

et
io

ns
 =

 1
26

04

To
ta

l i
ns

er
tio

ns
 =

 5
89

4

010203040506070809010
0

1
2

3
4

5
6

7
8

9
10

11
N

u
m

be
r 

of
 b

p 
in

 in
de

l

Percentage

de
le

tio
ns

in
se

rt
io

ns



In
de

lR
at

es
 (in

de
lb

p/
in

tr
on

le
ng

th
)

p=
0.

04
5

p=
0.

00
3

0.
00

78
[.0

07
57

-.0
08

16
]

0.
01

20
[.0

11
8-

.0
12

2]
Ty

pi
ca

l
(4

7-
86

bp
)

0.
00

69
[.0

05
6-

.0
07

0]
0.

01
10

[.0
11

0-
.0

12
2]

Lo
ng

(>
86

bp
)

In
se

rti
on

R
at

e
D

el
et

io
n 

R
at

e
In

tro
n

S
iz

e

* 
M

ag
ni

tu
de

 o
f d

el
et

io
n 

bi
as

 =
 0

.3
%

 le
ng

th
 c

ha
ng

e 
ov

er
 1

40
 m

illi
on

 y
ea

rs



C
on

cl
us

io
ns

�
Lo

ng
 in

tro
ns

 s
ho

w
 a

 
di

ffe
re

nt
 in

de
lr

at
e 

as
 

ty
pi

ca
l i

nt
ro

ns
 

su
gg

es
tin

g 
th

ey
 a

re
 

no
t u

nd
er

 m
ut

at
io

n-
se

le
ct

io
n 

eq
ui

lib
riu

m
.

�
A

re
 s

om
e 

lo
ng

 
in

tro
ns

 m
ai

nt
ai

ne
d 

w
hi

le
 o

th
er

s 
ar

e 
in

 
di

se
qu

ili
br

iu
m

?



A
vg

. l
en

gt
h 

(R
an

k 
1 

in
tro

ns
) =

 

0510152025303540

0
20

0
40

0
60

0
80

0
10

00
12

00

Le
ng

th

Rank A
vg

. l
en

gt
h 

of
 fi

rs
t r

an
k 

in
tro

ns
 =

 7
9.

7 
bp

A
vg

. l
en

gt
h 

of
 o

th
er

 in
tro

ns
 =

 6
4.

8 
bp

S
pe

ar
m

an
�s

 rh
o

= 
 -

0.
08

9 
   

  p
 =

 0
.0

01
   

 p
=1

.1
4x

10
-8

5 
(t-

te
st

) 

Fi
rs

t R
an

k 
In

tro
ns

 a
re

 L
on

ge
r



Fu
tu

re
 S

tu
di

es
E

ffe
ct

 o
f i

nt
ro

n 
le

ng
th

 a
nd

 g
en

e 
ex

pr
es

si
on

E
ffe

ct
 o

f i
nt

ro
n 

si
ze

 a
nd

 ra
te

 o
f 

ev
ol

ut
io

n



A
ck

no
w

le
dg

m
en

ts
 

�
Th

e 
B

ro
ad

 In
st

itu
te

�
E

ric
 L

an
de

r
�

D
an

ie
l N

ea
fs

ey
�

B
ru

ce
 B

irr
en

�
A

ng
el

a 
B

ru
na

ch
e


