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Profile HMMs for sequence families

So far we have concentrated on the intrinsic properties of single sequences,
such as CpG islands.

However functional biological sequences typically come in families, so what
we are after is identifying the relationship of an individual sequences to a
sequence family.

A multiple sequence alignment can show how the sequences in a family
relate to each other.

Some positions in a multiple sequence alignment are more conserved than
others (e.g. helices as opposed to loop regions).

Therefore it would be desirable, when identifying new sequence members to
concentrate more on conserved features.

For this task we will discuss a special type of HMM, well suited to modelling
multiple alignments; we will call these profile HMMSs.

Profile HMMs are the most popular application of HMMs in molecular biology.




Position specific score matrix

A common feature of protein multiple sequence alignments is that gaps tend to line up
with each other, leaving solid blocks with no insertions or deletions.




Position specific score matrix

A common feature of protein multiple sequence alignments is that gaps tend to line up
with each other, leaving solid blocks with no insertions or deletions.

A probabilistic model for a conserved region (block) would be to specify independent
probabilities e,(a) of observing amino acid a in position /. The probability of a new
sequence X, is:

P(x|M):Hel.(xl.)

where L is the length of the block.




Position specific score matrix

A common feature of protein multiple sequence alignments is that gaps tend to line up
with each other, leaving solid blocks with no insertions or deletions.

A probabilistic model for a conserved region (block) would be to specify independent
probabilities e,(a) of observing amino acid a in position /. The probability of a new
sequence X, is:

P(x|M):Hel.(xl.)

where L is the length of the block. To test for family membership we evaluate, as usual
log-odds ratio:




Position specific score matrix

A common feature of protein multiple sequence alignments is that gaps tend to line up
with each other, leaving solid blocks with no insertions or deletions.

A probabilistic model for a conserved region (block) would be to specify independent
probabilities e,(a) of observing amino acid a in position /. The probability of a new
sequence X, is:

P(x|M):Hel.(xl.)

where L is the length of the block. To test for family membership we evaluate, as usual
log-odds ratio:

The values log(e (a)/q,) behave like elements in a score matrix s(a, b) where the
second index is position /, rather than amino acid b.

Such an approach is known as a position specific score matrix (PSSM).




roriie S. asanaes

HBA_HUMAN .. .[VGA
HBB_HUMAN ...V~
MYG_PHYCA  ...VEJ
GLB3_CHITP ...VKQ

GLB5_PETMA .. .VYS
LGB2_LUPLU .. .FNA
GLB1_GLYDI ...IAG

* & |

Figure 5.3 Ten columns from the multiple alignment of seven globin protein
sequences shown in Figure 5.1. The starred columns are ones that will be
treated as ‘matches’ in the profile HMM.

Let us assume that we use Laplace’s rule to obtain parameters for an HMM corre-
sponding to the alignment in Figure 5.3. Then ey, (V) = 6/27,ep, (1) = €y, (F) =
2/27, and ey, (a) = 1/27 for all residue types a other than v, I, F. Similarly,
am,m, = 7/10,ay,p, = 2/10 and ay,;, = 1/10 (following column 1 there are six
transitions from match to match, one transition to a delete state, in HBE_HUMAN,
and no insertions). Figure 5.4 shows the complete set of parameters for the HMM
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(a) Multiple alignment:

Ex. .. 4 (c) Observed emission/transition counts
bat @G - - - C model position
rat @A- AG- C 0 1 2 3
cat @G- AA- ) A - @ o o
gnat - - AAAC match /C 0 o0 4
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A 0o 0 6 0
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(a) Multiple alignment:

X .

(c) Observed emission/transition counts

bat A @ C model position
rat A- A G - C 0 1 2 3
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gnat - - AAAC match /C 0 0o 4
goat A@- - - C emissions . G 0 @ o
12.. .3 >T -0 0 ¢
A 0o 0 6 0
. inset  / C 0 0 0 0
(b) Profile-HMM architecture: emissions. G 0o 0 1 0
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beg M M = | M B end \DM - 0 2 0
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(a) Multiple alignment:

X X . . . X
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(a) Multiple alignment:

A X (c) Observed emission/transition counts
bat AG- - - C model position
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Begin cat > AG- AA - ) /A 4 0 0
t - - AAAC match C 0 0o 4
goat A G- - - C emissions . G 0 3 0
12 3 >T -0 0 0
A 0o 0 6 0
. insert / C 0 0 0 0
(b) Profile-HMM architecture: emissions. G o 0 1 0
NT 0 0 0 0
o e D jf?.ﬁ—ﬁh(@ 3 2 4
/MD 1 I 0 0
/M0 0 1 0
state / {/’ 1M 0O 0 2 0
.0 ‘o .o % l:ransiti-:}ns\ 1-D 0 0 1 0
NI 0 0 4 0
+ + * + \ DM - 0 0 |1
D-D - 1 0 0
beg l—m | M M [ [ M N end \DL - 0 2 0

0 1 2 3 4




(a) Multiple alignment:

EX. .. 4 (c) Observed emission/transition counts
bat AG- - - C model position
rat i . A E A C ‘ 0 1 2 3
Begin ) A N
9 m--AAAC match /C 0 0 4
goat AG- - - C emissions . G 0 3 0
12 3 >T - 0O 0 0
A 0o 0 6 0
. inset  / C 0o 0 0 0
(b) Profile-HMM architecture: emissions. G o 0 1 0
NT o 0 o0 0
o e D /MM 43 2 4
/Mp @ 1 0o o
/M1 0 0 1 0
state /[ yd ™M 0 0 2 0
.0 ‘o .o transitions” 1D 0 0 1 0
R 0 0 4 0
+ + \ DM - 0 0 1
D-D - ] 0 0
beg [— M M L [ M eng \DL - 0 2 0
0 1 2 3 4




(a) Multiple alignment:

X X . X
bat AG- - - C
rat P}\- AG- C
cat AG- AA-
gnat - - AAAC
goat A G- - - C

1 2. 3

(b) Profile-HMM architecture:

SOYeO

A

beg

0

M

1

Onr’Ogr7C

Sl

M |[—
2

i

end

(c) Observed emission/transition counts

model position
0 1 2 3
A - 4 0 0
match /C 0 0o 4
emissions .. G 0 3 0
T - 0 0 0
A 0o 0 6 0
insert / C 0 0 0 0
emissions G 0o 0 1 0
T 0 0 0 0
/MM 4 Q) 2 4
/MD 1 1 0 0
/ML 0 0 1 0
state / {/’ 1M 0O 0 2 0
transitions  1-D 0 0 1 0
AN B 0 0 4 0
\ DM - 0 0 |
D-D - ] 0 0
\DI - 0 2 0




(a) Multiple alignment:

X X . . . X
bat AG- - - C
rat A- AG- C
cat AG- AA-
gnat - - AAAC
goat A G- - - C

1 2 3

(b) Profile-HMM architecture:

Onr’Ogr7C

A

beg F—i— | M
0 ]

& c’ 00 e

M |[—
2

i

end

(c) Observed emission/transition counts

model position
0 1 2 3
A . 4 0 0
match /C 0 0o 4
emissions .. G 0 3 0
T - 0 0 0
A 0o 0 6 0
insert / C 0 0 0 0
emissions G 0o 0 1 0
T 0 0 0 0
/MM 4 3 2 14
/Mp 1 @ o o
/ML 0 0 1 0
state / {/’ 1M 0O 0 2 0
transitions  1-D 0 0 1 0
S 0 0 4 0
\ DM - 0 0 |
D-D - ] 0 0
\DI__ - 0 2 0




(a) Multiple alignment:

EX. .. 4 (c) Observed emission/transition counts
bat AG- - - C model position
rat A- AG- C 0O 1 2 3
cat AG- AA- ) A - 4 0 0
gnat - - AAAC match / C 0 0 4
goat AG- - - C emissions . G 0 3 0
1 2 3 T - 0 0 0
A 0 0 6 0
. insert / C 0 0 0 0
(b) Profile-HMM architecture: emissions. G o 0 1 0
NT 0 0 0 0
o e D /MM T4 3 2 a
/MD 1 I 0 0
/M1 0 0 1 0
state / {/’ 1M 0O 0 2 0
.0 ‘o .o % l;ransiti-:}ns\ 1-D 0 0 1 0
I 0 0 4 0
+ + * + \ DM - 0 0 |1
pp - @O o o
beg M M [ [ M\ eng \DL - 0 2 0
0 1 2 3 4




(a) Multiple alignment:

X X . . . X
bat AG- - - C
rat A- AG- C
cat AG- AA-
gnat - - AAAC
goat AG- - - C
1 2
(b) Profile-HMM architecture:

& c’ cQ <}<;>

A

beg F—i— | M
0 ]

M

2

_-_

D

M

+

3

end

(c) Observed emission/transition counts

model position
0 1 2 3
A - 4 0 0
match /C 0 0o 4
emissions .. G 0 3 0
T - 0O 0 0
A 0o 0 6 0
insert / C 0 0 0 0
emissions G 0o 0 1 0
T 0 0 0 0
MM 4 3 Q) 4
/MD 1 1 0 0
/M- 0 0 1 0
state / {/’ 1M 0O 0 2 0
transitions  1-D 0 0 1 0
AN B 0 0 4 0
\ DM - 0 0 |
D-D - 1 0 0
\DI__ - 0 2 0




(a) Multiple alignment:

X X .
bat AG- -
rat A-AG
cat AG- A
gnat - - AA
goat A G- -

1 2

(b) Profile-HMM architecture:

SOYeO

A

beg

0

M

1

A

M

2

_h_

3

|

3

end

(c) Observed emission/transition counts

S
\ bW
D-D

model position
0 1 2 3
A . 4 0 0
match / C 0 0o 4
emissions.. G 0 3 0
T - 0o 0 0
A 0o 0 6 0
insert / C 0 0 0 ()
emissions G 0o 0 1 0
T 0 0 0 0
/MM 4 3 2 4
/MD 1 1 0 0
/ M1 0 0 (2 0
state / {/’ 1M 0 0
transitions 1-D 0 ]
“ 0 0
- ]
1
0

\D1

ba O O — b
[t I e ] i = i e |




(a) Multiple alignment:

EX. .. 4 (c) Observed emission/transition counts
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(a) Multiple alignment:

AEA - E (c) Observed emission/transition counts
bat i q{q G - c model position
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(a) Multiple alignment:

S . 4 (c) Observed emission/transition counts
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A X (c) Observed emission/transition counts
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hmmalign - align sequences to a profile HMM
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phmmer - search protein sequence(s) against a protein sequence database

SOURCE: http://hmmer.janelia.org/




HMMER3/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF sl
cs L

MAP yes
DATE Mon
NSEg 10

Dec 5 12:34:53% 2011

EFFN 1.215820
CESUM 350703537536
STATS LOCAT, M3V

STATSE LOCAT, VITEEREI
STATS LOCAT, FORWARD

COMP O

iy
m—>m
1.24650
1.328629
0.06034
0.38370
1.38629
0.0c034
2.1518%
1.38625
0.0c034
2.12548
1.38629
0.06034
1.82247
1.386259
0.06034
2.12548
1.38625
0.06034
2.12548
1.38629%9
0.06034

-11.0255
-12.6201
-5.1306
C

m—>1
1.5%&75% 1.
1.386259 1.
2.533100 3.
2.41%911 Z2.
1.386259 1.
2.53100 3.
1.97227 2.
1.38625% 1.
2.33100 3.
2.54191 0.
1.38629 1.
2.533100 3.
2.39%9153 0.
1.38629 1.
2.53100 3.
2.5415%1 0.
1.38e25% 1.
2.33100 3.
2.534191 0.
1.386259 1.
3.533100 3.

0.69846

0.69846

0.69846

G T
m—>d i—>m
28051 1.4c032
3862% 1.38B62%
33100 1.46634
07966 Z2.25673
386259 1.3862%
53100 1.4c634
26310 0.43831
38625 1.38B62%
53100 1.4c634
34386 Z2.37646
3862% 1.38B62%
33100 1.46634
44435 Z2.23812
3862% 1.38B62%9
53100 1.4c634
34386 2.37646
28629 1.38e25
23100 1.46c634
34386 Z2.37646
38625 1.38629
53100 1.46634

1-»1

0.26236

l_

0.2623¢6
2_

0.26236
3_

0.26236
4 =

0.2623¢6
5_

0.26236
6_

0.2623¢6

0.00000

1.05861

1.05%861

1.05861

1.05861

1.05861

1.05861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



the number of

match states in
the model. \

Symbol alphabet /

type

the number of
sequences that the
HMM was trained on

/

HMMER3/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF sl
cs L
MAP yes
DATE Mon
NSEg 10

Dec 5 12:34:53% 2011

EFFN 1.215820
CESUM 350703537536
STATS LOCAT, M3V

STATSE LOCAT, VITEEREI
STATS LOCAT, FORWARD

COMP O

iy
m—>m
1.24650
1.328629
0.06034
0.38370
1.38629
0.0c034
2.1518%
1.38625
0.0c034
2.12548
1.38629
0.06034
1.82247
1.386259
0.06034
2.12548
1.38625
0.06034
2.12548
1.38629%9
0.06034

-11.0255
-12.6201
-5.1306
C

m—>1
1.5%&75% 1.
1.386259 1.
2.533100 3.
2.41%911 Z2.
1.386259 1.
2.53100 3.
1.97227 2.
1.38625% 1.
2.33100 3.
2.54191 0.
1.38629 1.
2.533100 3.
2.39%9153 0.
1.38629 1.
2.53100 3.
2.5415%1 0.
1.38e25% 1.
2.33100 3.
2.534191 0.
1.386259 1.
3.533100 3.

0.69846

0.69846

0.69846

G T
m—>d i—>m
28051 1.4c032
3862% 1.38B62%
33100 1.46634
07966 Z2.25673
386259 1.3862%
53100 1.4c634
26310 0.43831
38625 1.38B62%
53100 1.4c634
34386 Z2.37646
3862% 1.38B62%
33100 1.46634
44435 Z2.23812
3862% 1.38B62%9
53100 1.4c634
34386 2.37646
28629 1.38e25
23100 1.46c634
34386 Z2.37646
38625 1.38629
53100 1.46634

1-»1

0.26236

l_

0.2623¢6
2_

0.26236
3_

0.26236
4 =

0.2623¢6
5_

0.26236
6_

0.2623¢6

0.00000

1.05861

1.05%861

1.05861

1.05861

1.05861

1.05861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



HMMERZ /b

LENG 459
ATFH DHNA
EF sl
cs L
MAE yes
Mon

10

COMP O

[32.0 | March 2010]
NAME fastaZ.aln

Dec 5 12:34:53% 2011

1.215820
3507035756
LOCAT, M3V
STATSE LOCAT, VITEEREI
STATS LOCAT, FORWARD

iy
m—>m
1.2465%0
1.28629
0.06034
0.38370
1.38625%9
0.06034
2.1518%
1.28625%
0.0c034
2.12548
1.38629
0.06034
1.82247
1.38625%
0.060324
2.12548
1.38625
0.06034
2.12548
1.386259
0.06034

-11.0255 0.65846

-12.6201 0.659846

-5.1306 0.69846

C G T

m—>1 m—>d i—>m
1.5967% 1.28051 1.46032
1.38629 1.38629% 1.3862%
3.33100 3.53100 1.46634
2.41911 2.07%66 Z2.25673
1.38629 1.3862Z9 1.38629%9
3.53100 3.53100 1.46634
1.57227 2.26310 0.43831
1.38629 1.3862% 1.3862%
3.53100 3.53100 1.46634
2.54191 0.34386 2Z.37646
1.38629 1.38629 1.38629%9
3.33100 3.53100 1.46634
2.39915 0.44435 Z2.23812
1.38629 1.3862Z9 1.38629%
3.53100 3.53100 1.46634
2.54191 0.34386 2.37646
1.3862% 1.3862% 1.3862%9
3.33100 3.53100 1.46634
2.534191 0.343286 2Z2.37646
1.38629 1.3862Z9 1.38629%9
3.33100 3.53100 1.46634

1-»1

0.26236

'l_

0.26236
2_

0.26236
3_

0.26236
4_

0.26236
5_

0.26236
E_

0.26236

0.00000

1.09861

1.05%861

1.0%861

1.0%861

1.0%861

1.0%9861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



HMMERZ /b

LENG 459
DNZ
no
LD
yes
Mon

10

[32.0 | March 2010]
NAME fastaZ.aln

Dec 5 12:34:53% 2011

1.215820

3507035756
LOCAT, M3V
LOCAT, VITEEEI
STATS LOCAT, FCORWARD

iy
m—>m
1.2465%0
1.28629
0.06034
0.38370
1.38625%9
0.06034
2.1518%
1.28625%
0.0c034
2.12548
1.38629
0.06034
1.82247
1.38625%
0.060324
2.12548
1.38625
0.06034
2.12548
1.386259
0.06034

-11.0255
-12.6201
-5.1306
C

m—>1
1.53%675% 1.
1.38629 1.
2.533100 3.
2.41%911 Z2.
1.38629 1.
2.53100 3.
1.597227 2.
1.38629 1.
2.33100 3.
2.54191 0.
1.38629 1.
2.533100 3.
2.39%9153 0.
1.38629 1.
2.53100 3.
2.5415%1 0.
1l.38625% 1.
2.33100 3.
2.534191 0.
1.38629 1.
3.533100 3.

0.69846

0.6%846

0.6%9846

G T
m—>d i—>m
28051 1.4c032
3862% 1.38B62%
33100 1.46634
07966 2.25673
386259 1.3862%
53100 1.46634
26310 0.43831
38625 1.38B62%
53100 1.4c634
34386 Z2.37646
3862% 1.38B62%
33100 1.46634
44485 Z.2381Z2
3862% 1.38B62%9
53100 1.46634
34386 2.37646
28629 1.38e25
23100 1.46634
34386 Z2.37646
38625 1.38629
53100 1.46634

1-»1

0.26236

1_

0.26236
2_

0.26236
3_

0.26236
4_

0.26236
5_

0.26236
,E_

0.26236

0.00000

1.09861

1.05%861

1.0%861

1.0%861

1.0%861

1.0%9861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



HMMERZ /b

[3.0 | March 2010

NAME fastaZ.aln

459
DNZL

yes
Mon

10

Dec 5 12:34:53% 2011

1.215820

3507035756
LOCAT, M3V
LOCAT, VITEEEI
STATS LOCAT, FCORWARD

iy
m—>m
1.2465%0
1.28629
0.06034
0.38370
1.38625%9
0.06034
2.1518%
1.28625%
0.0c034
2.12548
1.38629
0.06034
1.82247
1.38625%
0.060324
2.12548
1.38625
0.06034
2.12548
1.386259
0.06034

-11.0255
-12.6201
-5.1306
C

m—>1
1.53%675% 1.
1.38629 1.
2.533100 3.
2.41%911 Z2.
1.38629 1.
2.53100 3.
1.597227 2.
1.38629 1.
2.33100 3.
2.54191 0.
1.38629 1.
2.533100 3.
2.39%9153 0.
1.38629 1.
2.53100 3.
2.5415%1 0.
1l.38625% 1.
2.33100 3.
2.534191 0.
1.38629 1.
3.533100 3.

0.69846

0.6%846

0.6%9846

G T
m—>d i—>m
28051 1.4c032
3862% 1.38B62%
33100 1.46634
07966 2.25673
386259 1.3862%
53100 1.46634
26310 0.43831
38625 1.38B62%
53100 1.4c634
34386 Z2.37646
3862% 1.38B62%
33100 1.46634
44485 Z.2381Z2
3862% 1.38B62%9
53100 1.46634
34386 2.37646
28629 1.38e25
23100 1.46634
34386 Z2.37646
38625 1.38629
53100 1.46634

1-»1

0.26236

1_

0.26236
2_

0.26236
3_

0.26236
4_

0.26236
5_

0.26236
,E_

0.26236

0.00000

1.09861

1.05%861

1.0%861

1.0%861

1.0%861

1.0%9861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



HMMERZ /b
N&ME

10

yes
Mon

[3.0 |

Dec

1.215820

3507035756
LOCAT, M3V
LOCAT, VITEEEI
STATS LOCAT, FCORWARD

iy
m—>m
1.2465%0
1.28629
0.06034
0.38370
1.38625%9
0.06034
2.1518%
1.28625%
0.0c034
2.12548
1.38629
0.06034
1.82247
1.38625%
0.060324
2.12548
1.38625
0.06034
2.12548
1.386259
0.06034

March 2010
fastaZ.aln
459
DNL

5 12:324:55 2011

-11.0255 0.65846

-12.6201 0.659846

-5.1306 0.69846

C G T

m—>1 m—>d i—>m
1.5967% 1.28051 1.46032
1.38629 1.38629% 1.3862%
3.33100 3.53100 1.46634
2.41911 2.07%66 Z2.25673
1.38629 1.3862Z9 1.38629%9
3.53100 3.53100 1.46634
1.57227 2.26310 0.43831
1.38629 1.3862% 1.3862%
3.53100 3.53100 1.46634
2.54191 0.34386 2Z.37646
1.38629 1.38629 1.38629%9
3.33100 3.53100 1.46634
2.39915 0.44435 Z2.23812
1.38629 1.3862Z9 1.38629%
3.53100 3.53100 1.46634
2.54191 0.34386 2.37646
1.3862% 1.3862% 1.3862%9
3.33100 3.53100 1.46634
2.534191 0.343286 2Z2.37646
1.38629 1.3862Z9 1.38629%9
3.33100 3.53100 1.46634

1-»1

0.26236

1_

0.26236
2_

0.26236
3_

0.26236
4_

0.26236
5_

0.26236
,E_

0.26236

0.00000

1.09861

1.05%861

1.0%861

1.0%861

1.0%861

1.0%9861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



HMMER3/b [3.0 | March 2010

NAME

fastaZ.aln
455
DNL

yves

Mon Dec :34:5% 2011

10
1.2135820
3507035756
LOCAT MSV -11.0255
LOCAT, VITEREBI -12.6201
STATS LOCAL FORWARD -5.1306 0.6984¢
.1 C G T
m—>m m—>1 m—>d i—>m 1i->1 d—>m d—>d

CMPC 1.24650 1.53%672 1.280531 1.46032

1.3862% 1.38625 1.38625 1.38625

0.06024 3.53100 3.53100 1.46634 0.26236 0.00000 w
1 0.328370 2.41%11 2.07%66 2.25673 1 - -

1.2862% 1.328625 1.328625 1.38625

0.06024 3.53100 32.53100 1.46634 0.26236 1.0%861 0.40547
2 2.1%18% 1.97227 2.263210 0.432831 2 - -

1.28625% 1.38625 1.328625 1.38625

0.06034 3.53100 3.53100 1.46634 0.26236 1.0%861 0.40547
3 2.12548 2.541%1 0.34386 2.37646 3 - -

1.38625% 1.38625 1.38625 1.38625

0.06024 3.53100 3.53100 1.46634 0.26236 1.05%861 0.40547
4 1.82247 2.39%15 0.44485 2.23812 4 - -

1.32862% 1.38625 1.328625 1.38625

0.06024 3.53100 32.53100 1.46634 0.26236 1.05%861 0.40547
5 2.12548 2.541%1 0.32438B6 2.3764¢ 5 - -

1.3862% 1.3862% 1.38625% 1.386295

0.06034 3.53100 3.53100 1.46634 0.26236 1.0%861 0.40547
& 2.12548 2.541%1 0.34386 2.37646 & - -

1.32862% 1.38625 1.38625 1.328625

0.06024 3.53100 3.532100 1.46634 0.26236 1.0%861 0.40347



Statistical parameters
needed for E-value
calculations.

HMMER3/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF sl
cs L

MAP yes
DATE Mon
NSEg 10

Dec 5 12:34:53% 2011

EFFN 1.215820
CESUM 350703537536
STATS LOCAT, M3V

STATSE LOCAT, VITEEREI
STATS LOCAT, FORWARD

COMP O

iy
m—>m
1.24650
1.328629
0.06034
0.38370
1.38629
0.0c034
2.1518%
1.38625
0.0c034
2.12548
1.38629
0.06034
1.82247
1.386259
0.06034
2.12548
1.38625
0.06034
2.12548
1.38629%9
0.06034

-11.0255
-12.6201
-5.1306
C

m—>1
1.5%&75% 1.
1.386259 1.
2.533100 3.
2.41%911 Z2.
1.386259 1.
2.53100 3.
1.97227 2.
1.38625% 1.
2.33100 3.
2.54191 0.
1.38629 1.
2.533100 3.
2.39%9153 0.
1.38629 1.
2.53100 3.
2.5415%1 0.
1.38e25% 1.
2.33100 3.
2.534191 0.
1.386259 1.
3.533100 3.

0.69846

0.69846

0.69846

G T
m—>d i—>m
28051 1.4c032
3862% 1.38B62%
33100 1.46634
07966 Z2.25673
386259 1.3862%
53100 1.4c634
26310 0.43831
38625 1.38B62%
53100 1.4c634
34386 Z2.37646
3862% 1.38B62%
33100 1.46634
44435 Z2.23812
3862% 1.38B62%9
53100 1.4c634
34386 2.37646
28629 1.38e25
23100 1.46c634
34386 Z2.37646
38625 1.38629
53100 1.46634

1-»1

0.26236

l_

0.2623¢6
2_

0.26236
3_

0.26236
4 =

0.2623¢6
5_

0.26236
6_

0.2623¢6

0.00000

1.05861

1.05%861

1.05861

1.05861

1.05861

1.05861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



Statistical parameters
needed for E-value
calculations.

Flags the start of the
main model section

HMMER3/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF sl
cs L

MAP yes
DATE Mon
NSEg 10

Dec 5 12:34:53% 2011

EFFN 1.215820
CESUM 350703537536
STATS LOCAT, M3V

STATSE LOCAT, VITEEREI
STATS LOCAT, FORWARD

COMP O

iy
m—>m
1.24650
1.328629
0.06034
0.38370
1.38629
0.0c034
2.1518%
1.38625
0.0c034
2.12548
1.38629
0.06034
1.82247
1.386259
0.06034
2.12548
1.38625
0.06034
2.12548
1.38629%9
0.06034

-11.0255
-12.6201
-5.1306
C

m—>1
1.5%&75% 1.
1.386259 1.
2.533100 3.
2.41%911 Z2.
1.386259 1.
2.53100 3.
1.97227 2.
1.38625% 1.
2.33100 3.
2.54191 0.
1.38629 1.
2.533100 3.
2.39%9153 0.
1.38629 1.
2.53100 3.
2.5415%1 0.
1.38e25% 1.
2.33100 3.
2.534191 0.
1.386259 1.
3.533100 3.

0.69846

0.69846

0.69846

G T
m—>d i—>m
28051 1.4c032
3862% 1.38B62%
33100 1.46634
07966 Z2.25673
386259 1.3862%
53100 1.4c634
26310 0.43831
38625 1.38B62%
53100 1.4c634
34386 Z2.37646
3862% 1.38B62%
33100 1.46634
44435 Z2.23812
3862% 1.38B62%9
53100 1.4c634
34386 2.37646
28629 1.38e25
23100 1.46c634
34386 Z2.37646
38625 1.38629
53100 1.46634

1-»1

0.26236

l_

0.2623¢6
2_

0.26236
3_

0.26236
4 =

0.2623¢6
5_

0.26236
6_

0.2623¢6

0.00000

1.05861

1.05%861

1.05861

1.05861

1.05861

1.05861

0.40547

0.40547

0.40547

0.40547

0.40547

0.40547



HMMER3Z/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF sl
cs L

MAE yes

DATE Mon Dec 5 12:34:55% 2011
NSEQ 10

EFFN 1.213820

CESUM 35070353756

LOCAT, MSV -11.0255 0.69846
LOCAT, VITEREI -12.6201 0.6%846
LOCAT, FORWARD -5.1306 0.69846
.y C = T
Im—>m m—>1 m—>d 1=>m 1—->1 d—>2m d—->d

1.24650 1.53%672 1.280531 1.46032
1.3862% 1.38625 1.38625 1.38625
0.06024 3.53100 3.53100 1.46634 0.26236 0.00000 w
1 0.328370 2.41%11 2.07%66 2.25673 1 - -

1.2862% 1.328625 1.328625 1.38625

0.06024 3.53100 32.53100 1.46634 0.26236 1.0%861 0.40547
2 2.1%18% 1.97227 2.263210 0.432831 2 - -

1.28625% 1.38625 1.328625 1.38625

0.06034 3.53100 3.53100 1.46634 0.26236 1.0%861 0.40547
3 2.12548 2.541%1 0.34386 2.37646 3 - -

1.38625% 1.38625 1.38625 1.38625

0.06024 3.53100 3.53100 1.46634 0.26236 1.05%861 0.40547
4 1.82247 2.39%15 0.44485 2.23812 4 - -

1.32862% 1.38625 1.328625 1.38625

0.06024 3.53100 32.53100 1.46634 0.26236 1.05%861 0.40547
5 2.12548 2.541%1 0.32438B6 2.3764¢ 5 - -

1.3862% 1.3862% 1.38625% 1.386295

0.06034 3.53100 3.53100 1.46634 0.26236 1.0%861 0.40547
& 2.12548 2.541%1 0.34386 2.37646 6 - -
1.32862% 1.38625 1.38625 1.328625
0.06024 3.53100 3.532100 1.46634 0.26236 1.0%861 0.40347




COMPO

m—>m m—>1 m—>d 1—>m 1->1 d—>m d—>d
1.246%90 1.55967% 1.28051 1.46032
1.3862% 1.38629 1.3862% 1.3862%
0.06034 32.533100 32.53100 1.46634 0.2623c 0.00000 =
0.38370 2.41911 Z.075%66 Z2.25673 1 - -
1.3862% 1.38629 1.3862% 1.3862%9
0.06034 3.53100 3.53100 1.46634 0.26236c 1.0% 361 0.40547
2.15%18% 1.97227 2.26310 0.43831 2 - -
1.3862% 1.38629% 1.3862% 1.38B62%
0.06034 3.53100 3.53100 1.46634 0.26236 1.09861 0.40547
2.125348 2.3541%1 0.34386 2.37646 3 - -
1.32862% 1.38629 1.32862% 1.32862%9
0.06034 32.3533100 3.53100 1.46634 0.26236 1.0%361 0.40547
1.82247 2.39915 0.44485 2.23812 4 - -
1.3862% 1.38629 1.3862% 1.38B62%
0.06034 3.53100 3.53100 1.46634 0.26236c 1.0%861 0.40547
2.12548 2.541%1 0.34386 2.37646 3 - -
1.38629 1.3862% 1.3862% 1.38629
0.06034 32.33100 32.53100 1.46634 0.26236 1.0%361 0.40347
2.125348 2.541%1 0.324386 2.37646 e - -
1.3862% 1.38629 1.3862% 1.3862%9
0.06034 3.3533100 3.53100 1.46634 0.26236c 1.0%861 0.40547




HMMEE3/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF no
cs o

MAP yes
DATE Mon
NSEQ 10

Dec 35 12:34:55 2011

EFFN 1.215820
CESUM 35070353736
STATS LOCAT, M3V

STATS LOCAT, VITEREI
STATS LOCAT, FOEWARD

COMPO

Line 1: Match emission line

Line 2: Insert emission line

Line 3: State transition line

-11.0255 0.6%846
-12.6201 0.6%9846
-5.13206 0.6984¢6

o C G T

m—>m m—>1 m—>d 1—>m 1->1 d—>m d—>d
1.24690 1.5%679% 1.28051 1.46032
1.32862% 1.3862% 1.3862% 1.3862%
0.06034 32.53100 3.53100 1.46634 0.26236 0.00000 o
0.38370 2.41%11 2.07%66 Z2.25673 1 - -
1.3862%9 1.32862% 1.3862% 1.3862%9
0.06034 32.53100 3.53100 1.46c634 0.26236 1.0% 861 0.40547
2.15%18% 1.97227 2.26310 0.43831 2 - -
1.3862% 1.3862% 1.3862% 1.3862%
0.06034 3.53100 3.53100 1.46634 0.26236 1.09%861 0.40547
Zd.1ld048  Z.24191 0.343H6 Z.37646 3 - -
1.3862% 1.32862% 1.3862% 1.3862%9
0.06034 3.53100 3.53100 1.46634 0.26236 1.0% 861 0.40547
1.82247 2.39%915 0.44485 2.23812 4 - -
1.3862%9 1.32862% 1.3862% 1.3862%9
0.06034 2.53100 3.53100 1.46c634 0.26236 1.0%861 0.40547
2.12548 2.541%1 0.34386 2.37646 3 - -
1.3862% 1.238629% 1.3862% 1.38629
0.06034 32.53100 3.53100 1.46634 0.26236 1.0%861 0.40547
2.125348 2.541%1 0.324386 2.37646 6 - -
1.3862% 1.32862% 1.3862% 1.3862%
0.06034 3.53100 3.53100 1.46634 0.26236 1.0% 861 0.40547




HMMEE3/b [3.0 | March 2010]
NAME fastaZ.aln

LENG 459
ATFH DHNA
EF no
cs o

MAP yes

DATE Mon Dec 5 12:34:55 2011
NSEQ 10

EFFN 1.213820

CESUM 3507035756

STATS LOCAT, MSV -11.02353 0.698406
STATS LOCATL VITEREI -12.6201 0.6984¢
STATS LOCAT FORWARD -5.130¢c 0.6984¢
HMM iy C = T
m—>m med m-=d i->m 1B d-=m d-=d

CCMEPO 1.24650 1.353567% 1.2803531 1.4¢032
1.32862% 1.3862% 1.3862% 1.38625
0.06034 3.53100 3.53100 1.46634 0.26236¢ 0.00000 w

1 0.28370 2.41%11 2.07%66 2.25673 1 - -
1.328629 1.38629 1.3862% 1.38628%

Line 1: Match emission line

0.06034 32.533100 3.533100 1.46634 0.26236 1.09361 0.40547
2.1%18% 1.97227 2.26310 0.438321 2 - -

1.38625% 1.38625 1.38625% 1.38625
D.06024 3.53100 S.52100 1. 46634 0. 06236 1.009861 0.40047

Line 2: Insert emission line

1.28629% 1.38625% 1.3862% 1.38625
0.06034 2.53100 3.53100 1.46634 0.26236 1.05361 0.40547

Line 3: State transition line

4 1.82247 2.359%15 0.44485 2.23812 4 - -

1.38629 1.38629 1.38629% 1.386285

0.06034 2.533100 32.5332100 1.466324 0.26236 1.05861 0.40547
] 2.12548 2.541%1 0.32438B6 2.37646 5 - -

1.3862% 1.3862% 1.38e2% 1.3862%

0.06034 3.53100 3.53100 1.46634 0.26236 1.0%361 0.40547
= 2.12548 2.541%1 0.34386 2.37646 6 - -

1.328629 1.38625% 1.3862% 1.38625

0.06034 32.533100 32.533100 1.46634 0.26236 1.09361 0.40347



HMMEE3/b [3.0 |

Line 1: Match emission line

Line 2: Insert emission line

Line 3: State transition line

NLME fastaZ.aln
LENG 455
LT, FH DN
EF no .
the MAP annotation
cs no X
MAP  yes the RF annotation
DATE Mon Dec 5 12:34:59 2011 the CS annotation
NSEgQ 10 ... for this node
EFFN 1.215820
CESUM 3507035756
STATS LOCAL MSV -11.0255 0.69846
STATS LOCATL VITEREI -12.6201 0.6984¢
STATS LOCAT FORWARD -5.130¢c 0.6984¢
HMM iy C = T
m—>m m-ri m-—>d 1i->m i d—>m d—>d
COMPO 1.24650 1.59679 1.28051 1.46032
1.3862% 1.38629 1.38629% 1.38629%
0.06034 3.53100 3.53100 1.46634 0.26¥3 0.00000 -
1 0.38370 2.41911 2.07%66 2.256732 1 - -
1.38629% 1.38629 1.38629 1.38629%
0.06034 3.53100 3.53100 1.46634 0.26236 1.09861 0.40547
2.15189 1.57227 2.26310 0.43831 2 - -
1.38629 1.38629 1.38629 1.38629
i . Depze 3 53100 3 5ai0h ] dec3d4 0 2er3g | 0961 0O A0547
1.38625% 1.38629 1.38629 1.38629%
0.06034 3.53100 3.53100 1.46634 0.26236 1.09861 0.40547
4 1.82247 2.39915 0.44485 2.23812 4 - -
1.38629 1.38629 1.38629 1.38629
0.06034 3.53100 3.53100 1.46634 0.26236 1.09861 0.40547
5 2.12548 2.54191 0.34386 2.37646 5 - -
1.23862% 1.38629 1.3862% 1.3862%
0.06034 3.53100 3.53100 1.46634 0.26236 1.09861 0.40547
6 2.12548 2.54191 0.34386 2.37646 6 — -
1.38625% 1.38629 1.38629 1.38629%
0.06034 3.53100 3.53100 1.46634 0.26236 1.09861 0.40547

March 2010]




hmm=search ::
HMMER 3.0 (March 2010); http://hmmer.org/
Copyright (C) 2010 Howard Hughes Medical Institute.

o ke Rt

query HMM file: 1=2200.hmm

zearch profile(=) against a sequence database

Freely distributed under the GNU General Public License (GFLv3).

Sequence

271076
446265
307385
637246
864041
1082125
10853237
1178594
1235316
1367421
3122530

271534
446723
307843
657704
864455
1082583
1083795
1179052
1235774
1367875
3122988

¥ target seguence databasze: St_test.dna
.5
Cuery: fastaZ.aln [M=455%]
Score= for complete =sequences (score includes all domains):
——— full seguence ——-— ——— best 1 domain —-- —#dom-—
E-value =score bias E-value =score bias exp N
0 &700.2 173.8 2e—-176 574.1 2.1 12.5 12
Domain annotation for each sequence (and alignments):
>>» selected bases
¥ score bias c¢-Evalue i-Evalue hmmfrom hmm to
1 ! 573.1 3.2 4e—-176 4=-176 1 459 []
2 1 573.0 3.0 4.3e-176 4.32e-176 1 459 []
3 ! 568.7 3.6 B8.5e-175 8.3e-175 1 459 []
4 ! 574.1 2.1 2e—-176 2e-176 1 459 []
a ! 574.1 2.1 2e—-176 2e-176 1 459 []
& ! 574.1 2.1 2e—-176 2e-176 1 459 []
71 574.1 2.1 2e-176 2e-176 1 459 []
8 ! 566.2 4.5 4.5%e=-174 4.%e-174 1 459 []
3! 574.1 2.1 2e—-176 2e-176 1 459 []
10 ! 570.5 4.% 2.5e-175 2.5e-175 1 459 []
11 ! 566.2 4.5 4.%e=-174 4.%e-174 1 459 []
12 ! 481.9 4.2 1.5e=-148 1.%e-148 1 459 []

35515316

3551974

271076
446265
3507385
657246
864041
1082125
1085337
1178554
1235316
1367421
3122530
3551516

271534
446723
507843
637704
864455
1082583
10837595
1179052
1235774
1367875
31229818
35515974

acc
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00



score: The bit score for this

domain.

¥ hmm=earch :] =search profile(=s) again=st a sequence database

# HMMER 3.0 (March 2010); http://hmmer.org/

# Copyright () 2010 Howard Hughes Medical Institute.

# Freely distributed under the GNU General FPublic License (GPLwv3) .

5

¥ query HMM flile: 1=2200.hmm

¥ target seguence database: St_test.dna

.5

Cuery: fastaZ.aln [M=455%]

Score= for complete =sequences (score includes all domains) :
——— full geguence ——-— ——— best 1 domain —-- —#dom-—

E-value |score bias E-value =score bias exp N Sequence Description
0 e700.2 173.8 2e-176 574.1 3.1 12.5 12 belected bases

Domain annofation for each sequence (and alignments):

>> selected | bases
¥ zcore bias c¢-Evaluse i-Evalue hmmfrom hmm to alifrom ali to envirom
1 ! 573.1 3.2 4e-176 4e-176 1 459 [] 271076 271534 271076
2 ! 5373.0 2.0 4.3e-17e 4.32e-17¢ 1 4535 [1] 445265 445723 445265
3 ! 568.7 5.6 B8.5e-175 B8.3e-175 1 455 [] 5073285 507843 507385
4 ! 574.1 3.1 2e-176 2e-176 1 459 [1] 637246 637704 637246
2! 574.1 3.1 2e-176 2e-176 1 45359 [] 864041 864455 864041
e ! 574.1 3.1 2e-176 2e-176 1 455 [] 1082125 1082583 1082125
7! 5374.1 3.1 2e-176& 2e-176& 1 43% [] 10833237 1083537535 1083337
g ! 56&6.2 4.5 4.5%=e-174 4.5=-174 1 45% [] 11785%4 1175052 1178554
9 ! 35374.1 3.1 2e-176 2e-176 1 459 [] 1235316 1235774 1235316
10 ! 570.5 4.9 2.5e-173 2.5e-173 1 455 [] 1367421 13678795 1367421
11 ! 566.2 4.3 4.8e-174 4.5=-174 1 459 [] 3122530 31225818 3122530
1z ! 481.5 4.2 1.5e=e-148 1.%5e=-148 1 455 [] 25531516 3551574 3551516

271534
446723
507843
637704
864455
1082583
10837595
1179052
1235774
1367875
31229818
35515974

acc
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00



score: The bit score for this
domain.

¥ hmm=earch :] =search profile(s
# HMMER 3.0 (March 2010); http:
# Copyright () 2010 Howard Hug
# Freely distributed under the
7 S = R
f query HMM flile:

¥ target seguence database:

F - - - - -

Cuery: fastaZ.aln [M=45%
Scores for cgmplete sequences

——— full geguence ——-— e —#dom-—
E-value |score bias —value score bilas exp N
0 pe700.2 173.8 2e—-176 574.1 2.1 12.5 12
Domain annofation foy each sequence (and alignments):
>> selected | bases
¥ score bias c-Evalue i-Evalue hmmfrom hmm to
1 ! 573.1 3.2 4e—-176 4=-176 1 459 []
2 1 573.0 3.0 4.3e-176 4.32e-176 1 459 []
3 ! 568.7 3.6 B8.5e-175 8.3e-175 1 459 []
4 ! 574.1 2.1 2e—-176 2e-176 1 459 []
a ! 574.1 2.1 2e—-176 2e-176 1 459 []
& ! 574.1 2.1 2e—-176 2e-176 1 459 []
71 574.1 2.1 2e-176 2e-176 1 459 []
8 ! 566.2 4.5 4.5%e=-174 4.%e-174 1 459 []
3! 574.1 2.1 2e—-176 2e-176 1 459 []
10 ! 570.5 4.% 2.5e-175 2.5e-175 1 459 []
11 ! 566.2 4.5 4.%e=-174 4.%e-174 1 459 []
12 ! 481.9 4.2 1.5e=-148 1.%e-148 1 459 []

best 1 domain —-—-

The biased composition
(null2) score correction that
was applied to the domain bit
score.

//hmmer.org/
hes Medical
GNU Genera

natitute.

St/ test.dna

]

core includes all domains) :

Public License (GPLwv3).

Sequence Description

271076
446265
307385
637246
864041
1082125
10853237
1178594
1235316
1367421
3122530
35515316

271534
446723
307843
657704
864455
1082583
1083795
1179052
1235774
1367875
3122988
3551974

271076
446265
3507385
657246
864041
1082125
1085337
1178554
1235316
1367421
3122530
3551516

271534
446723
507843
637704
864455
1082583
10837595
1179052
1235774
1367875
31229818
35515974

acc
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00



hmmsearch :
HMMER 3.0
Copyright (
Freely dist

zearch profile(=

arch 2010); http://hmmer.org/
) 2010 Howard Hughes Medical
ibuted under the GNU Genera

nstitute.
Fublic License (GPLwv3)

o ke Rt

query HMM flile: i=2

¥ target seguence database: St/test.dna

T | = = ==
Cuery: fa=staZ.aln [M=455%]

Scores for cgmplete sequences core includes all domains) :

——— full geguence ——-— —-—7 best 1 domain —-- —#dom-—
E-value |score bias —value score bilas exp Sequence Description
0 e700.2 173.8 2e—-176 574.1 ) 12.5 12 bElECtEd bases

¥ score biaz c-Evalue i-Evalue hmmfrom hmm to alifrom ali to envfrom env to acc
1! 573.1 5.2 4e—-176 4e—-176 1 455 [] 271076 271534 .. 271076 271534 .. 1.00
2 573.0 5.0 4.3e-176 4.3e-17¢6 1 455 [] 440265 446723 .. 446265 446723 .. 1.00
3 ! 568.7 5.6 B8.5=-175 B8.5e-175 1 455 [] 507385 507843 .. 507385 507843 .. 1.00
4 | ST74.1 5.1 2e-176 2e-176 1 459 [1] 657246 ©37704 .. 637246 637704 .. 1.00
3 | ST4.1 5.1 2e-176 2e-176 1 459 [] 864041 864455 .. HBe4041 BH64495 .. 1.00
o ! ST74.1 5.1 2e—176 2e—-176 1 45% [] 1082125 1082583 .. 1082125 1082583 .. 1.00
7 ST74.1 5.1 2e—-17& 2e-176 1 455% [] 1085337 1085755 .. 1085337 1085755 .. 1.00
g ! S566.2 4.5 4.5%=-174 4.5=-174 1 459 [] 11785%4 1175052 .. 11785%4 1175052 .. 1.00
9 | ST4.1 5.1 2e-176 2e-176 1 459 []1 12333216 1235774 .. 123531e 123353774 .. 1.00
10 ! 270.5 4.9 2.5e-175 2.5e-175 1 455 [] 12367421 1367875 1267421 1367879 1.00
11 ! Se6.2 4.5 4.5%=-174 4.5e=-174 1 455 [] 2122530 3122588 3122530 3122588 1.00
12 ! 481.5 4.3 1.5e-148 1.5e-148 1 455 [] 3551516 32551574 3551516 2551574 1.00



hmmsearch :
HMMER 3.0
Copyright (
Freely dist

zearch profile(=
arch 2010); http://hmmer.org/
) 2010 Howard Hughes Medical Anstitute.

ibuted under the GNU Genera) Public License (GPLv3)

query HMM flile: 1=200 . hmm

o ke Rt

¥ target seguence database: St/test.dna
A S = ==
Cuery: fa=staZ.aln [M=455%]

Scores for cgmplete sequences core includes all domains) :

——— full sequence —-—-— ——~ best 1 domain ——— —¥dom—

score bilas —-value score bilas

2e—-176 574.1

¥ score biaz c-Evalue i-Evalue hmmfrom hmm to alifrom ali to envfrom env to acc
1! 573.1 5.2 4e—-176 4e—-176 1 455 [] 271076 271534 .. 271076 271534 .. 1.00
2 1 573.0 5.0 4.3e-176 4.3e-17¢6 1 455 [] 440265 446723 .. 446265 446723 .. 1.00
3! 568.7 5.6 B8.5=-175 B8.5e-175 1 455 [] 507385 507843 .. 507385 507843 .. 1.00
4 |1 ST74.1 5.1 2e-176 2e-176 1 459 [1] &37246 ©37704 .. 637246 637704 .. 1.00
3! ST4.1 5.1 2e-176 2e-176 1 459 [] 864041 864455 .. HBe4041 BH64495 .. 1.00
o ! ST74.1 5.1 2e—176 2e—-176 1 45% [] 1082125 1082583 .. 1082125 1082583 .. 1.00
71 ST74.1 5.1 2e—-17& 2e-176 1 455% [] 1085337 1085755 .. 1085337 1085755 .. 1.00
g ! S566.2 4.5 4.5%=-174 4.5=-174 1 459 [] 11785%4 1175052 .. 11785%4 1175052 .. 1.00
g9 1 ST4.1 5.1 2e-176 2e-176 1 459 []1 12333216 1235774 .. 123531e 123353774 .. 1.00
10 ! 270.5 4.9 2.5e-175 2.5e-175 1 455 []1 1367421 1367879 .. 1367421 13678795 .. 1.00
11 ! Se6.2 4.5 4.5%=-174 4.5e=-174 1 4559 []1 2122530 3122588 .. 3122530 23122%88 .. 1.00
1z ! 481.5 4.3 1.5e-148 1.5e-148 1 455% [] 3551516 3551574 .. 3551516 2551574 .. 1.00



hmmsearch :
HMMER 3.0
Copyright (
Freely dist

zearch profile(=
arch 2010); http://hmmer.org/
) 2010 Howard Hughes Medical Anstitute.

ibuted under the GNU Genera) Public License (GPLv3)

query HMM flile: 1=200 . hmm

o ke Rt

¥ target seguence database: St/test.dna
A S = ==
Cuery: fa=staZ.aln [M=455%]

Scores for cgmplete sequences core includes all domains) :

——— full sequence —-—-— ——~ best 1 domain ——— —¥dom—

score bilas —-value score bilas

2e—-176 574.1

# score bilas c¢—Ewvalue 1-Evalue hmmfrom hmm to alifrom ali to envifrom env to acc

11! 573.1 3.2 4e—-176 4e-176 1 45% []1 271076 271534 .. 271076 271534 ..

2 1 573.0 3.0 4.3e-176 4.32e-176 1 45% [] 446265 446723 .. 446265 446723

3! 568.7 3.6 B8.5e-175 8.3e-175 1 459 [] 507383 507843 .. 507385

4 1! 574.1 2.1 2e—-176 2e-176 1 45% [] 657246 637704 .. 657246

a ! 574.1 2.1 2e—-176 2e-176 1 45% [] 6864041 864459 .. §Ho64041

& ! 574.1 2.1 2e—-176 2e-176 1 45% [] 1082125 1082583 .. 1082125

71 574.1 2.1 2e-176 2e-176 1 45% [] 1085337 10853755 .. 1085337

8 ! 566.2 4.5 4.%-174 4.%e-174 1 45% [] 11785%4 1175052 .. 1178554

91! 574.1 2.1 2e—-176 2e-176 1 45% [] 1235316 1235774 .. 1235316

10 ! 570.5 4.3 2.5e-175 2.5e-175 1 45% [] 1367421 1367875 .. 1367421 1367873

11 ! 566.2 4.5 4.%=-174 4.5%e=-174 1 45% [] 3122530 3122%88 .. 3122530 3122%38 .. 1.00
12 ! 481.%9 4.3 1.5e=-148 1.%e-148 1 45% [] 35515316 3531574 .. 3551516 3551574 .. 1.00



hmmsearch :
HMMER 3.0
Copyright (
Freely dist

zearch profile(=
arch 2010); http://hmmer.org/
) 2010 Howard Hughes Medical Anstitute.

ibuted under the GNU Genera) Public License (GPLv3)

query HMM flile: 1=200 . hmm

o ke Rt

¥ target seguence database: St/test.dna
A S = ==
Cuery: fa=staZ.aln [M=455%]

Scores for cgmplete sequences core includes all domains) :

——— full sequence —-—-— ——~ best 1 domain ——— —¥dom—

score bilas —-value score bilas

2e—-176 574.1

# score bilas c¢—Ewvalue 1-Evalue hmmfrom hmm to alifrom ali to envifrom env to acc

11! 573.1 3.2 4e—-176 4e-176 1 45% [] 271076 271534 ..

2 1 573.0 3.0 4.3e-176 4.32e-176 1 45% [] 446265 446723 ..

3! 568.7 3.6 B8.5e-175 8.3e-175 1 459 [] 507385 507843

4 1! 574.1 2.1 2e—-176 2e-176 1 45% [] 657246 657704

a ! 574.1 2.1 2e—-176 2e-176 1 45% [] 6G64041 6864455

& ! 574.1 2.1 2e—-176 2e-176 1 45% [] 1082125 108258

71 574.1 2.1 2e-176 2e-176 1 45% [] 1085337 108537 1085337

8 ! 566.2 4.5 4.%-174 4.%e-174 1 45% [] 11785594 1178554

91! 574.1 2.1 2e—-176 2e-176 1 45% [] 1235316 .. 1235316

10 ! 570.5 4.3 2.5e-175 2.5e-175 1 45% [] 1367421 -- 1367421 1367873

11 ! 566.2 4.5 4.%=-174 4.5%e=-174 1 88 .. 1.00
12 ! 481.%9 4.3 1.5e=-148 1.%e-148 1 .. 1.00



hmmsearch :
HMMER 3.0
Copyright (
Freely dist

zearch profile(=
arch 2010); http://hmmer.org/
) 2010 Howard Hughes Medical Anstitute.

ibuted under the GNU Genera) Public License (GPLv3)

query HMM flile: 1=200 . hmm

o ke Rt

¥ target seguence database: St/test.dna
A S = ==
Cuery: fa=staZ.aln [M=455%]

Scores for cgmplete sequences core includes all domains) :

——— full sequence —-—-— ——~ best 1 domain ——— —¥dom—

score bilas —-value score bilas

2e—-176 574.1

# score bilas c¢—Ewvalue 1-Evalue hmmfrom hmm to alifrom ali to envifrom env to acc

11! 573.1 3.2 4e—-176 4e-176 1 459 271534 ..

2 1 573.0 3.0 4.3e-176 4.32e-176 1 4 [1] 446723 ..

3! 568.7 3.6 B8.5e-175 8.3e-175 1 39 [ 307843

4 1! 574.1 2.1 2e—-176 2e-176 1 4 [1] &37246 637704

a ! 574.1 2.1 2e—-176 2e-176 45% [] 6G64041 68644595

& ! 574.1 2.1 2e—-176 2e-176 45% [] 1082125 108258

71 574.1 2.1 2e-176 2e-17¢ 1 45% [] 1085337 108537 1085337

8 ! 566.2 4.5 4.%=-174 4.%e=-174 1 45% [] 11785594 1178554

91! 574.1 2.1 2e—-176 Y76 1 45% [] 1235316 .. 1235316

10 ! 570.5 4.3 2.5e-175 e-175 1 45% [] 1367421 -- 1367421 1367873

11 ! 566.2 4.5 4.%e-1 4.9e-174 1 88 .. 1.00
1z 1! 1 .. 1.00




o ke Rt

hmmsearch :
HMMER 3.0
Copyright (
Freely dist

zearch profile(=
arch 2010); http://hmmer.org/
) 2010 Howard Hughes Medical Anstitute.

ibuted under the GNU Genera) Public License (GPLv3)

query HMM flile: . hmm
¥ target seguence database: St/test.dna
A S = ==
Cuery: fa=staZ.aln [M=455%]

Score=s for c

core includes all domains) :
best 1 domain —-—- —¥dom—

plete sequences
——— full sequence —-—-— -

score bilas —-value score bilas

2e—-176 574.1

c—Evalue i1-Ewvalue hmmfrom hmm to alifrom ali to envifrom env to acc

11! 573.1 3.2 4e—-176 271534 ..
2 1 573.0 3.0 4.3e-176 446723 ..
3! 568.7 3.6 B.5e- 307843
4 o274.1 2.1 [1] &37246 637704

45% [] 6G64041 68644595
45% [] 1082125 108258
45% [] 1085337 108537
45% [] 11785594
45% [] 1235316

1085337
1178554
.. 1235316

[ R TR SO

10 4.3 2.5e-175 e-175 45% [] 1367421 -- 1367421 1367873
11 ! 566.2 4.5 4.%e-1 4.9e-174 88 .. 1.00
12 ! 481 .. 1.00




