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False positives

Features of real genome alignments: low-complexity DNA,
repetitive sequence, microsatellite expansions, big indels...

AUARAUCAGARAU-AUAUAUGCGCGUUCAR--

GGAGCAGAGGCUCUGGCAG---CUUL-GCAGCG-LL AUARACGAGAARALU-AUAUARUACGCCULCCG--
AALCCACUI

GGAGCAGAGGCUCUGGLAG---CUUUU-GCAGCG-UU AUARARCAUGAARALU-AUAUAUACGCAUUCCG--
UGUGGGAGAAGCUCUGGUAGLUU--UUCA--UACGUGLACAUARUCUALAUAUALAUAGCUAUALAUGUALAUAUALCGALLAUAULALUALUA-UAUGUAUACGUGAUCCACA

AUAGC--UUUAU-AUAUARLGCGAUULCGG--
AUARARCAARGAAAL-AUAUAUACGCAULCCG--

UAUGCGCGUUCCACA
AUAGCAARGAARAL-AUAUAUACGCCULCCG--




False positives

Features of real genome alignments: low-complexity DNA,
repetitive sequence, microsatellite expansions, big indels...
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False positives

Features of real genome alignments: low-complexity DNA,
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False positives

Features of real genome alignments: low-complexity DNA,
repetitive sequence, microsatellite expansions, big indels...
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False positives

Features of real genome alignments: low-complexity DNA,
repetitive sequence, microsatellite expansions, big indels...
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GGAGCAGAGGCYCUGGE
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We don’t want to just mask these out; they
could be real. Instead, we simulate such E0h
processes, to estimate their effect on our
false positive rate.



sensitivity (annotated ncRNA recovery)

1.0

0.8

0.6

0.4

0.2

0.0

OCONO0ONRON

Pfold

Dinuc
PfoldRetrained
SymmetricStemGaps
NoStemGaps
ClosingBp

GapLinks

GapSub

0.0

0.2

I I
0.4 0.6

0.8

estimated false positive rate

1.0

ROC curves
comparing
ncRNA
genefinding
grammars

Simulations:
GSIMULATOR



Genome-wide scan, ClosingBp
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Evolution of RNA structure

Loop sequence

I

L AGGCGSAUS A

douanbas wag

Loop sequence

douanbas wNg

Holmes, 2004



lowed mutations

(D (2)

LAGGCSAUSA

LAGCCSAUSHA

LSUAGCSAUA LUAGCSAUSHA LUAGCSAUSHA




Structure Tree pair rules

Rule lhs — rhs Pla) P(d|a)
1 L1 — XaYdLl R1P1 (X) (1 — B] )a1]\[1 (X, Y)
2% | YdLl 1 /Blpl(y)
3 | XaL2 K,lpl(z‘{) (1 — ﬁl) 1-— Ckl)
4, | SlLl R1P1 (S) (1 — 51)(11
5. | Sal4 | B1p1(S)
6. | SgLQ /‘{,1])1(5) (1-61)(1-0&1)
T | € 1 — Ky 1 -/
8. Sl — WaYdSIZan hg])g(LVX) (1 — Bg)agj\fg(u/'X, YZ)
9. | Ydled 1 /32p2(YZ)
10 | "VQS‘ZXa f‘/vsz("VX) (1 = ﬁg)(l = CYQ)
11. | Ly 1 — ko 1 — /s
12 L2 — XaYdLl /ilpl(X) (1 —")/1)041]\[1(X,Y)
13 | YdLl 1 Y1P1 (Y)
14. | XaLg hlpl(X) (1 —’)’1) 1 —al)
19; | SlLl K1P1 (S) (1 — ’)"1)051
16. | S4L1 1 ’71])1(5)
1.7, | S3L2 nlpl(S) (1—’)’1)(1—(){1)
18. | € 1— K1 1-— Y1
19. Sg — I/VaYdSlZan lﬁ,gpg(LVX) (1 = ’)Q)Oég]\[g(”fX, YZ)
20. | YdSl Zd 1 ’)’gpg(YZ)
21. | WS X, kop2(WX) (1 —2)(1 —az)
22, | Ll 1-— ) 1— Y2
23. L3 — XaL3 fi,lpl(X) 1
24. | S3L3 R1P1 (S) 1
25. | e 1 —ify 1
26. Sg — VVaSgXa I‘{,gpg(LVX) 1
2 15 | L3 1-— Ko 1
28. L4 — YdL4 1 R1P1 (Y)
29. | S4L4 1 R1P1 (S)
30. | e 1 L. == sy
31 54 — YdS4Zd 1 Iigpg(YZ)
32 | L4 1 I — Ko

Pair SCFG
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Constrained Sankoff

c Ay . G A .
R D. melanogaster A G D. virilis ”
(o3 G u
A AN N, A @ "¢ ANy o U
A \
c U/ G 40 \\U U /AG. U
C/ CU 50 UuU VA c v, c " A 1] U\ N A
s © u u A Co/ VU U u A
GV G 70 7V CA\ GgU
. C\ AU A /s U
GA/ /GCA G \ ¢ AG. \
G
I . 11| e
G A
A—Uy A—U
G—C 80 G—C
20 G—C G—C
u.Gg Au U—A
c c GAGG—C ACAUAA
u—a , A
I c-c
G—C 90
A—U
c—G
U-G
10 A—U
e Pair HMM

v

Single Pairwise Single
sequence primary sequence
folding alignment folding

o l l

o(L3)
Single SCFG

Likelihood,

Pairwise alighment & folding
Pair SCFG

Multiple sequence alighment

branch length



200

400

0

Dotplots

100 200 300 400

llllllllllllllllllllllllllllllllllllllllll




AAMCCAGCHMCMGGAGCAGAGGCMCMGGCRAGC GCRAGCEH AMABAACAMGAARAMAMAMANACGCAMICCGAMCAAAG CIIGGG
| B B I m n _ | _ | |

S e U e S tem m e m

A
. B e B B & s B ___ __&B__ B N | -2

N EeEs - s B 2. 0 H EEEE E

\I\H BN R S i

. a __ E. =Es | EEEEER

-H.IT.IT-_ IT ... @ EEEEER
IIIIII_II_III-.I - I.-III_I-

OD!ODQ OREOCOODDODDOORD

ooo::
J
ODD

I

()

TET

‘BB s B B s =2 B B BB B | -G
'3 N B B i =&k HE BB NN D NN Em I .G

)
1

oODODD
el

l
GC

I E .
_llllll_.l_ll
-I H . -

H .I I .-..
. II l III III Il_ll I_ [

G GGWBGFHGC C GGCRGC HHGCG

G 03 67 O G 020 8 20 8 20 i D
O

ol _ililil N N
@00 00 EOEDEDED

u
[
[
u
[
Z B HEHEEEEREEREE

*H N
*H EN
°H -

(2]
o
()

ODOO
oODOO

CCACHEAC A ccC

e
e
(7
(2]
e
e
e
o
o
()
o




AAMCCAGC GGAGCAGAGGC GGCAGC GCAGCG AUNANAACANGAARANANANANACGCAH CCGAMCARARGCINGG G

OB oDDoDD o o=
CECoDDoDDe oS

G
G
C
A
G
C

Lyl « Lo g ey ]

A A
A A
G G
C c
G &
A A
A A
A | A |
A A
A A
A A
G G
C e
G G
C C
G &
C C
c c
A [
C C

GMIGGARAGARARAGC GGCAGC AAGCG AUAUAAGAG ANANANANGCGCG CCACBMACGCAH CARAGCIMGG G



Dotplot vs. self: inverted
repeat
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Purine riboswitch

<2
. )
Lo
U..m_“C
CGC
CGG
3
3 o =@ &>
AUGAGUAU p :
AACUCGUAU 8 UU
Aw <L CG%
o (N
NS
OS>
o w0
.
<L
AUA



ICAAMAMG GGRMGAGGGIMCHMCINACHG GIACC G MARAAC CIAGCIBACGHARAGHANGCHG ARG

IC A CAAGG HACARMARGHMARGICHG CAGHGAGH IRAMCGAG CUCAACACIIC]

saaa (G AAANCG | I E AlGIC GG AR
a
a

AAMC CICIICAAMAMGGGAMGAGGGMCMCIACAGGIACCGMARAMACCHAGC AAAAGAANGCHG A ARG

[coBODRORORC - 0D0RD00oBIEDDORORC ORDEDE - BRI OB«

E}ﬁﬁa
s

&
&




saaa G AAMANC G| 4A C IO | HACARMARGIMARGICHG CAGIGAGA) AAMIC GAGC ICHAMANGGGAMGARGGGUCICIMACAGGIACCGIAARMACCHMAG CIACGCARAARG AR A AG )

HAUCGRGCUCHACHCHCY 3 ICUICAAMAMGGGAMGAGGGEC

IRAAMACCUAGCHMACGRARRAGAA A A UG

OEODODDO)

CRCROCoR0RD0 00 BIEDDOROROORIEDE - O]

> B 0

&

&
&




U2 spliceosomal RNA

o
O
W 5
<L GU U.nn
% 3 CAU
3 & .
ACUGGG GG%
xUW g =555
o 0L o o)
W 9 « <
b S0 5
O™ e .
RONCYITRR. 2
oo R S5 s
SO 2
O S
. O >
oy GUMCG S
‘o< & % G.CGAG
O 9 % SRS
&3 N
O o< <« < »
o (&) < - -
> &g B !
= UG ® <=
=53 " L \
2 ¢y I <
< % D D



icecosomal RNA
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