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Small subunit ribosomal RNA and the tree of life

e 1977 - Carl Woese decided to classify all

living things phylogenetically

e needed “a molecule of appropriately
broad distribution” for comparative

analysis

e SSU rRNA was chosen
— universally distributed
— highly conserved

— large enough to provide
data (1500-1800 nt)

— readily isolated

sufficient
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Universal conservation of SSU rRNA

Methanococcus vannielii

Escherichia coli Zea mays

utha y
e g8 i
b i §
8= = ;
STS, 5 Ve U Rceace  coous—cccuaustUCedacuuucy, § S0, AAC, € Ccucas—ceuleuartUacey * vecosace e,
A A, o VUG A% i o6 L Tire  T00InIn Toiri-1ir¢ i Aol GuaucanaShcd i P AT T e s
& cCo ue Y feensd” oyun—uccusuey Vsl Eecue rued LevuoonashceiY Mac o Sentadlls  eadan ssadlll,  aXAieiiNid ¢ 2R vt o gdbly sialil bl Ll
pruse  AususeasShaut e %ca, oousebis  abbidy AdGAAAY, b6 &ilge & ole Liinitioin el R 8§ g% ¢ e 8 i T § R
& -l T<i1r1e ol s UA ] a foeey U p A o Vg6CG, | gBOOATEUC,yGe, (A €G] oy G A X . 2 g 4 N
0088, | QUOBACEUL, 40A, | (& GO Azy A8 & e s-g FEE H e % s H ¢
v g-c A6 i A A . AZU 6= e=c g o & 4% g I
|- ‘s uf s=¢ &7 = N A=, A58 g . 2 e alrSuy K ']
=t} Ged 8vi 8¢ I H 52§ g hge s 5 -
3z¢ A4, 628, Adg W80 5 H 5=8 H S o £
T8 vy bom 822 8.8 's 828 ] 3 ) {i o
At uooa M y-a 8¢ age g e 8¢ 8 £ i ay b
b e e - = 485 ¢ 8 H i f
oo g g u’e é-Us =4 GoR 3 H o £ A “ g
it =] 8¢ g=ei A=y 8§ Iy g Y § 3 3 g
55 £e S2% feTy A i < £ § 8 g
cogt FO AUGGAUUGS 0:g sze cé 3 s
§=f A St e EIE B & g
6—¢c c-g AGCUUUC, 7 g-c U i Y <
R ° ane s Non UaZS s o §oa § cVasscagavcauetecand
£ 4 " 8-¢ AACCAGAGE UGGCAGGOA GUGCUGGAL o ¢ Al eecce0s
o-c L NTR % e s PrrreIr oY
o . L ooa o-c o/ y IRt [ A H A ohuadese hon AELLs
Accussost Suecaucuoelpocrse & i 5, S besastue] goseldied Al § v 8 apgcieEa, .
ST e TR T G K fif it n & o R
Uco86000g QUSUASAGU OBIUGUUUGs U . ETE s Mgzt ceasesyccarseascucanced Jorg S
b7 Cs' e W A DA i o ohudsacts 4 *
A Re® /Sacd n WO couy A " secsl, Sesus o s P
o ¢ !\ Wl oot
S K s s SoWA AR
o K oei L = s
\ I ACIONA NeSeh 4 & oucs, =5 A 13
achnaszE, N rveess ek E AT
SN 5=¢ Mo ¢ AVt 8 Yt g X 2Ency pRnarn
e A 2zd S Bk A e LN e ™
cg! 8¢ ARRGAN i 20,8 LY LRV Y %
Azg FARWE e Ay (tANeCAAR s, %, heo® Nieea 8
228 A AN u Y o
sz 3 3, - v 8 o8 ° s
854 oaar’ 0/ 2 o oo n i E A TN
Ga AR nn’ % o AR SO, susucuseuntuud RS H 0 p %%
5T Rt A " od s AR GRS ] gerenT e R i eyl A&
e ccllc, 3 Yac6ca06ccAU ARCAA LA e Y LS A, 0l
<o Neu @831 "9 e colvccucdy U Y é Ay U o e leyel
ug, 2 Gy AASEENT A ) Vlheu, b & S Cu, o Ao, 5 5 e Tk WA
PAAuuG A ccBascael he AR YU [ ooty X Q B Vool 1 = S, Sk ok
csSUad)  IT - Tl e A ASC v c LY A g oY AR T P T )
<4 U Atusluccesst be 3 gill 3 S an oy Aok Acsoae PRI LUTEER S (T X}
A A ] cGu, g=¢ 6% Sye it = A, Yelu
o ¢ Sl j G el &% 8 oty
< gacvluet ¢ e 5 g%, ¢ S 4z Aaucey ¢ > N ¢t
X 5 A & §-ob LY S=% = ¢ H Yuan
[ 1 % [ 6 A G=C  UAGCCGUAGGG, c Yy o} ¢ A
veces  wAvsuge  C 8 Al AAouace A coor STH UG e R i3 8
Paaar® o 6 g gak, At & o obibedabitn ok 878 28 ¢
Al A [ cEACSULS Lod S ¢ @ $
N &% N i 28" uaaccouasee, AZU 0 can A8 ¥
jroccushuaeactin K | 2-¢ e €28 < Ae “
Solosel Acain L3 £ G guuseceuc y §58 £ %,
oot 8 H g2§ ¢ %
AZ§ 0§ e maC =6 U . het v vs,
= & g 8¢ £y, & 080" ety
o Acs ¢ ca ] G Liefy ERT T T
i 8%8 € 5%, 8% ouctonsd, o bia, db, S
A . Serlonacn azs | 20uuen o " e
G-¢c ¢ /% ¥ A P '
ST € e g VO Vo o g 4
“ .8y ACG o Ay ¢ R 1fee de
A% v o PRI sulhusouy, 8
U758 qon : o &, AT Lalinine 8 iz 4 :
o/t A iy #.5uchCeasy COBUACCGG &= 3
¥4 g LN 3 [ SR ¢
AC = A g An Y A e o “ 8= ooy :
£ oueend el tacarnannse, 8 0AIT Stog IO A E g
g oIy Fet ot L1r-T1nrnl ¢ d 82 o 3
2 BychRGayS €56 UGASA GUCUUUCUUCG I §* §_t
K T B Lo g €= 2=t
oy AUl e s A § s
el S AN A < i ) .
S )i Sweec 2 g H) s
< o o &= Yoy
528 3 sy :
2=t v 625
8-y £ 8
8¢ RN
Aele £ .
678 gtdbe ity
RE y,
2 I3
¢ $
€28 5
i ¢ §
A ¢
STy 3
AosAGUC A* A
& 2R
RIS
e
S

Secondary structure diagrams from:
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Environmental surveys target SSU

e Mmid 1980s - Norman Pace develops methodology for
determination of SSU sequences without cultivation

e Mmany different environments have been surveyed

e known biodiversity has been greatly expanded:

— recognized bacterial phyla:
11 in 1987, 36 in 1998, 52 in 2003, 67 in 2006...

e SSU databases contain millions of sequences:

name # seqs F# citations
Silva 3.2M 1125
RDP 2.6M 1170
Greengenes 1.0M 1012

Silva: Pruesse et al., 2007 NAR 35.21:7188-96
RDP: Cole et al., 2009 NAR 37:D141-45
Greengenes: DeSantis et al., 2006 AEM 72:5069-72
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T he comparative analysis step:
Alignment and Phylogenetic Inference

SSU sequences

Goals of the alignment program:
- accurate: because alignment errors confound
phylogenetic inference

alignment - scalable to handle up to millions of seqs
program and fast:
SSU alignment Information that can help:

——-——--—=-——=-= - many known sequences

S ——T——— T - manually curated SSU alignments

——————— — - known secondary structure of SSU

;

tree building

program

SSU tree



De novo multiple sequence alignment methods assume very little

hierarchical clustering
(minimum spanning tree,
UPGMA)

NA2 distance > guide
matrix tree

NA2 comparisons

&)airwise alitgnrr;ent, l progressive alignment
-mer counting ’

input sequences: -, aligned sequences

Assumption:
These sequences are homologous.

alignment polishing

Drawbacks for SSU alignment:
1. Won't scale to millions of seqgs (O(N”2))
2. Ilgnores previous knowledge of SSU



A trusted (probably manually curated) reference alignment can help

"nearest neighbor" alignment:

new sequences:
trusted alignment: } N seqs

<— ?
M T 1.Find nearest neighbor

seqs

? ‘ 2. pairwise alignment
to nearest neighbor
3.Add to new —_————————————

alignment /

Advantages over de novo:
1.More scalable (O(MN))
2. Uses existing, trusted SSU alignment

Drawbacks:
1.Still slow if M is large (~5000 for Greengenes)

2. Pairwise alignment ignores varying conservation
across alignment



Profile-based alignment is O(N)

trusted alignment ("seed”):

i

> profile

new sequences:

alignment ¢

Advantages over de novo and nearest-neighbor:
1.Scalable (O(N))

2. Uses existing, trusted SSU alignment

3. Uses position-specific scores

Drawbacks:

1.0nly consensus positions are aligned, other
nucleotides are inserted

2. Ignorant of phylogeny



Profiles have position-specific scores
(substitutions, gap open, gap extend)

e G5

123 456 789 1011

yeast GUCaUUCGGC. ..

fly GCC.UU—GGA...GC
cow GCA.UUCGUC...-C
mouse GCA.UU-GAU...GC

human GCGaUUCGCU. . .GC
chicken GUA.UUCGUA...AC

snake GUGAUUCGCG. . .AC
croc GUU.UU-GAG. . .AC
worm G-G.UUCGCGccaAC



Profiles HMMs are probabilistic profiles built from alignments

yeast aUUCGGC. . .AC
fly .UU-GGA...GC
cow .UuCGucC...-C
mouse .UU-GAU...GC
human aUUCGCU. . .GC
chicken .UUCGUA...AC
snake aUUCGCG. . .AC
croc .UU-GAG...AC
worm .UUCGCGccaAC
starfish .UUCGAU...-C

B
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4 5 6 7 8 9

One HMM node per
alignment column

Node for column 2:

A

3 states per node:
(M) Match: emits residues

() Insert: inserts extra
residues P(C)=05 0
(D) Delete: deletes residues P(U)=0.5
M
HMMs generate homologous

sequences. transitions

Given a sequence, the most likely Q
path that could have generated 2

that sequence can be computed.

This path implies an alignment.
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Sequences are aligned to profiles HMMs using dynamic programming
algorithms very similar to Smith-Waterman

- One HMM node per
alignment column

456789 1011 Node for column 2:

yeast aUUCGGC...AC 3statespernode:

fly UU-GGA cc (M) Match: emits residues ﬂ
() Insert: inserts extra

cow A . UUCGUC...-C residues P(C)=0.5 0

mouse A.UU-GAU. . .GC (D) Delete: deletes residues P(U)=05

human aUUCGCU. . .GC y

chicken A.UUCGUA...AC HMMsgenerate homologous

snake aUUCGCG. ..AC sequences. transitions

croc -UU-GAG. . .AC Given a sequence, the most likely e

w:r mf - -UUCGCGecaAC  path that could have generated 2

starfis

-UUCGAU. ..-C  thatsequence can be computed.
urchin GUU.UUC-AA...AC Thispathimplies an alignment.

nedadnnd

J A\ ¢

v | v Jemg v v
=== —0r—0
1 2 3 4 5 6

o B oo 11
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Profile alignment can differ from pairwise alignment

boe G55 & o (006 éC

123 456789 1011 123 456789 1011

yeast GUCaUUCGGC. . .AC yeast GUCaUUCGGC. . .A

fly GCC.UU-GGA...GC fly GCC.UU—GGA...GC
cow GCA.UUCGUC...-C cow GCA.UUCGUC...-C
mouse GCA.UU-GAU...GC starfish GUUUCGAUC mouse GCA.UU-GAU...GC
human GCGaUUCGCU. . .GC urchin GUUUUCAAAC human GCGaUUCGCU. . .GC
chicken GUA.UUCGUA...AC chicken GUA.UUCGUA...AC
snake GUGAUUCGCG. . .AC  pyirwise alignment snake GUGaUUCGCG. . .AC
croc GUU.UU-GAG...AC tonearest neighbor croc GUU.UU-GAG. . .AC
worm G-G.UUCGCGccaAC worm G-G.UUCGCGccaAC
starfish G-U.UUCGAU...-C starfish G-U.UUCGAU...-C
urchin  GUU.UUC-AA...AC starfish G-UUUCGAUC._, yrchin GUU.UUCAAA...-C

urchin GUUUUCAAAC

* *%k%*k*k * *



Sequence conservation per position Frequency of insertions after each position
blue: highly conserved ...... red: highly variable grey: zero to very few inserts ...... teal: 1-2% inserts

i '
l‘l"‘;.hll-h hh t:l~ ;7 [N ‘ﬁ+\\_ﬂﬂﬁﬂ*.5r** HF l A | = ) [ ] -7 \J\H J\\_\H\HT [ H+\#
‘—HI\-..HH\AH HI, [ .Ean—l - _..-HJ u myy HI\ H“loi” 1 _ o o U . = " .
ik <O i (£
- g - - r I
..:l. -.'l:r. o | :i- ;I - - " - .g
-IEL -r J:._ ..:I ‘-1200 | E - JE._ z ~1200
- ] (NN . E" - 1 \HF\H. r g E g
o u-r S T 5"5,‘1. : B g Ny =
. . %% LN - o E
s " ! : = 1;‘_ .y .'.%‘/ 7I_I : I I L o P
’..H“H\ \H\.\\H\I.\H\.\HHH.//". | 3 .E = [ERREK HHHHI\HHHHI\ RN i ] E_
ol LN ! & ’ " 1:

10Qa. ‘300\

\
\
.
S
\
>
\HHH A
- — 904!

z .

,

\ ] \1 (4
i [N

li.-
o)
R E A
F X
i
L, -
b
&
= g
g
Sty
ll.:.,%

N
\ \
’
L] 1 \ o) ~

n
! (NN

~
O
N
(AR

— ]
\\\ \\\\\ P ] Ty \\\\\
.J.,.‘ M\\I\ﬁl. : . P ﬁ . ._{ . by 1N i ! ' N Pa,-
m H“ \f H LH /‘ ‘. R (RN ] . ., 2 -
#\ ‘\*}R I:FH\H\h\. -//- :—- ! s \ :\HHHHH ~
e IJ\‘\\ ii — - %4 ¥ e == ! s
[N [N =_ 1400~ = -—"— L i LI L - 1400™ - _
:’ hl171 I; E - =..f aod 1 ] ;
iF N -5 e
Z - ] z -
'./'",‘.--Er ‘:1 £ ] g - =
ek, 1 o 2K
d'. u - -R ’ 1 1 -
" o e de—— -] . o . =
.,-//|. H \H\‘\u\ e | | E.,_ , 1y Lo \‘\bo\-\\\\\\\l\ E_
{l/ ’./ ; / t\ o .K L o l. - S LN -
[“ Ry ’r
e {" kE] - *a
Oy gRE - - i - SDE ] -5 - =00
P £ e z
NN . B - . B -
,ﬂ:’,} ad lI;I D R | B
--i‘ ol iy o : -
[ o = N o o
B :
N T -

n
|
7

\ 1

SEn u
[N NN

Ihf - .H.HHIH. \ \

'
i
J

. --AI'

created by the SSU-ALIGN package

structure diagram derived from CRW database
(http://www.rna.ccbb.utexas.edu/)
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red: high information

Secondary structure (mutual) information per position
blue: low information ......

red: highly variable

Sequence conservation per position

blue: highly conserved ......
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Covariance models (CMs) are built
from structure-annotated alignments

A input multiple alignment:
[structure] . : : <<<:::

mouse aUACACUUCGGAUG-CACC.AAA .GUGa
orc AGGUCUUC GCACGGGCAgCCAcUUC.

1

C statesfor 3 guide tree nodes:

2l I<<I< . Il .=>2>2>. \/\

human . AAGACUUCGGAUCUGGCG.ACA .CCC.

N\

50|ML51|MR52| D 53

MATP/16

10 15 20 25 28

B example structure
(human):

guide tree: ROOT 0

!-IR 55 )
\

2<| MATL 1
3 MATL 2

56|ML57|MR58| D 59|

MATP 17

44 MATP_ 5p14 15<| MATL 15]
Sq MATP 6 p13 16Q MATP 16 p27
MATR 712 17 MATP 17 p26

IR 61

6 VMATP 8p11 18 MATL 18
7{MATL 9 194 MATP 19 pR5 D 63

8<| MATL 10 21 MATL 20
9<| MATL 11 22| MATL 21 MATL 18

10<| MATL 12 23<| MATL 22
END 13 END 23




Benchmark of SSU alignment

e How accurate are profile-based alignments?

e 'Gold standard’ testing dataset
— structural alignment of 152 bacterial SSU sequences from Robin Gutell's database
— this is the CRW bacterial seed alignment filtered to 92% identity

— determined by 'manual’ comparative analysis

trusted “gold standard’ seed alignment _
alignment (152 sequences): (101 sequences): 51 test sequences:
oo SEo—m—— e > | profile |
=== ====== e —— o= (CM or HMM)
S —e——oo—o——- s =
oo <  no seed/test sequence alignment
__________ - pair is > 80% identical
— — — — \J

80%d - > S

’ Test: How similar So=mm—eo— e
sequence test alignment are these alignments?
identity

tree (51 sequences)



Profiles produce accurate SSU alignments

alignment time
accuracy (sec/seq)

Muscle-3.8.31 (de novo) 95.4% 0.49
HMMER3 (HMMs)  96.8% 0.04
Infernal 1.1 (CMs) 98.1% 0.50

Muscle: Edgar, R.C. Nucleic Acids Res 32(5), 1792-97.
HMMER: hmmer.janelia.org

Infernal: infernal.janelia.org



Probabilistic models allow direction calculation of useful quantities

e Posterior decoding algorithm computes the posterior probability that each nucleotide is
correctly aligned given the model
— allows HMM banding for CM alignment (O(N3log(N)) reduced to close to O(N?)

— useful for identifying and removing (masking) columns that are not reliably aligned
prior to phylogenetic inference

SSU sequences

:

alignment
program

SSU alignment

Mask columns l

tree building

program

SSU tree



Phil Hugenholtz’'s manually created mask imposed on archaeal SSU
black: included in alignment (1257)
pink: excluded from alignment (251)

@ --.-.1

structure diagram derived from CRW database

E created by the SSU-ALIGN package
1t (http://www.rna.ccbb.utexas.edu/)



Secondary Structure: small subunit ribosomal RNA
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Secondary Structure: small subunit ribosomal RNA
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Secondary Structure: small subunit ribosomal RNA
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Secondary Structure: small subunit ribosomal RNA
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Secondary Structure: small subunit ribosomal RNA

uA A
U U
[
G—¢
c-6
C—o6¢ G A
A c AC
AUAL v ACGAGC cccca=—ccccuacUlVCclic
G u cc G rrrrnt [BEN! et el
AAucc ccceeeacBAccr AdCc e U-GUGCUCG  GGGGGA GGGGAUC, (GGG
R EEERREEEE o i1 A gz¢ A S & g cA
€g6GG, GGECCCUC, GG, _ G CGe N s % PO
A-U Gu G-C A
G—C 8—8 G—cC
C—=G - G-U
c-¢ WA EAy ACG G=Cp A0G
G—C v A G c c-G G—C
A8 U “ ¢ /ey c-6 G-¢C
G G cG.’/ U G+ UG c—G
Caoc Gpe G A G N
G-¢ A-®,Cc G—cG s_¥
GOA c=¢ cclse ey AU—A NS
gee C ~ G s CG .U AL U
G=c A6 A : cc
gz¢ ALY % che gié
¢-c® c-c" G / AG—C
G—C AG + U Uage 7, ug 6-¢
é-¢ ¢ Acg’/ a6~ Co
S & Ge—c A A A
A G—cC c A
A AG A u A G—¢ A G—-cU
AACCCGGGG UGGGGGGGA CUJGCCGGGC c c=¢ Gcgle
ColiIitil e bbb A=ttt Gg c—G G—C
UcGGGCCCC ucccccccu sluceccecey 7,7V AG—CUG G—-C
G A c GAg v G-C
AN S + G A A CUULAC =6
AU 7,86 A AVTTTARZE
GCC///CG A U & [
(9 c
G G U G c
c . co.
G u RO cz. u c
A GCGGGCUATN (! cCCONVA c ccC
A IRRERE] C N NeC Auue_cA & e
G Alod cceccca A ¢-¢ ucC G
-c A cyG AUCN
G v G—C \ G
& S §=¢ A ¢ U-¢ cc .G coac
\
G—C cC—-6G ACCGE\ [
v N U GU c-¢ C N By AA
G A ASYa G—=2¢ A cv Ua
K \ A—U oG U
gz¢ GG? GOA G \\C u
- .. G—CAA \ A
U-A uuc u ST A
C-? A Aa G
G —C Gg G,
G- ¢ I/ AvuGGeceeeNAG]
¢z¢ seccllec IR
G6=¢ (N ACCGUUCCUC
cC—-6G VVhgu A c A
U AG—C ccG® uec A
AAGGCGGC el U e
Gt N < Cﬁ
AGCCGCCGUGA u G—C
G\ ! G
cS\ 3 Cer
cCANU A 5 c A g
co\\ .G c—gV
cANee® G—c G
AACCBUGA CGEEEUN\N 6 s=¢ U;Iulactl:?ul:tla? .
Pl 1001 e . . A
G C G,
GGGCGU GCCCC < A gUCGGCGUCCA
ApC VA c—¢
A u-a 5
A c-c Y
G c-¢ ¢
C—GA A0G &
c C—G
G Ua c-¢ ¢
c—GA c-c Y
G—C G A C
G—Cp A G C
ce A—=U c—c U
PCH c-6 é=¢ ria
u s cAC—G G-cC
el 0 s é—¢
c./ G-¢
AAG (d A G-¢
L G G Gy G—C
& SSccca GUC GCGCCCCCGE, A-U
I Lo g ¢-¢
A c ! c G-U
A Cuc” “Geay CGG CGCGGGGGCE s-d
Rorehe o =5 Pyrodictium occultum
G cc ¢ A
[+ N\
Sl N e A0¢ (M21087)
G A
G G-u .
A s ¢-s l.cellular organisms 2.Archaea 3.Crenarchaeota
& - Co
SN ¢-¢ 4.Desulfurococcales 5.Pyrodictiaceae
AAL ON -
u c z
PR ¢<¢  6.Pyrodictium
G c, A c—G
Sloa Y ¢-¢ February 2001
G \6 c A
N ‘e u c
AN CsC
e g
c
N8
GCNG
NG
c G
G
AAU

Ua
u®Cccocaeae ACCCCGGG

N A
C rrrrrrrnd el
CGAGGCGCGCGG CGGGGUCA'
K A UAA
A u
A A
% G - . . .
c—6 Citation and related information available at http://www.rna.cchb.utexas.edu
G—C
CcC—G
U—A
cC—G
cC—G
C—GG
v G
G—C
G—C
G u
Cc G

>
>
o}
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Secondary Structure: small subunit ribosomal RNA
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Secondary Structure: small subunit ribosomal RNA
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Phil Hugenholtz’'s manually created mask imposed on archaeal SSU
black: included in alignment (1257)
pink: excluded from alignment (251)

@ --.-.1

structure diagram derived from CRW database

E created by the SSU-ALIGN package
1t (http://www.rna.ccbb.utexas.edu/)



Posterior probability based archaeal SSU mask
black: included in alignment (1376)
blue: excluded from alignment (132)

structure diagram derived from CRW database

E created by the SSU-ALIGN package
1 (http://www.rna.ccbb.utexas.edu/)



Phil Hugenholtz’'s manually created mask imposed on archaeal SSU Posterior probability based archaeal SSU mask
black: included in alignment (1257) black: included in alignment (1376)
pink: excluded from alignment (251) blue: excluded from alignment (132)

;'. created by the SSU-ALIGN package
L structure diagram derived from CRW database
¥
™

(http://www.rna.ccbb.utexas.edu/)



Comparison of manual and posterior-probability-based masks
black: included in both alignment (1216)
pink: excluded only from manual mask (160)
blue: excluded only from PP mask (41)
grey: excluded from both masks (91)

created by the SSU-ALIGN package

structure diagram derived from CRW database
(http://www.rna.ccbb.utexas.edu/)



Posterior probability based archaeal SSU mask Probability-based mask colored by deletion frequency

black: included in alignment (1376) grey: zero to very few deletions (1370/1376)
blue: excluded from alignment (132) blue: few deletions ...... red: many deletions
circles indicate excluded positions
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Automated masking removes the majority of alignment errors

alignment time
accuracy (sec/seq)

Muscle-3.8.31* 95.4% 0.49
HMMER3 (HMMs)  96.8% 0.04
Infernal 1.1 (CMs) 98.1% 0.50

Infernal 1.1 (CMs)
posterior probability masked 99.5% 0.50
(1302/1530 columns)

Infernal produces alignment that are
very similar to manually refined alignments.



SSU-ALIGN: structural alignment of SSU rRNAs using CMs

new SSU sequences existing, known reference| Goals of the alignment program:
SSU alignment and tree - accurate: because alignment errors confound

phylogenetic inference

- scalable to handle up to millions of segs

— and fast:
——————
' SSU-ALIGN
new sequences aligned Includes Infernal CMs for archaeal, bacterial

and eukaryotic SSU rRNA

accurate:
- structural alignment of sequences
- probabilistic masking of ambiguous columns

tree building
program scalable and fast:
- can generate alignment of millions of seqs
\// v \ - speed is about 1 second/full length sequence
- easily parallelized on clusters

known tree plus
new sequences SSU-ALIGN tutorial tomorrow at 10:30
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