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Searching for noncoding RNAs

« CM'’s are great, but where do they come from?

* A comparative genomic approach

— Search for motifs with common secondary structure in a
set of functionally related sequences.

« Challenges

— Three related tasks
» Locate the motif regions.
 Align the motif instances.
» Predict the consensus secondary structure.
— Motif Search space is huge!
» Motif location space, alignment space, structure space.
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Approaches

 Align sequences, then look for common
structure

* Predict structures, then try to align them
* Do both together
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Pitfall for sequence alignment
approach

« Structural conservation #+ Sequence conservation
— Alignment without structure information is unreliable

CLUSTALW alignment of SECIS elements with flanking regions

--------------------------------------- CCCCCCCCAGGCTCCTCATEE0AG - - ATGATGACBAGCTGEEEG- GAA - A- - - - CCTACCCTGTGECRARRE - ATGTECGA - BCCCCRTGRRATT
GGGATCATTGCAAGAGCAGCGTE- -ACTGACATTA- - - TGAA.C‘AAGACAGCAA- - GCTGT’I“A.- - =AGATG- - - - CTTTCTTGGCAGGCTCCTTGTACCTCTTGGARRACCTCAAT
ACGITIGCATTAATGAGGATTACKOAGAAAACCTTT - GTTAAGGCTIIGIGTCGATOTGETAA - - TTGGCAART TTTTATTTTTARAAT - - - ATTCTTACAGAAGAGTTCCATT TAAGAATGTTCGTGTATAGE
ABTGTGCGCATCATANCTACTGACAAAGAGT CATCGACTCAGTTAGTGGTIGGATCTAGTEACAT T AT TTGC CTCTCCCCATCTTTG - - - TCTCCCTOGCAAGGAGAATATGCGOGACATGATGC TAAGAG
TGGACTGATAGGTA- GCCATGGC - - TTCATCTGTC - -ATG- - TCTGCTTCTTTTTATATTEG - - TCTATGATGETCACAGTGTAAA -G - - - - TTCCCACAGETGTGACTTGATT TTTAA - AARTGTCGGAAGH
TAAACTCGAACTCOAGCBEGORNTIGET GATTACGA - TTARCEAETGATTCCTGEGTCGCTGC - - TTCOTGGCCOTCOTCOGTTCCA - - = - - - - TTTATCAACTATTAGCTCCAATACATAGCTACAGGTTTTT
AAATTETCGCTATATGACGATGECARTE T CAAATGT - TCATTBETIGECATIT GATGARATCAGT TTTRTBTEC ACC TGATTGCAGRAT T TGTTTACCTTGCTCATTTTT TTCAT TGAA - ACCACTTCTCAGA
GOGGCGEGAGTACAAGGTGCETGTGACTGGAGCCA- - - CCCACTCCGACTCTGCAGBTATTTG - - CAAANAC"CGATT‘EAAATC- - -GTCTCACGGCCAA.B.CT CGT-CGACATCAACCCCCTI‘C
TTC‘TCCAGTG’I‘I’CI‘AG'I'!ACA'I’I‘GATGAG--IATAAACTATGACCTAGG“- --GGATAG CTCETAATTAAGAACGGAGAARGAACAACARAGACATATTTTCCAGTTTTTTTTCTTTAC
CARACTGATGGATA- GCCATTGGTATTCATCTATT - - - TTAACTCTGTGTCTT TACATATTEG - - TTTATGATGGCCACAGEQTAR -G - - - - TACACACGGCTGTGACT TGATT CARAR - GARA - - - - - -~ - -
TGAGCAACTTGTCT - GATGACTGGGARAGGAGGAC- - - CTGCAACCATCTGACTTGGTEIOTG - - TTAANGACHTGTRIOERTC TAA - A - - - - CCC - CATTAAGGACTORGAGHGEEAGA - BCAACCCTONGAG
GATTACTGGCTGCACTCTGAGGEGCGETICTTCCA - - - IGATEGIGIIECCHC TAAATTTGCA - - CORAGARAGARETGATTTCCAGGARR- BIGCCCTCAGATGGECGCTGETCCCATCCATTCCCGATGCCT
AGACCAGGCAAGACAACTGTGAGC - GCGATGACCG - - - TETACCCCAGGTCAGGGGTGEIGTE - - TCTATGARGEABGRGEERCAAG- - - - - CCCTTCTEGE BEEEETECERIGABCCCOTCTRIGRIGCCAG
CACTTCAGAAGGCT -TCTGAATGGAACCATCTCTT - - -GACA-TTTGTTTCTATA- ATATTTG- - T~ CANACA“ATAAA ~8---- CGCAGACWCTGATI’TI‘AGA -BARTATTTTTAGA
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Approaches

 Align sequences, then look for common
structure

* Predict structures, then try to align them

— single-seq struct prediction only ~ 60% accurate;
exacerbated by flanking seq; no biologically-
validated model for structural alignment

* Do both together

— Sankoff — good but slow
— Heuristic
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Design goal

Search for RNA motifs in unaligned Sequences.

Perform Local alignment

Exploit but do not require sequence conservation
Robust to inclusion of unrelated sequences.
Reasonably fast and scalable.

Produce a probabilistic model of the motif that can be
directly used for homolog search.
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CMfinder at work

Unaligned Sequences Unaligned Sequences

Initial alignment

M-stepl: determine

consensus structure
(CM states)

Motif instances E-step: motif M-step2: determine . _
and probabilities instances based on CM probabilities Motif structural alignment
- | 0.902 - CM alignment (M.I. + folding) | PN o~ |
| 06 — | ——
| 0.8 : | CM 4 : :
0.2 | | 04 ‘ |
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Performance on unaligned sequences

Including 200 base flanking region, distributed randomly
between 3’ and 5’ side

ID Family RfamID #seqs %id length #hp | CMfinder CW/Pfold CW/RNAalifold Camac Foldalign ComRNA
1 Cobalamin RF00174 71 49 216 4 0.59 0.05 0 X - 0
2  ctRtNA_pGAl RF00236 17 74 83 2 091 0.70 0.72 0 0.86 0
3 Entero_CRE RF00048 56 81 61 1 0.89 0.74 0.22 0 - 0
4 Entero_OriR RF00041 35 77 73 2 0.94 0.75 0.76 0.80 0.52 0.52
5 glmS RF00234 14 58 188 4 0.83 0.12 0.18 0 - 0.13
6 Histone3 RF00032 63 77 26 1 1 0 0 0 - 0
7 Intron_gpll RF00029 75 55 92 2 0.80 0.30 0 0 - 0
8 IRE RF00037 30 68 30 1 0.77 0.22 0 0 0.38 0
9 let-7 RF00027 9 69 84 1 0.87 0.08 042 0 0.71 0.78

10 1lin-4 RF00052 9 69 72 1 0.78 051 0.75 041 0.65 0.24

11 Lysine RF00168 48 48 183 4 0.77 024 0 X - 0

12 mir-10 RF00104 11 66 75 1 0.66 0.59 0.60 0 048 0.33

13 Purine RF00167 29 55 103 2 091 0.07 0 0 - 0.27

14 REN RF00050 47 66 139 4 0.39 0.68 0.26 0 - 0

15 Rhino.CRE RF00220 12 7 86 1 0.88 052 0.52 0.69 041 0.61

16 s2m RF00164 23 80 43 1 0.67 0.80 045 0.64 0.63 0.29

17 S_box RF00162 64 66 112 3 0.72 0.11 0 0 - 0

18 SECIS RF00031 43 43 68 1 0.73 0 0 0 - 0

19 TymoRNA-like RF00233 2 72 86 4 0.81 0.33 0.36 0.30 0.80 0.48

Average Accuracy: 0.79 0.36 0.28 0.17 0.60 0.19
Average Specifi city: 0.81 0.42 0.57 0.83 0.60 0.65
Average Sensitivity: 0.77 0.36 0.23 0.13 0.61 0.17

Table 1. Summary of Rfam test families and results. #seqs: the number sequences in each family’s seed alignment. (For ease of post processing, we only
chose one sequence per EMBL ID.) %id: average sequence identity among family members. length: average length of family members (nucleotides). #hp:
number of hairpin-loops in the consensus structure. Last 6 columns: accuracies; bold highlights the best result in each row. CW/Pfold: Pfold using ClustalW
alignment. CW/RNAalifold: similar. (X: Carnac terminated abnormally, presumably due to memory problems. -: Foldalign (pairwise) not tested due to the
heavy computation cost. RNAalifold, Camac and ComRNA do not predict any consensus structure in many cases, so the corresponding accuracies are 0.)



A pipeline for RNA motif genome scans
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A blind test

fi- ln
1ST genome scan: 234 sequences , f.. 6¥nctchn
2ND genome scan: 447 sequences ¢ *5% | mcRs-chch
The motif turned out to be T box N EI" R Diocw
Match to RFAM T box family: 299 OF 342 B
False Positives: 89/148 are probable (upstream of <%0 BH, bhepuns
annotated tRNA-synthetase genes) . autERtet o
u-R
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Chloroflexus aurantiacus

@ Chloroflexi

Geobacter metallireducens @ 6 - ProteOb acte I'I a

Geobacter sulphurreducens@

Salmonella enterica
Salmonella typhimurium
Escherichia coli

Yersinia pestis
Haemophilus influenzae
Pasteurella multocida
Vibrio cholerae

Buchnera aphidicola
Pseudomonas aeruginosa
Xylella fastidiosa
Xanthomonas campestris
Xanthomonas axonopodis
Neisseria meningitidis
Ralstonia solanacearum
Rickettsia conorii
Rickettsia prowazekii
Caulobacter crescentus
Sinorhizobium meliloti
Brucella melitensis
Mesorhizobium loti
Campylobacter {ejuni
Helicobacter pylori
Borrelia burgdorferi
Treponema pallidum
Chlamydophila pneumoniae
Chlamydia muridarum
Chlamydia trachomatis
Chlorobium tepidum
Mycobacterium leprae
Mycobacterium tuberculosis
Symbiobacterium thermophil@
Streptomyces coelicolor
Deinococcus radiodurans
Tsc. elongatus
Nostoc sp.
Synechocystis sp.
Fusobacterium nucleatum
Clostridium acetobutylicum
Clostridium perfringens
Tab. tengcongensis
Mycoplasma genitalium
Mycoplasma pneumoniae
Ureaplasma parvum
Mycoplasma pulmonis
Streptococcus pneumoniae .
Streptococcus pyogenes
Lactococcus laclis
Staphylococcus aureus
Bacillus halodurans
Bacillus subtilis

Listeria innocua

Listeria monocytogenes
Thermotoga matritima
Aquifex aeolicus

y-Proteobacteria

B-Proteobacteria
o-Proteobacteria

e-Proteobacteria

Spirochaetes
Chlamydiae

Actinobacteria
(high GC)

Cyanobacteria

Firmicutes
(low GC)



Preliminary results of genome scan

Top 115 datasets (some are redundant)
13 T box, 22 riboswitches, 30 ribosomal genes
RNase P, tRNA, CIRCE elements and other DNA binding sites

metK
ribB
folC

xpt
glmS

thiA
ykoY

150
106
447

106
33

305
34

S _box
RFN
T _box

Purine

glmS
THI
yybP-ykoY

71
48
67

37
14

237
74

151
114
342

100
37

366
127

145
97
299

97
33

305
33

0.967
0.915
0.669

0.915
1.000

1.000
0.971

0.960
0.851
0.874

0.970
0.892

0.833
0.260
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Genome Scans in Progress

* Firmicutes
— e.g. anthrax

* Actinobacteria
— source of penicillin & most other antibiotics

« Cyanobacteria
— Primary producer of oxygen

 Gamma-proteobacteria
—e.g. E. coli.
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