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RNAhub - pipeline for structural RNAs discovery

Query sequence RNAhub .org
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Pipeline for structural RNAs discovery in Nematoda
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Pipeline for structural RNAs discovery in Nematoda
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Taxonomy of the database (genomes pool)

Nematoda
(227 genomes)

C. elegans

r'd

— Rhabditida (197)

— Plectida (3)

Araeolaimida (1)
Monhysterida (2)
— Trichinellida (13)

—— Dioctophymatida (1)
—— Mermithida (3)

— Mononchida (1)
Dorylaimida (2)
— Enoplida (3)

—— Triplonchida (1)

Chromadoria
(203)

Dorylaimia
(20)

Enoplia
(4)



How many covarying base pairs do we find in Rfam?
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How many covarying base pairs do we find in Rfam?
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This kind of exercise can be performed in Nematoda

base pairs observed to covary
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Example structures from positive control

U1 spliceosomal RNA
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Signal Recognition Particle (SRP)

Covarying base pairs:
29 out of 89
all base pairs
in the structure
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Query sequence

UCUGAUGCCGUGACCGG
UGAUAGCCGUAAUGCGC
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Screen for novel structural candidates - input

C. elegans

Annotations from: GCA_000002895.3_WBcel235_genomic.gff

S'UTR

—

#19,063

88,020

introns

B

3’UTR

#19,065
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Pipeline for structural RNAs discovery in Nematoda

1. Creating database of homologs

2. Creating multiple sequence alignment

3. Looking for covarying base pairs in the alignment

4. Looking for structural homologs with Infernal

Query sequence

repeat masker
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I R-scape on nhmmer alignment

+ CaCoFold y

Alignment

perform Infernal structural
realignment
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R-scape on Infernal alignment Alignment No covariation,

Structural
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Summary of 3’UTRs screen - example

19,065

Possible reasons:

* no homologs
* short sequences

9,372
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Summary of 3’UTRs screen - example

19,065

Possible reasons:

* no homologs
* short sequences
* R-scape does not detect an evolutionary signal
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Summary of 3’UTRs screen - example

19,065

Possible reasons:

* no homologs

* short sequences

* R-scape does not detect an evolutionary signal
* weak evolutionary signals disappear

9,372

572 423
|
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sequences nhmmer reported reported
alignment covarying bp covarying bp

(after Infernal)



Summary of 3’UTRs screen - example

19,065

3'UTR
sequences

9,372

3rd
nhmmer
alignment

Possible reasons:

* no homologs

* short sequences

* R-scape does not detect an evolutionary signal
* weak evolutionary signals disappear

o722 423 100
| _——
R-scape R-scape promising
reported reported candidates
covarying bp covarying bp (> 2 covarying bp )

(after Infernal)
(manually checked)



Querysequence RNAhub
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Validation - step 1 - overall assessment

tr_1 @ Yo
o— tr_1 .NGA
G=-@ ( X} G

Y=A

@-G :.' s

tr 1
5=0000AA.000UYY  ~O

nucleotide  nucleotide
present identity

©97% ©75% N 979
©90% 050% N 864;

N 75%

Last alignment statistics:

Number of sequences: 199
Average length:  106.2
Average identity: 67%

R-scape power outcome:

# BPAIRS 29

# avg substitutions per BP 26.1

# BPAIRS expected to covary 17.5 +/- 2.1
# BPAIRS observed to covary 15



Validation - step 2 - any clues about function?

Checking in with Rfam:

f#itarget name accession query name seq from score E-value inc
tr 1 oY Bomommommmmmos moooooooo mmooooooooooooos moommoos moooos Sooooooes oo
- Y R tRNA RF00005 wdr-4_intron_521 136 55.2 2.9e-11 !
V=Y 1 0L A tRNA-Sec RF01852 wdr-4_intron_521 136 29.6  0.0007 !
G=@ G #
Y=A ~
-G

\C # Program: cmscan

e I(l:? A Can | find homologs in humans?
oea, | C If yes, are those annotated?

138 hits to human
136 annotated as tRNAs

tr 1
5=0000AA.000UYY  ~O

nucleotide  nucleotide
present identity

©97% ©75% N 979
©90% 050% N 864;

N 75%



Validation - step 3 - additional, custom check

Checking in with Rfam:

f#itarget name accession query name seq from score E-value inc
# _________________________________________________________________
tr—1 tRNA RF00005 wdr-4_intron_521 136 55.2 2.9e-11 !
Y=Y tRNA-Sec RF01852 wdr-4_intron_521 136 29.6 0.0007 !
#
G=-@
Y=A “" C # Program: cmscan
-G 0y’ ~\
I" ‘....'
(0)
C UA . .
/\ I(I:CU A Can | find homologs in humans?
G I
C Ge, C If yes, are those annotated?
\F3 /\(: (:lJ C
AR C‘C;G — e 138 hits to human
@ R @=0 « 136 annotated as tRNAs
uu @=0
Y=0
, tr 12G=0
5=0000AA L AOOO0U YY (@) -tFQI\J/\g;c:Eir]_ESIE:
nucleotide  nucleotide wdr-4_intron_521.trnal (136-51) Length: 86 bp
present identity Type: Arg Anticodon: CCT at 37-39 (100-98) Score: 68.7

©97% ©75% N 979
©90% 050% N 8602

N 75%

* | * | * | * | * | * | * | * | *
Seq: GCCACGGTGGCCGAGTgTGGTcaAAGGCGTGAGACTCCTGATCTCTTTCGGGCAACCGAtCGCAGGTTCGAATCCTGCCCGTGGCA

SERI 252252510 >aa L i s ARSI LK 11232, 4 0 h << 23333 i n s <LK LKL,



Validation - step 4 - is it expressed?

Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us

UCSC Genome Browser on C. elegans Feb. 2013 (WBcel235/ce11)
Move <<< << < > >> >>> Zoomin 15x 3x 10x Base Zoomout 1.5x 3x 10x 100x

Multi-region chrlll:6,726,970-6,727,098 129 bp. |gene, chromosome range, search terms, help pages, seee‘ Search Examples

chrlll [ [ |
Scale 50 bases | | cett
chrll: | 6,726,980 6,726,990 6,727,000 6,727,010 6,727,020 6,727,030 6,727,040 6,727,050 6,727,060 6,727,070 6,727,080 6,727,090
Gene predictions from WormBase WS245 release
Y102E9.2a <K}

A4

Y102E9.2b <K}

Y102E9.t1 g
J blat on YourSﬁ

YourSeq

45 - [
total RNA |

Depth of reads in Schreiner et al. full RNA dataset (HISAT2

Depth of reads in Hillier et al. polyA enriched dataset - chrlll (HISAT2)

39
polyA signal

Depth of reads in Hillier et al. polyA enriched dataset - chrl (HISAT2) I

Klapproth, et al., (2026) https://doi.org/10.3390/ncrna12010006



Validation - step 5 - is it known?

tr_1
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Not all covariation is due to the structure

F35E8.2_3_prime_UTR_397
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Novel candidate (intron)

Nematoda
Last alignment statistics:

Number of sequences: 58
Average length: 108.6
Average identity: 63%

R-scape power outcome:

# BPAIRS 55

# BPAIRS expected to covary 19.9 +/- 3.0
# BPAIRS observed to covary 9

- no hit to Rfam

- one homolog to human

- expressed
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Last alignment statistics:
Number of sequences: 64
Average length:  102.4
Average identity: 59%
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a

R-scape power outcome:

# BPAIRS 71

# BPAIRS expected to covary 32.7 +/- 3.6
# BPAIRS observed to covary 12



Similar elements found in intergenic regions

- candidate 18245

Last alignment statistics:
Number of sequences: 54
Alignment length: 897

Average length: 107.2

Average identity: 61%

R-scape power outcome:

# BPAIRS 59

# BPAIRS expected to covary 23.0 +/- 3.2
# BPAIRS observed to covary 12

- no hit to Rfam
- no homolog to human
- expressed
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Analysis with all invertebrate genomes in progress...



It was a great trip to Benasque!
...and we look for recommendations for the way back
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