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il INTRODUCTION OBJECTIVES \

Long non-coding RNAs (IncRNAs) are recognized as an important class of genes required for ~ LncRNAs’ role in regulating gene expression is well documented but little is known about the
gene expression regulation. They are characterized by their high tissue specificity, low level of  transcriptional and post-transcriptional regulation of IncRNAs. While the recognition of
expression and low sequence conservation. However, IncRNAs show high conservation at their ~ IncRNAs intron boundaries and their correct splicing is crucial step for their function, their
exon-intron boundaries and their splice sites indicating an importance of their correct splicing. splicing features are poorly characterized. The objectives of this study are to:

Indeed, the splicing and promoter-proximal splice sites of IncRNAs has been shown to enhance  a) characterize the main genomic features of IncRNA in terms of their gene structure

the transcription of their neighboring protein-coding (pc) genes. Initial studies reported that  b) Identify the chromatin states and combinatorial histone marks on IncRNAs

IncRNAs show an overall splicing inefficiency but the mechanisms of this remain poorly  ¢) characterize the splicing features of IncRNAs in terms of their splice junctions, intron

Qnderstood. length, and splice site strength.
1. LncRNAs show differences in their gene structure 5. GC-AG introns show weak donor and acceptor splice site
strength in IncRNAs

As genomic organization and gene structure may affect gene expression regulation, we
characterize genomic features of human IncRNAs 1in comparison to protein-coding genes.
LncRNA genes was significantly shorter than pc ones and significant differences were
appreciated in the first and last exons in addition to the first and inner introns of IncRNAs.

The strength of 5’and 3’ss appeared lower in IncRNA than in pc genes, presumably one of
the causes of the previously reported inetficiency of IncRNA splicing. Although the lower

welght-matrix scores for 3'ss-GC were expected, due to their imperfect pairing with the

Interest'mgly, the reductlop in size affect the'portlons of genes .maml'y m\:folvied in gene Ul snRNA, 5’ss-GC scores of IncRNAs resulted strongly reduced respect to 5°ss-GC of
regulation. Moreover, unlike what was described for pc genes in which first introns are pc genes in first introns. Despite owning the same consensus sequence, the 3’ss average

longer than inner introns, IncCRNA first and inner introns appeared similar in length. weight-matrix scores for GC-AG introns appeared overall lower with respect to GT-AG
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GENE EXON INTRON acceptor sites, due to their shorter polypyrimidine tracts. Moreover, the strength of 5°ss
7 4 o Ef Inc and 3’ss was found positively correlated when located in the first intron of IncRNAs (r =
p . B3 PC 0.58, p-value < 2.2x10°16),
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2. LncRNAs show differences in their chromatin states k= 3, i} and pc
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LncRNAs showed a difference in their epigenetic profiles at the genes, exons and introns g g’ i‘-g -
level in comparison to protein-coding ones. Using ChromHMM, seven chromatin states = Exon n : " | Exon n+l
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has been identified for six histone marks in H1 cell line. LncRNA introns and exons GEaAL (GG GC-AG  GT-AG
showed an overlapping enrichment with the H2A.Z histone modification described to be
associated with promoter regions and required for the splicing of weak introns.
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5 3 3 Fig2. Heatmap of 7 6. GC-AG introns show high conservation across multi-species
£ 4 4 - 1 chromatin states defined
E ° N 5 fmz],i_f_““ltt_‘ple !113;]0;13 ' GC-AG introns together with their relative position inside the gene showed high
6 — modifications in H1 cells . ; : :
" , ° d conservation that extended across evolutionary distant species. For example, the GC-AG
S— ’ — splice sites of the first intron of human ABI family member 3 binding protein (ABI3BP)
ES EEEE > jﬁ 582§ 8¢ appeared to be conserved in several vertebrates species. The GC-AG splice sites of the
2T 2552 gg S38°% %8 inner intron of ceramide kinase like (CERKL) gene appeared conserved in mammals
while being GT-AG 1n chicken, fugu and zebrafish. Indeed, previous studies reported that
during evolution there 1s a trend toward accumulation of GC splice sites and the
conversion from GT to a GC splice site 1s highly tolerated.
3. Enrichment of GC-AG introns in IncRNAs N
* Human TTGCCAAAAGgcaagtagcc——————————— ccattgttagGTAAAAGGCC
‘.8 : : : £ - ' Chi TTGCCAAAAG tagce-————=—==——- t tgt tagGTAAAAGGCC
As sphmpg 1S a mam_d‘etermmant of post—transcrliptlonal gene expression r(?gulz}tloni we » Mai‘;‘?que Tmccmsgzz:gtzggz ___________ s | tgt t;gGTMGGCC
characterized the splicing features of IncRNA introns. The GC-AG splice junctions 4m. Mouse TTGCCAAAAGgCaagtaget——==--=-==-- ctctgatcagGTAARAAGCC
. . . . . 4y Rat TTGCCAAAAGgcaagtagct————————— ctatgatcagGTAAAAAGCC
appeared strongly enriched in IncRNAs representing 3.0% of total splice sites, thus almost 7 Dog TTGCCAAAAGgCaagtagct——————————- ccatctttagGTAAAAGGCC _ |
: : : : Sy Pig TTGCCAAAAGgcaagtaget——————————— tcatctttagGTAAAAAGCC  KIgS. Alignment of donor
four times more than in pc genes (0.8%). Moreover, we notice that GC-AG introns were W Chicken TTGCCCAGAGgcaagtaact——————————- ttttctgtagTGARARGACA  and acceptor splice sites
; . : @« Fugu AGGACCAGAGgcaagtgcac——————————~— cccccctcagTGCGTCGTCA
preferentially located as first introns. -9< Zebrafish AGAGTTAGAGgCAaagttcac——————————— ttttttgcagTAAGAAGACA  CONsensus sequences of
Table 1. Number of different splice sites in IncRNAs and pc genes CERKL the human ABI3BP and
- - Human ATACCAGCAGgcaagggagt-——--—--—----- gctttggcagGATCTACCAA  CERKL genes across
IncRNAs Protein-coding JR Chimp ATACCAGCAGgcaagggagt-——---==--- getttggecagGATCTACCAA ., . brate apecies
—— Macaque ATACCAGCAGgCAaagggagt——————————— gctttggcagGATCTACCAA p
Sphce Sites Total % Total % 4@ Mouse GGAAGCCAAGgcaagaactg——f————————— gttttggcagGATCTACTAA
oy Rat ATTCCAGCAGgcaaggcata-—-—————————-— gttttggcagGATCTACCAA
GT-AG 24667 6.6 >17730 98.58 < Dog ATACCAGCAGgcaagcaagg——————————— gatttggcagGCTCTACTAA
GC-AG 1683 3 4351 0.8 4y Pig ATACCAGCAGgcaagggagg——————————— gctttgacagGATCTACTAA
- % Chicken ATACCAGCAGgtgagactaa-—-——-——————-- tgatttttagGTCATATCCA
AT-AC 0 0.0 583 .1 @ Fugu AATATGATGGgttcgttttg-—————————- tgttttccagAGTGGTGTGT
%< Zebrafish ATACCAGCAGgtgaggatca--—-—-——————- ccctccacagGTTCTACAGA
Others 223 0.4 2485 0.4
Total 56582 525149

7. Biological process enrichment of GC-AG genes
4. GC-AG introns have a shorter length To assess if the presence of a GC-AG intron may represent a regulatory motif involved in

, , , , , , , L specific biological processes, we performed an enrichment analysis of Gene Ontolo
The enrichment of GC-AG junctions in Inc genes with their preferential localization in P 5 P : pet® : e : ; 5
. , _ _ _ (GO) terms of pc genes. This resulted in the identification of three groups of linked terms
first introns suggested that they could play a particular role in gene expression regulation. in the biological process ontology: “microtubule-based movement”, “DNA-repair” and
GC-AG introns resulted shorter than GT-AG introns both in IncRNA and pc genes and a2 o .o ’
. ) . neuron projection development”.
they showed the same trend whether they are first or internal introns.
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/ CONCLUSION I
* LncRNASs show unique features in gene structure, chromatin modifications and splicin .
) ; = . S ‘ Take a picture to
* GC-AG introns may represent a new regulatory motif more abundant in IncRNAs and with
important functional aspect download the full paper b
 The elucidation of the mechanisms of action of GC-AG introns would contribute to better HE NN ‘ e,
understanding of gene expression regulation and comprehension ot pathological ettects of their £
mutation
 GC-AG increased frequency in higher organisms suggest they could contribute to evolution

\ complexity adding a new layer in gene expression regulation. /




