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Different types of RNA

(small nucleolar RNA)

snoRNA

60-300 nt

snRNA

~150 nt

IncRNA
mRNA thet

tRNA

rRNA

Mammalian cell
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Proportion of non-coding genes

Long ncRNA genes
(13,333)

Small ncRNA genes IncRNAs

(9,078) //— (674)

In human genome

» ~2% of coding genes

* ~6% of non-coding genes
= Dueto large copies of
ribosomal RNA genes

Other IncRNA

Sense overlapping
IncRNAs
(141)

MicroRNAs _-
(3,086)

THE

4 WISTAR
INSTITUTE



Regulation roles of miRNA and siRNA

Micro ribonucleic acid (microRNA, miRNA)
* Small, single-stranded, non-coding RNA
e 17-25nt

‘\‘""‘"r\rn:‘i-F:NA

Ribosome

Smallinterfering RNA (siRNA)
* Small, double-stranded, non-coding RNA
e 20-24nt

a mRNA
mRNA LETITI IR RN A RN ARRIRNNRRRINRARNRENE) AAALA LA LAt a1 alaanaelaallaaetyy SRRRRNNNNY _3'
5'UTR JUTR  Poly(A) tail 5
Fully complementary
T 1
AAAAA
EEIRRNERTNRNRNINANInT.
miRNA 3 5
siRNA
mRNA 5vllllll LALLM LA adllig) LALLM AL AR L LAl l il ldadadll L L] ‘T
3UTR  Poly(A) tail b
mRNA .
Partially complementary
5 3 UTR
—
AAAAA
// \\ T— 5
y y Seed
-, MiRNA = MIRNA 3 miRNA (2-7 nt)
. 3 - - - - 5'““—%—‘-‘—4
"SUTR FUTR  Poly(A) tail : ’
oo miRNA-mediated sliencing of mRNA mRNA degradation
Blocking Translation
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IncRNA mechanisms of action

B
Scaffold
A . .
Guide Ribonucleoprotein complex
= g
Chromatin modifying f ~—i |_’
enzyme b
= N’
\_? \|_) IncRNA
— IncRNA mechanisms of action
IncRNA

Chromatin looping

E
gol il IncRNA as miRNA
.~ precursor
Mediator. 1
IncRNA IncRNA
wy
il 111
miRNAs

C
Decoy

e

€

IncRNA

IncRNA sponging miRNA

IncRNA

miRNA
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tRNA is essential in protein synthesis

Transfer ribonucleic acid, typically 76-90 nt
Provide physical link between mRNA and amino acid

Common ways of depicting transfer RNA (tRNA)

Alanine Alanine

Y Amino acid
4 attachment site

5

tRNA
D loop

Anticodon loop

Anticodon Anticodon
U

During translation

Codons

Growing polypeptide chain

] ) déls _to next tRNA
Amino acids < «
y 3 N\

Peptide moves

Ribosome

G G GUCGIAUUIGCA
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Circular RNAs: Formation and functional impact

a) Exon1 Exon2 Exon3 Exon4
EE——
Nucleus y
Exon 1 Exon 2 Exon 3 Exon 4

b),/ c) d) N\,

s 5 v
O C ——
CircRNA ecircRNA / e) c c.

ecircRNA EICiRNA linear RNA
O 5 — 3
CiRNA linear RNA
Export via nuclear pore
promote
. Polll " transcription
|) )
N h)
Cytoplasm S
S~

translation

.
K ;

miRNA sponging

proteln
factor

protein interaction
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Genomic repeats take half of the human genome
* Transposable elements (TEs):

* |Long interspersed elements (LINE),||short interspersed elements (SINE)] LTR,
DNA transposons

* | Tandem repeats and large satellite repeats

Human repeats distribution

Satalic Telomere oq g it
(Exons ~2%) 77,794,920 (2.6%) repeats
SINE/Alu elomeric ti Centromeric
Unasked 318,958,938 (10.5%) eLEFOChFgmacin heterochromatin
1,449,079,744 (47.5%)
LINE/L1 I:I I I

532,540,789 (17.5%) Protein coding gene

rRNA genes

Telomeric repeats
and heterochromatin

LTR/ERVL THE

176,282,644 (5.8%) WRIR
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Genomic repeats annotation with RepeatMasker

TE-detection

REPET
Repeat Annotation Results

Total interspersed 15.89 %
repeats
DNA 8.69 %
LINE 142%
del I final

RepeatModeler TEclass Repeat DB TR 438%
SINE 0.03%

Unknown 137%

Low complexity 0.53%

R epba se Simple repeats 3.98 %
Total 20.25 %

Repeat DB
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Genomic repeats annotation with RepeatMasker

Time

Old family

I
Il
Ll

sequence

Young family

i
i

p—

sequence

12

1306 15.6 6.2 0.0 HSU@8988 6563 6781 (22462) C MER7A DNA/MER2_type (0) 336 103
12204 10.0 2.4 1.8 HSUGB988 6782 7714 (21529) C TIGGER1 DNA/MER2_type (0) 2418 1493
279 3.0 0.0 0.0 HSUe8988 7719 7751 (21492) + (TTTTA)n Simple_repeat 1 33 (0)
1765 13.4 6.5 1.8 HSU@8988 7752 8022 (21221) C AluSx SINE/Alu (23) 289 1
12204 10.0 2.4 1.8 HSU@8988 8023 8694 (20549) C TIGGER1 DNA/MER2_type (925) 1493 827
1984 11.1 0.3 0.7 HSU@8988 8695 9000 (20243) C AluSg SINE/Alu (5) 305 1
12204 10.0 2.4 1.8 HSU@8988 9001 9695 (19548) C TIGGER1 DNA/MER2_type (1591) 827 2
711 21.2 1.4 0.0 HSU@8988 9696 9816 (19427) C MER7A DNA/MER2_type (224) 122 2
1306 = Smith-Waterman score of the match, usually complexity adjusted
The SW scores are not always directly comparable. Sometimes
the complexity adjustment has been turned off, and a variety of
scoring-matrices are used.
15.6 = % substitutions in matching region compared to the consensus
6.2 = % of bases opposite a gap in the query sequence (deleted bp)
0.0 = % of bases opposite a gap in the repeat consensus (inserted bp)

HSU@8988 = name of query sequence

6563 = starting position of match in query sequence

7714 = ending position of match in query sequence

(22462) = no. of bases in query sequence past the ending position of match

C = match is with the Complement of the consensus sequence in the database
MER7A = name of the matching interspersed repeat

DNA/MER2_type = the class of the repeat, in this case a DNA transposon
fossil of the MER2 group (see below for list and references)

(0) = no. of bases in (complement of) the repeat consensus sequence

prior to beginning of the match (so @ means that the match extended

all the way to the end of the repeat consensus sequence)
2418 = starting position of match in database sequence (using top-strand numbering)
1465 = ending position of match in database sequence
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Retrotransposons “mobilize”
from one location to another

Transposable elements are ancient viruses

% e —— L1
N\Q/&j M (or LINE-1)
i \\Translation Bk

300 bp
Alu pA

ORF1p ORF2p  6kb

7 2 kb
K X\Reverse transcrip sVA [cccTenH A | | | | | SINE |pA
\\ Spacer VNTR
d&y’\i/ 10 kb
g E HERV [ |Gag|| Pol |Env|[]
—————————— LTR LTR
Solo LTR []
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Roles transposable elements are playing
(Example: wh?re is our tail?)

Homo

[)

S

5
Hominoids:
absence of tail

Gibbons

25 Mya a
Old world monkeys
U TR P X

» —

8=

New world monkeys k<] §

58 Mya £°%

2 4 =L 5¢
-g Tarsiiformes (rep.: tarsiers) X < 3
£ 63 Mya é g

Lemuriformes (rep.: lemurs) 5‘

Hominoid TBXT
-l s H

Non-hominoid TBXT

Human (hg38): chr6 (R T Wowwle] B & — |

| 166,167,000! | 166,165,000! | 166,163,000/ | 166,161,000/
TBXT Wb+++M+{} el — - : :

| 601 2RISR 1610 EGENR ] 2

Proboscis_monkey il
Black_snub-nosed_monkey
Golden_snub-nosed_monkey

Baboon

Pl%—laﬂed macaque
ooty_mangabe
Green monkeY

~  Dnll

Squirrel_monkey
Ma’s_night_monkey
larmoset
White-faced sapajou

LINE
LTR
DNA
AluYy
- 4,,,,9,,,,‘ ———————————————— - [—
Hominoid TBXT
—
“ .
E4E5  AluSx1 E6 AluY FE7
Heon
11
¢
s
%»,_,,g—*’*i—xi E‘_*""J_,A

N 221 < TBXT-Full_length —> sl N —— nn

v
Xia, Bo et. al. Nature 2024

14 =

Presence of tail

TBXT-Aexon_6 — il Jle—2an

v

&

Absence of tail

(=1 =
AluSx1 /guY (Hominoid-specific) AluSq2
—
ol H v:'v & -
d do

Thxtéexons* mouse l

ol -0 H B i m—
ol H i m—

mTbxt gene —*
mTbxt: exon5 exon7

)
GGGTATTCCCAATICCTATGCGGACA

I
GGGTATTCCCAATICCTATGCGGACA
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An SVA insertion causes Batten disease (rare disease)

A Timeline

Referral

Identification
of mutation

Clinical
diagnosis

Establishment of
patient cell lines

Identification

of ASO hit functionality
Identification of Start of
splice defect toxicologic

study in rats

Validation of ASO

Permission
to proceed

First
patient
dosing

T T T T T T
Nov. Dec. Jan. Feb. March April

May

T T T T T T T
June July Aug. Sept. Oct. Nov. Dec.

Jan.

T T 1
Feb. March April

2016

2017

2018

A Dosing Schedule

Escalating loading doses, approximately every 2 wk

Maintenance doses, approximately every 3 mo

B WGS Read Alignments
~2 Kb
[l

ok 14
T

MFSD8

Ld I \ "
L]

Intron 6

Reference sequence, (+) strand

CACATATAACTCTAGGGTGAGGACTAAAATATTGCACCTACCGTACTTAG

Mapped WGS reads

'
G 3 = TTTTTTITTITGITT
GAGGGAGAGGGAGAGGGAC) g
1 '

MTTTTTTITTTITTITTTT
GAGGG

GAGGGAGAG
GAGGG

GAGGG

TTTTTTTTTTITTIIITY
GAG
GAG

GAGAGGGAGAGGGAC
GGGAGGGAGAGGGACH 3
1

' TTTTTTTTTITITIITIT

'

1

= '

AAGGGAGAGGGACATGGACH
AGAGGGAGAGGGACH
GAAGAGGGACAC

| -
14 bp
Target site duplication

C Effects of SVA Insertion
Normal MFSD8 Splicing and Translation
-.GGTCCAGgtagg...

G P
Donor

..GGTCCAGgtag... .atagATGAGTAA. .
G P fDE *
Donor Acceptor

.4.aataa1_g'['l'|'|'|'CAG...
tVFEQ
Acceptor

Abnormal MFSD8 Splicing and Translation after SVA Insertion
St

3 o S & o & o & % %
PRSI IR I T S &
2 AT T ST 0T 0T W W
50
=
H L]
a ] I
1 —1 1 1
0 13 27 40 54 68 8 103 119 209 301
Day
B Milasen in CSF C Seizure Trends as Reported by Parents
Seizure duration
25 (% lasting >1 min)
oLl 1|
' N 100%
g 0 H * * Kk * *
3 D 40
g *
w= 30
CE g b 90 %0 0w
c 8 K] ° ° E
=2 S | kssents e kB [la'f
g8 7 g0 AYotos Fop  Sq. S o BB o 8
28 § WY F B0 88500 @ F g BogdToRegd |
gt ] Plball - sa%%zmzo o 286 To & ondb g
55 10 H * o 2% o - ° 9%
SE o 000 ° % to
i & T T T T
H 5 0 100 Day 200 300
32 / ; T | — T
0 100 200 300 Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.
Day 2018
* Dose
‘z‘ 5
40 8120 40 40
5 I
30 T 30 ae 30
0 § ¢ 0 8§ EY 20 8
g 5 2 29 2
8 2, 8 = 8
10 i 10 § 1 10
3
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Hereditary-Cancer

LPL-deficiency
PDHc-deficiency

Cholinesterase-deficiency
Breast-Cancer-Susceptibility

|\/|W Menkes Disease

ozColon-cancer

of-thalassemia
@: XDP

Choroideremia

Lyr

CDG la
XLRP rp

Hemophilia-B

W ALPS HIGM XLA

Hereditary-desmoid-disease

TI
—
nce
m

More than human diseases
directly caused by

endometrial-caroinoma

Familial-Retinoblastoma

ndr

Breast-Can
syndro

CGD
Apert

retrotransposon insertions

X
—
SIS D
O
<

Anterior-Pituitary-Aplas
Dent s-Diseas
Alstrom-sy
Cystic-Fibrosis

HNPCC

FAP XSCID DI\/I

Associated-with- Ieukemla
Chronic-hemolytic-anemia

Hemophilia-A
Coffin-Lowry-syndrome

Dustin C. and Kazazian. Mobile DNA, 2016




TE insertion identification from sequencing data

Different patterns

Cut the DNA C v )

into fragments

y With ———
- - . . . .
Clone the —Ir=lnm oo, insertion SR
fragments =Sy 7 / —

Sequence

each fragment o \ /
ALLGATAL il
) |

CGCCATCAGT No

| |
, . .
: AGTCCGCTATACGA| | insertion
! I | | |
. | -
Order/align : 4 L !
the sequences [FCGCCATCAGTCOGCTATACGATACTGGT Y — — pTHE
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Challenges and motivation
(different types of TE insertions)

Germline insertion

Origin of insertion

)

D) (X 1D ) (n | (DD (DD 1N

)

i)

B

o Zygote
(8

+\i>
Egg

e ~2,000 TE insertions each
person

e Specificity is important in
building a database

T T ) \:[L

DD (@D NN AEDD IR ‘;IN X Z’I'l

Chu*, Zhao*, et al. Current Protocols in Human Genetics 2020

18

De novo insertion

IED(ED | (GEEDNED | | GEED(EE D (D AENED| ((CENED )| (GED(ED

k‘ )

Zygot

(D Yoo
&/
Egg

in detection

e De novo insertion is rare
* Sensitivity is more important

Somatic insertion , \
Sperm uﬂ, ﬂ L Iﬁ.
‘* %& a A
}@1l§ﬂ%§
Q*@>“* BN -]
Eqg g)(§ =8

Low allele-frequency if TE
insertions happened late
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xTea: TE insertion identification from short
read sequencing data

TE insertion
location
identification

Germline

TE insertion
genotype
identification

XX
=

Personal
sequencing data

call candidate sites
from PE short reads

insertion

mate aligned to reads originated
different chrms from TE insertion

= —[&===T discordant
A pairs

split reads g_:’*‘:_('(:_'_'_
—_— - -

reference
num-concordant-pair : : & A
num-discordant-pair o
0.1439
IWL.IH—‘U”)'-’TIQD—'
0.0683 o |

=
>
‘ Zygote
Egg

Feature

Chu et. al. Nature Communications 2021

NUM =Clipte—
G —diSC—CN G e 2
left-disc-Ccnss=e
left-clip c'ws—-"-I e
r gn'.—chp-cns-f
left-local-covte

0.0448

0.0206

0.0163

tSNE dimension 2
0

v

0102

left-raw~clipk ° > gl_> |
nghl—ra-.\'—ch;)-":' '_"‘:: ‘
right-local-covie 0 ¢
right—polyAs > g |
left-polyas 0" i
0.0 01 0.2 03

Importance

-10 0 10 20
tSNE dimension 1 THE
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We cannot construct the full insertion from short reads

PRt
- ~

TSD T O T i T O W TSD
2 IR T T Iy
~
|
diqcordant reads
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xTea: TE insertion identification from long read

sequencing data

call candidate sites
from long reads

split reads

a8 fw,

sequence *, insertion within
errors . «_ long read
. & alignment
——— —
reference

v

;. ]

;]
;- N |
e

* Local assembly

21 Chu et. al. Nature Communications 2021

Identify complex events

11
full< LTR > TE copy
copy$e/\, call J
mm

‘ dimorphic
s N\ |HERV
deletion

—LTR
recombination at LTR call TE insertion promoted SV

annotate insertion
@ Target site duplication(TSD) - ) | 2
@ PolyAT tail AAAAAAAAAA
® Internal SV -p[ 1340 [41n.9<<[  ORF2 B’ uTR(ANP—

invertion deletion
9 @ Insertion structure

CHI0SVA Jylsrofalu [ mast2 I(Zl

Pseudogene
insertion N Exon1 I

SINE-R

[nipp{ Alu [3 T ANp—
[ Exon3_|np—

Exon2
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FM_2FRFBBRA

Father_

Mather

i
i
|
3

Alu insertion promoted deletion

chr17:31159322 de|ete.one exon

chr17:31168079

" FM_FGAH2XZY

Proband .

22

- 8,758bp deletion

A

— ) ] Alu insertion

Discordant reads
(mate reads aligned to Alu)

clipped reads

polyA

R B

1

Father
Mather
Exonic Alu insertion
chr17:31230309
wn |
B
Proband e

I i ==
[—r-——+--] r |
Discordant reads

(mate reads aligned to Alu) L c\li
S — pped reads
polyM

Chu et. al. medrxiv, 2024
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TE RNA expression quantification is challenging

j— i cm— i s—
- -~ - -~ - -~
- N - - - .~
- -~ - -~ - -~
- -~ - - - -~
- - - -~ - -
- -~ - .~ - ~
- -~ - -~ - -~
- ~ - - - N
- -~ - -~ - -~
- -~ - -~ - -~
- -~ . - - -~
- -~ - N - .
- -~ - ~ - -~

TTTAAAGGCG

x? / Nc,?
/ 7
AAGC GCT C CCCCGAGTAC TTTAAAGGCG
I ENEIRARN NARARARAR |1 L
TTTAAAGGCG  [FTARAGGCG

CGAGTAC
LI
CGAGTAC  CCCCGJJGTAC

Read-mapping confidence
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Different strategies in dealing with multi-mapped reads

Unique Best match All matches
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TE RNA expression quantification approaches

Assign multimappers randomly Family-level count

T - T — R
TE family 2
I —— [ [ — i ]
. I [— |
Mapping to the reference genome %
|-
ANANS

E 1]
[ N

Family-level count

[ — - 0 s TE family 1
T S = =N TE fomily 2

SRS e v o e
55
—— — 8 8
X3 ] a3

- T | TE family 1

== W [

Reassign multimappers reiteratively Locus-specific count

e.g. TEtranscript, SQUIRE
THE
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TE RNA expression quantification approaches

Mapping to the reference genome

— - S —— —E— —iE——
[ [ ] ] -g:— O s . - [ e ] ] =
[ [ — | — [ | = [ ] | [ [ — | =)
[ —] () (= | - T | [ — >
T . I — i I EEC ] - EEC ) . == o
— i ] : : : — — = n
i Pod | — 5 58
|, ————— S o
P ) =)
P —— ) R =
—= O -
Passive () 7 — 7 —
3’ reljadthlrough E— e o il - cpae I
nit lengt (—— — — 1
Antisense  (u— L ¥ - O -
L T &
E : — :
—_J — 0 ———— Quantification
Passive (T ———) for each TE locus
Mapping on model Reassign multimappers and for each
Modelization of potential TE transcripts transcriptome on model transcriptome potential transcript
e.g. L1EM
THE
26 Lanciano and Gael, Nature Reviews Genetics, 2020 WISTAR
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TE RNA expression quantification remains challenging

27

a Mappability b Insertional R
polymorphisms

v ava¥ oV of b . 7 e

—E—//—_— —

? TE-derived reads

*

~§
~

?

Cc Transcript type ;ww i AANANANANAANANANNNANANNNS

Lanciano and Gael, Nature Reviews Genetics, 2020
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Repeats and diseases [epeat

DDOD

Repeat cDNA
(L1, Alu, SVA,
Tandem repeats)

)

Repeat dsRNA
(Alu, HERV, L1, ?)

Reverse

transcription
or expansion

Repeat genomic DNA

RNA folding

Repeat RNA

Translation

protein/peptide
L1, HERV, SVA, ?,

28

Pathway

Cancer & rare
diseases

Genome instability

Neurodegeneration
& aging

Innate immunity

Y

Anti-tumor
Neoantigens — adaptive immunity

THE
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Dark genome matters

|

Transcribed smORFs

None

¢ Non-coding
e Translation
regulation

Non-coding or
coding

¢ Positively charged AA ¢ Coding

Intergenic None 22 None None®® Non-canonical AA
ORFs {7
uORFs 5" UTRs of mRNAs 22 Low None?3° * Nonrandom AA
[ * No domains
IncORFs  IncRNAs 24 Low None®1° e Nonrandom AA
i I * No domains
Short Short mRNAs 79 High Class
CDSs e Transmembrane
= o-helices
Short Spliced mRNAs 79 High Kingdom e Canonical AA
isoforms _-_ﬁﬁ-_> ® Protein domain
== loss
Canonical mRNAs 491 High Kingdom e Canonical AA
ORFs e Multiple protein
== domains
Bl Untranslated region —> DNA ~ RNA splicing

I ORFs

Il Other coding sequences

=== Ribosome profiling signal

e Regulators of
canonical proteins

e Coding
e Small interfering
peptides

* Coding*?

e Structural,
enzymatic,
regulatory

Couso, J.P. and Patraquim, P., 2017. Nature reviews Molecular cell biology
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TE exonization as an enriched reservoir of novel targets

30

TE-oncogene Transcript isoform

L1PA2-SYT1* -

+7 R
Tigger3a-ARID3A . -
igger3a- *i
B . st
H I1n o 1
MLT1J-SALL4* EH n 7
et /6 1
AluJb-LIN28B* ¥ o Ve N
=7 JuE
L2a-GALNT10 - -
a_ *
g a
L1PAS-MRET1A* o = -
) 1 12

THE1A-HMGA2 & -
*Predicted in-frame ona [l LTR une [l sine

TE class

TE-derived
chimeric protein

Tumour cell

N

d><5éﬁ-ﬁ j/

-3

W

E\_l

T

@ TE-derived

¥ ——

@ TE-derived
membrane protein
\ ) &_——Antibody ==

/ﬁ

"

peptide or protein
@ I Epigenetic\®

dsRNAs
therapy W
7
[Pj N
mimicry

© 0 5
O@ Type | interferon

OOO Type lll interferon
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Functional TE
exon-trapping

Pasquesi, Giulia Irene Maria, et al. Cell, 2024

31

Detection of TE exonization events supported by long-read transcriptomes

Canonical

: e .
isoform
e
exonization [Te] c
Em Em e

Alternative isoforms

Long-read
RNA-seq

vz, NN T -

Alu-derived

exon

%

IFNAR2: exonization represents the major isoform

Canonical type | IFN signaling

(C‘ IFN

IFNAR1 % IFNAR2-L

y

Antiviral gene activation

%)

9

Primate-specific type I IFN signaling

(.

IFN
S IFNAR2-S
decoy receptor
IFNAR1 Y IFNAR2-L o o o

J o

Tunable antiviral response

IFNAR2-L IFNAR2-S
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TrapHunter: TE derived exon-trapping identification
TrapHunter

Different types of exon-trapping events:

Initiated from repeats:

RN AN
N

o -

Spliced to repeats:

O =

Terminated at repeats:

PR

AN
~ ~

O O e

32

Short-reads
assembly

Candidate
fusion
identification

—_— » p3

Second-stage
contig
assembly

D> > » consensus

E

Intact cell-surface
protein

Translate to
aa sequence

NL ¢ tid
A\ N eptiaes

Chu et. al. in prep.
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Three major criteria in neoantigen discovery

Cytotoxic T cell Tumor cel Il Re eat
= e
G k" i
n 7’ ty S )
';1 't " « MHC-I

¢ |dentified in tumor RNA but not normal ¢ Prevalentintumors * Translated and on cell surface
o Differentially expressed * Prevalentin TCGA tumors o Immunopeptidomics data
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Neoantigen discovery pipeline with immunopeptidomics data

Comet parameters

MS convert mzml file Text table Oktoberfest

Protein ref (fasta)

Rescored PSMs

THE
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https://app.terra.bio/
https://app.terra.bio/
https://app.terra.bio/

Implication example: Dark genome derived neoantigens for
MRNA cancer vaccines

DARKFOX RNA expression in healthy and tumor tissues

200
1001‘ Healthy tissues o 3- ~* Carcinomas - .
@
PHLA ’
Cancer cell
f:vz’b\(’\@"\ob\'d' z‘\ (\%0\0 oa('\g ("\9\“.(& 0(}"\"'&0“.(\"06 0(\ &(\o‘\\ ‘\'&(\0
02 oSN 300 B o7 AN A0 oD & gofb\b\a@@g\og\ o q 4 \,} Qo\
v&%&%%bb oIS I ‘\Q 'bq °€\‘%ﬁ°‘} .@*”:&@ «?@‘\"0‘3\"(@ o vb‘; 3 c""‘\‘7’ "Q% i% :&q«e@(‘»\\“(@(
.3\\ {\‘\0 Q/ Qo ki
2 b‘b
&
TAP Peptide
<
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Non-coding RNAs

* Different types of non coding RNAs
 Summary of their functions

Transposable elements (TEs)

* TEs playimportant regulation roles

* Sequence annotation with RepeatMasker

* TE insertion identification with xTea

 Current approaches in TE RNA expression quantification
* TE derived neoantigen for mRNA cancer vaccine
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