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What and how they are
usually find in the genome

a Canonical full-length TE structure
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TES In the human genome
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L1Hs IS active In germiline

(and mostly L1Hs)

dbRIP - Database of Transposable Elements
oresence/absence polymorphism: > 90% of
polymorphic sites are L1Hs
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|1 as a somatic mutagenic
factor
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L1 1S assoclated to other
genetic diseases

Disease Gene disrupted by L1
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Transcriptional landscape of repetitive
elements In normal and cancer human
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Activation of individual L1 retrotransposon

instances Is restricted to cell-type
dependent permissive loci
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 The total number of mutations that can be

expected to arise in the soma as a
consequence of mitotic divisions is a
function of two basic parameters: the
number of cell divisions that occurred
after conception and the mutation rate
per cell division.

Long interspersed nuclear element 1
retrotransposition have been shown to
cause DNA copy-number alterations
during embryogenesis, in neural
precursors and in the adult brain.

e Alu element retrotransposition has been

detected in human embryonic stem cells,
as well as in the brain and myocardium.
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The method: TeXP
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(genome-transcriptome correlation)
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Pervasive transcription

 The phenomena known as pervasive transcription is
defined as the transcription of regions well beyond the
boundaries of known genes.

e Pervasive transcription does not aftect the transcription
level quantification of the transcription level of protein
coding genes since they protein coding genes are
present either as a single copy or low copy numbers in
the genome. On the other hand, the transcription level
quantification of L1 transposable elements, including L1
elements, transcription level is specially affected by
pervasive transcription due to its multi-copy nature.
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Most of RNA-seq samples have high
genome-transcriptome correlation
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Brain_-_Putamen_(basal_ganglia) =
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VlioqQel

e Read countsin L1 is a combination of Pervasive
transcription signal and:

* L1Hs autonomous transcription signal

 LT1PA2, L1PAS, etc. autonomous transcription
signals
(BUT, In theory, older L1 subfamilies are not
expected to be active (they are > 8My old and

degraded) - plus, we have no evidence of recent
retrotransposition of their transcripts.)
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VlioqQel

Ni=t*(Pj*Si,))
NI = Number of reads overlapping subfamily i;

Pj = Signal Proportion of subfamily or pervasive
transcription |;

Si,| = Proportion of signal | mapped to subfamily i;
t = Total number of reads overlapping all i subtamilies;

The vector P is the hidden variable

24



1.

Signature matrix
(mappabillity fingerprint)

Proportion of bases annotated as each subfamily is
assumed as the Pervasive Transcription signal.

Based on simulations of reads originating from putative
subfamily mature transcript, subfamily signal is defined
by the Proportion of reads mapped to each subfamily.

25



On the L1 transcripts
simulation (2)

. Select putative full-length L1 transcripts;

. Simulate reads of N base pairs and 0.1% error
rate;

. Align to the reference genome and;

. Count the number of reads overlapping L1
subtamilies

ps. randomly picking one of the best alignments (counting the alignment multiple times
yielded similar results).

20



VlioqQel

Ni=t*(Pj*Si,))
* Now this becomes a simple regression problem:

* [east Squares with Equalities and Inequalities

(Isei)

 Mixed MemberShip (mixedl\/lem—Erosheva et al (2004))
e LASSO (penalized)

LASSO regression end up being the best method
due to the expected sparsity.
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Read length assessment

000000

i
L1 Subfamily
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JTeXP

* |s atool to simulate reads compatible to a RNA-seq
experiment and calculate the mappabillity
fingerprint for L1 elements;

* |t maps RNA-seq reads to a reference genome and
uniformly quantity the L1 subtamily read counts;

* Finally, TeXP estimates the rate of pervasive
transcription and autonomous transcription of L1

subfamilies;
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JTeXP

| RNA-seq L1 library -~ Simulate L1-subfamily
simulated reads

reag
lenath
Y

Align Overlap Calculate pervasive

!
transcription signal '-.I'SUbfa_m"Y
L fingerprints
! v

TeXP

' Observed L1-subfamily Docker

read counts

| Subfamily
RPKM

‘ l Deconvolve

o TeXP can be used as a Makefile or as a Docker Image
(cloud compatible).

e Source code is (not) available on GitHub.
github.com/fabiocpn/TeXP

 And (not) available in DockerHub (fnavarro/texp)

L1XP?
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GTEX processed samples

N Samples
234
146
123

11

81

99
133
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76

Tissue
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Bladder
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Brain_-_Anterior_cingulate_cortex_ (BA24)

Brain_-_Caudate_(basal_ganglia)

Brain_-_Cerebellar_Hemisphere

Brain_-_Cerebellum

Brain_-_Cortex

Brain_-_ Frontal_Cortex_(BA9)

Brain_-_Hippocampus

Brain_-_Hypothalamus
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Brain_- Putamen_(basal_ganglia)

Brain_-_Spinal_cord_(cervical_c-1)

71
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Cells_-_EBV-transformed_lymphocytes
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Esophagus_- Gastroesophageal Junction

Heart_-_ Atrial_Appendage
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Liver
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Minor_Salivary_Gland
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271
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449
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Pituitary

Prostate

Skin_-_Not_Sun_Exposed_(Suprapubic)

Skin_-_Sun_Exposed_(Lower_leg)

Small_Intestine_- Terminal_Ileum

Spleen

Stomach

Testis

Thyroid

Uterus

Vagina

Whole_Blood
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GTEXx cell lines

Cells_—_Leukemia_cell_line_(CML) ] —

K562

Cells_-_Transformed_fibroblasts

Cells - EBV-transformed lymphocytes

0 5 10

38 L1Hs RPKM

15



| 1Hs activity
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L1 activity with Age

Adipose_~-_Visceral_(Omentum) Adrenal_Gland Brain_-_Amygdala lin_—_Anterior_cingulate_cortex_(BA Brain_-_Caudate_(basal_ganglia) Brain_-_Cerebellar_Hemisphere
®e
° ° ° . 8 o,
S ) .
. e |® % B AN S
e 00 oo ° ° swe °© © © o D

= n
o =) o

)
S

L1Hs Autonomous Lranscription Level
n
o

L1Hs autonomous transcription (RPKM)

Brain_—_Cortex Brain_~-_Frontal_Cortex_(BA9) Brain_-_Hippocampus Brain_~-_Hypothalamus _—_Nucleus_accumbens_(basal_gar Brain_-_Putamen_(basal_ganglia)
°
° @ ° ° 8
° ° o ® o ° ° °
. o ° o o 0o’ g I
. [ P PR — . o Cebminin. oo o e @%eamude %o woumm o o o wcmm—— . ot . co © PuBvanbe
Brain_~_Spinal_cord_(cervical_c-1) Brain_~-_Substantia_nigra Breast_—_Mammary_Tissue slls_—_EBV-transformed_lymphocfit« ~ Cells_—_Transformed_fibroblasts Colon_-_Sigmoid Colon_~_Transverse

) i Tissue p-value corr

RSN NE R o e Mot Prostate 1.65E-07 -0.333419429
Cells -
. 0.002835973 0.157327685
: REERSEAE SESERE Transformed
HIN N R Tocazien Adipose -
s SR dip 0.00359633 0.242811085
AL B R SN0 P il T B RIORE Y Visceral
Pancreas Pituitary Prostate dh_-_Not_Sun_Exposed_(Suprapub Skin_-_Sun_Exposed_(Lower_leg) Small_Intestine_-_Terminal_lleum Spleen . .
RN Colon - Sigmoid  0.005020719 0.301663825
R RSl Ak ' Testis 0.008528213 0.263034162
. ° * - :";;..;:. '. ° ° bl : .: .' ' | .s :.- ° . .
20 30 40 50 60 7% 20 30 40 50 60 70 30 30 40 50 60 70 20 30 4OAgeSO 60 70 20 30 40 50 60 70 20 30 40 50 60 70

Age 40



tion (RPKM)

n
o

| 1Hs autonomous transcri

L1Hs Autonomous Lranscription Level

30

20

30

20

30

o

o

@
S

n
o

o

o

30

20

30

20

Adipose_-_Visceral_(Omentum)

Brain_-_Cerebellum

. °
o ove tenmmom ® o

1 activity with BMI

Adrenal_Gland

o o $om

Brain_-_Cortex

. .
o 0D canssettoe Seadse

.
° ° ® ogo® °
eoatte a8

o o
w8 ‘@ emsman

Artery_—_Coronary

Brain_-_Frontal_Cortex_(BA9)

Brain_-_Amygdala

Brain_-_Hippocampus

° °
® o0 ootcmm & o0

Brain_—_Spinal_cord_(cervical_g-1) Brain_-_Substantia_nigra Breast_-_Mammary_Tissue slls_—_EBV-transformed_lymphocyt«
s o
oo
A A |
Qe © 8o, %° °©
® o ek
o o NuWSE
o o * 8o o °
o ° ® °
o whoomema’ coe cocecedis s o ° oo comomm o  ooo
»phagus_—_Gastroesophageal_Juncf Heart_—_Atrial_Appendage Liver Lung
° °
° ° °
°
e o ® LI .
%00 © . ° hd ° — - e
®20g o° o ° a®, e & ° .
& :-.s-\:,-. % e o o . AP
°
w e %0 ° o @ ocomas ofe cedm o -
Pancreas Pituitary Prostate in_-_Not_Sun_Exposed_(Suprapub
°
°
°
o o
° °
.. .ll. °
o %o °o° 8 % & %o
°
NENE 1% < WTI - o
Stomach Testis Thyroid Uterus
° °
o0
o ° .. °l e
eo ®
wo e’ oo o ° o
Cool@s o,
o e
o © ° o0 8
o o ® ° e
e ° e
(14 o
°
° o
@ o o o

20 25 30 35 40

lin_—_Anterior_cingulate_cortex_(BA Brain_-_Caudate_(basal_ganglia)

° ° e - ° o
S e o0 o @ e . °
[ ° %" © o
®co0 %mddol “wm o Vome fodtons ° coaws censem @O wee

Brain_-_Hypothalamus

. de
. . . <
e ° o 8 o oo W

cndose mlemme® @ o sele mdPoese o @e 8 88 cw ookl

Cells_-_Transformed_fibroblasts

Colon_-_Sigmoid

Colon_-_Transverse

°e
Muscle_—_Skeletal Ovary
°
° °
e o
o ®
‘.
L
00 ®o —.E’. 0% e
® o0 ° °% .
° .'- & £ %-
09, 584 32" o0
oo &f c%me
Skin_—_Sun_Exposed_(Lower_leg) Small_Intestine_-_Terminal_lleum Spleen
°
°
° ° o
foe % 08 % o °
oo Womo®s o o e
Vagina Whole_Blood
°
°
°
b ] o o
® 0 o © o
o o °
® o0 ®e ° -
0o ©
e o 3o ,°
o ¥e° °
° b
. % )
. ® GowllurhsoTensd

20 25 30 35 40 20 25 30 35 40

Brain_-_Cerebellar_Hemisphere

_—_Nucleus_accumbens_(basal_gar Brain_-_Putamen_(basal_ganglia)

Tissue

Brain -
Substantia

Colon - Sigmoid

Esophagus -
Gastroesophage
Breast -
Mammary Tissue

Liver

p-value corr

9.55E-05 0.583854047
0.000275892 0.384870358
0.000506324 -0.343172644
0.000633781 0.282362623

0.00701708 0.409920392



Sun effect on L1Hs
activation
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NE endonuclease activity
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TCAATTAAAATACT &
AGTTAAT TTTATGA s &’
Mills, R. E., Bennett, E. A., Iskow, R. C., & Devine, S. E. (2007). Which transposable elements are active in the human genome? Trends in Genetics : TIG, 23(4), 183—191. http:// 46
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L1 Endonuclease promotes
DSB

fnCare e Further- more, overexpression of the
LINE-1 ORF2 induced a marked
Increase in both intra- anad
Interchromosomal translocations,

/ whereas the endonuclease-inactive
e mutant partially blocked DHT+IR-

DHT + genoloxic stress

Prordinecs o QOPE endtansieore: | Roomtiment of A0 sompie iInduced translocations.
e ‘5."'3

* Jo our surprise, even in the albsence of

X2 }00*,3;“:3,.:?:,_’ - genotoxic stress, the ORF2
o S endonuclease appears to be capable of
targeting DNA breakage, [...] generating
\Ea" E” DSBs at the translocation sites.

Lin, C., Yang, L., Tanasa, B., Hutt, K., Ju, B.-G., Ohgi, K., et al. (2009). Nuclear receptor-induced chromosomal proximity and DNA breaks underlie specific translocations in cancer.
Cell, 139(6), 1069—1083. http://doi.org/10.1016/j.cell.2009.11.030
Gasior, S. L., Wakeman, T. P., Xu, B., & Deininger, P. L. (2006). The human LINE-1 retrotransposon creates DNA double-strand breaks. Journal of Molecular Biology, 357(5), 1383—
1393. http://doi.org/10.1016/j.jmb.2006.01.089 47
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NHEJ IS error prone

a Pathveays thas respond 1o D585 S
’,, \\‘ =
—— — ~ ~ ~ -~
DNA crossl =« U\lArepair' *bim:"ing AGATTICCTTACTAYCCGICTGATG
i e - s TCTAAIGGAATGATAGGCGACTAC
- / -
HR NHF, s——————— ATM-dependert (M5) ATR-deperdent
2 ’ —
e A S s saa s < AGATTICCT TATCCGICTGATG
// ITCTAAGGAAT GGLCLACTACL
l [ l \ ™ 4
— — ”%_L__'T—A e 4 Ku ‘:’\43. + (--3
Stror wasion 0T ™ e :
5 ‘ - w4 acaTTccTl] TaRlccocToATE
DMNA-PK Binding Recruitiment of VRN o AlV _*Z’J( TCTAAGGAAT CCGCGACTAC
& and synapsis ol actvationcf AT Q. / A

Hormalegous paiting Sinding of EPS o s:DNA,
B | i N ) l Polymerases /'/ KA \‘\Polymwams

- (y et W 7 Ligase
Helliday unction farmatiaa === —— — A Nuclease Nuclease
: ‘ ; Frowmssing by Arteanis, N l
PIK andd athe s s oteins . —
ﬁqz; gl st Recruitment o° ATR or ATRIP
4 - N l © N P
ldlllll*lﬂldlluﬂ ™ A . - .—%"\ F O LS0A 008 00080008 0:S £ 80.3 P RSS2 S0 3-3'0'8°0:00
1 B & AIAX (HaAR g
== O —o—— & 2 o
. i Rex ruitment of | 1G4 TPEIEPL 5MCI &) | PR RS R EEEEEEEEEE
Holliday ‘unction resolution KR4 and rejaining MoCt O MEN s g ™~ A2 =8
Actvation of cell-epele e
‘J__.'L'NAVK CMC@OIHISNDNA LY RN RSAERSLMNE SN (N B B BE BN B N B B B
rapalr or ao3o10sk -
o= AlV b o—— E
; Pathways 1
«= AT? thiat respond
= Lo D>
wots RPA ",,; P——-'\‘_ - AGATICCTTATCCGCTGATG
== MRA P-:»;::-r} [Ssgnella\g] TCTAAGGAATAGGCIGACTAC
Hand en ~
) LIG4-NRCCH processing // \ AGATTCCTTAQQOQCTLCCGICTGATG
& P AL Ze o ) l:gg:;;;epondeﬂ! | ATR-dependert | TCTAAGGAATCccgAGGC/GACTAC
SMCI/MRN { ATD Ceicies
G KU Sanioes = , (€S AGATT[CCCGJCTGATCG
i MBS TCTAA[GGGC[GACTAC
L Artevis A ";73“3 ATLD i )
A AT 7LD AGATT[CCTTACTCCCICTGATG
— Artemis TCTAAGGAATQAGGCIGACTAC

Lin, C., Yang, L., Tanasa, B., Hutt, K., Ju, B.-G., Ohgi, K., et al. (2009). Nuclear receptor-induced chromosomal proximity and DNA breaks underlie specific translocations in cancer. 48
Cell, 139(6), 1069—1083. http://doi.org/10.1016/j.cell.2009.11.030


http://doi.org/10.1016/j.cell.2009.11.030

Tumor vs Normal L1Hs
autonomous transcription level
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| 1THs Vs Iindels counts
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| 1HSs correlates to Inaels
counts
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Enrichment of L1 endonuclease
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Conclusions

TeXP is a method to decouple the signal of pervasive and
autonomous transcription on RNA sequencing experiments;

There is autonomous transcription of L1Hs (and only L1HSs) in
healthy somatic tissue;

In a few tissues, this expression correlates to Age and BMI;

Using a pervasive transcription index, we ranked tissues based
on their level of pervasive transcription;

L1 endonuclease might be a source of genome instability
creating double strand breaks and, theretore, translocations
(not shown) and indels in the tumor genome.
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