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Overview
• Classification of transposable elements 

• Somatic activity of L1 elements in the human brain 

• Methods to assign short reads to transposable 
elements 

• Preliminary results 

• P1- Mappable TEs 

• P2 - Unmappable TEs
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Dead TE in human genome
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Active TE in human genome

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://
doi.org/10.1016/j.tig.2007.02.006
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Not all LINEs,HERVs, ALUs 
and SVAs though

5Brouha, B., Schustak, J., Badge, R. M., Lutz-Prigge, S., Farley, A. H., Moran, J. V., & Kazazian, H. H. (2003). Hot L1s account for the bulk of retrotransposition in the human population. 
Proceedings of the National Academy of Sciences of the United States of America, 100(9), 5280–5285. http://doi.org/10.1073/pnas.0831042100

http://doi.org/10.1073/pnas.0831042100


• Sequenced 300 neurons (Single cell) 

• L1-IP library 

• 0.6 ± 1.5 (SD) candidate unique insertions per neuron 
(after validation: 0.07 ± 0.15 (SD) and 0.04 ± 0.10 (SD) insertions per 
neuron) 

• 82% of 1-neuron samples had no detectable unique somatic insertions.

Somatic activity of L1 in the 
brain

Evrony, G. D., Cai, X., Lee, E., Hills, L. B., Elhosary, P. C., Lehmann, H. S., et al. (2012). Single-neuron sequencing analysis of L1 retrotransposition and somatic mutation in the 
human brain. Cell, 151(3), 483–496. http://doi.org/10.1016/j.cell.2012.09.035 6

http://doi.org/10.1016/j.cell.2012.09.035


• High-coverage whole-genome sequencing of single neurons from human 
brain (N=16 frontal gyrus of the dorsolateral prefrontal cortex). 

• 2 somatic insertions. 

• Spatial tracing of cell lineages in human brain using somatic retrotransposon 
insertions 

• Somatic mutations reveal patterns of clonal dispersion and focal mutation in 
normal brain
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Somatic activity of L1 in the 
brain

Evrony, G. D., Lee, E., Mehta, B. K., Benjamini, Y., Johnson, R. M., Cai, X., et al. (2015). Cell lineage analysis in human brain using endogenous retroelements. Neuron, 85(1), 49–
59. http://doi.org/10.1016/j.neuron.2014.12.028

http://doi.org/10.1016/j.neuron.2014.12.028


Somatic activity of L1 in the 
brain

8Upton, K. R., Gerhardt, D. J., Jesuadian, J. S., Richardson, S. R., Sánchez-Luque, F. J., Bodea, G. O., et al. (2015). Ubiquitous L1 Mosaicism in Hippocampal Neurons. Cell, 161(2), 
228–239. http://doi.org/10.1016/j.cell.2015.03.026

• Single-cell RT-Seq: 92 individual neuronal nuclei from 
hippocampal neuron. 

• Estimated 13.7 somatic L1 insertions occur per hippocampal 
neuron. 

• "Developmental timing of L1 mobilization in the brain remains 
unclear", but few events are across many neurons. 

http://doi.org/10.1016/j.cell.2015.03.026


Mobile DNA elements in the generation 
of diversity and complexity in the brain

1. Rate of retrotransposition in different regions of the brain? 

2. Which cell types are more prone to retrotransposition? 

3. Different individuals have different rates of 
retrotransposition? 

4. What are the mechanism regulating their activity? 

5. When they are active? 

— 

6. Which elements are active? 

7. Can we reliably use RNA-seq to access their activity? 

8. Is transcription a good proxy to measure TE activity?

9Erwin, J. A., Marchetto, M. C., & Gage, F. H. (2014). Mobile DNA elements in the generation of diversity and complexity in the brain. Nature Publishing Group, 15(8), 497–506. http://
doi.org/10.1038/nrn3730

http://doi.org/10.1038/nrn3730


Transcription of TEs

Faulkner, G. J., Kimura, Y., Daub, C. O., Wani, S., Plessy, C., Irvine, K. M., et al. (2009). The regulated retrotransposon transcriptome of mammalian cells. Nature Genetics, 41(5), 
563–571. http://doi.org/10.1038/ng.368

CAGE (Cap Analysis Gene Expression) - 20nt tags!
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http://doi.org/10.1038/ng.368


Criscione, S. W., Zhang, Y., Thompson, W., Sedivy, J. M., & Neretti, N. (2014). Transcriptional landscape of repetitive elements in normal and cancer human cells, 15(1), 1–17. http://
doi.org/10.1186/1471-2164-15-583 11

Classes and families of repetitive elements differentially expressed in prostate cancer tumor tissue versus normal 
tissue. The number next to each class and family name corresponds to the number of differentially expressed 
subfamilies (FDR < 0.05).

Transcription of TEs

 "Prevalently from the LTR, LINE and DNA classes."

https://github.com/nerettilab/RepEnrich

http://doi.org/10.1186/1471-2164-15-583
https://github.com/nerettilab/RepEnrich


Transcription of TEs

12Grow, E. J., Flynn, R. A., Chavez, S. L., Bayless, N. L., Wossidlo, M., Wesche, D. J., et al. (2015). Intrinsic retroviral reactivation in human preimplantation embryos and pluripotent cells. 
Nature. http://doi.org/10.1038/nature14308

FASTQ files were aligned to repbase consensus sequences (downloaded from 
RepBase) with bowtie using the command “bowtie -q -p 8 -S -n 2 -e 70 -l 28-maxbts 
800 -k 1 -best”. These bowtie parameters ensure that only the best alignment 
(highest scores) is reported, furthermore only one alignment per read is reported, 
that is, these settings do not allow multiple-matching.

http://doi.org/10.1038/nature14308


Pipeline
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Pipeline

Brain Span dataset: 

• ~600 samples 

• Illumina, poly(A), shotgun (75bp) 

• Human brain regions across many 
development periods.

Body Map dataset: 

• Illumina, poly(A), paired-end (75bp) 

• 16 Human tissues (~30 samples)
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Mappability of TEs
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LTR59_LTR__ERV1

Ricksha_0_DNA__MULE−MuDR

MSTB1−int_LTR__ERVL−MaLR

LTR47A_LTR__ERVL

LTR26B_LTR__ERV1

MSTD_LTR__ERVL−MaLR

Ricksha_a_DNA__MULE−MuDR

LTR47B4_LTR__ERVL

MER6_DNA__TcMar−Tigger

MER87B_LTR__ERV1

LTR57−int_LTR__ERVL

HSAT4_Satellite__centr

MER83B−int_LTR__ERV1

L1MB2_LINE__L1

MSTC_LTR__ERVL−MaLR

MLT1A1_LTR__ERVL−MaLR

LTR39_LTR__ERV1

L1MA7_LINE__L1

L1MC1_LINE__L1

tRNA−Gly−GGA_tRNA

U2_snRNA

Tigger3d_DNA__TcMar−Tigger

Tigger4_DNA__TcMar−Tigger

LTR38C_LTR__ERV1

LTR35_LTR__ERV1

Tigger3_DNA__TcMar−Tigger

LTR27D_LTR__ERV1

LTR2752_LTR__ERV1

MER66D_LTR__ERV1

Tigger4a_DNA__TcMar−Tigger

MER44A_DNA__TcMar−Tigger

LOR1−int_LTR__ERV1

MER21A_LTR__ERVL

L1MA4A_LINE__L1

HERV3−int_LTR__ERV1

MER83B_LTR__ERV1

HERVFH21−int_LTR__ERV1

L1PA15−16_LINE__L1

LTR26E_LTR__ERV1

LTR38B_LTR__ERV1

MER50−int_LTR__ERV1

LTR51_LTR__ERV1

L1MA9_LINE__L1

MER44C_DNA__TcMar−Tigger

LTR57_LTR__ERVL

MSTA1_LTR__ERVL−MaLR

MER65A_LTR__ERV1

Tigger2b_Pri_DNA__TcMar−Tigger

LTR24C_LTR__ERV1

7SLRNA_srpRNA

HERV30−int_LTR__ERV1

LTR46−int_LTR__ERV1

LTR26D_LTR__ERV1

LTR28C_LTR__ERV1

LTR70_LTR__ERV1

MER41D_LTR__ERV1

MER66A_LTR__ERV1

MSTB1_LTR__ERVL−MaLR

MER47A_DNA__TcMar−Tigger

Tigger3a_DNA__TcMar−Tigger

Tigger5b_DNA__TcMar−Tigger

LTR9C_LTR__ERV1

Tigger3c_DNA__TcMar−Tigger

LTR28B_LTR__ERV1

MER2B_DNA__TcMar−Tigger

L1PBb_LINE__L1

L1MA5A_LINE__L1

Tigger2a_DNA__TcMar−Tigger

LTR8B_LTR__ERV1

L1MA4_LINE__L1

MER2_DNA__TcMar−Tigger

MER57B2_LTR__ERV1

L1MA8_LINE__L1

HERVIP10B3−int_LTR__ERV1

MER61C_LTR__ERV1

HUERS−P2−int_LTR__ERV1

HY1_scRNA

Tigger2_DNA__TcMar−Tigger

LTR43B_LTR__ERV1

LTR32_LTR__ERVL

MER4B−int_LTR__ERV1

MER72B_LTR__ERV1

MLT1A1−int_LTR__ERVL−MaLR

MER101B_LTR__ERV1

LTR49−int_LTR__ERV1

LTR48_LTR__ERV1

MER34B_LTR__ERV1

MLT2C2_LTR__ERVL

L1MCa_LINE__L1

LTR62_LTR__ERVL

LTR38A1_LTR__ERV1

MER57C2_LTR__ERV1

LTR24_LTR__ERV1

MSTA1−int_LTR__ERVL−MaLR

LTR24B_LTR__ERV1

LTR58_LTR__ERV1

MER50C_LTR__ERV1

L1M2a1_LINE__L1

MER34D_LTR__ERV1

LTR35A_LTR__ERV1

Charlie12_DNA__hAT−Charlie

MER6C_DNA__TcMar−Tigger

LTR34_LTR__ERV1

MER89_LTR__ERV1

MER58B_DNA__hAT−Charlie

MLT2C1_LTR__ERVL

Tigger17b_DNA__TcMar−Tigger

MER54B_LTR__ERVL

MER57D_LTR__ERV1

LTR45_LTR__ERV1

MLT2B5_LTR__ERVL

LTR75_1_LTR__ERV1

Tigger17a_DNA__TcMar−Tigger

MER20_DNA__hAT−Charlie

MER3_DNA__hAT−Charlie

MLT1A0−int_LTR__ERVL−MaLR

L1MC3_LINE__L1

MER8_DNA__TcMar−Tigger

LTR38_LTR__ERV1

MER83A−int_LTR__ERV1

L1M2c_LINE__L1

MSTB2−int_LTR__ERVL−MaLR

L1MD1_LINE__L1

MER92B_LTR__ERV1

MLT1E2_LTR__ERVL−MaLR

MER68_LTR__ERVL

MER33_DNA__hAT−Charlie

L1MD2_LINE__L1

MER58C_DNA__hAT−Charlie

L1MD_LINE__L1

LTR38−int_LTR__ERV1

MLT−int_LTR__ERVL−MaLR

MER34C2_LTR__ERV1

MER34A_LTR__ERV1

MER58D_DNA__hAT−Charlie

Merlin1_HS_DNA__Merlin

HERVL32−int_LTR__ERVL

Tigger17c_DNA__TcMar−Tigger

MLT1−int_LTR__ERVL−MaLR

LTR06_LTR__ERV1

MLT1B−int_LTR__ERVL−MaLR

MLT1A−int_LTR__ERVL−MaLR

LTR89_LTR__ERVL?

L1ME1_LINE__L1

LTR55_LTR__ERVL?

LTR35B_LTR__ERV1

MER63D_DNA__hAT−Blackjack

Charlie21a_DNA__hAT−Charlie

UCON37_Unknown

LTR42_LTR__ERVL

MLT1F1_LTR__ERVL−MaLR

L1M4b_LINE__L1

MLT1E1A_LTR__ERVL−MaLR

MER45B_DNA__hAT−Tip100

L1M2a_LINE__L1

L1M3d_LINE__L1

MER95_LTR__ERV1

MER96B_DNA__hAT−Tip100

Charlie1a_DNA__hAT−Charlie

MER67B_LTR__ERV1

L1MDa_LINE__L1

MER67A_LTR__ERV1

MLT1E1A−int_LTR__ERVL−MaLR

L1M3e_LINE__L1

L1MD3_LINE__L1

MER74A_LTR__ERVL

L1MCb_LINE__L1

MER70B_LTR__ERVL

MER5A1_DNA__hAT−Charlie

MER45R_DNA__hAT−Tip100

L1M4a2_LINE__L1

MER91B_DNA__hAT−Tip100

LTR40c_LTR__ERVL

L1M4a1_LINE__L1

L1MCc_LINE__L1

L1MC4_LINE__L1

L1M3b_LINE__L1

MLT1D−int_LTR__ERVL−MaLR

L1M5_LINE__L1

MER76_LTR__ERVL

L1MEf_LINE__L1

MER101−int_LTR__ERV1

MER81_DNA__hAT−Blackjack

Tigger6a_DNA__TcMar−Tigger

MER63A_DNA__hAT−Blackjack

L1M_LINE__L1

MER57F_LTR__ERV1

MER77B_LTR__ERVL

L1ME2z_LINE__L1

MER70C_LTR__ERVL

MER5A_DNA__hAT−Charlie

Charlie2a_DNA__hAT−Charlie

MLT1G1_LTR__ERVL−MaLR

ERV24B_Prim−int_LTR__ERV1

MER57E1_LTR__ERV1

LTR39−int_LTR__ERV1

MER70A_LTR__ERVL

LTR40b_LTR__ERVL

MER63B_DNA__hAT−Blackjack

MADE2_DNA__TcMar−Mariner

LTR69_LTR__ERVL

U13_snRNA

MER88_LTR__ERVL

Cheshire_DNA__hAT−Charlie

MLT1C−int_LTR__ERVL−MaLR

MER63C_DNA__hAT−Blackjack

X7C_LINE_LINE__CR1

MER113B_DNA__hAT−Charlie

Zaphod2_DNA__hAT−Tip100

MLT1H_LTR__ERVL−MaLR

L1ME3E_LINE__L1

LTR16B_LTR__ERVL

L1ME3D_LINE__L1

Charlie1_DNA__hAT−Charlie

Tigger6b_DNA__TcMar−Tigger

MIR_SINE__MIR

LTR40a_LTR__ERVL

LTR37A_LTR__ERV1

L1MC4a_LINE__L1

ERVL47−int_LTR__ERVL

L1MEa_LINE__L1

MER41G_LTR__ERV1

LTR53_LTR__ERVL

MER96B_DNA__hAT

MER106A_DNA__hAT−Charlie

UCON80_AMi_Unknown

LTR75_LTR__ERVL

L1M7_LINE__L1

L1MC5a_LINE__L1

MER90a_LTR__ERV1

MER5B_DNA__hAT−Charlie

LTR37B_LTR__ERV1

MER96_DNA__hAT−Tip100

L1MC5_LINE__L1

PABL_B−int_LTR__ERV1

Charlie4a_DNA__hAT−Charlie

MIRb_SINE__MIR

MIR3_SINE__MIR

MLT1G_LTR__ERVL−MaLR

L1MEg_LINE__L1

MER74C_LTR__ERVL

LTR16C_LTR__ERVL

MER104_DNA__TcMar−Tc2

L1ME3F_LINE__L1

Charlie29a_DNA__hAT−Charlie

Plat_L3_LINE__CR1

MamRep38_DNA__hAT

X7A_LINE_LINE__CR1

Helitron3Na_Mam_RC__Helitron

LTR78_LTR__ERV1

UCON132b_DNA__hAT−Tip100

Charlie4z_DNA__hAT−Charlie

MamRep605_LTR?

LTR33A__LTR__ERVL

HAL1_LINE__L1

Tigger19b_DNA__TcMar−Tigger

ORSL−2b_DNA__hAT−Tip100

MamTip2_DNA__hAT−Tip100

AmnSINE1_SINE__5S−Deu−L2

Charlie10a_DNA__hAT−Charlie

LTR16A1_LTR__ERVL

MamGypLTR3a_LTR__Gypsy

L2c_LINE__L2

MLT1J_LTR__ERVL−MaLR

HAL1b_LINE__L1

MLT1I_LTR__ERVL−MaLR

MER45C_DNA__hAT−Tip100

MER112_DNA__hAT−Charlie

L1ME4a_LINE__L1

MLT2F_LTR__ERVL

L1ME4b_LINE__L1

ERVL−E−int_LTR__ERVL

MIRc_SINE__MIR

L2−3_Crp_LINE__L2

MER89−int_LTR__ERV1

LTR81B_LTR__Gypsy

L1MEd_LINE__L1

L1MEi_LINE__L1

Tigger9b_DNA__TcMar−Tigger

MER92D_LTR__ERV1

MamTip1_DNA__hAT−Tip100

L2−1_AMi_LINE__L2

MER97b_DNA__hAT−Tip100

MamRep1151_LTR?

L1MEb_LINE__L1

LTR75B_LTR__ERVL

Charlie4_DNA__hAT−Charlie

MER5C_DNA__hAT−Charlie

LTR52_LTR__ERVL

MIR1_Amn_SINE__MIR

ERV3−16A3_I−int_LTR__ERVL

Charlie7_DNA__hAT−Charlie

Zaphod3_DNA__hAT−Tip100

MER94_DNA__hAT−Blackjack

LTR65_LTR__ERV1

LTR16A_LTR__ERVL

LTR16B2_LTR__ERVL

L2a_LINE__L2

X6B_LINE_LINE__CR1

HERV16−int_LTR__ERVL

LTR16A2_LTR__ERVL

MER105_DNA__hAT−Charlie

Charlie23a_DNA__hAT−Charlie

OldhAT1_DNA__hAT−Ac

Tigger15a_DNA__TcMar−Tigger

MLT1G3−int_LTR__ERVL−MaLR

LTR16D2_LTR__ERVL

LTR78B_LTR__ERV1

L1MEj_LINE__L1

MamRTE1_LINE__RTE−BovB

MamRep1527_LTR

Charlie24_DNA__hAT−Charlie

MER103C_DNA__hAT−Charlie

Kanga1c_DNA__TcMar−Tc2

MamRep137_DNA__TcMar−Tigger

LTR33C_LTR__ERVL

MER70−int_LTR__ERVL

L4_A_Mam_LINE__RTE−X

MER20B_DNA__hAT−Charlie

MLT1L_LTR__ERVL−MaLR

MER102c_DNA__hAT−Charlie

L2_LINE__L2

Arthur1A_DNA__hAT−Tip100

Zaphod_DNA__hAT−Tip100

L1MEh_LINE__L1

MLT2E_LTR__ERVL

MLT1K_LTR__ERVL−MaLR

MER91C_DNA__hAT−Tip100

L1ME5_LINE__L1

L2b_LINE__L2

Charlie15b_DNA__hAT−Charlie

L1ME4c_LINE__L1

LTR104_Mam_LTR__Gypsy

Charlie18a_DNA__hAT−Charlie

LTR37−int_LTR__ERV1

MLT1J1_LTR__ERVL−MaLR

MER110A_LTR__ERV1

MER119_DNA__hAT−Charlie

MER57C1_LTR__ERV1

DNA1_Mam_DNA__TcMar

MER121_DNA__hAT?

UCON4_Unknown

MER97d_DNA__hAT−Tip100

MER34−int_LTR__ERV1

MLT1G−int_LTR__ERVL−MaLR

MLT1F−int_LTR__ERVL−MaLR

LTR16_LTR__ERVL

L4_B_Mam_LINE__RTE−X

Charlie15a_DNA__hAT−Charlie

LTR40A1_LTR__ERVL

LTR84b_LTR__ERVL

MER97c_DNA__hAT−Tip100

MER113_DNA__hAT−Charlie

FordPrefect_DNA__hAT−Tip100

X9_LINE_LINE__L1

LTR33A_LTR__ERVL

L1MEg2_LINE__L1

LTR90B_LTR

Tigger13a_DNA__TcMar−Tigger

L1M6_LINE__L1

MER91A_DNA__hAT−Tip100

LTR16E2_LTR__ERVL

MER113A_DNA__hAT−Charlie

MLT1J−int_LTR__ERVL−MaLR

MLT1O_LTR__ERVL−MaLR

LTR16E1_LTR__ERVL

MER117_DNA__hAT−Charlie

MLT1H−int_LTR__ERVL−MaLR

MER68C_LTR__ERVL

Arthur1_DNA__hAT−Tip100

BLACKJACK_DNA__hAT−Blackjack

Kanga1a_DNA__TcMar−Tc2

HAL1M8_LINE__L1

LTR16B1_LTR__ERVL

MER102b_DNA__hAT−Charlie

MER46C_DNA__TcMar−Tigger

Arthur1C_DNA__hAT−Tip100

Chap1_Mam_DNA__hAT−Charlie

LFSINE_Vert_SINE__tRNA

MamGypsy2−LTR_LTR__Gypsy

Charlie17b_DNA__hAT−Charlie

Charlie17a_DNA__hAT−Charlie

L3_LINE__CR1

Kanga2_a_DNA__TcMar−Tc2

Tigger8_DNA__TcMar−Tigger

Charlie19a_DNA__hAT−Charlie

Tigger16b_DNA__TcMar−Tigger

LTR81A_LTR__Gypsy

Tigger19a_DNA__TcMar−Tigger

Penelope1_Vert_LINE__Penelope

Tigger16a_DNA__TcMar−Tigger

HERVL74−int_LTR__ERVL

ERV3−16A3_LTR_LTR__ERVL

Charlie6_DNA__hAT−Charlie

UCON86_LINE__L2

Charlie10b_DNA__hAT−Charlie

Charlie5_DNA__hAT−Charlie

Charlie10_DNA__hAT−Charlie

L1MEg1_LINE__L1

CR1_Mam_LINE__CR1

LTR88b_LTR__Gypsy?

Tigger18a_DNA__TcMar−Tigger

Charlie8_DNA__hAT−Charlie

Charlie7a_DNA__hAT−Charlie

MLT1H2−int_LTR__ERVL−MaLR

MER115_DNA__hAT−Tip100

MER110_LTR__ERV1

MamGypLTR1b_LTR__Gypsy

LTR85a_LTR__Gypsy?

MARNA_DNA__TcMar−Mariner

LTR33B_LTR__ERVL

LTR81C_LTR__Gypsy

Charlie20a_DNA__hAT−Charlie

AmnSINE2_SINE__tRNA−Deu

MLT1F1−int_LTR__ERVL−MaLR

MER5C1_DNA__hAT−Charlie

MamRep1894_DNA__hAT

MamRep564_Unknown

LTR103b_Mam_LTR__ERV1?

L1M6B_LINE__L1

LTR88a_LTR__Gypsy?

LTR82A_LTR__ERVL

MLT1I−int_LTR__ERVL−MaLR

MamRep4096_DNA__hAT−Tip100

MER127_DNA__TcMar−Tigger

Charlie11_DNA__hAT−Charlie

Charlie30a_DNA__hAT−Charlie

MER97a_DNA__hAT−Tip100

Kanga1b_DNA__TcMar−Tc2

LTR52−int_LTR__ERVL

MLT1G1−int_LTR__ERVL−MaLR

MamGypLTR1d_LTR__Gypsy

LTR102_Mam_LTR__ERVL

LTR50_LTR__ERVL

Charlie2b_DNA__hAT−Charlie

HERVL40−int_LTR__ERVL

LTR81AB_LTR__Gypsy

Tigger9a_DNA__TcMar−Tigger

UCON28c_Unknown

UCON51_LTR?

UCON23_DNA__hAT−Tip100?

MER129_LTR?

CR1−L3A_Croc_LINE__CR1

UCON78_DNA

UCON28a_Unknown

UCON40_Unknown

UCON65_Unknown

MLT1L−int_LTR__ERVL−MaLR

CR1−12_AMi_LINE__CR1

UCON55_DNA__TcMar−Tigger

L5_LINE__RTE−X

LTR83_LTR__ERVL

MER135_DNA

MamGypLTR1c_LTR__Gypsy

X7B_LINE_LINE__CR1

UCON38_Unknown

UCON29_DNA__PiggyBac?

Tigger10_DNA__TcMar−Tigger

MamGypLTR3_LTR__Gypsy

LTR106_Mam_LTR

LTR86A1_LTR__ERVL

LTR86B2_LTR__ERVL

LTR79_LTR__ERVL

Charlie25_DNA__hAT−Charlie

CR1−3_Croc_LINE__CR1

MamRep488_DNA__hAT−Tip100

LTR85c_LTR__Gypsy?

Tigger12_DNA__TcMar−Tigger

MER124_DNA?

MamSINE1_SINE__tRNA−RTE

Charlie13b_DNA__hAT−Charlie

LTR85b_LTR__Gypsy?

Helitron2Na_Mam_RC?__Helitron?

MLT1N2_LTR__ERVL−MaLR

LTR80A_LTR__ERVL

LTR67B_LTR__ERVL

L3b_LINE__CR1

Kanga1_DNA__TcMar−Tc2

LTR86B1_LTR__ERVL

MamGyp−int_LTR__Gypsy

Helitron1Nb_Mam_RC__Helitron

MLT1M_LTR__ERVL−MaLR

L4_C_Mam_LINE__RTE−X

Charlie13a_DNA__hAT−Charlie

LTR101_Mam_LTR__ERVL

X2_LINE_LINE__CR1

MLT1J1−int_LTR__ERVL−MaLR

LTR81_LTR__Gypsy

MamGypLTR2b_LTR__Gypsy

Tigger12A_DNA__TcMar−Tigger

UCON20_Unknown

UCON28b_Unknown

hAT−N1_Mam_DNA__hAT−Tip100?

UCON66_Unknown

CR1−16_AMi_LINE__CR1

MamRep1879_DNA__hAT−Tip100?

Charlie14a_DNA__hAT−Charlie

LTR84a_LTR__ERVL

Helitron1Na_Mam_RC__Helitron

MamTip3_DNA__hAT−Tip100

LTR16D_LTR__ERVL

UCON1_Unknown

UCON31_Unknown

LTR90A_LTR

Eulor2B_DNA?

X8_LINE_LINE__CR1

LTR82B_LTR__ERVL

Tigger11a_DNA__TcMar−Tigger

Charlie26a_DNA__hAT−Charlie

LTR88c_LTR__Gypsy?

UCON107_DNA__hAT−Tag1

MamGypLTR2c_LTR__Gypsy

LTR91_LTR__ERVL

MLT1J2−int_LTR__ERVL−MaLR

MamGypsy2−I_LTR__Gypsy

Tigger12c_DNA__TcMar−Tigger

MERX_DNA__TcMar−Tigger

Charlie17_DNA__hAT−Charlie

Tigger14a_DNA__TcMar−Tigger

UCON8_DNA

X1_LINE_LINE__CR1

UCON6_Unknown

MamRep137_DNA__TcMar?

UCON2_DNA?

LTR107_Mam_LTR

Eulor5A_DNA?

UCON74_DNA?

UCON33_DNA__TcMar−Tigger

MER130_DNA

CR1−8_Crp_LINE__CR1

MLT1K−int_LTR__ERVL−MaLR

UCON26_Unknown

• 637 Subfamilies can be 
reliably mappable 

• 1,286,924 loci 

• 2,239 expressed loci 
5% of the samples  
      with 
RPKM >= 1 

• Quantile normalization
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P1: Mappable TEs

Neighbor 
genes not 
expressed

Neighbor 
genes not 
correlated

2,239 mappable expressed loci
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~2,046

2,239 mappable expressed loci

~91%
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2,239 mappable expressed loci
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2,239 mappable expressed loci
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• Select TE in 20% of the samples with RPKM >= 1 

• Non-expressed neighbor genes: 33 (4% was 104)  
 

• Uncorrelated neighbor genes: 44 (5.3%was 189)  
 

• Correlated neighbor genes: 747 (90.7% was 2,046)
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Transcription of TEs

LTR,%112%

LINE,%325%

DNA,%117%

SINE,%190%

ERVL%MaLR,)48)

ERVL,)33)

ERV1,)31)

L1,$156$

L2,$143$

CR1,$21$

RTE.X,$5$

hAT$Charlie,,73,

TcMar$Tigger,,33,

hAT$Tip100,,4,

hAT$Blackjack,,3,

TcMar$Tc2,,2, Gypsy,,2,

Criscione et. al. may be accessing differentially 
expressed genes by indirectly evaluating the expression 
of TEs close to expressed genes. 
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Transcription of TEs
• Contingent on the number of samples and expression 

threshold… If I chose more stringent parameters, just a 
few TE are reported as independently expressed. 

• Are there any TE independently expressed? What are 
the mechanisms? 

• RNA-seq+Chip-seq from ENCODE cell-lines? 

• Are these transcripts functional? Probably not… But 
that makes sense. Remember: these are the dead 
elements!
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P2: “Unmappable" TEs
• At least 75% of the reads aligned to the reference 

genome with mapping quality < 20  
 
 
 
 
 
 

• L1, HERV-K/LTR, AluY, FLAM_C, SVA
~80% of the alignments over L1Hs have mapping quality = 0 

SVA_B 
SVA_C 
SVA_D 
SVA_E 
SVA_F

L1HS 
L1P1 
L1P4b 
L1PA2 
L1PA3 
L1PA4HERVK-int 

LTR5A 
LTR5_Hs 
LTR5

AluYa5 
AluYb8 
AluYb9 
AluYc3 
AluYd8 
AluYe5 
AluYe6 
AluYh7 
AluYh9 
AluYi6 

AluYk11 
AluYk12 
AluYk2 

FLAM_C
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L1

Fetch all reads on L1HS, L1PA2, L1PA3 and L1PA4 
and align to a reference L1HS.

ORF1 ORF2
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L1 background transcription
(copy number)

L1 coordinate

co
ve

ra
ge
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Mismatches
x$V10: L1HS_LINE__L1
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.0000 0.0000 0.0000 0.9118 1.0000 11.0000
------------------------------------------------------------------
x$V10: L1P1_LINE__L1
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.000 1.000 3.000 2.828 4.000 13.000
------------------------------------------------------------------
x$V10: L1PA2_LINE__L1
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.000 0.000 1.000 1.604 2.000 12.000
------------------------------------------------------------------
x$V10: L1PA3_LINE__L1
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.000 1.000 2.000 2.324 3.000 14.000
------------------------------------------------------------------
x$V10: L1PA4_LINE__L1
Min. 1st Qu. Median Mean 3rd Qu. Max.
0.000 2.000 3.000 3.144 4.000 15.000
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Simulated L1 transcripts 
alignment (wgsim)
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Overcoming background 
transcription
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~24%;40% of the reads 
would have to originate from L1HS transcripts 

to overcome the background transcription noise 

~15;~25 RPKM 
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Is it possible to evaluate L1 
expression?

• All runs from Brain Span, Body Map and Lung 
cancer have a high significant correlation between 
the number of copies and the number of reads 
mapped on L1 subfamilies. 

• Look into embryonic stem single cell transcriptome 
data to evaluate the expression of L1 (evidence of 
L1 activity).



Conclusions
• Most of the repetitive elements are transcribed by 

background activity of RNA pol II. 

• Use other samples with known L1 activity as positive 
control. Suggestions? 

• Start working on a small preprint with negative results. 

• Carefully interpret results from highly duplicated 
regions. These observations may be also pertinent to 
pseudogene expression, chip-seq data and sRNA.
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