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Polyadenylation Mediated by LINE-1

Gillian E. Barnard and Miriam K. Konkel

Abstract

Transposable elements (TEs) are sequences that change position within the genome and

play an important role in genome expansion. TEs are grouped into two categories based on their

transposition mechanism. Class 1 retrotransposons spread via target-primed reverse transcription

(RNA to DNA) into different genomic locations. Long interspersed element 1 (L1) is a class 1

retrotransposon that is able to move autonomously, as they encode the protein machinery with an

endonuclease and reverse transcriptase activity, to insert themselves back into the genome. L1s

were the focus of this study, because they are implicated in creating alternate poly(A) sites in

genes. We analyzed 778,128 isoforms produced from 12 samples of long-read RNA (PacBio

HiFi) sequencing data to investigate if L1s introduce polyadenylation sites. Isoforms were

filtered based on L1 location within the isoforms’ 3’UTR, resulting in roughly 3,000 isoforms,

spread across 757 genes. L1 subfamilies have arisen throughout evolutionary history due to

species-specific substitutions. The L1 subfamilies in the dataset are mostly mammalian specific,

while only 43 contain primate specific L1s. The majority of the L1s studied were classified as

L1M5 (329), L1ME4b (165), L1MB7 (105), and L1ME4c (105). These L1s contain canonical

and noncanonical polyadenylation signals within their 3’UTRs. Alternatively polyadenylated

mRNA variants, generated from the same gene, are likely bound by different combinations of

trans-acting factors that can affect mRNA localization, translation, stability, and decay.

Understanding the roles of L1s in alternative polyadenylation will shed light on the impact of

TEs on processing efficiency of gene expression.



Introduction

Transposable elements 

Transposable elements (TEs) are elements that change position within the genome and

are drivers of genome evolution and speciation36. More than 50% of the human genome consists

of repeated sequences, including interspersed repeats derived from transposable elements30,51.

Transcripts of repetitive sequences may serve as multifunctional RNAs by participating in the

antisense regulation of gene activity and by competing with host-encoded transcripts for cellular

factors43. After a TE insertion occurs, it is polymorphic in the host population (some have it,

some do not). This mutation is subject to population processes of genetic drift (change in

frequency of an existing gene variant) and natural selection33. The majority of TE insertions are

selectively neutral or slightly deleterious, and only a minor fraction, would be of adaptive

significance and subjected to positive selection28. Some of these deleterious insertions within the

host can result in various genetic disorders and cancer; significant association was identified with

clinical characteristics of colorectal cancer7. TEs are also linked to tumor development in the

gastrointestinal tract7. TEs contain regulatory sequences: promoters, enhancers, splice sites, and

polyadenylation signals, which can actively reshape cellular transcriptomes19.



Figure 1. Breakdown of transposable elements. Flow chart shows a breakdown of TEs with
specific focus on class 1: retrotransposons. LINEs are a type of class 1 non-LTR
retrotransposons.

TEs can be grouped into two categories based on their mechanism of transposition, and

further divided into subclasses based on their mechanism of chromosomal integration6. The two

classes of TEs are: DNA transposons and retrotransposons. DNA transposons are unique from

retrotransposons because they have an inverted terminal repeat, encode a transposase, and only

constitute about 3% of the human genome43,51. DNA transposons mobilize a DNA intermediate,

either directly via ‘cut and paste’ mechanism or a ‘peel and paste’ replicative mechanism

involving a circular DNA intermediate6. The transposase mediates the ‘cut-and-paste’

transposition and, due to this, the insertion site gets duplicated. DNA transposons cannot exercise

cis preference because their replicative machinery does not allow for it as the transposase has no

way to recognize its cognate copy16. This is because the transposase cannot identify itself, or

distinguish active from inactive elements. As inactive copies (in which the transposase no longer

works) accumulate, transposition becomes less efficient. Within the human genome, DNA

transposons are considered extinct and no longer move throughout the genome. It is speculated

that since DNA transposons utilize a DNA-intermediate, the extinction of DNA transposons is



due to the emergence of host barriers aimed against the cellular entrance of TEs and other forms

of invasive DNA38. Conversely, retrotransposons comprise about 40% of the human genome due

to their retrotransposition mechanism, utilizing an RNA-intermediate43.

Retrotransposons spread throughout the genome via a copy and paste mechanism. Long

interspersed elements (LINEs) are autonomous retrotransposons, as they encode the protein

machinery with an endonuclease and reverse transcriptase activity, to insert themselves back into

the genome31. LINE1 (L1) is a type of LINE clade that accounts for roughly 17% of the human

genome and is the main focus of this study45. The basic structure of a LINE is composed of: a 5’

untranslated region (UTR), an ORF1 (open reading frame 1), an ORF2 (open reading frame 2),

and a 3’ UTR followed by a polyadenylation signal and poly(A) tail. The proteins expressed are

ORF1p and ORF2p and preferentially mobilize encoding RNA in cis, but also mobilize Alu

RNA, and SINE-VNTR-Alus (SVAs)12. ORF1 encodes an RNA-binding protein (ORF1p) and

ORF2 encodes a protein (ORF2p) with an endonuclease (EN) and reverse transcriptase (RT)

activity26. Alu elements require at least ORF2p to mediate their retrotransposition26.

LINEs

Figure 2. Basic structure of a LINE. A target site duplication (TSD), a 5’UTR, open reading
frame 1 (ORF1), ORF2 , a 3’UTR, and a poly(A) signal. ORF1p encodes for an RNA binding
protein and ORF2p encodes a protein with endonuclease (EN) and reverse transcriptase (RT)
activity.

Full-length LINEs are roughly 6-7 kb in length, but many truncated elements exist within

the genome. Roughly 30% of the mammalian genome is composed of LINEs and short

interspersed elements (SINEs)19.



Three distantly related LINE subfamilies (L1MA4-1, L1PB3-1, and L1PA17-1) are found

in the human genome. The idea of subfamilies was first suggested after the identification of

species-specific substitutions9. Most studies point toward the propagation of a single L1 lineage

with a linear evolution pattern in mammalian genomes over prolonged periods21,5,39. Early in

primate evolution roughly three lineages, L1MA4-1, L1PB3-1, and L1PA17-1 were active in

parallel for up to 30 million years22. The only actively propagating L1 in humans now is L1

Homo sapiens (L1Hs)22. The human genome contains about 515,000 copies of L1.

Figure 3. Phylogeny of L1 subfamilies. Phylogeny shows the period of propagating activity of
the different L1 subfamilies. Species-specific substitutions branch off to show presence in certain
primate-species.



There are some consequences attributed to insertion of TEs in the genome. This should

be considered when looking at L1 insertions and their location in a gene. A LINE can be inserted

into the promoter of a gene, within an exon, at or near a splice site, or within a non-coding region

(intron). When situated within the promoter region, an L1 can alter or disrupt gene expression47.

When positioned in an exon, it is likely to disrupt the reading frame and result in no gene

product11. Exonization can also occur when the TEs are incorporated into the transcript and can

alter the original gene product8. When located at or near the splice site region, it can disrupt the

splicing mechanism, alter the reading frame, or result in no protein product11. Lastly, if the L1 is

localized within a non-coding region (i.e., intron), it can also have negative effects by

introducing splice sites and polyadenylation signals44,37,41. In general, L1s can target specifically

AT-rich regions as insertion sites within the genome45. While younger L1 elements are located

(on average) closer to genes, full-length elements are more abundant in the sex chromosome than

on autosomes4.

Polyadenylation



Figure 4. Rendering of a polyadenylation event. Cleavage/polyadenylation specificity factor
(CPSF), cleavage stimulation factor (CstF), a poly(A) polymerase, and cleavage factors I and II.

L1s have been implicated in creating more poly(A) sites when compared to other types of

TEs32. Polyadenylation is a process that occurs after transcription of a gene (DNA to RNA). A

poly(A) signal is found at the 3’end of eukaryotic genes that drives the cleavage and

polyadenylation of the pre-mRNA. Cleavage occurs based on a poly(A) signal that is located

specifically after a 5’-CA-3’ that lies between a canonical AATAAA hexamer (central sequence

motif)42. This hexamer requires auxiliary elements such as a U- or GU-rich region42. Should

these polyadenylation signals be located near one another they will compete, often allowing one

polyadenylation site to dominate the process1
.

The principal polyadenylation machinery utilizes two cleavage factors, CFI and CFII, the

poly(A) polymerase, and two factors involved in RNA sequence recognition: cleavage

stimulation factor (CstF) and cleavage/polyadenylation specificity factor (CPSF)2. The CstF

binds to the downstream GU-rich region, and CPSF binds to the polyadenylation signal2. After a

cleavage event, the 3’-end [downstream the 5’-CA-3’] is removed, and a poly(A) polymerase

adds roughly 200 adenines to the 3’-end of the mRNA. This is to prevent nuclease digestion and

to allow the mRNA to successfully leave the nucleus. It also aids the mRNA to be better

recognized by the ribosome. The resulting poly(A) tail plays an important role in mRNA

translation and stability48. A poly(A) binding protein (PABP) becomes bound to the poly(A) tail

and the mRNA 5’cap to form a “closed loop” or “circular” mRNA that facilitates translation and

protects mRNA from degradation48. Alternatively polyadenylated mRNA variants, generated

from the same gene, are likely bound by different combinations of trans-acting factors that can

affect mRNA localization, translation, stability, and decay48.



TEs can significantly contribute to the creation or modulation of poly(A) sites that are

species specific32. Some poly(A) sites were encoded by TEs and utilized by endogenous genes,

while others are derived from TE regions that have a high propensity to give rise to poly(A)

sites32. Northern Blot results indicate that premature polyadenylation is conserved in mammalian

L1 elements that correlate with high (~40%) A-rich residues in the L1 coding region41. L1

elements have devised strategies that allow them to utilize sequences within the 3’UTR and the

poly(A) region of L1s to strengthen the usage of their polyadenylation signal3. Many transcripts

are impacted due to the L1’s own internal poly(A) signals, causing premature termination of a

gene’s transcript. However, these polyadenylation signals are typically relatively weak and a

readthrough is commonly expected. The role of L1s in mediating polyadenylation was further

investigated in this study. Of the four significant L1 subfamilies observed mediating

polyadenylation, two of them were previously recorded as having such roles, while the two

remaining had not been previously identified. Understanding the roles of L1s in alternative

polyadenylation will shed light on the impact of TEs on processing efficiency of gene

expression.

Methodology



The samples used in this study are EBV-transformed lymphocyte cell lines from 12

individuals with diverse genetic backgrounds. They include Finnish, Luhya, Peruvian,

Bangladesh, Indian Telugu, Japanese, and Colombian ethnicities. The samples were sequenced

by the Human Genome Structural Variation Consortium using PacBio IsoSeq. PacBio IsoSeq is a

long-read RNA sequencing approach that generates high-fidelity consensus sequences using

SMRTbell (single molecule real-time) technology (0.2% error rate). This data was annotated

using SQANTI3 and screened using RepeatMasker49,46. SQANTI3 is an automated pipeline that

analyzes long-read transcriptomics data49. It creates a wide range of summary graphs to aid in the

interpretation of the sequencing output, defining up to 47 different descriptors of transcripts and

junction properties49. RepeatMasker is a software tool widely used in computational genomics to

identify, classify, and mask repetitive elements46.

Shared isoforms can arise across multiple samples. However, this was previously filtered

out and the samples were combined. The resulting dataset contained 36,875 unique (no

duplications) isoforms with a known L1 present. Therefore, no population comparison analysis

could be performed in this study. To identify isoforms with premature polyadenylation events,

loci where the length of the isoform was less than the major reference genome length were

retrieved as this is an indication of a premature polyadenylation event. The remaining 36,341

isoforms were filtered based on the LINE position within the isoforms. The data was retained if

the L1 coordinates were within 0-20 base pairs from the end of the isoform, resulting in 3,109

isoforms.

To confirm if the isoforms containing L1s provided a premature polyadenylation signal

and that filtration had been done properly, they were queried against the UCSC Genome Browser

using BLAT against the human genome20. This process was to visually confirm that the isoforms



contained L1s that were within 20 bp from the end of the isoform. The isoforms were also

compared to the GRCh38/hg38 reference transcript to confirm that premature termination had

occurred. No such inconsistencies were discovered during this process.

After confirming that the isoform dataset contained L1-mediated polyadenylation loci,

the isoform characteristics were then studied for common trends. This included determining if:

the isoforms are protein coding, what genes contained these isoforms, and orientation of the L1

within the isoform. The different L1 subfamilies that were observed for each isoform were also

studied. Each L1 subfamily found at the end of the isoform was documented in order to

determine the L1 subfamilies most commonly found mediating polyadenylation events.

The four most prevalent L1 subfamilies were further studied based on location in the

transcript and sequence of their poly(A) signals. The sequences of the isoform were pulled from

the SQANTI3 output directory49. They were then submitted to the L1Base2 search engine, and

the location of the poly(A) signal as well as the sequence was recorded40. This was used to

compare the rate of canonical (AATAAA) to noncanonical poly(A) signals.

Results
The SQANTI3 annotated data frame was filtered in order to find L1 elements that create

an alternate polyadenylation signal in the isoform49. There were a total of 3,109 unique

(non-shared) isoforms found with the potential for alternate polyadenylation, the majority of

which are clustered closer to the end of the isoform. The isoforms were identified in 12 samples

of different ethnicities (see Table 1). The final position of the L1 was compared to the length of

the isoform and is graphically represented, with most of the isoform L1s observed at the end of

the transcript (see Figure 1). Figure 1 is categorized by the base pair difference between the final

position of the L1 and the transcript length.



Sample Ethnicity Isoform Count

HG00268 Finnish 46

HG01457 Columbian 537

HG02106 Peruvian 106

HG02666 Gambia 58

HG03248 Gambia 1025

HG03807 Bangladesh 70

HG04217 Indian Telugu 885

NA18989 Japanese 55

NA19317 Luhya 107

NA19331 Luhya 88

NA19327 Luhya 65

NA19384 Luhya 67

Table 1: Isoform count for each of the 12 samples. Table shows the sample names used in the
study, the ethnicity of that sample, and the isoform count from that sample.

Figure 1. Isoform counts are based on the position of full-length L1s compared to the end of
the isoform. Bar graph shows the amount of isoforms with an L1 found across a span of 0 bp to
20 bp from the end of the isoforms.



The majority (2,057 out of 3,109) of the isoforms are protein-coding (see Figure 2). The

remaining 1,052 isoforms are noncoding, composed of long-noncoding RNAs and transcribed

unprocessed pseudogenes (a DNA sequence that resembles a gene but is inactive)36. Across the

roughly 3,000 isoforms, 757 genes were identified (see Figure 3). Of these genes, the ones found

most often were OAS3 (56 isoforms) and PGK1 (49 isoforms). The OAS3 gene is a part of an

enzyme family that plays a role in the inhibition of cellular protein synthesis and viral infection

resistance23. The PGK1 gene encodes a glycolytic enzyme but is also known to ‘moonlight’ as a

regulator of metastasis and invasion of hepatocellular carcinoma (HCC) cells35. The most

common gene family in the dataset is the zinc finger family (79 separate zinc finger genes). Zinc

finger proteins harbor diverse functions and include: DNA recognition, RNA packaging,

transcriptional activation, regulation of apoptosis, protein folding and assembly, and lipid

binding27.



Figure 2. Comparison of protein-coding to non-protein coding isoforms. Percentages of
isoforms that are either protein-coding or non-coding. Most of the transcripts are protein-coding
(~66%), while the remainder are non-coding (~34%).





Figure 3. Genes present within isoform dataset. The graph includes the most common genes
found in the isoform dataset. Color-coded and grouped based on gene families present across
data.

The isoform dataset was examined for the different L1 subfamilies. This information was

retrieved using RepeatMasker45. The frequency of the different L1 subfamilies was determined

based on their presence in the 3,109 isoforms. These L1s are implicated in creating alternate

polyadenylation sites located within a range of 0-20 bp from the end of the transcript. The

majority (3,009 out of 3,109) of the L1 subfamilies are mammalian-specific (see Figure 4). Only

100 of the L1s present in the isoforms are classified as non-mammalian specific and are instead

primate-specific (43 isoforms) and ‘half-L1s’ (HAL-1, 57 isoforms). HAL1s are a unique

category of L1 elements that encode an ORF1p but not an ORF2p45. After documenting the

different L1 subfamilies, the strand orientation was also recorded (see Figure 5) as L1’s can be

integrated in a sense or antisense orientation. The majority of the L1s were in a preferential

antisense orientation (1,814), while the rest of the L1s (1,295) were integrated in the sense

orientation. The L1M5 (329), L1ME4b (165), L1MB7 (105), and L1ME4c (105) subfamilies are

indicated as creating the most abundant premature poly(A) sites among the isoforms (see Figure

4).



Figure 4. L1 Prevalence in isoform polyadenylation sites. Radar graph shows all the different
L1 subfamilies found across the isoforms. Prevalence and amount is indicated by length of line.



Figure 5. L1 strand orientation within isoforms. Bar graph showing the amount of L1s
orientation within the transcript. Most of the L1s are in the antisense orientation (1,814 out of
3,109).

The L1M5 subfamily was identified across different types of genes (see Figure 6). Of the

329 isoforms with an L1M5, 79 genes were found. L1M5 was found in the sense orientation in

only two of these genes (POLR1D and NOL9). Each isoform sequence that contained an L1M5

was retrieved and analyzed with the L1Base2 tool40. L1Base2 is a dedicated database containing

putatively active L1 insertions residing in humans and was used to determine L1 poly(A) signals

within transcripts40. The canonical (AATAAA) and noncanonical poly(A) signals were recorded

in the L1M5 subfamily (see Table 2). A noncanonical poly(A) signal must have at least one or

more changes in the hexameric sequence42. The majority of the poly(A) signals were canonical

(76%). The next most common signal was a single base change at site 4 (A -> T) (16%), then a

base change at site 6 (A -> T) (6%), lastly a base change at site 3 (A -> C) (2%). All of the

signals were found within the 3’UTR of the L1.



Figure 6. Percentage of genes with an L1M5 insertion. Most common genes with an L1M5
mediating polyadenylation events. Most common gene was ZWINT (34 out of 329 L1M5
isoforms).

1 2 3 4 5 6

A A T A A A 76%

A A T T A A 16%

A A T A A T 6%

A A C A A A 2%

Table 2. L1M5 poly(A) signal(s) found within the 3’UTR. Data came from L1Base2 analysis
using transcript sequence40. Yellow highlighted sequence is the canonical poly(A) signal.
Percentages indicated how often the signals were found across the 329 isoforms. Three
noncanonical pol(A) signals were observed.

The L1ME4b subfamily was observed across different types of genes (see Figure 7). Of

the 165 isoforms with an L1ME4b, 36 genes were found. Of the 36 genes, 10 genes (ZNF182,

TLR10, SCAF4, RAP2C-AS1, POLA2, PDRG1, LAMTOR3, CCDC93, ARHGAP31, and ABCB8)



were found with L1ME4b in the sense orientation. Each isoform sequence that contained

L1ME4b was retrieved and analyzed with the L1Base2 tool (see Table 3)40. The majority of the

poly(A) signals were canonical (62%). The next most common signal was a base change at site 4

(A -> T) (31%); lastly, a base change at site 6 (A -> T) (7%).

Figure 7. Percentage of genes within an L1ME4b insertion. Most common genes with an
L1ME4b mediating polyadenylation signal. Most common gene was NBN (34 out of 165
L1ME4b isoforms).

1 2 3 4 5 6

A A T A A A 62%

A A T T A A 31%

A A T A A T 7%

Table 3. L1ME4b poly(A) signal(s) found within the 3’UTR. Data came from L1Base2
analysis using transcript sequence40. Yellow highlighted sequence is the canonical poly(A)
signal. Percentages indicated how often the signals were found across the 165 isoforms. Only
two noncanonical poly(A) signals were discovered.



The L1MB7 subfamily was recognized across different types of genes (see Figure 8). 20

genes were identified across the 105 isoforms. Six of these genes (OXTR, MAN2B2, KIAA0513,

ALDH1B1, AFG3L1P and AC018445.5) are found with L1MB7 in the sense orientation. The

canonical and noncanonical poly(A) signals were recorded in the L1MB7 subfamily (see Table

4). The majority of the poly(A) signals were noncanonical (54%), with a base change at site 6 (A

-> T). The second most common signal was canonical (33%). The least common signal

contained a base change at site 4 (A -> T) (13%).

Figure 8. Percentage of genes with an L1MB7 insertion. Graph demonstrates common genes
with an L1MB7 mediating polyadenylation signal. Most common gene was OAS3 (55 out of 105
L1MB7 isoforms).



1 2 3 4 5 6

A A T A A A 33%

A A T T A A 13%

A A T A A T 54%

Table 4. L1MB7 poly(A) signal(s) found within the 3’UTR. Data came from L1Base2 analysis
using transcript sequence40. Yellow highlighted sequence is the canonical poly(A) signal.
Percentages indicated how often the signals were found across the 105 isoforms. Only two
noncanonical poly(A) signals were discovered.

The L1ME4c subfamily was linked to different types of genes (see Figure 9). There are

105 isoforms with an L1ME4c present in the 3’UTR and only 20 genes observed. Within five of

these genes (ZNF606, PUS7L, MAML1, FCGR2A and DNAJC7) L1ME4c is in the sense

orientation. After using the L1Base2, the canonical (AATAAA) and noncanonical poly(A)

signals were recorded in the L1ME4c subfamily (see Table 5)40. The majority of the poly(A)

signals were canonical (68%). The only other signal was a base change at site 4 (A -> T) (32%).

Figure 9. Percentage of genes with an L1ME4c insertion. Graph demonstrates common genes



with an L1ME4c mediating polyadenylation signal. The most common gene was IDS (43 out of
105 L1ME4c isoforms).

1 2 3 4 5 6

A A T A A A 68%

A A T T A A 32%

Table 5. L1ME4c poly(A) signal(s) found within the 3’UTR. Data came from L1Base2
analysis using transcript sequence40. Yellow highlighted sequence is the canonical poly(A)
signal. Percentages indicated how often the signals were found across the 105 isoforms. Only
one noncanonical poly(A)signal was discovered.

Discussion

Polyadenylation is the process by which adding roughly 200 adenines to the 3’end of an

mRNA. The 3’ end of a transcript plays an important role in the development of pre-mRNA to

mature mRNA, with the largest weight on the 3’ poly(A) tail. 3,109 isoforms found in the study

contain an L1 sequence within the 3’UTR, introducing alternate poly(A) signals and mediating

the polyadenylation process. The premature transcripts discovered have an L1 within it that has

utilized sequences within the 3’UTR and the poly(A) region to strengthen the usage of their

polyadenylation signal3.

The majority of human genes (>80 %) yield multiple mRNA isoforms with alternative

3′UTRs due to differences in the position of 3′ end cleavage and polyadenylation25. With an L1

within the 3’UTR of a transcript, it can introduce a premature polyadenylation event. Since

posttranscriptional regulatory sequences are contained within 3′UTRs, alternatively

polyadenylated mRNA variants generated from the same gene are likely to be bound by different

combinations of trans-acting factors (proteins and microRNAs)48. MicroRNAs (miRNA) are

small, single-stranded, non-coding RNA molecules that are involved in RNA silencing and

post-transcriptional regulation of gene expression24. Changes in the position of cleavage and



initiation of polyadenylation have the potential to impact downstream events in mRNA.

The majority of the L1 subfamilies are mammalian-specific (only 100 isoforms are not

confirmed to contain mammalian-specific L1s). Mammalian-specific L1s were last actively

propagating over 65 million years ago, meaning the majority of these L1s are truncated and/or

have accumulated random mutations22. The four most prevalent L1 subfamilies examined in this

study (L1M5, L1ME4b, L1MB7, and L1ME4c) contained both canonical and noncanonical

poly(A) signals. A canonical poly(A) signal is an AATAAA hexameric sequence. Mutations can

accumulate within the poly(A) signal (in the consensus sequence); positions 1, 2, and 5 are

tolerant to point mutations, while positions 3, 4, and 6 are highly conserved2. Interestingly, the

mutations within the L1s variant poly(A) signals are located at sites 3, 4, and 6. This is further

confirmed by the fact that these mutations are not found in the consensus sequence.

As the number of poly(A) sites in an mRNA molecule increases, the proportion of

canonical AATAAA signals decreases2. In instances where mRNAs have multiple poly(A) sites

along the length of the transcript, they tend to use a higher proportion of noncanonical signals.

The basis for the occurrence of variant polyadenylation signals is that variation of control

sequences mediates variation in polyadenylation rates, thus regulating gene expression13. For

instance, in mRNAs that contain both a canonical and a noncanonical signal in their 3’UTR, the

noncanonical signal is processed less efficiently2. Meaning, the mutations accumulated within an

evolutionarily old L1, within its poly(A) site, can introduce noncanonical poly(A) signals in

transcripts that are processed less efficiently and drive non-major isoforms.

Conclusion

L1s are able to mediate polyadenylation events within EBV-transformed lymphocytes.

The samples used for this study were from 12 individuals and 3,109 isoforms. The most common



L1 subfamilies found were mammalian-specific. These subfamilies are very old and are

truncated with mutations. This likely allowed for the introduction of both canonical and

noncanonical poly(A) signals. These noncanonical signals may influence downstream effects on

mRNA stability, translation efficiency, or localization of an mRNA in a tissue-specific manner.

Understanding the roles of L1s in alternative polyadenylation will shed light on the impact of

TEs on processing efficiency of gene expression.

Future Directions

There are known downstream effects of noncanonical poly(A) signals on mRNA

localization, translation, stability, and decay. Future studies will assess the processing efficiency

of those polyadenylation signals in relation to their sequence and position in the 3’UTR.
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Common Abbreviations
TEs Transposable Elements

LINEs Long Interspersed Elements

L1 Long Interspersed Element-1

SINEs Short Interspersed Elements



UTR Untranslated region

L1Hs L1 Homo sapiens

SVA SINE-VNTR-Alus

CstF Cleavage Stimulation Factor

CPSF Cleavage and Polyadenylation Specific Factor

SMRT Single molecule real-time
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