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1. ABSTRACT 
  

Retrotransposons constitute more than 40% of the 
human genome with L1, Alu, SVA, and HERVs known to 
remain active in transposition. Retrotransposition 
contribute to genetic diversity in the form of 
retrotransposon insertion polymorphism (RIP) that is 
defined as the presence or absence of a retrotransposon 
insertion among human populations at a specific genomic 
location. So far close to 5000 cases of RIPs have been 
identified with more than 50 cases associated with disease. 
A large number of new RIPs are being and to be identified 
from newly available personal genomes data, making RIPs 
an important source of genetic variations/mutations that 
deserve proper documentation.  In this review, we discuss 
the special characteristics of RIPs and the challenges in 
their compiling and annotating, and we examine the current 
status of database documentation of RIPs and describe in 
details the design, data schema, and utilities of dbRIP, 
which is currently the only database dedicated to the 
documentation of retrotransposon insertion polymorphism. 
Some future perspectives and outstanding issues associated 
with documentation of RIPs are also presented.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION—RETROTRANSPOSONS AND 
THEIR CLASSIFICATION 
 

Retrotransposon elements (REs) are a group of 
transposable elements (TEs) that propagate themselves into 
different places in the genome via an intermediate process 
of reverse transcription. In a sense, REs proliferate in the 
genome in a copy-and-paste fashion.  In the human 
genomes, as in most other mammalian and plant genomes, 
REs exist in millions of copies and all together they 
constitute more than 40% of the human genome.  REs have 
played very important roles in shaping the evolution of 
human and other primate genomes.  They impact the 
functions of genes and the genome via a variety of 
mechanisms, which include, but not limited to, generation 
of insertion mutations and genomic instability, creation of 
new genes or gene isoforms, and alteration of gene 
expression regulation and epigenetic regulation (1-13). The 
major types of retrotransposons in the human genome 
include the LTR retrotransposons, i.e., the Endogenous 
Retrovirus (ERVs), that are characterized by the presence 
of the two long-terminal repeats (LTRs), and the non-LTR 
retrotransposons LINE1 (L1) and Alus.  L1s, Alus, and 



Retrotransposon polymorphism documentation 

1543 

ERVs comprise approximately 500,000, 1,000,000 and 
300,000 copies and constitute 17%, 11% and 8.5% of the 
human genome, respectively (14, 15).  These REs represent 
the groups that were once very successful during the 
evolution of the mammals and primates and to certain 
degrees have remained active in the current human 
genomes.  Also worthy of mention are the SVAs, a type of 
non-LTR retrotransponsons, which in sequence represent 
chimeras of SINE, VNTR and Alu-like regions. SVAs are 
very young and highly active, despite their small 
population size of a few thousand copies (16, 17).   

 
Each of these major types of retrotransposons can 

be divided into subfamilies of more closely related 
elements based on a set of diagnostic nucleotide sequences.  
For example, Alus can be divided into more than 200 
subfamilies (18), whereas SVAs have only 6 subfamilies 
(16). The formation of subfamilies, which often exist in a 
hierarchical structure, reflects the evolutionary dynamics of 
retrotransposon amplification in a sequential or a linear 
accumulation fashion. In others words, as explained by the 
“master gene model”, a limited number of “master” copies 
that are competent for retrotransposition in the genome are 
responsible for the generation of most new copies, with all 
progeny copies from each “master” copy forming a 
subfamily at a variable size depending on the activity level 
of the “master” copy and the length of its existence.  New 
“master” copies may emerge from a subfamily and form a 
new cluster within that parent subfamily. For example, 
AluYb9 originated from AluYb8 by carrying one extra 
diagnostic nucleotide variation, where as AluYb8 came 
from Yb5, which belong to the larger AluYb subfamily, 
which in turn is part of a relatively older AluY family. The 
proliferation rate of retrotransposons during the evolution 
of mammals and primates has not been constant with 
significant differences seen among the major types of 
retrotransposons and among subfamilies of the same RE 
type. For example, the ERVs were more active during the 
early evolution of primates but have become much less 
active at least in the human genome (19-21). Furthermore, 
different REs in many cases have showed quite different 
activities among closely related species after their 
divergence, as well demonstrated by the dramatically 
different profiles of Alu elements among different primate 
species (22, 23). For instance, AluYb and AluYa 
subfamilies have been highly active in the human genomes, 
but not in the chimpanzee genome (23, 24), whereas the 
activity of AluYc5 subfamily is relatively small in the 
human genome but is much larger in the chimpanzee 
genome, apparently as the most active Alu subfamily in this 
genome (unpublished data).  

 
As a result of this past and ongoing proliferation 

activity of retrotransposons that fluctuate both vertically 
and horizontally (cross-species), a significant amount of 
genome diversity has been generated between human and 
other closely related primate species and among different 
human populations, as well as individuals within 
populations, leading to the generation of retrotransposon 
insertions that are species-, population- and family lineage-
specific. For example, there are ~2000 L1, ~7000 Alus, and 
~1000 SVA insertions that are only found in the human 

genome, and together these insertions contributed more 
than 8 Mb of nucleotide sequences to the human genome, a 
major factor leading to the increase in genome size in 
humans in comparison with chimpanzees (25-32). There 
are also close to 17,000 copies of ERVs that are specific to 
human genomes (human endogenous retrovirus or 
HERVs), and they make up more than 22 Mb of sequences. 
In this case, the generation of the HERVs may be a 
combined effect of the proliferation from existing ERVs 
and newly domesticated virus and their proliferation in the 
human genome (19, 33).  
 

Different from other types of regular sequence 
variation, Retrotransposon Insertion Polymorphism (RIP) 
refers to the presence or absence of a retrotransposon 
insertion at a specific genomic location in populations of a 
given species. Due to their significant impact on genes and 
genome as a whole, and despite the relatively little attention 
received so far, these RIPs constitute a very important 
source of all human genetic polymorphisms that together 
with other types of genetic variations are responsible for 
the full spectrum of the vivid phenotypic differences 
observed among human individuals, such as the physical 
appearance and susceptibility to diseases.  In this review, 
we examine the history of research related to identification 
of RIPs in humans and the associated methodologies, and 
we discuss the special characteristics of retrotransposon 
insertion polymorphisms and the challenges in compiling 
the data. We also examining the current status of database 
documentation of RIPs and describe in details the design, 
data schema, and utilities of dbRIP, the current only 
database specially designed for the documentation of RIPs.  
 
3. COMPUTATIONAL DOCUMENTATION OF 
RETROTRANSPOSON INSERTION 
POLYMORPHISM 
 
3.1. Methods for identification and ascertainment of 
retrotransposon insertion polymorphism 
 The currently known polymorphic 
retrotransposon insertions were identified using a number 
of approaches and methodologies all within the last two 
decades. Earlier studies using genomic library screening 
with probes/primers specific for young Alu elements 
contributed to the discovery of a small number of RIPs (34-
37). A recent study employing the library screening 
approach combined with high throughput pair-end Sanger 
sequencing successfully identified 198 L1 insertions, as 
well as 1 HERV-K insertion, not present in the reference 
genome from the analysis of 17 genomes (38).  Most of the 
disease-related retrotransposon insertions were discovered 
from the mutational screening of candidate genes, using 
methods including Southern blot, DNA sequencing, etc. 
(e.g. 39, 40 and reviews 41, 42).  
 

The task of finding RIPs among millions of 
copies that are highly similar in sequence in a genome is 
essentially like “finding a needle in a hay stack”. For this 
reason, no large-scale comprehensive study was possible 
until the human genome sequences became available (14, 
43). The use of the human genome sequences for 
identification of RIPs was first explored by Batzer’s group. 
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In this approach, Alu elements belonging to young 
subfamilies were identified by computational sequence 
analysis based on the level of sequence divergence among 
family members, and polymerase chain reactions (PCRs) 
using primers designed in regions flanking the insertion 
were used to ascertain the polymorphism status of these 
candidates by screening DNA samples from diverse human 
populations. The first study using such a strategy identified 
106 polymorphic Alu insertions out of 475 Ya5 and Yb8 
insertions (44). Subsequently, this method was extensively 
used to analyze almost all Y subfamilies including Ya, Yb, 
Yc, Yd, Yg and Yi, Ye, and multiple AluY subfamily 
members on the X chromosome (23, 45-51). Together these 
studies are responsible for the identification of over 400 
polymorphic Alu insertions. While successful, the use of 
this strategy was limited to REs that are covered in the 
public version of the human genome sequence and the 
selection of candidates was biased towards certain 
relatively small and young subfamilies for which the 
numbers of candidates are manageable for PCR assays.  
 

To identify RIPs that are absent in the reference 
genome, genomic DNA sequences from more human 
individuals representing different populations are needed.  
With the genomic sequences becoming available for 
multiple human individuals, computational comparative 
genomic approaches were developed to more effectively 
identify RIPs. The first attempt with this type of strategy 
used partial human trace genomic sequences representing 
36 diverse humans to compare with the reference genome 
and identified over 600 Alu, L1 and SVA insertion 
polymorphism (52). The first study comparing two genome 
sequences was performed by our group, in which we took 
advantage of the availability of the public and Celera 
versions of human genome sequences that roughly 
represent two different individual genomes despite the 
mixing nature of DNA used for genome sequencing. In that 
study, we identified more than 800 new Alu insertion 
polymorphisms, the largest set of polymorphic Alu 
insertions identified by a single study at that time (26). 
Among these Alu RIPs, more than one third were insertions 
outside the public versions of the genome sequence. 
Subsequently, the same approach was used for 
identification of ~150 polymorphic L1 insertions (27). 
Somewhat surprising was the fact that there is very little 
overlap among lists of the RIPs identified from the above 
three large-scale computational studies. This is likely 
because each method used a different genomic sequence 
source and identified an incomplete list among a large 
number of possible RIPs, and it served as the first strong 
hint that the actual level of RIPs may be much higher than 
what we could have expected from the limited number of 
RIPs previously identified. More recent studies using the 
diploid Venter genome in comparison with the reference 
genome revealed more polymorphic insertions of Alus, L1s 
and SVA and confirmed our previous speculation, as well 
as demonstrated the usefulness of diploid genome 
sequences for identification of new RIPs (29, 53).  
 

With the advent of next generation sequencing 
(NGS) technologies and their applications in sequencing a 
large number of personal genomes, a few more approaches 

have been developed identification of de novo 
retrotransposon insertions in the genomes of individuals in 
question. One of the strategies that have been tested in a 
few laboratories is the use of NGS to selectively sequence 
the junction areas between RE insertions and their flanking 
genomic sequences. For example, using this approach 
Witherspoon et al. has identified a large number of novel 
Alu RIPs from several Japanese individuals (54). Similarly, 
Ewing & Kazazian devised a NGS sequencing approach for 
L1, and by surveying 26 individuals, they identified 367 
L1s not present in the reference genome, majority of which 
are novel polymorphic L1s (55).  Further more, the 
availability of personal genome sequences in large number, 
such as those that have and being generated by the 1000 
genome projects, permits identification of novel RIPs via 
computational comparative genomic analysis (56, 57).  An 
unprecedented larger number of novel RIPs from the 
known families of active retrotransposons, Alu, L1, and 
SVA, are being identified, among which include those that 
are specific to populations or groups of populations (58-
60).  In addition to the sequencing approaching, a 
microarray-based method has also been explored for 
identifying polymorphic L1 insertions (61). We can expect 
the discovery of many more novel RIPs from the analysis 
of a sufficiently large number of individual genomes 
representing diverse populations, particularly the ancient or 
highly isolated populations, such as the Bushmen and 
Neanderthal genomes (62-64). In addition to novel RIPs 
identified mostly as population and individual from these 
analyses, we can also expect a certain number of RE 
insertions present in the reference genome to be recognized 
as RIPs, particular from the analysis of the ancient 
populations. 
 
 The current gold standard for ascertaining a RIP 
is PCR, in which a pair of PCR primers are designed in the 
flanking regions of the insertion, such that the presence and 
absence of the RE insertion will lead to differences in PCR 
product size, i.e., the size for the insertion positive allele is 
larger than that of the product for the insertion negative 
allele roughly by the size of the insertion. This strategy 
works well when the RE insertion is relative small, i.e. 
below 2kb, and it can distinguish among the three 
genotypes of a RE insertion, “+/+”, “+/-“, and “-/-“, as 
having one large product, one large and one small product, 
and one small product, respectively (see illustration in 
Figure 1A). When the insertion size is large, such as 
insertions of full length L1s and HERVs, which can be as 
long as 10 kb, it becomes difficult to obtain a product for 
the insertion positive allele even with a long range PCR. In 
this case, as used for genotyping HERV RIPs by Belshaw 
et al (21), a better strategy is to design two additional 
primers inside the RE, which are oriented outwards, such 
that in the presence of the RE insertion these two primers 
will work with the two primers in the flanking region to 
generate two shorter products, while for the insertion 
negative allele there would be only one product to be 
generated from the two primers in the flanking regions.   
Due to the variability of subgroup sequences, these primers 
generally require to be designed for each specific subgroup 
of RE, unless a “universal” primer can be found based on a 
region highly conserved among the larger RE family. With 
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Figure 1. A schematic representation of RIP ascertainment by PCR. The left panels illustrate the design of the PCR primers, 
while the right panels illustrate the patterns of PCR products on agarose gels. Panel A is for ascertaining short RE insertions (e.g. 
<=2kb), while panel B is for ascertaining long RE insertions, such as full-length L1 and HERV insertions. The sizes of the three 
PCR products relative to one another in panel B may be different from locus to locus depending the specific location of the 
primers relative to the insertion site. Arrows labeled as “Pf” and “Pr” indicate the locations of the forward and reverse primers 
designed in the genome regions flanking the RE insertion, respectively, while those labeled as “Pre1” and “Pre2” indicate the 
primers designed with the RE insertion and are oriented outwards. 
 
these two sets of primers, 2, 3, and 1 product(s) are 
expected for samples with a genotype of “+/+”, “+/-“, and 
“-/-”, respectively (see illustration in Figure 1B). Therefore, 
a PCR assay can provide complete and accurate genotyping 
of the RIP by distinguishing between the three possible 
genotypes. In addition, PCR assay can also provides DNA 
for sequencing to obtain the sequence of the RE insertion, 
which may be highly desired for RIPs outside the reference 
sequence, for which the RE insertion and target site 
duplication (TSD) sequences are usually not available.  
Among the known RIPs, most were identified by 
computational analysis of genomic sequences, among 
which usually only a small portion was subjected to PCR 
verification, more as a way for assessing the accuracy of 
the methods than an attempt for validation. In these studies, 
it is often not feasible to experimentally verify all candidate 
RIPs due to their large numbers and the prohibitive cost of 
validation by PCR. However, to make the RIP data as 
reliable and usable genetic variation data for the genetic 
community, it is important that we can experimentally 
validate all RIPs identified computationally or using any 
other methods that do not provide complete sequences for 
the insertions and the associated sequences, such as TSDs.  
 
3.2. Special characteristics and issues associated with 
RIPs. 

In comparison with other types of genetic 
variations, such as such as single nucleotide 
polymorphisms (SNPs), indels, genomic rearrangements, 
and copy number variations (CNVs), RIPs have several 
unique features.  They require special handling in 
characterization, compiling, and data display as discussed 
below.   

First, a RIP represents an evolutionary event that 
has a definitive ancestral status, which is always the 
absence of the insertion. In other words, the pre-integration 
sequence is always the ancestral form. Since the chance for 
two individuals to have the same retrotransposon insertion 
as a result of two independent insertion events is almost 
zero and there is no known mechanism that specifically 
removes a retrotransposon insertion, the only reason for 
two individuals to share a retrotransposon insertion is their 
shared ancestry.  For this very reason, RIPs are considered 
to be homoplasy-free, and it is this characteristic that makes 
RIPs a very useful type of genetic markers in population 
studies, particularly in resolving the ancestral relationship 
(65, 66). Also for these reasons, all RIPs are always true 
insertion polymorphisms and they should not be called 
“deletions” even when absent in the reference sequences. 
But it does present a challenge using the current reference-
based nomenclature for documenting polymorphisms (67, 
68) (http://www.hgvs.org/mutnomen/recs.html).   
 

Second, the final outcome of a retrotransposon 
insertion event often carries complex sequence 
rearrangements beyond the insertion of the RE sequence. 
These rearrangements include the more common generation 
of TSDs at variable lengths, ranging from a few bps to a 
few hundred bps, or the less common deletion of flanking 
region at the integration site. Furthermore, in some cases, 
more often seen in association with L1 and SVA insertions, 
extra sequences flanking the parent copy of the 
retrotransposons can be carried to the progeny copy via 5’ 
or 3’ transduction (2, 4-6, 8, 9, 13, 69, 70). The sizes of 
these transduced sequences range from a few to a few 
hundred bps, and can lead to exon shuffling if coding 
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sequences are included in the transduced sequences. 
Accurate identification of the transduced sequence 
associated with a RE insertion is important for assessing 
the impact of the RIP. Again, using the current 
nomenclature for polymorphism/mutations presents 
difficulties for documenting these extra sequence 
rearrangements. 
 

Third, insertions caused by certain types of 
retrotransposons, such as LTR (e.g. HERVs), can generate 
post-insertion secondary changes within the RE insertion, 
such as the homologous sequence-mediated recombination 
between the two LTRs, leading to the deletion of the 
internal ERV sequence and generation of a solo-LTR (19, 
71, 72). As a result, different forms of the insertion 
sequences, despite their origin from the same insertion 
event, may co-exist at the same site among the populations. 
In the case of a HERV insertion, at least three forms of 
sequences at the site, i.e., the pre-integration sequence, 
insertion containing the full HERV sequence, and the 
insertion containing only the solo-LTR, can exist as shown 
by Belshaw et al (21). Therefore, the genotype data in this 
case has to be dealt and presented differently. 
 

Lastly, RE insertions, including the associated 
TSDs, are also sources of SNPs and microsatellite 
variations (73).  The two copies of TSDs can be subjected 
to random mutations and become different from each other, 
while the poly-dA tracks carried by Alus, L1s and SVAs 
are a major source of microsatellite DNA subjected to a 
high level of sequence variations. These SNP variations 
carried by a RE sequence that is polymorphic itself by way 
of presence or absence adds an additional dimension to the 
genetic diversity, and it is a challenge to report and 
document them.   
 

For all these reasons, it is much more challenging 
to document these retrotransposon insertion polymorphisms 
than other types of sequence polymorphisms. Therefore, 
RIPs warrant to be treated as a special type of genetic 
variations.  
 
3.3. Database documentation of retrotransposon 
insertion polymorphism in dbRIP 
3.3.1. Current RIP database documentation status 
 Due to the large number of known RIPs and the 
many more expected to be identified, it is essential that 
these data are compiled in a way that is accurate and easy 
to access. Accuracy here refers not only to the reliability of 
the data in all components of the information accurately, 
including the sequence of the insertion, location, and 
classification, but also the completeness of the data. For 
example, just knowing the presence of the insertion at a 
specific location does not provide sufficient information 
about the potential impact of the insertion, and it is 
important also to know the exact sequence of the insertion 
and the TSDs or deletion of the flanking sequence and/or 
the presence of 5’ or 3’ transduced sequence. Other types 
of information, such as the source of the polymorphism (i.e. 
the specific population or individual showing the presence 
or absence of the insertion), the ascertaining/genotyping 
method, the insertion allele frequency in the examined 

populations, the phenotype association, etc. are also very 
useful.  The sample source is very important for future 
study of rare RIPs. Currently, the RIP data can be found in 
a few databases which include the dbSNP at NCBI 
(http://www.ncbi.nlm.nih.gov/projects/SNP/), database of 
retrotransposon insertion polymorphisms (dbRIP) at Brock 
University (http://dbrip.org) and database of genome 
variants (DGV) at the Centre of Applied Genomics 
(http://projects.tcag.ca/variation/) (25, 74). Some mouse 
RIP data were included in MouseIndelDB 
(http://variation.osu.edu/) (75). In all these databases other 
than dbRIP, it was not straightforward if possible at all, to 
find specifically the entries related to retrotransposon 
insertion polymorphism, nor do they allow query by 
disease, gene context-based location or RE class. For 
example, unless the dbSNP IDs for polymorphic 
retrotransposon insertions, such as those by Bennett et al 
(52), are known at the time of query, it is very hard to find 
these data from dbSNP, and there is no indication of the 
insertion sequence and the TSDs, neither is the 
classification of the RE provided due to the different 
purpose of the database.  Among all these databases, only 
dbRIP was designed specifically to accommodate the 
special needs of retrotransposon insertion polymorphism 
data (25). dbRIP has been recognized as an important 
reference resource for the research community as 
demonstrated by the large number of citations it receives 
since its relative short inception (29, 53, 54, 58, 75-80). We 
describe in the subsequent sections in detail about the 
design, database schema, and utilities, and future 
development of dbRIP.  
 
3.3.2. Overview of dbRIP 

In designing dbRIP, instead of having it as a 
standalone database like many other biological databases, 
we decided to have it integrated with a genome browser, 
and among the existing genome browsers, we choose to go 
with the UCSC Genome Browser for its easy-to-use 
interface and comprehensive coverage of functional 
genome data. This integration made dbRIP very user 
friendly, and more importantly, it allows the RIP data to be 
viewed in context of genome sequences, gene and many 
other related genomic and functional genomic data that are 
made available via the UCSC Genome Browser (81, 82).   
In the first full release of dbRIP data in June of 2006, there 
were 2095 non-redundant entries from a total 2897 reported 
cases, including 1625, 407 and 63 cases of Alus, L1s and 
SVAs, respectively (25), and we have recently extended the 
coverage to include RIPs derived from HERVs. As of 
writing, dbRIP covers a total of 2,771 non-redundant RIP 
entries, including 2086, 598, 77, 10 cases of Alus, L1s, 
SVAs, and HERVs, respectively (Table 1; Tang et al, 
manuscript in submission). These RIP data were collected 
from over 70 publications and were curated manually to 
characterize all properties associated with a RIP.  
 
One of the unique features of dbRIP, which is very 
important for retrotransposon insertion polymorphism, is 
that we provide the detailed sequence information 
associated with a RIP by distinguishing the sequences of 
the RE insertion, the target site duplications (TSD) and the 
flanking regions (Figure 2). For LTR retrotransposons, 
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Table 1. A summary statistics of RIPs documented in dbRIP release 2.0 for hg18 
RIP Class # of loci 

(unique/total) 
# of loci 
outside hg18 

# of loci 
with genotype 

Gene context 
(D/P/E/I/IG*) 

Disease- related loci 

Alu 2086/2708 858 526 6/7/24/765/1284 33 
L1 598/800 299 123 2/2/10/183/401 15 
SVA 77/87 18 31 1/1/4/29/42 3  
HERV 10/10 2 6 0/0/5/5 / 
Total 2771/3605 1177 686 9/10/38/982/1732 51 

 *D: downstream up to 500bp, P: promoter up to 1kb, E: exon, I: intron, IG: intergenic region 
 

 
 
Figure 2. An example of a dbRIP record detailed information page. A screen shot of the RIP data page showing all information 
associated with dbRIP_Alu_00188. 
 
which are characterized by the presence of two long-
terminal repeats (LTRs) at the ends, we also define and 
label the LTR sequences differently from the internal 
endogenous retrovirus related sequence, which is useful for 
assessing the impact of a HERV RIP. Other informational 

items we currently collect and provide for RIPs includes 
identifications (including the original ID(s)), RE 
classification, known disease associations, available PCR 
conditions (primers, TM, and allele sizes) used for 
genotyping, methods of ascertainment, source of the RIPs, 
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Figure 3. A screen shot of the UCSC Genome Browser showing a dbRIP entry shown. An Alu RIP, dbRIP 1000188, as shown in 
figure 2 was displayed in the UCSC Genome Browser (the blue bar at the bottom) along with other data tracks. This RIP is 
located in the intron of gene NME7 and represents a RE insertion present in the reference genome (see the RepeatMasker track). 
Comparative genomic data track indicate this RE insertion is absent in non-human primate genomes (see the tracks above the 
RepeatMasker 
 
genomic location in gene context, available genotyping 
data in details, and the original reference(s) reporting each 
RIP (Figure 2).  
 
3.3.3. dbRIP utilities 

A key function of a database is to allow querying 
its data by all properties associated with the data. The 
current major utilities of dbRIP include a data-search 
interface and a position-mapping tool. In dbRIP, the RIP 
data can be searched using the standard utilities provided 
by the UCSC genome browser. For example, one can use 
the genome position, gene name, and blat to find all RIPs 
located in the specified regions or associated with the 
specified genes or query sequence. Advanced users can 
also use the Table Browser utility to perform more 
sophisticated queries (83). To further facilitate the search of 
dbRIP data, a “SearchdbRIP” tool was developed for 
querying the RIP data, and it allows querying of RIP data 
based on one or more of RIP properties, which may not be 
possible or easy to perform using the UCSC Genome 
Browser utilities. The SearchdbRIP utilities are divided into 
two sections.  The first part allows quick search by RIP IDs 
(can be either the dbRIP ID or names used in the original 
study), and chromosome coordinates. The second part 
provides advanced search by one or more of the RIP data 
properties including the chromosome, location in gene 
context, source of RIP, RE subfamily, population, allele 
frequency range, disease association, and author name 
(Figure 4).  For location in gene context, we break the 
genome into 5 categorical regions, including exon, 
promoter (1kb upstream transcription start site), intron, 
downstream (500 bp downstream the end of the gene), and 

inter-genic regions in priority order from high to low to 
handle situations where two or more categories can be 
assigned to the same location. For exons, we further divide 
into 5’-UTR, CDS, 3’-UTR and non-coding RNA. Using 
this search parameter, one can query all RIPs falling into a 
specific gene location category, for instance, all RIPs in 
coding regions, as a way to study the functional impact of 
RIPs.  The currently available categories for sources of the 
RIPs include “reference (e.g. hg18, hg19)”, “Venter” and 
“others”. This allows users to collect RIPs from a specific 
genome or data source.  It is our plan to expand this list in 
the near future to cover other important sources, such as 
Watson, 1000 Genome Project, Bushmen, Neanderthal, etc.  
In short, SearchdbRIP allows users to collect a specific set 
of RIPs by using one of more of the search parameters. The 
output of SearchdbRIP is a detailed list of matched entries. 
For each matched entry, two hyper links are provided: the 
link to “Detailed” provides access to the detailed record 
page of the RIP as shown in Figure 2, and the link to 
“Browser” brings users to the genome browser at a default 
window size of the RIP insertion size plus 5kb on each side 
as shown in Figure  3. 

 
The tool, PositionMapping, is designed for users 

to determine in a batch style among a list of newly 
identified candidate RIP entries which represent known 
RIPs (i.e. those in dbRIP) and which represent novel RIPs 
(i.e. not in dbRIP). The utility compares the positions of the 
user’s input list with the coordinates of all dbRIP entries 
and identifies overlapping entries. It should be a useful tool 
for researchers who identify large lists of RIPs and want to 
compare with the data in dbRIP. As output, the utility 



Retrotransposon polymorphism documentation 

1549 

 
 

Figure 4. A screen shot of the SearchdbRIP interface showing all available search parameters. 
 

provides a summary of the mapping result and generates a 
list of input IDs that are novel RIPs and a list of IDs that 
overlap with the data in dbRIP.    
 
3.3.4. dbRIP  record tracking and data releases 

In designing the first version of dbRIP, we used 
an ID system that reveals the RE type, the chromosome, the 
position in million base pair of a RIP and the number of 
RIPs in the same position designation. For example, 
“RIP_Alu_chr7_003_01” indicates the RIP as the first Alu 
record located within the 3 million bp of chromosome 7. 
The intention was to provide as much information as 
possible via the ID about the RIP. However, this causes a 
problem of consistency when migrating to a new genome 
version due to the changes of the chromosome coordinates, 
making it either necessary to change the IDs with every 
genome migration or possibly rendering the ID 
meaningless. To avoid this problem, starting from release 2 
of dbRIP data, we changed it to a 7-digit numerical ID 
system, similar to the on used in OMIM database 
(http://www.ncbi.nlm.nih.gov/omim).  In this ID system, 
the first digit is used to indicate the major type of 
retrotransposons (1xxxxxx, 2xxxxxx, 3xxxxxx, 4xxxxxxx 
for Alu, L1, SVA and HERV, respectively) and the rest of 
6 digits are used to indicate the sequential order of RIPs of 
this type deposited into dbRIP. For example, dbRIP 
1000001 is the first Alu RIP, while 2000100 is the 100th 
L1 RIP. The remaining 5 digits (i.e., 5-9) for the 1st 
position in the ID are reserved for new types of RIPs and 
for accommodating existing types that exceed 1 million in 
number. Therefore, the system allows a maximal of 3 
million RIP entries for one type of RE and a total of 10 
million entries for all REs. The new ID system provides 
stability and consistency not affected by migrating to newer 
genome versions and it allows referencing a RIP record via 
a permanent identification.     

 

To better track the changes of the dbRIP data, we 
developed a data-version system using release numbers. 
We assign a sequential data release version number, such as 
release 1 and 2, for each major update and use the decimal 
number after the major release number to label each minor 
update. For instance, release 2.1 will be used for the first 
minor update for release 2 data (either addition of a small 
number of RIPs and/or modifications to the existing data). 
The data release version is an indication of status of RIPs 
data (e.g. the total number of RIPs) and is not necessarily 
directly tied to a genome version, since one data release 
may be provided simultaneously for more than one genome 
version. For example, release 2.0 is made available for both 
hg18 and hg19. For the last version of each major data 
release, we provide a summary statistics table (see Table 1 
for example). 
 
3.3.5. Future development of dbRIP 
 We are committed to maintain and update dbRIP 
for the community as a free research resource. Future 
maintenance of dbRIP will focus on: 1) timely collection of 
newly published RIP data, 2) accommodation of new RIP 
data identified using new methodologies that may not 
complete information of a RIP, 3) support for newer 
versions of the reference human genomes and 4) possible 
expansion to other model organisms, such as mouse. Due to 
the expected availability of personal genome sequences in a 
large number and development of new strategies for 
experimental identification of novel RIPs, a large number 
of novel RIPs have been and will be identified via 
computational comparative genomics, microarray or next-
generation sequencing approaches (54, 55, 58-61).  Timely 
updates to accommodate these new data will be in high 
demand.  For utility, we plan to develop an interface for 
users to submit new RIP data to facilitate the deposition of 
data into dbRIP. In addition, it may be useful to implement 
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a mechanism to inform interested users about the database 
updates, e.g. an email alerting service. 
 

Future improvements for dbRIP need to address a 
few outstanding issues, including 1) how to document rare 
case of RIPs with deletions in flank regions; 2) how to 
report and describe the transduced sequences associated 
with RIPs; 3) development of controlled vocabularies 
and/or nomenclatures for describing RIP properties, such as 
the population name, methods used to identify or ascertain 
RIPs, genotype data and allele frequency, disease 
association, etc.  To make RIP data accessible to a broader 
user community, we are working with teams of dbVAR at 
NCBI (http://www.ncbi.nlm.nih.gov/dbvar) and Database 
of Genome Variants (http://projects.tcag.ca/variation/) and 
to exchange data with these databases that have been 
covering or intent to cover RIP data. We will also continue 
to work with the UCSC Genome Browser team to make the 
dbRIP data track available for all human genome versions 
on their genome browser server (http://genome.ucsc.edu).  
To make dbRIP a more valuable resource for the 
community, we welcome suggestions and contributions 
from users regarding future data updating and improvement 
of the interface and utilities.   
 
4. SUMMARY AND CONCLUDING REMARKS 
 

Over the past decade, with the availability of 
human reference genome sequences and that of other 
primate genomes, we have obtained a panoramic view for 
retrotransposons, the major class of mobile elements in the 
genomes.  We begin to learn more about their evolutionary 
history, proliferation dynamics during evolution and to 
appreciate their important impact on genome evolution, and 
gene function and genome diversity.  The process of 
retrotransposition not only allows the propagation of these 
retrotransposons, many to a great success, to achieve their 
impact in the genome, but also serves as a major 
mechanism responsible for generating inter- and intra-
species genome diversity.  The retrotransposon insertion 
polymorphisms represent an important source of genetic 
polymorphisms, not only because the ever-increasing 
number of loci and the large amount of sequences involved, 
but also because of their significant and complex impact on 
genome structure and gene function. Their highly complex 
characteristics make them distinct from other types of 
genetic variations and require them to be handled in 
differently in curation and documentation. As of writing, 
close to 5000 entries of RIPs, amounting to over 25 million 
base pairs of sequences, have been identified, mostly from 
genome-wide surveys and comparative genomic analysis. 
Now with the advent of the newer generations of genome 
sequencing technologies and ever increasing number of 
personal genomes, we are provided with an exiting new 
opportunity to obtain a more complete picture for the level 
of genetic polymorphisms contributed by these 
retrotransposons, the related mechanisms, and functional 
impact. From these analyses, we expect to identify a large 
the number of new RIPs, speculatively triple of what we 
have known so far, reaching to those that represent very 
rare de novo insertion events from the known active 
retrotransposons and those by non-canonical mechanisms, 

perhaps also those from mobile elements not currently 
known to be active.   

   
Complete and accurate documentation of such 

special complex types of genetic variations in an integrated 
and intuitive manner is essential for fully realizing the 
benefits of these research data. In the mean time, this also 
imposes many challenges and brings the need of 
developing new standards and nomenclature by the 
research community. dbRIP is currently the only database 
specially designed to accommodate the documentation of 
RIPs. Such databases that target at specific data types and 
user communities provide many benefits over general 
databases, mainly due to their high quality data curation 
and clearly defined data applications. Future improvements 
with community support are needed to meet the needs and 
challenges.  Last but not least, as a community of the 
researchers on mobile elements, we need to advocate more 
about the importance of retrotransposon insertion 
polymorphisms for genetics and human population study 
and solicit more funding to support related research, 
particularly the large scale of validation and genotyping of 
RIPs, as well as the database documentation. 
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