Chapter 15
Rider Transposon Insertion and Phenotypic
Change in Tomato

Ning Jiang, Sofia Visa, Shan Wu, and Esther van der Knaap

Abstract The Rider retrotransposon is ubiquitous in the tomato genome and is
likely an autonomous element that still transposes to date. The majority of approxi-
mately 2,000 copies of Rider are located near genes. Phenotypes associated with
Rider insertion are diverse and often the result of knock out of the underlying genes.
One unusual Rider-mediated phenotype resulted from a gene duplication event.
By means of read-through transcription, Rider copied part of the surrounding
sequence to another location in the genome, leading to high expression of one of
the transposed genes, SUN, resulting in an elongated fruit shape. Transcription
studies demonstrated that Rider is expressed to levels comparable to the expression
of other tomato genes and that control of transposition may be regulated by
antisense transcription. Taken together, Rider is a unique retrotransposon that
may have played important roles in the evolution of tomato and its closest relatives.
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CP Coat protein

DNA Deoxyribonucleic acid

EST Expressed sequence tag

FER Iron inefficient mutant

INT Integrase

LTR Long terminal repeat

Mb Mega base pair

MITE  Miniature inverted repeat transposable element
mRNA messenger RNA

MULE Mutator-like element

MYA Million years ago

MYB Myeloblastosis transcription factor
PBS Primer binding site

PPT Polypurine tract

PR Protease

PSY1 Phytoene synthase 1

R Red or yellow flesh mutation
RAX1  Regulator of axillary meristem 1
RH RNase H

RISC RNA-induced silencing complex
RNA Ribonucleic acid

TE Transposable element

TIR Terminal inverted repeat

TSD Target site duplication

15.1 The Abundance of TEs in Genomes and the Phenotypic
Consequences of their Insertions

Transposable elements (TEs), DNA fragments capable of replication and movement,
are major components of eukaryotic genomes. Depending on the timing of their
transposition activity, they may display different insertion sites among closely related
genomes and hence contribute to genome diversity. TEs are divided into two classes.
Class I elements or RNA elements (retrotransposons) use the element-encoded
mRNA as the transposition intermediate. These transposons are either flanked by a
long terminal repeat (LTR) or lack terminal repeat sequences (non-L'TR transposons).
Class II elements or DNA transposons are often characterized by the terminal
inverted repeats (TIRs) and transposition through a DNA intermediate. Autonomous
TEs encode a transposase and other proteins required for transposition, while nonau-
tonomous elements lack functional transposition proteins and rely on the cognate
autonomous TEs for their transposition. In plants, LTR retrotransposons are
very abundant and are largely responsible for the genome size expansion in
grass species (Bennetzen 1996). This is also the case for species in the Solanaceae
family that includes tomato (Solanum lycopersicum), potato (S. tuberosum),
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pepper (Capsicum spp.), eggplant (S. melongena), petunia (Petunia spp.), and
tobacco (Nicotiana spp.). The different genome size that ranges from 844 [potato,
(Consortium 2011)] to 4,500 Mb (Nicotiana tabacum) is largely attributed to
differences in the number of LTR elements, some of which are found in the
euchromatic parts of the genome (Park et al. 2011a, b). Reduction in genome size
also occurs by unequal recombination between the two LTRs of a single element
(Ma et al. 2004). This often leads to the deletion of the internal region and one of the
LTRs resulting in the formation of a “solo” LTR.

Transposons are mostly known for the disruption of genes when they insert into
or very close to genes. However, they are also known to duplicate and mobilize
gene sequences. Recent studies indicate most major types of TEs are capable of
duplicating and amplifying genes or gene fragments (Kazazian 2004; Bennetzen
2005; Feschotte and Pritham 2007; Schnable et al. 2009). For example, the maize
Bsl LTR retrotransposon carries part of a plasma membrane proton-translocating
ATPase gene without its intron sequences (Bureau et al. 1994; Jin and Bennetzen
1994). Subsequently, it was shown that this chimeric element was transcribed and
translated in early ear development and might have a function in the reproductive
pathway (Elrouby and Bureau 2010). In rice, over a thousand genes that duplicated
through retrotransposition (retrogenes) have been identified, and many recruited
new exons from flanking regions, resulting in the formation of chimeric genes
(Wang et al. 2006a). Similarly, there are thousands of Mutator-like elements
(MULE) that carry genes or gene fragments in the rice genome (Jiang et al. 2004;
Juretic et al. 2005). Due to the ability to duplicate genes or gene fragment,
transposons themselves may represent the structural variation among species or
individuals in the population. For example, there are thousands of Helitrons carry-
ing genes in maize (Du et al. 2009; Yang and Bennetzen 2009), and they contribute
significantly to many fragments that are not shared among different maize cultivars
at the orthologous position (Fu and Dooner 2002; Morgante et al. 2005).

Despite the abundance of transposons in the tomato genome, few are known to
result in an altered phenotype. In this chapter, we summarize the findings of what is
known about Rider, a high copy Copia element found in tomato and its closest wild
relatives. The element was first described as the cause of the elongated fruit shape at
the locus sun and its ability to duplicate genes from one chromosome to another
(Xiao et al. 2008). In addition, there are many unusual features of Rider that warrant
further investigations as will be demonstrated below.

15.2 Features Associated with Rider

15.2.1 The Structure of the Rider Element

The structure of Rider element resembles that of a typical Copia-like element from
many perspectives. The element is 4,867 in length with two identical LTRs on each
terminus (Fig. 15.1). The LTR of the Rider element at SUN is 398 bp in length and
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Fig. 15.1 The structure of Rider. Color boxes indicate distinct regions in LTR (U3, R and US).
Coding regions are indicated as white boxes. The genes within Rider are shown as white boxes and
encode capsid-like proteins (CP), protease (PR), integrase (INT), reverse transcriptase (RT), and
RNase-H (RH). Other sequence features are primer binding site (PBS), polypurine tract (PPT).
Black arrows flanking the LTRs indicate target site duplication (TSD). For Rider elements, TSD
are 5 bp. Red solid arrow represents a normal transcript from Rider, while the dashed arrow
exemplifies a read-through transcript

includes the three classical LTR domains called U3, R, and US5. U3 region contains
the promoter of the element, and its size is highly variable among individual Rider
elements (Jiang et al. 2009). Sequences in R and U5 are responsible for the
termination of transcription of the element, and they are well conserved among
most individual elements (also see below). The internal region of Rider is 4,071 bp
and encodes a single polyprotein of 1,307 amino acids, accounting for 96% of the
internal region. The polyprotein contains all typical proteins or domains that a
Copia-like element encodes, including capsid-like protein, protease, integrase,
reverse transcriptase, and RNase H (Fig. 15.1) (Kumar and Bennetzen 1999). The
internal region also contains the cis-elements required for transposition, such as the
primer binding site and polypurine track (Lewin 2008). Thus, Rider is likely to be
an autonomous Copia-like element.

15.2.2 The Timing of Rider Amplification

Database searches and DNA blots using the LTR as probe indicate that Rider
element is present in all Solanum section Lycopersicon species tested and absent
from related species such as potato, tobacco, and coffee (Cheng et al. 2009; Jiang
et al. 2009). Therefore, it appears that the initial amplification of Rider occurred
prior to the speciation of Lycopersicon section species and after the divergence of
tomato and potato, which is estimated to be between 5.1 and 7.3 MYA (Wang et al.
2008). Among the section Lycopersicon species, variation of copy number was
observed. For example, the copy number of Rider appears to be lower in the
genomes of S. habrochaites and S. chilense compared to other species (Cheng
et al. 2009; Jiang et al. 2009). The tomato genome harbors about 2,000 copies of
Rider based on partial genome sequence surveys (Jiang et al. 2009). Two-thirds of
the intact Rider elements inserted after the divergence of S. lycopersicum and
S. pimpinellifolium, which occurred about 1.3 MYA. This finding suggests that
the majority of Rider elements arose well after the speciation in the section
Lycopersicon (Jiang et al. 2009). Moreover, insertion polymorphism of Rider
and transcript accumulation were detected among different tomato cultivars
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(Cheng et al. 2009; Jiang et al. 2009). Due to the high insertion polymorphism
among tomato species, Rider would be useful as a tool for studying the phylogenic
relationship in this important group.

15.2.3 The Origin of the Rider Element

The origin of Rider is mysterious. The presence of TEs in a certain genome can be either
due to vertical transmission from ancestral genomes or horizontal transfer from an
unrelated species. As mentioned above, Rider is absent from potato, tobacco, and coffee.
Meanwhile, two individual LTR elements in Arabidopsis, named Rider-like 1 and
Rider-like 2, have moderate nucleotide similarity (~75%) with Rider in the internal
region and part of the LTR sequence (Cheng et al. 2009). For this reason, it was proposed
that Rider was introduced into the tomato genome 1-6 MYA from Arabidopsis or a
relative of Arabidopsis (Cheng et al. 2009). While the similarity between Rider-like
elements and Rider is unusually high given the genetic distance between Arabidopsis
and tomato, there is not sufficient evidence to support an unambiguous case of direct
transfer between the two species in the proposed timeframe. Elements highly similar to
Rider-like elements are not present in genomes of species related to Arabidopsis, such as
A. lyrata and B. oleracea ((Cheng et al. 2009), Jiang, unpublished data). As a result, the
ultimate donor or ancestor of Rider is unclear if it indeed resulted from horizontal
transfer from one to the other species.

An equally plausible explanation for the occurrence of Rider and Rider-like
elements in two distant genomes is that Rider is inherited from the ancestral
genome of tomato and lost from related species. This is because most TE families
experience a life cycle of “birth—burst—extinction” (Hartl et al. 1997). Once a TE
family is no longer transpositionally active, mutations and deletions accumulate
and the particular family will eventually disappear from the genome. According
this scenario, loss of TEs from a genome is a common event and only a small subset
of TEs can achieve long-term success. Due to the fact that Rider is a compact
element without obviously nonessential sequences, the conservation between Rider
and Rider-like elements could be due to functional constraints. Consequently, the
origin of Rider is still an open question. The clarification of this issue awaits the
availability of more genomic sequences in Brassica and Solanaceae, and other
plant species.

15.3 Distribution and Targeting Preference of Rider

Plant genomes harbor numerous types of transposons, and different transposons have
distinct niches. The distribution pattern of any transposons, including LTR elements,
is the consequence of target specificity and selection against deleterious insertions
or selection for favorable insertions (Pereira 2004; Peterson-Burch et al. 2004).
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Many high copy number LTR elements are nested in the intergenic or heterochro-
matic regions (SanMiguel et al. 1996; Ananiev et al. 1998; Jiang et al. 2002).
In contrast, low copy number LTR elements, such as Tpv2 elements (40 copies) in
common bean (Phaseolus vulgaris) and Tosl7 (a few copies in natural populations)
in rice (Oryza sativa), are frequently found in genic regions (Garber et al. 1999;
Miyao et al. 2003). Given the fact that Tos/7 can amplify rapidly under artificial
conditions (Hirochika et al. 1996), its low copy number in natural populations
suggests that the preference for genic regions may result in deleterious effect on
the host organism, which prevents the element from further amplifications. The only
known exception is the Tnt/ element from tobacco, which has a relatively high copy
number (a few hundred copies), yet is located in genic regions (Grandbastien et al.
1989; Le et al. 2007). Nevertheless, Tntl-related elements are only present in a few
dozens in tomato and those are mostly mapped to pericentromeric regions (Tam et al.
2007), suggesting host environment may have important influence on amplification
and distribution of LTR elements.

Unlike any of the known LTR elements, Rider does not appear to be concentrated
in certain regions of the genome (Cheng et al. 2009). Moreover, about half of the
Rider elements are located within 1 kb of a gene. This ratio is much higher than that
of another high copy number tomato LTR element Jinling, for which only 20% of
the elements are within the same distance to a gene (Jiang et al. 2009). This can be
explained by the difference in their chromosomal distribution patterns since most
Jinling elements are located in heterochromation regions where the gene density is
low (Wang et al. 2006b). In contrast, Rider elements are located in both heterochro-
matic and euchromatic regions so they are more likely surrounded by genes.

Despite its high copy number and frequent associations with genes, Rider does
not seem to disrupt genes at a high level that would render the tomato genome
unstable. This could be due to the regulation of its expression (see below) and to its
insertion preference. Rider appears to insert into AT-rich sequence (Jiang et al.
2009). Since coding regions are usually more GC-rich than noncoding regions
(Salinas et al. 1988; Mizuno and Kanehisa 1994), such a preference allows Rider
elements to select noncoding regions as their targets and minimize possible delete-
rious effects. In this case, the amplification of Rider is largely silent despite the fact
that many elements are close to genes. Meanwhile, being located in the genic
regions may favor the element amplification since the element is more accessible
to the transcription machinery. This might partially explain the success of Rider in
the tomato genome.

15.4 Rider Expression, Read-Through Transcription
and its Correlation with Mutations in LTR

Based on Northern blot and RT-PCR experiments as well as database searches,
Rider is constitutively expressed in tomato (Cheng et al. 2009; Jiang et al. 2009).
Transcript sizes suggest that most Rider RNA is intact and has the potential to
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transpose to new positions. Mining through mRNA seq data sets also showed that
Rider is expressed in certain tissues at a level comparable to the tomato fruit shape
gene OVATE. SUN and R (the latter corresponding a phytoene synthase gene, see
below) are expressed higher than Rider while DEFL2 (encoding a defensin
protein, see below) is expressed the highest in the tissues examined (Table 15.1).
Interestingly, while only sense expression of the genes SUN, OVATE, R, and
DEFL2 is found, Rider appears to be expressed equally in both sense and
antisense direction (Table 15.1), raising the interesting question of whether the
regulation of transposition is mediated in part by posttranscriptional silencing.
Further examination of the position of the mRNA seq reads relative to Rider
revealed that the reads are evenly distributed along the transposon in both
directions (Fig. 15.2). Due to the finding that intact Rider elements outnumber
truncated elements by 3.5 to 1, this suggests that transcription in the sense and
antisense direction are derived from intact elements. However, spurious expres-
sion from exogenous promoters into truncated Rider elements cannot be excluded
either. Regardless, double stranded RNAs are commonly resulting in rapid mRNA
degradation via the RNA-induced silencing complex (RISC). Therefore, the
potential gene silencing of Rider might explain the results from Northern blots
that showed smears instead of one distinct band (Jiang et al. 2009). This finding is
also consistent with the observation that the insertion polymorphism of Rider
among tomato cultivars is relatively low compared to that among Solanum
subsection Lycopersicon species (Jiang et al. 2009). In other words, the high
copy number of Rider is likely due to its high transposition activity in recent
past, which may have declined due to potential silencing arising from the abun-
dance of elements.

A low number of ESTs were found to be chimeric between Rider LTR and an
unrelated sequence (Cheng et al. 2009; Jiang et al. 2009). These chimeric elements
can be explained by artifacts in the construction of the library for EST. Alterna-
tively, these aberrant RNAs could also lead to gene silencing in cases where the
chimeric part exhibits high sequence similarity to an endogenous gene. The finding
of chimeric EST reads could also be the result of read-through transcription.
Normally, Rider transcription starts in the R region of the 5 LTR and ends in the
R region of the 3’ LTR. Read-through transcription would extend past the R region
into the U5 and neighboring genome region. Indeed, read-through transcription of
Rider is found in all the tissues examined (Jiang et al. 2009).

Read-through transcription is at the heart of the SUN duplication as will be
discussed in detail below. The Rider element that created the locus carried a
mutation in one of the two “TTGT” sequences required for transcript termination
(Jiang et al. 2009). The sequencing of read-through transcripts over the region that
is required for termination indeed showed that the majority of the transcripts carried
the mutation in the LTR found in the Rider element at the sun locus. These findings
strongly suggest that read-through transcripts are indeed associated with Rider
elements and are more prevalent when the LTR carries the “TTAT” mutation in
one of the “TTGT” copies in the U5 region.
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Fig. 15.2 Alignment of the mRNA seq reads to (a) Rider and (b) SUN. The libraries were
constructed strand-specifically such that only the first-strand cDNA will yield reads (Zhong et al.
2011). The SAM files generated by Tophat alignment were visualized using the IGB viewer (http://
bioviz.org/igb/faq.shtml). Rider reads are found in both directions along the transposon while SUN
reads are only found for the sense strand (— strand in the viewer), with the exception of one read.
Results are from replicate 2 in Table 15.1. The solid green bar on the bottom indicates that there are
more reads corresponding to SUN that are not displayed in the viewer due to space constraints

15.5 Case Studies of Phenotypic Changes Caused by Rider
and Genomic Landscape in which the Element Inserts

As demonstrated in the previous sections, the insertion preference of Rider is found
near genes, Rider is constitutively expressed in tomato tissues albeit in both
directions and Rider read-through transcription is occurring. Also, Rider elements
are only found in the species of the Solanum section Lycopersicon and not in other
Solanaceous relatives such as potato and tobacco. In addition, Rider has been
shown to be involved in phenotypic changes that are found in the Lycopersicon
section of the Solanum genus, including those that impact domestication-related
phenotypes as well as spontaneously arising mutations.

15.5.1 Rider and Fruit Shape

One of the most striking examples of phenotypic change mediated by Rider transpo-
sition is found at the fruit shape locus sun located on chromosome 7 (Xiao et al. 2008).
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The locus resulted from a Rider transposition in which nearly 20 kb of the neighboring
genome was included in the event. Based on sequence comparisons, the transposition
and resulting genomic duplication was deduced to have happened as follows. Read-
through transcription of the Rider element on chromosome 10 found at position
60,134,479-60,139,738 (http://www.solgenomics.net unigene SGN-U569744) into
the neighboring genes, followed by a template switch in the first intron of a SDL1-
like gene to downstream of an IQ domain-containing gene found at position
60,140,568-60,142,797. Transcription continued until the first LTR of Rider
(Xiao et al. 2008). This giant retroelement, that includes Rider and nearby genome
sequence, transposed into the intron of DEFL] located on chromosome 7 at position
2,394,467-2,396,320 (Solyc07g007760) (Jiang et al. 2009). The IQ domain-
containing gene that originated from chromosome 10 is located in a new genome
environment leading to high expression in the fruit resulting in an elongated fruit
shape (Xiao et al. 2008). Thus the IQ domain containing gene was renamed SUN. The
Rider insertion knocked out the expression of DEFLI (Solyc07g007760) and reduced
the expression of the neighboring DEFL2 gene (Solyc07g007750) by at least fivefold
(unpublished mRNA seq data). Further studies have shown that the transposition of
Rider and duplication of SUN was most likely a post-domestication event originating
in Europe in the last 200500 years (Rodriguez et al. 2011). Varieties carrying the
SUN duplication result in fruit with an almost pepper-like or oxheart shape, which are
typically found in heirloom tomatoes (Fig. 15.3). The genome environment of the
ancestral locus on chromosome 10 showed no class I transposons except for Rider, but
instead a high number of class II DNA transposons. At the sun locus, the number of
class II transposons was higher than found on the ancestral locus (Jiang et al. 2009).

15.5.2 Rider and Iron Deficiency

The chlorotic tomato mutant fer was a spontaneous mutant identified in the 1960s
(Brown et al. 1971). The mutant plant exhibits defects in all the typical responses to
iron deficiency and uptake of Fe** (Brown et al. 1971; Ling et al. 1996). Although
located in the pericentromeric region of chromosome 6, which might exhibit
reduced recombination rates, the FER gene was identified by positional cloning
and found to encode a bHLH protein involved in the transcriptional regulation of
plant iron nutrition (Ling et al. 2002; Brumbarova and Bauer 2005; Guyot et al.
2005). The gene is located on chromosome 6 at position 31,549,026-31,547,113
(Solyc06g051550). The mutation in tomato FER was due to a spontaneous insertion
of Rider in the first exon resulting in disruption of the gene (Ling et al. 2002; Cheng
et al. 2009). The fer Rider element is 100% identical, including the LTRs, to the
Rider element found at the sun locus and the ancestral locus on chromosome 10
(Cheng et al. 2009). A high level of transposable elements, including class I, class IT
and unclassified repeats, are found at the fer locus demonstrating a highly diverse
TE landscape in the pericentromeric region of chromosome 6. The fer locus also
features a relatively low density of genes of 19.8 kb per gene (Guyot et al. 2005).
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Fig. 15.3 Tomato fruit shape affected by Rider. (a) Varieties with the SUN gene resulting from
Rider transposition and gene duplication. (b) Varieties without the SUN gene duplication. The
variety names are written in each fruit (Rodriguez et al. 2011). Note the characteristically long fruit
and pointed shape as a result of SUN. Pear-shaped fruit (LYC453 in B) is controlled by OVATE.
Bar corresponds to 2 cm

This is in contrast to the sun locus and the ancestral locus on chromosome 10, where
gene density approached that of what is typically found in euchromatin in the range
of 5-7 kb per gene (Jiang et al. 2009). Other than Rider, the LTR transposons found
at the fer locus are neither active nor autonomous as they have accumulated
numerous mutations (Guyot et al. 2005).

15.5.3 Rider and Fruit Color

The yellow flesh mutation in tomato confers a yellow instead of the wild type red
fruit and the locus is named “r” (Price and Drinkard 1908). The underlying gene is
phytoene synthase 1 (PSYI) that encodes the first enzyme in the carotenoid biosyn-
thesis pathway. Initially, the gene was identified in a screen for ripening-induced
genes (Bartley et al. 1992; Fray and Grierson 1993). The cDNA cloning and
sequencing of the two allelic versions of the yellow flesh mutant alleles, » and 77,
showed that the older allele, r, was due to an insertion of a repetitive element
(Fray and Grierson 1993). Sequence comparisons of the inserted fragment of
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328 nucleotides showed that it corresponded to the LTR of Rider with 96% identity
to the element found at the sun locus. PSY! is found on chromosome 3 at position
8,606,368-8,610,361 (Solyc03g031860). A detailed analysis of the genome struc-
ture at the r locus has not been conducted. However, the ' allele appears to be the
result of a short deletion because the 3’ end of the cDNA sequence of the mutant
psyl gene corresponds to a region approximately 4.5 kb downstream of PSY/
comprising the first exon of an Acyl-CoA synthase gene (Solyc03g031870). This
finding suggests that the r locus may have experienced other types of rearrangement
unrelated to Rider transposition.

15.5.4 Rider and Leaf Complexity

The last and most recently reported example of a phenotypic change mediated by
Rider transposition is exemplified by the gene underlying the “potato leaf”” mutation in
tomato. The locus is called C, for cut leaf. Tomato features complex leaves comprised
of terminal and lateral leaflets that are often serrated at the margins. The potato leaf
represents an old tomato mutation resulting in reduced leaf complexity and smooth
leaf blade margins (Price and Drinkard 1908; Busch et al. 2011). The underlying gene
is a member of the R2R3 MYB transcription factor family that is evolutionarily
very closely related to the tomato BLIND (BL) gene regulating shoot branching.
C (Solyc06g074910) maps to chromosome 6 at position 42,804,036-42,806,196.
C has acquired a new but related function compared to BL and both correspond to
RAX]I in Arabidopsis regulating shoot branching (Busch et al. 2011). Rider inserted
near the 3’ end of C disrupting the coding region resulting in a null mutation. The
Rider element found at c is identical in sequence to the element found at sun (Busch
et al. 2011). Except for the Rider insertion allele which is spontaneous, most of the
other reported ¢ alleles were derived from mutagenesis screens (Busch et al. 2011). Of
these induced mutations, two resulted from a deletion event of 286 bp and 40.6 kb,
respectively. Although a detailed genome analysis of the locus has not been
conducted, the ¢ locus also appears prone to genome rearrangements in addition to
transposon insertions.

15.6 Concluding Remarks

Transposable elements achieve their success through different strategies. Some
elements, such as Jinling in tomato, are preferentially located in the pericentromeric
heterochromatin, which is the “safe haven” for insertion. Other elements, such as the
miniature inverted repeat transposable element (MITE) mPing in rice, are preferen-
tially located in genic regions. Nevertheless, the impact of MITE insertion is often
subtle due to their small size (usually less than 500 bp) as well as avoidance of
insertion into coding region (Naito et al. 2009). Moreover, mPing harbors regulatory
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motifs that enable the adjacent genes to become stress inducible (Naito et al. 2009). In
other words, a successful transposable element must either have minimal detrimental
impact or bring about favorable mutations for the host genome, especially when the
element is capable of transposition. From this point of view, Rider has developed
many features for its success despite its relatively large size. First of all, Rider
elements have been active in transposition since it amplified to thousands of copies
in just a few million years. The most recent known transposition occurred in the
1960s with the creation of the fer locus (Cheng et al. 2009). Second, it targets all
chromosomal regions but appears to avoid inserting into coding regions by selective
insertions into AT-rich regions. Third, the transposition activity of Rider is likely
regulated by antisense transcription of the element, thereby limiting the extent of
transposition per generation. Finally, Rider creates read-through transcripts which
may allow the duplication of flanking sequences including genes. The duplication of
genes may create novel phenotypes that are favored by selection. Taken together,
Rider is a unique retrotransposon that has been successfully amplified in the genome
of tomato and may have played important roles in the evolution of tomato and its
closest relatives.
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