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Abstract

Gene fusions and their encoded products (fusion RNAs and proteins) are viewed as one of the 

hallmarks of cancer. Traditionally, they were thought to be generated solely by chromosomal 

rearrangements. However, recent discoveries of trans-splicing and cis-splicing events between 

neighboring genes, suggest that there are other mechanisms to generate chimeric fusion RNAs 

without corresponding changes in DNA. In addition, chimeric RNAs have been detected in normal 

physiology, complicating the use of fusions in cancer detection and therapy. On the other hand, 

“intergenically spliced” fusion RNAs represent a new repertoire of biomarkers and therapeutic 

targets. Here, we review current knowledge on chimeric RNAs and implications for cancer 

detection and treatment, and discuss outstanding questions for the advancement of the field.
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Gene Fusions and Chimeric RNAs

Gene fusions are a common phenomenon in cancer [1-3]. Many fusions resulting from 

chromosomal rearrangements are driver mutations in tumors and are currently used as 

biomarkers or drug targets [1, 3-7]. For example, BCR-ABL, which results from a 

translocation between chromosomes 9 and 22 [2], is the target for Gleevec in chronic 

myeloid leukemia [8]. Other examples include EML4-ALK, a target for crizotinib in lung 

cancer [9], and PAX3-FOXO1, a biomarker for alveolar rhabdomyosarcoma [4].

Until recently, the assumption has been that all gene fusions and fusion products (RNA and 

protein) were exclusive to cancer. This dogma is being challenged as more groups are 

demonstrating the presence of fusion RNAs and proteins in non-pathological situations 
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[10-13]. In addition, the fusion RNAs are produced in the absence of changes at the DNA 

level, supporting claims of alternative mechanisms for generating fusion transcripts [10, 12, 

14-16]. For instance, our recent analysis of RNA-Seq libraries covering 30 different non-

neoplastic human tissues and cells detected thousands of fusion transcripts, with 291 fusions 

being expressed in more than one tissue/cell sample [17] (Figure 1). Even though not all 

fusions were validated, the large number of fusion transcripts existing in non-cancer tissues/

cells exceeded our original estimation [17]. The large number of fusion RNAs in normal 

physiology can complicate the use of fusion RNAs as biomarkers and/or drug targets, and 

raise alarm for the common practice of calling any fusions identified in cancer samples as 

“cancer-fusion”. In the next sections, we discuss alternative mechanisms to generate 

chimeric fusion RNAs, give an overview of current methods and challenges to identify 

fusion transcripts, and hint at potential connections between these new mechanisms and 

chromosomal rearrangements. Finally, we discuss the use of fusion RNAs in the context of 

cancer detection and therapy.

Production of Chimeric RNAs

Chimeric transcripts are traditionally thought to be generated by chromosomal 

rearrangements (Figure 2A). Chromosomal translocations, for example, are a well-

documented source of gene fusions. One of the best known examples of fusion genes, BCR-
ABL, is produced from the reciprocal chromosomal translocation between chromosomes 9 

and 22 [2]. Another way to generate fusion RNAs is by chromosomal inversions (Figure 

2B). Fusions resulting from chromosomal inversions were found in various types of tumors. 

For example, EML4-ALK, which results from (2)(p21p23) inversion, is associated with a 

small subset of non-small cell lung cancer [18, 19]. Other fusion genes resulting from 

inversions, such as MLL-CALM (11)(q14q23), CBFB-MYH11 (16)(p13q22), and NUP98-
DDX10 (11)(p15q22) occur in acute myeloid leukemia [20-22]. Interstitial deletion is 

another source for producing fusions (Figure 2C). One example is TMPRSS2-ERG, which is 

frequently found in prostate cancer [23, 24]. Other cases include MLL-FOXR1 and 

PAFAH1B2-FOXR1, found exclusively in neuroblastoma [25].

Besides chromosomal rearrangements, RNA processing events, such as cis- and trans-

splicing, also contribute to formation of chimeric RNAs. Cis-splicing between adjacent 

genes (cis-SAGe) is a RNA processing event that occurs within a single pre-mRNA, where 

the transcription machinery reads through the intergenic regions of two neighboring genes. It 

is essentially an alternative splicing between exons of neighboring genes [26] (Figure 2D). 

Although only a handful examples of cis-spliced RNA chimeras were experimentally 

confirmed in mammalian cells [27], in-silico analysis and paired-end RNA-sequencing have 

successfully identified many chimeric RNAs composed of two neighboring genes, which 

could originate from transcriptional read-through [27-33]. In fact, it is postulated that 

4%-5% of tandem gene pairs in the human genome can participate in this process and form 

chimeric RNAs [28, 34]. We found that cis-SAGe fusions tend to occur between neighboring 

genes that are located within 30kb distance, and that these fusions often involve the second-

to-the-last exon of the 5′ gene, and the second exon of the 3′ gene (2′-2′ rule) [35]. The 

2′-2′ rule comes as no surprise, since the second-to-the-last exon of the 5′ gene has the 

closest splicing donor site to the nearest splicing acceptor site (second exon of 3′ gene). 
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With a small number of randomly selected neighboring gene pairs located within 30kb, we 

were able to detect fusion transcripts in 20% of the candidates with primers designed 

following the 2′-2′ rule [35]. Considering that around 4500 head-to-tail gene pairs in the 

genome are within 30kb distance to each other, cis-SAGe may indeed be a wide spread 

phenomenon.

Trans-splicing is another non-canonical splicing process from which chimeric RNAs can be 

generated. Unlike cis-splicing, trans-splicing joins exons from two different primary RNA 

transcripts together. There are two types of trans-splicing based on the source of primary 

RNA transcripts: intragenic trans-splicing and intergenic trans-splicing. Intragenic trans-

splicing takes place between two copies of primary RNAs transcribed from the same 

genome locus, and can lead to exon-duplication and sense-antisense fusion [13, 36, 37] 

(Figure 2E). Intergenic trans-splicing takes place between two pre-mRNAs transcribed from 

different gene loci [10, 12, 38] (Figure 2F). Trans-splicing is a common process in lower 

species, such as unicellular organisms, nematodes, or trypanosomes, with up to 70% of the 

genes in these organisms participating in the process [39-42]. The mechanism of trans-

splicing in these organisms, specifically known as spliced-leader (SL) trans-splicing, 

involves transferring a short leader sequence of 15-50 nucleotides from a specialized non-

coding RNA molecule to the 5′ end of the mRNAs. SL trans-splicing does not increase the 

transcriptome complexity with additional functional transcripts, since the 5′ end is non-

coding; instead, it is used to promote the stability and translation of mRNA [43].

Although SL trans-splicing is not present in humans and other higher eukaryotes, the 

occurrence of non-SL trans-splicing is evident. In humans, examples of intragenic trans-

splicing, such as estrogen receptor alpha, have been reported [36, 37]. Four intragenically 

trans-spliced fusion RNAs were detected in human embryonic stem cells, one of which 

contributes to maintenance of pluripotency [13]. More notably, there is also evidence of 

intergenic trans-splicing events in higher organisms [10, 38, 44]. Among them, chimeras of 

JAZF1-SUZ12 [10, 38] and PAX3-FOXO1 [12] fusions were found in normal cells as well 

as in tumors. The difference is that these fusion transcripts are product of trans-splicing in 

normal cells, whereas they are product of chromosomal translocations in tumors [10, 12, 

38].

Intergenically Spliced Chimeric RNAs: Complicating the Use of Fusion 

RNAs in Cancer Detection and Therapy

Many gene fusions resulting from chromosomal rearrangement are used as markers in the 

clinic for diagnosing and monitoring cancer. For instance, PAX3-FOXO1 resulting from the 

t(2;13)(q35;q14) translocation [4] is detected in 55% of pediatric patients with alveolar 

rhabdomyosarcoma (ARMS) [45], and it is used as a diagnostic aid in many pathology 

laboratories worldwide [46].

Fusion products can also be ideal therapeutic targets. Prominent examples include BCR-
ABL in chronic myelogenous leukemia [2] with the development of Gleevec as a paradigm 

for targeted therapy [8], and the rapid targeting of ALK gene fusion products with crizotinib 

after its discovery in lung cancer [47].
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The detection of gene fusions has relied on Southern blot analysis, fluorescence in situ 

hybridization (FISH), and on PCR based assays. Southern Blot and FISH have multiple 

disadvantages, including low sensitivity, being labor intensive, and having a slow 

turnaround. In contrast, PCR based assays are sensitive, and quick and relatively easier to 

use. However, for most gene fusions, the chromosomal breakpoints span a large region of 

DNA, making direct PCR of DNA containing the recombination site not practical. However, 

because the breakpoints tend to fall within a few introns, the mature chimeric fusion RNA is 

uniform, despite the heterogeneity of the recombination sites within the DNA. In these 

situations, RT-PCR based assays are used for clinical diagnosis and monitoring of residual 

disease, under the assumption that detecting a fusion transcript at the RNA level is 

equivalent to detecting the gene fusion at the DNA level, and thus an indication of cancer.

The discovery of intergenically spliced chimeric RNAs in normal cells has, however, posed 

challenges. For instance, trans-spliced JAZF1-SUZ12 fusion RNA was detected in normal 

endometrial stromal cells. Interestingly, the mature fusion RNA is identical to the one 

resulting from the t(7;17) chromosomal translocation in endometrial stromal sarcoma [10]. 

In another example, PAX3-FOXO1 fusion RNA, believed to be a signature of t(2;13) 

ARMS, was detected transiently during muscle differentiation, but no evidence of t(2;13) 

was detected in the normal cells [12]. USP9Y-TTTY15, which was identified as a frequent 

fusion in prostate tumors in the Chinese population [48], was later found to be a cis-splicing 

between neighboring genes that occurs in normal tissues [49]. SLC45A3-ELK4 e4e2 form 

can also be detected in non-malignant prostate tissues [49, 50]. The assumption that all 

fusion(RNA)s are cancer-fusions resulted in an explosion in the deposition of fusion genes 

in the Mitelman Database of Chromosome Aberrations and Gene Fusions in Cancer in the 

Cancer Genome Anatomy Project [51]1. The number of entries raised more than 4-fold from 

April 2015 (2,276 entries) to June 2016 (10,256 entries). This is mostly due to the wide 

application of RNA-Sequencing to cancer samples. However, the vast majority of studies did 

not include sufficient number of normal, non-cancer control samples. Rushing to translate 

these fusions into cancer biomarkers will result in a disastrous amount of false positives. We 

found at least 13 fusions listed in the database of April 2015 that are present in multiple 

adult tissues in non-cancer donors [17].

We believe that the vast majority of the newly identified fusion RNAs should be carefully 

validated before they can be used as biomarkers in clinical settings. At the same time, we 

believe that the fusions validated in a large number of clinical cases, and by additional 

evidence at DNA level, are ideal tools for molecular diagnosis when used properly. Two 

issues need to be considered. 1. Even though some chimeric RNAs could be detected in the 

tissues of healthy individuals [52-57], they tend to be at a much lower level than the 

chimeric RNAs detected in cancer. This could be due to lower expression of intergenically 

spliced fusion RNAs compared with overexpression of the fusion RNAs generated by 

chromosomal translocation. It could also be due to the small percentage of normal cells that 

produce the intergenically spliced fusion, compared with a relatively homogenous cell 

population in a tumor mass. In either case, a threshold can be used as a cutoff to eliminate 

I www.cgap.nci.nih.gov/Chromosomes/Mitelman
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false positives in cancer diagnosis, as in the situation of BCR-ABL. 2. Knowing the details 

of expression of a specific fusion may provide additional guidance. For instance, although 

PAX3-FOXO1 can be found during skeletal muscle differentiation, it is only detected 

transiently [12]. This is in contrast to a constant expression of the fusion due to t(2;13) in 

ARMS. In this case, in a situation of differential diagnosis involving areas with no active 

muscle growth, a positive detection indicates ARMS.

When identical fusions exist in normal physiology, using these chimeric RNAs as 

biomarkers for monitoring residual disease is problematic. Additional evidence for the 

fusion occurring at the DNA level can be informative. A targeted enrichment followed by 

DNA sequencing facilitates the detection of the fusion. However, caution should still be 

taken as even chromosomal rearrangements may not be unique to cancer.

Therapeutically, caution should be taken when developing drugs targeting fusion products 

that also occur in normal physiology. For instance, many small inhibitors of PAX3-FOXO1 

chimeric proteins can suppress malignant phenotypes of ARMS and may be attractive 

therapeutic strategies in this subset of patients [58, 59]. However, since the fusion occurs 

during skeletal muscle differentiation, potential side effects on muscle development in a 

pediatric population should be considered. Again, understanding the details of expression of 

fusion genes will facilitate a rational treatment approach to avoid side effects.

Intergenically Spliced Chimeric RNAs: a New Repertoire for Biomarkers 

and Therapeutic Targets

The human genome has about 20,000 genes, similar to the number in c. elegans and 

drosophila. Clearly, gene number is not enough to explain the multi-level differences 

between humans and lower organisms. From an evolutionary perspective, intergenic splicing 

is a potential strategy to expand the functional genome together with other non-canonical 

splicings [60]. At the same time, intergenic splicing is subject to mis-regulation in disease 

settings. It is estimated that one-third of disease-causing mutations disrupt splicing [61-63]. 

The abnormal splicing can be caused by mutations at or near the splicing site of the gene 

itself, or by mutations in other genes that are involved in splicing, such as splicing factors. 

For example, SF3B1 is one of the most frequently mutated genes in chronic lymphocytic 

leukemia (CLL), as well as in many other cancer types [64-66]; and 45-85% of 

myelodysplasias harbor mutations in splicing machinery, including U2AF35, ZRSR2, 

SRSF2 and SF3B1 [67]. Presumably, mutations that affect regular splicing will also affect 

intergenic splicing. In addition, whole genome sequencing studies of many cancers, 

including lung, breast and prostate carcinoma, show fewer numbers of coding gene 

mutations than expected on average in any tumor sample [65, 68-70], leaving room for 

additional mechanisms involved in tumor biology. It is thus speculated that certain 

intergenically spliced chimeric RNA may be produced in cancer due to mis-regulation of the 

process, and they may be normal markers and/or drug targets [71]. Supporting this idea, a 

recurrent chimeric RNA, YPEL5-PPP1CB, was found in 28% of CLL. Interestingly, whole-

genome sequencing and Southern blotting demonstrated no evidence for a genomic fusion 

between YPEL5 and PPP1CB [16], thus making it a putative trans-spliced fusion in CLL. 
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SLC45A3-ELK4 e1e2 form is an example of cis-SAGe fusion in the absence of 

corresponding fusions at DNA level. Its level correlates with prostate cancer development 

[15, 71]. In addition, Wen et al. identified seven fusions in acute myeloid leukemia with 

normal karyotyping [72]. These examples and others support that abnormality of 

intergenically spliced chimeric RNAs may play an underappreciated role in cancer biology. 

In addition to mutations in the 20,000 genes in our genome, abnormally produced chimeric 

RNAs represent a new repertoire for biomarker and therapeutic target discovery.

Methods and Challenges in the Detection of Chimeric RNAs

Although traditional laboratory methods, such as FISH, Southern blot, and karyotyping were 

used effectively to discover gene fusions in hematological malignancies and soft-tissue 

sarcomas, they require knowledge of the fusions being looked for. Recent progress in 

microarray analyses and deep-sequencing efforts have been used to discover previously 

unrecognized gene fusions and fusion RNAs in common carcinomas, including TMPRSS2-
ERG in prostate cancer [6], and EML4-ALK in lung cancer [18]. Although Whole Genome 

Sequencing (WGS) detected several important gene fusion events [50–52], this technique 

will not detect intergenically spliced chimeric RNAs. In contrast, RNA-Seq will detect both 

traditional fusions and fusion RNAs that only occur at the RNA level. RNA-Seq also allows 

the detection of multiple alternative splice variants resulting from fusions. These and 

additional factors, such as low cost and quick turnaround time, make RNA-Seq very popular 

in detecting fusion transcripts. However, RNA-Sequencing has also limitations: i) it cannot 

detect fusion events involving non-transcribed events; ii) tissue-specificity and the broad 

dynamic range of expression in the human transcriptome are two factors that complicate 

RNA-Seq data analysis [73]; iii) during library preparation, template switching can occur, 

generating artificial products of fusion molecules [74, 75]; and iv) detecting fusion events 

not occurring at the DNA level is a double-edged sword. Some of the fusion detection tools, 

such as Comrad, CRAC, and nFuse, require WGS and RNA-Seq reads to focus on fusion 

events that occur at DNA level.

Even though there are about 33 computational tools available, there are various challenges 

associated with these tools. Their performance varies depending on the sequencing reads 

length, and reads quality. A large amount of time and computational memory is often 

required. In addition to missing true fusion events, these tools can also produce false 

positives. More importantly, in the recent comparative studies of Liu et al. [76], and our own 

[77], small overlaps were found when different software tools were used to detect fusion 

transcripts. More sensitive, accurate and efficient tools are urgently needed.

Trans-Splicing and Chromosomal Rearrangement

The occurrence of RNA trans-splicing in normal cells and identical fusion transcripts 

produced by chromosomal rearrangement in tumors raised the possibility of RNA-mediated 

DNA rearrangement, speculated by us [10] and others [78]. This is a process that occurs in 

other species, such as ciliates and yeast [79, 80]. There are two ways by which chimeric 

RNAs can facilitate genomic translocation. First, the fusion RNAs can act as templates for 

the repair of double strand DNA break. When the broken ends of DNA are synthesized 

Jia et al. Page 6

Trends Cancer. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



across the chimeric RNA, the newly synthesized DNA will share sequence homology with 

the chimera (Figure 3A). Interestingly, multiple papers have reported the induction of small 

RNA molecules around the double-stranded DNA breakage site in both plants and animals, 

suggesting a role of RNA in DNA repair [81-83]. Furthermore, Keskin et al. demonstrated 

that endogenous RNA mediates DNA recombination and repair in yeast [84]. Another way is 

when chimeric RNAs serve as scaffolds that bring two genomic loci into proximity (Figure 

3B). This RNA-DNA interaction may facilitate strand breaks and genomic translocation.

The occurrence of a same chimeric RNA in both normal physiology and tumor malignancies 

might also be explained by the “true-true, unrelated” model [26]. In this model, there is no 

causal relationship between trans-spliced fusion RNA and chromosomal rearrangement. 

Instead, both DNA rearrangements and trans-spliced RNA chimeras are formed under the 

influence of the same factor(s), which we postulate to be the physical proximity of the two 

participating gene loci in three dimensions, the openness of chromatin to facilitate active 

transcription, or active transcription, among other possible mechanisms. More research is 

clearly needed to elucidate the relationship between trans-spliced chimeric RNAs and 

chromosomal translocation.

Concluding Remarks

Chimeric fusion RNAs are hybrid RNAs where fragments from two previously separated 

genomic loci are juxtaposed. These fusion RNAs and their encoded fusion proteins have 

been widely used in the clinical setting as biomarkers and drug targets in many types of 

cancer. Chimeric RNAs can be generated from chromosomal rearrangements, including 

translocations, deletions and inversions. Recent research demonstrated that they could also 

be generated from trans-splicing or cis-splicing between adjacent genes. The implications of 

these intergenically spliced chimeric RNAs are multifaceted. On one hand, their presence in 

normal tissues and cells complicates the use of fusion RNAs in cancer diagnosis and 

treatment. On the other hand, they represent a new repertoire for the discovery of new 

biomarkers and drug targets. Traditional methods for fusion detection include Southern 

blotting, FISH and PCR-based techniques. Current development of next-generation 

sequencing, especially paired-end RNA sequencing, provides an effective high throughput 

way to discover many other fusion RNAs. However, due to sequencing platforms and 

software tools, these methods can generate false negatives and false positives. The field of 

intergenically spliced chimeric RNAs is still in its infancy. We don’t have yet a precise 

knowledge of the mechanisms of RNA trans-splicing or cis-SAGe (see outstanding 

questions). Are there particular factors involved in these non-canonical splicing events or do 

they use the same machinery of regular splicing? How are they regulated? Why does a 

fusion form between certain parental gene pairs, at certain positions, and in certain tissues or 

conditions? Future studies should uncover more fusion RNAs, elucidate the mechanisms of 

origin, and the connection of these fusions to DNA rearrangements. This information will 

guide better applications in the diagnosis and treatment of cancer.
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Glossary

Chimeric fusion RNAs
hybrid RNAs in which fragments from two previously separated genomic loci are 

juxtaposed.

Chromosomal rearrangement
a type of chromosome structural change involving several different classes of events, such as 

translocations, inversions, deletions, and duplications.

Trans-splicing
a type of intergenically splicing where exons from two different primary RNA transcripts are 

spliced together.

Cis-splicing between Adjacent Genes (cis-SAGe)
a type of intergenically splicing where exons from two neighboring genes from one primary 

RNA transcript are spliced together.

RNA-Sequencing
next generation sequencing technique to study whole transcriptomes.
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Outstanding Questions

• What are the mechanisms of non-SL trans-splicing and cis-SAGe?

Currently, the mechanisms of intergenic splicing in vertebrates remain largely 

unknown. Which are the factors involved in the process? How is the precise 

splicing location between partner genes selected in specific tissues?

• Can we develop better software tools or methods to detect intergenic splicing 

events?

Traditional detecting methods, such as Southern blotting and FISH, have low 

throughput and low sensitivity. PCR-based techniques are sensitive; yet, there 

are artifacts associated with template switch. Paired-end RNA-sequencing 

offers a high throughput way for the detection of chimeras; however, there are 

problems associated with current software tools and algorithms. Therefore, 

further optimization of current detection methods is needed to improve 

sensitivity and accuracy.

• How is trans-splicing connected to chromosomal rearrangement?

JAZF1-SUZ12 and PAX3-FOXO1 are two examples where the same RNA 

fusions are found in cancer and normal cells. The fusion transcripts in 

neoplastic conditions are derived from chromosomal translocation, whereas 

the fusions in normal cells are the results of trans-splicing. It may be an 

indication of RNA-mediated DNA rearrangement where chimeric RNAs 

facilitates the translocation at the DNA level by acting either as repair 

templates for double strand DNA breaks or as scaffolds that bring two 

genomic loci into proximity. Alternatively, two processes are “true-true, 

unrelated”?
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Trends Box

• Chimeric fusion RNAs can be generated by intergenic splicing, including 

trans-splicing and cis-splicing between adjacent genes.

• Fusion RNAs (and proteins) are traditionally viewed as specific to cancer, but 

they are also present in normal physiology.

• Intergenically spliced fusion RNAs can complicate the application of fusion 

RNAs in cancer detection and treatment.

• Intergenically spliced fusion RNAs can be mis-regulated in cancer. These 

fusion RNAs represent a new repertoire for the discovery of new biomarkers 

and therapeutic targets.

Jia et al. Page 14

Trends Cancer. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Chimeric RNAs in Normal Tissues and Cells
RNA-Sequencing of (A) libraries covering 27 non-neoplastic human tissues; (B) human 

embryonic stem cells(ESC); (C) MCF10A breast epithelial cells; and (D) mesenchymal stem 

cell (MSC) collected at four differentiation steps (T1-T4) was analyzed by SoapFuse 

algorithms2. Fusion events are shown by Circos plots. The fused transcripts are illustrated 

here as a line that connects two parental genes.

2www.soap.genomics.org.cn/soapfuse.html
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Figure 2. Key Figure. Production of Chimeric RNAs from Chromosomal Rearrangements and 
Intergenic Splicing
(A) Translocation. Rearrangement of parts from two non-homologous chromosomes can join 

two separated genes. (B) Inversion. Segment of a chromosome spanning two genes is 

reversed end to end, leading to the formation of fusion genes. (C) Deletion. Deleting 

interstitial part between two separate genes can result in gene fusion. (D) Cis-splicing 

between adjacent genes. The transcription machinery reads through two neighboring genes, 

transcribing in the same direction. After splicing, the exons from difference genes are 

spliced together to produce a chimeric RNA. (E) Intragenic trans-splicing. Two pre-mRNA 

transcripts from the same genomic locus participate in the process. The two pre-mRNA 

transcripts can be transcribed from the same strand or different strands. Intragenic trans-

splicing can result in exon duplication of sense-antisense fusion. (F) Intergenic trans-

splicing. Two pre-mRNA transcripts from two different genomic loci are spliced together.
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Figure 3. Mechanisms of RNA-mediated DNA Rearrangement
(A) Chimeric RNAs act as repair templates for double strand DNA breakage. Chimeric 

RNAs pair with one strand of DNA at the double strand breakage site. The repair machinery 

uses chimeric RNA as the template, and the newly synthesized DNA will share sequence 

similarity with the chimeric RNA. (B) Chimeric RNAs act as scaffolds to bring two genomic 

loci into proximity, which might promote the breakage and fusion between the two gene 

loci. ss-splicing site.
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