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[bookmark: _Toc346870229][bookmark: OLE_LINK10][bookmark: OLE_LINK11]METHOD OF SOAPFUSE
[bookmark: _Toc346870230]Removing duplications from span-reads and junc-reads
SOAPfuse seeks two types of reads, span-read and junc-read, to identify fusion transcripts (see Figure 1a in the main text). Paired-end reads that map to any two different genes (gene pairs) are defined as span-reads, and reads covering the junction sites are called as junc-reads. Span-reads are used to identify the candidate gene pairs, and junc-reads are used to detect the junction sites. Different span-reads or junc-reads that mapped to the genome/annotated transcripts with same start and end positions were considered as duplications and only one of the duplications was retained for further analysis (see Figure 6a in the main text).
[bookmark: _Toc217378428][bookmark: _Toc346870231]Reads alignment
SOAPfuse initially aligns paired-end reads against the human reference genome sequence (hg19) using SOAP2 [1] (SOAP-2.21; step S01 in Figure S2). We divided the reads into three types according to the reads alignment results: PE-S01, SE-S01 and UM-S01. PE-S01 reads indicate the paired-end reads mapping to genome with the proper insert sizes (<10,000 bps). SE-S01 includes paired-end reads in which only one of both ends map to reference, and it also includes paired-end reads with the abnormal insert sizes or orientation. All unmapped reads are saved in UM-S01 with a FASTA format. PE-S01 is used to evaluate insert size (see the following section). SOAPfuse then aligns UM-S01 reads against the annotated transcripts (Ensemble release 59th; step S02 in Figure S2) and generates SE-S02 and UM-S02, To filter out unmapped reads caused by small indels, UM-S02 reads is realigned to annotated transcripts using BWA [2] (BWA-0.5.9; maximum number of gap extensions is 5), and the remained unmapped reads are called filtered-unmapped (FUM). 
[bookmark: _Toc346870232]Evaluation of insert size of RNA-Seq data
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]PE-S01 (step S01 in Figure S2), the paired-end reads concordantly aligned against the human reference genome was used to evaluate insert size of paired-end RNA-Seq library. SOAPfuse is designed to evaluate insert size for each sequencing run of libraries, and users are asked to input precise information on sample ID, library ID, run ID and read length. Based on this information, SOAPfuse can easily distinguish data from different sequencing runs. Paired-end reads that uniquely map to the same exon were selected to evaluate insert size. SOAPfuse calculates the distance between two ends of PE-S01 reads, and evaluates the average of insert sizes (INS) and their standard deviation (SD). The PE-S01 reads with insert size shorter than the threshold (read length + 5) were discarded. Although the length of exons in genes are distributed broadly and may influence the evaluation of insert size, the general insert sizes used in the RNA-Seq library construction, which range from 100nts (nucleotides) to 800nts, can be accurately evaluated. The evaluated insert size is an important parameter for the partial exhaustion algorithm used by SOAPfuse.
To evaluate the influence of the exon length on insert size evaluation, we simulated sequencing datasets (2 x 75nt, paired-end) with different insert sizes based on annotated transcripts. These insert sizes were 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1,000nt, and SD was 20 for each level of insert sizes. One million paired-end reads were simulated by MAQ [3] for each insert size. The shortest transcript used for each simulation was 100nt longer than the insert size to ensure good coverage for each transcript. We aligned all simulated reads to whole genome (same as step S01 of SOAPfuse). Based on the alignment results, we used our method as describe above to evaluate the insert sizes (Supplementary Note Table 1). SOAPfuse precisely assessed each insert size with only about 0.6% shifting from the expected, except the 100nt insert size.
Supplementary Note Table 1. Insert size evaluation of simulated reads
	Simulated insert size (nt)
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Evaluated insert size (nt)
	Shifting from expected
	Standard Deviation of observed insert sizes

	100
	105
	5.05%
	16.34

	200
	201
	0.67%
	52.38

	300
	301
	0.50%
	50.92

	400
	402
	0.62%
	76.09

	500
	503
	0.66%
	83.27

	600
	602
	0.28%
	47.36

	700
	703
	0.42%
	66.04

	800
	803
	0.32%
	58.19

	900
	903
	0.36%
	71.27

	1,000
	1,004
	0.37%
	79.66


[bookmark: _Toc217378430][bookmark: _Toc346870233]Trimming and realigning the reads
Now the latest protocols for NGS RNA-Seq library preparation can generate paired-end reads with an insert size shorter than the total length of both reads (with the 3' ends of both reads overlapped). The paired-end reads with overlapped 3' ends may come from the junction regions containing the junction sites and these paired-end reads are not mapped to the reference if the overlapped regions cover the junction sites. These reads are components of FUM generated in step S02 (Figure S2) and cannot become span-reads, which will reduce the capability of fusion detection. SOAPfuse estimates whether the number of these paired-end reads with overlapped 3' ends exceeds the threshold (20% of total reads in default). If yes, or the user enables a trimming operation accessible in the configuration file, SOAPfuse will iteratively trim and realign FUM reads to annotated transcripts (Figure 7 and step S03 in Figure S2). The length of reads after trimming should be at least 30 nts (default parameter in SOAPfuse). The trimmed reads that are able to be mapped to annotated transcripts are stored in SE-S03. Two steps were used to finish the trimming and realigning operation: 1) FUM Reads were progressively trimmed off 5 bases from the 3'-end and mapped to annotated transcripts again until a match was found. 2) Using the same strategy, we trimmed the remaining FUM reads from the 5'-end. All mapped paired-end reads from above two steps were merged together (step S04 in Figure S2).
[bookmark: _Toc346870234]Identifying candidate gene pairs
From all discordant aligned reads, SOAPfuse seeks span-reads to support candidate gene pairs (step S05 in Figure S2). Both the span-reads that mapped uniquely to reference and the trimmed reads that have multiple-hits were used to detect the candidate gene pairs. The maximum hits for each span-read is a parameter in the configuration file. To insure accurate detection of the fusion gene pairs, SOAPfuse imposes several filtrations on the predicted candidate gene pairs as follows:
(1) Gene pairs from the same gene families are filtered out because these gene pairs always have similar sequences with each other that may mislead to spurious fusions.
(2) Gene pairs that overlap with each other are eliminated (see Figure 6b in the main text).
(3) For a given gene pair, gene A and B, there are two candidate fusion events with opposed up- and down-stream genes: 5'-A-B-3' and 5'-B-A-3'. We excluded the fusion events that are supported with less than 40% (the default parameter in the configuration file of SOAPfuse) of total spans-reads for the gene pairs.
[bookmark: _Toc346870235]Determining the upstream and downstream genes in the fusion events
After obtaining the candidate gene pairs, the upstream and the downstream genes of the fusion were determined based on the information from span-read alignment against the reference. In the process of paired-end sequencing, the fragments are sequenced from bilateral edges to the middle part: one end starts from 3' end of the fragment, while the other end starts from 3' end of the complementary base-pairing sequence of the fragment (Figure 8a in the main text). This information is used to define the up- and down-stream genes in a fusion transcript.
A span-read (paired-end reads 'a' and 'b') supports candidate gene pair (Gene A and Gene B). According to the serial number ('1' or '2') and mapped orientation ('+' or '-') of paired-end reads (read 'a' and 'b'), there are 16 combinations, but only four are rational. These four combinations support two types of fusions in which the upstream and downstream genes are different (see Table 3 in the main text). The judgment rule is: the gene aligned by read in the plus orientation must be the upstream gene. Here, we presume that read 'a' maps to Gene A and read 'b' maps to Gene B (Figure 8b-c in the main text). In Figure 8b of the main text, read 'a' aligns to Gene A (annotated transcripts) in the plus orientation, so Gene A must be the upstream gene; while in Figure 8c of the main text, read 'b' aligns to Gene B in the plus orientation, so Gene B must be the upstream gene. According to this rule, SOAPfuse defines the upstream and downstream genes in fusion events.
[bookmark: _Toc346870236][bookmark: OLE_LINK25][bookmark: OLE_LINK47]Getting the non-redundant transcript from multiple transcripts of the gene
Generally, lots of genes have more than one transcript due to the alternative splicing. To simplify the detection of junction sites, we integrated the different transcripts from a given gene to get a non-redundant transcript sequence (see Supplementary Note Figure 1), which was used to detect the fusion events in SOAPfuse method.
[image: D:\BGI\BGI-项目\fusion_software\document\SOAPfuse_paper\We_article\Supplementary\Figures_in_Supplementary\Figures_of_Supplementary_Note\Supplement Note Figure 2.jpg]
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Supplementary Note Figure 1: Model of non-redundant transcript sequence from the gene A. Exons of gene A are in green. Gene A has three transcripts: A-001, A-002 and A-003.
[bookmark: _Toc217378434][bookmark: _Toc346870237]Getting the fused regions
Two methods were used to define the fused regions in gene pairs which contain the junction sites. In the first method, SOAPfuse bisects each FUM read, and generates two isometric segments, each called as half-unmapped read (HUM read; step S06 in Figure S2). HUM reads are aligned against candidate gene pairs with SOAP2. A genuine junction read (junc-read) should have at least one HUM read which does not cover the junction site and could map to one of the paired genes. Based on the mapped HUM read, SOAPfuse extends one HUM read-length from the mapped position in non-redundant transcripts to define the fused region wherein the junction site might be located (Figure 9a in the main text). For HUM reads with multiple-hits, all locations of the hits are taken into account. Original reads of mapped HUM reads are called as useful-unmapped reads (UUM read).
SOAPfuse also uses span-reads to detect the fused regions in candidate gene pairs (step S07-a in Figure S2). Span-reads, the paired-end reads supporting the candidate fusion gene pairs, are derived from the fused transcripts and the junction sites are often located in regions of the fused transcripts between the both ends of span-reads. For upstream and downstream genes, we can extend one region with length equal to insert size (evaluated in step S01) from the mapped position of each 3'-end span-read to estimate the fused region covering the junction site (Figure 9b in the main text). Every gene pair is always supported at least two span-reads, corresponding to several fused regions that may have overlaps with each other. We presumed that end 1 of a span-read mapped to position MP1 in Gene A, and end 2 of the span-read mapped to position MP2 in Gene B. The length of end 1 and 2 of span-read is RL1 and RL2 respectively. The average of insert sizes (INS) and their standard deviation (SD) were evaluated in step S01. The fused regions were estimated by the following intervals:
The intervals of fused regions for the upstream genes
[image: C:\Users\taojiadianzi\Desktop\up.jpg]
And the intervals of fused regions for the downstream genes
[image: C:\Users\taojiadianzi\Desktop\dw.jpg]
In above formula, a flanking region with length of FLB was considered because sometimes a few bases from the 3'-end of a span-read cover the junction sites in the mismatch-allowed alignment.
SOAPfuse combined the fused regions determined by above two methods to detect the junction sites using the partial exhaustion algorithm as described below.
[bookmark: _Toc217378435][bookmark: _Toc346870238][bookmark: OLE_LINK20]Construction of fusion junction sequences library with partial exhaustion algorithm
To simplify the explanation of the algorithm, we called the fused regions determined by above two methods as fused regions 1 and fused regions 2, respectively. Fused region 1, defined by the mapped HUM reads, is a small region covering the junction sites with length smaller than one NGS read. Fused region 2 is a large region defined by the NGS library insert sizes, which are always much longer than HUM reads. Generally, fused region 1 is more useful than fused region 2 to define the junction sites.
However, not all mapped HUM reads are from genuine junc-reads. Sometimes, one unmapped read from a given gene do not mapped this gene just due to more mismatches than allowed amount by SOAP2. The unmapped reads like this are not junc-reads and after the bisection into two HUM reads, one of the HUM reads could be mapped to the original gene, which result in spurious fused regions. Fused region 2 involves alignments of two ends of span-read simultaneously, which are also filtered by several effective criteria ("obtaining candidate gene pairs" section). SOAPfuse combined the fused regions 1 and 2 to efficiently define the junction sites. SOAPfuse classifies fused region 2 into two types of sub-regions: overlapped parts between fused regions 1 and 2 are called as credible-region, while rest parts of fused region 2 are called as potential-region (Figure 10a in the main text).
In order to build the fusion junction sequences library, we covered the fused region 2 from each of gene pairs with ‘tiles’ that are spaced 1 nt apart and finally we generate the candidate fusion junction library by creating all pair-wise connections between these tiles (Figure 10b in the main text). To eliminate the false positives in the junction sequences library, only the junction sequences in which at least one of the two junction sites in a gene pair is located in the credible-region were selected for further analysis. SOAPfuse carried out this partial exhaustion algorithm to reduce the size of the putative junction library and retain genuine junction sequences as much as possible.
[bookmark: _Toc346870239]Detection of junction sites in fusion transcripts
[bookmark: _GoBack]To identify the junction sites of fusion events, we mapped the useful-unmapped-reads (UUM reads, see section "Getting the fused regions") to the putative fusion junction sequences library (step S07-b in Figure S2). We required that a candidate fusion should be supported by multiple junction reads that spanned the junction of the two genes with at least 5bps (a default parameter in the configuration file) (step S08 in Figure S2). In addition, the mismatches in the 5bps regions at both sides of junction sites should not exceed the threshold (0 as default) when the junction reads were aligned against the junction sequences. Furthermore, the counterpart end of the real junction reads (junction read is one of the both ends in the paired-end read) must map to one gene of the gene pair, or should be junc-read supporting the same fusion event. Using above strategy, SOAPfuse detected the putative fusion transcripts. Then, we carried out several methods to exclude false positives (Figure 6c and step S09 in Figure S2). Some of the neighboring genes represent a shared chromosomal region, and reads aligned to overlapping regions may also create artificial fusions. Therefore, SOAPfuse removes the neighboring gene pairs that have overlapping regions. Additionally, since gene pairs that contain highly similar sequences may cause ambiguous alignments, SOAPfuse also filters out the fusion transcripts in which the junction sites locate in the similar sequences between the gene pairs. After above analysis, SOAPfuse reports high-confident fusion transcripts and also provides the predicted junction sequences for further RT-PCR experimental validations. SVG figures are also created, showing the alignments of supporting reads on junction sequences and expression level of gene pairs (e.g., Additional file 11, Figure S3).
[bookmark: _Toc346870240]Classification of fusion transcripts
SOAPfuse classifies the detected fusion transcripts into five sub-types as follows:
(1) [bookmark: OLE_LINK45][bookmark: OLE_LINK46]Fusion transcripts arising from the inter-chromosomal genes with different DNA strands (INTERCHR-DS for short). This type of fusion transcripts may be caused by the inter-chromosomal inversion.
(2) Fusion transcripts arising from the inter-chromosomal genes with same DNA strand (INTERCHR-SS for short). This type of fusion may be caused by the inter-chromosomal translocation.
(3) Fusion transcripts arising from the intra-chromosomal genes with different DNA strands (INTRACHR-DS for short). This type of fusion may be caused by the intra-chromosomal inversion.
(4) This type of fusion transcripts arise from the intra-chromosomal genes with same DNA and the upstream and downstream genes in the events are reverse to their genomic coordinates (in other words, the upstream genes in the events are at downstream genomic locus of the downstream genes of the fusion events)(INTRACHR-SS-RGO for short). This type of fusion may be caused by the intra-chromosomal translocation.
(5) This type of fusion transcripts arise from the intra-chromosomal genes with same DNA strand and the upstream and downstream genes in the fusion events are consistent with their genomic coordinates (INTRACHR-SS-OGO-xxGAP for short, in which the ‘xx’ indicates the number of other genes in the regions between the gene pairs). According to the distance between the gene pairs, this type of fusion may be caused by intra-chromosomal translocation, deletion or read-through.
There are several mechanisms that generate the fusion transcripts, including trans-splicing [4-7], read-through transcripts produced by adjacent genes [8] and chimeric transcripts from the genome rearrangement. SOAPfuse is not able to distinguish the fusion transcripts created by the genome rearrangement from the ones from trans-splicing. The whole genome sequencing or PCR on DNA level can define the origin of the fusion transcripts.

[bookmark: _Toc217378438][bookmark: _Toc346870241]EVALUATION OF SOAPFUSE PERFORMANCE
[bookmark: _Toc346870242]Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK26]To assess the performance of SOAPfuse, We compared SOAPfuse with other five tools (Additional file 2, Table S2) on three RNA-Seq datasets. The first dataset includes two previous published cancer studies. They confirmed some fusions transcripts and provided Sanger sequences of validated fusions. The second one is a simulated RNA-Seq dataset, which contains 150 fusions simulated based on human annotated transcripts (Ensembl release 59th annotation database [9, 10]). The third one is RNA-Seq data from two bladder cancer cell lines we provided.
We ran all tools to analyze each dataset. Based on first dataset, we compared sensitivity of detection of known fusions and computing resources (CPU time and memory usage). On second dataset, false negative (FN) and false positive (FP) rates were compared. For the third dataset, we carried out experimental validations for fusion transcripts detected by SOAPfuse.
[bookmark: _Toc217378440][bookmark: _Toc346870243]The reasons for abandoning FusionSeq and FusionMap in comparison
We initially included FusionSeq [11] and FusionMap [12] among the tools for performance evaluation, but finally abandoned both methods due to computational limitations. We tried to run FusionSeq on the three datasets mentioned above, but during this work we found that it generated lots of temporary files which cost almost 1TB storage per sample. So, we gave up FusionSeq because of computing resource limitation. FusionMap is designed based on the Windows system and it also runs successfully in the Linux environment with the help of virtual machine. However, it is not suitable for analyzing large amount of RNA-Seq data. Therefore, we also gave up the FusionMap in our evaluation work.
[bookmark: _Toc217378441][bookmark: _Toc346870244]Criterion for detecting the known fusion events
To evaluate the performance and sensitivity of fusion detection, we applied these tools to the first and the second datasets mentioned above, in which the junction sites of fusion transcripts had been defined. All tools were run on the same release (hg19) of human reference genome sequence. We considered the known fusions were re-discovered by the tools if the distance between the junction sites detected by tools and the real sites is smaller than 10 bps based on the genome sequence or transcript sequences.
[bookmark: _Toc217378442][bookmark: _Toc346870245]Released RNA-Seq data in the first published dataset
[bookmark: OLE_LINK31][bookmark: OLE_LINK34]The first dataset includes RNA-Seq data from two previous studies: (i) The study of six melanoma samples and one chronic myelogenous leukemia (CML) sample, in which 15 fusion transcripts were confirmed [13]; and (ii) The research of breast cancer cell lines, reporting 27 confirmed fusions [14]. We downloaded the RNA-Seq data from NCBI Sequence Read Archive (SRA). See Table S1 in Additional file 1 for detailed information on all confirmed fusions.
[bookmark: _Toc346870246]Software Parameters used for two previously published studies
[bookmark: OLE_LINK167][bookmark: OLE_LINK168]For the first dataset released by two previous cancer studies, we set standard as low as possible to detect more fusion transcripts. Several tools were tried with different parameters for many times to re-discover the most known fusion events with the shortest CPU time, especially for deFuse [15], which were adjusted several times for its frequent nonzero-errors. However, we found that maximum memory usage is not significantly associated with parameters. The final parameters are as follows.
[bookmark: _Toc217378444][bookmark: _Toc346870247]Parameters for RNA-Seq data from the melanoma research
For SOAPfuse,
Using BWA [2] to filter out unmapped reads caused by small indels (set 'PA_s02_realign' as 'yes' in the configuration file); using the credible regions supported by 60% span-reads for the partial exhaustion calculation (Set 'PA_s07_the_min_cons_for_credible_fuse_region' as 0.6); only seeking candidate gene pairs supported by at least 3 span-reads (set 'PA_s07_the_minimum_pe_support_reads' as 3).
For TopHat-Fusion tophat step, we used the following flags:
--allow-indels --no-coverage-search --fusion-min-dist 30000 --fusion-anchor-length 10
There are two insert sizes: 500nt and 350nt. Read-length is 51nt (paired-end). For 500nt, we used flags: -r 398 --mate-std-dev 200; and for 350nt, we used: -r 248 --mate-std-dev 150.
For TopHat-Fusion tophat-fusion-post step, we used the following flags:
--num-fusion-reads 1 --num-fusion-pairs 1 --num-fusion-both 1
For deFuse,
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Two parameters ('span_count_threshold' and 'split_count_threshold', [number/number] for short in the Supplementary Note) are related to the filtering criteria. For example, all the known fusion transcripts were detected by deFuse if [5/3] was used for the samples M990802, M980409 and K-562. For the samples M000216, M010403, 501-MEL and M000921, we tried [1/1], [1/2] and [2/3], but deFuse failed to run and returned a ‘nonzero warning’. After trying many times, we finally used [2/2] for the samples M000216 and M000921, and [5/3] for the samples M990802, M980409, M010403, 501-MEL and K-562.
[bookmark: OLE_LINK48][bookmark: OLE_LINK57]For FusionHunter,
[bookmark: OLE_LINK173][bookmark: OLE_LINK174]In the configuration file, we set 'segment_size' as half of read-length; 'PAIRNUM' as 2; 'MINSPAN' as 1; and 'MINOVLP' as 8.
For chimerascan, we used the following flags:
-v --quals sanger --processors 4 --anchor-min 5 --filter-unique-frags 1
For SnowShoes-FTD,
	In the configuration file, we set '$distance' as 5000; '$minimal' as 1; and '$max_fusion_isoform' as 5.
[bookmark: _Toc217378445][bookmark: _Toc346870248]Parameters for RNA-Seq data from the breast cancer research
For SOAPfuse,
Gene symbols which contain dot characters were included for detection of fusion transcripts (set 'PA_s05_save_genes_name_with_dot' as 'yes' in the configuration file); we used the credible regions supported by 60% span-reads for the partial exhaustion calculation (Set 'PA_s07_the_min_cons_for_credible_fuse_region' as 0.6); we sought candidate gene pairs supported by at least 3 span-reads (set 'PA_s07_the_minimum_pe_support_reads' as 3).
For TopHat-Fusion tophat step, we used the following flags:
--allow-indels --no-coverage-search --fusion-min-dist 30000 --fusion-anchor-length 10
We also used '–r 50 --mate-std-dev 80' for the samples BT-474 and SK-BR-3; we used '-r 0 --mate-std-dev 80' for samples MCF-7 and KPL-4.
For TopHat-Fusion tophat-fusion-post step, we used the following flags:
--num-fusion-reads 1 --num-fusion-pairs 1 --num-fusion-both 1
For deFuse,
For sample SK-BR-3, setting [5/3] could recover all known fusions. For samples BT-474, KPL-4 and MCF-7, we tried [1/1], [1/2] and [2/2], but failed with a nonzero warning. We finally confirmed [2/3] for samples KPL-4 and MCF-7; and [5/3] for samples BT-474 and SK-BR-3.
For FusionHunter,
In the configuration file, we set 'segment_size' as half of read-length; 'PAIRNUM' as 2; 'MINSPAN' as 1; and 'MINOVLP' as 8.
For chimerascan, we used the following flags:
-v --quals sanger --processors 4 --anchor-min 5 --filter-unique-frags 1
For SnowShoes-FTD,
	In the configuration file, we set '$distance' as 5000; '$minimal' as 1; and '$max_fusion_isoform' as 5.
[bookmark: _Toc217378446][bookmark: _Toc346870249]Fusion transcripts missed by SOAPfuse in the breast cancer data
For the first dataset, SOAPfuse only missed one fusion event, NFS1-PREX in sample SK-BR-3 from RNA-Seq data of breast cancer and this fusion transcript was not detected by any other tools. SOAPfuse didn’t find any span-read which supported the gene pair, NFS1 and PREX.
[bookmark: _Toc217378447][bookmark: _Toc346870250]Simulating the fusion transcripts
We simulated fusion transcripts by two steps. The first step is to select candidate gene pairs for simulation. And the second step is to simulate the fusion transcripts from the selected gene pairs. All work was done based on Ensembl release 59th annotation database.
[bookmark: _Toc217378448][bookmark: _Toc346870251]The first step of fusions simulation
In the first step of simulation experiment, we randomly selected any two genes from the human genome as the candidate gene pairs and filtered out the un-reasonable pairs as follows: (1) The distance between the paired genes in the same chromosome with same strand is less than 100kps (2) the gene pairs from the same gene families; and (3) the gene pairs in the blacklist provided by FusionMap [12]. The three criteria were explained as follows:
Some methods filtered out the read-through transcripts from output of the software while other methods may not. Considering that there might be special and different filters on read-through transcripts in different methods, we avoided read-through fusions in the simulation work. To achieve this aim, the distance between the paired genes in the same chromosome with same strand should be at least 100kps (the 1st criterion for simulation).
Gene pairs that have high similar sequences may cause ambiguous read alignments, resulting in spurious fusion transcripts. So we required that each simulated gene pair should not be from the same gene family (the 2nd criterion for simulation).
In filtration work of FusionMap [12], gene pairs from its blacklist were discarded. The gene blacklist includes mitochondrial and ribosomal genes according to Gene Ontology (GO), and pseudogenes according to three sources: Ensembl annotations, Entrez Gene Database and HUGO Gene Nomenclature Committee (HGNC). In our work, fusion candidates involving genes included in this blacklist will be removed (the 3rd criterion for simulation).
The remaining gene pairs were for the second step in the simulation work.
[bookmark: _Toc217378449][bookmark: _Toc346870252]The second step of fusions simulation
We randomly selected one transcript from each gene in every simulated gene pair and created the fused transcript by the paired transcripts. In our simulation work, the junction site in each transcript was random and the junction sites in the paired transcripts may locate at the exons edge (splicing junction) or in the middle of the exon regions. Furthermore, we required that the length of fused transcripts should be at least 500pbs, and that upstream and downstream sequences be longer than 100bps. After the simulation work, we obtained 150 fusion transcripts (Additional file 6, Table S6).
[bookmark: _Toc217378450][bookmark: _Toc346870253]Simulation of paired end RNA-Seq reads based on the simulated fusion transcripts
Based on the 150 simulated fusion transcripts, we used the short-read simulator provided by MAQ [3] to generate paired end RNA-Seq reads (2 x 75nt; INS=160nt, SD=15). This yielded gradient sequencing depth (5-, 10-, 20-, 30-, 50-, 80-, 100-, 150- and 200- fold) for each fused transcripts to represent the different expression level of the transcripts. The detailed information on simulated RNA-Seq reads and the simulated supporting-reads for each fusion transcripts is in Table S5 and S7 of Additional file 6, respectively. The simulated RNA-Seq reads at each depth were mixed with background data (see section "Background data") to generate the final simulated RNA-Seq dataset.
[bookmark: _Toc346870254]Background data
The background RNA-Seq data is from H1 human embryonic stem cells (hESCs) that were not expected to harbor any fusion transcripts. It was generated by the ENCODE Caltech RNA-Seq project [16, 17] and was also used as background by FusionMap [12]. We downloaded it from NCBI Sequence Read Archive under accession number [SRR065491] and [SRR066679]. We filtered out the low quality reads and the remaining 19 million paired-end reads were mixed with the simulated reads generated as described in the above section to get the final simulated RNA-Seq dataset.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: _Toc339533683][bookmark: _Toc217378452][bookmark: _Toc346870255]Software parameters used for simulated RNA-Seq dataset
We divided the simulated dataset into two parts based on the expression levels of the fused transcripts: low levels (5~50-fold) and high levels (80~200-fold). And two different sets of software parameters were used for these two parts of the simulated dataset.
[bookmark: _Toc339533684][bookmark: _Toc217378453][bookmark: _Toc346870256]Low standard parameters for low expression level of the fusion transcripts
For SOAPfuse,
The fusion transcripts should be supported by at least one span-read and one junc-read. If the both junction sites in the paired genes were in the middle of the exons, the fused transcripts should be supported by at least 2 span-reads and 2 junc-reads. In addition, the junc-reads should span the junction sites of paired genes with at least 5 bps. Furthermore, the genomic distance between paired genes with same strand in the same chromosome must be larger than 100,000bps.
For TopHat-Fusion tophat step, we used the following flags:
-p 8 --allow-indels --no-coverage-search -r 10 --mate-std-dev 100 --fusion-min-dist 90000 --fusion-anchor-length 10
For TopHat-Fusion tophat-fusion-post step, we used the following flags:
--num-fusion-reads 1 --num-fusion-pairs 1 --num-fusion-both 1
For deFuse,
We tested deFuse with low standard, but deFuse failed to run and returned 'nonzero return code'. Finally, we set span_count_threshold as 2; split_count_threshold as 2; and dna_concordant_length as 100,000.
[bookmark: _Toc346870257]Strict software parameters for high expression levels of the fusion transcripts
For SOAPfuse,
The fusion transcripts should be supported by at least two span-read and two junc-read. In addition, the junc-reads should span the junction sites of paired genes with at least 10 bps. Furthermore, the genomic distance between paired genes with same strand in the same chromosome must be larger than 100,000bps.
For TopHat-Fusion tophat step, we used the following flags,
-p 8 --allow-indels --no-coverage-search -r 10 --mate-std-dev 100 --fusion-min-dist 90000 --fusion-anchor-length 10
For TopHat-Fusion tophat-fusion-post step, we used the following flags,
--num-fusion-reads 1 --num-fusion-pairs 1 --num-fusion-both 1
For deFuse,
We set span_count_threshold as 5, split_count_threshold as 3, dna_concordant_length as 100,000. We tried to test deFuse with lower standard, but deFuse could not detect true positive fusions any more.
[bookmark: _Toc217378455][bookmark: _Toc346870258]Calculation of the false negative (FN) and false positive (FP) rate
Among the six tools for evaluation, chimerascan [18], FusionHunter [19] and SnowShoes-FTD [20] only detect events fused at the exon edge (splicing junction), illustrating their particular algorithms of searching for fusion transcripts with junction sites at the exon edge. There were about 70 simulated fusion transcripts with junction sites in the middle of the exons, so we abandoned these three tools and retained SOAPfuse, deFuse and TopHat-Fusion for the FN and FP rate evaluation. For each tool, we tried different parameters to make more simulated fusion transcripts detected. As a result, 149 (99%) of the 150 simulated events were detected, and 142 (94%) were identified by at least two tools, indicating our simulation work was reasonable. To be prudent, we calculated FN and FP rate for each tool based on these 142 events found by at least two algorithms.
For each tool, we independently calculated both the FN and FP rate at different sequencing depth. At a given depth, the number of the simulated fusion events detected by the tools was defined as the true positive (TP). The number of detected fusion transcripts that were not in the list of the simulated events (FP) was also assessed. Then, we calculated the FN and FP rate using the following formula:
[image: C:\Users\taojiadianzi\Desktop\FN rate.jpg]
[image: C:\Users\taojiadianzi\Desktop\FP rate.jpg]
See the Table S8 in Additional file 7 for TP and FP of all tools and see the Table S9 in Additional file 7 for the simulated fusion events detected by the tools.
[bookmark: _Toc217378456][bookmark: _Toc346870259]Simulated fusion transcripts missed by SOAPfuse
Three fusion events, STAMBP-RGPD1, IRAK1-XAGE2B and KHDRBS2-SYTL1, were missed by SOAPfuse, but they were detected by both deFuse and TopHat-Fusion.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK12]For STAMBP-RGPD1 and IRAK1-XAGE2B, SOAPfuse reported fusions formed by their homogenous genes, STAMBP-RGPD2 and IRAK1-XAGE2, which were finally considered as false positives. Both of XAGE2B and XAGE2 are in the chromosome X and have exactly same sequences. SOAPfuse detected the IRAK1-XAGE2 instead of IRAK1-XAGE2B probably due to ambiguous reads alignment. The transcripts of RGPD1 and RGPD2 have the same sequences. Interestingly, there are two exons in RGPD1 that merged to a single exon in RGPD2. We suspected that RGPD2 are from the mechanism of retrotransposons. When the reads from RGPD1 transcript were aligned against the whole genome sequence, they were more likely to map to the RGPD2, resulting in the STAMBP-RGPD2 detected by SOAPfuse.
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Although KHDRBS2-SYTL1 was initially detected as the candidate gene pair by SOAPfuse, we did not detect the junction site in gene SYTL1. Detailed analysis showed that there are 8 different transcripts for the gene SYTL1, and SYTL1-007, the second shortest transcript, was selected in the simulation work. As Supplementary Note Figure 2 shown, the real fused region consists of sequences from exon 1 and exon 2 in SYTL1-007. To detect the junction site in the non-redundant transcript of SYTL1, SOAPfuse extended a region with length equal to insert size from the mapped position of one end of span-reads. However, SOAPfuse failed to detect the genuine fused region because there were 206bps region between exon 1 and 2 of SYTL1-007 and this intron region is annotated as exon region in other two transcripts of SYTL1 and also in the non-redundant transcript of SYTL1.
[image: C:\Users\taojiadianzi\Desktop\Supplement Note Figure 2.jpg]
Supplementary Note Figure 2: non-redundant transcript sequence of SYTL1. SOAPfuse failed to detect the genuine fused region of SYTL1-007.
[bookmark: _Toc217378457][bookmark: _Toc346870260]Preliminary solutions to simulated events missed by SOAPfuse
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]The analysis of the three simulated events missed by SOAPfuse suggests that the SOAPfuse has difficulty in analyzing genes that have high similar sequences with other genes, and fusions involving short transcripts of the long genes. We have achieved some preliminary solutions to these shortcomings of SOAPfuse.
We re-aligned the paired-end reads from SE-S01, which were generated by alignment against whole genome sequence (step S01), to the annotated transcript sequences. This analysis aimed at retrieving the reads that ambiguously mapped to the homologous genes in the process of reads alignment against whole genome. Fusions STAMBP-RGPD1 and IRAK1-XAGE2B, missed by SOAPfuse, were successfully detected by this strategy.
We then updated the whole algorithm from treating non-redundant transcripts to treating a single transcript. By this, SOAPfuse could detect fusions arising from the short transcripts of the long genes. Based on the new algorithm, the remaining missed event, KHDRBS2-SYTL1, was detected successfully.
Next, we will include these solutions in the future versions of SOAPfuse, and release them in official website as soon as possible.
[bookmark: _Toc217378458][bookmark: _Toc346870261][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Software parameters used for bladder cancer cell line dataset
For RNA-Seq data from two bladder cancer cell lines, conservative parameter settings were used for SOAPfuse and deFuse. DeFuse used the default parameters. For SOAPfuse, the fusion events with junction sites at exon edge were required to be supported by at least 2 span-reads and 2 junc-reads, while events with junction sites in the middle of exons should be supported by at least 4 span-reads and 4 junc-reads. Then we tested the parameters used in deFuse to filter out the potential false positives from the result of SOAPfuse.
[bookmark: _Toc217378459][bookmark: _Toc346870262]Selecting predicted fusion transcripts to validate by experiment RT-PCR
SOAPfuse detected 16 fusion transcripts in the two bladder cancer cell lines. All 16 events were chosen for validation and 15 were confirmed by RT-PCR followed by Sanger sequencing.  DeFuse initially identified 50 fusion transcripts in two cell lines. To fairly compare the SOAPfuse and deFuse, we also filtered out potential false positives by the strategies which were also used in the SOAPfuse and the remaining 10 events were selected for experiment validation: we excluded the fusion transcripts detected by deFuse if the events generated by gene pairs as follows:
(1) Gene pairs that do not exist in Ensembl release 59th annotation database used in the SOAPfuse.
(2) Fusion transcripts whose junction sites locate in the similar regions between the predicted gene pairs.
(3) Gene pairs from the same gene families.
(4) Fusion transcripts belonging to type of INTRACHR-SS-OGO-xxGAP (see section "classification of fusion transcripts") and in which the distance between is smaller than 20,000nt.


[bookmark: _Toc346870263]WEBSITE
[bookmark: _Toc346870264]Official Website
SOAPfuse belongs to the Short Oligonucleotide Analysis Package (SOAP) developed by BGI. SOAP has its official website, and all the sub-tools are available on it, including SOAPfuse (http://soap.genomics.org.cn/soapfuse.html).
Latest version, databases and config template of SOAPfuse can be downloaded from official website. Tutorial is displayed on the web-page, including installation, preparation before running, how to run SOAPfuse and explanation of the output. Work on the performance evaluation is also shown. We provide the configuration file (or the parameters list) and the result of each tool in the performance evaluation work. And for the simulated dataset, we also provide simulated RNA-Seq data (FASTQ format) in compressed package.
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