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Abstract Methods Results

TopHat-Fusion is an enhanced version of TopHat [1] designed to handle TopHat-Fusion implements several major changes to the original TopHat algorithm, all _
transcripts resulting from fusion gene products. Fusion genes result from the designed to enable discovery of fusion transcripts as shown in the below figure. The first Four breast cancer cell lines (BT474, SKBR3, KPL4, MCF7) from Edgren [2]

breakage and re-joining of two different chromosomes, or from rearrangements step in analysis of an RNA-seq data set is to align (map) the reads to the genome. For

sample | 5’ gene 5" chromosome | 5 position | 3’ gene 3" chromosome | 3’ position | spanning reads | supporting pairs | found* T . .
_y : . : _ : - - : : opHat-Fusion found 25 out of 27 fusion genes reported
within a chromosome. Because TopHat-Fusion does not require information those initially unmapped (IUM) reads, we split each read into multiple of 25-bp pieces, and mo st ERES W s 4 £ L T e ot caneer cells from Edaren et a
/ ] chr chr 468¢
N N N » . MCF7 BCAS4 chr20 4‘:"411707 BCAS3 chrl7 59445685 105 284 | yes g t I [2],
about known genes, it can discover novel fusion products from known genes, then use Bowtie to map the 25-bp segments to the genome. TopHat-Fusion looks for cases S saes  dm | mmemishe ey o L . o
. . . . BT474 | MED1 chrl7? 37595419 | ENSG00000167107 | chrl7 48548386 10 12 Wher’e they are Indlcated by fou nd In the |eft table
- - - SKBR3 | ANKHD1 chrb 139825557 | PCDH1 chrb 141234002 4 15 | yes =
unknown genes, or unannotated Spllce variants of known genes. USlng RNA- where the first and last SegmentS are mapped to either (a) two different ChrOmosomeS, IN BT | DMVNDS o isssa0r2 | CBpso e sy o 5 | e o '
- - : ; o One of the two missing fusions, DHX35-ITCH, was
seq data collected from breast cancer cells [2], prostate cancer cells [3], and the case of inter-chromosomal fusions; or (b) two locations on the same chromosome ki B | ans | s HEs _ _ o ' _ !
) ) BT474 | ENSG00000150672 | chrll 85195025 | HFM1 chrl 91853144 2 10 Included In the Inltlal Output but It WaS flltered OUt
" . " . L u L L u . SKBRS C,SEHf (‘:hr20 %7688988 ENSG90000236127 (‘:h1‘20 4379568553 1? 3} yes y
Universal Human Reference (UHR) cells [3], we detected multiple fusion genes separated by a user-defined distance. The whole read is then used to identify a fusion point Soe | MeDw o |der | oo neas T jder ) souoms ; ) e ecause it was onlv SUDDOHE one read and one
. . . . . BT474 HFM1 chrl 9%853.1.44 ENSGOOOOOQZ‘S.GSO chrl 5659’37 2 4% b u It W Iy upp rt d by d d
. " . . " KPL4 MUC20 *hr3 195456612 | ENSG00000236833 | chr3 197391649 8 1
including novel and previously-reported ones. TopHat-Fusion is free, open- by re-aligning it starting from the mapped first and last segments. A A T e |
BT474‘ CPNE1 chr20 342;13123 PI3 chr20 438‘0‘4501 2 6 yca mate palr
Sou rce Software available from tophat Cbe umd edu BT474 | ENSG00000229344 | chrl 568361 | RYR2 chrl 237766339 1 19 "
. . . - BT474 LAMP1 chrl3 113951808 | MCF2L chrl3 113718616 2 6 | yes
MCF7 SULF2 hr20 46415146 | ENSG00000171940 | chr20 52210647 11 32
data sample | type fragment length | read length | number of fragments (or reads) BIuTi | WBSCRIT | dut 70958325 | FBXL20 17 7557012 2 s
MCF7 ENSG00000224738 | chrl7 57184949 | TMEM49 chrl7 57915653 5 6
BT474 paired 100 & 200 50 21’423’697 MCF? ANKRD30BL chr2 133012791 RPS23 chr5 81574161 2 6
Edgren et al. | SKBR3 | paired 100 & 200 50 18,140,246 i e ey 3055545 | CMTMT i3 2483333 > o
BT474 ZNF185 chrX 152114004 | GABRA3 chrX 151468336 2 3
UM read (75bp) KPL4 | paired 100 50 6,796,443 o Ee L I I e O Rt z HE
— MCF7 | paired 100 50 8,409,785 bians | NbuRBs e Loz2so117 | TOBDL it Sro63502 | P
segmert 1 (25bp) segment 2 (25bp)  segment 3X25bp) VCaP pa?red 300 50 16,894,522 B Eﬁ%ﬂooom%“ ar W?ggggg EI%C{H?NL | L; ;;gggglg N oo | s
Maher et al. | UHR | paired 300 50 25,294,164 BTird | STARDS s Srronims | DOKs | aundo 3250000 2 10 | yes
UHR | single 100 56,129,471 BTiTi | RAB22A oo 56886176 | MYOOB e 17256205 5 2 | Yo
KPL4 PCBD2 chrb 134259840 | ENSG00000240967 | chrb 99382129 1 32 o
. . SKBR3 | RARA chrl7 38465535 | PKIA chr8 79510590 1 5 | yes
chr 1 GAATTTCCTG_ TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT _TCAGTGAATC ChlJ BT474 | MED1 chrl7? 37607288 | STXBP4 chrl? 53218672 13 11
S e After finding an initial set of fusion candidates, all the segments from IUM reads are o I B
9 ) 9 BTATH | Chortis s 004985 | CBDR | s 134250811 : 1
. . . . . . SKBR3 | PCBD2 chrb 134263179 | ANKRD30BL chr2 133012790 1 5
remapped against those fusion points (as well as intron boundaries and indels), and the re | oo i | e ot | o !
BT474 | ANKRD30BL chr2 133012085 | ENSGO00000237973 | chrl 567103 2 8
It' : b' d t th t d f II d I' t KPLA | ENSGO0000225972 | chrl 564639 | HSPOOABL | chu6 44220780 1 7
resuiting mappings are combinea togetner 1o proauce tull read alignments. proll et M R e e PR ; :
BTiTi | MTRNROLS | el 10530146 | PCED? s 134263156 4 ik
BT474 RPL23 chrl7 37009355 | ENSG00000225630 | chrl 565697 3 19
BT474 | MTRNR2L2 chrb 79946288 | PCBD2 chrb 134259832 1 5
SKBR3 | ENSG00000240409 | chrl 569005 | PCBD2 chrb 134260124 2 4
SKBR3 | PCBD2 chrb 134263289 | ENSG00000239776 | chrl2 127650986 2 3
BT474 | ENSG00000239776 | chrl2 127650981 | MTRNR2L2 chrb 79946277 2 3
/”” ‘‘‘‘‘‘‘ | s \ — 4_//' KPLi | NOTCHI o 130438475 | NUP214 o 134002675 3 % e _ . _
) ) ——— BT4T4 I\”ITRI\:RQLS chrl1 10530504 | ENSGO0000240215 | chr9 33657801 4 4 Th b f g h d d t b t d th
i e wmmemCKEIGTG Supporting reads and mate pairs <" / BTiTi | ENSGOO0020916 | chrX 12060624 | PCBDS o 105ty 1 € above Tigure snows rea ISTripution aroun e
b § T [r——— | ‘ — & | EnsGoneoz26s0s | ez socouang) | SEDS. s onRs0210 e BCAS4-BCAS3 fusion in MCF7 cell
. — . o ) ; ) e N - .
I W 3 TOpH&t-FllSlOIl 3 > E— BT474 | RPL23 chr17 37009955 | ENSG00000230406 | chr2 222457168 109 5
135223366 287237748 | | I I
\ / ‘ single or paired-end reads l — ——————~<— /2
|
h- TT _TT TTTTTTTTTTTTTTTTTTTTT _ TTTTTTTTTTT hr j : p I/ : — < —— /
] w Initial read mapping, where each end of ! . S, S—— /_>A‘
| | ~7«
paired reads is mapped independantly f
break point
| — 8 VCaP data from Maher et al. [3]
unmapped reads, which are split into segments
Contradicting reads
Segment mapping of unmapped reads
‘ 5" gene 5" chromosome 5" position | 3’ gene 3’ chromosome | 3’ position | spanning reads | supporting pairs | found . .
mappings of segments from unmapped reads ; A N I e o[ E Kb Maher et al. reported 11 fusion genes in the VCaP sample, 9 of
l/ . HJURP chr2 234749254 | EIF4E2 chr2 233421125 3 9 | yes . . . . . .
t VWA2 hr10 116008521 | PRKCH -hr14 61909826 1 10
mappings of reads | Identifying candidate fusions using segment and read mappings : o Ion RGS3 9 116299195 | PRKARIB ch? 699055 3 1 Wh'Ch were |dent|f|ed by TOpHat-FUSIOH . It mISSGd a fUSIOn
Segments spliced fUSiOIl Contigs | ‘ SPOCK1 chrb 136397966 | TBC1D9B chrb 179305324 9 31 | yes
LRP4 chrll 4691186?1 FBXL20 chrl?7 37557613 5 9 . ZN F649
intermediate fusions l =——1 N o b ; 12 e between two overlapping genes ZNF577 and on
Constructing and indexing spliced fusion con- 1 e NEATI a1 5190281 | ENSCO0000220344 | chrl i ! ” i
Comstrucing and indosing o on co | — NEATL | cnt ] 4. chromosome 19. That fusion event appears to be due to read-
igs, and then remapping segments against them : _— _ USP10 chrl6 84733713 iDHSHC7 c}ﬁrlﬁ 85024243 1 22 | yes . .
— LMAN2 chrb 176778452 P3S1 chrb 115202366 15 2 | yes
mappings of scgments aginst. fusions 1 | Uniformiy covered e — e S e oo wmi 0 20 through transcription.
R — — CTI?TNAl chrb 13§145895 ENSG00000249026 | chrb 114”727795 1 12
Stitching segments to produce full read alignments | —_—— —_—— ENSC0000214009 | e 15918367 | PCNA 20 “soos108 i 24
1 mappings of reads initially unm:apped (by stitchijg)
|

Selecting the best read and mate pair alignments,

and reporting fusions supported by those alignments U H R Si n g |e—e n d read S VS . pa i red -e n d read S [3]

fead allgnments n SAM format Narrouly covered : Using four previously known fusion genes GAS6-RASA3, BCR-ABL1, ARFGEF2-SULF2, and BCAS4-

mte petes that seport roscn) mcovered BCAS3, we compared the results of single and paired-end reads from the UHR RNA-seq data. The number
Y S | of supporting reads per million reads (RPM*) indicates that single-end reads find the same fusions as

| | paired-end reads. The two figures show read distributions around the BCR-ABL1 fusion for single (upper)

o fﬂf\ and paired-end reads (lower), respectively.

Post-processing steps

| . .
segment 1 segment 2 segment 3 w T ; ! T average depth in right (ravg)
& & & ‘ Filtering fusions based on the number of ! : : [_a k ‘
. . | average depth in left (lavg) \L /‘f
reads and mate pairs that support fusions
. d
fusion (rder)
- TTTTACAGGTAC ~ GGTCAACAGTAAC
1 Ep . RN [ type 5 gene 5" chromosome | 5’ position | 3’ gene | 3’ chromosome 3’ position | spanning reads (RPM¥*) | supporting pairs
) - grhe 135203358 Chr §:287237756 chr k755 8755 ‘ i - . yP g p g P panning pporting p
chr IBTS50622 - chr IGSTORBE08 - clny 135228355 chr) L IGBTEB022 e ki8T553596 | [ Sorting fusions based on scores of read distributions around them ~. single | GAS6 chr13 114520968 | RASA3 | chri3 114751268 15 (0.267)
R L ‘ | paired | GAS6 chr13 114529968 | RASA3 | chrl3 114751268 10 (0.198) 43
intron \ [ number of bases covered in left (lcount) number of bases covered in right (rcount) single | BCR chr22 23632599 | ABL1 chr9 133655755 6 (0.107)
- T T py ‘ | single | BCR chr22 23632599 | ABL1 | chr9 133729450 3 (0.053)
N R et T D soosseeensy N . - paired | BCR chr22 23632599 | ABL1 chr9 133655755 2 (0.040) 7
chr m:314555662 chr m:31455.?:.638 chr k:87555597 chr k:87555573 chrfj:287237735 chr j:287937711 300bp chr i 11 chr j A . 300bp paired | BCR chr22 23632599 | ABL1 chr9 133729450 3 (0.059) 10
: number of bases p (rgap) single | ARFGEF2 | chr20 47538548 | SULF2 | chr20 46365683 17 (0.302) 122
fusion paired | ARFGEF2 | chr20 47538545 | SULF2 | chr20 46365686 10 (0.198) 30
score = lcount + rcount + min(maz_avg, lavg) + min(maz_avg, ravg) — |lcount — rcount| single | BCAS4 chr20 49411707 | BCAS3 | chrl7 59445685 25 (0.445)
= —min(maz_avg, [lavg — ravg|) — (lgap + rgap) — (lder + rder) * maz_avg + rate — min(1000, dist) paired | BCAS4 chr20 49411707 | BCAS3 | chrl? 59445685 13 (0.257) 145
hr 1:13522 hr 1:13522 4 hr k:104. 22 hr k:124¢ . :
ohr 1:133223330 chr 1:1552233 r 1045556 . 955863 , where maz_avg = 300, rate = TLZ::L”Z)ZI;PTU‘;{‘ 2z 'ZZ?Z;';ZZZS 5%, dist is how far the closest paired-end is from a fusion point ——

- Tavg—Ildepthy \2
lwindow (“7ayg) . : : ]
lder = \/ oo ——Lea—— where lwindow is the size of the left window (300bp),

fusion and rder is similarly defined.
In case of single-end reads, rate is defined as numrl’)’e‘,m:;rcgf tiggf:trl;’;’f ;:;Sdi e
TTTTACAGGTAC GGTCAACAGTAAC o r 5
chr i:135223330 chr §:287237711 Penality for expression difference |lavg — ravg| may be modified or dropped as alternative splicing results in considerable difference in expression levels.
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