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Supplementary Figure S1. Tissue and cell ontology enrichment in the expression of antisense 
lncRNAs to genes associated to familial forms of neurodegenerative diseases. Heat map graphical 
representation of fold-change expression values in specific tissue (A) and cell (B) ontology terms. 
AS lncRNA and protein coding gene names are indicated. 
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Supplementary Figure S2. Antisense transcription in genes associated to familial forms of AD. 
A) Zenbu Genome Browser view of hCAGE data in PSEN1 locus. FANTOM5 promoters (F5 
promoters) are indicated by green and purple arrow-heads, according to their orientation on the 
genome. Antisense transcription in cerebellum, medial fronta gyrus and eosinophils libraries are 
shown. Purple arrows highlight PSEN1-5’AS and PSEN1-intAS. Zoomed image shows TSSs at 
the 5’ region (PSEN1-bAS and PSEN1-5’AS) B) Zenbu Genome Browser view of PSEN2 locus. 
hCAGE data in all FANTOM5 data (F5 ALL) and in the medial frontal gyrus newborn library are 
shown. Purple arrows indicate AS TSSs (PSEN-5’AS and PSEN-intAS).  
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Supplementary Figure S3. Antisense transcription in FTD-associated genes. Zenbu Genome 
Browser view of C9orf72 (A) and GRN (B) loci. Genes and transcripts are color-coded according 
to their orientation in the genome (+ strand, green; - strand, purple). Annotated genes and 
transcrips (refseq) are shown. FANTOM CAT assembled transcripts and FANTOM5 promoters 
are indicated according to their orientation in the genome.  hCAGE data are presented for all 
FANTOM5 libraries pooled together (F5 ALL) or for selected samples, as indicated. Arrows 
highlight antisense TSSs. Exanucleotide repeat expansion in the C9orf72 gene is shown (red box, 
A). 
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Supplementary Figure S4. Antisense transcription in genes associated to familial forms of PD. 
A) Zenbu Genome Browser view of PRKN locus. PRKN is expressed on the minus strand of the 
genome (purple signals). Main transcription initiation site for protein-coding Parkin co-regulated 
gene (PARCG) is also indicated. Green arrows highlight expression of additional intragenic AS 
transcripts. Zoom images are provided for the 5’ (right) and 3’ (left) regions of PRKN. B) Zenbu 
Genome Browser view of PINK1 locus. FANTOM gene and transcript assemblies are shown. 
Libraries with highest expression of PINK1 AS TSSs in brain and blood have been selected 
(neutrophils, iPSC differentiation into neurons). Purple arrow highlights previously published 
PINK1-AS (at the 3’) and newly identified PINK1-5’AS (at the 5’).  
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Supplementary Figure S5. Antisense transcription at VPS35 locus. Zenbu Genome Browser 
views of VPS35 and VPS35-AS genes anatomy and expression. hCAGE data are shown for 
pooled FANTOM5 libraries (F5 ALL) and CD14+ monocytes.  
 
  



A

Zucchelli et al., Supplementary Figure S6

http://fantom.gsc.riken.jp/zenbu/gLyphs/index.html#config=8gxt1V0YIFwpL9EzVM6gtC;loc=hg19::chr21:33029608..33043571+ 1/20

chr21 33,029,608-33,043,571+ [len 14kb ] 33029416

This ZENBU view focus on assembly information, e.g. source transcripts, FANTOM CAT at other
cutoffs and more. Use "Settings" to un-hide more tracks.

created by: guest Thu Dec 15 12:16:02 2016 GMT collaboration: (temp)
human hg19 GRCh37 2009-Jan-31 ( Homo sapiens )

  

hg19 chr21 33029608..33043571+ [len 14kb ]
p13 p12 p11.2 p11.1 q11.1q11.2 q21.1 q21.2 q21.3 q22.11 q22.12 q22.13 q22.2 q22.3

33030000 33035000 33040000
[Ref] GENCODEv19 Genes

lincRNA|AP000253.1|ENSG00000234509.1
ng|SOD1|ENSG00000142168.10

snoRNA|SNORA81|ENSG00000238390.1
antisense|AP000254.8|ENSG00000273271.1

protein_coding|SCAF4|ENSG00000156304.10

Entrez gene hg19
SOD1 SCAF4

[FANTOM CAT] Robust, gene
AP000253.1|p_lncRNA_divergent

SOD1
SCAF4|mRNA|coding_mRNA

SNORA81|others|small_RNA
AP000254.8|e_lncRNA|lncRNA_divergent

UCSC hg19 gencode v12 comprehensive
ENST00000449339.1

ENST00000270142.6
ENST00000389995.4
ENST00000476106.1
ENST00000535823.1
ENST00000470944.1

ENST00000458922.1 ENST00000434667.2
ENST00000286835.7
ENST00000399804.1

[FANTOM CAT] Robust, transcript [rev:86.4 fwd:86.1] (mean) TIEScore

[FANTOM CAT] Robust, CAGE cluster

[FANTOM DPI] Robust, Phase 1+2 DPI

[Expression Profile] FANTOM5 CTSS (n=1829 samples, at least 3 tags in a sample) [rev:0.04 fwd:366.4 scale:366.38] (mean) rle

CD14+ monocytes - treated with BCG, donor2 : CNhs13475 ctss (N=3) [rev:0.24 fwd:55.4 scale:55.40] (mean) tpm

iPS differentiation to neuron, control donor C11-CRL2429, day18, rep1 : CNhs13916 ctss (N=3) [rev:1.1 fwd:277.0 scale:277.01] (mean) tpm

iPS differentiation to neuron, control donor C11-CRL2429, day00, rep1 : CNhs14045 ctss (N=3) [rev:1.3 fwd:378.5 scale:378.47] (mean) tpm

hippocampus, adult, donor10252 : CNhs12312 ctss [rev:1.4 fwd:286.6 scale:286.60] (mean) tpm

http://fantom.gsc.riken.jp/zenbu/gLyphs/index.html#config=8gxt1V0YIFwpL9EzVM6gtC;loc=hg19::chr21:33029608..33043571+ 1/20

chr21 33,029,608-33,043,571+ [len 14kb ] 33029416
hg19 chr21 33029608..33043571+ [len 14kb ]

p13 p12 p11.2 p11.1 q11.1q11.2 q21.1 q21.2 q21.3 q22.11 q22.12 q22.13 q22.2 q22.3

33030000 33035000 33040000
[Ref] GENCODEv19 Genes

lincRNA|AP000253.1|ENSG00000234509.1
ng|SOD1|ENSG00000142168.10

snoRNA|SNORA81|ENSG00000238390.1
antisense|AP000254.8|ENSG00000273271.1

protein_coding|SCAF4|ENSG00000156304.10

Entrez gene hg19
SOD1 SCAF4

[FANTOM CAT] Robust, gene
AP000253.1|p_lncRNA_divergent|lncRNA_divergent|ENSG00000234509.1

g_mRNA|ENSG00000142168.10
SCAF4|mRNA|coding_mRNA|ENSG00000156304.10

SNORA81|others|small_RNA|ENSG00000238390.1
AP000254.8|e_lncRNA|lncRNA_divergent|ENSG00000273271.1

UCSC hg19 gencode v12 comprehensive
ENST00000449339.1

ENST00000270142.6
ENST00000389995.4
ENST00000476106.1
ENST00000535823.1
ENST00000470944.1

ENST00000458922.1 ENST00000434667.2
ENST00000286835.7
ENST00000399804.1

[FANTOM CAT] Robust, transcript [rev:86.4 fwd:86.1] (mean) TIEScore

[FANTOM CAT] Robust, CAGE cluster

[FANTOM DPI] Robust, Phase 1+2 DPI

[Expression Profile] FANTOM5 CTSS (n=1829 samples, at least 3 tags in a sample) [rev:0.04 fwd:366.4 scale:366.38] (mean) rle

CD14+ monocytes - treated with BCG, donor2 : CNhs13475 ctss (N=3) [rev:0.24 fwd:55.4 scale:55.40] (mean) tpm

iPS differentiation to neuron, control donor C11-CRL2429, day18, rep1 : CNhs13916 ctss (N=3) [rev:1.1 fwd:277.0 scale:277.01] (mean) tpm

iPS differentiation to neuron, control donor C11-CRL2429, day00, rep1 : CNhs14045 ctss (N=3) [rev:1.3 fwd:378.5 scale:378.47] (mean) tpm

hippocampus, adult, donor10252 : CNhs12312 ctss [rev:1.4 fwd:286.6 scale:286.60] (mean) tpm

Gene

UCSC Transcripts

F5 Promoters

CD14+ Monocytes
treated BCG

FANTOM CAT
Transcripts

FANTOM CAT
Gene Annotation

iPS to neurons

ENST00000449339

SOD1-5’AS

SOD1-intA1S

SOD1-int2AS

B

12/7/2017 ZENBU - genome browser

http://fantom.gsc.riken.jp/zenbu/gLyphs/index.html#config=8gxt1V0YIFwpL9EzVM6gtC;loc=hg19::chr16:31187144..31213040+ 1/20

guest | Sign in

chr16 31,187,144-31,213,040+ [len 25.9kb ] 31186755

 

ZENBU  genome browser  data explorer  user upload & share  documentation wiki

[FANTOM CAT] v1.0.0 Assembly view v1 (modified)

This ZENBU view focus on assembly information, e.g. source transcripts, FANTOM CAT at other cutoffs
and more. Use "Settings" to un-hide more tracks.

created by: guest Thu Dec 15 12:16:02 2016 GMT collaboration: (temp)
human hg19 GRCh37 2009-Jan-31 ( Homo sapiens )

  

[Ref] GENCODEv19 Genes:: (found 1, from 57817) protein_coding|FUS|ENSG00000089280.14
Entrez gene hg19:: (found 342, from 651) FUS AATF ABL1 ADAM7 AFF1 AFF3 AFF4 AKAP9 AKTIP ALK ANKHD1 ANXA6 ANXA7 APITD1-CORT ARFGAP1
ARFGAP3 ARHGEF12 ARNT ARPC4 ARPC4-TTLL3 ASPSCR1 ATF1 ATG7 ATP5J2-PTCD1 AXIN1 BARX2 BCAS3 BCAS4 BCL11B BCL2L2-PABPN1 BCR BICC1
BIVM-ERCC5 BLOC1S6 C15orf38-AP3S2 C7orf55-LUC7L2 CASC5 CAST CBFA2T2 CBFA2T3 CBFB CCDC169-SOHLH2 CCDC6 CCR5 CCZ1 CCZ1B CD46 CD81 CD9
CFAP57 CHRFAM7A CHST11 CHURC1-FNTB CKLF-CMTM1 CLK2 COMMD3-BMI1 CORO7-PAM16 CREB3L2 CRISP1 CRLF2 CRNN CRTC3 CXCR4 CYP26B1 DDIT3
DDX10 DISC1FP1 DRG2 DYSF EIF3M EPPIN-WFDC6 EPS15 ERC1 ERCC6 ERCC6-PGBD3 ERG ERVFRD-1 ERVW-1 ETV1 EWSR1 FADS1 FADS2 FADS3 FASN
FAU FEV FGF16 FGFR1 FGFR1OP FGFR2 FIP1L1 FIS1 FLI1 FOXD4L1 FPGT-TNNI3K FRYL FUBP1 FUBP3 FXYD6-FXYD2 GALNT4 GAS7 GCA GIMAP1-GIMAP5
GMPS GOLGA5 GOPC GPS1 GTF2A1L HLF HOXA9 HSPE1-MOB4 IQCJ-SCHIP1 IZUMO1 IZUMO1R IZUMO2 IZUMO3 IZUMO4 JMJD7 JMJD7-PLA2G4B KANK1
KHSRP KHSRPP1 KIAA1549 KMT2A LHFP LHFPL1 LHFPL2 LHFPL3 LHFPL4 LHFPL5 LNP1 LOC100128379 LOC100289117 LOC100499484 LOC440489 LOC503540
LY75-CD302 MECOM MEF2D MFN1 MFN2 MKL1 MLLT1 MLLT10 MLLT11 MLLT3 MLLT4 MLLT6 MOCS1 MON1A MON1B MORF4 MSANTD3-TMEFF1 MYH11
MYO15A MYOF NAPA NAPG NAT6 NBAS NCOA1 NCOA4 NEDD8-MDP1 NFKB2 NME1 NME2 NOG NPM1 NR4A3 NR5A1 NSF NSFL1C NT5C1B-RDH14 NTRK3
NUP155 NUP214 NUP98 OPN1LW OPN1MW OPN1MW2 OTOF P2RY11 PALM2-AKAP2 PATZ1 PAX3 PAX7 PBX1 PCLO PDGFRA PDGFRB PEG10 PGBD3 PICALM
PLA2G4B PLAG1 POC1B-GALNT4 POMZP3 PPAN-P2RY11 PRAM1 PRCC PRKAR1A PRR5-ARHGAP8 PTGES3L-AARSD1 PUF60 RAB11FIP1 RAB11FIP3
RAB11FIP4 RAB26 RAB27B RAB2A RAB2B RAB34 RAB5C RAB6A RAB8B RABGEF1 RABL2A RARA RASSF8 RBM14-RBM4 RHOH RHOQ RHOT2 RLF RLFP1
RNF103-CHMP3 RPL22 RPL7A RPS10-NUDT3 RPS27A RTEL1 RUFY1 RUNX1 RUNX1T1 SAA2-SAA4 SAFB SEPT9 SERPINB4 SETMAR SH3GL1 SIRPA SKOR1
SKOR2 SLC7A11 SNAP23 SNAP25 SNAP29 SNAPIN SND1 SNPH SPACA1 SPESP1 SPP1 SRSF10 SRSF10P1 SRSF10P2 SS18L1 SS18L2 SSX1 SSX2 SSX2B SSX4
SSX4B ST20-MTHFS STAT5A STAT5B STIL STK36 STON1 STON1-GTF2A1L STX10 STX11 STX16 STX1A STX2 STX3 STX5 STX8 STXBP5 SUFU SUZ12 SYNJ2BP-
COX16 SYT5 SYT6 SYT8 TAF15 TAPT1 TCHHL1 TFE3 TFG TFPT TGIF2-C20orf24 TMED7-TICAM2 TMEM110-MUSTN1 TMEM189 TMEM189-UBE2V1 TNFAIP2
TNFSF12-TNFSF13 TPM3 TPR TRAPPC2 TRIM27 TRIM33 TRIM34 TRIM39-RPP21 TRIM6 TSN TUSC2 UBA52 UBA52P1 UBA52P2 UBA52P3 UBA52P4 UBA52P5
UBA52P6 UBA52P7 UBA52P8 UBA52P9 UBB UBE2V1 UBE4B UFD1L UNC45A UNC45B USP1 USP14 USP18 USP6 USP9Y VAC14 VAMP1 VAMP2 VAMP3 VAMP4
VAMP5 VAMP7 VAMP8 VAPA VCP VPS39 VPS41 ZMYM2
[FANTOM CAT] Robust, gene:: (found 1, from 59110) FUS|mRNA|coding_mRNA|ENSG00000089280.14

hg19 chr16 31187144..31213040+ [len 25.9kb ]
p13.3 p13.2 p13.13p13.12p13.11p12.3 p12.2 p12.1 p11.2 p11.1q11.1q11.2 q12.1 q12.2 q13q21 q22.1 q22.2q22.3q23.1 q23.2 q23.3 q24.1 q24.2q24

31190000 31195000 31200000 31205000 31210000
[Ref] GENCODEv19 Genes

ing|FUS|ENSG00000089280.14
antisense|RP11-388M20.6|ENSG00000260304.1 antisense|RP11-388M20.1|ENSG00000260060.1

protein_coding|PYCARD|ENSG00000103490.13

Entrez gene hg19
FUS PYCARD

[FANTOM CAT] Robust, gene
t|CATG00000029076.1

g_mRNA|ENSG00000089280.14
RNA_divergent|ENSG00000260304.1

CATG00000029078.1_e_lncRNA divergent

PYCARD|mRNA|coding_mRNA|ENSG00000103490.13

UCSC hg19 gencode v12 comprehensive
ENST00000254108.7
ENST00000566605.1
ENST00000487045.2
ENST00000380244.3
ENST00000394533.3
ENST00000487509.2
ENST00000568685.1

ENST00000564743.1
ENST00000487974.1

ENST00000570090.1
ENST00000474990.1

ENST00000568901.2

ENST00000564766.1
ENST00000569760.1

ENST00000483853.1

ENST00000565152.1 ENST00000247470.9
ENST00000565022.1
ENST00000350605.4
ENST00000355986.3

[FANTOM CAT] Robust, transcript [rev:85.1 fwd:87.8] (mean) TIEScore

[FANTOM CAT] Robust, CAGE cluster

[FANTOM DPI] Robust, Phase 1+2 DPI

[Expression Profile] FANTOM5 CTSS (n=1829 samples, at least 3 tags in a sample) [rev:0.02 fwd:273.5 scale:273.45] (mean) rle

CD14+ monocytes - treated with BCG, donor2 : CNhs13475 ctss (N=3) [rev:0.43 fwd:267.5 scale:267.54] (mean) tpm

FUS-5’AS FUS-int1AS
FUS-int2AS

Gene

UCSC Transcripts

F5 Promoters

F5 ALL

FANTOM CAT
Transcripts

FANTOM CAT
Gene Annotation

C

12/7/2017 ZENBU - genome browser

http://fantom.gsc.riken.jp/zenbu/gLyphs/index.html#config=8gxt1V0YIFwpL9EzVM6gtC;loc=hg19::chr1:11069190..11088821+ 1/20

guest | Sign in

chr1 11,069,190-11,088,821+ [len 19.6kb ] 11068944

 

ZENBU  genome browser  data explorer  user upload & share  documentation wiki

[FANTOM CAT] v1.0.0 Assembly view v1 (modified)

This ZENBU view focus on assembly information, e.g. source transcripts, FANTOM CAT at other
cutoffs and more. Use "Settings" to un-hide more tracks.

created by: guest Thu Dec 15 12:16:02 2016 GMT collaboration: (temp)
human hg19 GRCh37 2009-Jan-31 ( Homo sapiens )

  

hg19 chr1 11069190..11088821+ [len 19.6kb ]
p36.32p36.31p36.23p36.22p36.21p36.13p36.12p36.11p35.3p35.2p35.1p34.3p34.2p34.1p33p32.3p32.2p32.1p31.3 p31.2p31.1 p22.3p22.2p22.1p21.3p21.2p21.1p13.3p13.2p13.1p12p11.2p11.1q11q12 q21.1q21.2q21.3q22q23.1q23.2q23.3q24.1q24.2q24.3q25.1q25.2q25.3q31.1q31.2q31.3q32.1 q32.2q32.3q41 q42.11q42.12q42.13q42.2q42.3q43 q44

11070000 11075000 11080000 11085000
[Ref] GENCODEv19 Genes

TARDBP|ENSG00000120948.11
protein_coding|MASP2|ENSG00000009724.12

Entrez gene hg19
TARDBP MASP2

[FANTOM CAT] Robust, gene
A

TARDBP|coding_mRNA
MASP2|others|coding_mRNA

UCSC hg19 gencode v12 comprehensive
ENST00000473118.1

ENST00000240185.3
ENST00000476201.1
ENST00000472476.1
ENST00000439080.2

ENST00000315091.3
ENST00000473869.1

ENST00000477447.1

ENST00000496840.1

ENST00000480464.1
ENST00000400897.3

[FANTOM CAT] Robust, transcript [rev:79.5 fwd:85.0] (mean) TIEScore

[FANTOM CAT] Robust, CAGE cluster

[FANTOM DPI] Robust, Phase 1+2 DPI

[Expression Profile] FANTOM5 CTSS (n=1829 samples, at least 3 tags in a sample) [rev:0.02 fwd:45.4 scale:45.41] (mean) rle

iPS differentiation to neuron, control donor C11-CRL2429, day00, rep1 : CNhs14045 ctss (N=3) [rev:0.38 fwd:85.7 scale:85.71] (mean) tpm

CD8+ T Cells donor3 : CNhs11999 ctss [rev:1.6 fwd:46.2 scale:46.17] (mean) tpm

CD14+ monocytes - treated with BCG, donor2 : CNhs13475 ctss (N=3) [rev:0.24 fwd:23.8 scale:23.79] (mean) tpm

hippocampus, adult, donor10252 : CNhs12312 ctss [rev:0.19 fwd:61.8 scale:61.81] (mean) tpm

CATG00000046764.1_p-lncRNA-divergent

TARDBP-AS

Gene

UCSC Transcripts

F5 Promoters

F5 ALL

FANTOM CAT
Transcripts

FANTOM CAT
Gene Annotation

D

 

ZENBU  genome browser  data explorer  user upload & share  documentation wiki

[FANTOM CAT] v1.0.0 Assembly view v1 (modified)

This ZENBU view focus on assembly information, e.g. source transcripts, FANTOM CAT at other
cutoffs and more. Use "Settings" to un-hide more tracks.

created by: guest Thu Dec 15 12:16:02 2016 GMT collaboration: (temp)
human hg19 GRCh37 2009-Jan-31 ( Homo sapiens )

  

hg19 chrX 56588759..56593887+ [len 5.1kb ]
p22.33p22.32p22.31p22.2 p22.13p22.12p22.11p21.3 p21.2p21.1 p11.4 p11.3 p11.23p11.22 p11.21p11.1q11.1q11.2q12 q13.1q13.2q13.3q21.1 q21.2q21.31 q21.32q21.33q22.1 q22.2q22.3 q23 q24 q25 q26.1q26.2q26.3 q27.1q27.2q27.3 q28

56589000 56590000 56591000 56592000 56593000
[Ref] GENCODEv19 Genes

protein_coding|UBQLN2|ENSG00000188021.7
Entrez gene hg19

UBQLN2
[FANTOM CAT] Robust, gene

CATG00000113734.1|p_lncRNA_divergent
UBQLN2|coding_mRNA

CATG00000113735.1|others|short_ncRNA
UCSC hg19 gencode v12 comprehensive

ENST00000338222.5
ENST00000535171.1

[FANTOM CAT] Robust, transcript [rev:68.7 fwd:82.4] (mean) TIEScore

[FANTOM CAT] Robust, CAGE cluster

[FANTOM DPI] Robust, Phase 1+2 DPI

CD14+ monocytes - treated with BCG, donor2 : CNhs13475 ctss (N=3) [rev:0.62 fwd:9.5 scale:9.52] (mean) tpm

cord blood derived cell line:COBL-a 24h infection : CNhs11050 ctss [rev:1.4 fwd:1.6 scale:1.60] (mean) tpm

iPS differentiation to neuron, control donor C11-CRL2429, day00, rep1 : CNhs14045 ctss (N=3) [rev:0.17 fwd:2.7 scale:2.69] (mean) tpm

hippocampus, adult, donor10252 : CNhs12312 ctss [rev:0.19 fwd:12.6 scale:12.63] (mean) tpm

Gene

UCSC Transcripts

F5 Promoters

CD14+ monocytes
treated BCG

FANTOM CAT
Transcripts

FANTOM CAT
Gene Annotation

COBL cells

UBQLN2-int1AS

UBQLN2-int1AS

UBQLN2-int2AS

 
 

Supplementary Figure S6. Antisense transcription in genes associated to familial forms of ALS. 
Zenbu Genome Browser views of hCAGE data in selected brain and blood libraries indicate 
antisense transcription at genomic loci for SOD1 (A), FUS (B), TARDBP (C) and UBQLN2 (D). 
Annotation of antisense lncRNAs from FANTOM CAT is highlighted.  
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Supplementary Figure S7. Antisense transcription in the HTT locus. FANTOM CAT transcripts 
are shown, indicating the complexity of gene transcription in both orientations. Expression of 
HTT and HTT-AS is highlighted in pooled FANTOM5 libraries (F5 ALL), in Medial Temporal 
Gyrus and in CD14+ monocytes. 
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