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Candidate editing sites
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Removing mapping artifacts = {
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=
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* 3226 PAg 5367

Removing low coverage / low :>{
confidence sites A 5991 O 4696
* O 1742 IAG 3283

Removing sites of uncertain type ':>{
* A 3528 O 2827

Removing redundancy => 8334 RNA editing sites

Fig. 1 Flows and results of RNA editing sites prediction
The left part of Figure 1 was a flowchart for identification of RNA editing sites. All RNA-DNA mismatch sites were regarded as a candidate set. Then
several filters were performed on each candidate set in order to remove non-editing sites. The left sites by every filter step in each candidate set were

shown on the right. ¢ :BrainM; A :BrainF; y¢: LiverM; o:LiverF.
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Table 1 Mapping summary for all RNA-Seq data

Non-uniquely mapped reads

Unmapped reads Uniquely mapped reads

Sample Read length Raw reads
BrainM 35 88 598 445
LiverM 35 78 533 657
BrainF 35 170 016 027
BrainF 50 38733951
LiverF 35 77 388 286
LiverF 50 58610173
Total 511 880 539

14 103 998(15.9%)
8 681 175(11.0%)
20 708 836(12.2%)
2 348 370(6.1%)
8739 248(11.3%)
2 836 402(4.8%)
57 418 029(11.2%)

47 075 555(53.1%)
48 114 479(61.3%)
99 274 150(58.4%)
23712 052(61.2%)
47797 779(61.8%)
39212 311(66.9%)

298 066 048(59.6%)

27 418 892(31.0%)
21 738 003(27.7%)
50 033 041(29.4%)
12 673 529(32.7%)
20 851 259(26.9%)
16 561 460(28.3%)

149 276 184(29.2%)

Chimpanzee RNA-Seq sequences were mapped to chimpanzee genome sequences by TopHat software with allowing up to two color mismatches in

each alignment.
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Fig. 2 The distribution of RNA editing sites in chimpanzee

With gene orientation information, we observed all 12 possible categories of base differences between RNA and its corresponding DNA. []: Total; @:

BrainF; M : BrainM; & : LiverF; E: LiverM.
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Table 2 The distribution of editing sites in known gene

RefSeq gene 127 editing sites Number of gene
5'UTR 6 3
Protein-coding gene CDS 61 50
3'UTR 59 41
Non-protein-coding gene 1 1

The editing sites that resided in protein-coding genes were specified
into 5'UTR, CDS or 3'UTR.

MR Z 61 1), Xk 3'UTR X (59 4M), 1M
¥ AE 5"UTR 4w A7 A AT 6 A~ CDS X 1) i 4
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fFa e PE LA, miRNA A8 Z5 447 1
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A, WAE S0 ANARIRIFER . BRATTHR P B AL [
TERE, ZREL 50 NEE Y CDS X ABFRIE L, #k 4
G R AL AR CDS XA AR, T4 L 2 4
PE R TEAE S JUAN S0 1 B DL R s 6 75 LA,
3 Fin, CDS X[ 61 Nmiilr fifs 41 s
TIRA ML, oA 34 MR B, Hd
LOC456645+ AGT~ EIF3L. UBC- SCG5 FIRHAG
S AR E S 2D 2 AN AT, RNA G K8



2012; 39 (3) FinE, &: ETHEREANFEIERAEIEE RNA HFEAMVS *287e
Table 3 The alteration of amino acids by 41 RNA editing sites
Position Type Position in CDS  Position in Codon Gene Codon change Amino acid alteration P_value
chrl_+_ 25547158 A->G 457 1 LOC456645  AUG-GUG Met-Val <1.0x10"%(LiverF)
chrl_+_ 25559021 A->G 916 1 LOC456645  AUC-GUC Ile-Val <1.0x10"%(LiverF)
chrl_+ 25588788 A->G 1240 1 LOC456645  AAU-GAU Asn-Asp <1.0x10"(LiverF)
chrl_- 88312395 A->G 409 1 SEPI5 AAU-GAU Asn-Asp 1.4x10"*(LiverF)
chrl_+_150549854  G->A 895 1 FMO3 GUA-AUA Val-lle 1.7x10*(LiverF)
chrl - 211313104  G->A 778 1 AGT GUG-AUG Val-Met 1.1x10"%(LiverF)
9.6x10¥(LiverM)
chrl_- 211313353 A->G 529 1 AGT ACA-GCA Thr-Ala <1.0x107'(LiverM)
chrl_+_ 220793035 C->G 1723 1 CHRM3 CAG-GAG Gln-Glu 1.7x10"%(BrainM)
chr10_+_ 17875532 U->A 931 1 VIM UGG-AGG Trp-Arg <1.0x10"'%(BrainM)
<1.0x10"*(LiverM)
chr10_+_ 42720282 C->U 308 2 EIF3L GCU-GUU Ala-Val <1.0x107"%(BrainF)
2.4x10"(BrainM)
<1.0x107"%(LiverF)
2.4x10™"%(LiverM)
chrl0_+ 42720587  G->C 613 1 EIF3L GGU-CGU Gly-Arg <1.0x10"(BrainF)
<1.0x107'%(BrainM)
7.2x10"(LiverF)
chrll_+_ 48142916 A->C 650 2 NDUFS3 AAG-ACG Lys-Thr 2.8x10(LiverM)
chrl12_+_ 67396538 A->G 923 2 LDHB AAG-AGG Lys-Arg 9.2x10"(BrainF)
chr12_- 126826456  U->C 694 1 UBC UGU-CGU Cys-Arg 3.3x10(BrainF)
3.0x10~(LiverF)
chr12_- 126826758 C->U 392 2 UBC CCU-CUU Pro-Leu <1.0x107'(LiverM)
chr13_- 24478427 G->U 3922 1 CENPJ GUA-UUA Val-Leu <1.0x10"'*(BrainM)
<1.0x10"%(LiverF)
chrl5_+ 29463145 G->A 323 2 SCG5 AGU-AAU Ser-Asn <1.0x10"%(BrainF)
chrl5_+_ 29467882 C>A 407 2 SCG5 ACC-AAC Thr-Asn <1.0x10"%(BrainF)
chrl5_+ 76479318 U->C 691 1 CHRNAS UGU-CGU Cys-Arg 5.2x107*(BrainF)
chrl7 + 16153682 C>U 790 1 KRT31 CAG-UAG Gln-Stop 6.7x107'%(BrainF)
chr17_+ 50161033 U->C 428 2 NMEI AUG-ACG Met-Thr <1.0x107(LiverM)
chrl7 - 65416807  A->G 685 1 APOH AAA-GAA Arg-Glu <1.0x10"%(LiverM)
chrl8_+ 27492229  A->G 14 2 TTR CAU-CGU His-Arg 1.7x10"5(LiverF)
chr22_- 25293818 U->C 2470 1 TFIPI1 UGG-CGG Trp-Arg <1.0x10"*(LiverM)
chr2b - 211730316  G->A 1195 1 NDUFSI GUU-AUU Val-Ile 7.2x10"(LiverM)
chr3_+_ 138351241 A->G 1771 1 TF AAG-GAG Lys-Glu <1.0x10"*(LiverM)
chr3_+_ 185018683 A->G 401 2 NDUFB5 GAA-GGA Glu-Gly 3.4x10%(LiverM)
chr3_+ 192198094  G->U 787 1 AHSG GGU-UGU Gly-Cys <1.0x10"%(LiverF)
chrd_+ 169759922 G->A 902 2 CPE CGC-CAC Arg-His <1.0x10"'%(BrainF)
chr5_+ 72747893 U->C 1102 1 SEPPI UGC-CGC Cys-Arg <1.0x107"(LiverF)
3.8x10"(LiverM)
chr6_- 31353959 G->U 1220 2 FLOTI AGU-AUU Ser-Ile 2.1x107(LiverM)
chr6_- 50742166 G->A 1219 1 RHAG GAG-AAG Glu-Lys <1.0x10"(LiverF)
chr6_- 50751977 A->G 634 1 RHAG AUG-GUG Met-Val <1.0x10"%(LiverF)
chr6 - 162618429 A->U 278 2 SOD2 GAU-GUU Asp-Val <1.0x107"%(LiverM)
chr7_+_141356466 A->C 8 2 NDUFB2 GAU-GCU Asp-Ala 1.4x107(LiverM)
chr9_+ 71972675  U->C 1027 1 ANXAI UGU-CGU Cys-Arg 7.9x10(LiverF)
chr9_+ 97829349  U->C 731 2 SEPT7 uuc-ucc Phe-Ser 4.9%10"%(BrainF)
3.1x10"(LiverF)
chr9_-_ 120006979 C->U 5014 1 CDK5RAP2  CGC-UGC Arg-Cys 1.1x10"*(BrainF)
chrX - 47479521 G->C 444 3 NDUFBI11 CAG-CAC Gln-His 9.6x10-(BrainF)
chrX_- 77021727 G->C 4090 1 ATRX GCA-CCA Ala-Pro <1.0x10"%(BrainF)
chrX_+ 120423271  A->G 1568 2 GLUD2 CAC-CGC His-Arg <1.0x10"%(LiverF)

Among the 61 RNA editing sites, 41 RNA editing sites resided in 34 genes had altered amino acid residues. Five genes had at least two RNA
editing sites. The different isoforms could be produced with various combinations of editing sites. P_value: P_vaules calculated by Binomial test are
corrected for Bonferroni multiple testing.
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Table 4 Editing sites that are located in microRNA targets

Position Type miRNA Region miRNA targets P_value

chrl0 + 17878271 U->C ptr-miR-630 non-seed VIM <1.0x107'%(LiverM)
chrl2 + 934576 A->G ptr-miR-1208 seed WNK1 <1.0x107'%(BrainF)
<1.0x10"(LiverF)

chrl6_- 4904281 G->A ptr-miR-329 non-seed ZNF500 5.5%10"(BrainF)
chrl6 - 4904281 G->A ptr-miR-362 non-seed ZNF500 5.5x107(BrainF)
chrl6 - 4904281 G->A ptr-miR-612 non-seed ZNF500 5.5%10™"(BrainF)
chrl6 - 10829488 A->G ptr-miR-761 non-seed EMP2 3.4x10*(LiverM)
chr20_+_4618535 G->A ptr-miR-1272 non-seed PRNP 1.5x10"*(BrainF)
chr2a_+ 26970053 G->C ptr-miR-1288 seed SELI <1.0x10"%(LiverM)
chr2a_+ 26970630 A->C ptr-miR-7 non-seed SELI <1.0x10"%(LiverM)
chrd - 125065463 C->U ptr-miR-34a non-seed ANXAS <1.0x107'%(BrainF)
<1.0x10"%(LiverF)

chrd_- 125065463 c>U ptr-miR-449b non-seed ANXAS <1.0x10"(BrainF)
<1.0x10"(LiverF)

chr6_+ 30575637 G->C ptr-miR-661 seed HLA-A 1.0x10(LiverM)
chr6_- 32004001 G->A ptr-miR-148a non-seed HLA-B 6.7x10"%(LiverM)
chr6_- 32004165 U->C ptr-miR-23b non-seed HLA-B 1.4x10"(LiverM)
chr6_- 32004165 U->C ptr-miR-23a non-seed HLA-B 1.4x10"(LiverM)

Region: The region where RNA editing sites resided in. P_value: P_vaules calculated by Binomial test are corrected for Bonferroni multiple

testing.
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Table 5 17 RNA editing sites showed a significant difference between brain and liver

Position Type Gene Region Brain Liver P_value
chrl_+_80000601 G->C IFI44 5'UTR 65/67 81/144 7.0x107"
chr10_-_100867296 U->C NDUFBS CDS 14/116 4/947 3.4x10™"
chr10_+_17878271 U->C VIM 3'UTR 1/103 7/10 2.4x10*
chrl2_-_92043895 U->C DCN CDS 0/1499 58/167 3.9x10¢
chrl2 - 126826758 C->U UBC CDS 0/12 21/26 2.3x10°
chrl4 - 102528569 C>U HSP90AA 1 CDS 0/53 12/31 1.2x10°¢
chrl6_-_4903604 U->G ZNF500 3'UTR 0/38 5/5 1.0x10°
chr17_+_50161033 U->C NMEI CDS 0/27 20/22 8.2x10"
chrl8_- 42307133 U->C ATP5A1 CDS 4/202 29/119 2.8x107°
chr2a_+_26970053 G->C SELI 3'UTR 0/366 42/111 2.1x107%
chr2a_+_ 26970630 A->C SELI 3'UTR 0/295 24/63 1.1x10™
chr7_- 5518025 A->C ACTB 3'UTR 0/1340 9/42 9.0x10"
chr7_- 10957341 A->G NDUFA4 5'UTR 0/43 16/18 7.5x107°
chr8 - 14257861 U->C ASAHI 3'UTR 196/213 527/670 3.5x10°
chr9_+_22996194 A->G MTRNR2L14 5'UTR 0/1111 40/43 6.5x107"
chr9_+ 22996366 C>U MTRNR2L14 5'UTR 2/3287 922/1022 0
chr9_+_ 22996680 A->G MTRNR2L14 5'UTR 0/37 17/18 2.6x107"

Brain: Edited sequences/total sequences. Liver: Edited sequences/total sequence. P_value: P_vaules calculated by Fisher's test are corrected

for Bonferroni multiple testing.

Table 6 24 RNA editing sites showed a significant difference between male and female

Position Type Gene Region Male Female P_value
chrl_+ 80000601 G->C IF144 S'UTR 74/134 7277 1.2x10”°
chr10_- 100867296 U->C NDUFBS CDS 14/116 5/1261 3.5x107"
chr10_- 99733008 C>G GOTI 3'UTR 37/126 92/159 1.6x10-¢
chr12_- 92043895 U->C DCN CDS 58/167 3/3027 3.2x107
chr12 - 126826758 C->U UBC CDS 21/26 0/30 4.9x10™
chrl4 - 102528569 C>U HSP90AA 1 CDS 12/31 0/108 2.1x10”°
chrl5_+ 29480205 G->A SCG5 3'UTR 8/129 696/2508 2.3x10”
chr16_- 4903604 U->G ZNF500 3'UTR 5/5 0/38 1.0x10#
chr17_+_ 50161033 U->C NMEI CDS 20/22 0/28 4.9%x10"
chr18 - 42307133 U->C ATP5A 1 CDS 29/119 3/274 1.4x10"
chr2a_+_ 26970053 G->C SELI 3'UTR 42/111 0/411 4.0x10*
chr2a + 26970630 A->C SELI 3'UTR 24/63 0/335 7.9%x10%
chr3_+ 138342400 C->U TF CDS 18/93 0/410 1.5x10
chrd_- 125065463 C->U ANXAS 3'UTR 3/85 21/44 2.8x10”
chr5_+ 72747893 U->C SEPPI CDS 5/20 71/78 9.5x10”
chr5_+_ 72748119 G->A SEPPI 3'UTR 23/52 179/209 3.1x10”
chr5_- 116928428 A->G TMED7 3'UTR 2/78 28/72 1.2x107*
chr6_+ 173828052 C->U TBP 3'UTR 9/14 0/45 1.6x107
chr6_+ 32517034 C->U CFB CDS 0/130 14/60 3.1x10°%®
chr7_- 10957341 A->G NDUFA4 S'UTR 16/18 0/103 4.3x107"
chr7_- 99487539 C->U CYP3A7 CDS 47/86 0/53 2.5x10"
chr9 + 22996194 A->G MTRNR2L14 5'UTR 40/43 0/1658 9.5x107
chr9_+ 22996366 C->U MTRNR2L14 5S'UTR 922/1022 3/5274 0
chr9_+ 22996680 A->G MTRNR2L14 S'UTR 17/18 0/77 7.0x107*®

Male: Edited sequences/total sequences. Female: Edited sequences/total sequence. P_value: P_values calculated by Fisher's test are corrected

for Bonferroni multiple testing.
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Fig. 3 Base preference of different types of RNA editing

Logo displays enriched bases and depleted bases in upstream/downstream region of the RNA editing site. The level of enrichment/depletion is shown by
letter heights.
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Identification of RNA Editing Sites in Chimpanzee by
Transcriptome-wide Sequencing Data”

WANG Duan-Qing"?, HE Tao?, WANG Li*”, WANG Yu-Min?, SHAO Wei-Dong"™”
(" School of Electronics and Information, Soochow University, Suzhou 215006, China;
2 Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071, China)

Abstract RNA editing is a widespread post-transcriptional modification mechanism that alters genetic
information at the RNA level by nucleotide insertions, deletions or substitutions, which can contribute to the
diversification of the transcriptome and proteome. Although tens of thousands of A-to-I RNA editing events have
been found in humans, there is limited knowledge of RNA editing in other nonhuman primates. For exploring the
mechanism as well as potential functions of the RNA editing events in chimpanzee, we identified RNA editing sites
based on chimpanzee RNA-Seq data here. By aligning between RNA-Seq data and chimpanzee genome sequences
with TopHat software, all RNA-DNA mismatch sites were regarded as a candidate set. Low quality sites were
filtered out by using both genome and transcriptome sequencing quality scores. The other filters containing
uncertainty of sequencing at 3'-terminial positions, read coverage, SNP sites and estimated editing level were also
applied on the candidate set. Statistical tests based on the Binomial distribution and Bonferroni multiple testing
correction were performed on each candidate site to remove random errors between genome and transcriptome.
Then, we detected tissue- and sex-specific RNA editing sites using bioinformatics approaches based on the Fisher's
exact test and the Bonferroni multiple testing correction. The Two Sample Logo software was used to analyze the
feature of the sequences surrounding the RNA editing site. A total of 8 334 RNA editing sites were identified in
chimpanzee transcriptome and all 12 possible categories of discordances were observed. The top four distributions
were A-to-G, U-to-C, G-to-A and C-to-U editing sites, which contained 1 995, 1 452, 1 293 and 1 101 sites,
respectively. Forty-one editing sites alter amino acid residues, one of them creates a new stop codon which may
shorten the KRT31 protein and affect its activity. Three editing sites damage the binding of microRNA potentially.
Six hundred and forty and eight hundred and seventy-two RNA editing sites were identified to be tissue-specific
and sex-specific respectively. The analysis of base frequencies indicated that all substitution editings have
preferences for certain neighbouring nucleotides. RNA editing is widespread in chimpanzee and has important
biology function. Our findings paved the way for further exploration of the mechanism of RNA editing in primates.
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