JEAE TR AR B B (Rl D LR MERHEENT FEFZE)
[Hi7=72 "4 AT 27 7 ad—%2FCTEL LB O RETERMR &
VRZ7aIaz=r—3ayDi-doifse]
SrEmtEEREE (A2 )

77 LmEORHE, RethicBT 3 HREMSE

s EE 55 By (EZERS SR AT

e 3=¢

AW TR, 77 LRERM OFRICHE > THE L T2 RNARERIMIC o WT, 2 i o R#
AR, HEFFERILOTAE LTV, BHROEEZ TR o7, 3. LT — L2 _X—2ZHWT, 7/ A
TREESR IS 2 UFAE 21TV, FES IO W T 2 DEAD T 21T 272, X I, 2 D)5 RNA
REICBIRT 2 ¥ —7 — F &4 L. RNA fRERAM 2 A H L 72t o SCiIEE 21T > T, Z D1E# % b
LT, HMT OB K OGN, SEZEICOWTE LD, AT I Y. RNARESMIZHEE, e b %
WRETIZMELETH Y, JEROFK E 72 28IET25H 5 21078 o T 2 PRS2 il & 3 % 1
TR DA DIBE MG E > T2 —J5C, TlYICE 1T %2 RNAREQICHIZE I R 72 &3, Bk

HRTIREMDIH~DICH IR MR E 2 oz,

A. THEEER

CRISPR/Cas9 %z U@ & 427/ LimERIM
X, BEER,» R - BELR LI I 20
TR Tb L, ERILDHEA TS, 7/ LiE
£, WKW AES T ) LDOEANRKE DB TH
nNazehro, EHIcBWTIL, Hictrrzx—7
v b (EXL 7%\ DNA OWZ) )R 7 2K
5 b, YN REETHGiZ1TS L AEE L]
Lo Tnb,

—J7C. 7/ smERANoFE I T, T F
& HEAMRHT T BN RA R, HEERICHKE
LTETWw3, 20T RNA fRERL. 7/
2 DNA Z2%E$ 3 2 & 7n . RNA [id¥ % fwE &
52 CHEIEERAFERZ 2720, VA0
W7 ) LREICH AT X ) eI EEER 2 %
FcEz fiffEh T3,

AW TlE, TTEEDYT ) LRERMICE S
2o ETHEL. oM EiET 5, &
51C RNA fRERMTICO W T SCTAE 2T\, *
DEAM DR, BRhE. Bl R 7 & &
2L, REEBSIFCOMIHRELE L\ Di
Mo, BN ~DIGHDO S 2 &% H
Wed 2z,

B. A&

XHkT — & ~—=2 & LT, PubMed (NCBI) %
FAw<, UTo#EY, ¥—7—FICX3BRBERD
TERIUS 2 To 72, HAEICHAL 2R F—7 —
Nu2FR1ITRT,

77 LmEICEE T 5 Ui

E-utilities (Entrez API) Zf|FH L T, Python %
v Cim X o ¥ [PMID, Journal, Title, Doi,
Abstract, Year, Month, Status, MeSH, Keyword ]
% csvIBRCTHUS L7z, & O ICHUS L 72 GG
D6, Title, Abstract, MeSH IC& 415 Hi
st LC. 7 7 22 =70 ROV tSNE I2 X %
AL 21T 5 72,

7 7 AKX —=pHriE, NRDT * A +% TF-IDF
HFIC X 0 FEAT I L. Mini Batch K-F#{bik %
W T %17 > 72 (TfidfVectorizer, MiniBatch

KMeans from scikit-learn; number of clusters: 60,

random sampling size: 4,000),

XEROWEKR N T — 2 HTIC B 72> T, SF
Xk 1. 2 #5F & L, Python oETIEET
JupyterLab | CfT 5 7z,

RNA #RESAMT ICBE 9~ % SRk &
7 LREICEET 23k 7 T A X =kt %
JeiC, RNA fREICET 2 5EEOBmER*F—7
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—FZEX (K1), 7/ LiwE L FRIC, #RXD
1§# [PMID, Journal, Title, Doi, Abstract, Year,
Month, Status, MeSH, Keyword] % csv fEz CTHL
Bl EHIC, 77 AVDAE EERREETT
o 7=t (1,753 ) JHH ORI OVMEFES L NE
I & 2385 % 47w (106 #) . [RNA fRfEIcBIS 2
SCHk] & L7z. 720 FEIC RNA fREERIT OB
B9 2 18 oG &t L <. [RNA fft:
firicBa3 2 3CHk) (£2) & L7z,

C. B RLESR
L. 7/ rimfE i< B3 % SCokE R
Wi ICii#E D J7iE T, 7/ LREICE T 2
SCik%E 17,499 # (2010.1.1-2020.10.8) HfF L 7=
B, 7 IRX=FICXY, TV ELITEALL
4,000 OCHk%E 60 D7 7 AX—ICHFEL 7z (K
3), * D5 H . deaminase(4) . adar(2) .
adenosine(3)7z &® RNA fREICEBRT 2 F—7
—F2E07 7R -4 DMIHAEINS
Tebrot BFET T AX—DE), T D
FAESNE Ik AL 72 (K1), FHLED S
WEF—T - NEEL 7 T AL =13 XVEFICE
EXN52. RNA fREICHEKRT -7 —F%
&L 7 AX =0 < ICiE mitochondria, plant,
transcriptome, histone, chromatin 7z &'® ¥ —17
—FE2E 7722 =R LNF, Tz,
plant(12)1%, crop(2). breeding(2)7z & & &b+
T 7/ LREICED 2Dy T A2 —ItEE
NTEY, KBTI hTns L
DBHEFEIN S,

2. RNA fREE Bl ic B3 2 Sk

WF9E 771 Se o /536 ¢ RNA ff & B ic B 5
% 3CHk (2017.1.1-2020.10.13) %2 HUS L 72, F—
7 — NI X 9 | L 72 SCRkEIE % A o 72 (1,753
W b oD, RNA fRERAM % v 7=k o iz
. D% XY ) Lo EFHE (base
editing) ICBEfRT 2HF7ETH - 7=,

7 MRERAC b~ 2 & RNA fREERM I3 %
&R Lchs L, ICHMTRRONE Z &
RENREZLN, Tz, HRFLACIREEREIHTO
WR2EETH L, BT ~DIHIFIZIER O
727572 RNA HREEHM O FA KX USCHRIC X 5

80

WEEmoFHEICO T, ROBEHICE L ® 5,

3. RNA ffEHdiiic 2w

RNA ff BT id, — B2 175 LEARICZ
DEIEERBMALIC AL Z TN DG T 7 L
fte & 272 b DNA FHliC 32t mz 3, ix
HEEY)CTH 5 RNA IOt L iR oEWZ 2175
Biticd 3, ILFICIZ A F AL & DERi7R &b
BINDD, TTTEFRICE VNI EEBEEED T
& LT, EnEmoERX 2175, EEREL S
DICHRE L7z, 77 LSRN & RNA fREEEAM
ICDWT, ZDIRETECHMBICOVTDO K E
F4i1TRT,

RNA e i a2 R oL i R fEE S 7z o
AT LTHY, 1987 Fiehi7 I/ {LiEHE
adenosine deaminase (ADAR) 7% RNA #REE
O LBAMEINTDEL, FDAHN=ZALD
s X OBEHE % FIH L 72 RNA SRERHT iR
BTN TE D, WTEDT ) LMRERMN O FE
THHTEHINBEZ LI >72, ADAR X, 7
J Lo—GHERECHOHH I ATV 3,

(RNA fmtERE R o FidA L HEE)

F 7% RNA frEERER O & #EEIc DV, B
%X 212789, ADAR X, B CIA S RS N7z
NFT E=7 v FOZAKEHRNA D A% 1(G)
ICiE T 5, ADAR 1213 & A Y OffifldcRELL <
W5 DS, FRICHRRAINE CRREIER TH b . MR
EEREFE( b EEZLNT WD, b5
DIFHERL, C-to-U £ 4 FOEFHEICIZIZHIED
APOBEC # 4D PPR & v X 7 E 238 b T
27, RNA fREREMiO~DIGHIZIZE A LR S
Ny, CRISPR v R 7L ZFH L CHFE I N
C-to-U DfffEIc i, WZ L7 ADAR Wb
Tw3% (RESCUE),

(ADAR #ZfH\»7- RNA fRtE > 27 2)

HERD XSHHIATWwE ADAR w7
RNA fRfE> 2 7 03, 28 ICkE NG, 12
X, WTED ADAR ZFIH 3 % 2 & C, KlgEA ) =
DEAN D KT D fEEH A HE 7 RESTORE,
LEAPER 2 ED Y AT L, b 9 —2it. ADAR ®
EEEELZED T 7 I F—¥ F X4 vic Casl3



7 & D RNA 3£ 2 o — L % 84 L 72 . REPAIR,
RESCUE 2 ¥ DY AT LTH B, FNEFND L R
T LOREAEK 3 ICE L iz, FICER I HIcE
WX, invivo TOIREET, HEREBRTDE AR
REICRD00 LULRVEIED Y AT Lld, B4
HOHEH»OHRKERAV Y "R3B B, T/-HEE
BAT28Ab, & FHEKD ADAR L. 7/ L
ETHWONE 7T THED Cas9 IR T
FIEINED Y R 7 BMEVWE I NTEH Y, S%FEH
DI E N,

(RNA FRERAM % F v 72 B D BAFE I D v T)
XHRFAEOFER. RNA fREHMOFHA R 6
7Dk, ECEHYMETcH ., Y ~DICH TR
O NIRD o 72, FRIC, NTED ADAR % FIFH3 % 75
E13. ADAR % £572 72 WHEY) CIIEE) L 70\ D T,
RNA fREELEMICHIET 2 729 1C i, b0 %
FREATIRLERD Y, I HICRE RS
272010, BEEZT ) LHBPADREDLD B,
BiRF R <l RNA fafE i, 1EY o s R I
TH5X) v bEARIZEHICEDbDNS,

(RNA fi & Bl 0 5 1% D FfE)

RNA #RERMOMED 1 2. MENEE
T ThD, ERNAEMM L 32720101, BER
PYAT LORE, HihimERRONM, L
B+ ) T2 LI X - <, WESHERDH E
BFEICT b, RO DNA LEAL Y, —
AEHO RNA (I, HEfiHZ —7 v Itk 5 G2 b
A, U2b COMRENRTE R\, BIFFETIZA D
5 G, CHHU~DIREDHRIRETH Y | EH T
ELZNRBBONT B 720, REDIENIE X
ha, RNA ZfRET 04 72—y tOoT
HPREEFEICOWTH, S HICH%E - Eams
LRENRD D,

D. ¥

RNA iz, 7/ 2 DNA I[CEAR 72 25 %
25Tl R @D, T LRE
WCHARTYZRZBMENENSI XY v b B3H B, —
75Ty MREMRBME N & WED SR AT
DCTHBHZ L, ThATE2—07 v+ OFHIRPHEE
HiEREDERB VR e, 77 /0y —

ELTCREAET LREIREHII N TR
SETH B, BRSEClIE RNA fRERMNL. EE
D COFMARTETH Y, FRCHEREHFK & 3
% PR R B DRI IR A TV B, —
75T, HREMR O SERIC R B, (EY~DF
MEHEVT PRV TF—UR%L, BRDEH~D
JCH I ATREME MR W & b 5,

SE R -

1) https://github.com/tatsuya-takahashi/PubM
ed-API-Script

2) https://nbviewer.jupyter.org/github/tatsuya-
takahashi/PubMed-API-Script/blob/master/
PubMed.ipynb

E. PR - F£E
B
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K1 XRRBICHERLAEF—T7—F

& F—p—F

RN 1 genome+editing
2010/01/01 -2020/10/08
- ADAR or C-to-U or A-to-| or adenosine-to-
RNA#RE n o . .
inosine or cytidine-to-uridine
2) mRNA+editing
3) messenger+RNA+editing
4) site-directed+RNA+editing
5) Casl3+RNA+editing

2017/01/01 - 2020/10/13
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£3 7/ rmEMEOTX AT ChiidhizF -V —F

cluster num_articles keywords

0 275 crispr,editor,dna,cytosine,editing,adenine,cytidine,deaminase,editors,base
1 5 palindromic,mutation,interspaced,regularly,repeats,mutations,crispr,vivo,response,unexpected
2 523 cas,gene,editing,short,repeats,clustered,interspaced,palindromic,regularly,crispr
3 1282 efficient,genetic,cells,systems,cas,gene,editing,genome,cas9,crispr
4 152 dyw,mitochondria,pentatricopeptide,arabidopsis,editing,plant,mitochondrial,proteins,rna,ppr
5 801 gene,lung,proliferation,neoplasms,expression,breast,cells,cell,tumor,cancer
6 178 tcr,receptors,adoptive,receptor,chimeric,cells,immunotherapy,cell,antigen,car
7 428 animal,kidney,cell,cells,organoids,pluripotent,human,stem,models,disease
8 229 dsrna,alu,sites,adars,deaminase,editing,inosine,adar,adenosine,ra
9 280 genetic,editing,development,genome,cas9,animals,model,gene,crispr,zebrafish
10 315 dna,zfn,activator,gene,editing,zfns,genome,finger,zinc,nucleases
11 268 replication,immunodeficiency,infections,infection,cells,vif,ccrb,viral,virus,hiv
12 373 traits,agricultural,improvement,wheat,genome,plant,food,crop,crops,breeding
13 154 skeletal,exon,gene,therapy,muscle,duchenne,dmd,dystrophin,dystrophy,muscular
14 35 genome,tubers,gene,tetraploid,cas9,crispr,plant,solanum,tuberosum,potato
15 69 protein,transfer,trnas,aminoacylation,rna,synthetases,aminoacyl,amino,synthetase,trna
16 1 transplantation,safety,apoptosis,pluripotent,cells,caspase,inducible,stem,aml,ipscs
17 238 cas,gene,modified,genetically,editing,genome,cas9,crispr,plant,plants
18 240 sequence,genome,guided,cleavage,crispr,target,guide,rna,cas9,dna
19 449 homologous,breaks,cas9,double,crispr,end,joining,hdr,dna,repair
20 424 expression,transcriptome,rnas,splicing,sequence,sites,seq,sequencing,editing,ra
21 220 editing,gene,expression,histone,chromatin,dcas9,epigenome,dna,epigenetic,methylation
22 633 editing,engineering,cell,throughput,high,screening,crispr,gene,genetic,genome
23 439 therapies,disease,vectors,editing,trials,diseases,genetic,clinical,gene,therapy
24 78 replication,circular,infection,chronic,dna,viral,cccdna,virus,hepatitis,hbv
25 39 testis,crispr,gene,insect,pest,female,pheromone,male,determination,sex
26 353 vectors,viral,vivo,cells,editing,gene,nanoparticles,crispr,cas9,delivery
27 213 target,editing,genome,crrna,cas9,dna,crispr,cas12a,pam,cpfl
28 351 genetic,research,genome,public,humans,germ,gene,germline,editing,human
29 86 esophageal,neoplasms,cancer,tumor,cell,squamous,liver,hcc,hepatocellular,carcinoma
30 122 gene,injection,mouse,crispr,mice,microinjection,cas9,embryos,zygotes,electroporation
31 152 gene,animals,modified,genetically,transplantation,swine,xenotransplantation,porcine,pig,pigs
32 397 transgenic,editing,animals,models,cas9,knockout,gene,crispr,mouse,mice
33 45 genome,gene,mutagenesis,plants,cas9,crispr,mays,plant,zea,maize
34 34 united,humans,systems,editing,cas,gene,crispr,patent,topic,patents
35 142 regulation,genetic,gene,transcription,chromatin,expression,regulatory,elements,enhancers,enhancer
36 365 gene,genome,differentiation,disease,cell,induced,human,cells,pluripotent,stem
37 362 genetic,bacterial,engineering,gene,genome,editing,bacteria,systems,cas,crispr
38 184 reprogramming,disease,patient,cell,induced,cells,ipsc,stem,pluripotent,ipscs
39 377 crop,cas9,breeding,gene,editing,genome,crispr,plants,rice,plant
40 1 foundations,laid,clinical,regenerative,cell,areas,transplantation,stem,hscs,hematopoietic
41 2962 genetic,crispr,proteins,protein,expression,genome,editing,cells,cell,gene
42 140 plants,genomes,editing,genes,chloroplasts,genome,plant,plastid,ra,chloroplast
43 77 disease,therapy,gene,regulator,transmembrane,conductance,cf,cftr fibrosis,cystic
44 203 gene,dna,like,nucleases,transcription,tale,effector,activator,talens,talen
45 238 gene,editing,genomes,genes,dna,genome,rna,mitochondria,mtdna,mitochondrial
46 1 deaminase,transcriptome,adenosine,editing,alters,non,sites,coding,ra,recoding
47 256 fatty,genes,plants,acid,abiotic,arabidopsis,plant,tolerance,rice,stress
48 244 editing,rna,genome,sgrnas,design,guide,cas9,crispr,sgrna,target
49 146 gene,cas9,metabolic,fungal,genome,crispr,engineering,yeast,saccharomyces,cerevisiae
50 87 cell,inosine,binding,expression,editing,dsrna,deaminase,adenosine,ra,adarl
51 13 maintenance,damage,human,tert,length,cells,telomeric,telomeres,telomerase,telomere
52 180 reproductive,genome,issues,gene,germline,editing,human,research,ethical,ethics
53 160 editing,small,regulation,expression,microrna,rna,mir,micrornas,mirnas,mirna
54 53 poultry,crispr,cells,genome,primordial,germ,chickens,pgcs,avian,chicken
55 546 regulation,transcription,mrna,gene,expression,binding,proteins,splicing,rna,protein
56 221 editing,escherichia,genetic,dna,coli,genome,metabolic,engineering,biology,synthetic
57 221 parasites,crispr,gene,parasite,resistant,drug,malaria,falciparum,plasmodium,resistance
58 2 did,crispr,cas,cancer,organogenesis,colorectal,transition,epithelial,mesenchymal,emt
59 437 editing,transplantation,human,differentiation,gene,embryonic,hematopoietic,cell,cells,stem
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MREsHfzYox—>7y ML 1FiE2 Har—~10M

A TR SR (A-to-| £ 72 £Cto-U)

F& TALEN, CRISPR/CasZ: & ADAR, engineered editase

BIES TALE, [BEH —iEH

1751 v O TESE JE4-7 v FDNADIRE 3E4-7 yFRNADIREE. 4!
CRISPRdirect®gRNAETY — L KO}

1744 v+ FE SITE-seq (in vitro), DISCOVER-seq (in ~ BLAST#: ¥'in silico®
vivo) 7 &
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