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Translating human genetics into mouse with genome editing
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Recent advances in next generation sequencing technologies have revealed the
landscape of human genetic diversity, which is comprised of millions of rare variants associated with
health and disease. One possible approach to address the biological function of rare variants, as well as
determining whether they are causal for the human phenotype of interest, is the use of precisely modified

knockin mouse models carrying such human rare variants. We developed highly efficient, ultra-rapid, and_
cost-effective genome editing technologies for knockin mouse production. We generated a series of knockin

mice mice carrying rare variants discovered from glaucoma patients. We found the pathogenic mechanism of
these rare variant to glaucoma-like abnormalities in mice. Our results provide an useful approach to

examining in vivo functional significance of rare variants.

CRISPR TALEN



B X C—-19, F—-19, 2z—19 (3ti#)

1. WFIERHR S ) D1 5

(1) g0 NEFTENOBEIZLY B B
T LDOERRSEREPHA L NS NDD
bh, Bl — T T AERIT. BE—A—
NTCER DR O IREFR (LT YT
VR OFEEBELCLIZ, Ll 19
DLTNYT 2 RN~ ANOBREIZLNFEE
LABRWELE LR, FERPEOLT Y
T MIIABUA AL NERET,
BERE ~ DR BN E I ITHEE L v
(Veltman & Brunner. Nat. Rev. Genet.
2012), W~ T, LT RUT > N OERERENT
L EOFERPLETH D,

(2)  ZHHOBEREMITICIZ. B o LT
NY T NEEMICIEANLZ ) vy 7 A4~
U AN e — v b D, FEEEIC e MR
ST A =y A AW, Mld TN T
TR0 ER LA TOREREBIEI 3 s S
T % (Sur et al., Science 2012; Kamberov
et al., Cell 2013),

(3)  —J. /vy 7 A r~0 AOMERT,
Dip &b 1TEU EORBF. 28 0% M (4
ETIX 500 FHU L), 2 =0T 1 7y
2 —DHEEE - ES lla TOAERFEIE X - & 2
7 = U A DRSS O SEHED D % Be P O
WILZAT, BH TR,

(4) 7 7 & W % it ( TALEN:
Transcription  Activator-Like  Effector
Nuclease <> CRISPR/Cas: CRISPR

(Clustered Regularly Interspaced Short
Palindromic Repeat, CRISPR-associated) ™
BT ORNE —E S, EOLH7RE
MOEDL SR AESITHAD L, T
BOHy 2 BIEICHET 2HERAIRRICZR -
eDThHhD, ZHTBETFERESED /v
JT7 U MmO THENTH LD, (EEDOE
BFEHAT D v 7 A it CRHREET
o=, B hOLT/NNY T hOWEEE EK
T 272012, ZhbD ) v oA~
U A% @RI, BGEIC, ZICEHT S
AT EF B MLETH o T,

(5)  FkWFEIL 40 %L LD 5% ANHEET
L RWRR G 1L OBARHEARREME B TH
D, EORFEB T —HOM EREI1E L
NERRATH D, B WFIRREARRSE RO
TP ORIESNT-A T F=a—U VB
FD ES0K S 2 2AERTH B (Rezaie
et al., Science 2002). F A5 10 L1 Ef%
STLHHTHZOBIESCHE~D T LITR
P SN TRY, BxITAERE O ) A
FRATIC L D FEx DFKNEL T XY 7 > b &
FE LTk, LrLINDHDOEKL LT
DEMERIEE., FBNERIEICST 5%
B3I Th -7,

2. WMHEOBEW

(1)  AWFETIZ. e rOLTARY T b
DOHEREZ EUR CRENT T D720 D, B LT
V7Y N v o Ar=0RE, @HFEIC, R
Wiz, ZMCER T 2 H 2% T5, 20
i W CLLF DS &2 5 LTI,

(2) RHNEEENSEESNTZ 5 OO
VTR T hEETALELT, IRHD )
v A ey RAEERT S,

(3) fERR LI/ v 7oA r~0XDiEE
Z RO TR FRISCEAERE - BREZRT
g%, JHERFHY - A BRI RRPBEAR P B8
RN %

3. RO Ik

(1) HAREZEBROBATHIEMLL L
Platinum TALEN #H\WT, %L 7 XU 7T
> MR 5 EiE M TALEN (B4 5,
TALEN mRNA % &t IGVERIM & Feis 1
WY R T, BpAER~ v RN A Y
=V vart b, RAEFC, L7 ANY Y REA
DRF—LBAVITDNA BA VT
3 LT/ v I A~ ARERT 5, EE
N~ TDRES 2 ) BAT I ~=T
A& RIE, BPAR L R LTSI,

(2) FEx® CRISPR/Cas ¥ AT LD
%2179, Cas9 (mRNA, Z RV E), H
4 K RNA (single guide RNA. K O\ crispr
RNA (crRNA) & trans-activating crispr
RNA (tracrRNA)) BN HRTHDH, £L TN
U7y MZxHET A4 K RNA 2{Ef3 %,
HA F RNA OiEM% in vitro T 2,
Cas9 & 71 N RNA D& 72 A5 ot % B
ERl< g AZEIN~DA V=7 va sl
LV Bmid 5, I oR#ELO%, LT
VY FNEAD RF—L7254 U 2 DNA £/=
X =TT 0 TRy E— =
CRISPR Z#HAM~ 7 ZZHFII~A ¥ =
7varLl Tl oy rArvyRAEEHT 5,
EENTE~URAEY 2 ) AT, I vV
<~ U AERE, BARERE L CHECT,

(3) fEL7E/ v A4~ 2ADHEE
W TRETHRBSO®E A RTE - e 47T
i3 %, JRBRSEA « AR PRS2 A LT kPN PE AR B
AT B, BOWRD ) v I~ RE
Bp AR~ o A R REL%, 1 Ro~T e s
v IA T RAER"DL, WIZINLENTE
by, E2#HRoOFE ) v I A~ %5
Do FENTIZIZHRE ) v 7 A4 U~ T AK R E
FECHEM Ty 22 H W5, #@ENS
mRNA Z#fiHH L . VU 7% A4 A PCRIZCED .
F 18 5+ D mRNA ORBEZFHHT S,
BErO A& ERTOEAEEZMHL, VA
y7ay T 4ok, EAEEE NG
%, IRERGIA & S MOMIRFE~ — b — o pE Y



12 L0 BN AT K OV Ba N oy Ari & 87 A
Me ) oA~ ATHhEET S, IREKD
T4 R EER, A~y bR LA
/V%é%ﬁﬁoﬁﬁ@ﬁ%m%(@ﬁ%ﬁ
HifiiafE oM %, MESRICHE D G
T35, %EJH%’%7J<¥K@JDT“H7177 v M —
N MERZVERLL | MR R A R o
KR~ —h —HUR Y4 5, BOCBEMES
BRI LD, MR E ML E ERT D,

. WFZERR S

(1) Cas9 X RI7EHLLFEK LT 2
SO H A K RNA (crRNA & tracrRNA) %
HAHrEbYEErsae—=v 777 —
CRISPR/Cas > 27 A% BF L7 (FEX),

e

// }\

( \

\ ~

Huumumuﬁ W
I

crBNA

tracrBNA

AT X CkREM T H o
CRISPR/Cas ¥ AT LADOFHEIN . —HI7 = v
EBREZVLELEETIIUV 2T A= —DH
THERIZR D . WD THEE(L Iz, F721E
T o ANAREZ - -FIT XY, KiExR
Ka X MeRFER N, Thbbyusrt
—H—DH T, JE 7= CRISPR/Cas & B4
T UARAZREINCA V2T v a T BT
T, /7 A =0 AERDAREIZR 572D
ThbH, (FREX)

Cas9 . L
Protein Protein Injection

crRNA
tracrRNA

F0 Knockin Mice

4

Targeting Transfer p '
Vector O \j e -
N

SHICROEELRFT, ERAVONTE L
CRISPR/Cas > AT A2 L C, 7 1m—=
277 J—CRISPR/Cas > A7 A%, / v 7
A VR ERBNICED D EEAREIC L
(FREXD,

o
b \\*
(kb)M1234567891011§
o
725 wl e - - - & KI25kb
- —_
= =
F 25 e -d - - b KI23kb
S P—|

(2) MNEEAENSRIESNTZ 5 2D
LT RNY T hiZonT, BIEED
Platinum TALEN Y RAT5 A2 u—= 77
Y —CRISPR/Cas Y AT LEHANT, 21 H

DIy I A~ T ADENRERAERITKD)
Lize TERILTZ ) v o A v~ R TEpAER L
R LT, AR, xR AR, f#Tc
=,

(3) Lo/ vrA4r~uAOMKE
EREATICHA W, B FRASCEAERES
O FEMEIRNT, R OYHELEN) (BRI REN AR
JRE) DT AITo70, & MNEFIZBITS Z
NEDOLTARY T v b EfENEE ORI
HLbLT, HBHLTRIT UMD v oA
T AN O RE 2R L, 280
VIRYT RO I A vy ATIESE
WITR LN o T2, N B 2R L
tVTNJT/F®//74/77X%é

%ﬁbtk AL FEE I BLBRERR B
f STREBNIA Lo Tz, TOLT A
U7 v MR ELGTHEEICEZDREBTZN
FEREL o lzboD, LT ARY T2 b
HE 72 mRNA ODAF T A2 7 2BL S8
HEIZEY ., BB THREICEERE LT LT
LTENHALNI o7, ZIVUIIERDE
MR CTOMATTIIRIBS SN THRERTH
D, JvrA4r~yAOEBRIZE Y YD TH
STl oTz, UED X ST, REFFEDT 7
o—Ji, kb ]KODI/T/\)T/ ~ ORERE. HF
IR LV CORBRIEA =X L, &fiF
W a-0IcBEHTHIEN RSN,

5. FEREERX
(WFgefRaEE . Hw“ﬁﬁﬁoﬁﬁﬁ Fiz
NS

UdEsEamsa) Gt 1 1P

1. Aida T, Chiyo K, Usami T, Ishikubo H,
Imahashi R, Wada Y, Tanaka KF, Sakuma
T, Yamamoto T, Tanaka K. Cloning—free
CRISPR/Cas system facilitates
functional cassette knock—in in mice.
Genome Biol. #FiA Y, 16:87 (2015).
DOI: 10.1186/s13059-015-0653-x. #r @t
HY.

(Fa%&R) G 11 1)

1. Aida T. Gene cassette knock—in in mice
with cloning—free CRISPR/Cas system.
13th Transgenic Technology Meeting
(International Society for Transgenic
Technologies). 2016 -3 H 23 H, 77
N (Fxa) . BHEGHEE

2. MHMHEHMWE. Jue—=227T7 U —
CRISPR/Cas ¥ AT L. HARIFLZS
2016 4E 3 H 11 H, /337 ¢ i (ff
ZEINE - #Eir) . BFFRE

3. Aida T, Sakuma T, Yamamoto T, Tanaka
K. Genome editing in mice with
cloning—free  CRISPR/Cas system.
Transposon and Genome Engineering

2015. 2015411 H 19 H, REHAEH



ERE7 +—F 5 F~1-RA-KA~ (RER
W REM) .
Aida T, Sakuma T, Yamamoto T, Tanaka
K. Cloning—free CRISPR/Cas system
facilitates functional cassette
knock—in in mice. Cold Spring Harbor
Laboratory Meeting - Genome
Engineering: The CRISPR/Cas
Revolution. 201549 H 24 H, ==—/b
RRAFY o Tn—_— CKHE) .
Aida T. Cloning—free genome editing in
mice. 5 5 [EIHTE K ZEHITSCHT AL [FINTF 50
PR ERR AR A 20156 423 A 5
H, #iBRF GBriglk - #rikm)
Aida T, Chiyo K, Sakuma T, Usami T,
Ishikubo H, Imahashi R, Tanaka KF,
Yamamoto T, Tanaka K.CRISPR/Cas
mediated highly efficient generation
of knockin mice carrying a gene
cassette. Keystone Symposia -
Precision Genome Engineering and
Synthetic Biology. 201541 H 15 H,
EUXF CKE) .
MR EE, R, AR, FEE
B AAREE AEED, Bk,
(AR, HAE— eIty N/ v
A =T ADT=HD CRISPR/Cas Z W
72 in vivo 77/ MfmE. HAD AWM
SHES. 2014411 A 25 H, v 742
%@(@ SR - BRIk .
AREEYD. tHEAE, WEER T, A
M, FHEEEF. AAREE, LK
BH,BEPE - TAVEIVERNT AR
—&~QMT@EBVTAUTVkmm
PR F AR O EB5 T in vivo TH G-
T 5. ARG FEMTFRFESR. 2014 F
11 A 26 A, /"> 7 3l (&)
W« Bk .
MR EE, R, AR, FAESE
B AAREE AEED, Bk,
(LA EL, HHYE—. CRISPR/Cas I2 X % /
v I A =y AMER ORI FARS
J WIREEMTSES:. 2014 4E 10 A 6 H, JA
EEEE Y URER - K& .
AtGED. HHEME, PEERE T A
M, FHEEETF. AAREE, LK
H. HF . Platinum TALEN |2 X % &
BET ) v 7 A v AERYE E
N7 DERRPE D R L~V T OB RE
fRRR. 2 4 |17 AfmENRS. 2014
F10 H 6 B, JAEEESES R -
JRESTT)
Aida T. In vivo genome editing for
knockin mice production. Therapeutics
Discovery Symposia USA 2014. 2014 4£

5H6H, AARMr CKkEH) . BEF#E
i

(MEF) Gt 4 )
AHEEE, BHOL— BAREEEES

CRISPR/Cas T~ A4 ) L& HAEICH:
5. 2016 . A{bE: 88:119-123.

2. MEEUE ELA HEa T EFEST,
B LT, fEW. 2015 4. EREZS
33:918-919.

3. Aida T. Springer Publishing Company
Genome editing in mice using TALENs
Targeted Genome Editing Using
Site—specific Nucleases: 7FNs,
TALENs, and the CRISPR/Cas9 System.
2014. 167-182.

4. fHHEYE, THEEET. AAREE, H
Hot—. ¥ htt v U RIZEBITF D TALEN
PRV TSRE. KBROXAT v
P v =X 53t d 7 ) MRk
TALEN& CRISPR/Cas9 O M ZH ik & HEBR
7u ha—)b. 2014 4. EBREZBIM
83-94 (2014).

(P 3 M PE A )
OmpRsL Gt 1 )

L BECEDROEEFHEIEE M
B OERLT L

R . Be—, fHEZEE., FoHE&E

MERE - BN REEE AR ER R RS

MRSt T A~y s

FEXE : HFEF

5 HilE 2014-232963 =

HFEAEH B SFRk 26 45 11 A 17 H

EIWNS ORI - EIWN K& OV PCT HFE
(Z Dfh)

TR— LR— U

WO EFR AR

http://www. tmd. ac. jp/mri/aud/

HRERERRFEZT LAY Y —2
http://www. tmd. ac. jp/press—release/2015
0429/index. html

Eureka! Alert 7L 2 1J U —2
http://www. eurekalert. org/pub_releases/
2015-04/tmad-hec043015. php

NHK £F == — A
http://www9. nhk. or. jp/kabun-blog/200/21
5975. html

6. HFFTHERR

(1) WFgefizes

FME oy (AIDA, Tomomi)
HORER B R - HER R BAFERT - HEH
2

FgeE &5 : 50540481



