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smad5 in WT smad5 in WT

(Dick A et al., Dev Dyn ,1999)
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Nam et al., 2002



2. MSEEERRA czfRc”

2.1 BRREZANST

HERENSEAEINFER, ETHEERFANDS 2R, FEENERES

S EERABFEERELETFIIDNAL F.

® RBilF. SFERNARGERS. SEFMTTIRERII—EDNA FSl, EaBRNAR
SR MESIERERIENERTFS, ST ERERERERRI .

@ HBrEHR: OYER,; F5RER
® £IF. RIFRAERFIEFR, RHERZIESHFS.
@ HurwH: ®BEFE.
{4
When & where What
- FREEETEBNESNE o REFRAHNRE
A

- REERFANELNES
ME(ARE, HIRFFEL

\_;E-Er u
2023-6-2 ) 1



2. RSBEEERA czfRc”

lﬁﬁi“xﬁﬁ:ﬁqm

AR SRPT2(tpma:eGFP-UTRglobin) 73 :

To 2 Fight

e i
" T

P12 tpme B3

gni by
. tpmapremoter

_
ToR Lt pT2(tpma:eGFP-UTRglobin) inj. Tg(tpma:eGFP-UTRglobin) hb17To+

rah bt ghobin UTR H
H“'“‘*——_l

EGFP

EEEEQWEEIE‘FF
B+ tpma;
HEVEXA: eGFP;

#2 |5 globin 3'UTR:
HEsoi: Tol2fEEET

®OWEE

o
ro
[
1
N
P



2. MSaREERA czfRc”

lﬁﬁi“xﬁﬁ:ﬁFPru

CHINA ZEBRAFISH RESOURCE CEMNTER

AR SRPT2(tpma:eGFP-UTRglobin) 73 :

Tol Fight
pT2(tp me: EFF)
TnELeI‘l_I'} o n
Tg(tpma:eGFP-UTRglobin) ihb17Tg+
ralh bif ghobiin 3UTR %
/
EGFP
B C .
R EFASATTF: 06kh ——— 0.6kb
O Fﬂ% fpma 1.7kb — 1.7kb -
@ HEIER: eGFP; Y] S155 — ik
. s . X 3 s |=
® #£&1EF: globin 3UTR,; P — . e 4k
@ Hygoff: Tol2dLEEF, 0%  20%  40%  60%  80%  100% A i . 4 . 0
Relative luciferase activity
2023-6-2 tpmafathF5 1T (Pang et al., Mar Biotechnol (NY), 2015) -
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» PCR (RAMSHRRE) | SMESTH. ERERETREIESH

» SouthernZ¥as

_F,
st B EGFP poly A ‘ ‘
sl || g Southern Blotting Technique
Tol2 L R Tol2 R

pmpyy airrsieless

- Aaeibass wrisie
el
—i " E
E ~ a
L1] D

SOUTHERN BLOT

cambings DINA fragmentation,
gl electrophoresis and hybridization
to analyze specific DNA sequences —

(https-/Awww onlinebiologynotes.com/southern-blotting-principle-procedure-application/)

B D & SR 12EIDNAKES, SouthernFiXiFEtg, AHES, EEX%

2023-6-2 SRE], N HRAEKRKE, BEAS, 2
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> BRIRTEA: R A RFIBTERER X RNAGFEHE NI S ER
BEERFHNRIGSHRENFRIAKE, ZRAGRBRIRERS:
VUEER
VHERFRIEKEER
G smad5 | H smad5 | | smads | | smad5
“ - | | MM ¢ ‘
= - —n — | Sl —
e2fs 5 *"‘

I\ \

(Yang et al_, Mol Biol Rep, 2010)

1-cell 30%epi S0%epi T5%epi

(Wei et al., . J Biol Chem 2014)
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> RT-PCR (REEFPCR) ; o™,

» NorthernZ¥ag T
RT-PCR (reverse transcription-PCR) B2 S5t z{ R |
(PCR)fg—Hh/ ZRIARIERZ, TERT-PCRA, —%ERNAGE == Northern Blotling
HSEERAEAEDNA (cDNA) , BLAULAEIRIBIEPCR i homde Visulation of RNA
H{TDNAY 12, = '
FERPCREFERT-PCRIBRFFERMAASIFEENSIY, 1
FENEERIANSZEEER—FRE TR 18, EirigRm [ RN N A
ZRzZiE, vILAEIE SRRk A AN I8 #ITEEE T TR \/”f
ﬁ*ﬁﬂ PRy RNA Transfer of RMA from gel to memm
EEPCRELI—ENRBEIADNANIEIRE HEMHITDNARY htps v thesc : northern-blotting-principle-proced S-applications)
I-Eiﬁ*ﬁo swwhw Thesciencenoles. comy/norinerm-olotung-pnnciple-procedaure-and-a ications/

EEPCREARBIESBHEIRI i NorthernZ¥3r R 8UE (K
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» ELISAfSM

> WesternZ¥az

ESELRZ IR MIE (enzyme-linked immunosorbent assay,
ELISA) B7AIANRASIRIERE RIS SEEE

., ARIABRNEY, RSB E™ ), &a

RIERER R TEMSEES T, FHELISAKIE

ERFAEOEELENE, FRUEEFER, B3N

M= iR, AREEFaR,

WesternZ¥az (ZL2zZEHREMINZE) : SSouthern Blotag
Northern BlotZ¥32 )32, {EWestern BlotiZ&#i kil
=EHR, XANERAWEREZEREK, "R 27
ik, "B8" BrFcl i, shEdEeilNERRE
ST EERAAAEEAELNPHNFRAER. WesternZ43z
BEERN 7 BNEREEEKFNERE, B FEEEN
B, BRZEALTERED, ZAS, NETHERN,
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B ERINELER RS N\ MRS H A R EHPRMTEN S, DASERSEHER
EEkR, BEEGTT. HiaskEy 1&'13%5?41**%1#1( Bk) SEHRAVEEBIERISTH.

A I

thi 5aPoR-NeG beﬁcr R-va
Presumed
Endogenous thxSa locus | thoeSa®): | Dorsal || || Vantral _':,--‘-_r-:..-:. gr_‘ﬂl::tf.rpl:
— SF1 BurSs T i
F -
= b “ e
SGANPCOCTGACAGEH:  AtwSal?sky
GTOACCTOCAATGACT mE MK AR
Donor vector -

| .-..- : - o
T _-4:» > - - s x h
TEER TR 2 .
l—.iﬂh | = L e
thrSe-T24-1dT-2PA flax P 1G-2PA ﬂ m ‘ thx 5
- &
+ Ere mAKA
g cttwde O gAMA
CUG X e -Me )
—

----- @EA ok 2
rgeted thxSa locus (HhxSs’ ) | renbama I {1=cell stage injection)
THF I—me - |=5% =
— -
- T T RN T R
TER = L -
TER R TR
I Donor Fragment

— FIEERESAFOR, Etox5a2EFEFHiE \NERLL, @

After Cre induced recombination [thxSa™<): -| e ﬂ_}iiﬂ:ﬁ)\lﬁlﬁﬁg I)\ﬁ”i\'lox Pﬁﬁﬂ uﬁﬁfﬁfﬁﬁﬁ%?g .
e .- v AR R AR SRR
R e i v BIX E O ST AT I CHE A S SR

SEIR Y —25kr T EN SRR M SR R bR A
(Li et al., Elife . 2019) '
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HSEEEGENRARRE

o ERBIBAHERBARATESETE
T e e T e
faﬁﬁﬁmmmmﬁﬁgﬁgmwxiﬁ

o DNA M E S RRESREEEEE
=V HDE B EES

r E'Elﬁ_lfﬁﬂ#ﬁ'i?_h}% (Non-hc}m{}|0g0u5 End Joining, Non-homaologous end joining (NHEJ) gﬂrigrﬂ;ﬁmgnlfﬁﬂgidiated Homelogous recombination (HR)
NHEJ) === === == —=

> WIRIRA SEIRIHER (Microhomology- B,
mediated end joining, MMEJ) _

» [EFEEZ (Homologous Recombination, HR) % =X N

(Kawahara et al.. Int J Mol Sci . 201 6) small insertion andfor deletion predictable small deletion HRA using long homology sequences 29
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3.1 BEFEIFEHHR)ESINHRIEEHEIERBIN RHE

(A) e
a Spel Xbal
-~ | 27k — 5 ]
=is 3 BNA L 4'2 HL" g
iy i S E3 E4E5  EGE7
f‘ th locus — -8 \ .H —_—
'.J:.l:.:a-c:.:-:_- Probe 1 .I:‘... E4 Ea .-h‘-. Probe 2
o th targeting donor —l EGFF H—
| 827 bp 1 904 bp
F1 F2
Targeted i ==
[ L S— Hysocu — EGF; = R
...... i [ - 1 4 &
'-u{\:f‘ :--m.--::-.::'I T 4.9 kb |
I 4
linearized donor plasmid - 3.4 kb i
Spel Xbal
v b th TALEM C Digested with Pstl Digested with SpelXbal
' + donor Danor F WT WT F, M kb WT F, M kb
= 5.0
Homalogous
recoemination
— 5.0 -
— ] F1 +R1 (1.2 kb) F1+R1 (1.2 kb) - ; — 50 — 0
e o Eraocy Ey WT Ey WT —— —
W —
= 7 -— 3.0 S 2.0
e — F2 + R2 (1.5 kb) Fi+R2 (1.9, 26 kb) Probe 1 Probe 2
(Zu et al., Nat Methods. 2013)
2023.6.2 (Auer et al., Methods. 2014)

FIEEIEBEER/I1.5%
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3.2 EFIEEIEXImER(NHEESWHIREEBIEREIN RIS

B) — —[HEHE— -

Kifsaa locus

eGFPoait-E2A-KalTA4 donor

T B o - + sFANA kilfaa 1
i P e | + 8gRNA 2GFP 1
- + Cis)
s forward A B ¢ . 0
integrated = -
plasmid Iy | (DA | [ I |:|‘_ —r
TALEN or CASFA Caxk- - 4

machated Souble wirend Sk

plasmid |r:ig|'|1ﬁl1"

circular donor plasmid

‘::!'

— =
o

Homology independent
FEDEIr

i =i

e ¥ prriar D
[ ] CES—— i
& engion ¥ mOgipn

5 junction (fragment A+B)

CAGOGAAACCTTCACTA COOCAAGCTAACCCTAAAGTT wit
CAGGRARACCTTCACGA i 6 [ LTETS { 4 {25}
CAGGEAAACCTTCACGEA CACGGCAAGCTAACCCTOAAGTT +2 (B}

2023.6.2 (Auer et al., Methods. 2014) (Auer et al., Genome Res. 2014)

HIEEIRZEER10%-21.1%
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3.3 EFHEIERImEZR(MMEJ)ESHHIREE B FEFRBIN RS

| Exon 1 t N B | Exon 3

5 -NNNCARACGCCTGTC TCCTGCTCTGCGCTCNNN-3
3" -NHNGTTTGC Ga.a.cp.cr-; GACGAGACGCGAGNNN-5 '

5 -GRGAGGCATTCGGECCAC AGCGENNNCARACGOCTETC -3 § ' - PCCTGC T TGOGC TEHNNCCGC TG TGO CCGAACGCCTCCC=3
37 —EE:TCCGC&AGEHCGGTGTLGEE INHGTTT ACAG-5' 3'-AGGACGAGACGCGACNNNGGCGACACCGGGCTTGCGGAGEGE-5"

Table 1. Gerr e ir L t zebrafish GenaW\V GTag inte itons
'—UQH A -2ﬁ| Cargo p.ﬂ.-'ﬂ'NHﬁn Genomic 5/3' Homology arm Reporter Mumber of germline transmitting  Percentage of germline transmitting

target Exon length SXprossion adults adults
nala El 24724 4% a5 [
tyr Ed 24524 Bl A8 i
cxd 3.4 E2 24,24 505 | 0%
Exon 3 J ond 3 4% E2 4R/48 105 04 %,
E4 24724 21% 1218 A&T%

fima Ed agiay 100

Exon 1

. - ENNCAAASOCOTOR .
3"-H AGGACGAGACGCGAGHNN-5*

5 -GGGAGGCETTCGEECCA €-3' 5'-TCCTGCTCTGOGCTGNNNECGOTE c-3*

HEeC GTCGCCHNNGTTTGCGGACAG-5 3'-A ACCGGGCTTGCGGAGEE-5 " msna Eé

B
4R
- - agqplal E1 4B/48 4% 27 2%
UQRNA-’EA Cango DA-VNHEH: agpbal El 4B/48 14% 11 100°%

48 35% /4 25%

L] 26% 1/3 33%

anxald E3 48748 15 0
Tota 306 v

&2 e [oa[on3]} , (Wesley et al., eLife. 2020)

(EFEIEIEZFR/149%)

]
]
(%]
o
1
™
h
3
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3.4 DAt E X E T8 (single-stranded oligodeoxynucleotides, ssODNs) /g%
tREISCIR DR ERER A\ RIS

gRNA target site B mioxP S—
TALEN- ot CRISPR e Intron E - —
l:‘u.} rrschated uﬂ:n-u sirand broaak \Dn Frimar 1 2 3 .‘5 B
T — H B
'u?';_.::w — Ih;;m ok mloxP 0 = MG#CTTC#G:AETEA.GG&GGTTCGAC TTGA
i= P Ah G- | o]
cioous Cas9/gRNA ‘ AGTATAAATTGAAACCAGCAATAAATTGCTATAATG
B Homology direcied ] Primer . \
() repalr (HOR) / \:_x_:x HOR + NHEJ il TATGAAGTCGAAACCAGCAATAGATTGC TGGA-%GT
L % - | ,
TCCATAACTTCGTATAGCATACATTATAGCAATTTAT
N — Primer gl
indeia TGCTGGTTACATTATAGCAATAAATTGCTATAATGTA
porfect gt 123 45678 9101112 4
) GCATACATTATAGCAATACATTATACAGCATACATTAT
wi & - GATGOGCATGAGT - 3 B GATGCGCATRAGT - 3 5
— N —— _;m;_'"‘"'* e - o AGCAATTTATTGCTGGTTTCGACTTGGTITCGACTTC
rutedn agralen

AGTT ... ... -

(Auer et al., Methods. 2014) (Chang et al., Cell Res 2013)
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CRISPR/Cas9%¥m:

+ slc45a2 gRNA and Cas9 mRNA WT
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