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5° -GGCGATACGACGTRGCCAGTATMG@M&RTCAGAGGTGMTGAG-3 '
3'-CCGCTATGCTGCATCGGTCATATTCG iiTvCTCTCACCGTAGTCTCCACTTACTC -5

5°= GGCGAT.BCGACGTAGCGAGTATAAGCA!A& GAGAGTGGCATCAGAGGTGAATGAG-3"
3¢ -CCGCTATGCTGCATCGGTCATATTCQCWCTCTCACCGMTCTCCACTTACTC~5 L

‘ AGTATAAGCAG TJ;:GAG 2, PAM

& %
5'"-GGCGATACGACGTA CATCAGAGGTGAATGAG-3'
3'-CCGCTATGCTGCAT GTAGTCTCCACTTACTC-5"
& 9
o ?C:
TCATATTCGT CTCTC

5'-AGUAUAAGCAGUAUUGAGAG

CAS9
crRNA:tracrRNA chimera

U):

Puchta & Fauser, 2013
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Ainjectio
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\— = e pacer acquisition Invasive viral or plasmid DNA _ - Protospacer
B EERIERE,
Integration
cas operon CRISPR array
Spacers Repeats
l Transcription
. A '
ll. Expression
/) = crRNA maturation

CrRNAﬂ:ﬁﬁk : : {RNase Ill processing A and crRNA 5 trimming A)

crRNA biogenesis
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11l. Interference S*Ja' Phage

DNA interference I I I
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Site-specific cleavage
Cas9

(Jiang and Doudna, 2013)
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Type II-A Streptococcus pyogenes Cas9 (SpyCas9, or SpCas9)
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Double-strand break (DSB)

l

Endogenous DNA repairs at the DSB site

Donor DNA
(ssODN or plasmid)
TTTTTITT T TTIT T
LLLULLLLLLT
Nonhomologous end joining (NHEJ) Homology directed repair|(HDR)
HIHIHIHIHIH|H|”|IH HILIHIH small insertion CECEEERETTErrerryyrT ”l!l”lJl” 1
L Lu_U L Knocked-in DNA

sequence of interest

R R

Random mutations Precise gene modification
(active in both dividing and nondividing cells) (active in dividing cells: G2/S phase)
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e dCas9 (FCHIENEM)
o [EIEIFIRSER

Cytosine (C)

| B

SHTERARN—ERRERE

a dCas9
sgRNA
3 3"
o 5 Genomic 5
Cytld'_”e DNA A RARRNANARRREAN
deaminase binding  3... . 5
and opening 5 "
_ ||C||||||I||||||||
Protospacer PAM
o s— Yo NN Deamination
G of target C
c -3
Genomic DNA
31
DNA
replication > ST

IUIIIIIIIIIIIIIII
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Base-edited DNA

(Komor et al., 2016)
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Deaminate
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A
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H,N OH

NH;

(0]
N
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AECREER) |
SChE B *MNext
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Prime editor (PE) and pegRNA Target DNA
Reverse pegRNA nick site

transcriptase Protospacer | PAM

domain ; A .
RS MES 4o . eee3’
seorna 37 BIRPBS  warspTislR 3. e

I I
Edit position: +1 +4 +12

Prime editing range
sgRNA Prime editing scope: for SpCasd PEs

5’ All 4 transition point mutations
All 8 transversion point mutations
Insertions (1 bp to = 44 bp)
Cas9 nickase Deletions (1 bp to > 80 bp)
domain

i i = (= Aqe
Combinations of the above’ -~ ' ===
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Primer- RT template
binding site including edit
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pegRNA ——» 5.

+ DNA  Nickin 3o
of PA
strand

3’ Flap

Hybridization of
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Direct polymerization of edited
DNA from the pegRNA into
the target site
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Edited DNA
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(Anzalone et al., 2019)
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O DNA coating % bombardment
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Mutation detection using Regenerated plants Callus induction
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Bsal Bsal

LS NLS (B-L) (B-R) RB

Cas9p

PYLCRISPR/CassP, . -H (16419 bp)
PYLCRISPR/Cas9P,,,-B (15889 bp)

Tnos

Ls Kan® BR322 ]
2xPass > HPT I-I I-I—| aadA “>—1J oribom |—{ pvS1 replicon
i ——T
Bar s
Asc | B-L Bsal
GCGGTIGTCATCTATGITACTACATCGGGAGCACCEGTAAGGCGCGCCEGTAGTGCTCGAGACGACCTCTGAAG
SP-L1 (sequencing primer) GA-L (Gibson Assembly site)
Bsal B-R CA-R Asc | Not |
(cedB, 657bp) GAGCGTGG! CGCGGTATCATTGGCGCGCC TCTCGAGC TA! G C
ATGCATCGATCTCCTACATCGTATAAAT TAGCCTATACGAAGT TATTGCATCTATGTCGGG
Bsal Bsa |l
NLS NLS (B-L) (B-R)
Casgp

pBR:

PYLCRISPR/Cas9P,,5-H (15227 bp)
PYLCRISPR/Cas9P55-N (15011 bp)
PYLCRISPR/Cas9P 45-B (14743 bp)

ori/bom

pVS1 replicon

Bar SP.L2
Bsal B-R

{cedB, 657bp ) GAG GGGTCTCGLRE
CTACATCGTATARATTAG

B-L Bsal

Ascl
GTCGTCCTCCACATCTTGACCEG lMG(YC(,C‘:GCJ,.GJAC‘ 'GCTCCAG \CCTCTGAAG

GA.-L

GA-R Asc | Not |
ATCATTGGC ("'f"'r’"("f"‘lCrf"("Af"‘"‘ PACCG

ATGCATCGATCT! SCCTATACCAAGTTATTGCATCTAT
. SP-R
Spe | -
(=C74 i o Golden Gate cloning —
e ? a C gac (“(C?CR,

— ct g a ct —
p—g ae [ vt F-g = OsU3 Focca—

AR TBR pga Bsa |

Gibson Assembly

Miu

PB-L_ | Ml T T2 T3 T4 AR
T sUBa [ i MGsuse >[ mmm
GA-L LacZ e

PB-R

_l‘—-a' SgRNA1
5'_

-3 sgRNA2 _
5-

-3’ sgRNA3
lllllll\SgRNAn

5-

Target1 :ﬂm

Target2
Target3

ZZpYLCRISPR/Cas9

EATER. WFHEY

L :

B EREYEREBNZMNER R
wThi A~ B 25 n] [EIRTRIE40NER)
SIS, . RS

> ZERFERERIN 200 FARESEFH
BiER , RERERRZNRFEZ—

> EEFREZHTIMol PlantSHTIERS =
RIS, BHiEEF2 4, B &+

(Ma et al., 2015)
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B2 ERmEEHRZRE FpYLCRISPR/Cas9

Efficiencies of different U3 & U6 promoters Efficiencies of targets with different
GC contents
Biallelic Homozygous Heterozygous Biallelic Homozygous Heterozygous
] ] - — — —
100 _
90.0 100
< [ /3 814 821 822 855é4 i 896 885
= 80 1,40 [T7] [H03] [B89 ' Ssofl 772 ' 25
s | 24.7 = F |89 26.2
O sl 39.0 20.0 : Q 36.0
> | 25.6 S 60| [16.8
= S |
0 = 40 |
Ll _ s L
20: 64.3 40.7 46.2 53.3 54.9 ol 1515 52 4 508

OsUBa OsU6b OsU6c OsU3 Sum

(18, 140) (9. 59) (5, 39) (14, 90) (46, 328) GC% 30-50 51-60 61-85

(14, 101)(15, 105)(17, 122)
No. targets  No. events
The average editing rate up to 85.4% in rice Ma et al., 2015, Mol. Plant
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BFIRAFF AR ERTRERIE RSt ( PhieABEs )

PhieABEs: a PAM—less/free high—efficiency adenine base editor
scope in plants

toolbox with wide target

(@) ABE8e-Cas9n-NG (ABESe-NG) ABE8e-DBD-Cas9n-NG (hyABESe-NG) ABE7.10 ABESe ABE8e-DBD
\bpNLS D10A bpNLS bpNLS D10A bpNLS Target site Target sequence (5’-3’)
- Py N raans ! - ¥ ragns DBD J (TS) NGN PAM ABE7.10- ABESe- ABE8e- ABE8e- hyABE8e- hyABE8e- hyABESe-
Rt ] rasse G| cassnne - e | reese 3 oo @] cessnae - e e e e Vs spry
OsSPL14- 5 10 15 2.6% 2 42.5% 59.0% 21.1% 81.0% 92.5% 75.0%
ABE8e-SpGn (ABE8e-SpG) ABE8e-DBD-SpGn (hyABE8e-SpG) TS1 HEREEEECHIECITEENEEs ) (7/40)  (23/39) (119) (34/42) | (37/40)  (45/60)
_bpNLS D10A bpNLS bpNLS D10A bpNLS
- TadABe - Tadage 0BD OsIAAT3- 1.9%°  643%  71.8%  526%  758%  875% | 96.7%
“I -.I . TS2 CCRACCCACTGCCTGCGCCCIGR  guoy  (1g/28)  (28/39)  (10119)  (25/33)  (35/40) | (58/60)
OsSPL7- 29%:  574%  231%  158%  60.6%  61.9%  692%
ABESe-SpRYn (ABESe-SpRY ABE8e-DBD-SpRYn (hyABE8e-SpRY GAGAGAGCACCAGCCGACGACET
freTagy ’:)fOA e-SpRY) el e 8e SpRYn ( o 8e-SpRY) _— TS3 (1135 (16/28)  (9/39) (3119)  (20133)  (26/42)  (18/26)
= pubi ] Tacase —"’I TadAge oBD LF1- 20%°  900%  757%  634%  813%  810% | 100.0%
ﬁl £ ' Ts4 TCCGATGARGGTICCAICCTAGE  ‘y)51)  (3gia0)  (28/37)  (26/41)  (26/32)  (34142) | (26126)
0sGBSSI- v 500% | 718%  52.6%
CACCGGCATCGTCAACGGCATGE . . .
(@) ONGG-PAM ONGA-PAM ONGT-PAM ONGC-PAM (b) mBi MHo M He TS5 (0/36) (14/28) (28/39) (10/19)
160 . : s g 100 OsSPL14- 45.5% 40.5% 36.6%
S ' q T8 i g i ATGGAGATGGCCAGTGGAGGAGE - B L ; . :
=, 80 - u o 7
g - = OsMADS57- 68.2% 70.3% 63.4%
£ a- I g 5 e L TGTGAACAGAGAGGTGCCACAGA . il [ - - .
2 2
@ 8 £ L, OsCKX2- 0® 501% | 595%  56.1%
£ 4w E e ACCGACGACGACGETGACGAGET (b sy o s . : -
: =
;? 7 g ™7 OsEULG TCCACCATGEACCACGACGTCEC oe s05% ISESECE 10.5% : . :
o lnlla. g TS9 CEC  (o22)  (11/28) | (22139)  (2/19)
T T T 1 S I
) I} Y < ) 2 a (I CIEN 2 2
Qﬁo Q’D}‘ ‘bo,oﬂ & %@F\ #39 qy’g& 3 L #,é of Q’agg“ %ge" o & Oiss':’g GGGAAGAGGAAGGAGAAGGCGGC - (71%/722") (72%/3;;") (5211'5:1/") : : -
3 3 & & o S oS oS
& ) & T % % AN AP & &
2 L X% Nl 9 & ¥ v ¥ & & o o o
K K & & & & ¥ & FLEIS 0OsSPL4- _ ) ) ) 250%  31.0%  42.3%
I & g ¢ FTEE = GCGGAAGGAGAAGCGAGGCAGEE o uon
(c) 90 @ o
SCKX2- i 6.5% 81.3%  833%  100.0%
= wod —e— ABE7.10-NG TS12 GAGCTCAAGCTCCGCGCCGCEEE @131) o 5 - (26/32) (35/42) (26/26)
< —e— ABE8e-NG
= | OSEUI- 0® 857%  87.5%  90.0%
g ABESe-SpG e ACGGACCCGGAGCTCATCGGCEA  (f) - ; - oonm  ooee T
3
z —o— ABE8e-SpRY OsSPL4- 813%  762%  100.0%
g | iy TCAGAAGAAGAGGAGCTGCAGGA : ; . ; e e N
o —e— hyABE8e-NG
? OsWaxy- 0® 4.8% 400%  16.7%
o — T - s -
z 40 hvABES8e-SpG TS15 ATCTCTGCACTGAATTGAATTGT (0/36) (2/42) (16/40) (10/60)
® 30— hyABE8e-SpRY
) OsMADS57- 813%  857%  100.0%
g | i ATCACAGCAAAGAGAAGGGGAGT B - - : oonm  wonn
>
z
OsWaxy- L 0® 905%  87.5%  96.7%
10— - - -
TS17 SLCGECAAGERCARECTCECTCC i ag) (38/42)  (35/40) | (58/60)
0l
el 0, 0, 0, 0, 0 0, 0/
A A A A A A A A A Ay A A, Ay Ay Average efficiency 2.6% 50.3%  507%  467%  67.8%  73.9%  78.5%

Tan et al.,
2022, PBJ
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FIRAFF A B ER R B R

» PhieCBEs: Plant high-efficiency cytidine base editors ( fEVEIESmiE2S ) with

expanded target range

Cas9n-NG-CBE (rAC1-NG) BE4 control
A SVA0NLS D10A SVA0ONLS

rAC1 22 UG E ual m—

evorAPOBEC1-CBE4max-Cas9n-NG (evorAC1-NG)
» bpNLS D10A bpMLS

oo ewonc (] s 8 Boa

evoCDA1-CBE4max-Cas9n-NG (evoCDA1-NG)
D10A

bpHLS

. bphLS
o

hA3A-CBEdmax-Cas9n-NG (hA3Amax-NG)
. bpNLS 1-;)1;

bpHNLS

O

| %

evoFERNY-CBE4max-Cas9n-NG (evoFERNY-NG)
D10A

bpNLS

O

, bpNLS

_'ﬂl evoFENRY

evoCDA1-CBE4dmax-Cas9n-eNG (evoCDA1-eNG)

. bpNLS D10A bpNLS
— Pubi ' evoCDA1 _ UGl!UGI

4

5Z%t ( PhieCBEs )

- BE4 BE4max evoBEdmax
= arget sequence
Targetsite e rAC1- hA3Amax- evorAC1- |evoFERNY{ evoCDA1- evoCDA1-
NG NG NG NG NG eNG
5 10 15 8.3% 55.9% 455% 68.8% 43.3% 57.6%
1 ACCCCCCCACAGGCTCGCGAGEE
. , - @4y (k4 (1583 | @282 | dmmey  (ems
S | 42% 588%  66.7% | 594% | 303%  515%
= GICGTCGGCGECGATGGTIGAGEE 4oy (0;34)  (2233) | (19132) | (10m0)  (17/33)
: ] ; T 0 206% ¢ 61% | 500% | 267%  364% |
I ACCGQCACC%TCGTQGccgﬂﬁmgz (0/24) (7/34) ©a3) | ey | @m0y (1283
| 5 0 2.9% 0 40.6% 0 91%
i AR RS R R ) (1/34) ©m23) | 1232 | (om0 (333)
' ] i 0s 276%  156% | 448% 120%  188%
L RICTCTGCACTGARITGARTICT (gj3p) (8/29) a2y | @39 | (@ans) (6/32)
f f 0s 172%  313% | 517% | 160%  344%
L2 et e e IO (5/29)  (1032) | (1520) | (4125  (11/32)
; ! | 500%=  655%  563% | 86.3% | 400%  59.4%
= GAGCTCRAGCTCCGCGCCGCGEE (1o  (1op9)  (1832) | @529) | (toms)y  (rem2)
: - LT 56%s  724%  469% | 827% | 440%  531% |
L ATCAGCGACCGGATCTCCCCCET  (14g)  (120)  (1532) | ae) | (1128  (17132) !
f : : 83%=  345%  344% | 793% | 360%  406%
= ACATICTCCCAGTICTICGCAGG (a5, (10p20)  (1132) | @329) | (925)  (1332)
Ewtade 8.5% 39 5% 336% 62.6% 27 6% 40.1%
efficiency |

Zeng et al., 2020, Mol. Plant

SIS © 62.6%
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BRAFF A2 EREERIER S ( PhieCBEs )

PhieCBEHIR T HBF7 I{RIFIE | MIBEORIERREEFIRENS

A B NGG-PAM H NG-PAM B B 5GC M5AC ' 5TC M5CC C  mHomHe mTrans mindels
90 1 a 80 o :5 1009
T 80 & 70+ 9; 90 -
: 707 1) abc 7 & 60 ab g— -
2 60 - abc g abed P cd 2 704
7] -
& 50 - = cd 5 20 5 bede ¢ _E 60 -
g | L bed £ 40 odef def Toder ® 50
T gy e e - = 2
5 30 5 307 E
2 2 o w30
O 20 O 20 g o
1071 10 T 2 10
. ) ol o © 0“_T|—|—l—|—0|—01 % 0]
X ®+§~Q\e0§\§ 5 0"'\& & o'ﬁ & v’\'\\ G ‘\‘0 SO SRt %0
O \gl 2 \»
¥ ‘b‘?'@ FE&E P N ,.,Jé\ F & & 00v \?‘ V"‘Q & ((/Q*e & o?'
- AR ) w K\ < © § o © ((
w ? 97\0 @ o?\o © ¢ o‘.‘o © & Q?‘ ¢ .;.\

707
4)
—*— hA3Amax-NG _
—e— evorAC1-NG
—o— evoFERNY-Né-

—e— evoCDA1T-NG
—e— evoCDA1-eNG-

604

o
=i

w
o
1

204

Average C-to-T frequency (%) [0
n
o

1l T L
B Gy B B W B G & 0 G B Bz Os T O

Zeng et al., 2020, Mol. Plant
J 21/64
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—ihERREERITISTFSCRISPR-GE

http://skl.scau.edu.cn/ SRR
http://www.crispr-ge.com/superdecode/ % Etfiﬁifﬂiﬁﬁﬁ st G ene
HE Y EHIHREY
e MMEJ - KO seqDownload
KAERMRE q \
v@tdrgetDemgn TR
o o iuI=0san \
5 I¥gLt 0 v BT,
primerD e5|gn \ o Z
LTI TR - off Target
B | Editéd organisms
CR'SPR’C%Q vectors v ETZMlF G AT DT
e i i SuperDecode

DSDecodeM

T SangerfllFRIZEZ ST 23/64




—ihE R R

CRISPR-GE{EHIER g

RN HTFSCRISPR-GE

THNSHEERXETTER

e A R 3 E E R R AR /d
TSR P38 1 B T UE 13 g ORE equence Decode (71517154 4 4
esaais B id B 20165R300487
PRl A A SR
ikt ot A B RO[E H f EX
REA 2R

K & R Desmerste Sewence Decode MRS
R DSbecodc KA

gﬁ ifjrnj%g,\] 2 : 5 E;k BTN R R (P ABAT C RIS P R-G EE BB_-\J:

60000 1

50000

40000 -
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S =5

A. Submission page

it T EtargetDesign

B. Result page

Results of job ID: 20201103194DKxGo

PAM type: [ SpCasd from Streptococcus pyogenes: 5-NGG-3'
* Or define your own PAM: PAMZERYIEFE

PAM sequence: NGG

PAM position: 3w

Target site length (nt): [20 :

EN— | exanann
(48 plants, A, B.

Target (reference) genome: | Oryza sativa japonica (Nipponbarz, IRG$ %E{

* |f the reference genome sequence is not available, you can select a ceserelative spesiesor Udone!

Sequence submission

Please enter the sequence of your target gene or fragment (genomic sequence). See example.

ACCGCALAGCA S CCCCC TG TTTTIGTACTC T TCCATC TCACAATCTCTCTATCTCTCTCTCTCT TCC T TACGCGGCALLACACAT ~
CGTCGTCCATGGACAGTTCTALTAMCALCAACANCAACAGAGGGEGEGCGACGCCEAGGATGAGGCCGACG AGGUCALGAGGCTGCGE
GGG AGGACCTGCTCGACATGC TCGACGATCATACCGACGCCGGEGGCGCCG LG G ACC TGO TCCG TCATGCGEAGCTTCGAGGA
GEAGAT TG TTGCTGGGGATG TCGCCEGGGACG T TGCCCCCACGACGCAGCCCGAGCTCGGG TTCCTTCTCGAGGUC TCCGACGACGAGT
TGO TGCCGCCCGOCACCGCG TCC TG TCOG AG G AGGAGGCCGEGLC TG GG AGCCCGAGGATGCCATCG GG TTCOGCGEACAGATC
TeGGGGTTCGAGEACGAG AT TGGCGGAGGCGECTACGCTGGC T TOGCCCTCACC TORCOGGAGLCGG TCGCCHCOGCOGCCGCCGCGGT

Pl T W 1 0 1 5 A el s T 0 1 0 A A A | 1 T | o o i

The length of sequence should not be more than 10 kb.

Or input your gene locus ID

Upstream flanking Downstream flanking
Gene locus (0-5000 bp) (0-1000 bp)
| | o | [0 |
£g: 0s01g0121300 or LOC_0s01g04010

| Submit |

Oryza sativa japonica (Nipponbare, IRGSP1.0), Position: chr01:1738868-17395820 (953 bp), Locus: 0S01G0131300

Target list

Clwck\ Show Restriction Enzyme Sites \ to show or hide restriction enzyme sites that are present in the candidate targets

Bad
Potential off-target [P th saRIA
site Target sequence Position % |Strand & Region & "ten AL ot m;mg L=
warning sites (Max score) (>=8 nt)
1] [

LECLAGEEEGGRTTGCTTIC BER

24 -5 five_prime UTR .235 (g2 decas fnt (zes detail)

35 - 16 - 45.0 five prime UTR 0.463 (ges detail)

ol 36 - 17 - 0.0 five pr 5% (zes decail)

[ | 37 - 18 - It five_prime UTR 0.675 (s2= dezail)

0 |a 38 - 19 - 40 five prime UTR 0.636 {(ges detail)

= | 39 - 20 - 35 five_prime UTR (g2= dezail)

@ e 20 - 21 - 35 five_prime UTR close) (z2e detail)
Dff-target predictor: Off target Sltes
Chrom Position Sequence Off-score Region
chri6é 6526897 AAGERAGRCTGARZLLLGCR BEG 0.393 050660232100 intron

3 0.336 intergenic
0.351 Q50660473100 intron
0.247
0.233
0.223 050860534600

intergenic

Target-=sgRNA pairing:

Target-sgBNA pairing:

T get
R 2 ﬁGﬁ”ﬁ 1 8 GEUGECGEED 17
3gRNL 100 1nnnICGIz 93 | | . | | | |
67 CUMIGCCUS 58
= 43 - 387 + a0
E| " Q00 - - 45 Snt (zee detail)
L £ 35
L 920 - 90 ” 15
[ Primers Design |
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EEIEIR T SHRImERZ(MME)) 128 F Bl PREOER

ERZE | BeF/UTR/AETERIE. miIRNAMRGRESE

(e) MHS1 (b+c)
AG A G N ST T A
(a) Repair No. edited population ~ Average size (range) Range of Average allele
type  with fragment deletion of deleted fragments MHS size  deletion efficiency

MMEJ 24 1653 (28-20,667) bp 3-19 bp 18.9% /\ / \' /\ /‘/\ }

>

NHEJ 43 848 (25-21,000) bp 18.3%
(b) I_MHS4{2256bp) C GA T C
T4 T2 e o
Chr.5 —I- Tass: HPT  P2x35S }-|-|-— MST3 -I— /_L{ \/ _KL N
I— MHS'I (2 264 bp) ¥ MHS3
(©) T G CAIE A C G A C AGGTT

Pf MHS1(a) ' .
5 GTCTC{;OZG(CG-’JGTA(T‘IT} ---195 bp--COGAGACAACCAGOCTTCRRRTETGAATTTATTTTGAACCTGCACAGAAATTCGATC \ \ A / \ [ 1 N
IHS T4 MHS1 (b} V'V VYV \/\ / \ T

AATGUAGCACE ‘u’ -u"t-5.('1-’4.&AEC'T[’T"T!.FT—lfﬁ-&['ﬁiﬂ.Tf.ﬂ.T[T}.T('HA ——=224 bp——-\nf.ﬁ.ﬂ’tﬂm(}&ﬁ.&FFAAFAEFT.-IGTAF

T2 MHS4 (a+c)
TTTCCCATCAAL {\t.m AGTGTGCAGACADGAAAL TGOCATACGEATTATCAAGGGATT TTATTTTTTTCCGCATGECAGAGCAATUAATC
M%Hmm) p T-DNA ----- 2064 bp cC C G W G C T G G C
ACGCCCATGGAGTTAGCGACAGCACATRAATGTACTGAAT TAACGUCGAAT-T358-HPT-Pa88 (T T GGCAAGCTGCTCTAGCCAATAL =
T3 Ganomm DIMA 'u"lHSHC MHS: HS3 "f\,\/ \. \yf f
Ll I_" CTCTCC r&r' (JAT']:':.J I'l GG T T T OO GAC TG AAAGCGEGE AL THAGE G A MEGI Y / \\i‘.." ] \"u.
'ﬂ“ Mm} < Pr | ..-.’/. et e s __v\——_é-—: e = e
AT TAATCT GAGTTAGCTCACTEA T FAGGCACCCCAGGCTTTACACT T TATGE TTCCGRCTCOT ATGTTO TETGGAATTGTGAC 2"
;! { I TAL { L+ [ CT ( 14 { (f)
No. Repair  Deletion-junction HPT-deletion  Plant deletion  Total plant  Allele deletion
Tan et a/_, P|ant BiOteCh J, 2020 Typlant  type sites plant rate %  deletion rate % rate %
MHS1(b+c) #4 817,20 21 23.8(5/21) 14.3 (6/42)
24 MHS3 #1 4.8 (1/21) (11/21) 23.8 (8/42)
MHS4(a+c) #14,18,19 14.3 (3/21) for he A
14.3 7.1 (3/42)
NHEJ #3509 14.3 (3/21) 3121) it
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:

Mutations: Cas Base editors .
o , nucleases Prime editing —<{ %?
« Small deletion/insertion [ L -
(most frequently) ; mﬁmz_ﬁ’z k
- Base substitutions L% @

* Fragment LT @
deletion/insertion @ T

* Fragment inversion N\ I@]
Genome editing outcomes L N
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HREREFEE SR

AERVEEE

GTCTGAATCTTTTTCACTaGCAGGttgct-37 Allele 1
GTCTGAATCTTTTTCACTaGCAGGttgct-37 Allele 2 Homozygous
GTCTGAATCTTTTTCACT-GCAGGttgct-3’/ Reference

>

GTCTGAATCTTTTTCACT-GCAGGEtget—3" Allele 1

GTCTGAATCTTTTTCACTEGCAGGttgct—37 Allele 2

GTCTGAATCTTTTTCACT-GCAGGttgcect-3’ Reference
Target sequence PAM

(7]
QE) TGGCAAGGAGTTCCGTTCCTCGGcagtc—3"  Allele 1 Het
S  TGGCAAGGAGTTCCGTT-CTCGGeagtce- 37 Allele 2 elerozygous
O  TGGCAAGGAGTTCCGTTCCTCGGcagtc-3'  Reference
——
> »
o GGCGECCGCTCTTCCGCGGEIGGagage—3'  Allele 1
Nucleus o GGCGGGCAGGA—————————— GGagcge—3"  Allele 2
- GGCGGCCGCTCTTCCGCGGGIGGagage—3'  Reference
Chromosome — = .
5 TGGCAAGGAGTTCCGT--CCTCGGeagte—37 Allele 1
L[] TGGCAAGGAGTTCCGTTaCCTCGGeagtc-3’ Allele 2
TGGCAAGGAGTTCCGTT-CCTCGGecagte—3" Reference B | al Iel iC
>
GTCGGCCG-—————————— ACGGgcagt—3’  Allele 1
GTCGGCCGGCAGC——-——- TGACGGgeagt—3'  Allele 2
GTCGGCCGGCAGCCGGATGACGGgcagt—3'  Reference
ATCTCGTAAGAACGCCG-CGGAGGctga—3"  Allele 1
ATCTCGTAAGAA----G-CGGAGGctga—-3'  Allele 2 .
ATCTCGTAAGAACGCCGTCGGAGGetga—-3'  Allele 3 Com pl icate

ATCTCGTAAGAACGCCG-CGGAGGctga—3" Reference
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Sanger NGS
T7El assay; Surveyor assay DSDecode; ICE; TIDE; | Hi-TOM; CrisprStitch;
Restriction enzyme; Cc-qgPCR; HRM TIDER; EditR; BEAT AGEseq; CRISPRess02;
— mRm o mmoa
iz p— . : DP B
o, W»WMMM | :
. \Mmmmm : =l
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AT NERARERTNTE

> ETNFFEIDNAZ

SENTE (TLERGRBNEERS )

(1) —fSangerilifr ( EEEERIEREMEHE. REFHR)
SR | INEIPFERFNREST

(2) ZfCNFFNGS (iBEX. BRER. FREFE)
SR | REFAHIDNAZRITE , ([BIRERAN , BRIMRNE

(3) BoFlRF (KEK , IRNHBRAGEER | (ERAS )
ERE : PEEE. IBHRE. ERRHSE.
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B EEREFmMENPHERNE

- RKERARENT{FEX - SELRABRAHEL RIS AR

JMuItipIex editing
Which haplotype*

- LShRTEL T R EORE M

T T2T3 T4 T5 T6 T778 T9 T10 T T12 NLD
11 Ll D | ke
238 H— — H iz et | 75
UORF
T -1311-1226 . ”
} -405
T2 967 561 81
o4 i) . & ——— 85
T,-3 1313 -1 -882 -559 -144
B! +A HA
—
g 1306+ 82 -144 90
+T +T +A
T,5 e = —— 95
-324 +A +A
T-6 1335 | -1p10 -882 144 i
-409 +T -366:; -
Tr7 1304 694816 449 £ 110
3 84 +C +A +A
T,-8 131§ 1226 881 -562 144 S— S
T,-9 ﬂ- ) a ) i) 116
3 13091227 82 -562 14
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SuperDecode: FF&NIE R ARSI RIE N FE TR

SuperDecode toolkit

c DSDecode HiDecode LaDecode
g _=2-----MS - > || B x S || =—ee—aa——
(U /
S —— > || = m— — ) —— - ——
g' . Simple PCR .m licon for * Pool of barcoded amplicons * Pool of barcoded long-
Cgl ! Ee | amplicon 1o for large-scale samples; or amplicons for large-scale
@ | . ggc _ gsggrgf;go b simple PCR amplicon for samples; or simple PCR
@ z€: P single sample amplicon for single sample

» Size: 300-40G,p  Size: 1000-10840 bp
_g’ Sanger sequencing Short-read NGS Long-read TGS
Q L P . iE E E s
GCJ i A = E---=mmmmmm s s s s s s —
= s A - o =
$ B-------——m = — - > Bl ---—-=====mmmm—memm—me——e e -

YT e B —e——— =

SuperDecode provide standalone package and web-based servidé et al., Mol. Plant, 2025)

http://www.crispr-
ge.com/superdecode/
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http://www.crispr-ge.com/superdecode/

DSDecodeMSH&LR

» DSDecodeMS is used for analyzing mutations from Sanger

sequencing , .
Type 1 GTCTGAATCTTTTTCACT-GCAGGttgct-3"
(WT/In) GICTGAATCTTTTTCACTtGCAGGttgct-37
GTCTGAATCTTTTTCACT-GCAGGttgct-3"
Target sequence PAM
Type 2 TGGCAAGGAGTTCCGTTCCTCGGecagte—3
(WT/Del) TGGCAAGGAGTTCCGTT-CTCGGcagtc—3'
TGGCAAGGAGTTCCGTTCCICGGcagte—3
>
Type 3 GGCGGICCGCTCTTCCGCGGGI'GGag cgc—3'

GGCGGGCAGGA—————————— GGagcgc—3'

(WT/DeliSubs) coceecaeTerrecsees6raGagege-3-

Typed4 TGGCAAGGAGTTCCGT--CCTCGGoagtc-3"
(Dellln) TGGCAAGGAGTTCCGTTaCCTCGGoagtc—3"
TGGCAAGGAGTTCCGTT-CCTCGGeagte-3"
>
Type 5 GTCGGCCG-—————————- ACGGgcagt—3”
(Del1/Del2) GTCGGCCGGCAGC-—-—-—-TGACGGgcagt—3'

.

GTCGGCCGGCAGCCGGATGACGGgecagt—3”

Superimposed peaks

Allele 1
Allele 2
Reference

Allele 1
Allele 2
Reference

Allele 1
Allele 2
Reference

Allele 1
Allele 2
Reference

Allele 1

Allele 2
Reference

f

ol

PCR pri -
1 primer F Target site
]
e
PCR primer
lTA cloning R

l Mono-clones

Sanger sequencing

of multiple clones
33/64



DSDecodeM SRS FFEIE

Sanger sequencing peaks

| |

NW\\
Input: Wild-sequenc
Target site x‘

\4

Wild-seqg: CGGCGCTG-CTGAGGCTGTTCTAC
Allelel : CGGCGCT-=-CTGAGGCTGTTCTAC (deletion)
Allele? : CGGCGCTGACTGAGGCTGTTCTAC (insertion)

DSDecode method

34/64



DSDecodeMSERTF—EAF1/DEFEARIZTE ST

E DSDecodeMS V1.0
File Setting Trim Run Help
|

= -
=] U Reverse complement

% H 3™ 1 Crop P Bun decode CitsfE sisnalivatio. 10,75 [

Q Search

= 0 x B 160 160

6§ C&C G TC G 6 C & C

= T — 1m0 e JL—
T HREEER:, - RS EEAE: @ H

Enter search sequence

@ Reference (Wild-tvpe) sequence: Figure camvas

d=d_test_F_01
sref
caccaattaacateatateacattgeactactac
aacttgagtatatetagetetagettectegteg 130 140 160 T—
ategooggtggeattzastatagagotazozgeg GGCGACGTGGTGGACCACTTICGGLCGL GTC GGCGC T;%?g s

tzagratgt tzg
tzstzzzzagcatogtozzogacstostegacca " ;
cttoggegegtoggegetgotgaggetattotae ‘ I

Target site [optienal): | |
|

toggegegtoggogetgotzags | |
B Sequencing files (abl): '~ Open | | | a " I ‘
Il i (i
Files l (]! 'Hl |
| I L1 1
v AB1 | (111 l
M dsd _test F 01 [ ‘ |
|

Trim Run Help
Trim low quality ends using defined parameters (recommended)
Trim low guality ends using Richard Mott algorithm

Mot Trim low guality ends

>Sample: dsd test F 01
Anchor sequence: CACTTCGGCGCGETCGGCGCT
Degenerate sequence: [CG] [CT] [CE] [AT]G[GA] [CE] [GT] [GC]IT[ST] [CTITICA] [CT]

Allelel: CACTTCGGCGCGTCGGCGCTCTGAGGCTGTTCTAC
Allele2: CACTTCGGCGCGTCGGCGCTGCCTGAGGCTGTTCT

Alignments of Allelel, ARllele? and reference:

Allelel 1 CACTTCGGCGCGTCGGCGCT——CTGAGGCTGTTCTAC (deletion)
2llele2 1 CACTTCGGCGECGTCGGCGCTGCCTGAGECTGTTCT (insertion)
Reference: CACTTCGGCGCGTCGGCGCTG—CTGAGGCTGTTCTACAACCACCGCGAGATGACGAGCGGGTCGGAGCTCA

M dsd test F 02 TR i B e
Info Result
File: [a1l - Save

= l : / \ e
10

Trim low-
quality ends

>

* Diploid organisms
» Several samples (less than 30

Applications

» Heterozygous or biallelic
mutations

sambples)

e One- or two taraets ner ambplicon
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HiDecodef&iih

» HiDecode is used for large-scale mutation analysis from short-reads

sequencing
Large-scale samples

Barcoded PCR products

Specific PCR products

Single sample
Site-specific

0000000
00000000
000000 0®
00000000
00000000
00000000
e00000O®S®
00000000
00000000

o
@)
(@)

123456789101112\
1 2 346 67 8 9 101112

BlAIOOO

000
000
000
[1a] o w
Q w w

DljclO OO
Gl|F|©Q ©
H{|c|© ©
—|HQ O

A

Add unique
barcodes

d§§>
qsé \QC)Q"
—_—

1 2 346 67 8 9 101112

12 34567 89 101112
Bl IAlOOOCO00O000000
PIcl0oO0OC 000000000
E[Ii[CCOO000000000

O

o

O

&)

¢/ s|/000000000000

A

o&‘é
R
é

1 2 34 5 67 8 8 101112

1 2 346 867 8 9 101112

slGlelelelelololoiololelole)
CE|l 0000000 OO000
gdi[elelelelololololelelo)e;

O]

0]

O

0]

0]

A

PCR

* 96 x n (up to 96 plate)

12 x 8 in a plate

Marker Products

Pooling product

Sequencing

i il .ooceeee@®
(| i .o0000000

ik { .o0000000@

il ;| -oc00@0@0@@
k]| -eo000000

HiDecode analysis

7
/)

00000000

00000000
, ‘00000000

[ ]
@
O
@)
o
©
@
@

-00000000
00000000
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HiDecodetEHuRMt 72 B ot REFIT ML SR

B Flate name: [Flate0] v| Gene name: |[FOSALTE ] Flate nane: [Flate-Dl =] Geme neme: [FOSAICE =]
File Setting Run Export Primer Plugin Help Plate canvas | Reads distribution  Editing efficiency  Genotype plot Flate canves Reads distribut 24 £ Genotype 31
= | B B crep P Eun Model:  diploid v| Threshold: 0.25 |2 CRU thread: 10 12
Jeb il il Flate name: |Flate—01 | Gene name: JPDSC?—EIZ ']
. Working directory:
Set coded_outiSuperlecode_win\Hil_result Flate canvas Reads distribution Editing efficiency Genotype plot o
300
Stepl: Input files Open Plate canvas and summary plot
1 1z &
nldlE; INputand settings | B
h
v Reference (wild-type) sequence O O O O O Q | X N O e .
@ el clrets . 000000000000 :
~ Target site(s) I 1
2 example target.txt £ O O O O O O O O O O O O = TH e T T = T T
S Sindle sels medel r 900000000000 Cnt Reads distribotion  Biiting offioiensy Genotype slot
[ single sample model without using barcodes e R (S SR F AT L e I T Oh ¥pe P
Step2: Select the used barcodes zeloet E O O O O O O O O O O O O 2:"{;4 —
Barcode type: o 96xn O 12:8 Pos-C03 ——
. ' 9P 00000000000 Pos-c10 —
Barcode setting Fos-C11
¥ Position barcode - 900000000000 pos-ciz =
Fos-D01 oy -
e " 900000000000 por-02
~ Plate barcode Fos-D03
Fos-D04
[2 default_plate UID.txt Fos-D05
= 05— —
Info Result Figure ;g :ggé
Gene region, 129 ' . ' 256 i:::ggg
Fos-D1
Sample: Plate—01, Pos-D01 (bia, total reads: 67) Fris DL ]
Wild—Seq: GCTTCCTETTTTTT T C T TTATCAGGCGECTAT G CACAAGETATTCGGTTCGGCTCCAAGATCACAACACTSGACTARCARACT Fos-E01 —
allele-1: GCTTCCTGTTTTTTTCTTTATCAGCCGGCTATGCACAACGTATTCGETTCG o ACTEGAGTAACARACT Pos-E02 —
allele-2: GCTTCCTGTTTTTTTCTTTATCAGGCGGCTATGCACAAGGTATTCGCTTCGEGCTCCARGAT ———————————————— AARAGT ;GE_E?}?E
‘05— —
H H H H Fos-E(06
N Decoding results and visualization of the selected sample N - _
s Dcletion i Insertion =« SNP I S

* Diploid or polyploid organisms,  Large-scale samples (96 x n; or 12 x 8
cell lines, protoplasts, or calli « Small mutations, including chimeric

N

Applications
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» LaDecode is developed for analyzing structural variations induced by
multiplex editing (€g. Promoter tiling-deletion; saturation mutagenesis)

» Genome editing mediated inversion

LaDecodef&iR

\Ti?et-F

Chr.1
B P ca1-10kb  \TargetR
Nobusawa et al., 2025, » Site-specific PCR
* Random fragrﬁgkrjlt—deletion/inversion @ * Add unique long-
. o barcodes
2oLl H——H— = | v * Pooling products
B S Long-read
iy P . ). sequencing Pacbio
- (suggested) or
iy — . —_—I:J-ai —Napopore
18 — 116 ; 1'1-”— ;

Li et al, 2023, TAG
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LaDecoder] L ABREEEAFRERE (BIEEHEER)

T1 T2 T3 T4 Promoter

ref

* f=20333 i
fasta.gz L 40313 —
% LL 403-1-4 "
/ faStqu tt:£g}.g L L
* [-403-1-7 | : :
[*.bam LL 403-2-1 ' :
LL403-2-2 ]
1 1 LL 403-2-3
Demultiplexing Ly 40724 L
. LL-403-2-6 .
(for pooled amplicons) (L4033 J
LL 403-3-2 |
D-———————————— - LL 403-3-3 -
EE-————————————— (] f-a0334
[ ——— ] LL 403-3-6 | ! ]
LL 403-3-7
R - i :
B - - U goss1 ;
- - LL403-4-6 F
. . LL 403-4-7 e
Aligning an LL_403-4-8
g . g a d LL_403-5-1
mutation calling lLaise | i
gt - F
e I T —— et i =
-0k ——4--o -l (240381 .
-0 & - - A-—- 0~ R :
- e---=--A-----o-ll LL 403-6-4 l
-e-------—- — tieres ‘ ;
- ----———- - o | - und
LL 403-7-1 ¢
Consensus and maad f
. o | i
LL 403-7-3 |
genotyping W07 | :
S m mE . e | '
LL_403-7-6 |.
- --——4--¢--l L4037 1
935S | :
- -k === - L0382 - : :
- ---————- o---mm

Insertion A SNP m Deletion m SV
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A

Number of mutant alleles

SuperDecodefE583F SRR AR

o MHIRIRTEST

Sequence alignment among wild-type and mutant alleles Frequency

e KAGC B ¢ B o BETATARAGE: AGACEc 7™
N o

o S{EFEVIRZEETIR

® HRERELHT

Target site 1
CCGGTCGTCTTCCGGCGTGGCTT

Target site 2

TCTTAACAGATTCGGCGCCGAGE
Sample: Plate-01, Pos-B01 (Chi, total reads: 22902)
wild-seq: GACCGGTCGTCTTCCGGCGTGGCTT...TCTTAACAGATTCGGCG-CCGAGGAT
allele-1: GACCGGTCGTCTTCCGGCGTGGCTT....TCTTAACAGATTCGGCG-CCGAGGAT (45.8%)
allele-2: GACCGG————- TTCCGGCGTGGCTT....TCTTAACAGATTCGGCGTCCGAGGAT (38.0%)
allele-3: GACCGG—---- TTCCGGCGTGGCTT.....TCTTARCAGATTCGGCG-CCGAGGAT (10.3%)
Others: (4.1%)

. TcTrarcAGATTCGGCGCCGRagAT

AWMWMAM A N A etV

Allele 1 ERCCEGTCGTC’I‘TCCGGCGTGECTT

(4 clones)

AIIeIeZG“D‘: a'nchsscaTaschEGccs

" ot Wt It

P ETTAACAGATTCGGCG cCG[Ra AT

A WA, AR i

A“s|835ACCGGTTCEEGCGTGEETTEECEE

(1 clones)

rerTArGAGaTToGs o0z ccofadn

o HESH

SNP
A
Cc

ATGAGGICICATACG

ATGAGGTCATACG

cob-178 cob-298
\4

gDNA AGCTATGCATCACACACCTCA.....CATTGTGGTTCACCTTCATAT

Dol s i

cDNA AGCTATGCAT ACACACCTCA. ..... CATTGTGGTT ACCTTCATAT

(el m[\Mr/y\/\m /\NW\%M N

o HARIBRT Y BRRBSHNSTERGN

TMS5 B Sample: Plate-35, Pos-G11 (total reads: 673) D T T2T3 5 T8 T7T8 TO T10 T T12 ATG
Reference: GTGGAGGGCATCTCCAT-CGGCGGGC . | : L V Y yYyv L Y .
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. . « , Harvest of pig organs
)] = .
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. Near future
. Introduce _dlsease ,g‘ FDA approval for
resistance and improve | : sickle cell disease
yields in other crops t_*f\\"r“ H Ik“ ireatement
Iipraved Approval of
/3 genama.editors more CRISPR-
Approval of more % edited crops
clinical trials =~ for sale
Machine
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nutritional
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more foods

Directions
for CRISPR
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in vivo delivery

Faster, cheaper
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Live cell
imaging

Engineering of multigenic
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and animals Increasing numbers of CRISPR-based
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clinical trials
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CRISPR-edited disease resistant, U
high-yielding crops

Genome editing as a prophylactic
against neurodegenerative or

cardiovascular disease (Wang and Doudna, 2023)

2/64



ERMISRAERFIREENRPRIMNARNR
FIFBERGHERANEREIBERER | QI

(G
P

B ' /'—\*
| ¥
I .| % '. "*/—'\* iy |

:\'\:‘IL / % ".:}5:':,:"’ t“‘_; i : ¢ + I / g _I'IE1 4 .;':I :I-

x XY/ sl ¥ W W i '

S A 25% T 3 PR

Y 12% ° 4 A
. 3% ; Mutants
. Elite variety Donor variety 5_y cycles of backcross Selection and backcross . Elite variety
(disease susceptible) (disease resistant) > < (disease susceptible)

Cross breeding (8-10 years) Mutation breeding (8-10 years)

o

Plésmld Elite variety -
_ O ® with disease resistance { 1

_\ ™\ | il e g
PO, il T i

Genome Calli -\ 4 Calli CRISPR

Elite variety - : " 1A 1A A . Elite variety
(disease susceptible) Foreign gene integration " | W f,j e > Endogenous gene modification (disease susceptible)
Transgene breeding (8-12 years) Regenerated plants Genome editing (4-6 years)

(Chen et al., 2019, Annu. Rev. Plant Biol.) 43 /64



o HiBUWXERE

SEE Y

BIEAER

EARGESMHHRINA

PREWm

b

d

44/64



SERAwE WXER , €l
HIEEEMSEACE
BEHIPUBK

(Zeng et al., 2020, PBJ)
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(Tan et al., 2025, J. Genet. Genomics)
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