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AT (G5 8 U6-7) , {HIKE Cas9 FIA MK Z KFE Ubiquitin2 J5230+, i
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TTATTAGTTCAACCCTATTCACTATTTGTBACTCBAACGETGCACACAATTGOAGCAAAAGTAGTACACEETBAGETTTCTGTAGTCCGEAGATAAGTTCOACCETACCABTCCTECACCATCGTATGAABTCCCTAGACCAATCTTTTATAGGGTATAG
GhUG-7 promoter .

Bsal

GLTAAAGAACTATAACACAGGAGCOTTTATATAABCGAAAGAAGCATCAYATGO0CAggadaccTtaca gngg nnnnn gg ccccc ng:gangn:g aaaaaa atage gg 9TgaCCYEAATaRAgEEAREgcATIcATCgEgEaRTgCactga ggg:

+ + + + +
CBATTTCTTGATATTGTGTCCTCECARATATATTCGCTTTCTTCOTAGTYTACCCGTCET :ggu:g: (g[gl gglg ctreta gnng g cgcactgge gtl 1373 g: cgta gt gegegrt gtg ctge
13

GhUS-7 promater

CGECCCg9agacgarcaccgctacagagegeqtcccat togccattcaggetjcgcaactgttgggaagaocgate gg{u gggcctottcgetattacgceage lqu gaaagagggatgtactycaaggegatta gltggg{iangccigggt(l

cggggggacctotgoccgoggogatgteccgogoagggtaageggta gl cgacge qug ctec g tagccacge gg g agcgata :q qgt ga g tttc cga gn cgcta attc cangcggtcccaaa
" . 100 " 5 n s 85 . &5 " 50 " 55 L
T T S  J B

tcccagtcacgacgrtgtaaaacgacggecagtgagege g grastacgacteactata ggg 9a nggg: cgggc ctegal gg: cte g TrrtgTtccctrtagras gggu attge g gettgge g: atcatggreatage tgttt

agggtcagrgerge, nng tge. gg: ctege g geatta [g tg gtgata . cgerta atgge; ggggggg ac 5 gg ggte g aagggall[can(cccll[tel:g:gcg cge atta gta gu:cgncaan
s n n a n n s n L 10 " s 1

7 promoter B . T3 promoter

Bsal

cctgtgtgaaattgttateegeteacaattecacacaacatacgagecggaageata glgt age lgggglg ctaatgagtgagctaacteacattaattgegt tg gete tg egettt c9atgdtetcaSTTITAABAGCTATECTS

ggacacact ttaacaa gtgttanggrgegt [gt tgctcggecttegtattteacatttegga copattacteactegatega grgtasttasccancgegagtoa coogcgaanggrage 2089 ECARATTETCGATACGAC
Z E T | el C4P binding sit >
M13 rev lac promoter

aAMu\amuamaunmuvMum.mm(.mnmcmu.nvm.mumnmaumavuamccmmceumcrnnncm,w gctoccagggcgege uMAH.q gctcagtgtggeactggecgte gt(lt qtcgtqactqgg
CTTTOTCOTATCTTCARATT TAT TCCOATCAGGEAATADT TOARACOACCT TTOTCOTTTCACCOTOOCTCAGCCACAAARRARAGEOAE Le gagggecccgege ggcTAHU togal gt gtg cggcagcasaatgrige gcac\:ga:cl:

M13 fwd

Tad-CBE
2. Bt EEAR A R BT 51 Y

CLA ¥ J¥ths: v LT Fa#4 %K, Blast jo, HARERERTFHIRTLME
ONHERR. BRUFAE PAM T 3bp /oA N B A ME— IBEUIAL AL 7 (85 SR SR IE -
THEN G-A RAL, 1EHEN C-T RAL . RAZWIIE S i £E1Z 2 PAM [ 4-8 [
FA

CTCGACGGACCTATACCACCTGTGGGAGCTTTGAGCAGTGCTCTCAGCAGGCTGCAAT
CAAACAGGCCTCTTAGAGAACTGAGAGAGGTTGCAAAGGTAAGTAGAAATGAATAGA
ACCCAGAAAACTAATATAATTTTTACTAGAAACTAAAACTTACTAAGACTGGATGTGGT
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TTGATTGCAGGGAGTTACCAAGCAAATCGGTGGGCCTATGCATGAACTGGCTG

B e |
CAAAAGTTGATGAGTATGCTCGTGGAATGATCAGTGGTTCTGGATCTACACTTTTCGAA
GAACTTGGACTATATTATATTGGACCTGTTGATGGCCACAACATCGATGATTTAGTTTCT
ATTCTCAAAGAGGTTAAGACTACTAAAACAACGGGTCCGGTCTTGATCCATGTTGTCAC
TGAGAAAGGCCGAGGTTATCCATATGCAGAGAGAGCTGCTGACAAGTATCACGGTAAC
ATACAGAATAAGCCTTTTTAGAAGAGAGATCATTTCATATGATTTAATTTACTGGTGCC

e ———————

TCGATATCTGACCTTAGTTTAGGGAATAAAAGAATAAACTGTACCTGGATTTCTTTTCTC
AGGAGTGGTGAAGTTCGATCCGGCAACTGGAAAGCAATTCAAAGGCAA
TTCTGCTACCCAGTCTTACACTACATATTTTGCTGAGGCTTTGATTGCGGAAGCTGAGG
CAGACAAAAATATTGTTGCCATCCATGCTGCAATGGGAGGTGGAACCGGATTAAACCT
CTTCCTCCGCCGGTTCCCACAAAGATGTTTCGATGTGGGGATAGCTGAACAACATGCTG
TCACCTTTGCTGCAGGCTTGGCCTGTGAAGGCTTGAAACCTTTTTGTGCAATCTACTCA
TCATTCATGCAAAGGGCTTATGACCAG

N B ARV ERAE BAREIITHEFT R Basl BEVIN M2 0], S 2R TT 15N
—IB kL.

aagcatcagatgggcaAACAAAGCACCAGTGGTCTAGTGGTAGAATAGTACCCTGC
CACGGTACAGACCCGGGTTCGATTCCCGGCTGGCTGCACATAGGCCCACCGA
TTTGCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGCAACAAAGCACCAGTGGT
CTAGTGGTAGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGATTCCCG
GCTGGTGCATTTCATATGATTTAATTTA C .- - - --- (£¢/k gRNA)

& NEEHSRBEFH; TRILESR (RNAIHEE 2 gRNA; fHE

R AL E

FREAINEY:

CLAI as: 5> AGCAAATCGGTGGGCCTATGtgcaccagecgggaat3’ CHLFR 1 HANF 51D
CLA 2 5:5° CATAGGCCCACCGATTTGCTgttttagagctagaaata 3> (¥EF5 1 741D
CLA 2 as: 5> GTAAATTAAATCATATGAA Atgcaccagecgggaat3’ (FEFR 2 HAMNT 1))
inf CLA as: 5 ttctagctctaaaacGTAAATTAAATCATATGAAA3® CEEAR 2 HANFFI)D
pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAAGCACCAGTGGTCTAG3’
inf pPRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAA 3’

NGRS RE T, SR R B EEEI Y T RIZ AR K EEbS 5 BI AT .

HrH, inf pRGEB32-7 s« pRGEB32-7 s\ u6-7 s NilH 5| M HE .
pRGEB32-7 s & HHA—EB T4, F7{E In-fusion EHe. FIGNFIIHE LA
tRNA, inf pRGEB32-7 s A3 i i 5E 5, J¥ 41K & L pRGEB32-7 s % Inf CLA
as A AR 8k, J7 18 )5 4L In-fusion &z

3. ZH—IXPCRY I

EEJEH PCR:
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| = : PCR3
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HEEMREE

<O

tRNA i >

CLA?2 as

9

%— PCR tRNA gRNA
1 < <
H‘EXI CLAL1 as FF E/Q 2
Inf pRGEB32-7S
FTW PCR RNA <> gRNA {RNA
AREIEREE

Inf T AN

gRNA+HRNA & 50 HAT & R HE R A L8k Canf T #8dk) , 28
—IK PCR:1. 2 PR B A2 gRNAHRNA B4 1) B R Foki 43 . (FH

S BT LB
20pl AR
1 2

ddH,0 16.1 16.1

Buffer 2 2

dNTP 0.3 0.3

S primer pRGEB32-7s 0.2 CLA2s 0.2

AS primer CLAlas 0.2 CLA2as 0.2

Taq 0.2 0.2

AR 1 1
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PCR 2%t

TiAEYE: 95C 4min
AP 95°C 308
iBk: 55C 308
WM. 72°C 208
¥ : 3C

AP 95°C 308
iBk: 60°C 308
GEAH: 72°C 208
1G5¥: 27C

B e SE# 72°C 5min
HE K A

4.5 Ik PCR K 4lifk:

Tad-CBE #4473

BRI

fili B B AE 1 PCR KA/ Fr BUEAT 142,

1001 4 %
ddH,O 83.5ul
Buffer 10ul
dNTP 1.5u1
S primer Inf pRGEB32-7 s (|
AS primer Inf CLAas 1w
Taq (|
FE&1 (|
B2 (|

PCR %A%

TiAS M. 95°C 4min
i 95C 308
Bk: 59C 308
ZEfH: 72°C 208
fE¥R: 28C

i JE 1A 72°C 5min

Sk B
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SER7 € Rl

S RS (A7) ot PCR P9k AT alifth . DR

5.8k EEYl-

100ul K R :

Tad-CBE 10ug
10X cut smart Buffer 10ul
Bsal 4ul
ddH,O upto 100ul

37°C BgY) 5.5h

w50 RN, KR NG DI ROCR A B IS ARk 7 6 ) U7 )
BEATAEAL . TR .

6.In-fusion 4

H BB 100ng
SN R IEH A 100ng
Exnase 0.5ul
CE Buffer 1l

37°C/K¥ 30min, VK FJHE Smin, 7]-20CIRA7# ]
7R RE

HERE Y S R AIRE, UK EACE 30min, 42°CHGE 90S, vK E#FE Smin.
HY 300pSOC IIAHHI 2ml B0, BB PIIMA SOC #, 37°CRE¥ 45min,
T KAN ML, 37°CHiFEd®, Bk sefET 500u kan HitEiifk LB,37°CREY 3h,
f§iH Inf pRGEB32-7 s Inf CLA as SI4FHYERCI, FIKEIARS, PRBAMHEN T
(GCrich) .
BHAEAS I 51 4/ 5 51 49)
u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS

HERER R/ ILSERENESE

5K B BH
MR Th B Ak B
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(aas8) B=al IgRMNMS scaffold)
(o9as) Bsal SbfI (10,1352
1p,on 10,250
L Ubi

CS8sSsslx Ps=

[§=1-3=1

CSS0x3 MNspI —
rEa5y BfuAal — Bsy
EcoS I (2=25]) g RrA ccaffald)|

L (ZS1>
twI (35532

Sool

8. Hi§E

WP e, HEARAT B
BH PR AGLI 51 47)
u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS

9.3 RIS UE

(1) $EHE3/ 5.0k DNA, PCR ¥ &AM E R — B P51, TA SebEdl 7L
barcode = # &M T .
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Tad-CBE protocol (Z3ZhR)

Using CLA as an Example

1. Basic Principles

Tad-CBE is an optimized cytosine base editing system capable of precisely
converting C+G base pairs into T*A base pairs without introducing DNA
double-strand breaks (DSBs). Tad-CBE consists of the following three functional
modules:

(1) Tad deaminase: deaminates the target cytosine (C) on the DNA strand,
converting it into thymine (T);

(2) Cas9 nickase (D10A): a mutated Cas9 enzyme that generates a single-strand nick
on the non-edited strand, guided by the SgRNA,;

(3) sgRNA: guides Cas9 to accurately recognize the target sequence, enabling the
deaminase to act on the cytosine base within the editing window.

o o Cytidine
111 S SPRE LC
s ] Genomic DNA = H.0 eaminase
' | N ‘_| |):' T‘ (\NH
s MA\O N\O =0
doanie | | NH3 h
R R

Deamination of target DNA
C and nicking of single replication or

T
L strand Tepair —
5 3 T 5 3
: > Gy —_—
3 5
. 3 5
A

Our vector system allows tandem integration of multiple tRNA + target +
gRNA units (Fig. C), enhancing mutation efficiency. Plant endonucleases RNase P
and RNase Z cleave the 5' and 3' ends of tRNA (Fig. A), releasing gRNAs that guide
Cas9/gRNA to cleave the target DNA at the specified site.

10
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A RNase Pr RNase Z C Gene architecture
' . ' i i
e} {3tmlor o omo] ,____ Polycsionc RNARNAPTG) | Tominat

83
Hoccoporson I EE O HE O | [THEe
0 {RNA lgRNA!ﬂ tRNA|gRNA[2] tRNA |gRNA[n]
O ‘;, g } jo)

Primary transcript RNase P
P~ ' ® A
1\’ 0 xx OIIIIIIsz UUUUU RNase Z
Anticodon-loop ;I\»—«"ﬁ x
Anticodon
Processed gRNAs Cas9
B gRNA[1] gRNA[2] gRNA [n]
Pol Il
T - N
Otc L TETEI LT JLJ"LUUUUU
tRNA Terminator
Target [1] Target [2] Target [n]

In our lab, we modified the Tad-CBE vector by replacing the kanamycin
resistance marker with hygromycin and incorporating the cotton endogenous U6
promoters (U6-7) for gRNA transcription. The protocol below focuses on constructing
a vector with two target sites under the U6-7 promoter using rice Ubiquitin2 as the
Cas9 promtor.

Ct

Ctog crog

B3P
g N e_‘

2. Target Search and Primer Design

CLA  Sequence and  Targets: Use the CRISPR-P  website
(http://cbi.hzau.edu.cn/crispr/) to search for targets (limited to Gossypium
raimondii data). Alternatively, manually BLAST sequences for specificity. Prefer
targets with unique restriction sites near the PAM (3 bp upstream) for downstream
validation. G-to-A mutation on the negative strand corresponds to an C-to-T
mutation on the positive strand. The target base is ideally located within positions 4 to
8 distal from the PAM site.

CTCGACGGACCTATACCACCTGTGGGAGCTTTGAGCAGTGCTCTCAGCAGGCTGCAAT

11
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CAAACAGGCCTCTTAGAGAACTGAGAGAGGTTGCAAAGGTAAGTAGAAATGAATAGA
ACCCAGAAAACTAATATAATTTTTACTAGAAACTAAAACTTACTAAGACTGGATGTGGT
TTGATTGCAGGGAGTTACCAAGCAAATCGGTGGGCCTATGCATGAACTGGCTG

B e |
CAAAAGTTGATGAGTATGCTCGTGGAATGATCAGTGGTTCTGGATCTACACTTTTCGAA
GAACTTGGACTATATTATATTGGACCTGTTGATGGCCACAACATCGATGATTTAGTTTCT
ATTCTCAAAGAGGTTAAGACTACTAAAACAACGGGTCCGGTCTTGATCCATGTTGTCAC
TGAGAAAGGCCGAGGTTATCCATATGCAGAGAGAGCTGCTGACAAGTATCACGGTAAC
ATACAGAATAAGCCTTTTTAGAAGAGAGATCATTTCATATGATTTAATTTACTGGTGCC

e ———————

TCGATATCTGACCTTAGTTTAGGGAATAAAAGAATAAACTGTACCTGGATTTCTTTTCTC
AGGAGTGGTGAAGTTCGATCCGGCAACTGGAAAGCAATTCAAAGGCAA
TTCTGCTACCCAGTCTTACACTACATATTTTGCTGAGGCTTTGATTGCGGAAGCTGAGG
CAGACAAAAATATTGTTGCCATCCATGCTGCAATGGGAGGTGGAACCGGATTAAACCT
CTTCCTCCGCCGGTTCCCACAAAGATGTTTCGATGTGGGGATAGCTGAACAACATGCTG
TCACCTTTGCTGCAGGCTTGGCCTGTGAAGGCTTGAAACCTTTTTGTGCAATCTACTCA
TCATTCATGCAAAGGGCTTATGACCAG

Insert the target sequence and ligate between the Mfel digestion sites shown in the
box of the vector diagram. The final ligation method is the one-step cloning method.

aagcatcagatgggcaAACAAAGCACCAGTGGTCTAGTGGTAGAATAGTACCCTGC
CACGGTACAGACCCGGGTTCGATTCCCGGCTGGTGCACATAGGCCCACCGA
TTTGCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGCAACAAAGCACCAGTGGT
CTAGTGGTAGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGATTCCCG
GCTGGTGCATTTCATATGATTTAATTTA C .- - - - (£¢/k gRNA)

notes: Note: Lowercase = vector backbone; underscores = tRNA; bold =

gRNA; italics = target site.

Primers::

CLALI as: 5> AGCAAATCGGTGGGCCTATGtgcaccagecgggaat3’ CHELFR 1 HANF 51D
CLA 2 5:5’ CATAGGCCCACCGATTTGCTgttttagagctagaaata 3> (¥EF5 1 JF41))
CLA 2 as: 5> GTAAATTAAATCATATGAA Atgcaccagecgggaat3’ (FEFR 2 HAMNT 1))
inf CLA as: 5 ttctagctctaaaacGTAAATTAAATCATATGAAA3® CEEAR 2 EHANFFID
pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAAGCACCAGTGGTCTAG3’
inf pPRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAA 3’

The lowercase part is a fixed sequence. Primer design only requires modifying
the target sequence indicated by the underline in the primer.

Among them, inf pRGEB32-7 s, pPRGEB32-7 s, u6-7 s are universal primers and do
not need to be changed. pPRGEB32-7s contain a part of the vector sequence,
facilitating In-fusion ligation. Because there are multiple trnas in the inserted
sequence, inf pRGEB32-7 s, in order to enhance amplification specificity, have
shorter sequence lengths than pRGEB32-7 s. Inf CLA as contains carrier sequence

12
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connectors for convenient subsequent In-fusion connections.
3.  First PCR Amplification
Overlap Extension PCR:

This method generates fusion fragments by designing primers with
complementary overhangs. Two overlapping PCR products are combined and
extended to form a single construct.

s —
— —
PCR1 § 2 PCR2 § 4
™ " 4
e —— =
( k
I .
| = 'pers
| < |
| 2 4
\ - !

Overlapping extension schematic diagram

pRGEB32-7 S CLA2s

_—
—
tRNA <> gRNA tRNA <>
First step PCR

A

A

FrEL P2

CLAL1 as CLA?2 as

Inf pRGEB32-7S
Second step PCR RNA <p> gRNA tRNA <">

This is a schematic diagram of the test process Inf CLA 2
as

The gRNA+tRNA combination sequence can be synthesized by itself and ligated to a
common vector (such as using the T vector). In the first PCR: Fragments 1 and 2 were
amplified respectively from the bacterial liquid or plasmid containing the
gRNA+tRNA vector. (The relevant sequence can be found in the attachment.)

Reaction Mixture (20 pL):

1 2
ddH,0 16.1 16.1
Buffer 2 2
dNTP 0.3 0.3
S primer pRGEB32-7s 0.2 CLA2s 0.2
AS primer CLAlas 0.2 CLA2as 0.2

13
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Taq 0.2 0.2
Template DNA 1 1
PCR Conditions:

1. Initial denaturation: 95° C for 4 min
2. Denaturation: 95° C for 30 s

3. Annealing: 55° C for30s

4. Extension: 72° C for 20's

e Repeat steps 2 - 4 for 3 cycles
5. Denaturation: 95° C for 30 s
6. Annealing: 60° C for 30 s
7. Extension: 72° C for 20 s

e Repeat steps 5 = 7 for 27 cycles
8. Final extension: 72° C for 5 min

Electrophoresis: Verify amplification.

4. Second PCR and Purification

Combine the two PCR products from Step 3 using overlap extension,

Reaction Mixture (100 pL)

ddH,0 83.5ul
Buffer 10ul
dNTP 1.5p1
S primer Inf pRGEB32-7 s lul
AS primer Inf CLAas (M
Taq 1
Fragment 1 1
Fragment 2 1

14
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PCR Conditions:
1. Initial denaturation: 95° C for 4 min
2. Denaturation: 95° C for 30 s
3. Annealing: 59° C for 30 s
4. Extension: 72° C for 20's

e Repeat steps 2 - 4 for 28 cycles
5. Final extension: 72° C for 5 min

Purification: Use a gel extraction kit to purify the product and measure
concentration.

5. Vector Digestion

Digest the vector with Bsal.

Reaction Mixture (100 pL):

Volume (pL):
Tad-CBE 10 pg
CutSmart Buffer 10 pL
Bsal 1 uL
ddH,0 Up to 100 pL

Digestion: 37°C for 5.5 h.
6. In-Fusion Cloning
Assemble the digested vector and insert using In-Fusion technology.

Components:

Insert (100 ng)

Linearized vector (100 ng)

Exnase (0.5 pL)

CE Buffer (1 pL)

Incubation: 37°C for 30 min, then ice for 5 min. Store at -20°C.

15
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7. Transformation
Transform competent cells with the ligation product.

Steps:
Mix with SOC medium and incubate at 37°C for 45 min.
Plate on kanamycin agar plates and incubate overnight.

Pick colonies for PCR validation using primers:
u6-7s: TGTGCCACTCCAAAGACATCAG + Inf XX AS

Positive clones are sequenced (GC-rich regions).
Electrophoresis: Confirm positive clones.

Positive detection electrophoresis pattern:

Construct a successful carrier diagram:

(aas8) B=al IgRMNMS scaffold)
(o9as) Bsal SbfI (10,1352
1p,00 10,z50
L Ubi

CS8sSsslx Ps=
[§=1-3=1
CSS0x3 MNspI —
isas5y BfuAl — Bsy
(G RMNS seaffold)

=iEX
I-

EcoS FrEI (225)

L (ZS1>

tw I (3560 IORMNS~- s caftfald)| (a=233 Dra

ool IEEI=A Sool

RFAE—l RFAE—E
U6

8. Agrobacterium Electroporation
Electroporate the verified construct into  Agrobacterium.

u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS

9. Validation
Genomic DNA Extraction: PCR amplify the target region, clone, and
sequence.
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