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CRISPR/ABE8e protocol (HI3ZhR)
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FHEBHLL T AR K. (1)TadA8e: F#E A DNA 55 FHIIRIES (A) it

o FEACNIRTEERS (1), J535 7R vl 3 R A IS (G) 5 (2)Cas9 nickase

(D10A) : — N HRAEIEYmiEE L= A R ) Cas9 BERAZMAR, BLA sgRNA
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21E PAM H1 3bp A4 WAL B RS HA D) 258 DNA S .

A RNase "( RNase Z C Gene architecture
5' I,s,axg,’g:o;_- 3' trailer Pol ll pfomOlef!< Polycistronic tRNA-gRNA (PTG) =!Tem1inalor
tRNA RNA [1 tRNA | gRNA [2 tRNA RNA [n
|g o | gRNA [2] |g [ 1}
Primary transcript RNase P
& - A
OO xx '!l.lll.%x UUUUU RNase Z
Anticodon-loop 53 x
Anticodon
Processed gRNAs Cas9
B gRNA[1] gRNA[2) gRNA [n]
Pol Ill
tRNA Terminator x@m
Target [1] Target [2] Target [n]

HArATLK = ABESe N RFTMHE, PLESIS gRNA HFIMIEHNIE U6
AT (9w'5 N U6-7) , {HIKZ) Cas9 Fik KR & 7KFE Ubiquitin2 JE 31+, JR
A it N kan. LR EE L U6-7 JH5) T EAREREANEERRA A, EF5FE
— B AR I AR

TCAAGTTGGGATAAGTGATAAACACTGAGCTTGCCACGTGTGTTAACCTCGTTTTCATCATGTGCCACTCCAAAGACATCAGGCCTCTATTCAAGCTGGCATGGTCABGACGTGGTAGCATACTTCAGGGATCTG
f ' L f ! ' L ' ' L ' | :

1 1 t 1 t 1 t 1 1 t 1 t 1
AGTTCAACCCTATTCACTATTTGTGACTCGAACGGTGCACACAATTGGAGCAAAAGTAGTACACGGTGAGBGTTTCTGTAGTCCGGAGATAAGTTCEACCGTACCAGTCCTGCACCATCGTATGAAGTCCCTAGAGH
GhU6-7

Mfel

AGAACTATAACACAGGAGCGTTTATATAAGCBAAAGAAGCATCAGATGCAATTGGTTTTRGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCETTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT,
N ' L ' f N N ' ! ' L '

1 1 t 1 t t 1 1 t 1 t 1
TCTTGATATTGTGTCCTCGCAAATATATTCGCTTTCTTCGTAGTE TACGTTAACCAAAANCTCGATCTTTATCGTTCAATTTTATTCCGATCAGGCAATAGTTGAACTTTTTCACCGTGGCTCAGCCACGAAAAA)

I 2 A B [ Y= -

ABES8e
2.8 THEERR A R BB

CLA J55I Je #Eb5: TTLLfT a8 R, Blast J5, EA R SMERFHITTLE
HNEEFR. BIFAE PAM B 3bp A4 WAL E A ME—FIBEYIAL &, 518 )5 B2 56 AIE
EE RN T-C RAB, 1EFEAN A-G 845, A8 HIIE i {7648 25 PAM K26 4-8
.

CTCGACGGACCTATACCACCTGTGGGAGCTTTGAGCAGTGCTCTCAGCAGGCTGCAAT
CAAACAGGCCTCTTAGAGAACTGAGAGAGGTTGCAAAGGTAAGTAGAAATGAATAGA
ACCCAGAAAACTAATATAATTTTTACTAGAAACTAAAACTTACTAAGACTGGATGTGGT
TTGATTGCAGGGAGTTACCAAGCAAATCGGTGGGCCTATGCATGAACTGGCTG
B e |

CAAAAGTTGATGAGTATGCTCGTGGAATGATCAGTGGTTCTGGATCTACACTTTTCGAA
GAACTTGGACTATATTATATTGGACCTGTTGATGGCCACAACATCGATGATTTAGTTTCT
ATTCTCAAAGAGGTTAAGACTACTAAAACAACGGGTCCGGTCTTGATCCATGTTGTCAC
TGAGAAAGGCCGAGGTTATCCATATGCAGAGAGAGCTGCTGACAAGTATCACGGTAAC
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ATACAGAATAAGCCTTTTTAGAAGAGAGATCATTTCATATGATTTAATTTACTGGTGCCT
CGATATCTGACCTTAGTTTAGGGAATAAAAGAATAAACTGTACCTGGATTTCTTTTCTCA
GGAGTGGTGAAGTTCGATCCGGCAACTGGAAAGCAATTCAAAGGCAA

———————— R —
TTCTGCTACCCAGTCTTACACTACATATTTTGCTGAGGCTTTGATTGCGGAAGCTGAGG
CAGACAAAAATATTGTTGCCATCCATGCTGCAATGGGAGGTGGAACCGGATTAAACCT
CTTCCTCCGCCGGTTCCCACAAAGATGTTTCGATGTGGGGATAGCTGAACAACATGCTG
TCACCTTTGCTGCAGGCTTGGCCTGTGAAGGCTTGAAACCTTTTTGTGCAATCTACTCA
TCATTCATGCAAAGGGCTTATGACCAG

N B AR P ERAE BUR BT HEFT R Mfel BEVIN R 2 0], 2RI N
— Dk,

aagcatcagatgggcaAACAAAGCACCAGTGGTCTAGTGGTAGAATAGTACCCTGC
CACGGTACAGACCCGGGTTCGATTCCCGGCTGGTGCA CATAGGCCCACCGA
IT7GCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGCAACAAAGCACCAGTGGT
CTAGTGGTAGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGATTCCCG
GCTGGTGCAGTGAAGTTCGATCCGGCAAC . - - (£0/k gRNA)
& NEWSRBAAFI; TRILEIR (RNAIHAESZ gRNA; fH4
Py 3 WY VAR

REAZNGY:

CLAI as: 5> AGCAAATCGGTGGGCCTATGtgeaccagecgggaat3’ (AUFR 1 HAMNF A1)
CLA 2 5:5 CATAGGCCCACCGATTTGCTgttttagagctagaaata 3> (¥E5 1 741D
CLA 2 as: 5’ GTTGCCGGATCGAACTTCACtgcaccageegggaat3’ (i 2 HAMNF 51D
inf CLA as: 5’ ttctagetctaaaacGTTGCCGGATCGAACTTCAC3 (¥ x 2 HAMNTF1))
pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAAGCACCAGTGGTCTAG3’
inf pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAA 3’

NEEAREETI, 5IEi R BB G K T RIZA s SRR 51 BI AT .

He, inf pRGEB32-7 s+ pRGEB32-7 s\ u6-7 s NiEH 51 ¥ HE 4.
pRGEB32-7 s &H HAR—HB 75, H{E In-fusion E#. FIGNFIIHEZ A
tRNA, inf pRGEB32-7 s A3 sy 38 HE 7, JP 21K L pRGEB32-7 s 4. Inf CLA
as A BARF 8k, T7 18 )5 4L In-fusion 1E#2

3. ZH—IXPCRY I

EHEJEH PCR:

PCR RN, 37887 A 3R i A2 5| AN SE A Wy SE R AL iy, i BT m]
PMERT — B BB . i SRAE ST S oAk, T — R8I 5 7 A i i
fE AL AN A IR, e i, LB i M0 & 47 12
KA. WAL P A BEAR AAr Al BO ST EAN, B A PSS PCR
=P ] DU B — X3 AR HE RS, 48 Taq BESE BN RLE B BL.
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1 3
e —>
PCR1 § 2 PCR2 § 4
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| = : PCR3
—
: . :
\ - !
HEBEMREE
pRGEB32-7 S __CLAazs
—
%—IK PCR tRNA <> gRNA tRNA <>
fger FrB2 )

CLAL1 as

Inf pRGEB32-7S
IR PCR (RNA <> oRNA tRNA <>

CLA?2 as

AR EREE e era s

gRNAHRNA A& 4 il HAT &P SE R B AL E CInfl T #4656

Ik PCR:1. 2 BiAS B B M gRNAHRNA BRI B TR 3 . A
S FEBRT 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 %/%:

iAEYE: 95C 4min
AP 95°C 308
iBk: 55C 308
FEfH, 72°C 208
&3 3C

AP 95°C 308
iBk: 60°C 308
FEfH, 72°C 208
TG¥: 27C

B JE 1 72°C 5min
PR YK

4.5 Ik PCR K 4itk:

f HY E B SE A PCR K5 IS/ Fr BUBEATIE 3%,

100p1 & &

ddH,0 83.5ul
Buffer 10ul
dNTP 1.5u1

S primer Inf  pPRGEB32-7 s (|
AS primer Inf CLA as 1w
Taq (|
B 1 (|
B2 (|

PCR %44

A M. 95°C 4min
k. 95°C 30S
iBk: 59°C 308
SEfH: 72°C 20S
PEIR: 28C

B 5 SE# 72°C Smin
eV g mRlll Sk Pk
A5 BRI [ U R TR o it PCR P2 gk AT alifh . A




el KA ABESe #HfA % S XU ZH

5.8k EEYl-
100ul K R :
ABES8e 10ug
10X cut smart Buffer 10ul
Mfel 4ul
ddH,O upto 100ul

37°C BgY) 5.5h

A5 S Y A R R, R RS Bl D) R A R R TR A Pk ke i U )
BEATAEAL . MR .

6.In-fusion 4

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

37°C/K¥ 30min, VK FJHE Smin, B]-20°C{RA7#H]
7R RE

HERE Y SR AR A, UK ERCE 30min, 42°CHGEE 90S, YK E#FE Smin.
HY 300pSOC IIAHH) 2ml B 0E , BB PIIMA SOC #, 37°CRE¥ 45min,
T KAN ML, 37°CHiFEd &, PhEsafET 500u kan HitEiifk LB,37°CREY 3h,
f§iH Inf pRGEB32-7 s Inf CLA as SI4FHYERCI, FIKEIRS, PRBAMHEN T
(GCrich) .
BH AN 51 40400 7 5140
u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS

S A 00 L ik

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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CRISPR/ABES8e protocol (F3ZhR)

Using CLA as an Example

1. Basic Principles

ABESe is an optimized adenine base editing system that enables the precise conversion of A*T
base pairs to G*C base pairs without inducing double-strand breaks (DSBs) in DNA. ABES8e
mainly consists of the following three functional modules: (1) TadA8e: An evolved adenine
deaminase that deaminates adenine (A) on the target DNA strand, converting it into inosine (1),
which is interpreted as guanine (G) during DNA replication. (2) Cas9 nickase (D10A): A mutated
version of Cas9 that introduces a single-strand nick on the non-edited DNA strand, working in
conjunction with sgRNA to ensure site-specific targeting. (3) sgRNA: A single-guide RNA that
directs Cas9 to the target DNA sequence, enabling the deaminase to act on the desired adenine

base within a defined editing window.

]
cer PAM

3 Adenosine

) e | MM Nt Ho & deaminase
, Genomic DNA N  Ha0 " 7 T’ HN| N\>

N’ — L
= G - /} !
N7 R
R

target A and DNA Protospacer
nicking of replication or
single strand repair

v I ] [

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.
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A RNTO ‘;,/ rRnssez  ( Gene architecture
> & ‘ _
5 I??qgfx;):(-.y<;3<_!,f“er Pol ll pfom0|ef!< Polymslromc tRNA- gRNA (PTG) !Termmalo'
acceptor stem W| E[ID
8 S {RNA |gRNA (] tRNA | gRNA2]| tRNA |gRNA n)
Y NArOOK 9
posoo @il
RO Primary transcript RNase P
Variable-} Y]
e B xx t-l-.Il-Zx UUUUU RNase Z
Anticodon-loop (5~ k
Anticodon
Processed gRNAs Cas9
B gRNA[1] gRNA [2] gRNA [n]
Pol Il
“' T TTTT TR RN R N ﬁ jLU g
Uuuu
tRNA Terminator
Target (1] Target [2] Target [n]

In our lab, we modified the ABE8e 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.

TCAAGTTGGGATAAGTGATAAACACTGAGCTTGCCACGTGTGTTAACCTCGTTTTCATCATGTGCCACTCCAAAGACATCAGGCCTCTATTCAAGCTGGCATGGTCABGACGTGGTAGCATACTTCAGGGATCTG
f ' L f ! ' L ' ' L ' | :

1 1 t 1 t 1 t 1 1 t 1 t 1
AGTTCAACCCTATTCACTATTTGTGACTCGAACGGTGCACACAATTGGAGCAAAAGTAGTACACGGTGAGBGTTTCTGTAGTCCGGAGATAAGTTCEACCGTACCAGTCCTGCACCATCGTATGAAGTCCCTAGAGH
GhU6-7

Mfel

AGAACTATAACACAGGAGCGTTTATATAAGCBAAAGAAGCATCAGATGCAATTGGTTTTRGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCETTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTT,
N ' L ' f N N ' ! ' L '

1 1 t 1 t t 1 1 t 1 t 1
TCTTGATATTGTGTCCTCGCAAATATATTCGCTTTCTTCGTAGTE TACGTTAACCAAAANCTCGATCTTTATCGTTCAATTTTATTCCGATCAGGCAATAGTTGAACTTTTTCACCGTGGCTCAGCCACGAAAAA)

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. T-to-C mutation on the negative strand corresponds to an A-to-G mutation
on the positive strand. The target base is ideally located within positions 4 to 8 distal
from the PAM site.

CTCGACGGACCTATACCACCTGTGGGAGCTTTGAGCAGTGCTCTCAGCAGGCTGCAAT

CAAACAGGCCTCTTAGAGAACTGAGAGAGGTTGCAAAGGTAAGTAGAAATGAATAGA

ACCCAGAAAACTAATATAATTTTTACTAGAAACTAAAACTTACTAAGACTGGATGTGGT

TTGATTGCAGGGAGTTACCAAGCAAATCGGTGGGCCTATGCATGAACTGGCTG
—_—

CAAAAGTTGATGAGTATGCTCGTGGAATGATCAGTGGTTCTGGATCTACACTTTTCGAA

11
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GAACTTGGACTATATTATATTGGACCTGTTGATGGCCACAACATCGATGATTTAGTTTCT
ATTCTCAAAGAGGTTAAGACTACTAAAACAACGGGTCCGGTCTTGATCCATGTTGTCAC
TGAGAAAGGCCGAGGTTATCCATATGCAGAGAGAGCTGCTGACAAGTATCACGGTAAC
ATACAGAATAAGCCTTTTTAGAAGAGAGATCATTTCATATGATTTAATTTACTGGTGCCT
CGATATCTGACCTTAGTTTAGGGAATAAAAGAATAAACTGTACCTGGATTTCTTTTCTCA
GGAGTGGTGAAGTTCGATCCGGCAACTGGAAAGCAATTCAAAGGCAA

—————————— R —
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
CACGGTACAGACCCGGGTTCGATTCCCGGCTGGCTGCACATAGGCCCACCGA
TTTGCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGCAACAAAGCACCAGTGGT
CTAGTGGTAGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGATTCCCG
GCTGGTGCAGTGAAGTTCGATCCGGCAAC . - - (£0/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’ GTTGCCGGATCGAACTTCACtgcaccageegggaat3’ (i 2 HAMNF 51D
inf CLA as: 5’ ttctagetctaaaacGTTGCCGGATCGAACTTCAC3 (¥ x 2 HAMNTF1))
pRGEB32-75:5 AAGCATCAGATGGGCAAACAAAGCACCAGTGGTCTAG3’
inf pRGEB32-7s: > 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
connectors for convenient subsequent In-fusion connections.

3.  First PCR Amplification

Overlap Extension PCR:

12
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This method generates fusion fragments by designing primers with
complementary overhangs. Two overlapping PCR products are combined and
extended to form a single construct.

1 3
s —
— —
PCR1 § 2 PCR2 § 4
™ " 4
e —— =
( k
I .
| = 'pers
| < |
| hd .
\ - !

Overlapping extension schematic diagram

pRGEB32-7 S _ Crazs
—
(RNA <> gRNA RNA <>
First step PCR
1 < 1 <
B CLAI as FrBe2 CLA2as

Inf pRGEB32-7S

9

Second step PCR RNA <> oaRNA 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+RNA 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
Taq 0.2 0.2
Template DNA 1 1

13
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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
o 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,O 83.5ul
Buffer 10ul
dNTP 1.5u1
S primer Inf pRGEB32-7 s 1w
AS primer Inf CLAas 1w
Taq (|
Fragment 1 (|
Fragment 2 (|
PCR Conditions:

1. Initial denaturation; 95° C for 4 min
2. Denaturation: 95° C for 30 s
14
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3. Annealing: 59° C for30s
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):
ABES8e 10 pg
CutSmart Buffer 10 pL
Mfel 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:

o Insert (100 ng)

e Linearized vector (100 ng)

o Exnase (0.5 pL)

o CE Buffer (1 pL)

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

7. Transformation
Transform competent cells with the ligation product.

Steps:
15
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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:

{oass)y Bsal IgRMNMS scaffold)
(o9as) Bsal SbfI (10,1352

10,=250

1,00

CS8sSsslx Ps=
[§=1-3=1
CSS0x3 MNspI —
rEa5y BfuAal — Bsy
g RrA scafrald)]

=iEX
I

EcoS FrEI (225)

L (ZS1>
twI (35532

IORMNS~- s caftfald)| (5237 Drea

ool IEEI=A Sool

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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