Her gk K Cas9 A SRR AL

P FYEL LY (emiBft RS EEATIE

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University

R RHBRIYEBRAFERETREE (K NX)

X R 4/ &
#* £ F A
Cas9

PR FH D EAKELRTLEHE R
Mok L £ BB
WL AR EAK

=0=2%~<A - K

S ‘
NELCTTEY

GENOME EDITING PLATFORM




Her gk K Cas9 A SRR AL

H=x

CRISPR/Cas9 protocol (FRMHR) ..o, 3

CRISPR/Cas9 protocol (ZEIHR) .....cccovvvveevrvicinene, 11

MAEBRE R BB https://cotton.hzau.edu.cn/

Engish | R | ERITR

G%G| HR REAHT NUWE NRTE BRRE RRRT WREEF THOL REE Q

. AZHONG AGRIC
GROUP OF COTFON GENETIC |

TRiCE SRR FRA
\\

/s

WAAbHE I SEEG = : https:/hbhs.hzau.edu.cn/

ﬂibﬁgi%&i B® XFH ¥R AW R A
Vi hoR oAty

S - =

BRI E

(GRS B ERSUARATHREAS |

LR SRR

ST A R A B SO IR

IRiRE

HEEBmEFEE: http:/jinlab.hzau.edu.cn/GenomeEditingPlatform/

iy GEPlab @ HZAU
<f

‘Fragment CPIYereucs

ﬁ Editing Editing ™



https://hbhs.hzau.edu.cn/
http://jinlab.hzau.edu.cn/GenomeEditingPlatform/

Herpofealk KA Cas9 Hiik SRR AL

CRISPR/Cas9 protocol (FA3ZkR)
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DI S % . aTPL T Fahi &, Blast &, EARFERFH) 0 DAE VR,
B IFFE PAM Hi 3bp /o4 AL B A ME—IBGUINL A, 5 8 )5 S 38 E .

CTCGACGGACCTATACCACCTGTGGGAGCTTTGAGCAGTGCTCTCAGCAGGCTGCAAT
CAAACAGGCCTCTTAGAGAACTGAGAGAGGTTGCAAAGGTAAGTAGAAATGAATAGA
ACCCAGAAAACTAATATAATTTTTACTAGAAACTAAAACTTACTAAGACTGGATGTGGT

TTGATTGCAGGGAGTTACCAAGCAAATCGGTGGGCCTATGCATGAACTGGCTG
e |
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CAAAAGTTGATGAGTATGCTCGTGGAATGATCAGTGGTTCTGGATCTACACTTTTCGAA
GAACTTGGACTATATTATATTGGACCTGTTGATGGCCACAACATCGATGATTTAGTTTCT
ATTCTCAAAGAGGTTAAGACTACTAAAACAACGGGTCCGGTCTTGATCCATGTTGTCAC
TGAGAAAGGCCGAGGTTATCCATATGCAGAGAGAGCTGCTGACAAGTATCACGGTAAC
ATACAGAATAAGCCTTTTTAGAAGAGAGATCATTTCATATGATTTAATTTACTGGTGCCT
CGATATCTGACCTTAGTTTAGGGAATAAAAGAATAAACTGTACCTGGATTTCTTTTCTCA
GGAGTGGTGAAGTTCGATCCGGCAACTGGAAAGCAATTCAAAGGCAA

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

N B hs P S ESRAE B AR B TRE R s P> Bsa T BV 2 18], SR IERTT
AV R N S

aagcatcagatgggcaAACAAAGCACCAGTGGTCTAGTGGTAGAATAGTACCCTGC
CACGGTACAGACCCGGGTTCGATTCCCGGCTGGTGCA CATAGGCCCACCGA
IT7GCTGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTA
TCAACTTGAAAAAGTGGCACCGAGTCGGTGCAACAAAGCACCAGTGGT
CTAGTGGTAGAATAGTACCCTGCCACGGTACAGACCCGGGTTCGATTCCCG
GCTGGTGCAGTGAAGTTCGATCCGGCAAC . - - (£0/k gRNA)
E: DNEESRBEFI; TRIKLED R (RNAIHIES & gRNA; R4EES
4 RBEAALE

FREAIINEY:

CLAIl as: 5>’ AGCAAATCGGTGGGCCTATGtgeaccageegggaat3 (bR 1 HAMNFF1)
CLA 2 5:5° CATAGGCCCACCGATTTGCTgttttagagctagaaata 3> (¥EF5 1 741D
CLA2as: 5 GTTGCCGGATCGAACTTCACtgcaccagecgggaat3” (AR 2 HAMNF 51D
infCLA as: 5’ ttctagetctaaaacGTTGCCGGATCGAACTTCACS’ (HEFR 2 HAMNF 1D
pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAAGCACCAGTGGTCTAG3’
inf pRGEB32-7s: > AAGCATCAGATGGGCAAACAAA 3’

(U6-9 #fhH
pRGEB32-9s: 5> CAGCACATAACTGGCAAACAAAGCACCAGTGGTCTAG?’
inf pRGEB32-9 s: 5> CAGCACATAACTGGCAAACAAA 3°)
NGRS RE T, SR R B EEEI Y T RIZ AR K EEbS 5 BI AT .
Hr, inf pRGEB32-7 s« pRGEB32-7s. pRGEB32-9s. inf pRGEB32-9s.
u6-7s. u6-9s AIEH IV HE L. pRGEB32-7s. pRGEB32-9s & 1 Ak —&f
S F5, J5fE In-fusion . FHEHANFHIHA 2 (RNA, infpRGEB32-7s. inf
pRGEB32-9 s JyHisadr MR 4, /7 HIHKE Lk pRGEB32-7 s« pRGEB32-9 s fi.
Inf CLA as & 8iAF 78k, J7ff 545 In-fusion 2.

3. ZH—IXKPCRY I
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HABJL/H PCR:
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PR AT DA X — X AR O, 48 Taq BESEH BONRLG B B
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EREMIEE
pRGEB32-7 S CLA2s
—_—
%— PCR tRNA gRNA tRNA
gl Ji B2 )
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Inf pRGEB32-7S
Y
H PCR RNA <> gRNA RNA

FREIEREA
gRNAHRNA HE 750 BA7A BUT FIERER| AL 8dd (il T #8460, 28
K PCR:1 2 WA P B il A gRNAHRNA S s R+ 4734 . (R
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Hrp MR Cas9 # A 2 B RURVR FRAH
KA A] LA
20pl A R :
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
PCR %44

AR 95°C

JEA

/4

TEIR:

: 95°C

: 55°C

: 72°C
: 3C
: 95°C

: 60°C

72°C
27C

B 5 SEA# 72°C
B YRS

4.5 =Xk PCR R 4ifk:

4min

30S

30S

20S

308

30S

20S

Smin

fi HY EE B SE A PCR K5 IS/ Fr BUBEAT 3 4%,

5K
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100p1 (k&
ddH,0 83.5ul
Buffer 10l
dNTP 1.5u1
S primer Inf pRGEB32-7 s mi
AS primer Inf CLAas 1w
Taq (|
RE1 (|
RE2 (|

PCR %4
FiARPE . 95°C 4min
AR 95°C 308

Bk 59°C 30S

GEfH: 72°C 20S

a3 28C
e G 72°C S5min s i
FEL KA
15 P 4 s [RTUC FRORFFI X PCR PRk glifh IR
5.8k BV
100ul {5

PCR =4 10ug

10X cut smart Buffer 10ul

BSA1 4ul

ddH,O upto 100ul

37°C M§Y) 5.5h

W5 SIS R, R RSN Pl D) ORI (RS PR k) ok B 7 4
BEATAEAL . R

6.In-fusion 4=
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EFOYaE 100ng
G A B 100ng
Exnase 0.5ul
CE Buffer Tl

37°C/K# 30min, ¢K L& Smin, 7]-20°CERAF £ H

TEHACRRZS
B SR RIRE, UK ERE 30min, 42°CHGE 90S, VK EFFE Smin.
B 300pISOC JOABTH) 2ml B0, BB SOC H, 37°CiE ¥ 45min,

WT KAN L, 37°CE:7Rd i, BRHfET 500ul kan HitEififk LB,37°CRE % 3h,

ffH] Inf pRGEB32-7 s Inf CLA as 5|4FHPERI, EIKEEAL, HERHHEEN 7
(GC rich) .

BH ARSI 51 /00 51

u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS

u6-9s:  GTCAAAAACTATCCCACATTGCTAA +Inf XX AS

FH P A 0 LYK
SK BH BH
MR R T # A
(9955 Bsal QRMS scaffold)
[E=E=T-2= Bsaﬂ Sbfl (10,1=5)
1,00 10,z50
L Ubi

CS5sel P=
[g=1=%=]
CSS0x MNspI —
isas5y BFfuAl — Bsy
[gRrMNA scaffold)

=iEX
T

EcCcoSFMI (3352

L (ZS1>

twI (3553 IgRMS scaffa Eil re=33 Dra

Sool

EXTR IEEER
| |
RFP=-1 RFP=-2
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8. Hi§E

MG, AR

BH A Az 51 4

u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS
u6-9s:  GTCAAAAACTATCCCACATTGCTAA +Inf XX AS

9. 3 RYSIE
(1) $EEEA5G/ 5Pk DNA, PCR ¥ 38 &6 b0 B —BUFF, TA FBENF .
(2) PAM Fi 3bp A4 KN B A BEIAL S, A LLHEAT BR A% N V) B e D156 E . ]

DMNA Mutant Control  Control
marker digested digested undigested

4 —

(3) T7EI BEYIGAE, VIEIARSE AN DNA. +F /454 DNA. Holliday 45#)
X X DNA. RUEAEE DNA. BGUIEIERCAE 57 wmi)sE—. 3 B =4

s — e

DNA Mutant Control  Control
marker digested digested undigested
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CRISPR/Cas9 protocol (Z3kR)

Using CLA as an Example

1. Basic Principles

After the target sequence is cleaved by the CRISPR system, the organism initiates
its own repair mechanisms, leading to mutations and silencing of the target gene
function (as shown below). The Cas9/gRNA complex can target any DNA site
containing the motifs 5'-N3o-NGG-3' or 5'-CCN-N2¢-3' (where NGG is the PAM
required for Cas9 recognition). Cas9/gRNA precisely cleaves the target DNA double
strand approximately 3 bp upstream of the PAM.

PAM

‘ S\ Guide RNA
sequence

Matching genomic Cas9

sequence
| —-

.....

Repals {} Donor DNA
SLLLLLULLULL

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 RNase Pr RNase Z C Gene architecture
5531?820 ;;_\:x):;gfner Pol ll pfomOlef!: Polycistronic tRNA-gRNA (PTG) =!Terminalor
Saccoporsen IR EDO_WEL | [THEe
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Doy 5 TuC-loop |g U |g 2 |g [n)
S e s
;(‘I Q. . R Primary transcript RNase P
%o o A
‘ Variable-} ¢ 4
5“' s xx OIIIIIII*X UUUUU  RNase Z
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Processed gRNAs Coeh
B gRNA[1] gRNA[2] gRNA [n]
Pol Il
L TENC
I promoter SMAICID TTTTTTT Zhedboltas J,‘Lﬂ-uuuuu
tRNA Terminator
Target [1] Target [2] Target [n]

In our lab, we modified the pRGEB32 vector by replacing the kanamycin
resistance marker with hygromycin and incorporating the cotton endogenous U6
promoters (U6-7, U6-9) 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.

(10,135) Shfl
(9988) Bsal (10,850) Nrul

(s968] Bsal (10,746) Aatll
3804) Hpal | (10,744) Zral

BstBI (11,890)

pacl (R

| |
gRNA scaffold attBl 3xFLAG

L 'Y
! intron >

PRGEB32-GhU6.7-NPT2(new)
16,241 bp

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.

CTCGACGGACCTATACCACCTGTGGGAGCTTTGAGCAGTGCTCTCAGCAGGCTGCAAT
CAAACAGGCCTCTTAGAGAACTGAGAGAGGTTGCAAAGGTAAGTAGAAATGAATAGA
ACCCAGAAAACTAATATAATTTTTACTAGAAACTAAAACTTACTAAGACTGGATGTGGT
TTGATTGCAGGGAGTTACCAAGCAAATCGGTGGGCCTATGCATGAACTGGCTG

12
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—_—

CAAAAGTTGATGAGTATGCTCGTGGAATGATCAGTGGTTCTGGATCTACACTTTTCGAA
GAACTTGGACTATATTATATTGGACCTGTTGATGGCCACAACATCGATGATTTAGTTTCT
ATTCTCAAAGAGGTTAAGACTACTAAAACAACGGGTCCGGTCTTGATCCATGTTGTCAC
TGAGAAAGGCCGAGGTTATCCATATGCAGAGAGAGCTGCTGACAAGTATCACGGTAAC
ATACAGAATAAGCCTTTTTAGAAGAGAGATCATTTCATATGATTTAATTTACTGGTGCCT
CGATATCTGACCTTAGTTTAGGGAATAAAAGAATAAACTGTACCTGGATTTCTTTTCTCA
GGAGTGGTGAAGTTCGATCCGGCAACTGGAAAGCAATTCAAAGGCAA

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

Insert the target sequence and ligate between the two Bsa I 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
GCTGGTGCAGTGAAGTTCGATCCGGCAAC . - - (£0/k gRNA)
notes: Note: Lowercase = vector backbone; underscores = tRNA; bold =
gRNA; italics = target site.

Primers::

CLAIl as: 5> AGCAAATCGGTGGGCCTATGtgeaccageegggaat3d” (bR 1 HAMNF 41D
CLA 2 5:5° CATAGGCCCACCGATTTGCTgttttagagctagaaata 3> (¥EF5 1 741D
CLA2as: 5’ GTTGCCGGATCGAACTTCACtgcaccagecgggaat3” (AR 2 HAMNF 51D
infCLA as: 5’ ttctagctctaaaacGTTGCCGGATCGAACTTCACS’ (HEFR 2 HANF 1D
pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAAGCACCAGTGGTCTAG3’
inf pRGEB32-7s: 5> AAGCATCAGATGGGCAAACAAA 3’

(U6-9
PRGEB32-9s:5° CAGCACATAACTGGCAAACAAAGCACCAGTGGTCTAG3’
inf pPRGEB32-9 s: 5 CAGCACATAACTGGCAAACAAA 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 pPRGEB32-7 s, pPRGEB32-7 s, pPRGEB32-9 s, inf pPRGEB32-9 s, u6-
7 s, and u6-9 s are universal primers and do not need to be changed. pPRGEB32-7s and
pRGEB32-9s contain a part of the vector sequence, facilitating In-fusion ligation.
Because there are multiple trnas in the inserted sequence, inf pRGEB32-7 s and inf
pRGEB32-9 s, in order to enhance amplification specificity, have shorter sequence

13




First step PCR tRNA gRNA tRNA

Her gk K Cas9 AR SRR AL

lengths than pPRGEB32-7 s and pRGEB32-9 s. Inf CLA as contains carrier sequence
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.

— —_
- <
PCR1 § 2 PCR2 § 4
B * __
(" b
|
I 1 y B
| = | pens
| < |
| hd |
\ - )

Overlapping extension schematic diagram

pRGEB32-7 S CLA2s

e

< <>

Frél FrB 2

A
A

CLAL1 as CLA?2 as

Inf pRGEB32-7S
— >
Second step PCR tRNA <> gRNA tRNA

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

The gRNA+tRNA combination sequence can be synthesized by itself and ligated to a
14
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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
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 for 30 s

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
15
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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 1.5u1
S primer Inf pRGEB32-7 s (M|
AS primer Inf CLAas (|
Taq (|
Fragment 1 (|
Fragment 2 (|
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
o 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.

16
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Reaction Mixture (100 pL):

Volume (nL):
PCR Product 10 ug
CutSmart Buffer 10 uL
BSA 1 pL
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:

e Insert (100 ng)

e Linearized vector (100 ng)

e 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:

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
u6-9s: GTCAAAAACTATCCCACATTGCTAA + Inf XX AS
Positive clones are sequenced (GC-rich regions).
Electrophoresis: Confirm positive clones.

Positive detection electrophoresis pattern:

17
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Construct a successful carrier diagram:

(aas8) B=al IgRMNMS scaffold)
(o9as) Bsal SbfI (10,1352

1 10,=250

So0

CS8sSsslx Ps=

[§=1-3=1

CSS0x3 MNspI —
rEa5y BfuAal — Bsy

[gRMNAS scaffold)

EcoS I (23250

L (=51} =iEL
Tt I [S35S60 IgRMS s catfald)] (a=2353 Dra I

EXNT) | a0l [EI=Ian)
- I [T —I TR I —

| |
RFP=-1 RFPZ-2

U6

8. Agrobacterium Electroporation

Electroporate the verified construct into Agrobacterium.

u6-7s:  TGTGCCACTCCAAAGACATCAG +Inf XXAS
u6-9s:  GTCAAAAACTATCCCACATTGCTAA +Inf XX AS
9. Validation
1. Genomic DNA Extraction: PCR amplify the target region, clone, and
sequence.
2. Restriction Enzyme Digestion: Validate via PAM-proximal restriction sites.

DMNA Mutant Control  Control
marker digested digested undigested

3.

3.T7EI Assay: Detect mismatches in edited sequences.

DNA Mutant Control  Control
marker digested digested undigested
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