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Background: genome editing in tobacco RRA AGADERY o TOBACCOAGRI RS S
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CRISPR-Cas9 application in tobacco

Cas9-PF %

Green: 100%
Transgene free

Purple: 100%
Transgene

PCR
screening

Liu et al., 2019 Li et al., 2022

CRISPR-Cas9 has been widely applied in breeding, mainly gene knock-out,
genome editing in tobacco needs new breakthrough.
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Background: Nalata and N’ gene YURNAR ACADEIY OF TOBAGOO AGRIGULTURE SCIERGE

TMYV-Ul1 Strain: dominant pathogen N’ (alata) é:zl
TMV-Cg Strain S
N’(K326)
N’ syl n—@)( __ nes ¢ No-resistance Recombinant

G
ITITTTTT T |

Nalata v—@) wes  -0000000000——c Resistance

+TMV-UT'ep
No HR ¥

K326 ::N\N’° K326::N’alata

+TMV-ULEP
HR

K326 ::N’ K326:: Recombinant
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Establishment of gene knock-in system in protoplast

©
4 —
G [ | a2 5'-phosphorylated, o
—_— — . . <
(a) hosphorothioate-link t both 5’ |
a P-A*T*GGTGAGCAAGGGCGAGGAGCTGTTCAC - -+ GCCGEGATCACTCTCGGCATGGACGAGCTGTACAAGT A A p Osp O ro Ioa e - In a g eS a O o~
T A& CCACTCGTTCCCGCTCCTCGACAAGTE - -- CGECCCTAGTGAGAGCCGTACCTGCTCGACATGTTCA*T*T-P 8
\ / N
sgRNAL - ATATGATGCTTTCAGAATAACA AA NGGGITTA— SERNA2 —-CTTGATTTTGCAGAGATGTTGG ceﬂasc -
—
NF1

f

CRISPR-Cas9
plasmid

NF1  GFPRL

GFP: 1.5% of total cells GFP: 3% of total cells
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Protoplast transfection and regeneration optimization
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Gene replacement of N’ with N'alata fragment

5'-phosphorylated, phosphorothioate-linkages at both 5’

Chimeric F1 Chimeric R1
A—

—
P-.ﬁ‘ﬂ."@T,\'ACTTCMGMMAGGLTCMTT cos ARTTETCTTGAMMAGCTTGATTTTGCAGAGATETT G G
T T TECGAATGAAGTTCTTTATCOGAGTARR «- - TTAAGAGAACTTTTCGAAL TAMMACGTCTCTACAR®CHC-P

T T
szRNAL —-ATATGATGCTTTCAGAATAACA AANGGENTA— s=ANA2 —-CTTGATTTTGCAGAGATGTTEE CEEGEEAGC—

CRISPR-Cas8
plasmid

'alata

Chimerich'l

— — — +-—
KFl  WalataR1 WalataFl ~ NRZ

Non-Homologous End Joining (NHEJ)

N'F1+ N'alata R1 644 bp

Ref N’alata

E P Y DAFRTITIK GL L QETIG S F
GAACCATATGATGCTTTCAGAATAAC

AAAGGGTTACTTCAAGAAATAGGCTCATTT == -

N s L E K LDFAEMIL W E Q WHV L
AATTCTCTTGAAARAGCTTGATTTTGCAGAGATGTTGGLGTGGGAGCAGTGGCATGTACTA

Ref N’ EPYDAFRTITEKSGLLG QETGSF
GAACCATATGATGCTTTCAGAATAACAAAAGGGTTACTTCAAGAAATAGGTTCATTT

No.15 GAACCATATGATGCTTTCAGAATAACAGATTCAAAGGCTTACTTCAAGAAATAGGCTCATTT
To A
Iy .‘""A/‘ M AIAAAA A 'y’l‘l\[\/ fw

No.28 GAACCATATGATGCTTTCAGAATAA- - -AAGGCTTACTTCAAGAAATAGGCTCATTT -
™ N

A AA [\ \

W/ IV al\n/MAA
No.46 GAACCATATGATGCTTTCAGAATAACAG- - -GGCTTACTTCAAGAAATAGGCTCATTT

" N vﬂ-ﬁ_,u_‘if\/\._ \Whna /\ﬂc\)‘ AN ._._-Aﬂzsﬁ

Ty

No.57 GAACCATATGATGCTTTCAGAATAACAGATTCCAGTGCATCAGTAATTCCAAAGGCTTACTTCAAGAAATAGGCTCATTT » -+

™ Mo mstaMss s ansa st reAn s s awneon

No.84 GAACCATATGATGCTTTCAGAATA - - - -AAGGCTTACTTCAAGAAATAGGCTCATTT
To \ ) :

T il Alal
No.129 GAACCATATGATGCTTTCAGAATAACACCATTAGTGA- AAGGCTTACTTCAAGAAATAGGCTCATTT
To ,

M AN A1

No.156 GAACCATATGATGCTTTCAGAATAACAAAAGGC TTACTTCAAGAAATAGGCTCATTT - -

AL 'l -AJ\ j\ TATAAVANA AL ATATAVIVAVAVAYATA AVA VWWAAS Y LL/\A/-_JT.,A AN
No.181 GAACCATATGATGCTTTCAGAATAA
To y

N J\Nw.n./‘

No.285 GAACCATATGATGCTTTCAGAATAACAAAAGGCTTACTTCAAGAAATAGGCTCATTT
To

Ananas ‘J'\A/‘-u WA JJ\J\«‘”V v

No.237 GAACCATATGATGCTTTCAGAATAAC-AAAGGCTTACTTCAAGAAATAGGCTCATTT - -+

For the 1.8k fragment,
~5%, but the seamless insertion is ~0.25%.

the Iinsertion ratio Is

N 5 L E KL DFAEMILAWMWEQWHVL
AACTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGGLGTSGEAGCAGTGECATGTACTA

2022_AP16

AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGG - - TGGGAGCAGTGGCATGTACTA

WAMAAAAAARAMAA W A nﬂ/\/\'l“?/\f\":/vﬂl\/\-u"ﬁ\hw

© AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTT - -CGTGGGAGCAGTGGCATGTACTA

= AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTT - - -GTGGGAGCAGTGGCATGTACTA

P A P 1R R

AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGG - - -GGGAGCAGTGGCATGTACTA

AaANAAMARARAAsAMAAAR U Y T

. AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTf - - -TGGGAGCAGTGGCATGTACTA

AAMAAN

ot fandaniala

+ AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGGCGTGGGAGCAGTGGCATGTACTA

Mostataan s A/\,\ A

ANV

= AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGGACGTGGGAGCAGTGGCATGTACTA

\ MJ‘UV\ i l\;ﬂl\mi\g

Al

+ AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGG-GTGGGAGCAGTGGCATGTACTA

"‘IMA-H'M‘-”.\ o “l-/\.f"fl i AJ\N\A AJ\I\UA

» AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGGCGTGGGAGCAGTGGCATGTACTA

A s AR A AN s

AATTCTCTTGAAAAGCTTGATTTTGCAGAGATGTTGGCTCGTGGGAGCAGTGGCATGTACTA

N\ l\l\l\*\..‘.‘ﬂu AN
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Gene replacement of N” with N'alata fragment

©
-
Chimerit F2 Chimeric R2 Ref I QDCGETLVMNRIERTEKTEHUWNL TSLQRLRTIDNTE CPMNLQYVPESTETF %
N’alata -ee AC
ATCCAGGATTGTGETGAACTGGTGAATAGAGGANAGGAGTGGAATTTA ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAATCTCCAATATGT TCCAGAATCAACGTTT « |
P-G"A" GTOEAATTTA « « ACTTCGCTTCAACGTE TACGCATCGATAATTGL] AT Ref N’ IRDCCELWVHNRRKEWHL ISLOQRLRIDNCPMNLAOQYVPESTTFEF P2
ET CACETTAAAT - « - TOAMGE GAAGTTEEAGATEEGTAGE TATTAAC T*T*A-p ATCAGGGATTGCTGTGAACTGGTGAATAGACGAAAGGAGTGECATTTA - -« ATTTCTCTTCAACGTCTACGCATCGATAATTGCCCTAATCTCCAATATGTTCCAGAATCAACGTTT Y
/ No.9 ATCAGEGATTGCTGTGAACTGGTGAATAG- -GAAAAGAGTGGAATTTA - -+ ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAATTGCCAGGCTCCAATATGTTCCAGAATCAACGTT
Te A aflAR A A A Y T A A
T
SERNAZ ---TGCTGTGAACTGGTGMTF(GACTG GGRGT--- SERNAS ---TG@T CTCCAATATGTTCCAGAATCAACGTT--- No.16 ATCAGGGATTGCTGTGAACTGGTGAATAGA- - -AAAGAGTGGAATTTA « -+ CCAATATGTTCCAGAATCAACGTTT
Te M ﬂ}\ - ﬂ o A ba .a
Y U ) ey o N TP MM AN VM
No.25 ATCAGGGATTGCTGTGAACTGGTGAATAGACGAAAAGAGTGEAATTTA - - - ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAATCTCCAATATGTTCCAGAATCAACGTTT

Chimerich'1 ™ o M allnnal J‘.'ﬂr\ y Al iy

——— No.41 ATCAGGGATTGCTGTGAACTGETGAATAGACCTGAAAAGAGTGGAATTTA » = ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAAT - -CCAATATGTTCCAGAATCAACGTTT
A \na AW

NFL NR3 /\ﬂf\ 1“\ "-J"ln,;';-"-AJ\-/\,.-",A ! B MWW A
T T No.58 ATCAGGGATTGCTGTGAACTGGTGAATAGACGTGGAAAAGAGTGGAATTTA ~ - - AACGTCTACGCATCGATAATTGCCCTAATCTCCAATATGT TCCAGAATCAACGTTT

™ 1 mq!\ [J'\L ﬂ Mg A/\ﬂ Ml ﬁlﬂ W ﬂ!\ il Y ;","I\ J-""f\ \

CRISPR-Cass
plasmid

W alata No.62 ATCAGGGATTGCTGTGAACTGGTGAATA- - - -AAAAGAGTGGAATTTA - - - ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAA-TTCTCCAATATGTTCCAGAATCAACGTTT
Te ) | i e
— ncalwiasoshonntladion  Matalnclat oy M Wihes e
—r f— MNo.76 ATCAGGGATTGCTGTGAACTGGTGAATAGACTGAATGAAAAGAGTGGAATTTA - .« ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAATTCTCCAATATGTTCCAGARATCAACGTTT
Chimerieh'2 Walataf2  NR4 T8 . o ' nf\ AT A \ 1a o M .
W Wi, ﬁ\ Ao A/\;h.ﬂ}\ AT W WAy And WV Vi V Pl Wi YW aMnan

No.89 ATCAGGGATTGCTGTGAACTGGTGAATAG- -GAAAAGAGTGGAATTTA - - - ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAA- - TCCAATATGTTCCAGAATCAACGTTT

.‘Jl"l[ ﬁ\ A Jllu".ﬂ{‘\'ll'll | ..‘.‘. A }Hl Vi A fU\ u ." L - J“.‘IJ’I\ |

To . ; ) ) T
nsalltnde i o (WY \ A WM

No.293 ATCAGGGATTGCTGTGAACTGGTGAATAGACGAANAGAGTGGAATTTA -+« ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAATTCGATCGCTCCAATATGTTCCAGAATCAACGTTT

To . . [ X iA } it Nonn ap
W I\J‘If\. J\.‘"\ -J’"l.,-‘m-;\_._:\!\--ﬂn.‘ VY fn VWYY YV YUYWV Wy

No.97 ATCAGGGATTGCTGTGAACTGGTGAATAGACGAAAAGAGTGEAATTTA «+ - ACTTCGCTTCAACGTCTACGCATCGATAATTGCCCTAATGCCTCCAATATGTTCCAGAATCAACGTTT

™ ‘Aﬂﬁ MalAa WA A'JF]U'\ M o Ay iy WM

ChimericN’1 ChimericN'2

For the 400bp fragment, the insertion ratio is
~10%, the seamless insertion is ~1%.

Edited K326 gained TMV resistance
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