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The Establishment of an Efficient Genome Editing System in Forage Oat
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Abstract: Establishing an efficient genome editing system in forage oats has long been a crucial approach for oat
germplasm innovation. However, due to the hexaploid nature of forage oats, genetic transformation efficiency is
relatively low, posing significant challenges in creating new germplasms using genome editing technology. Here,
the genetic transformation efficiency of forage oats was significantly improved through the exogenous addition of
small peptides. Simultaneously, genome editing efficiency was enhanced by employing TSE fusion proteins, leading
to the development of an independent intellectual property genome editing technology system for forage oats with an
editing efficiency of 20%. Additionally, a multi-genome editing system for forage oats was established with an edit-
ing efficiency of 23% , and a single base editing system for forage oats was developed with an editing efficiency of
21.4%. The establishment of highly efficient genetic transformation and genome editing systems for oats holds sig-
nificant importance for gene function research and germplasm innovation in forage oats.
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GGCC Ml EPSPS-R: TTATAGCATCCCGAT-
GTCGAAGTA, 43l Ll FH e 22 5t F © 5 1 it e
1) cDNA F DNA BN, 47 PCR Y34 . 93
PR R B Ak A A A T AR IR S E

1.3 BEEEREHELE

Wit AsEPSPS BYHEA7 5L gRNA : GAAAAGG-
ATGCCAAAGAGGAAG., RIEHAL S ITH519
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[CaMV poly(A) signal |

‘éﬁﬁ (11285)

\ I 2500
I [ ZmUB >
RB T-DNA repeat [ 9 |
AsU6-5  tma  Nos

5000"

|
32aa Tinker

(b)

=]
LB T-DNA repeat
NOS terminator ~ CaMV 35S promoter(enhanced)

75007 10.0007
| |

WT TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC ©

RNA ' spacer

1 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC
2 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC
3 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC
5 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC
6 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC
7 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC
8 TGAAAGAGGTGTGCCCTGCGTGATGAAGCAGAGCTACGCGAGGAGGATCAAGCGC

PAM

1 TSEZBRE A AMKE CRISPR/Cas9 ERHE X
Fig.1 T5E protein enhances CRISPR/Cas9 genome editing efficiency in forage oat

TE ca, PR G B A3 s b, R TR 2 AV 35 ¢, i PR 4 AT R 2 A2
Note:a, Editing vector; b, Editing sites; ¢, Phenotype of edited oat
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8376 #E T+ E 95%0~96 16 , AL ALK A 2 102
WFFE15%~22% (F 2), ATLLE W, 5% R (OME
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R /N K AsCLE J& |, 1 J1 3 2 22 36 (X 4 45
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R=>23% , Horpr [Al— A Ak 34N 3L 34N 5 DL [R] isf
PR BOR=>15% . 5 Z /1AW /N A 7 T
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h g AR E SRR B W B CT D
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tRNA-AR1-gRNA-tRNA-API1-gRNA-tRNA-ST1-gRNA

©

Promoter

AsAPPI1-A: ACACCGGCAGCT-————-CTCTGG
AsAPPI1-C: ACACCGGCAGCTCCAACC—-TGG
AsAPPI-D: ACACCGGCAGCTCCAACCTCTGG

gRNA: 5'- ACACCGGCAGCTCCAACCTCTGG-3'
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2 MRS ARAREEERLRE
Fig.2 Small peptides enhance the genetic transformation
efficiency in forage oat

- CK 7R3 i3 ASCLE R R I/ Ik AsCLE A BIL, +38 7R 22 52 &b
# (%, P<C0.05;%*,P<C0.01)

Note: CK represents control group, AsCLE indicates treatment with
small peptide AsCLE, and * indicates significant difference (¥, P<C
0.05; **, P<<0.01)

(b)
.—@m—LIB Promoter

ASAREI-A: AGAGGAGGAGGAGTT-——GAGG
AsAREI-C: AGAGGAGGAGGAGTTCC—GAGG
ASAREI-D: AGAGGAGGAGGAGT-——AGAGG

gRNA:5'-AGAGGAGGAGGAGTTCCAAGAGG-3'

Promoter

(d)

AsSPDT-4: GGCCACGCTCA-—————-CATGG
AsSPDT-C: GGCCACGCTCACGGGGTTCATGG
AsSPDT-D: GGCCACGCTCACGG-——-CATGG

gRNA: 5'- GGCCACGCTCACGGGGTTCATGG-3'

3 ARRESERRBRENREMS
Fig. 3 Multigene editing vector and the editing sites for forage oat

T, FEN SR 2K 5 b o, d i DY 25 3 07
Note:a, Editing vector; b,c,d, Editing sites
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2.4 MHURBAARZEFHEERRBEUE
R Tk — A0 B R ) P e 27 B e D g A K
B BEPEXT AsEPSPS (B #H il 3L PR I 5L R dE 47
i ik JE DR G B o 0060 A5 2 25 K R B 6 3k G B A7
A IR AR/ K AsCLE, 450, fdi 1 1
nmol- L'/ AsCLE J& , 1] FH 2 22 B 5 5 5 4 4
HROR I ER R ORI E 21 4% (B,
") s | T [ S0 e
NLS 32aaTLinker NILS
(b)

Promoter .

ASEPSPS-A: GAAABGGATGCCAAAGAGGAAG
ASEPSPS-C: GAABBEGGATGCCAAAGAGGAAG
ASEPSPS-D: GAAAAGGATGCCAAAGAGGAAG

gRNA: 5-GAAAAGGATGCCAAAGAGGAAG -3'

E4 AAKEEHEERREREFNRFEELS
Fig.4 A high-efficiency adenine base editor and the editing
sites for forage oat

TE ca, R 2 40800 5 b, i R 2 A7 a0

Note:a, Editing vector; b, Editing sites

2.5 NRIRERARE B AR E SRR
DT R A A A 3R A

S SRR BT ASARE THEJE R R 1 36 50307

B D 2 A AR 2R BE 47 90 B8, OF 4 RS b ik

AsCLE, Z5 % FE W, A 1 nmol- L' /Mik AsCLE

Ja i e B T AR [ g R 3

o 5 ARUN /N BR AL SRR L ) A A2 TR 4 e

RO R 6000 , i B AR IK B 2000 (181 5) 6

(@1B

Hm -1 o) '
NLS NOS
(®)  Promoter I I
|
AsARE1-A: TTGGAACGATGAGGA——————— CTGG
ASARE1-C: TTGGAACGATGAGGAAGAGA-—--GG
ASARE1-D: TTGGAACGATGAGGAAGAG————— GG

CrRNA: 5-TTGGAACGATGAGGAAGAGAGCCTGG-3'

5 AAREZEEFMAFNERRESEMREMLS
Fig.5 Genome editing vector with independent intellectual

property rights and the editing sites forforage oat
TE a, FE DR 2 3 200 s b, 5 R 2 3467 A0

Note:a, Editing vector; b, Editing sites
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