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Genome editing-mediated mutant library construction of rice
4-hydroxyphenylpyruvate dioxygenase ( HPPD) gene and identification of
germplasm with resistance to HPPD-inhibiting herbicides

GUO Dongshu, YANG Yuwen, LI Xiao, YU Yue
(Institute of Germplasm Resources and Biotechnology, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: To identify more new resistance sites, create more rice germplasm resistant to 4-hydroxyphenylpyruvate
dioxygenase ( HPPD)-inhibiting herbicides, and realize the application of HPPD-inhibiting herbicides in rice production,
this study used genome editing technology-mediated in vivo directed evolution strategy to design 300 gene editing target sites
for the coding region, upstream promoter region and 5’ untranslated region of rice HPPD gene. The base editor and

multi-gene knockout mutation vectors were used to construct the mutant library, and the genotype identification and

sequencing of transgenic contemporary plants were carried
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FOKAE I B 4 B BOR FN T BR B F M AT ST, (Tel) detected at 99 genome editing target sites in the coding

13811136765 ; ( E-mail ) guodongshuguodong@ 163.com region of HPPD gene, and 43 different forms of

out, and the resistance of the mutants to mesotrione was
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homozygous insertion mutations or deletion mutations were detected in the upstream region of the coding region. Two mutant

lines with increased resistance to 0.3 pmol/L mesotrione were identified, including one mutant line carrying a base

mutation in the coding region and one mutant line carrying a base deletion mutation in the upstream region of the coding

region. The mutation type in the mutant line carrying a base mutation in the coding region was the mutation of glycine (G)

to aspartic acid (D) at the 419" site of the HPPD protein. The mutant line carrying a base deletion in the upstream of the

coding region had a base deletion of 168 bp, and its HPPD gene expression level was 8. 0 times that of the wild type. This

study provides new genetic materials and methods for the cultivation of rice varieties resistant to HPPD-inhibiting herbicides.
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SEATE R R A B, HE LA IR B A 7 B SR, KA
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(CBE #f&) . $EARN )T 5 Z 0 RS ot B R A P F)
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Table 1 Primer lists
GIE/ER S JFAI(5'—3") &

HPPD-E1F ACCAGAGGACAAATCCCGT HPPD BEH 55— i 73 K U % 5
HPPD-E1R GTGTCACAATCTTCAGAAAGGC
HPPD-E2F ACTACATCTAAGGTCCATGG HPPD RS Z 51 i J R R
HPPD-E2R AGCAGCAATGCCAACACTAG
HPPD-P1F CCATTACTACTCTCCCCGATTC HPPD JEH sy X[ ViE e 51 %5 08
HPPD-PIR ACCAGAGCTCGACGTGGTGGAA
HPPD-P2F TTGAGACAGCTCATTCTACCGC HPPD BEH 2ty [X 17551 %5 0
HPPD-P2R GGGAAACAAATTTTGTGGTAAC
HPPD-P3F GAATAAGACGAACGGTCAAACATGTG HPPD SEH 95 X[t p 51 % 8
HPPD-P3R GAATCGGGGAGAGTAGTAATGGAGGA
HPPD-PAF GAGTTTCCAGATTGGCTTCC HPPD ity X175 %58
HPPD-PAR GGTTATCGTGATGGCTCTTC
HPPD-PSF GCTGAAGAATCGAAAGACGG HPPD B 2t [X_F 7751 % 8
HPPD-P5R GAGGTAGTATGGCATACTACA
HPPD-QF ACAGGGATGACCAGGGGGTGTTGC HPPD B K 335 7K -
HPPD-QR GCTTGCTTGGCTTCAAGGGATTTCTCA
OsUBQ-QF GCTCCGTGGCGGTATCAT WS FE R Bk K PAG

OsUBQ-QR CGGCAGTTGACAGCCCTAG
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U3b JA 3h17F ;6. /KA U6b J& 81T ; spacer : F& [F 4 4B FOFR NV 44 ; gRNA . 515 RNA
1 7k HPPD EE R ERKEH M T-DNA K T REE

Fig.1 Schematic diagrams of rice HPPD gene structure and T-DNA region of genome editing vectors
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Table 2 Identification results of mutation types at the protein level in T, generation base editing mutants
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Al A2, A23, A24 A28, A32, A32 +A36,
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TITA [ VI4A S15P H31Y R32C,V35A N38D N38S N38G R43W F44S F44L F44P |
H50R ,A59A (A59V (A60V F66P . F66S F66L A72V P73S R77G ,A98T L100P \F101S
T102A . Y105C ,G107N HI09R \A133V [A133A | V140A | V143A V147A FI154L F154P |
F154S \V158A [ F166P [ F166S | F166L, F175S | A178V (E179G | Y183H , D198G , L202P |
E206G ,V208A ,S209G . D215G , Y216H | V2241 V225A [ V228A [ V234A [ Y237C 1238V |
F241L F241P [ F250S | F250P | F250L  T251A | T257A | S260G . N279D |, H283R |, H283Y |
V303M,Q304R ,H305R . 1306T, A307T, V313A | L314P  Y340H, V343A (L351P ,S352P |
Q360R ,V364A [ T3791, P386S ., P386L, T387A , T387T, M392V , M392T  1393T , R395K |
R395R 1396V \M3991  E400K ,S404G ,Q406 * ,Y408Y ,Q409 * K410E K410G ,C413R
G415E G417K (G417R ,G417E | K418E  K418G ,N420D ,N420G , F425L ,S427P | Y431H |
K433E K433G ,S434P | A437V  P441P  P441F  P441S P4411 T4421 V443A Q444 = |
G445R ,G445K [G445E

T6A+T8A \TIOA+TI1A G12D+A13T V14A+S15P H31Y+R32C R43W+Q45 * [47P+
F49P (A59V + A60V | A72V + P73S | L100P + F101S, G107N + D108N , P122P + S123P |
A129V+R130W, A133V + A134V | V140A + V143A | S209G + N210D | D215G + Y216C ,
Y237C+1238V E259G+S260G ,S260G+H283R \L267F+A268V ,Q304R+H305R , V313A+
L314P [Y339H+Y340H ,L351P+S352P \G360R+E361G ,V364A+V366A L365P+V3606A |
D367G+R368G ,P386L+T387T ,P386P+T387A \E391G+M392V M392T+I393T ,C398Y +
M3991 M399V + E400G , M3991 + E400K | E400G + K401G , S404G + Q406R | Q409H + D3 |
K410R+5434P K418K+G419D \[K418K+G419N 1424P +F425P [ 1424P+F425L Y431H+
S434P P441P+V443A P441F+T4421 P4415+T4421

GI2D+AI13T+ V141 1121T +P122P +S123P P122P + S123P + F124L | E391G + M392V +
1393M ,E400G+K401G+D402G . K410K+G411N+G412D
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i
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Table 3 Statistics of target sites in T, generation mutants with gene

mutations
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Table 4 Genotyping results of T, generation gene-edited mutants with longer fragment ( >10 bp) insertions or deletions in the HPPD gene

promoter region and 5’ untranslated region (UTR)
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Fig.2 Phenotypes of mutant and wild-type plants after treatment with mesotrione
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Fig.3 Genotyping results and Sanger sequencing chromatograms of mesotrione-resistant mutants
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Fig.4 Relative expression levels of HPPD gene in mesotrione-

resistant mutants and wild-type plants
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