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HRAC Mode of Action Classification 2022

Revised anuary 2022

Light Activation of ROS®

Inhibition of Photosynthesis at PS Il

D1 Serine 264 binders (and
other non-histidine 215 binders)

D, Histidine
215 binders
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PS | Electron
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Protoporphyrinogen Oxidase
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Pyruvate Dioxygenase Diphosphate Synthase

12 Inhibition of Phytoene
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Phosphate Synthase

Isoxazolidinones

N-Phenyl heterocycles

Diphenyl heterocycles

Inhibition of
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Pyrazoles
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Cellular Metabolism
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Acetolactate Synthase
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Aryl-carboxylates
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HRAC Y HRAC IR
1 A Inhibition of ACCase 19 P Auxin transport inhibitors
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3 K Inhibition of microtubule 2 K2 Inhibition of microtubule organization
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R R 2 L Inhibifon of celllose syrthesis
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13 FA Inhibition of DOXP synthase 3 T Inhibition of homogentisate
14 E Inhibition of PPO solanesyltransferase
15 K3 Inhibition of VLCFAs 34 F3 Inhibition of lycopene cyclase
18 1 DHP inhibition 2 z Unknown mode of acton

A free copy of this poster can be downloaded at Www.hracglobal.com



HRAC Mode of Action Classification 2022

28 group, 25 action sites

Site of action

Legacy

HRAC

Site of action

1 A Inhinition of ACCase 22 D PS I electron diversion

2 B Inhinition of ALS 23 K2 Inhibition of microtubule organization

3 K1 Inhinition of microtubule assembly 24 M Uncouplers

4 O Auxin mimics 27 F2 Inhibition of HPPD

5 C1,2 Inhinition of photosynthesis PS II-Serine 264 28 none Inhibition of dihydroorotate dehydrogenase

6 C3 Inhinition of photosynthesis PS Il-Histidine 215 29 L Inhibition of cellulose synthesis

9 G Inhinition of EPSP synthase 30 Q Inhibition of fatty acid thioesterase

10 Inhinition of glutamine synthetase 31 R Inhibition of serine threonine protein phosphatase
12 F1 Inhinition of PDS 32 S Inhibition of solanesyl diphosphate synthase

13 - Irlallatie € DN sinilrsss 33 T Inhibition of homogentisate solanesyltransferase
14 E e L 34 F3 Inhibition of lycopene cyclase

15 = JiliIBER GIrYILERAS 4/29 O/L Auxin mimics/Cellulose synthesis

18 I DHP inhibition 6/24 C3/M PS lI-Histidine 215/Uncouplers

19 P Auxin transport inhibitors @ Z Unknown mode of action




The most recent updates of herbicide site of action (SOA) classification list (05 May, 2021)

Herbicide

WSSA/
HRAC Code

Old WSSA

Site of Action

Benazolin-ethyl 4 NC Auxin Mimics

Metoxuron, Chloranocryl=dicryl, Pentanochlor, Propanil,

Benzthiazuron, Bromuron, Buturon, Chlorbromuron, Chlorotoluron,

Chloroxuron, leenoxuron, Dimefuron, Diuron, Ethldlmuron, Fenuron, Inhbition of Photosynthesis at PSII - Serine 264
Fluometuron, Fluothiuron, Isoproturon, Isouron, Linuron, 5 7 Binders

Metobenzuron, Metobromuron, Methabenzthiazuron, Metoxuron,

Monolinuron, Monuron, Neburon, Parafluron, Siduron, Tebuthiuron,

Thiazafluron

Ethofumesate, Benfuresate, Butylate, Cycloate, Dimepiperate,

EPTC, Esprocarb, Molinate, Orbencarb, Pebulate, Prosulfocarb, 15 8 Inhibition of Very Long-Chain Fatty Acid Synthesis
Thiobencarb (=Benthiocarb), Tiocarbazil, Tri-allate, Vernolate

Tetflupyrolimet 28 NC Inhibition of Dihydroorotate Dehydrogenase
Dichlobenil 29 20 Inhibition of Cellulose Synthesis

Isoxaben 29 21 Inhibition of Cellulose Synthesis

Cinmethylin, Methiozolin 30 30 Inhibition of Fatty Acid Thioesterase

Endothal 31 NC Inhibition of Serine-Threonine Protein Phosphatase
Aclonifen 32 11 Inhibition of Solanesyl Diphosphate Synthase
Cyclopyrimorate 33 NC Inhibition of Homogentisate Solanesyltransferase
Amitrole 34 11 Inhibition of Lycopene Cyclase

Quinclorac 4/29 4 Auxin mimics/Cellulose synthesis

Bromofenoxim, Bromoxynil, loxynil 6/24 6 PS ll-Histidine 215/Uncouplers

Bensulide 0 8 Unknown

Napropamide, Diphenamid, Naproanilide 0 15 Unknown
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» Dihydroorotate dehydrogenase
» Fatty acid thioesterase
» Serine-threonine protein phosphatase

» Solanesyl diphosphate synthase

» Homogentisate solanesyl transferase
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Biosynthetic pathway of pyrimidine nucleotides in plants



Acetate > Acetate 1 5 Pyruvate Plastid
ACEI\ /I/pPDHC
Acetyl-CoA 18:2-MGDG <New FAT inhibitors>
< Bl T e Delta-15 8 g Cumyluron
. Malonyl-CoA desaturase - Oxaziclomefone
‘[ 4 KAS 18:3-MGDG Bromobutide
3- oxoacyl -ACP Methyldymron
+ Tebutam
l AL 2l Johnen et al.,
16:0-ACP ——»18:0-ACP ——— 18:1-ACP PMS 78:3620-3629 (2022)
FAT
k\ 16:0 18:0 18:1 /j
ytoplasm 2 :
16:0-COA, 18:0-CoA, 18:1-CoA Malonyl-CoA very.lang-chaiy) Wax, Cutin,
fatty acids Suberin
St B
(Abbreviations) (Inhibitors )

FAT, fatty acid thioesterase; ACS, acetyl-CoA synthetase;

pPDHC, plastidic pyruvatedehydrogenase complex;

ACCase, acetyl-CoA carboxylase; FAS, fatty acid synthase;

KAS, ketoacyl-ACP synthase; KAR, ketoacyl-ACP reductase;

EAR, enoyl-ACP reductase; MGDG, monogalactosyldiacylglycerol;
ACP, acyl carrier protein

Perfluidone:

1: ethyl-adenylate, 2: acetylmethyl-phosphinate,
3: sethoxydim, diclopop, fenoxaprop, ets
4: cerulenin (KAS 1), thiolactomycin (KAS I and
KAS Il1), 5: diflufenican, 6: cinmethylin, methiozolin
7: carbamothioates,
8: substitited pyridazinones

Inhibition of 3-ketoacyl-CoA synthase in VLCFAs
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Figure 3. Overview of chemical structure of compound selection. Chemical structures of (A) cinmethylin, (B) methiozolin, (C) oxaziclomefone,
(D) cumyluron, (E) methyldymron, (F) tebutam, (G) bromobutide, (H) dymron, (I) clomazone, (J) bixlozone, (K) dimepiperate and (L) orbencarb are shown.

Johnen et al, 12022. nhibition of acyl-ACP thioesterase as site of action of commercial herbicides cumyluron, oxaziclomefone, bromobutide, methyldymron and
tebutam. PMS 78:3620-3629.
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Endothall Cantharidin Cantharidic acid

The addition and removal of phosphate groups regulates many cellular pathways
involved in cell proliferation, cell differentiation, programmed cell death (apoptosis)
and embryonic development.

There are more than 20 serine/threonine PPs in A. thaliana

Bajsa et al. 2012. Pest. Biochem. Physiol. 102:38-44



Glyceraldehyde-3-phosphate Pyruvate

1-Deoxy-D-xylulose-5-phosphate

Dimethylallyl diphosphate «<—> Isopentenyl diphosphate

ﬁl! Tyrosine
Geranylgeranyl diphosphate l

/ Aclonif¢>‘ 4-Hydroxyphenylpyruvate GGDP,

Phytoene m\ l A-HPPD PDPI,
PDS l IV Solanesyl diphosphate Homogentisate (HGA)
\

-~
Phytofluene \‘ ST Cyclopyrimorate
\

PDS l ——— \\ 2- Methyl-s-solanesyl 1,4-benzoquinol
RN \
{-Carotene \
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Plastoquinone (

SDS: Solanyl diphosphate synthase, HST: Homogentisate solanesyl transferase




HRAC Mode of Action Classification 2022

Revised anuary 2022

Light Activation of ROS®

Inhibition of Photosynthesis at PS Il

D1 Serine 264 binders (and
other non-histidine 215 binders)
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215 binders
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Phosphinic acids
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Desaturase
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Acetolactate Synthase

Triazolopyrimidine —type 1

Inhibition of Cellulose

Cellular Metabolism

Sulfonylurea

Triazolopyrimidine — type 2

15 Inhibition of Very Long-Chain Inhibition of Fatty Acid
Fatty Acid Synthesis Thioesterase

a-Thioacetamides

a-Oxyacetamides

Thiocarbamates /. s Oxiranes
Isoxazolines
Azolyt
Inhibition of Serine Threonine Inhibition of Enolpyruvyl
Protein Phosphatase Shikimate Phosphate Synthase
Inhibition of Dihydroorotate Inhibition of
Dehydrogenase Dihydropteroate Synthase
Ry

HERBICIDE
RESISTANCE
ACTION
COMMITTEE

Cell Division and Growth

Inhibition of
Microtubule Assembly

Dinitrophenols

Pyridine-carboxylates

Inhibition of Microtubule
Organization

Phenoxy-carboxylates

Unknown Mode
of Action

Inhibition of ACCase

Inhisiton of ALS

Inhibiton of microtubule:

assembly

Auin mimics.

Inhibiion of photosymhesis
S Il - Serine 264

Inkikiton of photosyriesia

P51l - Histidine 2

Inhibiion of EFSP synthase

Inhibiton of gltamine

synthetase

Inhibiion of FDS

Inkikition of DOXP synthase

Inhbiion of PPO

Inhisition of VLCFAs

DHP inhibition

[}

T

F3
z

Auxin Transport
Inhibitors

Auxin transport infibitors
PS | lectron diversion

Inhibiton of microtubule organization
Uncouplers

Inhibison of HPPD

Inhibiton of dhydroorotate
dehydrogenase

Inhibison of celllose synthesis
Inhibiton of fatty acid thioesterase:
Inhibiton of serine threonine:

protein phosphatase.

Inhibion of solanesyl

dishosphate synthase:

Inhibiton of homogentisate
solanesyiransierase

Infibition of ycopene cydiase
Unknown mode of acton

A free copy of this poster can be downloaded at Www.hracglobal.com
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Embryophyte (eukaryote) Arabidopsis thaliana i-es »Lsﬁ §\ 8)
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TRENDS in Plant Science

o Diuron, Atrazine, Propanil, Bromoxynil, Bentazon, etc

9 Paraquat, Diquat

v" Oxygen radical = pigment destruction & membrane peroxidation

v Reduction of chemical energy production




Herbicide action sites on PET and pigment biosynthesis

Glutamate Pyruvate + GA-3-P PEP+Erythrose 4-P
ALA X; Shikimic acid
Protogen 4-hydroxyphenyl pyruvate

* FPP St i
Proto l

GG;,PP Norflurazon
Mg-Proto Homogentisic acid
Pchlide PhytoTiue
Phytol l 2e-
Chlide Carotenes Plastoquinone Tocopherol
Chiorophyills gt s
HT
ADP + Pi ATP
peripheral ‘
i CF1
CFo
:H‘;

Crystal structure of a monomeric subunit of LHC II. Chl a in blue, Chl b in =
green, and carotenoids in purple color. PSll-LHCH Cyt b/f PSI-LHCI ATP synthase



Complete or partial white corn induced by fluridone, phytoene desaturase inhibitor.
A: Untreated, B: Cultivation in greenhouse after soaking treatment of corn seed in fluridone solution,
C: Cutivation in greenhouse after soil-drenching(or foliar treatment) of fluridone solution at seedling stage of corn.



Commercial herbicides: 6 action sites

ARACHIISEIA XAt Action sites Chemical family Herbicides
group group
12 F1 Inhibition of phytoene desaturase (PDS) Diphenyl heterocycles |Fluridone, Flurtamone
N-Phenyl heterocycles |Flurochloridone, Norflurazon
Phenyl ethers Beflubutamid, Diflufenican, Picolinafen
13 F4 laall AT CIFCHE GRS SO H A Isoxazolidinone Bixlozone, Clomazone
synthase (DXS)
Isoxazoles Isoxaflutole
o o % | Pyrazoles Pyrasulfotole, Tolpyralate, Topramezone
nhibition of hydroxyphenyl pyruvate :
27 F2 dioxygenase (HPPD) Pyrazoles (procide) Bfenzofenap, Pyrazolyr.1ate,_Pyrazoxyfen.
Triketones Bicyclopyrone, Fenquinotrione, Mesotrione,
Sulcotrione, Tefuryltrione, Tembotrione
Triketones (procide) Benzobicyclon
32 S Inhibition of solanesyl diphosphate synthase Diphenyl ether Aclonifen
(SDS)
Inhibition of homogentisate L :
33 T solanesyliransferase (HST) Phenoxypyridazine Cyclopyrimorate
34 F3 Inhibition of lycopene cyclase Triazole Amitrole




MVA pathway In cytoplasm MEP pathway | In plastid

Acetyl-CoA Pyruvate + GA-3P
Dxs + Clomazone, Bixlozone
HM(BU_COA DXP ............................ > Vitamin B1,
HMG-CoA reductase Dxr —1— Fosmidomycin Vitamin B6
Mevalonic acid MEP — CDP-ME — CDP-MEP—
—  HMB-PP «~— MEcPP !
DMAPP “—"II"-"P (C5) IPP «<— DMAPP (C5)
GPP (C10) GPP (C10)
FPP (C15) FPP (C15) -eeeeee » ABA
: Gépp (C20) =were » GAs
H
Sterols, Brassinosteroids Carotenoids, Pla‘étoqumone, Tocopherols

Isoprenoid biosynthesis pathway in plants and the action sites of several inhibitors.
CDP-ME: 4-diphosphocytidyl-2-C-methylerythritol, CDP-MEP: 4-diphosphocytidyl-2-C-methyl-D-erythritol 2-phosphate,
DMAPP: dimethylallyl pyrophosphate, DXP: 1-deoxy-D-xylulose 5-phosphate, Dxr: DXP reductoisomerase, Dxs; DXP
synthase, FPP: farnesyl pyrophosphate, GA-3P: glyceraldehyde 3-phosphate, GPP: geranyl pyrophosphate, GGPP:
geranylgeranyl pyrophosphate, HVIB-PP: (E)-4-hydroxy-3-methyl-but-2-enyl pyrophosphate, IPP: isopentenyl pyrophosphate,
MECcPP: 2-C-methyl-D-erythritol 2,4-cyclodiphosphate, MEP: 2-C-methylerythritol 4-phosphate, MVVA: Mevalonate,



IPP+DMAPP - GPP - FPP > GGPP{(CZO)
_________________________________________________________________ Phytoene (C40)

Phytoene desaturase Eﬁfrfil;giiog'tc

Phytofluene

¢-Carotene
Zeta-Carotene desaturase * L S80707, J852, RH-1965

Neurosporene

------------------------------------------------------------ Lycopene

Lycopene :
cyclase letrole, CPTA, MTPA

o-Carotene y-Carotene

l 1

o-Carotene pB-Carotene

l 1

Lutein Zeaxanthin

Neoxanthin

Carotenoid biosynthesis pathway and its inhibitors



Phosphoenolpyruvate + Erythrose 4-phosphate

Shikinﬁic acid
Tyrofsine o \\‘
4-Hydroxyphenyl pyruvate  IPP GGDP
. |
Isoxaflutole, Sulcotrione, + HPPD i
Topramezone, etc . : .
Homogentisic acid SDS Aclonifen
Phytyl 9 | 9 Solanesyl I
diphosphate T I diphosphate |
1
HPT HST Cyclopyrimoratel
Phytol MPBQ MSBQ Phytoene
Function as cofactor
Chlorophyli l Plastoquinone-9 — — —— = > | PDS
 I——
1 Phytofluene
a-Tocopherol Plastochromanol-8
B-Tocopherol Carotenes

Xanthophylls

Plastoquinones and tocopherols biosynthesis pathway in plants and the action sites
of several inhibitors.

GGPP: geranylgeranyl pyrophosphate, HPPD: hydroxyphenylpyruvate dioxygenase, HPT: homogentisate phytyl diphosphate transferase,
HST:. homogentisate solanesyl diphosphate transferase, IPP: isopentenyl pyrophosphate, MPBQ: 2-methyl-6-phytyl-1,4-benzoquinol,
MSBQ: 2,3-dimethyl-6-solanesyl-1,4-benzoquinol, PDS: phytoene desaturase. SDS: Solanesyl diphosphate synthase



Most Representative Commercial HPPD-based Herbicides

Herbicides Year Chemical family Usage (Applications) Treatment |Selectivity / Others
Benzobicyclon |2001 Triketones (procide) Rice Pre/Post Metabolism

Benzofenap 1987 Pyrazoles (procide) Rice Pre/Post Metabolism

Bicyclopyrone 2015 Triketones Corn, Sugarcane Pre/Post

Fenquinotrione (2018 Triketones Rice, Cereal Pre/Post Metabolism

Isoxaflutole 1998, 2013 |lsoxazoles (procide) Corn, Sugarcane, Soybean |[Pre Rate of diketonitrile degradation
Mesotrione 2001 Triketones Corn Pre/Post

Pyrasulfotole 2008 Isoxazoles Cereal grains Post

Pyrazolynate 1980 Pyrazoles (procide) Rice Pre/Post

Pyrazoxyfen 1985 Pyrazoles (procide) Rice Pre/Post

Sulcotrione 1991 Triketones tcr:grr; Soybean, Wheat and o Post

Tefuryltrione 2010 Triketones Rice Post g;;e;}uzlﬁ?fg?ﬁas S((teé%atpaoriﬁygf the
Tembotrione 2007 Triketones Corn Post

Tolpyralate 2019 Pyrazoles Corn Post Metabolism

Topramezone 2006 Pyrazoles Corn, Soybean Post Carry-over issues




Mumber of Registered Actives by Herbicide Group (Top 15)
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Herbicide-Resistant Weeds by Site of Action

This table lists the number of species resistant to each site of action. Please note that many species have evolved resistance to more than one site of action,

so the grand total represents unigue cases of resistance, not the number of species.

(click on a column header to sort, hover mouse over links for more information or click on a links for details)

HRAC | €929 | _ . . .

Group grﬁ'if; Site of Action Example Herbicide Dicots | Monocots | Total
2 B Inhibition of Acetolactate Synthase Chlorsulfuron 105 &5 170
5 cic2 PSll inhibitors - Serine 264 Binders Chloroteluron 53 34 87
9 G Inhibition of Enclpyruvyl Shikimate Phosphate Synthase Glyphosate 27 29 11
1 A [nhibition of Acetyl CoA Carboxylase sethoxydim 0 50 50
4 a Auxin Mimics 24-D 33 a 41

22 D P55 | Electron Diversion Paraguat 22 10 32
14 E Inhibition of Protoporphyrinogen Oxidase Oxyfluorfen 10 - 14
15 K3 N Very Long-Chain Fatty Acid Synthesis inhibitors Butachlor 2 11 13
3 K1 Inhibition of Microtubule Assembly 2 Trifluralin 2 10 12
34 F2 Inhibition of Lycopene Cyclase Amitrole 1 5 6
10 H Inhibition of Glutamine Synthetase Glufosinate-ammonium 1 5 (1
12 Fi Phytoene Desaturaze inhibitors Diflufenican 4 1 5
[ 3 PSll inhibitors - Histidine 215 Binders Bromo:xynil 3 1 4
29 L Inhibition of Cellulose Synthesis Dichlobenil 0 - 4
27 F2 Inhibition of Hydroxyphenyl Pyruvate Diowygenass |soxaflutole k] ] 3
13 Fd [nhibition of Microtubule Assembly Clomazone 0 3 3
0 z Antimicrotubule mitotic disrupter Flamprop-methyl 0 k] 3
23 (] Inhibition of Microtubule Organization Propham 0 1 1
z Mucleic acid inhibitors MSMA 1 ] 1

i Unknown Endothall 0 1 1

il Cell elongation inhibitors Difenzoguat 0 1 1

267 246 513




R

Sulcotrione

Crystal structure of Arabodopsis thaliana HPPD (AtHPPD) complexed
with sulcotrione (yellow). The facial triad (green) binds to Fe(ll).

Crystal structure of AtHPPD complexed with Benquitrione

Ndikuryayo et al. 2017. J. Agric. Food Chem. 65:8523—8537



HPPD X oll M2 Kl Z=Z& 2l (Sekino 20022 HE)

Target site Primary effect

Inhibition
of HGA
biosynthesis

Inhibition
of HPPD

Glutamate P PEP+Erythrose4-P

ALA Shikimic acid

lomazone

Oxyfluorfen PP
Protogen ; 4-hydroxyphenyl pyruvate
FPP

Proto
Mg-iroto
Pchlide

Chlide

cofactor of
PDS

— Depleted
tocopherols

oy
-----------------

Secondary effect (Catastrophic effect)

— Reduced expression of CP genes — 17— Reduced PS ||

— Depleted PQ activity
—* Reduced PS electron transport ———
Chl. loss,
— PDS inhibition— Decreasein  ———— Reduced CP
carotenoids development

---------------------------------
.
.

> Reduced free — Lipid
radical quenching peroxidation

'

— Disrupted PS Il —— Reduced PS Il
structure activity

— Accumulated free tyrosine ———— Disturbed amino acid metabolism

.
-
..................................................
.
.t

Bleaching (whitening), Necrosis, Wilting, Growth inhibition




Death mechanism of weed treated with sulcotrione

HPPD inhibition

In Old tissues l In Newly Developing
tissues
Decrease of PQ & Tocopherol
PET inhibition Decrease of PD activity
Oxidative stress Reduced carotenoids

Membrane peroximA Carbohydrate starvation




=== HPPD XoliAl| BfA 2t&H HFI|Y ===
» In vivo functional bioassay

. . I:I
p Isotope labeling: CO,, O, @AKL'%E HPPD ,@iﬂﬁ +CO;
» HPLC: HPPA, HPPD 077 o Coee

HFP&

» Coupling UV method (HTS). homogentisate oxidase, MAA(A380nm)
» In vivo cell visualization(VIS method): E. coli, cell brown color

» Fluorescent screening: HP-1 probe

Fu et al. 2022. In vivo fluorescent screening for HPPD-targeted herbicide discovery. Pest Manag. Sci., 7 Aug. 2022, DOI 10.1002/ps.7117



In vivo functional bioassay

<Cucumber Greening Assay>

Pchl(ide) Chlorophyll Mode of action
in darkness (A) after illumination (B)

) l Clomazone type

G " Norflurazon type

t t Sulcotrione type

Kim et al. (2000) Differential influence of albino-inducing chemicals on the photosynthetic pigments
biosynthesis in etiolated cucumber (Cucumis sativus L). Kor. J. Weed Sci. 20(2): 140-148.




Target enzyme assay (Coupling UV method )

HFFA

0

o
* O

e m +C0;
HO O

HGA,
B [HGD

e o

MAA,

- Applicable for HTS

HPPD +
Homogentisate 1,2-dioxidase (HGD),

MAA (maleylacetoacetate),
Detection at 318nm

<Two enzyme coupling UV method>

- Homogentisate oxidase

- Simple instruments - Unstable MAA even at moderate condition
- Spotaneous oxidation of HPPA
- Substrate inhibition of HPPD



Cell-based HTS system using a genetically engineered strain of bacteria

» In vivo colorimetric bioassay using P. pudita , brown pigments, Arias-Barrau et al. (2005)

1kb

3 85 B @ hssmdd 5 Hig . Pseudomonas pudita U Ahmg
[ T — - e - - o
(FIhB phia phiR orfs e hed” mgR  hm, hgB bmaC
Periphe thway Central pathway
NH; O™
BHy H——000"  oupetogintarate {0 3
“*J-i“” o' Bo L suamue  (H Ascorb e T g
S RO QK AL
e Tyrs Hpd ha,
11111111 n:-d sesinglemins b oy o
nnnnnnnnnnnnnnnn in rosine phydroxyphenylpyruvate
Cuioei 0 g }/o,
OO0 Fa:_

uuuuuu

Arias-Barrau et al. 2005. FEMS Microbiology Letters 249(2): 297-302 The presence (a) or in the absence (b) of sulcotrione

» In vivo colorimetric bioassay using E. coli , melanin-like pigment, Rocaboy-Faquet et al. (2014)

ATy
e

Tyr LB medium|
TATHPPD

.

E. coli pET16b E. coli HPPD B-Triketones concentration 1209
/’_\ - 100 -
Sulcotrione : 7 o G Tt TR o e L

80

LB medium 60

% Inhibition

40

20

04

-20 T T T T T T T T T
1E-7 1E-6 1E-5 1E-4 1E-3 001 01 1 10 100

Melanin-like pigment formation Inhibitors concentration (mM)




In vitro & In vivo fluorescent screening for HPPD-targeted
herbicide discovery Fu et al. 2022. PMS, DOI 10.1002/ps.7117

(@) (b)d 0

H

= 0 p

Design of HPPD-targeted sensors The structures of fluorescent probes

|
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|
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Mesotrione (uM)
Fluorescence response change of HP-1 with

AMHPPD (Ex=580 nm, Em=675 nm) Inhibition of AtHPPD by mesotrione.



0.8+

0.7+

SR

Fluorescence image of Brassica napus treated with HP-1 and mesotrione

- Coupling UV method EHE E 2t - NTBCECL} binding
- In vitro & In vivo assay 7t'&s(&7F2| inconsistencyE = =) affinity7} =2 2tet=Th
- Highly efficient in vivo screening platform, 2d O|L} 2t& A87ts

(Bleaching S0 7|=¢t 22 AF0| BH[oH AEAL B=) - I7t9f ZH| ALE



Integrated /n silico Structure-based Virtual Screening
=== HPPD Xo{{M| 7§ Dt B9t ===

111560

— 3D-pharmacophore

1917 model

- Molecular docking

? Molecular dynamics
— (MD) simulation

AtHPPD assay

Fu et al., 2018. Front. Chem. 6:14. doi: 10.3389/fchem.2018.00014



Plastoglobule

State transitions

Electron transfers

10, quenching

Metabolite biosynthesis

Lipid protection Gene expression

L

/

Thylakoid membrane

Photosynthesis | Photoacclimation
efficiency Phototolerance

Figure 4. Schame lllustrating tha Functions of PQ-9 in Plants Modulated by the Dynamic Partitioning of PO-8 Molecules between the Photochemicaly
Activa Pool n the Thylakold Membranes and the Photochemically Noractive Poal Stored in the Piastogiobules. Abbraviations, PC-8, plastochromanc! 8;
PQ-0, plastoquinona-9.

Havaux, M. 2020. Plastoquinone in and beyond photosynthesis. Trends in Plant Science 25(12):1252-1265



=
O
Q
5
C
25y
S & >
> Q.0
mwh
o9S
~SE
Sl o
£y R 2
s
il & R
.qmu._o._ N
B ar 0 o
(<0 K
rO DT ..
oo 77 3l
R RUA N 20
e Fr K1 < ofo

Al
al

M (white color)

HH
=L



Availability of herbicide MoA information

<2 ZHEo Fst BE HE

*ME2 HZE8IHEE 7z &

[crour JBY HERBICIDE ]

| GRouP PIz/d HERBICIDE |

(M =

Herbicide

New MoA label icon

*Molecular breeding (genetically modified crops)

“*Herbicides as probes in plant biology




