
[bookmark: _GoBack]Supplementary table S1: List of Amino acid substitutions observed in herbicide resistant weed biotypes (www.weedscience.com) or site-mutants or transgenic gene-edited plants conferring herbicide resistance.
	Domains
	Amino acid substitutions in ALS (numbering based on AtALS)
	Total number of highly resistant species
	Number of highly resistant weed biotypes
	Site-mutants or gene-editing conferring resistance to ALS inhibiting herbicides

	
	
	
	TP**
	SU**
	PTB**
	IMI**
	SCT**
	Dicots
	Monocots

	1
	A122T
	6
	1
	
	
	6
	
	tobacco1, sunflower2, sugarbeet3
	maize14, wheat16 

	
	A122V
	2
	
	1
	
	1
	
	tobacco4, sunflower5 
	

	
	A122N
	1
	1
	1
	1
	1
	
	
	

	
	A122Y*
	1
	1
	1
	
	1
	
	
	

	2
	P197A
	11
	3
	11
	1
	
	
	tomato6
	wheat18

	
	P197R
	5
	
	5
	
	
	1
	
	

	
	P197N
	1
	
	1
	
	
	
	
	

	
	P197Q
	7
	1
	7
	
	
	
	tobacco7
	

	
	P197E
	1
	1
	1
	1
	1
	
	
	

	
	P197H
	9
	3
	8
	1
	1
	
	
	

	
	P197I
	1
	1
	1
	
	
	
	
	

	
	P197L
	13
	1
	13
	1
	2
	
	Sunflower8
	

	
	P197S*†
	26
	4
	24
	2
	
	2
	potato6, tomato6, tobacco4, soybean9, 10, watermelon11, grapevine (confirmed in this study) 
	maize15, wheat18

	
	P197T
	14
	2
	13
	1
	
	1
	tomato6, potato6, grapevine (confirmed in this study)  
	

	
	P197Y
	1
	
	1
	
	
	
	
	

	3
	A205F
	1
	1
	1
	1
	1
	1
	
	

	
	A205V*
	6
	
	1
	1
	4
	
	sunflower5
	

	4
	D376E*
	13
	6
	9
	4
	3
	3
	
	

	
	R377H*
	1
	1
	1
	
	
	1
	
	





Supplementary table S1 (continued from preceding page)
	Domains
	Amino acid substitutions in ALS (numbering based on AtALS)
	Total number of highly resistant species
	Number of highly resistant weed biotypes
	Site-mutants or gene-editing conferring resistance to ALS inhibiting herbicides

	
	
	
	TP**
	SU**
	PTB**
	IMI**
	SCT**
	Dicots
	Monocots

	
5
	W574R
	1
	1
	1
	
	1
	
	
	

	
	W574G
	1
	
	1
	
	
	
	
	

	
	W574L*†
	37
	23
	35
	15
	28
	6
	potato12, oilseed rape (Brassica napus)13, grapevine (confirmed in this study) 
	maize14, rice19

	
	W574M
	1
	
	1
	
	
	
	
	

	

6
	S653N*
	6
	
	
	2
	6
	1
	tobacco1, oilseed rape (Brassica napus)14
	maize14, wheat17 & rice14 

	
	S653I
	1
	
	
	1
	1
	
	
	rice17

	
	S653T
	6
	
	
	
	6
	
	potato12 
	

	
	G654D*
	1
	
	
	
	1
	
	
	wheat

	
	G654E
	1
	
	
	
	1
	
	
	Rice14 


* VvALS1 mutations explored by the University of Florida (UF) group where only the combination of all 6 types resulted in resistant phenotypes (20).
**Herbicide family abbreviations: Triazolopyrimidines (TP), Sulfonylureas (SU), Pyrimidinylthiobenzoates (PTB), Imidazolinones (IMI), Sulfonylaminocarbonyltriazolinone (SCT)
†VvALS mutation by UF group was unable to produce resistance not only in grape but also in tobacco (20).
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Supplementary table S2: List of ALS-Inhibiting herbicides used in the United States (Source: https://herbicidesymptoms.ipm.ucanr.edu/MOA/ALS_or_AHAS_inhibitors/) and confirmed mutations providing resistance to the listed herbicides.
	Chemistry group
	Common Name (Trade name)
	Previously tested in plant tissue culture (plant species involved)
	Confirmed mutations in ALS genes providing resistance to the herbicides in the family (numbering based on VvALS)

	Imidazolinones
	Imazamethabenz-methyl
	
	A116T, P191H, P191L, P191S, W568L, S647N, S647T

	
	Imazamox
	rice, potato
	

	
	Imazapic (Panoramic 2SL)
	wheat
	

	
	Imazapyr (Polaris)*
	grape, tobacco
	

	
	Imazaquin (Image)*
	grape, tobacco
	

	
	Imazethapyr
	
	

	Pyrimidinylthiobenzoates
	Bispyribac-sodium
	rice
	P191A, P191H, P191L, P191S, P191T, W568L, S647N

	
	Pyrithiobac-sodium
	
	

	Sulfonylaminocarbonyl
triazolinone
	Flucarbazone-sodium
	
	

	
	Propoxycarbazone-sodium
	
	

	Sulfonylureas
	Bensulfuron-methyl
	
	P191A, P191H, P191L, P191R, P191S, P191T, W568L

	
	Chlorimuron-ethyl
	
	

	
	Chlorsulfuron
	Soybean, maize
	

	
	Foramsulfuron
	
	

	
	Halosulfuron-methyl
	
	

	
	Mesosulfuron-methyl
	wheat
	

	
	Metsulfuron-methyl
	
	

	
	Nicosulfuron
	wheat
	

	
	Primisulfuron-methyl
	
	

	
	Prosulfuron
	
	

	
	Rimsulfuron
	
	

	
	Sulfometuron-methyl
	
	

	
	Sulfosulfuron (Certainty)*
	grape
	

	
	Thifensulfuron-methyl
	
	

	
	Triasulfuron
	
	

	
	Tribenuron-methyl
	watermelon
	

	
	Trifloxysulfuron-sodium (Monument)
	tobacco
	

	
	Triflusulfuron-methyl
	
	

	Triazolopyridines
	Cloransulam-methyl
	
	A116T, P191A, P191H, P191L, P191S, P191T, W568L

	
	Diclosulam
	
	

	
	Florasulam
	
	

	
	Flumetsulam
	
	

	
	Penoxsulam
	
	

	
	pyroxsulam
	
	


* Herbicides tested by the UF group (Li et al., 2015)



Figure S1. Sequence alignment of the functionally characterized Arabidopsis thalaiana (AtALS) and nine grapevine ALS homologs VvALS1-9. The conserved domains harboring resistance substitutions were indicated in red rectangles. Positions of amino acids whose substitutions may endow resistance to ALS-inhibiting herbicides in VvALS1 (Ala116, Pro191, Ala199, Asp370, Arg371, Trp568, Ser647 and Gly648) are indicated by an asterisk. Genebank accession numbers and/or locus names of grapevine candidate ALS proteins and functionally characterized ortholog in Arabidopsis, AtALS were listed in Fig. 1.
Figure S2. Herbicide sensitivity response in Chardonnay embryogenic calli. The treatment was done in 3 replications and images of the plates were collected 4 weeks after transfer to the herbicide containing medium.
Figure S3. Pictures of non-transgenic (NT) and representative transgenic plants of the 3 amino acid substitution ALS mutants (P191S, P191T and W568L). The picture was taken one month planting in soil.
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[image: ]
[image: ]






Fig S2 (continued from preceding page).
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Fig S2 (continued from preceding page).
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