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Introduction




Distribution worldwide

North America

32 states

Japan

Europe
5 states
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South America
3 states




Distribution in Spain
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Target-site resistance

Acetolactate syntase (ALS) 5-enolpyruvylshikimate-3-phosphate synthase
(EPSPS)
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How resistance
evolved
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Abstract

BACKGROUND: The herbicide-resistant invasive weed species Amaranihus palmeri
threatens agricultural production and native plant ecology n Spain, as well as in other
European countries. Understanding whether resistance alleles evelve in sifu or ex situ in
resistant populations is crucial for their control. Biosssays were performed on two
Spanizh 4 paimeri populations to characterize multiple resistance to AL S-and EPSP3-
mhibiting herbicides. Additionally, molecular analysis on gxfraZ-chromosomal circular
DNA (eccDINA) was performed to determine whether glyphosste resistance evolved in
situ by selective pressure or was mtroduced by seed.

RESULTS: Both populations exhibit multiple resistance mechanizms to ALS and EPSPS-
mhibiting herbicides, conferring cross-resistance. Eight different AL allele mutations
were 1dentified In resistant plants, including Pro-197-Ile, previously reported only in one
species. Glyphosate resistance in the two populations is due to gene duplication mediated
by eceDNA. Spanizh and North American gpc As showed complete identity, with no
single nuclectide polymorphisms (SNPz) found between the partial analyzed sequences

of non-coding regions.



Evolution of ALS
resistance

Manicardi et al., 2023 PMS



Glyphosate
resistance evolution




EPSPS over expression

Gaines et al. 2010 PNAS Wiersma et al., 2015 Planta
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Resistant mechanism
EPSPS inhibitor

EPSPS partial amplification EPSPS gene over expression

ApEPSPS

ApMB_1 ----
ApMB_2 ----
ApTA_2 ----

ApTA_3 ----



Multiple resistance




Glyfosate resistance
evolution

Manicardi et al., 2024 under review




EPSPS sequencig




Multiple resistance

MontBlanc (MB) Tarragona (TA)
MB_Al TA Al v
MB_A2 4 TA_A3 v v
MB_A3 v TA A4 4
MB_A4 v v TA_A5
> MB_A5 v > TA_A6 v
O MB_B1 v O TA B1 v
MB_B2 v v TA B2 v
MB_B3 v TA B3 v
MB_B4 v v TA_B4 v
MB_B5 v TA B5 v

Total 2/10 5/10 4/20 1/10 Total 310 110 210 110 310




Whole genome
sequencing




1.

Population structure

2.

Objectives

Adaptation and genetic variation

3.

Gene Flow (H.R.)



Plant material

Province of Lleida, Catalunya, Spain e

Bl

BE
ME

40 Km

LL

e Collection site: corn field (BE), roadside (LL and Bl) and mais field edge (ME);
 Herbicide resistance: BE, Bl and LL cross resistance to Thifensulfuron methyl and imazamox, ME resistant to

Thifensulfuron methyl (Torra et al., 2020, Agronomy; Manicardi et al. 2023, PMS)



Plant material

BE Bl LL ME

20X 20X 20X 20X

|

Sow 10-20 sedes/mother plant

DNA extraction from 25 plant/population

|

Whole Genome Sequencing, library preparation



Work steps

1. Download Raw data 2. Select HQ data (trimming)

v/
X X

4. Variants call 5. Genomic datastore

6.

3.

Alignment

Static analysis



Variants calling (SNPs)

* * % * COMMOM

Referencesequence A AACTGCTA... 452
20269
61757
51666
Plant A AAATTGCTA... 0957
53679
39585
63516

Plant B AAACTGCTC.... 55438

52135

L3621
15151
Plant C AAACTGCTG... 31633
L3299
39141
Luisy

PlantD GACCTGCTA... Eég?ﬁ

855383
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Populations structure

Menargues

@® Binefar @® Benavent

Y Lleida



Genetic variation




Take-home message




Take-home message

/ ALS mutations evolution \ / eccDNA evolution \ / Population structure \

« Evolved in the country of origin « Unique evolutionary origin of | |* Genetic differences within populations
* |Is spread by pollen and seeds glyphosate resistance is grater than between populations
 No sign of independent evolutionary | |« Gene flow contribute equal or grater | [+ Suspected  multiple  origin  of

event in situ than independent evolutionary event introduction
« 9% of difference between Spanish

K / K / Qd American genome /
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