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Introduction



Distribution worldwide

North America
32 states

Japan

Europe
5 states

Mexico

South America
3 states

South Africa

Origin



Distribution in Spain
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Target-site resistance

Acetolactate syntase (ALS) 5-enolpyruvylshikimate-3-phosphate synthase 
(EPSPS)

Sensitive Resistant



How resistance 
evolved



Evolution of ALS 
resistance

Manicardi et al., 2023 PMS
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Glyphosate 
resistance evolution



EPSPS over expression

Gaines et al. 2010 PNAS Wiersma et al., 2015 Planta



Resistant mechanism
EPSPS inhibitor

ApEPSPS

ApMB_1 ----

ApMB_2 ----

ApTA_2 ----

ApTA_3 ----

EPSPS partial amplification EPSPS gene over expression 



Multiple resistance



Glyfosate resistance 
evolution

Manicardi et al., 2024 under review



EPSPS sequencig



MontBlanc (MB) 
Herbicide 
treatment Sample ID Pro-197-

Ser 
Pro-197-

Thr 
Asp-376-

Glu 
Trp-574-

Leu 

G
LY

 

MB_A1         
MB_A2        
MB_A3        
MB_A4       
MB_A5        
MB_B1        
MB_B2       
MB_B3        
MB_B4       
MB_B5        

Total 2/10 5/10 4/20 1/10 
 

 

Tarragona (TA) 
Herbicide 
treatment Sample ID Pro-197-

Ser 
Pro-197-

Thr 
Pro-197-

Ile 
Pro-197-

Ala 
Trp-574-

Leu 

G
LY

 

TA_A1          
TA_A3         
TA_A4          
TA_A5           
TA_A6          
TA_B1          
TA_B2          
TA_B3          
TA_B4          
TA_B5          

Total 3/10 1/10 2/10 1/10 3/10 

Multiple resistance
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Whole genome 
sequencing



Objectives

1. Population structure 2. Adaptation and genetic variation 3. Gene Flow (H.R.)



Plant material

BI

ME
BE

LL

40 Km

Province of Lleida, Catalunya, Spain

• Collection site: corn field (BE), roadside (LL and BI)  and mais field edge (ME);

• Herbicide resistance: BE, BI 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

Sow 10-20 sedes/mother plant

DNA extraction from 25 plant/population

Whole Genome Sequencing, library preparation

BI LL ME

20X 20X 20X 20X



Work steps

1. Download Raw data 2. Select HQ data (trimming) 3. Alignment 

4. Variants call 5. Genomic datastore 6. Static analysis



A  A  A  C  T  G  C  T  A…. 

A  A  A  T  T  G  C  T  A…. 

A  A  A  C T  G  C  T  C…. 

A  A  A  C  T  G  C  T  G…. 

G  A  C  C  T  G  C  T  A…. 

Reference sequence
* *

Plant A

Plant B

Plant C

Plant D

Variants calling (SNPs)

**



BI

BE

LL

ME

MEBEBILL



Populations structure

BenaventBínefarLleida Menargues



Genetic variation
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Take-home message



Take-home message

ALS mutations evolution eccDNA evolution Population structure

• Evolved in the country of origin

• Is spread by pollen and seeds 

• No sign of independent evolutionary 

event in situ

• Unique evolutionary origin of 

glyphosate resistance

• Gene flow contribute equal or grater 

than independent evolutionary event

• Genetic differences within populations 

is grater than between populations

• Suspected multiple origin of 

introduction

• 9% of difference between Spanish 

and American genome






	Número de diapositiva 1
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30

