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Summary

Biotrigo Genética.

Wheat in Brazil
- Southern Brazil is a hotspot for FHB

Breeding techniques to increase FHB resistance
Limits of DON in Brazil: effects of the new legislation

Efforts in the use of marker assisted selection (MAS)

- Combine the “native” resistance with “exotic” QTLs

Future research




1. Who is Biotrigo?

Family own private wheat breeding company
Partners: Ottoni Rosa Filho and André Rosa
We proudly work with 65 employees

10 year old company - with 29 year of total germplasm
development

We breed:
Mainly hard red spring and some facultative (80%)
Soft red spring
Wheat for silage
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1. Biotrigo — Headquarter, main building, Passo Fundo, RS




Biotrigo — Headquarter overview

Producao de

Sementes




1. Biotrigo - Player

South America
Brazil (80% MS)
Argentina (20%)
Uruguay (20%)
- Paraguay (45%)
@olivia (5%)




1. Biotrigo - 3 breeding sites and more than 50 testing




1. Biotrigo - 3 breeding sites and more than 50 testing




2. Wheat in Brazil
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2. Wheat in Brazil

IREBIGAM Colder and wet FHB
IREGIGA"2Y Moderately warm and wet FHB + Blast
Region 3| Moderately warm and dry Blast

Région'4’ Warm and dry Blast




Brazil: hotspot for wheat diseases

Leaf disease

Tan spot Spike disease

Powdery mildew
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Fusarium head blight (FHB)

Mainly caused by Fusarium graminearum (DON/15-
'/ ADON genotype)

It is causing economic losses, rising costs and risks

Newer DON-legislation (0.75 ppm flour)




Southern Brazil

+* Passo Fundo — Rio Grande do Sul

- 2012 = t ther = INTERMEDIATE LOW
wet weather Level of FHB

- 2013 = cold and dry weather = LOW Infection

- 2014 = warm and wet = HIGH

- 2015 = warm and wet = VERY HIGH (El Nifio)
- 2016 = cold and dry = VERY LOW

- 2017 =warm and dry = LOW

- 2018 = cold and wet = VERY HIGH
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State of Parana - 2015



Brazil and US

+** TBIO Iguacu = LCS Iguacu
- Intermediate resistance in Brazil
- Moderate resistance in US (North Dakota)
- “Native” resistance based in Frontana (Mostly Type I)

Entry FHB (ND and MN)
LCS lguacu (Fhb1-) 4 N Same level of
Faller (Fhb1+) 4 - :
Glenn 3 resistance ?

SY Soren (Fhb1+) 5

https://www.maes.umn.edu/sites/maes.umn.edu/files/2015 spring wheat final.pdf



https://www.maes.umn.edu/sites/maes.umn.edu/files/2015_spring_wheat_final.pdf

Limits of DON in Brazil - 2019

Regulamentation of limit level of Deoxynivalenol (DON) for human consumption.

Brazil
Type of product Canada USA 2011 2012-2018 2019
Ppm
Finished wheat products 2.0 1.0 - 1.75-1.0 0.75

Conclusion: it is necessary to improve
the level of resistance!
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																								Gene/QTL		Chromosome		Reference

																								Fhb1		3B		Liu et al., 2008

																								Fhb2		6B		Cuthbert et al., 2007

																								Fhb4		4B		Xue et al., 2010

																								Fhb5		5A		Xue et al., 2011

																								QTL'7Ac		7A		Jayatilake et al., 2011

																								Qtl'2DLc		2D		Jiang et al., 2007

																								Qtl'6D		6D		....





Plan2

																				Gene/QTL		Chromosome		Reference

																				Qtl'3A		3A		Steiner et al., 2004

																				Qtl'5A		5A		Steiner et al., 2004

																				Qtl'1B				Ágnes et al., 2014
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Plan3

																								Analysis based on 127 observations

																								7 Regressors:

																								fhb1; fhb5; fhb2; fhb4; Qtl'7Ac; Qtl'2DLc; Qtl'3A

																								Proportion of variance explained by model: 45,1%

																								Metrics are normalized to sum to 100% (rela=true).

																								Relative importance metrics:

																								fhb1 		0.4496				44.90%

																						FHB		fhb5		0.0333

																								fhb2		0.0318

																								fhb4		0.3216				32.10%

																								Qtl'7Ac		0.0640

																								Qtl'2DLc		0.0745

																								Q'3A		0.0249





Plan4

																										Analysis based on 127 observations

																										7 Regressors:

																										fhb1; fhb5; fhb2; fhb4; Qtl'7Ac; Qtl'2DLc; Qtl'3A

																										Proportion of variance explained by model: 50,7%

																										Metrics are normalized to sum to 100% (rela=true).

																										Relative importance metrics:

																										fhb1 		0.1798				17.90%

																								DON		fhb5		0.0422

																										fhb2		0.0943

																										fhb4		0.1222

																										Qtl'7Ac		0.2910				29.10%

																										Qtl'2DLc		0.1123

																										Q'3A		0.1578				15.70%





Plan5

																										Analysis based on 249 observations

																										5 Regressors:

																										fhb1; fhb5; Qtl'5A; fhb4; Qtl'7Ac

																										Proportion of variance explained by model: 10,7%

																										Metrics are normalized to sum to 100% (rela=true).

																										Relative importance metrics:

																										fhb1 		0.0780

																								DON		fhb5		0.6521				65.2%

																										Qtl'5A		0.0477

																										fhb4		0.1983				19.8%

																										Qtl'7Ac		0.0237









Plan6

																								Cultivares		DON		Field Score

																										(1-9)		(1-9)

																								TBIO Sinuelo		3		4

																								TBIO Sossego		3		4

																								TBIO Iguaçu		4		4

																								TBIO Alvorada		4		4

																								TBIO Sintonia 		4		4

																								TBIO Toruk		5		5

																								TBIO Tibagi		7		6

																								TBIO Mestre		7		5

																								TBIO Bandeirante		8		7

																								Taurum		9		9

																								* 1 - R and 9 - S





Plan7

																														Regulamentation of limit level of Deoxynivalenol (DON) for human consumption.

																																				Brazil

																														Type of product		Canada		USA		2011		2012-2018		2019

																																ppm

																														Finished wheat products		2.0		1.0		-		1.75-1.0		0.75



										Type of product		Canada		USA

												----- ppm -----

										Finished wheat products		2		1

										Diets for cattle & poultry		5		10

										Diets for swine, young calves, & lactating dairy animals		1		5
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Gene_QTLChromosome Reference


QTL’3A 3A Steiner et al., 2004 


QTL’5A 5A Steiner et al., 2004 


QTL’6B 6B Ágnes et al., 2014
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Analysis based on 27 observations
7 Regressors:
fhbl fhb5 fhb2 fhb4 fhb7 wuhan fron_3A

Metrics are normalized to sum to 100% (rela=TRUE).
Relative importance metrics:

fhbl 0.44967296

fhbs 0.03331172

fhb2 0.03187437

fhb4 0.32167921

fhb7 0.06403704

wuhan  0.07452337

fron_3A 0.02490132
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Analysis based on 27 observations
7 Regressors:
fhbl fhb5 fhb2 fhb4 fhb7 wuhan fron_3A

Metrics are normalized to sum to 100% (rela=TRUE).
Relative importance metrics:

fhbl 0.17989283

fhbs 0.04221726

fhb2 0.09435113

fhb4 0.12225813

fhb7 0.29104136

wuhan  0.11236358

fron_3A 0.15787571
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Console
Response variable: DON

Total response variance: 1.425704
Analysis based on 249 observations

5 Regressors:
Fhb1_38 FhbS_QTL_5A Front_QTL_5A Fhb4_QTL_48 Fhb7_QTL_7A
Proportion of variance explained by model
Metrics are normalized to sum to 100% (rel

Relative importance metrics:
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DON Field Infect.


CULTIVARES (1-9) (1-9)


TBIO SINUELO 3 4


TBIO SOSSEGO 3 4


TBIO IGUAÇU 4 4


TBIO SINTONIA 4 4


TBIO TORUK 5 5


TBIO TIBAGI 7 6


TBIO MESTRE 7 5


TBIO BANDEIRANTE 8 7


Taurum 9 9


* 1 - R and 9 - S
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Table 1. Limit level of Deoxynivalenol (DON) established by the ANVISA-2011 for human consumption, 


according the Resolution n.7 of February 2011.


2011 2012-16 2017


Mycotoxin Products (ppm) (ppm) (ppm)


Grains - 3 -


Whole wheat and bran - 2 1


Derivatives wheat products, such as flour,


pasta, crackers, biscuits and french bread


(-) not determined


- 1,75 0,75


Deoxynivalenol





Field score and DON in “native” sources

Field Score DON l

(1-9) (1-9)

Cultivares

TBIO Sinuelo
TBIO Sossego
TBIO Iguacu
‘ TBIO Alvorada
TBIO Sintonia
TBIO Toruk
TBIO Tibagi
TBIO Mestre
TBIO Bandeirante
Taurum (Baviacora 's')

I*l-Rand9-S

- How should we select/breed to reach level 1 or 2 ?
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Plan3

																								Analysis based on 127 observations

																								7 Regressors:

																								fhb1; fhb5; fhb2; fhb4; Qtl'7Ac; Qtl'2DLc; Qtl'3A

																								Proportion of variance explained by model: 45,1%

																								Metrics are normalized to sum to 100% (rela=true).

																								Relative importance metrics:

																								fhb1 		0.4496				44.90%

																						FHB		fhb5		0.0333

																								fhb2		0.0318

																								fhb4		0.3216				32.10%

																								Qtl'7Ac		0.0640

																								Qtl'2DLc		0.0745

																								Q'3A		0.0249





Plan4

																										Analysis based on 127 observations

																										7 Regressors:

																										fhb1; fhb5; fhb2; fhb4; Qtl'7Ac; Qtl'2DLc; Qtl'3A

																										Proportion of variance explained by model: 50,7%

																										Metrics are normalized to sum to 100% (rela=true).

																										Relative importance metrics:

																										fhb1 		0.1798				17.90%

																								DON		fhb5		0.0422

																										fhb2		0.0943

																										fhb4		0.1222

																										Qtl'7Ac		0.2910				29.10%

																										Qtl'2DLc		0.1123

																										Q'3A		0.1578				15.70%





Plan5

																										Analysis based on 249 observations

																										5 Regressors:

																										fhb1; fhb5; Qtl'5A; fhb4; Qtl'7Ac

																										Proportion of variance explained by model: 10,7%

																										Metrics are normalized to sum to 100% (rela=true).

																										Relative importance metrics:

																										fhb1 		0.0780

																								DON		fhb5		0.6521				65.2%

																										Qtl'5A		0.0477

																										fhb4		0.1983				19.8%

																										Qtl'7Ac		0.0237
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																								TBIO Mestre		5		7
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																								Taurum (Baviacora 's')		9		9

																								* 1 - R and 9 - S





Plan7

																														Regulamentation of limit level of Deoxynivalenol (DON) for human consumption.

																																				Brazil

																														Type of product		Canada		USA		2011		2012-2016		2017

																																ppm

																														Finished wheat products		2		1		-		1.75		0.75



										Type of product		Canada		USA

												----- ppm -----

										Finished wheat products		2		1

										Diets for cattle & poultry		5		10

										Diets for swine, young calves, & lactating dairy animals		1		5





Plan8

				Field Results - 2015 _ US				St. Paul, MN				Crookston, MN

				Genotypes		Genes		DON		Disease		DON		Disease

								ppm		Index		ppm		Index

				BIO-10200 		(-Fhb1+Fhb...)		2.4		32.1		5.5		92.5

				BIO-10550 		(-Fhb1+Fhb...)		2.0		22.4		17.6		97.5

				BIO-10588 		(-Fhb1+Fhb...)		1.5		12.2		6.3		77.5

				7 Lines with Fhb1		(+Fhb1+Fhb...)		3.2		20.2		13.1		95.4

				Marquis				3.2		38.0		18.5		100.0

				Chris				5.1		40.7		30.0		87.5
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Table 1. Limit level of Deoxynivalenol (DON) established by the ANVISA-2011 for human consumption, 


according the Resolution n.7 of February 2011.


2011 2012-16 2017


Mycotoxin Products (ppm) (ppm) (ppm)


Grains - 3 -


Whole wheat and bran - 2 1


Derivatives wheat products, such as flour,


pasta, crackers, biscuits and french bread


(-) not determined


- 1,75 0,75


Deoxynivalenol





Breeding techniques over the years

¢ Conventional breeding techniques

Without the use of molecular markers for FHB;

Sources: Frontana, Sumai#3, NyuBai, Nabeokabozu, Sha/Catbird,
Faller, Carberry, etc ..

Field notes + Visual scoring of FDK

Phenotyping year after year

- Substantial, but NOT sufficient level of resistance;



MAS for FHB resistance

<» Objective: Combine the resistance

- Maintain the “native” resistance:

S o Frontana (+ 17 QTL’s, Agnes et al., 2014)

- Introduction of the major Fhb genes/QTL’s present in “exotic” sources

..... Sumai#3 and others (Fhb1, ......., Fhb5 and many Qtl’s)



Germplasm development based in Sumai#3

** Phase 1 — started in 2011

TBIO Alvorada — 100% Brazilian lines on the pedigree

Cross 1: Alvorada/Sumai#3//Alvorada

MAS in BC1 and F2 — Only Fhb1 (AA and Aa)

Phenotyping in the field



DON - ppm

verage 3 loc. 2014

Genotype

Sumai#3

Cross: ALV/Sumai#3//ALV
(selected lines)

Fhbl + Fhb5 + QTL'7A +
Fhbl + QTL'7A + QT
Fhbl + Fhb5

= QTL'5A
Toruk = QTL'S5A
Mestre = QTL'5A




DON vs FHB field infection

l . DON Field Score l
Cultivares

(1-9) (1-9)

TBIO Sinuelo

TBIO Sossego

TBIO lguacgu

TBIO Alvorada

TBIO Sintonia
mmmmmm) TBIO Toruk

TBIO Tibagi

TBIO Mestre

TBIO Bandeirante

Taurum

I*l-Rand9-S
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Plan3

																								Analysis based on 127 observations

																								7 Regressors:

																								fhb1; fhb5; fhb2; fhb4; Qtl'7Ac; Qtl'2DLc; Qtl'3A

																								Proportion of variance explained by model: 45,1%

																								Metrics are normalized to sum to 100% (rela=true).

																								Relative importance metrics:
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																										Analysis based on 127 observations

																										7 Regressors:

																										fhb1; fhb5; fhb2; fhb4; Qtl'7Ac; Qtl'2DLc; Qtl'3A

																										Proportion of variance explained by model: 50,7%

																										Metrics are normalized to sum to 100% (rela=true).

																										Relative importance metrics:
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																										Analysis based on 249 observations

																										5 Regressors:

																										fhb1; fhb5; Qtl'5A; fhb4; Qtl'7Ac

																										Proportion of variance explained by model: 10,7%

																										Metrics are normalized to sum to 100% (rela=true).

																										Relative importance metrics:
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																										Qtl'5A		0.0477
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Gene_QTL Chromosome Reference


Fhb1 3B Liu et al., 2008


Fhb2 6B Cuthbert et al., 2007


Fhb4 4B Xue et al., 2011


Fhb5 5A Li et al., 2011


Fhb7 7A Somers et al., 2014


Wuhan_QTL’2DLc2D Jiang et al., 2007 


QTL'6D 6D Chu et al., 2011 
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Gene_QTLChromosome Reference


QTL’3A 3A Steiner et al., 2004 


QTL’5A 5A Steiner et al., 2004 


QTL’6B 6B Ágnes et al., 2014
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Analysis based on 27 observations
7 Regressors:
fhbl fhb5 fhb2 fhb4 fhb7 wuhan fron_3A

Metrics are normalized to sum to 100% (rela=TRUE).
Relative importance metrics:

fhbl 0.44967296

fhbs 0.03331172

fhb2 0.03187437

fhb4 0.32167921

fhb7 0.06403704

wuhan  0.07452337

fron_3A 0.02490132
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Analysis based on 27 observations
7 Regressors:
fhbl fhb5 fhb2 fhb4 fhb7 wuhan fron_3A

Metrics are normalized to sum to 100% (rela=TRUE).
Relative importance metrics:

fhbl 0.17989283

fhbs 0.04221726

fhb2 0.09435113

fhb4 0.12225813

fhb7 0.29104136

wuhan  0.11236358

fron_3A 0.15787571
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Console
Response variable: DON

Total response variance: 1.425704
Analysis based on 249 observations

5 Regressors:
Fhb1_38 FhbS_QTL_5A Front_QTL_5A Fhb4_QTL_48 Fhb7_QTL_7A
Proportion of variance explained by model
Metrics are normalized to sum to 100% (rel

Relative importance metrics:

Img
Fhb1_38 0.07802773
Fhbs_QTL_5A 0.65211302
Front_qTi_5A 0.04776907
Fhb4_QTL_48 0.19831956
Fhb7_QTL_7A 0.02377062
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DON Field Infect.


CULTIVARES (1-9) (1-9)


TBIO SINUELO 3 4


TBIO SOSSEGO 3 4


TBIO IGUAÇU 4 4


TBIO SINTONIA 4 4


TBIO TORUK 5 5


TBIO TIBAGI 7 6


TBIO MESTRE 7 5


TBIO BANDEIRANTE 8 7


Taurum 9 9


* 1 - R and 9 - S





Combining “native” and “exotic”

** Phase 2 — started in 2013

Introduction of Sumai#3 genes into elite line;

TBIO Toruk: Top yielder — became #1 cultivar soon

Cross 2: Toruk*2/3/Alvorada/Sumai#3//Alvorada

MAS in BC1 and F2 — Only Fhb1 (AA and Aa)

Phenotyping in field and greenhouse (type Il)



1on

Phenotyping — Field select

BIOTRIGO
GENETIC.




Phenotyping - FHB nursery




Phenotyping — Type Il resistance




Phenotyping — Type Il resistance
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Results — After Phase #2

- Improved agronomics considerably

- Type |l improved from Toruk

- Type | kept at insuficiente levels

Conclusion - without enough type |, type Il is of little use for



Combining “native” and “exotic”

** Phase #3 — started in 2015

Objective: spreading Sumai#3 genes into the germplasm

2018 provided good condition to select in the field

More than 30 agronomically acceptable lines were observed as

promising for Fhb.

Did we manage to lower DON?

Will those make a comercial release?



While breeding does not solve all the
problems, we will indicate:

- Pick best cultivars when possible

- Use best fungicides — two or three application starting at

heading
- Pay much attention to spraying technology

- Use forcast sistem (basically -protect if rain is coming) -

SISALERT

- Use post harvest cleanears at elevators and mills




6. Future research — Phase #4,5, oo

- Evaluate our sources (phenotype and haplotype) and keep

introducing new sources

Plan what is the be

Start effort to

on (collaboration)

Increase efforts on mapping and validating QTL (collaboration)

Keep working to able to effectively release a cultivar with

improved resistance!

::::::::



Many thanks to:

FHB Forum 2018 Ron DePauw, Ph.D.

Paulo Kuhnen, Ph.D. lgor Valério, Ph.D.

Scab Initiative

Our whole Team
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