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Presentation outline:

1. Realization of wheat lines with lower amounts of −amylase/trypsin 
inhibitors (ATI)

2. Production of high amylose (high resistant starch) wheats

3. Development of lines potentially forming low-acrylamide in final 
products



1-Realization of wheat lines with lower amounts of −amylase/trypsin 
inhibitors (ATI)

Presentation outline:



Wheat Amylase Trypsin Inhibitors (ATI) 

➢ A complex family of non-gluten wheat proteins involved in pest resistance

➢ All with a conserved secondary/tertiary structure and a divergent primary structure

➢ Tetramers (CM proteins), dimers (0.19, 0.28) and monomers (0.19, 0.53) are present

➢ Nutritional activators of innate immunity

➢ Activate toll-like receptor 4 (TLR4)

➢ Promote intestinal and extra-intestinal inflammation 

➢ Resistant to intestinal proteases 

➢ Strong immunogenic potential even after baking 
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We need to know 
WHO makes WHAT

• Is there an influence of all types of food 
processing?

• Are the enzyme inhibiting properties 
related to this pathology?

• Why ATI present in non gluten-
containing cereals are different?

• Are all ATI responsible of this pathology?



Plant breeding procedures, either classical or 
advanced, may allow to answer the some of 

these questions

• Using silent versions of specific ATI genes it is possible to understand 
WHO (specific gene/s or all?) makes WHAT (is there a different degree 
in the inflamatory response caused by different ATI genes? Is there a 
relationship with enzyme inhibiting properties?)
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RNA interference Genome editing by means of CRISPR-Cas9 

We have used two different silencing procedures



ELISA TESTS BY USING SERA OF WHEAT ALLERGIC PATIENTS

Almost all patients sera show a lower amount of IgE against the soluble proteins 
extracted from the RNAi silenced lines with respect to those extracted from the 

reference untransformed genotype



Kernel protein expression is highly affected in the three RNAi silenced lines show with 
respect to the reference untransformed genotype



Durum wheat
cv Svevo (AABB)

Silencing of CM3 and CM16 -amylase/trypsin inhibitors (ATI) genes in durum wheat cv 
Svevo by using simultaneous multiplex CRISPR-Cas9 editing



Testing TLR4-stimulating bioactivity in vitro of wheat soluble 
proteins extracts using a HeLa TLR4 dual luciferase reporter cell line 

ATI can trigger TLR4 by direct interaction, and provoke innate immunity, related to NCWS



ATIs extracted from flour
Bioactivity test using  dual 
reporter TLR4 transfected Hela 
cells

7h incubation of ATIs with 
cells

Cell lysis, 
measurementLuciferase activities 

Renilla/Firefly
(Bioactivity)

Methodology
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Bread wheat RNAi silenced plants: Silencing of CM3, CM16 
and 0.28 

• Lead to undetectable amounts of 0.53, WTAI, CM2, CM1 
and CM17

• Higher amounts of CMX1/2/3

Durum genome edited lines: Knock-out of CM3 and CM16

• The amounts of CM2 did not vary significantly, whereas 
that of CMX1/2/3 slightly decreased

• High decrease of bioactivity

Thus, besides targeted ATI, the observed changes in 
bioactivities (especially in the bread wheat RNAi silenced 
materials) are due to CMX1/2/3? Or have other trypsin 
inhibiting proteins an important role?



• Genome editing is the most promising tool for evaluating the role of 
ATI in triggering NCWS, because no major pleiotropic effects have 
been observed

• New lines silenced in different members of the ATI gene family are 
needed in order to understand the role of each polypeptide in 
triggering this pathology

• If genome editing will be (hopefully) considered a non-GM procedure, 
silenced lines, produced in wheat varieties of common use, may be 
directed addressed to the production of foods suitable for NCWS 
patients



Single nucleotide mutations
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• Suitable method for inducing mutations in desired 
genes to target useful traits for breeding programs 

Targeting Inducing Local Lesion IN Genomes

• Reverse genetic approach to identifying chemically induced 
mutations in known genes

• Highly successful in isolating mutations in both common and
durum wheat for several genes



TILLING
Kronos TILLING population

Kronos 0265
0.19

Kronos 4432
CM3

K0265 x K4432
F1

K0265 x K4432
F2



K0265 x K4432 F1
• 21 F1 plants verified with HRM

K0265 x K4432 F2
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2-Production of high amylose (high resistant starch) wheats

Presentation outline:



NONCOMMUNICABLE DISEASES

• Noncommunicable diseases (NCDs) kill 41 
million people each year, equivalent to 74% of 
all deaths globally

• Diabetes and cardiovascular diseases are mostly 
affected by food



RESISTANT STARCH 
AND AMYLOSE

TILLING In Wheat

SBEIIa

Starch Biosynthesis High Amylose Wheat

Svevo

SBEIIa

GW2-A-

SBEIIa/GW2-A-Amylose
Svevo                  ≈ 27% 
SBEIIa*               ≈ 52%

RS
Svevo                  ≈ 0.8%
SBEIIa*               ≈ 6.5%



Glycemic Index of pasta

Test food (amylose %) GI Glycemic load

Svevo (25%) 48±4a 18

Svevo HA (55%) 38±3b 12

Glucose 100±0c

50 g available carbohydrate (n=10 subjects)
Conducted by SUGiRS, Univ. SYD

Test food Portion 
size (g)

Available carbohydrate 
in test portion (g)

Glucose (ref) 51.4 50.0

Svevo Pasta 67.5 50.0

Svevo HA Pasta 76.6 50.0Svevo pasta

Svevo HA Pasta

Wholemeal pasta



Reaching the same target with a biotech (RNAi) approach: silencing 
of SbeIIa gene
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3-Development of lines potentially forming low-acrylamide in final 
products

Presentation outline:



➢ Development of a low-fAsn bread wheat by TILLING coupled with KASP analysis.

Reduction of fAsn by silencing TaASN2 genes
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• TaASN2 gene is expressed specifically in the kernel, starting from embryo development (> 10 days post anthesis). Its
expression levels exceed those of other TaASN genes in any other tissue from the intermediate stage of kernel development
(14-20 dpa).

• Five genes encoding asparagine synthetase have been identified in bread wheat

TaASN1 TaASN2 TaASN3.1 TaASN3.2 TaASN4

A B D A D A B D A B D A B D

Spike

Kernel

Leaves/Stem

Roots



Bread Wheat Genome (AABBDD)

A

B

D

3 subgenomes and 3 homeoalleles of each gene: 
TaASN-A2, TaASN-B2 and TaASN-D2



➢ Development of a low-fAsn bread wheat variety by TILLING approach coupled with KASP
(Kompetitive Allele Specific PCR) analysis.

Single nucleotide mutations

Chemical 
mutagenesis

DNA extraction
DNA pooling

+

Genetic characterizaztion of mutant

TILLING

KASP

Mutant (asn2 A-)
Heterozygote
Wild-type (ASN2 A-)
NTC
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Screening KASP 
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TaASN-A2-D2- 

14 Double Mutant Lines



X

TaASN-B2- 2 TaASN-A2-D2- 

2) Sy Cicerone (4 lines)1) Rebelde (3 lines) 3) Canaletto (15 lines)

Strength Wheat Bread-making Biscuit Maker
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