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The breeder’s dilemma—yield or nutrition?

Cindy E Morris & David C Sands

The emphasis of traditional crop production on yield is counter-productive for human nutrition.

Senaste 150 aren: hog avkastning,
stresstaliga sorter.

Pa bekostnad av stigande naringsbrist

Dilemma for foradlare

James F. Quinn/Chicago Tribune/Newscom
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Troétthet

(Adressing Fe and Zn deficiency
across the globe, USDA, 2023)

\ 4

Undernaring p.g.a. .. I
brist pa Hammad tillvaxt

mikronaringsdmnen R Cgllskaq_or .
paverkar over 2 Infektionskanslig
miljarder manniskor (USDA, 2023)

Framst
forekommande hos
kvinnor och barn i
utvecklingslander
men aven i resten

av varlden
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Nedsatt kog n ition Al'lnales Nwﬂé Ann Nestlé [Engl) 2009,67:65-72
Trétthet DOI: 10.1159/000226614

(Adressing Fe and Zn deficiency
across the globe, USDA, 2023)

Malnutrition in Developed Countries

John W.L. Puntis

General Infirmary at Leeds, Leeds, UK

Undernaring p.g.a. .. I
brist pa Hammad tillvaxt

mikronaringsdmnen R Cgllskaq_or .
paverkar over 2 Infektionskanslig .
miljarder manniskor (USDA, 2023) Utveekiifigsrander

Framst
forekommande hos
kvinnor och barni
utvecklingslander
men aven | resten

Nagnitude of
Hidden Hunger

av varlden
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Undernaring p.g.a.
brist pa
mikronaringsamne
npaverkar éver 2
miljarder
manniskor

Framst
forekommande hos
kvinnor och barni
utvecklingslander
men aven | resten

av varlden

Vete ar en av de
viktigaste
basgrodorna som
odlas och
konsumeras | de
flesta delar av
varlden

En kalla for viktiga
naringsamnen

Global wheat production from 1990/1991 to 2023/2024 (in
million metrics tons)
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Total wheat consumption worldwide from 1990/1991 to

g 2023/2024 (in million metrics tons)
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Undernaring p.g.a.
brist pa
mikronaringsamne
npaverkar ver 2
miljarder
manniskor

Framst
forekommande hos
kvinnor och barni
utvecklingslander
men aven | resten

av varlden

Vete ar en av de
viktigaste
basgrodorna som
odlas och
konsumeras | de
flesta delar av
varlden

En kalla for viktiga
naringsamnen

Cd ackumulering i
vete ar en halsorisk

Foradling av
naringrikt vete med
lagt Cd ar bade
hallbart och
ekonomiskt
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Cd: Cadmium
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. Vikten av genetisk diversitet
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Wild relatives Ancient/Landraces Old Cultivar Elite Cultivar
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Att aterfa forlorande genetiska variationer kan forstarka naringskvaliteten hos vete!
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COVID 19-Induced Smell and Taste
Impairments: Putative Impact on
Physiology

Nicolas Meunier', Loic Briand?, Agnés Jacquin-Piques2?, Laurent Brondel? and
Luc Pénicaud*
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| Eventuell sensorisk férsédmring (Cavazzana et al. 2018) >

Vetesorter med forhojd
smak och sensoriska
egenskaper kan Oka
efterfragan pa
halsobeframjande
livsmedel av vete.
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GBS - genotypbestamning Sensorisk analys
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(Fe, Zn, Cd)
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Moderna sorter:

Hog avkastning
Kort planta

Lag diversitet
(Van Frank et al. 2020)

Foradlingsforetag

Moderna sorter

Material

Vetelinjer med arvsmassa fran rag

Dinkel, gamla sorter, lantraser

Emmer, T. carthlicum, T. timopheevii

Enkorn, rag
Totalt

Gamla sorter, lantraser och

uraldriga:

Hog resiliens

Hog planta

Stor variation (kaur2022)
Genbank
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Antal
11
198

71

23
23
326

Vetelinjer med

arvsmassa fran rag:

Hog sjukdomsresiliens

Hog tolerans for
abioticsk stress

Stor variation goehm & cai
2024)

Utvecklade vid SLU




Cd (mg/kg)

Fe (mg/kg)

v ‘l Einkor, Rye
0 ‘I‘.’ Emmer, Carthlicum

Old, Landrace, Spelt

—
0 ’ Introgression lines

Modern cultivar

Einkorn, Rye
Emmer, Carthlicum

Old, Landrace, Spelt

Introgression lines

Modern cultivar

Halter av zink, jarn of kadmium
Zn (mg/kg)

SLU

e

Einkom, Rye

Emmer, Carthlicum

0 ——smmme—-——— | 0|d, Landrace, Spelt
o —em>— | |nfrogression lines

0 ‘ Modern culivar

125
100
75
50
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J. Genomomfattande analys

Genotypning med sekvensering (GBS)
« 41,243 SNPs
« 21,823 SNPs
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Genomomfattande analys
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* GAPIT (FarmCPU Model)
« 70 key Marker Trait Associations
(MTA) for wheat
« 20 key MTAs for rye
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;{% Funktionella roller av de identifierad kandidatgenerna

Gene ontology and Enrichment Analysis
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Polyfenoler Fiber
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Hydroxycinnamic acid
Caffeic acid
Ferulic acid
p-coumaric acid « |
Sinapic acid ¥
Quinic acid
Chlorogenic acid

2o

Hydroxybenzoic acid
Gallic acid P-
hydroxybenzoic acid
HO OH Protocatechuic acid

ringic acid
OH ?’é"ﬁﬁgdé‘

w.'L

Polyfenoler — varfor ar de intressanta hos vete?

(Dietary polyphenols classes )
1

Flavanols

[Phenolic aclds] m [ Stllb]enes J [ Liglnans J

—

Coumarin
Esculetin
Coumermycin

Resveratrol
Pterostilbene

| A

Secoisolariciresinol
Pinoresino
Lariciresinol
Sesamin
Matairesinol
Hydroxymatairesinol

Anthocyanins

Pop, Oana Lelia, et al. "Polyphenols—Ensured Accessibility from Food to the Human Metabolism by Chemical and Biotechnological

Treatments." Antioxidants 12.4 (2023): 865.



<& Bundna fenoler finns i cellviggarna
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A) Cellulosa

“/\‘ B B) Hemicellulosa
-:-_—_‘_ C) Strukturella
proteiner

D) Pektin
=1 E) Fenoliska

Covalent bounds of phenolic compounds to cell wall structural components Sy ro r
Link Cell wall structural component Phenolic reactive group F) L | g n | n
Ether Lignin Hydroxyl groups in the aromatic ring
Ester Structural carbohydrates Carboxylic group
Proteins

Acosta-Estrada, Beatriz A., Janet A. Gutiérrez-Uribe, and Sergio O. Serna-Saldivar. "Bound phenolics in foods, a review." Food chemistry 152 (2014): 46-55



ﬁ% Absorption av fenoler i mag- och tarmkanalen

@cozyres
‘ Microorganisms
.nee phenolic compound
”Sﬂluble conjugated or glycoside forms

v&:und phenolic compounds

Fig. 2. Absorption pathways of bound phenolic compounds in the gastrointestinal
tract. (A) Hydrolysis of bound soluble conjugated forms by mucosa cells cinnamoyl
esterases. (B) Soluble conjugated forms transport into enterocytes by the sodium-
dependent glucose transporter SGLT1, (C) Lactase phloridzine hydrolase (LPH) (-
glycosidase) of the brush border hydrolysis soluble conjugated phenolic com-
pounds. (D) Epithelial cells cytosolic p-glucosidase hydrolyzes glycosides, and
aglycones are formed after absorption. (E) Esterase and xylanase activities of colon
microorganism (e.g. Clostridium spp., Eubacterium spp., and Bifidobacterium
adolescentis).

Acosta-Estrada, Beatriz A., Janet A. Gutiérrez-Uribe, and Sergio O. Serna-Saldivar.
"Bound phenolics in foods, a review." Food chemistry 152 (2014): 46-55
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600

Einkorn, rye

Emmer, T. carthlicum

Old cultivars,
landrace, spelt

Introgression lines

Modern cultivars



Sensorisk analys

GBS - genotypbestamning

S

SLU 326 genotyper * Protein
av vete, » Gluten
Host och varsad * Mineraler

‘ genotyper

(Fe, Zn, Cd)




ﬁ% Sensorisk profil for ekologiskt och konventionellt odlat vete

e —— — — — — — —— — —— — — —— — — —— — — —— — — —— — — ———

//7/ Genotype Origin )
« Att undersOka variationen av sensoriska aEt;ibﬁ? blafl‘nd Modern Cultivar (MC)  Elite, Hexaploid
olika vetesorter fran konventionell oSDEk/oIogisk odl:ing. Carthlicum Wild, Tetraploid
+ Material och metod:@_Q:q:eﬁat)_[;;e_r:&)uantitative Desq::riptive IR/ID Singl_e SUbStitu_tior_l
Sensory Analysis (QD_SA)__ o \ : IR+6R Multlple Sle‘Stl‘[.Ll'[IOH
\\ i 2R/2B S%ngle Subst?tut%on
AN | 2R/2D Single Substitution
N\ | 3R/3D Single Substitution
\\\ | IBS.IRL Single Translocation
\\\ | IRS.1DL Single Translocation
\\i\ 2RL Single substitution

AN IRS.1BL+2BS.2RL Multiple Translocation

—_—_ —————ee—ee— e e e e —



N Sensorisk analys (QDSA)

SLU

Sensory attributes

Aroma
Appearance
Texture

Taste
Forberedelser av

testportioner Panellister serveras slumpvis. Flavour
Replikat

"




g{% Sensorisk profil for vete odlat konventionellt och ekologiskt

Combined analysis of variance (ANOVA) for studied different sensory attributes for assessed wheat genotypes under conventional and organic environments.

¥
Source of variation DF A-Graham flour (wet) A-Rye flour A-Corn (raw) A-Cooked rice (white) C-Gray C-Beige TM-Grittiness

1 1173.78*** 319.24*** 372.56*** 430.93*** 14.29 22.95 195.09*

4 13.79 8.25 12.51 18.11 51.24 28.41 26.24

Genotype 28 59.30*** 76.88*** 57.40*** 48.43*** 198.02*** 43.37*** 97.84***

M||JO X Genotyp 28 102.29*** 68.79*** 62.84*** 44 .45*** 36.86*** 20.94** 55.73***
F- il

Error 112 10.20 9 o= (@NBE e (N o o 8.74 6.50 7.38

A =] peblicerat

Source of variation DF TM-Sturdiness/Compact T-Umami T-Sweetness T-Bitterness T-Graham flour T-Rye flour

Milj® 4 986.26*** 7.17 12.07 3.67 148.26™* 395.68***

4 22.94 1154 10.29 46.37 10.23 7.40

Genotyp 28 375.70*** 97.78*** 4,87 8.95*** 42,425 91.16***
Milj® x Genotyp (L 103.16** 31.09*** 6.71%** 14.09%* 72.76*** 61.34***
Iz 11.08 3.64 2.62 3.70 10.99 10.33

A: indicative of appearance, C: indicative of color, TM: indicative of texture, T: indicative of taste. *** represent non-significant and significant at P < 0.0001, respectively.




2~ Medelvirde av sensorisk profil

Konventionellt Ekologiskt
odlat vete odlat vete

Texture_Sturdiness Texture_Sturdiness

Appearance_Beige Appearance_Beige

Texture_Grittiness =

Texture_Grittiness )

Appearance_Gray Appearance_Gray

Tasta Up ami

publicera

Flavour_Graham

Taste_Umami

FU

=

Flavour_Graham

Taste'_Sweetness Taste _Sweetness

Flavour_Rye Flavour_Rye

Taste_Bitterness Taste_Bitterness

Odour_Corn Odour_Corn

Odour_Rye Odour_Rye

Odour_Graham Odour_Graham
Odour_Rice Odour_Rice
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Konventionellt odlat vete
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Conventional Organic

ste_E e | ;
Carthlicuniasta Umami h \exture_Sturdiness Taste Swebtness /PPearance_Beige

v' Det utvarderade materialet ar endast odlat ett ar
v' Konventionellt odlat vete framjar smak- och doftintensitet
v Ekologiskt odlat vete framjar s6tma och fast textur

v De flesta av de sensoriska egenskaperna visar arftlighet
och har darmed potential for genetisk forbattring

v Visar att ekologiskt odlat vete uppratthaller den sensoriska
kvaliteten
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The taste of diversity: Sensory characteristics in diverse wheat aimed for
food production under climate change

Olawale Olalekan *, Julia Darlison *, Nikwan Shariatipour *, Karin Wendin ",
Marcus Johansson ”, Tina Henriksson “, Karin Gerhardt “, Thomas Bjorklund ', Firuz Odilbekov “,
Eva Johansson “, Mahbubjon Rahmatov * ©

* Department of Plant Breeding, Swedish University of Agricultural Sciences (SLU), Alnarp, Sweden
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Framtida studier inom projektet:

v Analys av fiber for att utforska halsorelaterade fordelar.

v Aromaprofilering for att utvardera variationen av organiska féreningar inom
genotyperna. | \ '

v' Aminosyrakompasition for att utvardera kvaliteterf av proteinet.

-~

o 4

v Test av baknin.gsegenskaper

v Utveckling av KASP-makrorer och validering for att avancera foradlingen av vete
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