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Het belang van wilde tarwe- en grassoorten voor de
ziekteresistentieveredeling, in het bijzonder met betrekking
tot roestziekten
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Puccinia striiformis
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Resistance in spelt wheat to yellow rust
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Resistance in spelt wheat to yellow rust
III. Phylogenetical considerations
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The Netherlands
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Summary

spelt wheat, stripe rust, Triticum aestivum ssp. spelta.

Seven spelt wheat accessions of different origin were hybridized with the susceptible bread wheat cultivar
“Taichung 29 in order to study the genetics of their resistance to yellow rust ( Puccinia striiformis Westend. f.
sp. rritici). One Iranian and five European accessions were found to carry YrS of Triticum aestivian ssp. speita
var. album, whereas a factor for resistance in the Iranian accession 415 was confirmed to 'be genetically
distinct from Yr5. The alleles for resi in each of the studied showed a

mode of i i T , ‘,.‘- spcll whcat including those studied for their resistance to
yellow rust, were subjs 4] to study variation for gliadin storage
protein patterns. Thirteen dmmcl p::lcrns were r:vnll:d lmplymg the presence of duplicates within the

Summary

A factor for resistance to yellow rust in the Iranian spelt wheat accession 415 was found to be located on

h 1B, utilizing a series of T. spelta var. saharense. Ditelosomic stocks of cv. Chinese
Spring, were employed to verify the identity of the critical chromosome. The factor for resistance is most
probably identical with the ¥r/0 allele which is also located on chromosome 1B. Moreover, the response of
cv. Moro which carries Yr/0 and accession 415 to 22 yellow rust races, representing a wide pathogenicity
spectrum, was identical.

Theorit h d inati f spelt wheat ( Tritic i lra) . Recent
information on resmapoe to yellow rust (Puccinia striiformis Westend. f. sp. mlm] and variation for gliadin
patterns in spelt wheat m-m-s unmn-nng from Iran and Europe is superimposed on literature reports
the origis of spelt wheat. The data support the theory on the origin of
spelt wheat in the Near East, An alternative European site of origin, albeit improbable, cannot be excluded.

studied spelt wheat collection.

Introduction

Spelt wheat, Triticum aestivum (L.) Thell. ssp.
spelta (L.) Thell. (Kimber & Sears, 1983) or T
spelta L. (Kimber & Sears, 1987), was an important
cereal crop in Europe until the carly nincteen-
thirties (a.0. Flaksberger, 1930), and continues to
be cultivated in the Ardennes and on high, isolated
plateaus of the Swiss Alps, where its former impor-
tance is recognized in village names like *Dinkel-
bihl' (Dinkel = spelt wheat). The distinguished

the observed resistance in spelt wheat to Pythium
aristoporum Vanterpool, Fusarium spp. and other
soil fungi, probably associated with its adherent
glumes, resulted in higher plant numbers per unit
arca than that of bread wheat (T aestivium L.)
(Kuckuck, 1964; Ricsen ct al., 1986).

High levels of resistance to several fungal patho-
gens, including yellow rust (Puccinia striiformis
Westend. {. sp. tritici), in spelt wheat have been
described in the 19 century (Kihn, 1858; Eriksson
& Henning, 1896). The latter authors recognized

Introduction

In a previous study, several accessions of spelt
wheat, T. aestivurn (L.) Thell. ssp. spelra (L.)
Thell. (Kimber & Sears, 1983) or T. spelta L. (Kim-
ber & Sears, 1987), were found to carry a common
allele for resistance to yellow rust (Puccinia striifor-
mis Westend. f. sp. rritici) (Kema, 1992°). This
allele was originally discovered in T. spelta var.
album and designated YrS (Macer, 1963). Interest-
ingly, it was shown to occur also in some Iranian
accessions (Kema, 1992*), which had been collect-
ed by Kuckuck & Schiemann (1957), whilst other

Materials and methods

The Iranian spelt wheat accession 415 was crossed
as the pollen parent with a monosomic series of the
universal suscept T. spelia var. saharense (El-Be-
dewy, 1981; El-Bedewy et al.. 1982). Monosomic
F, plants were selected cytologically and subsc
quently inagr with

illumination provided by high pressure sodium
lamps, 1o produce an F, generation. All ears were
bagged prior to flowering in order to preclude cross
fertilization. Seedlings of the F, populations were
analyzed for resistance 1o yellow rust, utilizing a

Introduction

Spelt wheat, Triticum aestivurn (L.) Thell. ssp.
spelia (L.) Thell. (Kimber & Sears, 1983) or T
spelta L. (Kimber & Sears, 1987), is a primitive
hexaploid wheat with a brittle rachis and adherent

most popular (a.0. Harlan, 1981). The area of culti-
vation of the crop has been confined to Europe
According to Gradmann (1909; cited by Harlan,
1981) the acreage of spelt wheat exceeded bread
wheat in the first decade of this century. In 1930 it
was still a major constituent (40%) of the Middle-

glumes, long spike i and spherical
seeds, which are controlled by the pleiotropic spelt
factor (Q/q). and factors for car compactness (Clc)
and seed form (S)/s,), respectively. Therefore, its
genotype has been designated as ggceS,S, (Mcln-
tosh, 1983). During evolutionary processes muta-
tions materialized, eventually resulting in bread
wheat (7. aestivum L., QQCCS,S,). The question

wheat growing area, ranging from the
North-West Alps, where its former importance is
recognized in village names like "Dinkelbihl®
(‘Dinkel’ is the German word for spelt wheat), and
parts of Austria up to the Black Forest in Germany
and North-East France, where its cultivation is al-
ready known for some 900 years (Flaksberger,
1930). According to Zeven & de Wet (1982) the
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Specificiteit

TABLE 4. Adjusted pycnidia (P) response matrix of exp 1 24 host ions and 50 Mycosphaerelle icola isolates, arranged according to the
clusters of Figure 2*
Cultivars*

D D D D B B B B B B T B B B B B B B B B B B B B
EC* Vo Et Ca In KU K7 Co To Ia BL Ar Bo KK Ve Ob T29 La Ce Ge Sh KT Ol
TKS* S3 S0 41 40 -2 -2 -2 -2 -1 -2 =2 -2 =2 =2 -2 1l =2 0 -2 2 -2 -2 0 -l
NL5 1 1 1 1 8 4 3 1 2 1 1 1 4 5 1 5 8 25 11 9 1 2 30 6
NLI =1 =1 - 0 8 0 0 -l I I | 0 ? 3 - 7 10 21 20 14 -1 12 20 18
BU2 1 1 1 1 8 E ] 8 12 2 6 1 4 5 1 1 25 15 23 21 23 35 21 21 17
ET11 0 o 1 3 0 0 0 2 4 0 0 0 10 0 ] 1 26 34 32 17 36 25 271 14
NLA -2 =2 0 -2 -2 6 8 -2 -2 -1 -2 =2 S 41 -1 =2 32 17 17 5 16 3 4 o
NL6 0 0 0 7 14 22 2 12 2 0 5 7 1 I 0 44 14 20 24 35 15 35
NL3 -l =1 -l 0 2 0 0o -1 0 1 =1 =1 25 -1 -1 -1 38 4 1 32 48 0 18 o
ETI0 20 9 10 21 0 1 0 14 53 19 1 9 0 [ 2 59 38 57 39 34 64 55 9 1
ET9 4 2 1 5 21 2 39 28 135 8 1 5 1 L L) 2 9 14 40 41 54 55 14 2
ETS 2 2 12 1 1 2 1 9 21 13 I 4 1 1 6 1 2 4 39 21 52 52 7 2
KE7 3 4 3 31 4 8§ 21 21 2 4 3 5 3 3 4 3 7 11 23 30 34 29 29 2%
KE3 5 4 4 51 7 9 17 20 5 4 4 4 4 4 4 14 8 34 28 45 2 27 27
KEI 2 3 2 4 4 3 9 16 9 2 2 6 2 6 2 2 6 7 29 18 32 271 3% 20
KE6 1 o 1 12 5 10 14 15 0 0 8 [} 0 7 o 21 6 33 35 12 34 33 33
UR4 o -1 0 0 19 1 14 12 15 0 [ I 0 0 1 0 11 16 33 32 43 37 46 33
KE4 0 o 3 0 19 10 23 20 34 ] [ 4 o 1 3 0 18 14 35 31 36 36 37 45
KE8 0 0 1 1 4 11 16 22 3 0 ] 5 10 2 1 0 10 22 50 40 40 47 44 35
KES -1 -1 -1 -1 16 12 42 19 27 1 -l 1 1 2 -l 0 20 13 43 28 39 43 64 30
ET6 10 0 5 14 23 28 3 31 32 1 0 4 0 22 4 1 14 38 41 37 39 43 38 32
UG1 0 0 0 0 19 25 44 30 36 2 0 0 0 0 6 0 9 27 36 35 38 51 M 25
RW1 0o -l 0 15 31 37 40 25 43 0 0 0 0 1 2 117 39 34 43 34 47 63 32
TK8 1 2 9 16 23 28 42 12 51 5 1 8 4 U 7 I 41 38 53 22 38 4 73 1
TK2 1 1 1 1 ] 6 8 19 16 4 1 2 1 2 1 4 3 37 40 21 36 40 33 29
BUI -1 -4 -1 -4 D 9 10 31 33 [P | o -l 7 -1 18 10 38 43 43 49 47 42 35
ET7 1 0 10 12 10 24 14 30 24 A | o 1m 16 0 40 4 28 51 30 39 47 40 37
ET4 o 1 7 4 1N 19 36 2 2 5 0 3 2 9 3 51 45 34 14 29 45 37 25
ET1 [ | 1 6 14 14 39 9 8 [} 1 9 7 1 43 52 43 25 41 43 4
ETY 10 o 2 8 11 13 24 6 29 1 o o 6 16 9 51 40 51 25 46 S0 S8 19
ET2 0 0 4 4 19 21 26 12 16 17 0 1 4 20 22 39 40 54 44 43 57 52 23
TKIO 0 [ 3 1 14 12 47 17 14 4 0 ) 0 0 30 53 4 22 31 58 13 0 0
NL2 -3 0 1 6 42 25 44 6 28 1 0 5 30 27 8 54 55 14 31 9 43 61 45
TK7 1 1 2 14 22 19 31 5 16 1 1 26 ] 2 3 16 41 54 42 37 36 52 30
KE2 0 0 0 o 31 22 39 2 18 0 0o 10 7 7 7 37 36 47 38 46 42 42 4
ET8 0 3 1 110 19 21 1 16 2 1 1 1 20 22 23 25 40 39 34 26 34 29
ARS 7 ] 0 % 8 38 30 4 3 2 LI & 0 38 20 20 40 41 35 26 48 35 43
AR2 2 2 2 2 10 32 4 3 n 6 4 12 3 29 35 37 4 64 56 53 60 54 54
TK3 1 o 1 21 1 1 1 12 2 8 2 19 26 9 1 34 66 55 43 54 41 T2 29
TK4 4 4 5 4 4 4 19 31 17 3 3 9 3 3 62 69 59 67 53 66 33
AR3 -1 -1 0 -1 -1 -1 -1 o o 16 -1 10 27 1 -1 24 58 57 54 65 52 64 51
AR4 2 2 2 2 2 2 2 8 10 28 2 9 24 18 2 22 48 44 54 68 S4 57 48
TK9 0 0 0 1 0 o 0 1 5 2 o [} 7 I 0 20 57 54 47 51 s2 51 029
AR6 -2 -2 2 -1 -2 -1 1 o 0 14 -2 4 6 -1 =2 27 12 30 36 43 42 4 27
UR2 3 6 3 8 3 3 3 5 3 n 3 4 24 8 3 42 41 32 41 S0 S0 47 30
TK1 3 114 16 1 8 7 1 37 9 2 13 3 2 2 46 33 54 57 S50 49 s1 33
TK6 2 2 5 4 2 2 2 14 12 10 2 6 3 9 2 3B 44 2 15 52 51 61 54
ARl 4 3 3 3 4 4 3 4 4 4 3 15 5 25 3 12 23 26 34 45 43 39 38
UR1 0 0 o 4 0 0 o 0 1 0 0 3 0 18 0 0 2 30 36 45 48 61 47
URS -3 -3 -3 5 -3 -3 -3 14 5 -3 3 0 -3 15 3 20 25 21 39 34 48 60 45
UR3 2 1 113 1 1 1 8 1 1 6 25 2 2 1 22 45 45 52 43 66 62 44

¥ LSDygy = 20, LSDggs = 15.

*Experimental codes for isolates according to Table 2.

* Experimental codes for cultivars according to Table 1; B = bread wheat, D = durum wheat, and T = triticale.
7 Durum wheat-derived isolates.

* Negative values are because of block adjustments.

WAGENINGEN Kema et al., Phytopathol. 19962.b
HNIVERSITY & RESEAREH Kema & van Silfhout, Phytopathol. 1997
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De Zymoseptoria tritici collectie

E8-5-1983

b

Wereldwijd ~ 3,000 isolaten “Historische” collectie (1972-1984)  Gevriesdroogd
Nakomelingen ~ 4,400 isolaten 85 isolaten

GMOs ~ 200 isolaten
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Het belang van banaan (85/15 = lokaal/export)

Fruit, million tonnes

Banana, plantain, 155

Berries,
currants, 12

Date, 9
Cherry, 4

. Papaya, Plum, sloe,
Total: 868 13 stone fruit,

13
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Black Sigatoka - Pseudocercospora fijiensis

(a) 1961 (b) 1980
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Individual Log, ECs

Individual Log, ECsp

Bananenteelt afhankelijk van fungiciden

Cameroon Colombia Costa Rica Ecuador
120 120 120 120
100 4 100 - 100 - 100
80 80 - 80 - 80 -
60 - 60 - 60 -
40 4 40 4 40 -
20 4
04
8-6-4-202 4 86-4-202 4 -86-4-20 2 4 8-6-4-202 4
Guadalupe Martinique Philippines Dominican R.
120 120 120 120
100 100 100 100
80 80 - 80 - 80 A
60 - 60 - 60 - 60 -
40 - 40 - 40 - 40 -
20 4 ‘ 20 - ‘ll 20 4 20 4 L
0 0 - 0- 0 L
86-4-202 4 8-6-4-202 4 8-6-4-202 4 8-6-4-2024
Log, meanEC;, Log, mean ECs, Log, mean ECs, Log, meanECq,
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Af/aanwezigheid van chromosomen is onafhankelijk
van phylogenie of oorsprong
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CRISPR in Pseudocercospora fijiensis

Target gene Transformation
efficiency
Fus3-like 41,7%
PKS7-1 18,2%
PKS8-1 59,1%
PKS8-2 14,3%
PKS10-1 95,7%

PKS10-2 38,1%
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Fusarium
verwelkingsziekte
van banaan
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Tropical Race 4 (TR4) verspreiding sinds 1960s

2024 2023 2021 2020 2019 2018 2016 2013 Spreadin
Asia
Comores Colombia Myanmar  Pakistan Jordan
Venezuela Peru England Laos Lebanon Mozambique
Nepal . ,
Mayotte India Vietnam
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1967

Taiwan
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Fusarium diversiteit

LAC
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Fig. 2. Response of banana and plantain cultivars to A, Race 1 (strain CNPMF 000-8-01-R1, Fusarium oxysporum) and B, TR4 (strain 1I-5, F. odoratissimum)

expressed as a percentage of rhizome discolored area (RDA). The reference Grand Naine is indicated in red. CB = cooking banana. Different letters indicate
estimated marginal means of the square root transformed RDA values that are significantly different (P < 0.05) according to Tukey's multiple comparisons test.
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Fusarium diversiteit - wereld
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Spelen A. pintoi geassocieerde microben
een rol in de onderdrukking van TR4?
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disease suppression?
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Luisa Pinna

>100 bacterie isolaten
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MOLECULAR PLANT-MICROBE INTERACTIONS
Vol. 4, No. 1, pp. 52-59, 1991

Cloning and Characterization of cDNA
of Avirulence Gene avr9 of the Fungal Pathogen Cladosporium fulvum,
Causal Agent of Tomato Leaf Mold

Jan A. L. van Kan, Guido F. J. M. van den Ackerveken, and Pierre J. G. M. de Wit

Agricultural University Wageningen, Department of Phytopathology, 6700 EE Wageningen, The Netherlands.
Received 7 August 1990. Accepted 27 August 1990.

LETTERS TO NATURE

Host resistance to a fungal
tomato pathogen lost by a
single base-pair change in
an avirulence gene

Matthieu H. A. J. Joosten, Ton J. Cozijnsen
& Pierre J. G. M. De Wit*

Department of Phytopathology, Wageningen Agricultural University,
PO Box 8025, 6700 EE Wageningen, The Netherlands

HosT genotype specificity in interactions between biotrophic
pathogens and plants in most cases complies with the gene-for-gene
model’; success or failure of infection is determined by absence or
presence of complementary genes, avirulence and resistance genes,
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OECD - 2022

Water disasters and risks threaten food production
|

Crop and livestock production loss per disaster type, 2008-18
Least developed countries (LDCs) and low- and middle-income countries (LMDCs)

Heavy flooding in Pakistan

Extent of flooding based on

Total flooded area I 1%
55,000 km?
" Drought o
» Floods
m Storms

M Extent of flooding

B Data unavailable Earthquakes and landslides

M Crop pests and animal diseases

M Extreme temperatures
©)  Source: UNOSAT data collected between August 3-23, 2022.

m Wildfires
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Orkaan Pablo (Bopha) — Mindanao, 2012
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25 km

Poechos Reservoir
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Orkaan Yaku, maart 2023
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imigation users’
commissions - Chira valiey

W Poechos reservor Il Cieneguillo
B Chica river Daniet Escobar
BN El Arenal
B Margen Derecna
B Margen zquierda
B Miguel Checa
Poechos Pelados
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Orkaan Yaku, maart 2023

Evolution number of TR4 cases Peru, 37 months
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Orkaan Yaku, maart 2023

Evolution number of TR4 cases Peru, 37 months
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Huidige relatieve incidentie en projecties (2050) van
potentiéle plant pathogenen

a € 5% -
- m SSP1 m SSP4 M SSPS
40/5 -
% 30/‘9 -
L.
% 10/0 -
@
changes 0%
Gain — Loss
No.of scenarios that ~ IEIEERICT] T .
follow the same trend: 3 2 1 thrA:rf:lds 12 3 Pathogens  Alternaria Fusarium Venturia Phoma
Incidentie Toename Leidende pathogenen
WAGENINGEN Delgado-Baquerizo, M., Guerra, C.A., Cano-Diaz, C. et al. Nat. Clim. Chang. 10, 2020 4,
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hytophthora palmivora




100 jaar
Fytopathologie in
Wageningen

1. Onderwijs

2. Onderzoek

3. Vertaling van cel naar plant,
veld, regio, continenten

4. Samenwerking en
inter/multidisciplinariteit
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