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By Orro Teree, F.LS., London; Corresponding Member.

(Abridged.)
» | Read November 1, 1879,

The subject under consideration divides itself naturally into
various questions, viz. :—

What is Red Red Rust, and how is it produced ?
- What laws govern its development, and the growth of its
fostering plant ¥
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‘respecting loeality and situation. They seem to prove that the
~oceurrence of the fungus does not depend either on the soil or

local circumstances, but more likely upon—(s) Particular oo : inaoti
, heric conditions, (b) The structure of the wheat-plant. ,.Seehn;, for 4 remoedy in nnot.her directign; —rﬂ-—thm iy o
B e i o oL tho 201l TIBat 1t The soTable malte s liscovered a substance which, when applied to the soil, or

containg) ; and sugeest the divection in which the remedies lie. fé secds, and imbibed Dby the plants, will act adverse

0 the growth of Tungoids, in the same way as bluestone (sul-
e of copper) checks the * Dust Brand ™' (Ustilago segetun).

The University of Sydney




William Farrer, 1845 — 1906

-pioneered Australian wheat improvement by cross-breeding and selection

-introduced earliness from India and improved gluten strength from a North American
introduction, Fife

-to improve yield, derivatives were further crossed to older Australian wheats
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The Advance
% the Fungi

“The mighty rust investigations,
soon to be world-wide,
began in Australia with a
series of rust in wheat
conferences”

E.C. Large
The Advance of the Fungi
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Savings due to genetic resistance to

rust in wheat estimated at

$1 billion pa

J

Losses due to rust in wheat
estimated at




The pathogen adapts: "boom and bust

INCREASE
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“Boom” ACREAGE

RELEASE OF
RESISTANT VARIETY

/ |
\ DECREASE

DEVELOPMENT OF IN
RESISTANT VARIETY ACREAGE

The University of Sydney

PATHOGEN CHANGE RENDERS
RESISTANCE INEFFECTIVE

14 B ust”

Pathogen change due to:

1. exotic incursion
2. simple mutation
3. asexual hybridisation
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Stem rust: 50,000 ha of wheat killed in Ethiopia
November 2014

Wheat rust and world farming

Rust in the bread basket

A crop-killing fungus is spreading out of Africa towards the world’s great wheat-growing

e": a terrifying but almost fi

spreading in




16 cereal rust diseases caused by 10 rust pathogens in Australia

Disease Pathogen Wheat Barley Oat Rye Triticale
Stem rust Puccinia graminis f. sp. tritici X X X X
Puccinia graminis f. sp. avenae X
Puccinia graminis f. sp. secalis X X
Puccinia graminis “scabrum” X X
Stripe rust Puccinia striiformis f. sp. tritici X X
Puccinia striiformis f. sp. pseudo-hordei X
Leaf rust Puccinia triticina X
Puccinia hordei X
Puccinia secalina X
Crown rust Puccinia coronata f. sp. avenae X

The University of Sydney Page 9



Story 1:
“Resistance or fungicidese”
Puccinia hordei

i

L'€af rustion barley

Mumta Chhetri, Will Cuddy, Yi Ding,
Robert Park, Xiaohui Yu

The University of Sydney Page 10



Fungicides in controlling foliar pathogens in broadacre crops

Fungicides first used to control cereal diseases in Australia in
the early 1980s following the introduction of stripe rust

THE LAND

Most wheat and barley growers now use fungicides

Insensitivity (resistance) to fungicides evolved rapidly in a STHIPE

number of pathogens throughout the world, including | R“ST gg;

Australia (e.g. wheat and barley powdery mildew pathogens) FAH E.Rs
"PANIC’

Cases of fungicide insensitivity in rusts are rare; several
examples but none fully documented

We began looking at fungicide insensitivity in rusts in 2017

The University of Sydney Page 11



Insensitivity to tebuconazole in Puccinia hordei

Isolate 1

Commercial application rates: 145mL/ha (low), 290mL/ha (high) [1969]

Applied 1 day before inoculating with rust:

Treatment |

Water

~0.03x low field rate

Isolate 2

[1990]
~0.3x low field rate

~low field rate

Isolate 3
[1997]

~1.3x high field rate
~12x high field rate
~51x high field rate

Isolate 4

Also insensitive to: [2020]

Triadimenol,

Epiconazole,

Propiconazole,
Isolate 5

Prothioconazole [2021]

The University of Sydney = Page 12



CYP51: a cytochrome P450 enzyme conserved in fungi

Azole fungicides inhibit the “CYP51” enzyme (essential for fungal cell membrane structure, function and integrity)
Changes in the Cyp51 gene confer fungicide resistance (mutations, gene copy number)

Resistance to azole fungicides due to CYP51 has been detected in many fungal pathogens - but not in a rust

Whole genome sequencing and assembly of two P. hordei isolates (Ph518, Ph560) with contrasting fungicide sensitivities
Cyp51 located to chromosome 9
Five identical copies of CypS51 in the azole insensitive Ph560, only two copies found in the azole sensitive Ph518

Chromosome 9 appears to be a compartmentalized, highly variable core chromosome - a genomic hotspot of plasticity,
potentially harboring expansions/ gene family diversification relevant to adaptive processes in P. hordei

The University of Sydney
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Morals to Story 1:

Rust evolution is complex, they have an uncanny ability to adapt to selection pressures imposed by
agricultural practices — not just resistance, but fungicides too

The emergence of resistance to fungicides in many cereal fungal pathogens, including rust, is changing the
economics of their use in broadacre crops

Fungicides are a support tool, they alone cannot be relied upon for disease control in cereal crops

Resistance remains the foundation of an integrated approach to rust control

The University of Sydney Page 14



Story 2:
“A tale of two rusts”

T
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3 I |
: ADING RURAL WEEKLY

Puccinia graminis f. sp. tritici P. striiformis f. sp. tritici
Wheat stem rust Wheat stripe rust

The University of Sydney Page 15
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Number of rust samples received annually for pathotype analysis, 1979-2023

Wheat stem rust samples
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The University of Sydney

2001

002
2003

2004
2005
2006
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Stem rust
-incidence has declined dramatically, no
samples from crops in 2019, 2020, 2021

Stripe rust
-first detected in Australia in 1979, #1 rust
problem in cereals since

Why the difference?

Exofic i I
Stem rust, last incursion 1969

Stripe rust, incursions in 1979, 2002, 2017,
2018
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Four exotic incursions of wheat stripe rust into Australia:
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All have had huge economic impact

Increasing amounts of sequence data are
allowing global tracking of rust strains

The University of Sydney
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SNP phylogeny, 10 Australian + 315 non-Australian P. striiformis isolates
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Frequencies of genetic lineages in Australian stripe rust populations, 1979-2022
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The frequency of exotic rust incursions is increasing, eg wheat rusts:
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1915-1934 1935-1954 1955-1974 1975-1994 1995-2014 2015-

Number of rust incursions

Year

The University of Sydney Page 19



The University of Sydney

Morals to Story 2:

Resistance breeding has been very successful in dealing with locally arising rust threats
Less successful in dealing with exotic incursions
“Winning battles but the war continues”
The frequency of incursions of exotic rust isolates has increased

International coordination is therefore crucial in controlling rusts

Page 20



Story 3:
“Playing the long game”™

Puccinia striiformis f. sp. pseudo-hordei

Will Cuddy
Mumta Chhetri
Yi Ding

Robert Park
Davinder Singh
Colin Wellings

The University of Sydney Page 21



Host specialization in the stripe rust pathogen Puccinia striiformis

Different forms (“formae speciales”) of the stripe rust pathogen Puccinia striiformis infect cereals

Puccinia striiformis Disease name Infectivity on: In
formae specialis: Australia?

BGYR first detected in Australia in 1998
Weakly pathogenic on barley, but no major impact in agriculture

Whole genome sequencing showed it is distinct from Psh and Pst

The University of Sydney



Four exotic incursions of wheat stripe rust into Australia:
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Increasing amounts of sequence data are
allowing global tracking of rust strains

The University of Sydney
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Article written: July 2021

Article published: Sept/Oct 2021

New BGYR variant (“BGYR+") discovered in a sample collected on 6™ Aug 2021...

The University of Sydney Page 24



New variant of BGYR (“BGYR+") detected in 2021 \ Wable Waddh
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Research suggests 3-4 resistance genes in barley have been overcome by BGYR+

The University of Sydney Page 25



,mTT T T TS ol
P . > ~ - = - T~ ~y
104 E137 A+'4 N LR ~ o
// {?-' \ 5/ \ &d}
g i [
/' 104E137 A-17+ s, A \\ £ \239 E237 A-17+33+ /' o=
I ~ o \
PS'ISO \ %ﬁr%ﬁ% %‘ I ] S o — - - ﬁaﬂ( BGYR
\ ey #® N - s
S 104E153A- .
-~
~ -~ ~— - -
PstS13 _ -~~~ 32 R
’ > ectorshe BGYR+
[  198E16A+)+T+17+ \ BGYR_new_top_ & N /l
\  PstS13 % [ Y ~_ -
~ 7’ - ~o
S~ - - - - - & ~
-T T < 8 % Yoy, RN
e F % o, \
/ 134E16 A+17 ;% &f’”} 134E16 A+
oo . + + 5 +
1 = % < \
Phylogeny of 10 P. striiformis isolates (8 ( beto] ; 1 et ;
WYR, 2 BGYR) based on WGS — 5 g /
AN T % 134E16A+J+ 7
NS PstS1 P PstS1
S~ - - =

The University of Sydney



Morals to Story 3:

Don’t trust rustl

Integrating rust surveillance with resistance genetics is essential for optimal impact:

Timeline of impact:

2 Weeks 1=~ == """ mm o s oo e e e

Monitor varietal resistance

Explain the genetic basis of changes in varietal response

: |
: l
: l
! Determine new varietal responses associated with pathogen change E
1 I
I l
I I

]

Provide new or relevant rust pathotypes for pre-breeding and research

Longer-term Understand pathogenic and genetic variability

The University of Sydney Page 27



Wheat classification, Rust in Wheat Conference Melbourne 1896

The University of Sydney

Rust resistant
Ward'’s Prolific, Marshall’s Number 3, Australian Wonder, Robin’s Rust resistant

For cooler districts: Blount’s Lambrigg, Pringle’s Defiance, Tunnack, Smith’s Nonpareil

For cooler and moister districts: Fife wheats such as Improved Fife and Hornblende

Rust Escaping
Allora Spring, Budd’s Early, Early Poara, Canning Downs R.R., Early Baart

Prolific and Moderately Rust Resistant: Talavera, Leak’s, White Lammas

Page 28



Varietal response to rust

Bl 1HE UNIVERSITY OF

oy SYDNEY Cereal RustReport
Sydney Institute Plant Breeding Institute

of Agriculture

Rust resistance genotypes and expected rust
responses of Australian cereal varieties

Cereal Rust Report 2023, Volume 20 Issue 3

Response

R
15 September 2023
RMR

Professor Robert Park, Dr Mumta Chhetri, Dr Davinder Singh
The University of Sydney, Faculty of Science, School of Environmental Sciences, Sydney Institute ¢ MR
Email: robert.park@sydney.edu.au
Ph: 02 9351 8806, 0414 430 341
MRMS

The rust responses for Australian cereal varieties provide growers and technic: Ms

R G R 1SS

SVs

Description

highly resistant: occasional symptoms of infection including necrotic flecks; no sporulation

resistant: symptoms evident and usually with necrosis and chlorosis, limited sporulation, and affected leaf area up to
15%

moderately resistant: evidence of sporulating areas on the leaf surface with some chlorosis and necrosis, and
affected leaf area up to 30%

intermediate: restricted sporulating areas with some chlorosis, and affected leaf area up to 50%
moderately susceptible: freely sporulating lesions and affected leaf area up to 70%
moderately susceptible to susceptible: freely sporulating lesions with leaf area affected up to 90%

susceptible: abundant sporulation across the whole leaf surface; leaf area affected up to 100%; some chlorosis and
necrosis evident

susceptible to very susceptible: abundant sporulation across the leaf surface; leaf area affected up to 100%; limited
chlorosis

The University of Sydney
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Stripe rust response of major eastern Australian wheat varieties 2021-22

Cultivar 2021 NVT 2022 NVT  Yrgene(s)ASR  Yrgene(s) APR
Beckom MRMS MRMS Yr7, Yr17 Yr18, Yr29, YrAvS
Calibre MS S * Yr4, Yr17, YriA Yr29, YrAvS
Coolah MRMS MSS % | Yr3a, Yr25, Yr33 | Yr18, Yr29
Coota MS S % | Yré Yr29, YrAvS
LRPB Flanker MR MRMS * | Yr7, YriA Yr18

LRPB Hellfire MR MRMS * | Yr7 Yr29, YrAvS
LRPB Lancer RMR RMR Yr6, YriA Yri8

LRPB Mustang RMR MR % Yr7, Yr1A Yr18

LRPB Spitfire MR MR (S) Yr7 Yr29, YrAvS
Scepter MSS MSS Yr17, Yr25 Yr29

Sunflex RMR MRMS * | Yr7, Yr27 Yr29
Sunmaster MRMS MRMS Yri17, Yr33 Nil

Vixen S SVS % | Yr7 Yr29, YrAvS

* change in response from previous National Variety Trial rating



Closing comments

100+ years of monitoring cereal rust pathogens has underpinned all control strategies: resistance gene discovery and
characterisation, resistance breeding, post-release management of varieties

“Pathogenomics” is improving global surveillance of rusts and beginning to unravel the molecular basis of host:
pathogen interactions, virulence and avirulence, and fungicide insensitivity

Pre-emptive resistance breeding has been very successful in winning “local” battles, but less successful in dealing with
exotic incursions; the fight continues, new threats emerge, intercontinental rust movement has become more frequent

Rust evolution is complex, the role of ancillary hosts such as barley grass should never be ignored
“Pyramids” of diverse resistance genes are preferable to keep one step ahead of evolving rust pathogens

Must ensure continued translation of research outputs to the field to help all farmers

The University of Sydney Page 31
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