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Stealthy:
“Slow, deliberate, and secret”

Taxonomy
Biogeography
Management
Phenology
Evolutionary phylogeny
Adaptation to niche




Sooty blotch and flyspeck (SBFS)

« Acommon fungal disease of apple fruit.
* Colonizes surfaces of many plants.

4to 10 fungicide sprays per yeatr.



1832: First SBFS publication
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Mycology was morphology-éed.
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1832-2005:

173 years of SBFS frustration

One problem:
They grow slowly.

1cmin 3 months!




Another problem: Cryptic species




Another problem: Cryptic species

Many look alike.
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1) SBFS taxonomy




1) SBFS taxonomy

Many mycelial types... g
species is which? |8




Tools of molecular genetics
unlocked secrets of SBFS.
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Orchard Surveys

« 40 apples/orchard

 Counted colonies

Describe
conidia

>GA2-38Ala
TCATTAGAGGAAGTAAAAGTCGTAACAAGGTCTCCGTAGGTG

AACCTGCGGAGGG AGANGACGCCTCGGCGGAA
ACGCCGGGGCCTTERGTECRAA TEGTGAACGTATCTCTATT
GCCCCGGGGGAACCCCGCCIGTC GGCGTGGGCCCCCGG
TGGCCAACTCAAACTCTGTTTTTATTGCCGTCCGAGTAACCAA
CCAATCAAAACAAA TOQA CGGATCTCTTGGTTCTGG
CATCGATGAAGAACGCAHGC %CGATAAGTAATGTGAAT
TGCAGAATTCAGTGARTCATCGARTCTTTGAACGCACATTGCG
CCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTA

CAACCAATCCAGC i GGCGTCGCGGCCTG
CCGCGCGCCTCAARGTETICOPTCLAAGCCGCCCGTTCCTCT

GCGTGATGACACATCGTCGCITGG ACGGGGGTGCGCCC

GGAAAACATC GGAGACGTCGACTCAAGGITGACCT
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SBFS diversity

.1920-19§7:A2 diseases, 1 sp. each

Sooty blotch: Gloeodes pomigena

Flyspeck: Schizothyrium pomi




SBFS diversity

N

1997 2 dlseases but 4 species

Sooty blotch: 3 species
Flyspeck Schlzothyrlum poml




SBFS diversity
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New paradigm

* Not a pair of diseases
“Sooty blotch” and “flyspeck”

* A multi-species complex
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New paradigm

* Not a pair of diseases
— “Sooty blotch” and “flyspeck”

* A multi-species complex

Batzer et aI 2005 Mycologla
Diaz Arias et al. 2010. Phytopathology
Gleason et aI 2019 Ann Rev Phytopathology




2) Biogeography
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Survey results

Schizothyrium Pseudocercosporella Peltaster
pomi sp. RH1.1 fructicola

Cosmopolitan
N <




Survey results

Geastrumia Phialophora Stomiopeltis
polystigmatis sessilus sp. 5.1

7
K=\,

Regional
X )




3) Management

Can 1t be more cost effective?



North Carolina SBFS warning system

(1990s)

1st-cover spray 2"d-cover spray

| 175 hours of |

Time leaf wetness




Does it work in the Midwest?




Does it work in the Midwest?

Not consistently...

(Babadoost et al. 2004. HortTechnology)




 Monitored T, RH, rainfall, LWD
19 orchard-years
« Scouted for first SBFS signs



Receiver operating characteristic
(ROC) analysis

False potives 3
True positives Observed P

Predicted

g

False negatives

True negatives



Proposed Midwest warning system

» Monitor relative humidity, not LWD.

1st-cover spray 2"d-cover spray

| 192 hours of RH297% |

Time

Duttweiller et al. 2008. Plant Disease.



Validating RH-based warning system

* Field trials (2010-2015)
« Saved 2.5 sprays/year
* Threshold shifted from 97% RH to 90% RH.

1st-cover spray 2"d-cover spray

| 385 hours of RH=290% |

Time
Rosli et al. 2017. Plant Disease



4) Phenology




Bagging trials

Period 1

Period 2 | Period 3

2
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Period 4

Period 5 Period 6 Period 7




Phenology of SBFS fungi

Peltaster fructicola &\\\\\\\\\\\\\\\\\\\\\\\\\\\\& a

Stomiopeltis sp. RS1 ab

Microcyclosporella sp. RH1 ab

ab
ab

Schizothyrium pomi

Stomiopeltis sp. RS2
Peltaster sp. P2 ab

Dissoconium aciculare

Colletogloeopsis-like sp. FG2

0 10 20 30 40 50

Days until 50% of infections

Ismail et al. 2016. Plant Disease



Phenology of SBFS fungi

Peltaster fructicola &\\\\\\\\\\\\\\\\\\\\\\\\\\\\& a

Stomiopeltis sp. RS1 ab
Microcyclosporella sp. RH1 ab

Timing of infection differs among species.

Peltaster sp. P2 ab

Dissoconium aciculare ab

b
0 10 20 30 40 50

Days until 50% of infections

Colletogloeopsis-like sp. FG2

Ismail et al. 2016. Plant Disease



5) Evolutionary origins of SBFS

<SAXR




[Ramichioridium sp. FG10
Zasmidium angulare
Ramichloridium cerophilum
Zasmidium cellare
Zasmidium anthunicola
Ramichlori diusn biverticillatum
HH 098 webraunia commune
Ancestral state probability S orari ereure
. Mygosphaereﬂa com;nunrs
¢ issoconium aciculare

S ap ro b IC |— Pseudoveronea ellipsoidea
Pseudocercospora sp. LLS2
Ramichloridium sp. FG10
Collefogloeopsis-like FG2.1

Houjia yanglingensis
Houjia pomigena
Stomiopeltis-like
Sterile mycelia
Phaeothecoidiella missouniensis
Septona protearum
Septoria apiicola
Cercospora apii
Cercospora beticola
Pseudocercospora sp. LLS1
Pseudocercospora foni

Ramularia miae

Ramularia pratensis
Ramulana sp. P5
Mycosphaerefla punctiformis
Septona spp

—oj2 ygophiala wisconensis
4? chizothyrium pomi
Zygophiala cryptogama

. Microcyclospora malicola
1 ' Microcyclospora sp.
{ 1 Microcyclosporelta pomicola
Mycosphaerella nubilosa

: Myco :
Capnodiales \_’ corias spongiosa

Capnodium salicinum
Capnodium coffeae
Devniesa sterlitziae
Davidiella macrospora
Graphiopsis chlorocephala
Peitaster fruticola
n m Elsinoe phaseoli
———— Myrangium duriaei

+— Dothidea inscuipta
1 _|,_£ Dothidea sambuci
Delphinella strobiligena
r— Pseudocercospora angolensis

 Microcyclosporella mali

{1 o7 | eratosphaeria juvenalis
_ﬂ:— Pleospora ambigua
Pleospora herbarum

Pleomassaria siparia

Plant parasitic
|

SBFS

0.77

0.89

Dothideomycetidae .

RPB2 phylogeny

Ismail et al. 2016. Mycologia



[Ramichioridium sp. FG10
Zasmidium angulare
Ramichlondium cerophilum
Zasmidium cellare

Zasmidium anthunicola
Ramichloridium biverticillatum

Ancestral state probability oes ’_’_i A

. Myi)cosphaereﬂa com;nunrs
: ISSOCoNIUM acicuiare
S ap ro b IC o |— Pseudoveronea ellipsoidea

Pseudocercospora sp. LLS2
SBFS

Ramichloridium sp. FG10
Collefogloeopsis-like FG2.1
Houjia yanglingensis
Houjia pomigena
Stomiopeltis-like
Sterile mycelia
Phaeothecoidiella missouniensis
Septona protearum
Septoria apiicola
Cercospora apii
Cercospora beticola
Pseudocercospora sp. LLS1
Pseudocercospora fon
Ramularia miae
Ramularia pratensis
Ramularia sp. P5
Mycosphaerefla punctiformis
Septona spp

—oj2 ygophiala wisconensis
4? chizothyrium pomi
Zygophiala cryptogama

. Microcyclospora malicola
1 ' Microcyclospora sp.
! 1 Microcyclosporelta pomicola
Mycosphaerella nubilosa

Capnodiales . Scorias spongiosa
p T —— . 1 059 Capnodium salicinum

0.8 Capnodium coffeae

- Devniesa sterlitziae

Plant parasitic
|

0.77

F=y

SBFS ancestors were plant parasites.

1 I_|i— Dothidea sambuci
Delphinella strobiligena
r— Pseudocercospora angolensis

 Microcyclosporella mali

. 1t o7 | eratosphaeria juvenalis
_F]:— Pleospora ambigua
B RPB2 phylogeny

Ismail et al. 2016. Mycologia



6) Adaptive mechanisms

ParaS|tes Ectophytes




Ectophytes vs. epiphytes

 Ectophytes — ON and IN plant surfaces
 Epiphytes — ON the plant surface



Xu et al. 2016. Scientific Reports

Ectophytes vs. epiphytes

 Ectophytes — ON and IN plant surfaces
* Epiphytes — ON the plant surface only
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Xu et al. 2016. Scientific Reports

Ectophytes vs. epiphytes

 Ectophytes — ON and IN plant surfaces
* Epiphytes — ON the plant surface only




Xu et al. 2016. Scientific Reports

Reductive evolution of enzyme systems

M Putative PCWDEs M PKS B NRPS I HYBRID TC

0

SBFS

Plant penetrators

HEM

BIO

Zymoseptoria tritici

Magnaporthe oryzae

Colletotrichum higginsianum

Botrytis cinerea

Puccinia graminis

Ustilago maydis

DMATS M Small secreted proteins ¥ Secreted proteins

2° metabolite synthetases Secreted proteins
250 0 20 40 60 80 00 0 200 400 600 800 1,000 1,200

PCWDEs
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Xu et al. 2016. Scientific Reports

Reductive evolution of enzyme systems

Putative PCWDEs S
PCWDEs

SBFS

Peltaster fructicola

Plant penetrators

BIO

Zymoseptoria tritici

Magnaporthe oryzae

Colletotrichum higginsianum

Botrytis cinerea

Puccinia graminis

Ustilago maydis
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Xu et al. 2016. Scientific Reports

Reductive evolution of enzyme systems

SBFS

BIO

Plant penetrators

HEM  Colletotrichum higginsianum

M Putative PCWDEs M PKS secreted proteins I Secreted proteins

Zymoseptoria tritici

Magnaporthe oryzae

Botrytis cinerea

Puccinia graminis

Ustilago maydis




Xu et al. 2016. Scientific Reports

Reductive evolution of enzyme systems

SBFS

BIO

Plant penetrators

HEM  Colletotrichum higginsianum
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PCWDEs 2° metabolite synthetases{Secreted proteins |
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Xu et al. 2016. Scientific Reports

Cutinase and melanin production

Plant cell wall degrading enzymes acting on different substrates

Pectin

Hemi-

Cellulose

Cutin

Pectin

cellulose /Hemicellulose

[Hemicellulose

In vivo In vitro

Pelfr4d343
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Secreted peptidases

Small secreted proteins

00

In vivo In vitro

peitrsoz1 R R
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peitro7ss [ DN

Pelfr0039
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Pelfr6255
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Pelfr7794
Pelfr7907

Secondary metabolism key enzymes

Enzymes related
to DHN-melanin
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Schematics of SBFS niche

b Sclerotium-like body Epicuticular wax layer

N~

Hyphae

= W

—
Cuticle proper

=

Xu et al. 2016. Scientific Reports.



Schematics of SBFS niche

Sclerotium-like body Epicuticuiall' wax layer
-
~ —— >@_ SR S
SRS Cuticle proper

Xu et al. 2016. Scientific Reports.



Schematics of SBFS niche

Epicuticular wax laye

— -—n
Cuticle proper

Xu et al. 2016. Scientific Reports.



SBFS fungi: stealth pathogens!

Biotroph

LPMP
L SMP

tPCWDE

Hemibiotroph

%

2\

bph

ssMp N
+PCWDE >/

Necrotroph ¢

Cuticle

!SBFS

Xu et al. 2016. Scientific Reports



Main points

A disease complex, not two diseases
— The most diverse plant disease complex?
SBFS species differ in:

— Blogeography

— Phenology

Adapted SBFS warning system for Midwest
SBFS fungi evolved from plant parasites.

Multiple adaptations to plant-surface niche




Where to go next

Pin down timing of spore release.

Clarify genomics of fruit infection.
Determine host range of SBFS species.
Sequence genomes of more SBFS taxa.

« Similarities to other surface-adapted fungi?




SBFS collaborators
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SBFS collaborators

Turner Sutton

e Jean Batzer







