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Overview

e Needle communities of old-growth canopies

e Interpreting results...

e Improving amplicon sequencing to achieve
improved inference from common garden studies
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Phyllosticta spp. Rhabdocline parkeri

H = Hyphae

Stone et al. 2004, Stone et al. 2008



Do needle communities from exposed crowns
differ from closed crown communities?
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e J trees climbed

e 4 needle ages

e Crown sampled at
consistent intervals




Metabarcoding/HTS/NGS workflow

Amplify ITS2 w/

. Lyophilize
Sl;iface Stlegtlllfe » —— » 5.8S-Fun + #
o e extract DNA ITS4-Fun

Taylor et al. 2016

. Define
Sequ;nce Wlth taxonomic units » Analyze
[1lumina MiSeq Callahan et al. 2016 +

Froslev et al. 2017




How do we quantity exposure?

Height Crown closure






How do we quantity crown closure?

Light Detection and Ranging



Roussel et al. 2020 , Crown closure index
Remote Sensing of Environment
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Roussel et al. 2020 , Crown closure index
Remote Sensing of Environment “
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Roussel et al. 2020
Remote Sensing of Environment

Crown closure index
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Crown closure index
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Do communities from exposed crowns
differ from closed crown communities?



20

O
P <0.001, R? = 0.197 ©

A3

Estimated richness

Crown closure index

Greater closure and needle age are associated with richer communities



Relative abundance
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Zasmidium | Mycosphaerellales
Ramularia | Mycosphaerellales
Wilcoxina | Pezizales

NA | Phaeomoniellales
Xenocylindrosporium | Phaeomoniellales
Phaeotheca | Phaeothecales

Venturia | Venturiales

NA

. Genus | Order

Phyllosticta | Botryosphaeriales
Diaporthe | Diaporthales
Hormonema | Dothideales
Penicillium | Eurotiales
Rhabdocline | Helotiales
Dermea | Helotiales
NA | Helotiales
Purpureocillium | Hypocreales
Gibberella | Hypocreales
Capturomyces | Leotiales
Micraspis | Micraspidales
Nothophaeocryptopus | Mycosphaerellales

|

® O O 6 O e o O

218 OTUs across 256 samples



Relative abundance

1.00 o

0.75 -

0.50

0.25 =

0.00

LLSTIGIUTTT | WiywWopliasivialss
Ramularia | Mycosphaerellales
Wilcoxina | Pezizales

NA | Phaeomoniellales
Xenocylindrosporium | Phaeomoniellales
Phaeotheca | Phaeothecales

Venturia | Venturiales

NA

[
Genus | Order
Phyllosticta | Botryosphaeriales
W Diaporthe | Diaporthales
Hormqr_iemal Dolhideales
|. Rhabdocline | Helotiales
Bl NA | Helotiales
Purpureocillium | Hypocreales
Gibberella | Hypocreales
Capturomyces | Leotiales
ﬂ)ﬁﬁr:c.nie | l\ﬂinr:er\id:lnc
Nothophaeocryptopus | Mycosphaerellales
|

® O O 6 O e o O

OTUs assigned to N. gaeumannii (OTU.1) +
R. parkeri (OTU.2, OTU.3, OTU.6)



Crown closure index
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Dominant taxa have

divergent niches

OTU Taxon Group v P
I OTU.1 N. gaeumannii Open 0.629 0.006 I
0OTU.2 Rhabdocline parkeri Closed 0.488 0.009
0OTU.3 Rhabdocline parkeri Closed 0.482 0.022
OTU.10 Dermateaceae sp. Closed 0.414 0.006
OTU.16 Dothideomycetes sp. Closed 0.361 0.006
OTU.73 Phaeomoniellaceae sp. Closed 0.173 0.006

P values were obtained after 999 permutations and corrected for the false discovery rate using the Benjamini-Hochberg method.
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N. gaeumannii dominates open exposures as needles age
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Hansen et al. 2000

Manter et al. 2003 .

Manter et al. 2005 Needles/trees in southern

Shaw et al. 2014 aspects/upper crowns/unshaded
Lan et al. 2019 treatments experience more severe
Ritokova et al. 2021 SNC and/or higher N. gaeumannii
Lan et al. 2022 biomass

(apologies if I missed someone!)

Needles with less crown closure

Gervers et al. 2022 have relatively more N. gaeumannii

reads than other endophytic fungi



Why might Nothophaeocryptopus gaeumannii
dominate open exposures?



Why might this be?

N. gaeumannii preempts other fungi
in open crowns

Other fungi (e.g. R. parkeri)
exclude N. gaeumannii in closed

crowns
N. gaeumannii accesses nutrients N. gaeumannii survives better than
and/or grows better than other other fungi in the hostile
fungi in open crowns environment of open crowns

N. gaeumannii antagonizes other
fungi more in open crowns
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Proposed research by Chris Still + Posy Busby et al.



Please ask me more about these mechanisms!
(I’ve got bonus slides...)



How can we improve our sequence-based
analyses of needle fungi communities?



Amplify plant and fungal sequences

E

MICROBE

Lundberg et al. 2021

Fungal load

fungal sequences

plant sequences



Lundberg et al. 2021
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Load reveals a much stronger genotype effect!



Natural Populations

Wilhelmi et al. 2017

DFSSMT

6 sites
6 seed regions
30 populations
2nd-year needles
3 sampling years
>4(000 samples




Please ask me if you want to know more about
how this technique works!
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Bonus slides!



The systematic position of Phaeocryptopus 2007
gaeumannii

Loretta M. Winton, Jeffrey K. Stone, Everett M. Hansen & R.A. Shoemaker

“Isolates of P. gaeumannii also have been
observed to produce diffusing red pigments
in culture (Winton and Stone unpubl.).

...the possibility that this pigment might be
a cercosporin-like substance that might
play a role in the pathology of Swiss needle
cast disease must be considered.”

A light-activated phytotoxin



N. gaeumannii

Unpublished



Support for an earlier hypothesis... Ena;l nOfgte

000000

Unpublished

)

Genomic and
transcriptomic evidence
suggest this is a possibility

RNA-Seq data from Hess et al. 2016
N. gaeumannii genome (BioProject: PRINA212511)
sequencing + assembly by TAIGA



PLANT
CELL

ox
q CR

reducsd

CR

FUNGAL
CELL

N

Compounds like
cercosporin form
reactive singlet oxygen
under high-light
conditions
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Study 1
No apparent toxins involved in the
development of Swiss needle cast symptoms. 2000

Dan Manter and Katy Kavanagh.
Cooperators: Greg Filip, Jeff Stone, Wendy Sutton and

Lori Winton.
2001 Electrolyte Leakage and Nutrient
==  ofatus in SNC-infected Douglas-
i | fir
§ : R'= _
Lo ' Dan Manter and Jeff Stone



Support for an earlier hypothesis...

More
More light

N.
gaeumannii
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