LA GENETIQUE DES POPULATIONS COMME OUTIL
D'ELUCIDATION DES RESERVOIRS DE PATHOGENES :
LECONS TIREES DE PSEUDOGYMNOASCUS DESTRUCTANS,
L'AGENT RESPONSABLE DE LA MALADIE DU NEZ BLANC
CHEZ LES CHAUVES-SOURIS

cola M. Fischer, Andrea Altewischer, Surendra Ranpal, Serena E.
DoI, Gerald Kerth, & Sébastien J. Puechmaille

JOURNEE PETITS MAMMIFERES
CBGP, MONTPELLIER, FRANCE 22/11/2021




Puechmaille et al. 2011, Trends Ecol. Evo.



WHITE NOSE DISEASE (WND)

Puechmaille et al. 2011, Trends Ecol. Evo.



WHITE NOSE DISEASE (WND)
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Answer key questions regarding the infection of bats:

» where & when do bats get infected?

» what is the environmental reservoir from
which bats get infected?

> what is the infection dose?




>

P. destructans load

wes hat
snns Wall

ol
»
”
-
....Ill“’

Winter Spring Summer

Pd growth Pd shed from Active bats clear Pd infection Pd transferred from
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Fischer et al. 2021, Mol. Ecol.
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18 microsatellites
+ Mating type loci

Drees et al. 2017, J. Dis. Wild; Dool et al. 2020, Cons. Genet Res.



WHERE & WHEN DO BATS GET INFECTED?

Rigen

ance movements of Myatis myotis in Europe (n=3273).



WHERE & WHEN DO BATS GET INFECTED?
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Summer Swarming Hibernacula Bats
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Reassignment to the correct site

e.g. DAPC, Discriminant Analysis of Principal Components »
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ELDENA; 2015-2019; 1062 isolates
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THE ENVIRONMENTAL RESERVOIR
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Winter and substrate
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To test for the difference in genotypic richness (eMLG) between bats and walls of
each year a one-sided, paired t test was calculated (t = —2.83, df = 4, p = .038)
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Number of spores transferred to each bat
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P. destructans load
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Hibernaculum Hibernaculum
Total 9 Differentiation of MLGs across

s > | @
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*  Numbers of shared MLGs

®‘\ ®I /&1) *  Correlation of MLG occurrence
*  Assignment of MLGs (DAPC)

Hibernaculum Eldena K
Autumn spring Autumn Spring @ Stability of MLGs through time
— = )
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*  Shared MLGs across years and
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MLG
occurrences

@ MLGs on bats and walls

*  Shared MLGs walls and bats
*  Genotypic richness walls and bats

@ Transmission bottleneck size
Genotypic richness
bat *  Estimated number of spores

transferred from walls to bats
Genotypic nchness wall

Questions:




All genotyped spores
from walls (pool 0).
. '

Bottleneck

Quantification
Number of unigue
MLGs from pool 2
(calculated seperately
for every valueof N).

Subsampling of N spores
with replacementfrom
pool 0. N varied
between 2 and 3100.

Germination

Subsampling of 17.5% of 92000
the sporesfrom pooll 12 3 45
withoutreplacement.

1000 times per N
— (bottleneck size).




MONITORING DISEASES

Diseases are generally known to:
* Regulate populations (Anderson & May 1979, Nature)
* Drive populations to extinction (De Castro & Bolker 2004, Ecol. Lett.)

Monitoring disease outbreaks and dynamics is important




Multiple emergences of genetically diverse amphibian-
infecting chytrids include a globalized hypervirulent

recombinant lineage
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PRESENCE IN EUROPE

500 sites visited
36 countries




PAN EUROPEAN SAMPLING
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EUROPEAN POPULATION STRUCTURE

N=3,000 isolates (250 sites, 26 countries)

MLG=1208
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Fig. 19.  Documented long-distance movements of Myotis myotis in Europe (n=3273).

Hutterer et al. 2005
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N=1,800 isolates (5 years temporal sampling, 1 site, NE Germany)
MLG=150
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IS SEXUAL REPRODUCTION HAPPENING?
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CONCLUSIONS & PERSPECTIVES

-The use of genetic data is an extremely powerful tool to
elucidate the population structure in Europe,

»The population structure is very strong, ‘ .

»The fungus moves relatively little (likely via bats) , /\
but some long distance movements are LTSS
suspected (via humans?), \7

O

»The is a risk that a recombinant becomes virulent and
could kill European bats although evaluating precisely the
level of risk is extremely challenging, -> though the higher
the number of long distance movements, the higher this risk

is!









WHITE NOSE SYNDROME/DISEASE

WHITE NOSE SYNDROME
ORIGINAL DEFINITION (Reeder & Turner, 2008; Veilleux, 2008)

v'Set of symptoms, including visible fungal growth on skin surfaces,

depletion of fat reserves, altered torpor patterns and aberrant winter
behaviour,

OTHER DEFINITION (Meteyer et al., 2009)

v'Fungal hyphae form cup-like epidermal erosions and ulcers in the
wing membrane with involvement of underlying connective tissue.



WHITE NOSE SYNDROME/DISEASE

WHITE NOSE SYNDROME

ORIGINAL DEFINITION (Reeder & Turner, 2008; Veilleux, 2008)

v'Set of symptoms, including visible fungal growth on skin surfaces,
depletion of fat reserves, altered torpor patterns and aberrant winter
behaviour,

WHITE NOSE DISEASE (diagnosed via Histophatology)

v'Pd fungal hyphae form cup-like epidermal erosions and ulcers in the
wing membrane with involvement of underlying connective tissue.

Frick, Puechmaille & Willis, 2016. /In Bats in the Anthropocene: Conservation of bats
in a changing world. Springer.



FURTHER GENETIC EVIDENCE (MICROSATS)

N=3,000 isolates (125 sites, 26 countries)
MLG=1208

m |1

(genetically 100% identical)
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Mostly reproduces clonally




N=1,800 isolates (5 years temporal sampling, 1 site, NE Germany)
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