Phylogenomic and Functional
Reassessment of Pseudogymnoascus
destructans Across Mitochondrial

llla Popov, Igor Popov, Alexey Ermakov
a nd N UCIea r Sca Ies Don State Technical University, Rostov-on-Don, Russia

e Entrez to download data I

. ' COMPARATIVE GENOMICS ANALYSIS
Leotiomycetes o e e o e e e e - -
(complete mitochondrions) / > 5 mtgenomes —j fast ParBLISS FastANI \
| AN 1 v g format I Tl oo criia I
'g,”ear’:;%aos;euv/ . l I Comparison agiinst each other |
— I I
Whlte_Nose Synd rome (Ca used by P. destructans or pd) |S the w MMseqs2 Vizualization - Donut-chart & scatter plot &@ | Vizualization — Synteny plot \:iiualizat:n—Heatmgv I
. . . I ot2 N ). | GenomeViz il pandas
reason of 90% mortality among hibernating bats every year cZ) )] %p | : | P MMseqs2 P matpiiﬁib@m :
W)  Minimum st protains dentity setting = 0.9 l A —
I 5 (-7, I ¢ |
EZ;?: l | | e é ] |
I ol el T I % g ;" I
North America is the most affected by WNS region <Zf. <Z,: %@ MMseqs2 LT e - | %s == . N
There are StUdIeS Indlcatlng that WNS Ccame to n' |de?§igxgggtaf;igﬂrsist’;:P:;ﬁgn?e?nes Pangenome composition : Distribution oi’njsi:\lryed» genes | Fungi :
America from Europe '\ /
European strain of Pd is not pathogenic I
> Proteinortho Vizualization — Maximum likelihood & Bayesian phylogenetic trees s T EEEEEEEEEEEEEEEEEE - \
‘ | { Pseudogymnoascus destructans <« 1
. . Identifying single-copy orthologs @ Phy£OKI | | | I
But there were little studies on the genome of Pd A A | M | v | I
| Uncharacterized proteins Characterized proteins
lts genome was a mystery: —5 | B : (UnP) (chP) |
— =20k genes marked "uncharacterized” in RefSeqg ¢ MAFET —c | ¢ : —— :
— There were no comparative genomic studies ol Sequence Allgnment -2 EE’ | A :
— What is Pd? Where does it come from? - = : Anatating Lncharacterized proteins l
— Does it have non-pathogenic relatives (except for P. pannorum)? | } :
pHYLo_ I \b/;zrt;zlgftation — barplots & stacked o, |
trlmAl% MOdeI IQ-TREE | COG categories: _pqwis.e
. | . 5014 | — Finder —> GENOMIC ChP vs. UnP vs. ChP + UnP I
Beimforde et al. 2014 K Aguileta et al. 2914; K Judd et al. 2024, Trimmming alignments Moo <oloction et ANALYSIS ! I
____________________________ 1000 uitrafast bootstrap I I
Leotiomycetes and | I' Take the retrospective l : :
Sordariomycetes are ! Sordariomycetes have | open data on Global G @ 2 Tree I |
brothers! They are | Yo I' Mean Surface s BEAUH — BEAST —~ Q@8 Tracer "x Annotator | l
: 0.01 substitutions per ¢
Ccou pled W|th I . o1 I Tem peratu re to Design the analysis Perform the analysis Diagnostics of MCMC output Single «target» tree l ,
: : site per million years! \ y
equivalent fossil- I I complementyour o e e e e e e e e e
calibrated divergence | | study! BAYESIAN EVOLUTIONARY ANALYSIS FUNCTIONAL ANNOTATION
times! I I

QN
3 N
AN

B
NC_023128.1 Rhynchosporium secalis S symnoascus destructans 7-ﬁ7&bi6467(:‘_6}{6&i675757.76&467 A
m&.ﬂé . 023125.1 Rnynchosporium agropyri . S: Function unknown . T: Signal transduction mechanisms
. G: Carbohydrate transport and metabolism . P: Inorganic ion transport and metabolism
] @@ @D OO0 O O 00 @00
NC_023126.1 Rhynchosporium graminicola ~ "oocomesceman S U W Pseudo gymnoascus pannoru m 3000 . Q: Secondary metabolites biosynthesis, transport and catabolism . A: RNA processing and modification
O: Posttranslational modification, protein turnover, chaperones H: Coenzyme transport and metabolism
o NC-028127.1 Rynchobrunnera orthospora Thelebolus microsporus [an) O CHIxXMI1I000 O @ 00 E: Amino acid transport and metabolism B: Chromatin structure and dynamics
- NC_015789.1 Phialocephala subalpina g 2500 = U: Intracellular trafficking, secretion, and vesicular transport 5 Z: Cell wall/membrane/envelope biogenesis
o L: Transcription F: Cytoskeleton
NC_031375.1 Glarea lozoyensis ntarctomyces pellizariae (@») O 00 O I OO0 @ 00 § C: Energy production and conversion M: Nucleotide transport and metabolism
" ) g 2000 J: Ribosomal structure and biogenesis D: Defense mechanisms
74.9 NC_025200.1 Sclerotinia borealis & S S Fe & STE 2SS & 1) D K: Replication, recombination and repair I:l V: Cell cycle control, cell division, chromosome partitioning
NC_061762.1 Ciborinia camelliae rtarctomyces psychrotrophicus © ENE 00 O D160 ® 00 g 1500 . I: Lipid transport and metabolism
o)
NC_070174.1 Pseudofabraea citricarpa E
2 1000
: : : : . . . .
: : e ‘ A — Heatmap of pairwise Average Nucleotide Identity
| T B - Linear comparison of mitochondrial genomes 500 B —
' |
N — | NC_082275.1 Thelebolus microsporus ’-
e n | : | [R[a] T ey
: G 1 NC_027422.1 Pseudogymnoascus pannorum Average
%,i J , Yearly $ G @ 0O E ¢ U L I J K T P A B H D F M Z V
, , : : NC_033907.1 Pseudogymnoascus destructans 1 5 q% b QD Temperature, °C FUnCtlonal Category
— Ws0-40
NC_069201.1 Spathularia flavida é ‘ = W 20-30 B
‘ 10-20 ™
NC_056147.1 Erysiphe pisi 0-10 [
rysiphe pisi 7 7 ke /S |
NC_071210.1 Erysiphe quercicola - -20--10 %) 200
[ -30--20 o ]
NC_056146.1 Erysiphe necator M % | | 7/15, =_zg T _ig qc)
- © > =) 150
NC_056148.1 Golovinomyces cichoracearum /_Nkr\‘ 5 \“\J 7 T ¢ . :;0 780 T §
Pal| Eo | ol | Mio ‘ . : S 3;, ‘§ 100
Pal N ~ . 4 3
leogene eogene "\—\’ . ﬁ p _CE)
316}.85 29‘8.9 25.1'9 20.1'4 145 6|6 2|3 2."58 | \L:’__," ’ J\\.\ 2 50
| ¥y ¢ TN
: N
g 01 27.03°C . | g N 0 [
% 351 9 } S J o u A C E K G T L | H D P Q B F Z M V
g . Functional Category
§ 307 23.41°C P c
Q 60°S
g s NC_082275.1 Thelebolus microsporus Gomplet
@ NC_048507.1 Antarctomyces pellizariae ompiete
g 204 NC_082276.1 Antarctomyces psychrotrophicus ©
g 154 o
o Antarcti
31E‘: 85 29‘8 9 25‘1 9 20‘1 4 1:15 6‘6 2‘3 2 I58 90° 60° 30° o 30°E 60°E 9°E  120°E O% 25‘°/° : Sd% 75.0/0 1060/0
: : : ’ Million Years Ago : Relative Abundance (%)
Bayesian phylogenetic tree of Leotiomycetes Geographic distribution of 5 analyzed species: A — complete Pd profile (UnP + ChP)
. . . . . . o o . n . " .
mitochondrial genomes with estimated divergence locations of fungi in relation to global mean B - "characterized" Pd profile (ChP)
times annual temperature C — comparison: Complete vs. UnP vs. ChP

— Bayesian dating: Pd-P. pannorum split = 28.2 Million years ago (MYA);
5-species MRCA =140.9 MYA; Leotiomycetes crown =298 MYA.

— Comparative genomics: Pd mito genome 32.2 kb, 94.4 % ANI to Pp, gene "%
content and order largely conserved; Antarctic relatives retain full collinearity, - .:m'
indicating evolutionary stability in psychrophilic lineages. @,..,;-.,.,.,'

— Geographical signal: Pd isolates = North America; closest relatives = Antarctic

— Functional expansion: Re-annotation boosts known Pd protein functions Full text GitHub Contacts
from 2 137 to 12 206, carbohydrate-metabolism genes now 1206 (+1 097); Journal of Fungi Lab journal Telegram
secondary-metabolite genes 760 (+708).

540

Zeol

Funding: The study was supported by the Russian Science Foundation (project 25-24-00351)



