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Mpaocivn BiotexvoAoyia

v Ta «yewpytka xnuika» (agricultural chemicals) opifovtat w¢ xnpkd omwc
dutodpappaka, LLLAVIOKTOVA, LUKNTOKTOVA, EVTIOLOKTOVA KOl AUTAOHLOTOL TTOU
XPNOLLOTIOLOUVTAL OTN YEWPYLA yLa ToV EAeyX0 eNLBAABWY OPYOVIOUWV KOl
acOeveLlwv 1 Tov EAey)o Kol TNV tpowonon tn¢ avantuénc.

(Ramesh C. Gupta, James W. Crissman, in Haschek and Rousseaux's Handbook of Toxicologic Pathology

(37 Edition), 2013)

v Ta «YEWPYIKA XnUtka» (agricultural
chemicals) unopouv va éiakplBoulv oc 4
KOLTNYOpPLEG:

e Ziuavioktova

e Mukntoktova

e Evtopoktova

* TpWKTILKOKTOVA

v’ ZTOXOC TOUG N TTPOCTACLA TWV YEWPYLKWV KAAALEPYELWV
(Ramesh C. Gupta, James W. Crissman, in Haschek and Rousseaux's Handbook of Toxicologic Pathology
(3" Edition), 2013)



Evtopoktova
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Plant pests: The biggest threats to food
security?

lovember 2011

Worst historical pest - the desert locust

Schistocerca gregaria: a pest since
biblical times, they fly in unexpectedly,
strip a field bare in an hour and
consume a very wide range of crops.

Locust swarms may vanish for
many years, only to break out of their
endemic regions after periods of
abnormally high rainfall.

Worst stored product pest - the Khapra bes

This insect, Trogoderma granarium, is
difficult to control because it feeds on
a variety of dried materials.

It is resistant to insecticides and can
go long periods without food.

Infestations can result in up to 70%
grain damage, making products
inedible and unmarketable.

(https://www.bbc.com/news/science-environment-15625~.-
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Schistocera gregaria (H
aKPioa TNC EPRpIoU):
ampOPAenT,
KOTOOTPOPIKA, PE
JUVOTOTNTO EMAVEPAVIONC
PETG o0 MOAG XpOVITK
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Most resilient pest - colorado potato beetle

Leptinotarsa decemlineata is a strong
candidate for this award, having
managed in the space of about 50
years to develop resistance to 52

@

different compounds belonging to all ' g
major insecticide classes (including & ’ TSSO ‘&
cyanide). > 5

. C.TROUVE/SRPV/CAI

Leptinotarsa ‘

decemlineata («oKkaB&pI
NG MOTATOC»): GVOEKTIKO
- 0¢ 50 xpovix
avOEKTIKOTNTN 0€ 52
JIPOPETIKR EVIOPHOKTOVOX

This beetle therefore has effectively
beaten the chemists.

Trogoderma granarium
(«oKaBGPI TNC VTOUAGTIOG»):
avOEKTIKO - TOIKIAIG ENPGC

TPOPIG, XWPIG TPOP YIx
peyahoug mepiddouc - 70%
KOTOOTPOPEC



XNHIKA EVTOHOKTOVA MetovexTipata

=2 To0 2012 anoteAovoav to 50% TwWV XNUIKOV Y{AVIOKTOVWV (EVTOHO-, LUKNTO- K.ATT)

Amo to 2001 n EPA (Environmental Protection Agency) TN Xprion Toug o€
, AANAA ouveyiletal n Xprion Tou¢ WE MOLPACLTOKTOVA 0T YEWpPYLa

MNnati;
Kapkivoyova, To§lkd, KapSLoayyELOKA KoL AVOTTVEUOTLKA IPOBAROTA, TTPOWPES
aroBoA£g, veupkng ¢uong npoPARpaTa OE VEOYVA.

MapoAovu nou dtactwvtol yprRyopa amno to ¢wc Ko Tov agpa, ixvn toug Exouv BpeOsi oe
OO0 VEPO Kat paynta!




AAAEQ }\GGEIQ "EvTopa - Onpeutég

O BlroAoyikoi Napayovteg EAéyxou (Biological Control Agents - BCAs)
1. O Onpeutéc (predators)
OL BnpeuTEC elval Kuplwe eAevBepa (wvtava (free-living) eldn nmou katavaAwvouv

ApEoA HEYAAO aplOpo Bnpapdtwyv KaBoAn tn dtapketa tnS {wn ¢ TOUC

/

Nnpotwdn onwc to

AKApEQ OTIWG TO ‘Evtopa 0mwe n )
Phytoseiulus persimilis nac)xalitoa (Coccinella vnuathsg. .
magnifica) Phasmarhabditis
hermaphrodita
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AAAEQ )\l'J OEIlG ‘Evtopa - Tapacitosidn

O BlroAoyikoi Napayovteg EAéyxou (Biological Control Agents - BCAs)
2. OLnapaottosldeic (parasitoids):

Ot apaottosldeic tonoBeTolV T AUYA TOUC TTAVW N LECO OTO CWHLOL EVOC EVTOLOU
— EeVLOTN, O OTTIOLOC OTN CUVEXELO XPNOLUOTIOLETOL WG TPOdN YLa TNV AvATTTUéN TWV
npovupudwv. O EeVIoTAC TEALKA OCKOTWVETOALL.

XaAKLKoeLdNG opnka
onwc¢ n Encarsia formosa

MUya TnG OLKOYEVELOLG
0 s Tachinidae onwc¢ n
B WHITE! Tachina fera

-

s PARASITE



AAAEC AUGEIG BCAS

O BlroAoywkoi Mapayovtec EAEyxou (Biological Control Agents - BCASs)
3. OL maBoyovol (pathogens):

2UVNOWC HLKPOOPYOVLOUOL TTOU KATAOTPEPOUV I ATTOSUVAUWVOUV TOV EEVLOTH TOUC
Kol £lvoll oXeTKA €LSLKOL WE Ttpo¢ Tov EgvioTr). AldPopeC ULKPOPLAKEC AOOEVELEC
eVTOpWV epdavilovrtal otn dvon, aAAAd HmopouV emiong va xpnotpornoltnouv wg
BLoAOYLKA TTAPOLCLTOKTOVAL.

o
V. .
> -
Qs  hew -
BRRACcY Spot Magn  Oet WD § S
g:)!unw. 2 Bedde  BSE 106 06 Taw
TL - W AN A

BaktrpLa Onwe o IOi.éan oly .mant'ria QOUUKNTEG OTIWG O
Bacillus thuringiensis dispar multicapsid | ggenjdium giganteum
MUKNTEC OTIWC TO nuclear polyhedrosis
virus

Metarhizium
anisopliae



MNaBoyovol JUKNTEG Fevik&

NaBoyovol (pathogens) :

2uvVNOWC LUKNTEC TIOU KATAOTPEPOUV 1] ATTOSUVALWVOUV TOV EEVLOTA TOUC KOl Elval
OXETKA €LS6LKOL WC TIPOC TOV EEVIOTH.

2ToL EVIOHOL 2ta putad

OTwG TO Omwe n onwg o Aspergillus OTw¢ To
Metarhizium Magnaporthe fumigatus Cladobotryum
brunneum oryzae mycophilum

EvtoponaBoyadvol MNaBoyovolr otov
QPutonaboyovol avOpwrmo Mukntodiiot




Ta&ivounon Twv HUKNTWV levik&

LV — Microsporidia
. Chytridiomycota f '. o
v i | Neocallistomygomycota cl’"y "d&
s Blastocladiomycota
Kickxellomycotina
A Zoopbaaomvcotina
Entomophthoromycotinajk{4 Zygo_myw{_%} )

“pasal fungal

Mucoromycotina

N 5 - Glomeromycota

Taphrinomycotina
Saccharomycotina

Pezizomycotina
§

Dikoawryo

Pucciniomycotina

Ustilaginomycotina B . [- /

Mclaunglhlin et al 2009 —
Agaomycotina T"M& MWM 17:
488-497



O1 evrogomadoyovol HUKNTEG Fevika

Ot LUKNTEG IOV AP OLGLtoUV
(ko TpEdovtan) ano ta
gviopa

Avnkouv ota QUAQ Twv:

Muwpoonopldiwv,
Xutpldlopukntwy (e§apetika st
onavia), «ZUyopUKNTEGH iyl g
(Entomophthoromycota), itk
BaolSlopukitwy (omavia, Phasmatadeat
rthoptera*
avikouv Septobasidiales) ko P
AGKOMUKATWV i

Phthiraptera
Thysanoptera
Hemiptera*
Coleoptera*
Raphidioptera
Megalopetra
Neuroptera*
Hymenoptera*
Mecoptera
Siphonaptera*
Diptera*
Strepsiptera
Trichoptera*
Lepidoptera*

Arajuo J.P.M. and Hughes, D.P. 2016. In “Genetics and Molecular Biology of Entomopathogenic Fungi”
(Eds. B. Lovett and R.J.St Leger) Elsevier, Fig. 5



O1 evtoponmadoyovol JUKNTEG Fevik




O1 evtoponmadoyovol JUKNTEG EvaMakTikii mpocéyyton

KUpla yévn mou €xouv xpnotponotn0si Aén epmopLka:

Arajuo J.P.M. and Hughes, D.P. 2016. In “Genetics and
Molecular Biology of Entomopathogenic Fungi” (Eds. B. Lovett
and R.J.St Leger) Elsevier, Fig. 3

Metarhizium

(Hypocreales, Sordariomycetes, Pezizomycotina, Ascomycota)

9 £(6n AVIKOUV OE AUTO TO YEVOC HE KUPLOTEPOUG OLVTLITPOCWITOUC

Metarhizium anisopliae, M. brunneum, M. robertsii.




O1 evtopomadoyovol HUKNTEG EvaAAakTikii mpooéyyion

Mpocwatn smavaBewpnon tng taflvopikng touVerticillium lecanii odRynoce
oTNV £10aywyn TOU YEVOUG:

Lecanicillium

(Hypocreales, Sordariomycetes, Pezizomycotina, Ascomycota)

8 €ldn avrkouv o€ AUTO TO YEVOG HE KUPLOTEPOUG OLVTILITPOCWITOUG
L. muscarium (Mycotal) — Adpidec & EUkpata KAipato

Akanthomyces lecanii (L. lecanii) (Vertalec)— «paAaka» oka@apia (Coccidae
or Lecanidae) & tpormika KAipata




O1 evtopomadoyovol HUKNTEG EvaAAakTikii mpooéyyion

Beauveria

(Hypocreales, Sordariomycetes, Pezizomycotina, Ascomycota)

TouAaxiotov 49 €idn -
Kupiol avtimpocwtol B. bassiana and B. brongniartii.

. B. brongniartii
B. bassiana $




O1 evtopomadoyovol HUKNTEG EVaAGKTIKR TPOGEYYIoN

Beauveria

Eupwtrn: 45 oT1eAéXn ue
¢evioTég Lepidoptera,
AMEPIKA: 16 OTEAEXN ME Coleoptera, Diptera, Hemiptera,
¢evioTég Lepidoptera, p— Orthoptera, Thysanoptera,
Coleoptera, Orthoptera, *~  Hymenopetra, Arachnids kai
Arachnids kol xWua ‘ 2

Acia-AuocTpalia; 12
OTENEXN ME CEVIOTEG
Coleoptera, Hemiptera,
Lepidoptera kai xwua

A@pIKN: 3 OTEAEXN ME
¢evioTég Coleoptera
Kal Xwua

Ghikas et al. BMC Microbiology 2010, 10: 174



O1 evtopomadoyovol HUKNTEG EVaAGKTIKR TPOGEYYIoN

Beauveria

Subgroup -4 Subgroup -1 Subgroup -6
(Csa) P (CRYDW) (CM) Subgroup -3
- (CsavBsh/Bsk)

Clade A
: Subgroup -1 (5)
Subgroup -2 (6)
Subgroup -3 (9)
& : Subgroup -4 (3)
Subgroup <5 (9)
Subgroup -6 (12)
Subgroup -7 (5)
. Clade C (15)
: Clade A, (3)

Subgroup -7

: Subgroup -5 Subgroup -2
(AUVAMAwWBSH)

(Bsh/Bsk/Bwik/Csa/Csb) (AICfa)

Ghikas et al. BMC Microbiology 2010, 10:



O1 evtopomadoyovol HUKNTEG Tpomog Spdong

Zhao H., Lovett B. and Fang, W. 2016. In “Genetics and Molecular Biology of Entomopathogenic
Fungi” (Eds. B. Lovett and R.J.St Leger) Elsevier, Fig. 1

Conidium —_Appressorium
Epicuticle — i

<>

~ -
Blasto$pores %)

Cuticle Invasion

Apxkoi Mnyaviopoi apuvag Eeviotr Evavtl EPF:
MpoomdBeLx EVTOTILGHOU UK T LECW OO |G (TT.X. O TEPMiTNG Macrotermes
michaelseni Stokpivel poAvcpatikolg ) un M. anisopliae & B. bassiana péow VOCs)
AM\ayr] G cupmepLdpopdg Toug (Tr.X. OL epyarteg Tou €idoug Formica selysi
avto§eokovifovtal pe popuiko o0&V | AMPs — Antimicrobial peptides péow tou
OAQALOV TOUG 1] AAAWV EKKPICEWV aTtO ad€VeG 6TO Bwpaka)
ATIOLAKPUVOT) MOAUCHEVWV ATOUWV HOKPLA OTtO GWALX
Me mpopUAaén pé€ow uTEPTANOUVGHOU KOl GUVWOTLGHOU — EVEPYOTIOINON
OlVOCOTIOLNTLKOU TOUG CUCTI]MOTOG AVTi TTIEPLOCOTEPOUG BavaToug
MNpoo€Akuon oTopiwV yLo «XUTO-EUBOALXCO» (AVTLPATIKY] TPOCEYYLOT))




O1 evtopomadoyovol HUKNTEG Tpomog Spdong

5. Zmoplomoinon amnd

1. mMPookOAAnoN
TO VEKPO EVTOMO

omopiwv

\
\—

\

2. diadopotmoinon dopwv
eMPOAUVONG (appressoria &
penetration pegs)

4. Emoikion tov
atpdékotAov

3. Aieiocbuon)

oTov
€EWOKEAETO

Butt etal., 2016. In “Genetics and Molecular Biology of Entomopathogenic Fungi” (Eds. B.
Lovett and R.J.St Leger) Elsevier, Fig. 1




O1 evtopomadoyovol HUKNTEG

Evloutikoi

PATHAN axp DESHPANDE

ournal of Pasic Microbiology———

FIGURE 3 Metarhiziwn isolates can be established as endophytes in A. squamosa plants. (A) FITC-WGA stained cross-sections of A.
squamosa plant parts inoculated with M. anisopliae MCC1192: a. leaves: b. roots; c: un-inoculated control. The presence of fungal hypha (M.
anisopliae MCC 1192) is indicated by arrows. (B) 1. Agarose gel electrophoresis of total genomic DNA isolated from A squamosa leaves
inoculated with (2nd well from left and onwards) MCC 1192, MCC 1197, positive control (MCC 1192 genomic DNA) and control (un-
inoculated). In the 1st well, DNA ladder (1 Kb plus. Thermo Scientific, India). was loaded. 2. Agarose gel electrophoresis of total genomic DNA
challenged with fungal specific ITS1 and ITS4 primers (an amplicon of ~500 bp). 1st well from left and onwards, MCC 1192, MCC 1197,
positive control (MCC 1192 genomic DNA) and control (un-inoculated). In the last well, 100 bp DNA ladder (Thermo Fisher Scientific, India)
was loaded. (C) M. anisopliae strain MCC 1192, established as an endophyte in A. squamosa leaves: (i) appearance of an endophyte after 14 d;
(ii) sporulated growth; (iii) pure colony: and (iv) typical spores of srain MCC 1192 (400X under light microscope)

: 25 Janmary 2019

RCH PAPER oumal of Basic Microbiology

. i . o . Avvwvn n ¢oAtdwtn, MukopnAo
The puzzle of highly virulent Metarhizium anisopliae strains A
from Annona squamosa fields against Helicoverpa armigera (Annona squamosa)

Ejaj K. Pathan Mukund V. Deshpande




O1 evtoponmadoyovol JUKNTEG EV30pUTIKOi

EvtoponaBoyadvol (EPF) mpog evdéodutiouo;

MovidLla

7 "\

«Y100eTnHEVOLY MoAu-Asttoupyka

EPF ouyyevika pe €idn evéodputikad onwg Claviceps kaw Epichloé

B. dendrobatidis | Chytridiomycota

- C. cinereus

Basidiomycota
U. maydis ’
A. nidulans
A. fumigatus
N. crassa
M. oryzae
F. graminearum

o0 CE. festucag D= 88-114 mya

100 100 ;=M. acridum
54

* 500-650 MY 33-43 MYle=M. anisopliae
0.1 B. cinerea

S. sclerotiorum
S. pombe
S. cerevisiae
C. albicans




O1 evtopomaboyovol JUKNTEG Evioputikoi

EvtoponaBoyadvol (EPF) npog evéodutiopno;

Fovidia ‘ MoAu-Aetoupyka

madl & mad?2 kwbdikomololV MPwTeivec MPOOKOAANONG eite o€ fw-cmibepuibLo
EVTOMOV £ite o€ pilec putoU
Pr1 mpwtedon OV XPNOLUOTIOLE(TAL TOOO O€ EVTopa 000 Kol o€ Gutd

Mnnwc¢ Aourtov EPF nponASav aro apxEyovous puto-nadoyovous mpoyovouc;

Av val Tote w¢ epdaviotnkav ta yovidla mou eivat eEeLOIKEVHEVA YLOL EVTOUQL

atlll yLo MPWTEAON TTOU OTOXEVEL KUTTAPLKO TolXwHa dutol oTo VOOPUTIKO HUKNTA
Acremonium typhinum. Opoloya yovidla toco ota EPF evboduta B. bassiana & M.
anisopliae 660 Kal 0To puKomoapacttiko Trichoderma harzianum ko maBoyovo o€
vnuotwdn Arthrobotrys oligospora mou emniong eivat evdéoduta.

¥

Mnxaviopoi anoKktnong avt/Xwv yovidiwv e eEELSIKEVMEVN Spaon:
= AutAaolaopog Ko eEmakoAovOn e€eldikevon Spaong




O1 evtopomaboyovol JUKNTEG EV30(pUTIKOi

*@ Meta-analysis of the role of entomopathogenic and 2002  New Phyrologist (2019) 223: 2002-2010
www.newphytologist. com
unspecialized fungal endophytes as plant bodyguards

Alan C., szgel , Julia Koricheva' (), Amanda F. Currie', Lara R. Jaber® (¥ and Stefan Vidal®

(a) (b) Fig. 3 (a) Endophytic entomopathogens

n=75 (blue symbols) reduced the growth of all
— Solanaceae ® @ =57 insect feeding guilds, whereas effects of

Galling - n==55 nonentomopathogens (red symbols) were
Poaceae M n=232 seen only insucking insects. (b) Effects of
—@— _ both entomopathogens and
Papavaraceae n=10 nonentomopathogens vary according to
plant family. Values are mean effect size
(Hedges' d) and negative values mean that

n=235 the presence of the fungi reduces insect

HB n=s5s
Malvaceae ._m n=16 performance. Error bars represent 95 %
e

Musaceae

Py confidence intervals, and effect size is
Fabaceae considered significant when these do not
I-.h overlap zero (vertical line); n denotes number

Cucurbitaceae of effect sizes for each group.

Sucking

Convolvulaceae
Brassicaceas
Balsaminaceae
Asteraceaes

Amaryllidaceas

-2 0
Effect size Effect size Daktulosphaira vitifoliae

(puAAoéépa)




O1 evtoponmadoyovol JUKNTEG EV30(pUTIKOi

Mati ot HUKNTEG AUTOi va £X0UV OITTO POAO WG VOOWUTIKOIL Kal
gvrogomadoyovol;

PROTECTION PR(::L%C;ION
FROM PESTS

MICROBES

1. Avaktnon alwtov
2. [Mpooctacia anod
afLotikovg
OTPECOYOVOUG
Tmapayovteg m.x- pH, 6
PUOpuion putooppovwy
4. Apuva (o) apeo

(B) éppeon

W

Protection from
abiotic stress

PLANT
GROWTH
_PROMOTION

Kortsinoglou A, Butt T.M., Kouvelis V.N (2022) — under preparation



O1 evtoponmadoyovol JUKNTEG EV30pUTIKOi

1. EmMnpeacpog otnv avantuén tTwyv Qutwy

Melpapatika dsdopeva:

Metarhizium spp & Beauveria bassiana o€ (UTA OTTWC VTOUATA, KAAQUTIOKL,
TATATA KAl pacoAld.

Mnxavicpot:

a) oUVEIoEPOopPA oTnV avénon BPEMTIKWY CUCTATIKWY amo TO XwWHA KATw amo
oTpeC (Enpacia, EAAslwn BpentikwVY) - T.X. AlwTo ano 1a VEKPA Evioua

B) mapaywyn @utoopuovwy (m.x. avéivnc - IAA) nn puBuion (emaywyn avtwyv)

Y) HEOw mMapaywync mINTIKWY 0pYyavIKwV EVWOEWV.




O1 evtoponmadoyovol JUKNTEG Evéogutikoi

2-3. Npootacia evavtia o€ aBloTIKoUG GCTPECOYOVOUG
TAPAYOVTEG / Tapaywyn (UTOOPHOVWYV

Melpapatika dsdopeva:

Metarhizium spp & Beauveria bassiana o€ (UTA OTTWC VTOUATA, KAAQUTIOKL,
TATATA Kal gacoAld - Avtoxn otnv &Enpacia, uPnAeg Beppokpacieg, alatotnta.

Mnxavicpot:

a) Mapaywyn y1BeptAAivwv Kai peiwon tou awioikou oE£0C yia TNV aVTIUETWTTION
avénpEvng aAatotntag

B) o€ éAAsiyn o10npou cuuBaAAouv otnv napaywyn mMEPIGOOTEPNC XAwWPOPUAANC




O1 evtopomaboyovol JUKNTEG Evioputikoi

4. Npootacia evavtia o€ Blotikoug emBAaBeig
TAPAYOVTEC

Melpapatika dsdopeva:

Metarhizium spp & Beauveria bassiana o€ UTA OTIWC VTOUATA, ayyouplq,
TUTEPLA Kal BapBAKL - EvAVTIA OE PUTOPAYA TTAPAGCLITA, (PUTOTTAPACITIKOUG
HUKNTEC (T.X. Fusarium), Baktnpla (Xanthomonas axonopodis pv. malcearum)
LoU¢ (Zucchini yellow mosaic virus).




O1 evtopomadoyovol HUKNTEG Ev30QUTIKOi

4. Npootacia evavtia o€ Blotikoug emBAaBeig
TAPAYOVTEC

Mnxaviopoi: MAPAIQIH 2yevwyv petaBoAltwy mou
a) mpowbouv aviaywviopo
B) exouv avtiuikpoBiakn dpaon, m.x. AvtBiotika n kuttapotoikn opaon

y) EmAyouVv tnv cucTnUIKN avtiotaon tou @utou (induced Systemic Response -
ISR) péow evepyomoinong twy petaBoAikwy povonatiwy tou Jasmonic acid (JA)
Kal tou atBuleviou (ET)

0) EMAyoUV TNV CUCTNUIKN EMIKTNTN avtiotaon (systemic acquired Resistance -
SAR) peow twv PETaBoOAIKwY oOVOTatiwy ToU 6aAlKUAIKOU 0EE0C Kal TwV
yovi0iwv maboyeveonc OMwE XITIVACEC YAOUKAVACEG KATT




O1 evtoponmadoyovol JUKNTEG EV30pUTIKOi

O1 TpoTmol dpacng Kat ol pOAOL TwV £VOOWPUTIKWY
(evtopomaboyovwy) HUKNTwV Ootav Bpickovtdl EVTOg TOU (puToU -

*Increase salt
tolerance
*Impraves Heat
tolerance
*Induction of
biotic and abiotic

>

=
o
=
o
2
o
b
24
g
~

Segaran and Sathavelu 2019. Fungal endophytes: A potent biocontrol agent and a bioactive
metabolites reservoir. Biocatalysis and Agricultural Biotechnology 21: 101284




Ol HUKNTOWIAOL HUKNTEG 2yeviig petaBoMiopié

Definition:
Secondary metabolites are compounds that are not required for the growth or
reproduction of an EPF but are produced to confer a selective advantage to these

species.

They may present genetic or cell toxicity to other organisms

Starting (substrate) molecules: Acetyl-Coenzyme A and Amino acids

Proteinogenic amino acids MNon-proteinogenic amino acids

HO, O OH
FI'

Acetyl-CoA HO 'O L-Tryptophan L-Alanine Anthranilic acid L-Ornithine

. ¥




MBI Ol HUKNTOW@IAOL HUKNTEG 2yeviig petaBoAiopog

Polyketides Mevalonate pathway intermediates

O o Mon-ribosomal peptides Isocyanides
]

: S
OH OH 3\,jr. N°  OH O {
DMAPP HaC-N—7—( | [N ©
L o N NT 4 OH
o 0O OH H o =
MG’#‘G’%“GH Gliotoxin {FHs 0 /¢-I Penicillin G | P

o N
1
GPP S CHz O ,{]H3

L N0

| GGPP - %\ /ot H L

H4C" \"/\I‘;I 71) Xanthocillin
O CH, o]

Cyclosporin A /

Lovastatin

Prenylated tryptophan derivatives

[y
( [ NH,
=
“*v N
Trichothecene Aristolochene Fumagillin 4-DMAT Fumigaclavine C

Keller N. (2019) — Nat Rev Microbiol 17, 167-180




Ol HUKNTOWIAOL HUKNTEG 2yeviig petaBohtopée

Biosynthetic Gene Cluster (BGC)

IXnNUatikn ameikovion evog BGC

Movidio petaypadikov lovidia tpotottomon
T PAyovTX evQUpov

e Wl e
=— 4 ~
I—vi |—v' %

remical-class Tailoring enzymes;
:1+_—1'|r| thase and/or most numerous class g
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Mapaderypa: BGCs of Cladobotryum mycophilum

C. mycophilum: HUKO@IAOG ACKOMUKNTAG TTOU
mapaocttei otov Agaricus bisporus

H contig
#* contig 9

e+ contig 1
len B+ scaffold 17
{* contig 16
| contig 10
1 scaffold 12

t | contig 3
. [—] Linear DNA molecule
U contig 8 Circular DNA molecule
I8 contig 13 * Telomeres

contig 24 / mtDNA B BGC of TerPgne comp.ounds .
B BGC containing Non-ribosomal peptide synthetase PCG

H contig 4 BGC containing Type | PKS (Polyketide synthase) PCG
B BGC containing a Siderophore secondary metabolite-related PCG
) BGC of Indole compounds

All BGCs of [ contig 27 B BGC containing Fungal RiPP with POP or UstH peptidase PCG

contig 28 B BGC that does not fit into any other category
BGC containing secondary metabolite-related PCG of more than one cluster types

H contig 21

BGC of aurofusarin

C. mycophilum: 109

contig 29
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Mapaderypa: BGCs of Cladobotryum mycophilum

Cladobotryum mycophilum
4|__ECladobofryum dendroides
Cladobotryum protrusum
Escovopsis sp. TC
4‘_r Escovopsis sp. Ae724
Escovopsis weberi

r Hypomyces perniciosus e
Mycogone perniciosa

oderma parareesei
Trichoderma arundinaceum
Trichoderma brevicompactum
Trichoderma oligosporum
Trichoderma gamsii
Trichoderma koningiopsis
Trichoderma atroviride
Trichoderma erinaceum
Trichoderma asperellum
Trichoderma asperelloides
Hypocreaceae sp.
Trichoderma hamatum
Trichoderma cornu-damae

Christinaki A., Myridakis A., Kouvelis V. (2023) - G3: Genes|Genomes|Genetics accepted



Mapaderypa: BGCs of Cladobotryum mycophilum

Terpene synthase core gene with a cyclase metal-
binding domain — this one related to basidiomycetes,
the other 22 terpene PCGs were of ascomycetous
origin

NAPAA: NRPS-like BGC responsible for the
production of non-alpha poly-amino acids, such as &-
Poly-L-Lysine
C. mycophilum ATHUMG6906 - scaffold 12:
NAPAA

NRPS

@b (DD I S C G : D@ D &
2,900,000 2,905,000 2,910,000 2,915,000 2,920,000 2,925000 2,930,000 2,935,000 2,940,000 2945000 2,950,000

Christinaki A., Myridakis A., Kouvelis V. (2023) - G3: Genes|Genomes|Genetics accepted
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