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Accurate identification of the host species is critically important for disease detection
and informing appropriate disease management decisions. Paecilomyces formosus, a
causal agent of dieback and decline of oak, is an emerging threat that may cause severe
risk to the Zagros forests of Iran in the future. In this study, a nested PCR assay for the
identification of P. formosus was developed with the species-specific primer pairs
PaMF and PaMR designed from the comparisons of nucleotide sequences of the
nuclear ribosomal DNA internal transcribed space regions (ITS) from P. formosus
isolates and other closely related taxa. To accomplish this, we sampled forest trees
with dieback symptoms in Kermanshah and llam provinces. The Paecilomyces isolates
were identified based on morphological characteristics, acid production on keratin
sucrose agar medium, and sequencing of the ITS-rDNA region and part of the beta
tubulin gene. Nested PCR was successfully amplified a 441 bp product exclusively
from P. formosus genomic DNA, and no cross-reactions were observed with any other
species, and also P. variotii. The nested PCR method can detect 100 fg of P. formosus
genomic DNA. Sixty of symptomatic forest trees from seven locations in Zagros
foreste were assayed, resulting in the discovery of Amygdalus lycioides, Cerasus
avium, Cerasus microcarpa, Quercus libani, Acer spp., Acer monspessulanum, Ficus
carica, Ziziphus spina-christi, Tamarix ramosissima and Ziziphus spina-christi as new
host species, and all seven infested areas. To fulfill Koch’s postulates, the experiments
were carried out on detached branches and attached healthy branches of trees at the
forests in Kermanshah and Ilam provinces, Iran. The PCR-based method developed
here can be used for a fast and reliable diagnosis of P. formosus, monitoring the
epidemics, and assessing management strategies in Zagros forests.
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Extended Abstract
Introduction

Accurate identification of the host species is critically important for disease detection and informing
appropriate disease management decisions. Paecilomyces formosus, a causal agent of dieback and decline of
oak, is an emerging threat that may cause severe risk to the Zagros forests of Iran in the future. The present
study was aimed to develop a nested PCR assay for the identification of P. formosus with the species-specific
primer pairs designed from the comparisons of nucleotide sequences of the nuclear ribosomal DNA internal
transcribed space regions (ITS) from P. formosus isolates and other closely related taxa.

Materials and Methods

During 2020 to 2021, forest trees that exhibit branch dieback symptoms were sampled for fungal isolations
from Ilam and Kermanshah provinces. The causal agent was isolated and purified using routine plant pathology
methods. Paecilomyces formosus isolates were identified using a combination of morphological and sequence
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data from ITS-rDNA region and beta tubulin gene. Segeunce data of ITS-rDNA region for all of Paecilomyces
were obtained from GenBank and aligned together with seqeunce data gnerated in this study. A pair of species-
specific primer (PaMF and PaMR) with expected amplicon size of 441 bp was designed for P. formosus.
Efficacy of this primer set was tested and verified on DNA extracted from P. formosus and other fungal species
isolated from forest trees. To fulfill Koch’s postulates, the experiments were carried out on detached branches
and attached healthy branches of trees at the forests in Kermanshah and Ilam provinces, Iran.

Results and Discussion

Colony culture, micro-morphological and physiological characteristics of the fungal isolates recoverd from
forest trees with dieback symptoms matched description of P. formosus. Blast search analysis of the ITS, and
B-tub sequence data obtained in this study against the sequence data in GenBank confirmed the identity of the
isolates as P. formosus. The result of the multigene phylogenetic analysis was in accordance with the molecular
identification based on DNA sequences in BLAST search, thus resolving the morphological identification.
Nested PCR was successfully amplified a 441 bp product exclusively from P. formosus genomic DNA, and no
cross-reactions were observed with any other species. The nested PCR method can detect 100 fg of P. formosus
genomic DNA. Sixty of symptomatic forest trees from seven locations in Zagros foreste were assayed, resulting
in the discovery of Amygdalus lycioides, Cerasus avium, Cerasus microcarpa, Quercus libani, Acer spp., Acer
monspessulanum, Ficus carica, Ziziphus spina-christi, Tamarix ramosissima, and Ziziphus spina-christi, as
new host species, and all seven infested areas.

Conclusion
The PCR-based method developed here can be used for a fast and reliable diagnosis of P. formosus,
monitoring the epidemics, and assessing management strategies in Zagros forests.
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59 puSd g jmmw CalS lagze )0 s (3 gs yieg,Se A=Y, OF(F,VA) X VA=Y, -V (Y,V0) ol &y 5 0,050 50 n
S0l S5 jregySae £,oY-T,AV(D,FY) xO,NA-YAF(F,YY) slal 4 g e o)led b JSKi (59,5 jgrmtnedS 51
Samson ) cuil caslas ldioe ple bawgs P fOrmosus (ly onds &) Canog b aslis adlibcoy, b S
Jole awin abs et al., 2009; Sabernasab et al., 2019; Heidarian et al., 2018; Torabi et al., 2019) .
2 s a8 15,8 sl 55 Al )BT j9,Sgw ]S cusS b (69 aaulis plos i odmlie oS b )3 (6 )low
S (P variotiil) sl g Sloogas i 3] alio 455 511, bahe Sy cal 3 05 48 Slp WUl
(Samson et al., 2009) wls o ploio 4

balu Jeg0 Sl
3 edel vty claalis 5l ool Blscsy, Sluogas wll peas slulis claals sluls bl
DNA zlysciol 5l Gy ud ol JoSgo  olwlid cas sailes flaicds Solal & ygo 4 (i V)) calises lis )
Bt2b 4 Bt2a (sl S5l 5l oslinul b gigilis o) 5 1TS4 o ITSL (sla S50 51 oslial L ITS-IDNA sl ¢ g5
Loy jb i B0 v Loyd Wagiln oF sl g (V JS5) £0+=00+ oy alis ITS anl 4y sb Job o5 s S
B A o yguiS plw loads (4535 5 SO yd 5590 P. FOrmMosUS 4565 b baalas plod cuwdly (goomins I3l 51 oalitul
Houbrken et al., 2010; Barker et al., 2014; Martin-Sanchez ) ails (Sldgeed doyd Yo+ ) alis doyd Voo
oy L Paecilomyces ¢laassS ITS-IDNA asl  siw (Siield g5ls 0 b slaalset al., 2016).
NS b o Kb P formosus slaaglis (Y JSWS) 08,5 )08 o yeuiS plo 5l lad e (slaog,S 0 YU lueb]
(Y Jgi2)

;55 M UITSL/ITSA ¢l 55T L Paecilomyces formosus «e8 1TS asb jleds sloponj SiiSly Joamo jysdg,SIl J5 .Y JSd
P. formosus claalis ;505 bobs . ¢jb cas Vo v JoSs
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Paecilomyces formosus (P. lecythidis) DTO 4511
Paecilomyces formosus (P. lecythidis) DTO 49D6
Paecilomyces formosus (P. lecythidis) DTO 63F1

A Paccilomyces formosus (P. maximus) RU-PaMa-51

62

A Paccilomyees formosus (P. maximus) RU-PaMa4
— | A\ Paecilomyces formosus (P. maximus) RU-PaMa5
A Poecilomyces formosus (P. maximus) RU-PaMa3
A Poecilomyces formosus (P. maximus) RU-PaMa2

" A Pacci
A Paeci
100 | A Paccilomyces formosus (P. maximus) RU-AnFo3

omyees formosus (P. maximus) RU-CeMI1
omyces formosus (P. maximus) RU-AcMol

)
)
)
)
A Paecilomyces formosus (P. maximus) RU-PaMal
)
)
)
)

l
I
I
!
l
l
A Paecilomyces formosus (P. maximus) RU-AnFo2

A Paccilomyees formosus (P. maximus) RU-AnFol

Paccilomyces formosus (P. lecythidis) DTO 63E3

Paecilomyces formosus (ex-type strain of P. lecythidis) CBS 372.70

71, Paecilomyces formosus CBS 296.93

100

o3| ! Paecilomyces formosus (. formosa) CBS 990.73
70| Paecilomyces formosus (P. maximus) CBS 113247
Paccilomyces formosus (ex-type strain of P. maximus) CBS 371.70

o 10 Paecilomyces variotii CBS 370.70
473[Paecilomyces variotii CBS 102.74
Paecilomyces variotii CBS 338.51
100 { Byssochlamys nivea CBS 113245
4{ Byssochlamys nivea CBS 133.37
® 100, Byssochlamys fulva CBS 135.62
Byssochlamys fulva CBS 132.33
Byssochlamys zollernine CBS 374.70
100 — Paecilomyces dactylethromorphus (P. saturatus) CBS 368.70
—Eaecilomyces dactylethromorphus (P. saturatus) CBS 251.55
100 Paecilomyces divaricatus CBS 110429

| Paccilomyces divaricatus CBS 28448
Thermonscus crustaceus CBS 181.67

86

gl ITS aob JIg iz @) polol p MEGA X Jl3le 5 5l oslisial b 908" a0 5 Jloio] diaiin (29, b 02b i pl,S5kd .Y S
b Uy as a3 LSS Voo glisebl cups o) SOU 5 e 381 cla Jlgi b olyen Lol adlas Paecilomyces formosus
5yl adllas pl y3 yils cladiges 4 0)ldl 50,8 clacdio 3 483 Jlai )3 o5 09,8 leicas Thermoascus crustaceus CBS 181.67



o 3l 8ylads ez 5 0lixiy 5,90 3 o) b jpdle A 4y i 77
ot 03 s TTS anb s ojlad 5 laglbjue ol adlls slanlis ¥ Joio
2 b oylens oS 0 s 25lesb Hge
S ITS B-tubulin
Byssochlamys fulva CBS135.62 e ogme FJ389943 FJ389989 Samson et al. 2009
Byssochlamys fulva CBS 13233 kil 040 g S FJ389939 FJ389988 Samson et al. 2009
Byssochlamys nivea CBS g oo &l FJ389936 FJ389998 Samson et al. 2009
113245
Byssochlamys nivea CBS 133.37 KK, s FJ389935 FJ390000 Samson et al. 2009
Byssochlamys spectabilis CBS 33851 s ! MH856886 FJ390007 Samson et al. 2009
Byssochlamys spectabilis  CBS 102.74 Al EU037055 EU037073 Samson et al. 2009
Byssochlamys zollerniae CBS 374.70  };;,, Zollernia ilicifolia  FJ389933 FJ390008 Samson et al. 2009
and Protium
heptaphyllum

Paecilomyces formosus RU-AnFol ., Anagyris foetidae MZ848629 MZ852017 ol aslllas
(P. maximus)
Paecilomyces formosus RU-AnFo2 ., Anagyris foetidae MZ848630 MZ852018 sl adllas
(P. maximus)
Paecilomyces formosus RU-AnFo3 ., Anagyris foetidae MZ848631 MZ852019 ol adllas
(P. maximus)
Paecilomyces formosus RU-AcMol ., Acer 0Q787066  0Q803252 ol adllas
(P. maximus) monspessulanum
Paecilomyces formosus RU-CeMI1 ., Cerasus microcarpa  OQ787067  0Q803253 yolbs aslllas
(P. maximus)
Paecilomyces formosus RU-PaMal ., Paliurus spina- OL797970 0OL800693 ol adllas
(P. maximus) christi
Paecilomyces formosus RU-PaMa2 ., Paliurus spina- OL797971 0OL800694 ol adllas
(P. maximus) christi
Paecilomyces formosus RU-PaMa- ., Salix acmophylla OL891502 0L944475 yolbs aslllas
(P. maximus) S1
Paecilomyces formosus RU-PaMa3 ., Paliurus spina- OL797972 0OL800695 ol adllas
(P. maximus) christi
Paecilomyces formosus RU-PaMad ., Paliurus spina- OL797973 OL800696 ol adllas
(P. maximus) christi
Paecilomyces formosus RU-PaMa5 ., Paliurus spina- OL797974 OL800697 yolbs aslllas
(P. maximus) christi
Paecilomyces formosus CBS296.93 ksl obas! el FJ389928 FJ389994 Samson et al. 2009
Paecilomyces formosus CBS990.73 - aseial FJ389929 FJ389993 Samson et al. 2009
(P. formosa)
Paecilomyces formosus CBS372.70 ;) Lecythis unsitata FJ389926 FJ389990 Samson et al. 2009
(ex-type strain of P.
lecythidis)
Paecilomyces formosus DTO 63F1 .l oas! Ll GU968670 GU968686 Houbraken et al.
(P. lecythidis) 2010
Paecilomyces formosus DTO63E3 .l ol GU968664 GU968678 Houbraken et al.
(P. lecythidis) 2010
Paecilomyces formosus DTO49D6 k.l Oadl joo GU968655 GU968691 Houbraken et al.
(P. lecythidis) 2010
Paecilomyces formosus DTO 4511 S Obloss GU968651 GU968684 Houbraken et al.
(P. lecythidis) 2010
P. formosus (P. CBS b Sk FJ389921 FJ390009 Samson et al. 2009
maximus) 113247
Paecilomyces formosus CBS371.70 ;. Annona squamosa FJ389920 FJ389982 Samson et al. 2009
(ex-type strain of P.
maximus)
Paecilomyces variotii CBS 370.70  buls B EU037050 EU037068 Samson et al. 2009
Paecilomyces CBS S5 oS FJ389932 FJ389991 Samson et al. 2009
divaricatus 110429
Paecilomyces CBS 28448 K, $Hhogo FJ389931 FJ389992 Samson et al. 2009
divaricatus
Paecilomyces CBS368.70 ks O ylows FJ389948 FJ390001 Samson et al. 2009
dactylethromorphus  (P.
saturatus)
Paecilomyces CBS 25155 ;. Sl Szl FJ389951.1 FJ390002.1  Samson et al. 2009
dactylethromorphus (P.
saturatus)
Thermoascus crustaceus ~ CBS 181.67 .l Parthenium FJ389925.1 FJ389981.1  Samson et al. 2009

argentatum
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Paecilomyces formosus Wil gl 9 Solais! 5 6T o1,b
wolasl ikl sl oSl Paecilomyces i slodisS ITS-IDNA asb jlpen Jlg cloodls i,
PaMF=5"-) s, Skl Jols S5kl cas & cdls wald 1, P. formosus 455 (ol
PAMR=5"-) cuiS, S5kl 5 ¥5-Y0 ugsilSy cusdse LCCCATCCGTGTTGAACTACACC -3)
FEY s iS5 sl 3,90 dalad Jobo &5 FFO-FFY c552lS's Cosbge LGGCCGACCCTACCAGAGCG -3)
>hb S5kl cas buwg P. formosus claalis 5 s 3,50 ashad iS5 5l oliseb) gl s Shb og b cis
€y cban axkad 1 LS5 ol g sl 665 ol gy celoosls 1 al s L6 Sy BIOEdit Jlsle s 51 olil | o
patls oy S5 s Bl S5 Sl ol ST i sla Sg 10,8 2 855 () slasigns oles
loy2sj SiiSly (b il S5 gl Sl )l el 00 03,9l ¥ S 13 gd (slod g (jgie ol Lo
o bl yly58 p Bun 68 ol o p3Y L Sl el (Sl Sl i o ol i 55T 5 (9 Sl yesk
2SS TS 4l Jlg sla—odls wlwl 5 P. fOrmosus 558 ouds w3l (sladiges DNA 51 (g5b caas FFY dslad oS

(¥ JSs) w35
Paecilomyces formosus «s5 jasuis cas adlas ol 3 ok (shb S5l can o Shy ¥ Joua
S car GCuavp g gl cda) Job S el JuSi
(C) (b gl el
PaMF cd,) O¥/00 £ANA A )l dg39 3l dg>g
PaMR CuiS YY/EA Y50 4 3,085 2429 3,085 2429

)l)a.:.l) ‘_5\5)...70) umfb U9y 9 PaMF/PaMR s.i u>|).|o u_..oLw‘ dl.m)f)l.c] 5 eolatwl b ITS anl )...S.u 3l me sl Roas Y JS»MJ
P. formosus slaalis baopY ad (sjb cis Voo Josdge ,S5Lis M oY

Combud 103 9 o Tl
PEY adab olatsl ooty o ol (ST i 48 5l s o ol sln S5ET plesicasly 5l Jols gl
lodd gilulis S lew sladisS 505 DNA I (6,555 5 Llod o 1255 P. fOrmosus «s5 sladises 1 1) (5L can
Geble b joond (plb Sl cin Comlun 28,55 &ygo 85 )8 adlllas 3)50 gy ol 0 4 Lol (15
Slop) Gy (Jol dls o 53 Ad gy 95395 jlyesly (Slopes; 28Ty 5> P TOrMOSUS o35 DNA I saliee



oy LiiSly Jgame U1 .8 )5 &0 PAMF/PAMR i )b olazs! gl S5l 5l oolazul b 5yluskinl 5l peuls
Sloyos; (iSly 5l sygySho YO bolwo )5 596 0P, formosus oo, (sl ool s &S o ol el (o
sl S5l g ITSIITSA Logas sl )SLel 3l oslitl b )35 5l pouly (glo ) STy ol (ial331 (glys 39 51 pouly
p)5eSu Voo 29 U P fOrmosus obs; g Cawlus Lilisl el og) cpl .0 odliiwl PAMF/PaMR ouis o)L
A il pS 58 Ve py Sl 00 ]y (0093 DNA (0b3) (il o 59355 Slyeay (slojeasy STy clpl -5

{F Jss)

100ng 50ng 10ng 1ng 500 pg 100 pg

Paecilomyces x4 DNA Glisw cla cbale jl oliol L PAMF/PAMR oss o)l colais] ola,S5ET b el g0 F JSW0
ik cas Ve S5k :M formosus

-
B Wog SuSis g oMo b 85 oLl 5 Pl il g3 (IS ol ST 5l tagy ol
53,8 bl Sl naglas plod ( JSin L3 )3 0s p (slaad s 69y olislow (905l > 05 (gjlulis Paecilomyces
e 3500 (35 ale IS (10 5l ool plle (sladdls (g9 olo 95 b5 I Ly 455l 3l oo (ol
2l J1oy05 0 slofag Coonl K 53 (e qusme (sBlpl 3551 55 Slen (nl 385 (lulid 038 sl
Aminael & ) ai i)l55 o yS jl diwy sy (SaSis e Jole lgie 4 Poovariotii €5 )b gl gly ool !
13 Slisgen sy &8 sl o3gy licsty, elb Sis obol 2 WE ol 5 )5 law sloksErshad, 1989).
@ S5 s alelid glp (S < jllas cpl (g basee (30 Cod g dtind SisS S92 Dluogad

S 390 pasuie Jplge (Sokd 5 (Sfdnied ((BUS Sy Sluogad jledlatel b by s )10y 0 o2
s Sy il eolatwl pluly (Heidarian et al., 2015) ol P. fOrmosus au ;s o (SaSis pw glen Jolo

55 s oLzt Ll 4y e el Sm )1 (53b5 (Seslsiige ol o lawisS Lluls s (Sjlshse
5l edlaws 4 eus (Jimenez-Fernandez et al., 2011; Saeedi & Jamali, 2021; Samson et al., 2009) >4
Csslon el § litud Caedl Pl 35 (S )bl lS 4 09Me P. formosus 4 P. variotii s 5l lag,
(095 hohed Al p JoSUge sla g, 5l edlatwl ol uly (Houbraken et al., 2010) w4 o lus! jd aliseo
5 380 lolid Can olal o Sill (Shb Jiagh ol B culag] alulid ¢l polazel LB o3,
51 oalazwl b oliile S g o] il 40y 1w ST5 sl S jo s > SuSis yu (glow Jole P. formosus x
plod Cagm 1l oy 2 ol 1 391 a5 350 435 DNA 1555 )3 o )SSEl el (ST sy g Slpmely (glo s (28T
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05 9 0 il 4l JIg g lerdsn ((Seidsige Sluogas ulul p i (5 el Cunty slagylix
Sabernasab et ) wl a8 )5 1,8 odlatwl 5y90 lag ;8 ;1 (6oL ladissS SS& slp 095 (Sl ol b Wb degsl
o 2lhb i ol bdisS ple L IITS-IDNA 4l Jlg slaosly awslis al., 2019; Torabi et al., 2019).
wolasl Skl (98 b .cslo walp |y 468 ol colaid! jasis ¢y (PAMF/PAMR)  olas] )Slel cas
@55l ol aS ol plis eas alib olaidl F5lel cas lojlewl, il Jolbs muls g oais ik 4563 ol sl
P. formosus slawlis 4 0oMe .lad o ST dslllas 350 sl plos gl |y (650 i FFY ashad  olas! ol
Sl cds cpl g aolaidl g 8,5 1,8 ialejl 5,90 P variotii (egasy ;503 )6 cladisS (co, 55l i
ool o Cpiored Wb )15 Ay (SASiS o Jole laisdy YoV Jlo jo P.formosus g,6 oyl s .ad a0l
g 4w {Amygdalus scoparia) ebl obs s SaSis pw Jol Jole P. formosus . Jsse (sla 559
olel » Slpl bel 5 (Azadirachta indica) &b su; {Crataegus pontica) JIjll; (Pistacia atlantica)
Mohammadi & Sharifi, 2016; Sabernasab et al., 2019; Mirabdollahi Shamsi et al., ) cul o )55
Pistacia ) auy ;s ) 5l 5 lew opl jsSde ol )> » 0gMe 2019; Ghasemi-Sardareh & Mohammadi, 2020).

(Caesalpinia gilliesii) (spae syl (Prunus amygdalus) Jal ¢l (Punica granatum) ,tl mutica)
Eb s, (Tamarix hispida) ;So,ed s, (Nerium oleander) 5 cs, {Tamarix aphylla) o»;,s
Salix) s {(Anagyris foetida) zb-»)8 <&, (Malus domestica) cww <& (Haloxylon sp..)
(95 ol B agix ol 3 ¢l (b )S slsliwl ;I (Paliurus spina-christi Mill) s L. g acmophylla)
Heidarian et al., 2018; Azizi et al. 2020; ) cusl ous 555 33 5 osliileyS™ ¢yl yo5 938 «(635 o ¢(ylgiuo]
)8 de L35 (g9, 465 pl olisylew cply (936 ROStami & Jamali, 2022, 2023; Jamali & Abbasi, 2022).
S sl oy (B (LS SsisS 155,35 Slyacdy (Sl STy 3 eslisl b 3o o 53 s ety i) 4 35
Ficus) ool (Ziziphus spina-christi) ,us (Acer monspessulanum) (s5,5) ~S° {Quercus libani)
(Cerasus microcarpa) > <oUT (Tamarix ramosissima) ;5 (Amygdalus lycioides) L)».iu «carica)

Dgd oo )5S 58 ol el Lds o bise laeas Jb el (sl (Cerasus avium)  isg (oS

&bw

02 Ol gt o (S 50LS 0,558 o - jloyS il )0 Aty (SaSiS o (ghlew (VWYFA) yaes ol g (sipeteste ¢ oLl
AY

Paecilomyces variotii 5 les (awyy (WWAY) tezwe (6 hiSl g doguare ¢ Jads> ¢y ol ((glodte fppo (el
Ol eileyS ey 0,58 pdol 565 o (ol Cyls ds g a9 Nattrassia mangifera ; Stemphylium sp.
MY o

oo cmmposhiny miz (3 (WYRF) 990 (ol 5 sl e @l (S 3 aa o) by
A o u‘).sl ‘&)5 ‘ul)-@(‘ oKzl G‘_;o.’L.M) C)b b)§.25 309 ul).:‘ 3D Al O‘.’»‘_’;)J ‘;m)w

> pyd ol Byssochlamys spectabilis I 555 ool (024) pills (owils (o 9 dowo (>
JA=19) OF (V) desiza, o)) 5| Paecilomyces variotii
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