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Summary

Members belonging to the genus Penicillium have a worldwide distribution and to date contains 359 accepted species divided
among 25 sections, some of which have a considerable economic effect. The maost important foodstuff which isthe ecological nich of species
of this genus is bread, as microbia decay agents, and citrus fruits, as postharvest pathogens. In this study, during winter 2018, spring and
autumn 2019, samples were collected from infected citrus fruit (orange, tangerine, sour orange, lemon, lemon thistle, key lime, bergamot,
grapefruit, bael, and kumquat) and various types of infested wheat bread from Shiraz (Iran). Species were identified based on morphological
characteristics including microscopic (i.e. conidia dimensions, conidial ornamentation, phialide and metulae length, conidiophore width and
ornamentation, and conidiophore branching pattern) as well as macroscopic features (including growth rate, obverse and reverse color of the
colony, colony texture, and sporulation rate). Ten species were identified according to morphological features. Four species, including
Penicilliumitalicum, P. ulaiense, P. digitatum, and P. discolor, belonging to sections Penicillium, Digitata, and Viridicata, were identified
on citrus fruits and six species, including P. chrysogenum, P. atramentosum, P. polonicum, P. roqueforti, P. citrinum, and P. oxalicum,
belonging to sections Chrysogena, Viridicata, Roqueforti, Citrina, and Lanata-Divaricata, were characterized from infested bread.
Penicillium ulaiense and P. atramentosum are new for Iran mycobiotaand it is the first world report of P. discolors as a citrus pathogen.
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Table 1. Penicillium species isolates recovered from citrus fruits and bread in Shiraz

Taxon | solate Matrix _Date.of Taxon | solate Matrix _Date_of
code isolation code isolation
P. atramentosum P. italicum
. C.SIN.O1- . .
TIR.01-TIR.11 Tiri bread 14.5.2019 C.SIN.28 C. sinensis 1.2.2019
TIR.12-TIR.20 Tiri bread 19.5.2019 C-SIN-33 C. sinensis 1.2.2019
P. chrysogenum C.TAN.13 C. tangerine 24.4.2019
. C.TAN.22- .
TIR.21-TIR.31 Tiri bread 2.6.2019 CTAN .23 C. tangerine 24.4.2019
. C.AUR.08- .
TIR.32-TIR.41 Tiri bread 10.6.2019 CAURI0 C. aurantium 21.3.2019
FAN.O1- Loaves C.AUR.15- .
FAN.09 bread 14.6.2019 CAUR.21 C. aurantium 21.3.2019
FAN.10- Loaves .
FAN 13 bread 16.6.2019 C.LIME.O8 C. limetta 15.3.2019
P. citrinum C.LIME.16 C. limetta 15.3.2019
LAV.01- Lavash C.LIME.25- .
LAV 18 bread 24.5.2019 CLIME 34 C. limetta 18.3.2019
Sangak C.LAT.O1- -
SG.1- SG.5 bread 10.10.2019 C.LAT.02 C. x aurantiifolia 31.5.2019
Sangak C.LAT.10- -
SG.6-SG.8 bread 12.10.2019 C.LAT.23 C. x aurantiifolia 31.5.2019
Barbari C.LIM.02- .
BR.1- BR.14 bread 23.10.2019 C.LIM.23 C. limon 16.3.2019
- C.PAR.O1- )
P. digitatum C.PAR.02 C. paradise 24.3.2019
. C.PAR.17- )
C.LIME.OL1 C. limetta 15.3.2019 C.PAR21 C. paradise 24.3.2019
C.LIME.18 - . C.BAR.O1- .
CLIME23 C. limetta 15.3.2019 CBAR17 C. bergamia 15.3.2019
C.LIME.32- . .
CLIME.36 C. limetta 18.3.2019 P. oxalicum
C.LAT.24- C.x LAV.22-
CLAT32  aurantiifdia  >82019 LAV.32 Lavash bread 106.2019
C.LIM.24- .
CLIM25 C. limon 16.3.2019 TF.01- TF.09 Taftoun bread 10.6.2019
C.PAR.O5- ) )
CPARI1 C.paradise 2432019  P. polonicum
A.MAR.01- Aegle
A MAR 12 marmelos 20.2.2019 TF.10- TF.12 Taftoun bread 11.6.2019
C.JAP.01- . . LAV.19-
C.IAP.15 C. japonica 16.3.2019 LAV 21 Lavash bread 10.6.2019
C.AUR.01- C. LAV.25
CAURO06 aurantium 25.1.2019 LAV 29 Lavash bread 10.6.2019
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C.SIN.34- I FAN.14-
C.SIN A7 C. sinensis 1.2.2019 FAN27 Lavash bread 27.6.2019
P. discolor P. roqueforti
C.TAN.O1- . TIR.42- .
CTANOg  Ctangerine 2532019 TIR57 Tiri bread 31.10.2019
P. ulaiense P. ulaiense
C.SIN.04- . . )
C.SIN.05 C. sinensis 1.2.2019 C.BAR.10 C. bergamia Bergamot 1.2.2019
C.SIN.15- . . ) _
C.SIN.16 C. sinensis 1.2.2019 C.LIME.O2 C. limetta Lemon thistle 19.3.2019
C-SIN-29 C. sinensis 1.2.2019 C.LIME.O4 C. limetta Lemon thistle 19.3.2019
C.PAR.03- . ] _
C.PAR.O4 C. paradise 16.3.2019 C.LIME.O7 C. limetta Lemon thistle 19.3.2019
CPAR.12- , C. x _
CPAR.13 C. paradise 16.3.2019 C.LAT.04 aurantiifolia Key lime 9.4.2019
C.TAN.09- . C. x _
CTAN.11 C. tangerine 1.2.2019 C.LAT.06 aurantiifolia Key lime 9.4.2019
C.AUR.11- C. )
CAUR.13 aurantium 1.2.2019 C.LIM.01 C. limon Lemon 9.4.2019
CBARO2  C.bergama 122019  A-MRA-11 Aegle Bad 122019
mar melos
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Fig. 1. Penicillium discolor, Isolate C. AUR.11: A-C. Colonies on various media including CYA (A), MEA (B) and
YES (C) after seven days at 25 °C, D-F. Back view of colonies on various media including CYA (D), MEA (E) and
YES (F) after seven days at 25 °C, G. Rough-walled globose to subglobose conidia and terverticillate conidiophores

(Bar =10 pm).
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Transactions of the Mycological Society of the Republic
of China 2 (2): 161(1987)
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sl ;o aisg ede S8 Sl 5 (Se; e )
O ogebes 450 YO 0 laglan elads 0l (5L YES
S5 & hleie 05 ) 4 lbaS p cty g e e YY L YO
oyleeo b asly 5 S L aslian b jsdgaiS olyls g8 ol og
Cpsdncs 5l jieg, e Fo-Yer x F=0 olal 4 Glo
Vs 5 agSen VY B 3 S i Lol ko
o)l Gl Lpgans g yegSee VO U )+ (S5 (gl
Sl @y (S8 lalginl U sgam 5 platel 0020 b Slo
Shs oifebe oy esSee FOD x VIOV
S5 535 slopranssS ol sy isS ol Sliies,
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Carrillo ) (05,1 «(Holmes et al. 1994) a0 Lkl
Tashiro et al. ) :nl5 (Youssef et al. 2010) ,a. (1995
LS o glaoges 5l (ROUISS €t al. 2015) g5 5 (2012
o el oud IS (B n g ged (KL D )eS)
Ol 9 9l 929 Ol pl o W5 cnl (silulaz 5l (L2155 (95T

4 olS e 5l P.oulaiense a8 gilolos 51 518 s

gd o plete KSs 5l (Tashiro et al. 2012) Luog,S odgs
o S shisslen Jle plpe 4 Pooulaiense «y8
Lis )0 goud g JWS 5y 059 40 LS 1o 0900 4o (Whisker mold)
Pitt & Hocking 2009, Youssef et al. ) o4d oo amliss
455 (2010, Tashiro et al. 2012, Rouiss et al. 2015
axie oYL (Hsieh et al. 1987) leb 5l SLE P. ulaiense
Ll sl (Holmes et al. 1993, Skaria et al. 1993) 1

MEA (A) CYA Lls alize sbcuiS e g5, bas y A-C CAUR.IL ¢lo> Penicillium ulaiense 4,5 - 5o
MEA (D) CYA ol calizee glaciS laxe (g9, S 5 iy D-F ( uguudis 4> ,0 YO [0 59, a1 s (C) YES 4 (B)
aslian sbo,sdgaas ¢ JS0 Glalanl U gaan sbpgincsS G (ogmudw 42,0 YO o 59, can 5l (F) YES 4 (B)

(egSe Ve = olide)

Fig. 2. Penicillium ulaiense, Isolate C.AUR.11. A-C: Colonies on various media including CYA (A), MEA (B) and
YES (C) after seven days at 25 °C;.D-F. Back view of colonies on various media including CYA (D), MEA (E) and
YES (F) after seven days at 25 °C, G. Ellipsoidal to cylindrical conidia and terverticillate conidiophores (Bar = 10 um).

@l slbo,siS 5l St @S pl (& Rossman 2013
Sl olpl o el sud 555 (Frisvad & Samson 2004)
&3S «(Sharzei & Banihashemi 2001) &lsSLlS 5l aiss
Ebrahimi & Minassian ) LS o os.e «(Taheri et al. 2006)
Gooyaet al. ) wouS 5 (Baradaran et al. 2006) «:..; (1973
el 008 5,155 55 (2000
OlS e ol S Jele lgie 4 P.oitalicum «545
Fom slaglen iope I (S0 &5 ogdoe Sl
ool (Tao et al. 2014) 04 co oo DL o j0 Clils
5 v (JBn sbegee Iy el aaix I &S
98151 Jolis Lol ol 5l eimem 5 (53lied B yise)
555N ogen 5 pAS (K5 BA7 55 003 ¢l el (e el
Hernandez-Montiel & Ochoa 2007, ) cewl oals (gjlwlax
SLS o slrogeo 31 M3 30 asgS opl (Farr & Rossman 2013

slass Vb 0 ead S aiS g » opdle

30 03yl LS 1o slaogws ;I 55 P. italicum 4 P. digitatum
Sleogas Jlai GloagF g0 ol b gileb b
Raper & ) wizsls cals L8 Sliwog b slscs,
Thom 1949, Samson et al. 2004, Frisvad & Samson
olsie & P. digitatum «5 (2004, Pitt & Hocking 2009
03) (oSt g dgib g0 LD Lo )3 DS pe jew S5 Jule
Sble )0 ohy a4 goladl ol o VA0 U 0l 0
4555 (Marcet- Houben et al. 2012) 59 oo (S yummns ;S 4
5,6 cgad (JW5  Jolds LS 1o 0gae 5 09dle P. digitatum
i 3028 31 (Louw & Korsten et al. 2015) & g8 0 5 4
LLL ogee psF 0w bgw @ip (Sajebl gl slaals
S 9 S e ((KPAxsS wop S (D)3 il jaiss
Pitt & Hocking 2009, Farr ) col suds g5lulas 5 cliss
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Ghls g eg, e Ve B VIAY (JSG slailginl laadls
FogSoe VIFY Jha8 4y (55,5 5 Slo o)lps b slapgans

Gl ) e oy (SELSCS,) SlaShy (7 JSE) Wi
(Frisvad & Samson 2004) 4565 ) olulils 0 dS L iags

Caluls P.ochrysogenum aisS 4 jlew 4555 cpl o)l Gl
P baly o gloged (ST, olml Bk g o)l
Frisvad ) wsd oo lyme ;50085 5l YES § CYA S laxe
adgi 4,0l P. atramentosum 4,5 (& Samson 2004
Oees 9 (Roquefortine C) o (5,581, 25z,
o) (Cole & Cox 1981) sl (Rugulovasing) y.wlselss s,
Ly waibn g5 oS Lails ol iliee slo 1925”5 i
5 onls 5 adse bl ol Ll JSUS iloal (e il
Sy 905 g iy Elgl wile goite lagliee
Frisvad & ) cwl oals (3)155 (25 sbS o @)
e Glpl j0 g8 cpl 5l 5,158 et (Samson 2004
olpl yo Poatramentosum aisS 51 i 138 cpsinss ()l g oo
paS bl ags nl silulaz 51 (515 (e Guiznen

el Lo o

Ebrahimi & Minassian 1973, Sharzei & Banihashemi )
&3S «Mohammadi & Banihashemi 2006) = (2001
ol »! 5l (Baradaran et al. 2006) ax.., 5 (Taheri et al. 2006)

JOR PRV

Penicillium atramentosum Thom, U.S.D.A. Bureau -Y
of Animal industry Bulletin 118: 65 (1910)
Al gilelazr gy eogdl slal 5l iss
4y YO 0 CYA cuiShime o s opl sboasS,
ey 9 S5 i BB 55 50 53 0505 e S5y 4 gl
Ay el 09l ce ond 0yd B by, (sloged leaiS
ovgeds 420 YO 0 CYA cuiShoxe o balas ol
Ay ;o ugeades a0 Yo 0 5 0e e e YA L YO
5 G raS > o K, 4 MEA cuiS o 0 bail Wi
YY B YO o wgmedis a5 50 YOy ol 0l 50l
YES cuiSlaow 0006 ot <8l slyls 5 yie e
B YT G ovgado a2 0 YO 0 balas clad o) Sl
0w il Sloged STy eSSty g 09 yle e ¥
ks oylg0 b asliaw iy sla,gdgsausS (glyls o oaus

@by Slopskane 5l fegSae B0 e Yo YT ol

MEA (A) CYA Lls bz slociS e g5, aS,; A-C TIRS5 alas Penicillium atramentosum 4,5 —Y s
MEA (D) CYA Jols (alises sloceiSlame (55, oaiS,y oty D-F o ook a0 YO 4o 59, cin 5l s (C) YES 5 (B)

(g Se Vo = oliie)

Fig. 3. Penicillium atramentosum, Isolate C AUR.11: A-C. Colonies on various media including CYA (A), MEA (B)
and YES (C) after seven days at 25 °C, D-F. Back view of colonies on various mediaincluding CYA (D), MEA (E) and
YES (F) after seven days at 25 °C, G. Terverticillate conidiophores and globose to subglobose conidia (Bar = 10 um).
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Table 2. Macroscopic features of Penicillium speciesisolated from citrus and bread in Shiraz (Iran)

CYA

CYA (25°C) (30°C) MEA (25°C) YES (25°C)
Taxon Colony Colony
d(i:;r:noethgr Color Color diameter  diameter Colony Color dci:ac;InOetr]gr Color
(mm) obverse reverse texture obverse (mm) reverse
(mm) (mm)
Dark-
Dark brown to « . Grey- Brownish
P. atramentosum 25-28 green rosy- 0 25-32 Velutinous green 34-40 orange
brown
Blue
Floccose . L
P chrysogenum ~ 35-40 Jreento Creamto o, o) on 5 to Olive- 47 4o  Citrine
pure yellow velutinous green yellow
green
Dark
P. citrinum 2597 deento  Pdeto 2022 Veutinous V& 3950 Yelowlo
grey yellow 13-17 green orange
green
:2;?;0 Yellow to Olive Orangeto
P. digitatum 37-55 gree light- 0 30-54 Velutinous 45-75 light-
olive green
brown brown
green
Velutinous . Yellow to
P. discolor 3 Dak Cemlo 2227 to Olve 303  brownish
9 y fasciculate 9 red
Brownish .
Blueto Velutinous . ]
P. italicum 350 gy OTEN oy 30-40 to Olrle\g 55-60 FE?‘;‘:\',?
green b fasciculate 9
rown
Grey Grey- 15
P. oxalicum 3sep dento yelowto T,o 05 05 veutinous SN Paleto
olive pale olive- yellow
green green
Paleto
) Blue . Pure Yellow to
P. polonicum 25-27 green cream or 10-12 30-37 Velutinous green 37-44 orange
yellow
Gr Blueto Blue Blueto
P. roqueforti 20-40 re2ry1 blackish 7-10 30-34 Velutinous reen 39-50 blackish
9 blue 9 blue
Dull
P. ulaiense 1725 dreento Pdeto 0 1520 Veltinous OV& 53 Creamto
greyish cream green yellow
green

* 0 = No growth was observed.
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Table 3. Microscopic features of Penicillium speciesisolated from citrus and bread in Shiraz (Iran)

Character
Taxon Conidiophore Conidia Phialide Metulae
Branching . Length/width . Length/ Length Length
pattern Ornamentation (um) Ornamentation Shape width (um) Shape (um) Shape (um)
P. atramentosum Terverticillate Smooth-walled 3-4 x 300-500 Smooth Globose 2:61-2.63 Cylindrical 7.8-10  Cylindrica 10-15
Bi-, ter- and R
P. chrysogenum ! s Smooth-walled 4-3 x 200-300 Smooth or 3.5-355 Cylindrical 7-8 Cylindrical 8-12
quarterverticillae
subglobose
Globose
P. citrinum Birverticillate Smooth-walled 2-3 x 150-200 Smooth or 2.2-3 Ampulliform 7-10 Whorled 15-20
subglobose
Ellipsoidal
P. digitatum Terverticillate Smooth-walled 5-7 x 70-150 Smooth to 6-3 x 7-6 Cylindrical 10-15 Cylindrical 15-20
cylindrical
Globose 19_15
P. discolor Terverticillate Smooth-walled  3-3.5x 200-250° Rough-walled to 3-32x34 Cylindrical 8.2-12  Cylindrica
subglobose
Ellipsoidal
P. italicum Terverticillate Smooth-walled  3:2-5 x 150-250 Smooth to 3-32x4-3 Cylindrical 8.2-12  Cylindrica 14-15
cylindrical
P. oxalicum Birverticillate Smooth-walled  2.7-3 x 200-300 Smooth Ellipsoidal  3.5-5x5-6 Cylindrical 10-15 Cylindrical 15-25
Terverticillate and Globose
P. polonicum . - Smooth-walled 4-3 x 180-300 Smooth or 3-4 Flask-shaped 8-10 Cylindrical 10-12
birverticillate
subglobose
P. roqueforti Terverticillate Rough-walled 4-5 x 150-250 Smooth Globose 355 Cylindrical 8-10 Cylindrical 10-17
Ellipsoidal 25 35x
P. ulaiense Terverticillate Smooth-walled 4-5 x 60-200 Smooth to ) 2 5_'5 Cylindrical 9-12 Cylindrical 10-15

cylindrical
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