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Table 1. Physiological characteristics of yeast isolates collected from plant specimens

uggfgsudfdjhdiL5JML@-féu‘5h4ﬂx?ué;inggtﬂa /2,—-\J,¢?

CuUoEUISITQNSYIOCLEIVRSITAIICLZICZ QI X o
S 5grc2<SsSo8alSes2ceclCpsBosgaczgzlcs > =3
SO0 1l o630 2o oY RS =Sg 223946 o 0o SO )
==ro=12o®>=F53>3=53000T>-5 OSDOUONOOBOU)—QJM —
D S p SO>I 300335cSc3aq==35 S oo =032 0S5S0®>0C® @
2o " 382-T=88=35 2 Gooegrgeggoge B35 @
°TE3 2° g = g ®g © & g3 g g 3
IS = =] 2 @
@ =] 3 o @
5 =
@D
-+ -wW+ -+ + -+ +++ -+ -—=-—-—++4+-=—-—4+4+++ -+ + - -+ FBF-Y1
-+ -wW+ - -+ + -+ +++ -+ -—=-—-—++4+-=—-4+4+++ -+ + - -+ FBF-Y2
-+ -wW+-=-4++ -+ +++ -+ -=-—-—++4+-=—-4+4+++ -+ + - - + FBF-Y4
++Vv+++++++++++ -+ +++++++++++++++++ + FBF-Y6
-+ v + - —-++-+wW—-V—F+—-—=——+—-—++—-—+wW-—-+—-—w + + + + FBF-Y7
+ 4+ ——+ — =+ + -+ + -+ — + — + +++—-——+++ +—+ + + —w FBF-Y8
V+V—++W++—4++V+++V—++++++++++—++ v+ + FBF-Y9
++Vv+++++++++++—-F+++++++++++4++++ 4+ ++ 4+ FBF-Y1L
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- — — + — + — - — + - + + + + + 4+ + - — — — — FBF-Y18
V+V—++W++—4++V+++V—++++++++++—++ v+ + FBF-Y19
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I S e i i i e e S S S + —w + — —w FBF-Y32
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(+) Growth; (=) No growth; (W) Weakly growth; (V) Variable; (.) Not determined
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Fig 1. Agarose-gel electrophoresis of PCR products of ITS region of yeast isolates. Lane M, molecular size
markers (Phage Lambda DNA/EcoRI/Hind 111), Lane C: negative control (sterile water instead of DNA)
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Fig 2. Phylogenetic tree of yeast isolates based on the nucleotide sequences of the ITS region according to
Neighbour—Joining (NJ) method. The number shown next to each node indicates the percentage bootstrap values
were calculated for 1000 replicates. Byssochlamys spectabiliswas used as the outgroup. The scale bar represents
the number of substitutions per site (0.05).
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Table2. Characteristics of yeast isolates, sequence accession number and their assignation to phylogenetic group
based on the ITS region sequencing

| NcBi  Pnylogen o
Isolate City Host code etic Closest type strain ~ Similarity
FBF-Y Fuman Kiwifruit MK1869 grOUpl Ogataea zsoltii NR-138176 " 99.72
FBIEz Sarayan Cotton MKlBgé | Ogataea zsoltii NR-138176 " 99.7
F\B(I:EE Behshahr Citrus MKngEJ1 1 Debaryomyces hansenii NR-120016 " 99.8
F\B(IEE Chalus  Kiwifruit MKngg i Candida membranifaciens NR-111296 " 100
FES(IE Chalus  Kiwifruit MKngg v Metschnikowia koreensis KF-059237 ' 100
FBl\zf Tonekabo  Kiwifruit MKlSég v Metschnikowia koreensis KF-059236 99.6
FBl\ZE Kharvang Mulberry MKlSéZ)1 v Metschnikowia koreensis KF-059237 T 99.6
FB\I(:E Neka Citrus M Klség \% Aureobasidium pullulans NR-144909 " 100
FBl\Ef Tonekabo  Kiwifruit M Klsgg \% Aureobasidium pullulans NR-144909 " 100
F\B(IEﬁ Nowshahr; Kiwifruit M Klsgg \% Aureobasidium pullulans NR-144909 " 100
FES(IE Tonekabo  kiwifruit M Kngg VI Papiliotrema flavescens NR-130696 " 99.6
FBl\g Behshah? Rice MKlSég VI Papiliotrema flavescens NR-130696 " 99.6
FEIE? Tonekabo  kiwifruit M Kngg VI Papiliotrema flavescens NR-130696 " 99.6
F\B(IE Amor: Kiwifruit M Klsgg VIl Cryptococcus albidus NR-149343 T 100
F\B(IE Tonekabo  kiwifruit M K182€13 VIl Cryptococcus albidus NR-149344 T 100
F\B(IE Saraya: Cotton M Klsgg VI Filobasidium magnum NR-130655 " 99
Fgﬁf Chaboksar Citrus M Kngg VIl Filobasidium magnum NR-130655 " 100
Fgéf Behshahr Rice MKngg IX  Sporobolomycesruberrimus NR-136959 " 100
FES(Ilf Chalus  Kiwifruit MKngg X Rhodotorula glutinis NR-073294 T 100
FBl\g Gorgan  Kiwifruit MKngg XI Rhodotorula mucilaginosa NR-073296 " 100
F\B(IE Kharvana Mulberry MKng;1 XI Rhodotorula mucilaginosa NR-073296 " 100
F\B(IEE Shirgah  Kiwifruit MKngg XI Rhodotorula mucilaginosa NR-073296 " 100
FES(IEf Ramsar  Kiwifruit MKngg XI Rhodotorula mucilaginosa NR-073296 " 100
F;ég Amol  Kkiwifruit MKngg Xl Cystobasidium minutum NR-149346 T 100
Y7 27
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Fig 3. Cell and colony of Areobasidium pullulans
FBF-Y26 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

I1-Ogataea corticis Nagats., S. Saito & Sugiy.,
Journal of General and Applied Microbiology
Tokyo 54(6): 363 (2008)
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I-Aureobasidium pullulans (De Bary) G. Arnaud
ex Cif., Ribaldi & Corte, Atti dell'lstituto Botanico

della Universita e Laboratorio Crittogamico di
Pavia 14: 85 (1957)
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Fig 5. Cell and colony of Debaryomyces hansenii
FBF-Y22 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

IV-Candida membranifaciens (Lodder & Kreger)
Wick. & K.A. Burton, Journal of Bacteriology 68
(5): 597 (1954)

Asb e alyl b6 FBF-Y13 sl 45 ol

45 Slopls b 4 el ( SIS B i &Ky 4 e,
(umbonate) 3 s 55 Seuer 1 5 Sl ST 08 53
Glaiy b ol Sy g0 4 Ll g o0 48, abl dil s
O3 Glads y iy aslsl )3 555 S5 (filamentous)
e JSE S (b e i) el 51 S
G S s do s sl JET Il bses 55 s,
OT sl 5 921,881 o) 3o s LAl L gl S ol A 5
35 (FUSE) dal o ey S FAY X FF L ge b
JAS @ln OT 5l 5 ead SIF sty 48 ool 01
Sl o S s 65 o) Lo $ o 0T S
I .(Farahani et al., 2011; Gholamnejad et al., 2010)
) 03 e 2550 Comn ST L (Glajade S
S VE Sl eslizal SUly & 035 45 pl g uios

g:,.w‘ 4.7.3:‘} ‘)

1P o S5 8, lowss cqpinied A ¢ S 320LS 53 (om0

Pichia zsoltii G. Péter, oT s o al., 1994)
4L . Tornai-Leh., Filop & Dlauchy, (2003)
(sp dosn SWalls o SI(Péter et al., 2003 .)
ls 1) Jsle 31 eslimal SUlg 48 ol laalis
bl jems 658 ol 5 (BSOS 0pSTE sk e

Ol oS

Ogataea zsoltii FBF-Y27 josws 45, 5 J b —F JSC&
G 55 B 3 ey SBT Il ST Lame 555
S S Ve Uslas el ook a 53 YO (gl s

AL o

Fig 4. Cell and colony of Areobasidium pullulans
FBF-Y27 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

[11-Debaryomyces hansenii (Zopf) Lodder &
Kreger, The Yeasts: a taxonomic study: 280
(1952)
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VI-Papiliotrema  terrestris Crestani, Landell,
Faganello, Vainstein, Vishniac & P. Valente ex Xin
Zhan Liu, F.Y. Bai, M. Groenew. & Boekhout,
Studies in Mycology 81: 127 (2015)
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Fig 8. Cell and colonies of Papiliotrema terrestris
FBF-Y19 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

V11— Naganishia albida (Saito) Xin Zhan Liu, F.Y.
Bai, M. Groenew. & Boekhout, Studies in
Mycology 81: 118 2015.
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Fig 6. Cell and colony of Candida membranifaciens
FBF-Y13 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

V-Metschnikowia koreensis S.G. Hong, J. Chun,
H.W. Oh & Bae, International Journal of Systematic
and Evolutionary Microbiology 51 (5): 1928 (2001)

LgloS 5 Gln 5 (o8 b i il 55 S,

S8 L Ll eay g ST Gl 5 ssdke adl
odd Slo g bl 8 (slosgd b IS T K5 0l
$le K able b5 oeTp (oS 6 Sloo 48y o
V£ X5 slal 4 pan b 38 dadle b s
FBF-Y1, FBF- slaalir ((V JS2) disl o s Son
b odsl 68 ol yls Gl 68 ol 4 Y2, FBF-Y4
(Hong et s g 3luld o 8 53 05m 5 JS 51¥++) Jlo o
sl 058 6 0T 5509 51 a8 Ol s ., 2001)
waly 4 abg e Kan odd 4l 455 dw pl ol 0l

AL o Cons s T 4L 51 Saccharomycelaes

Metschnikowia koreensis jeses &5 5, 5 Jsho =V |2
595 Fr Sl SBT Sk ctS” e g5, » FBF-Y4

Vo dolae ulde L owgende a5 YO (gles s Ls)\.,\@i}

Al o ey Sor

Fig 7. Cell and colony of Metschnikowia koreensis
FBF-Y4 on malt agar medium after 40 days at 25 °

C.Bar size is equal to 10 um.
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Fig 10. Cell and colony of Filobasidium magnum
FBF-Y28 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

IX— Cystobasidium minutum (Saito) Yurkov,
Kachalkin, H.M. Daniel, M. Groenew., Libkind, V.
de Garcia, Zalar, Gouliam., Boekhout & Begerow,

Antonie van Leeuwenhoek 107 (1): 180 (2014)
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Ol xS 3R minuta 4,8 .(Buzzini et al., 2017)

(Mokhtarnejad et al., 2015) ol o 3,18 55

X- Rhodotorula mucilaginosa (A. Jorg.) F.C.
Harrison, Transactions of the Royal Society of
Canada. Section 5, Biological Sciences 22: 191
(1928)
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Fig 9. Cell and colony of Naganishia albida FBF-
Y12 on malt agar medium after 40 days at 25 ° C.

Bar size is equal to 10 pm.

VIII- Filobasidium magnum (Lodder & Kreger—
van Rij) Xin Zhan Liu, F.Y. Bai, M. Groenew. &
Boekhout, Studies in Mycology 81: 118 (2015)
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(Lodder & Kreger) Baptist & Kurtzman, Mycologia
(Livetal, 2015) .zl . 68 (6): 1200 (1977)
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Fig 13. Cell and colony of Rhodotorula glutinis
FBF-Y8 on malt agar medium after 40 days at 25 °

C.Bar size is equal to 10 pm.

X11- Sporobolomyces ruberrimus Yamasaki
& H. Fujii ex Fell, Pinel, Scorzetti, Statzell &
Yarrow, FEMS Yeast Research 1 (4): 267, (2002)
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Fig 11. Cell and colony of Cystobasidium minutum
FBF-Y7 on malt agar medium after 40 days at 25 °

C.Bar size is equal to 10 um.

Cystobasidium minutum esws &5 5, 5 Jsle =Y IS
550 Fr 5l o S8T Sl ciS” las 55, FBF-Y34

Voo dolae ulde L owgendes a5 YO (gles s 6)\.\&
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Fig 12. Cell and colony of Cystobasidium minutum
FBF-Y34 on malt agar medium after 40 days at 25

° C. Bar size is equal to 10 pm.

X1- Rhodotorula glutinis (Fresen.) F.C. Harrison,
Transactions of the Royal Society of Canada.
Section 5, Biological Sciences 22: 190 (1928)
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Fig 14. Cell and colony of Sporobolomyces
ruberrimus FBF-Y18 on malt agar medium after 40

days at 25 ° C. Bar size is equal to 10 pm.
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Abstract

Yeasts are single—celled microorganisms classified as members of the fungi kingdom. This group are very
important in biological control, so that several species have been produced and supplied as biocontrol products at
the commercial level. In Iran, several types of yeast have been isolated and introduced as biocontrol agent.

Therefore, the purpose of this study is to know the yeast biodiversity from agricultural microflora. For this
reason, epiphytic yeasts on crop plants and fruit trees were collected from the Northern provinces and some other
parts of Iran during 2015-2016. The yeast isolates were recovered on malt agar (MA) medium. All yeast isolates
were basically grouped according to the morphological characteristics of colonies. Based on morphological
charecterestics such as color and colony form, 24 isolates were selected as reperesentatives for identification.
The results of biochemical tests using Simple Matching Coefficient in 87% showed that all isolates are grouped
into 14 separate clusters. Twenty—four isolates representatives of 14 groups were selected and analyzed by
partial sequencing of ITS1-5.85-ITS2 region with ITS1 and ITS4 primers. All isolates were identified as
Aureobasidium pullulans, Candida membranifaciens, Cystobasidium minutum, Debaryomyces hansenii,
Filobasidium magnum, Metschnikowia koreensi, Naganishia albida, Ogataea zsoltii, Papiliotrema flavescens,
Rhodotorula glutinis, R. mucilaginosa and Sporobolomyces ruberrimus. Among them, four species i.e. O. zsoltii,
M. koreensi, P. flavescens, C. minutum are new records to the Iranian mycoflora. All yeasts were described by
macroscopic and microscopic morphological characters including colony color and shape; cell size and shape;
and by location of isolation.
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