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Phylogenetic relationship of some imperfect fungi using ITSand EFl-a
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Abstract

Anamorphic fungi are a controversial group amonggftand their classification criteria has undergone
many changes over the years. The study was combitecievestigate phylogenetic relationships of
some imperfect fungi. For this purpose, selectamlaiss from Plant tissues and soil samples were
collected from several provinces of Iran. Thenjrth@al DNA were amplified by ITS and TEF primers.
Phylogenetic relationship which was conducted bightsor joining method revealed that ITS cant
separatdlternaria, Ulocladium and soméCladosporium species bUuEF-1o is suitable for breaking them up.
Results obtained from both ITS and E&-tvas in congruent with each other and with previpusescribed
phylogenies and morphology based classificatioees.
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I ntroduction directly or indirectly by producing toxins, food
poisoning can cause harm.

Anamorphic or imperfect fungi are a group ofAnamorphic fungi are a controversial group
fungi, which their sexual reproduction absolutelyamong fungi and their classification criteria has
don't exist or haven't seen or known and formedindergone many changes over the years.
in nature, rarely. We often faced their anamorphi@reliminary classification of incomplete fungi and
forms. Most of them are asexual forms ofthe key to their identification is based on a syste
Ascomycota and a few of them are Basidiomycotéghat shown by (Saccardo 1886) in Sylloge
asexual forms(Alexopoulos CJ 1996). Most offungorum, and later (Lindu 1900), Saccardo
these fungi are terrestrial and some live in fres1906) and others made modifications to the
and salt water. Many of them are parasites that aggstem.

dangerous due to disease in plants and animalSyer the yearslots of dissatisfaction was made
including humans, are considered important. Somg@wards Saccardo classification, especially the

are involved in commercial production of criteria used to classify Hyphomycetes.
chemicals such as antibiotics and a number
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Many critics, like (Vuillemin 1910) and (Mason to amplify a piece of translation elongation factor
1925) in older articles and Hughes (1953), (Goosncoding gene.
1956), (Tubaki 1955), Subramanian (1962) and\fter the amplification of the ITS region of the
(Luttrell 1963; Luttrell 1964) in more recent rDNA and EFle, each product was purified using
articles, criticized this system and considereghit the QIA quick PCR Purification Kit using
artificial classification. manufacturer protocol (Qiagen Inc., Valencia, CA,
Molecular revolution in fungi taxonomy started inUSA). The purified PCR product was send by
first decade of 1990 which was associated witlovernight mail to DNA Sequencing Facility at
amplification of rRNA genes by PCR. Nowadays,BioNeer in Korea where isolates were sequenced.
molecular systematics of fungi have the maturityfSequences were aligned using BioEdit(Hall 2004).
of the arrangements and in it a multi-gene datdhen, alignments were manually edited by
banks of a broad samples of taxa and strong amaserting gaps for optimization using Se-Al
specific analysis methods of them have beefRambaut, 1996). Phylogenetic analysis were
standardized. performed by neighbor joining and Maximum
Likelihood methods (The bootstrap settings were
According to the latest rankings provided byj 000 replicates and retaining groups with
(H|bbett, Binder et al. 2007) USing a mOIeCUIarfrequency >50 %) and Phylogenetic trees were
phylogeny of fungi, the anamorph of Ascomycetegonstructed using MEGA 5. Gaps were treated as

and Basidiomycetes , placed in the orders, and @issing data and uninformative characters were
family that owned it is the sexual form. excluded from the analysis.

The studywas conducted, to determine real

taxonomic position of some taxa in this group. Results

We tried to use isolates which were collected froml.he ITS 4 and ITS 5 orimers directed the
different geographical regions of Iran. Then the P

. amplification of a single product, approximately
results were compared with GenBank sequences. . bp from all isolates except two. DNA

sequencing revealed that these fragments ranged in
size from 530 to 570 bp (including primer
M aterials and methods sequences) except Tmitirachium which amplified

Seventy fresh specimens of some saprophytic arfd 735 bp andPaecilomyces tenuis that length of
pathogenic of imperfect fungi were collected fromamplified fragment in it was 1052 bp, nearly
different provinces of Iran, during 2010 to 2011doubled length of the same part in other taxa used
and returned to laboratory for examination. Thenin this study. Dendrogram was constructed by
25 representative of the isolate were selected féeighbor joining method is as shown in figure 1.
molecular analysis, which their hosts and®PProximate length of fragments amplified by
geographic origin are listed in Table 1. TEF primers on agarose gel, was approximately
Total genomic DNA of pure isolate was extracted*00 bp in most fungi and iRaecilomyces tenuis

by using modified CTAB protocol and was (P5-4 isolate) was 550 bp. It should be noted that
subjected to polymerase chain reaction in Pcihese primer amplified two fragments of different
Thermal Cycler (What man-Biometra, Goettingenmolecular  weight in  the isolated fungus
Germany). Cladosporium tenuissimum (CL4-6), that the first
PCR primers used in the amplification reaction®n€ was the same as other fungi, approximately
for Internal transcribed spacers and 5.8S regiofi00 bp and the second fragment was 1050 bp.
were ITS4 (TCCTCCgCTTATTgATATQC) and Picture of agarose gel has been shown in figure 2.
ITS5 (ggAAgTAAAAGTCGTAACAAgQG) (White, After extraction from the gel pieces with larger
Bruns et al. 1990). length, was sequenced.

FRPB2-5f (JAYgAYMgWgATCAYTTYgg) and Compa_red with other_sequences revez_alled that 20
FRPB2-7CR (CCCATRgCTTgYTTRCCCAT) nucleotides of beginning of sequence is less than

primers (Vilgalys, Hopple et al. 1994) were usedhe other tested isolateshen, the sequence was
very similar to the others and additional

nucleotides were after number 390.
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Ulocladium dauci(FJ2266484.1)
Ulocladium chartarum(AY625071.1)
Ulocladium tuberculatum(FJ266490.1)
Ulocladium consortiale(HM036619.1)
Ulocladium chartarum(U13-12)
Ulocladium chartarum(U13-8)
Ulocladium consortiale(U13-2)
Ulocladium atrum(HE649401.1)
f———————— Ulocladium botrytis(AY625070.1)
A.brassicicola(JN108901.1)

Pleospora papaverica(S1-7)
Embellisia conoidea(FJ348226.1)CBS
Embellisia hyacinthi(HQ425562.1)
Embellisia planifunda(FJ266480.1)
Embellisia tumida(FJ266481.1)

R
L

(IN383489.1)
A.infectoria(AF081456.1)
Embellisia chlamydospora(A12-7)
Embellisia allii(JN588617.1)
Alternaria altemata(A12-1)
Alternaria altemata(JF73293)
Alternaria brassicae (S1-6)

Alternaria brassicae(JN108908.1)

S E
E

Alternaria ter 12-11)
Alternaria tenuissima(A12-20)
Alternaria solani(JN542529.1)
Alternaria tenuis (HM776408)
Alternaria citri(EU520049.1)

— =

annulata(JN383486.1)
Bipolaris oryzae(H14-7)

Bipolaris oryzae(JN943398)
Bipolaris sorokiniana (HM998310.1)
———  Curwlaria oryzae (AF163083.1)
f———— Bipolaris hawaiiensis (EF540752.1)
Bipolaris australiensis(HQ608034)
Bipolaris spicifera(D6-1)

Bipolaris australiensis(B2-2)
Curwlaria lunata(C8-6)

Curwlaria lunata(FJ792584)
Curwlaria geniculata (GU073454.1)

Curwilaria inequalis(C8-1)
Curwilaria inequalis(C8-2)

E Curwlaria pallescens(C8-9)

— Alternaria longissima(HE649374.1)

[ S— Alternaria padwickii(A12-2)
9 —— Paecilomyces tenuis(EU004812.1)

— Paecilomyces tenuis(Pa5-4)

Isaria tenuipes(JN9426.1)
Paecilomyces tenuipes (AF224689.1)
Isaria farinosa (JN942620.1)
Paecilomyces farinosus(AF368779.1)

Paecllomyces variotii(JN942895.1)

78 Paecilomyces lilacinus(JF824690.1)

Cladosporium
Cladosporium velox(DQ780359.1)
Cladosporium fusiforme(DQ780390.1)

Cladosporium perangustum(Cl4-2)

Cladosporium

Cladosporium 14-1)

Cladosporium tenuissimum(Cl4-6)

Cladosporium tenuissimum(DQ780397.1)

{ Cladosporium tenellum(JN983453.1)
69 Cladosporium herbarum(AF455517.1)

929

’7 Tritirachium dependens(JF779665.1)
(JF779667.1)

Tritirachium cir
2 Tritirachium roseum(JF779669.1)
% Tritirachium oryzae(Pa5-1)

99 Tritirachium oryzae(JF779663.1)

(IN942904.1)

JQ693401.1)

Figure 2) Agarose gel picture of amplified fragment using
TEF primer in different isolates

At last, dendrogram was constructed by neighbor
joining method, which is shown in figure 3.

Discussion

Results obtained from analyzing of ITS
dendrogram revealed that sequences from this
region of ribosomal RNA aren’t able to separate
small spore Alternaria, Ulocladium and some
Cladosporium species from each other.

Bipolaris and Curvularia which both are
anamorphs ofCochliobolus  placed in a same
clade.

Alternaria padwickii and A. longisima which
belong to big spore group dflternaria, placed
togather and far from otheflternaria species
While, Alternaria infectoria placed in a clade near
two species ofEmbellisa. Paecilomyces species
placed in a same clade with their sexual form,
Isaria. It seems thalritirachium compose a group
that is far from the other studied groups and have
lees phylogenetic relationship with them.

This piece of protein coding gene of E&lwas
able to separat€ladosporium species. But, our
data wasn't enough for proving this about
Alternaria andUlocladium species.

In both dendrogranBipolaris andCurvularia
placed togather andochliobolus anamorphs were

Figure 1) Phylogram generated from the neighbor joiningS€parated into two distinct groups. But, in

analysis based on ITS sequence of selected is@lattstrap  dendrogram obtained from TEF sequences,
support values >40% are shown below or above thedbr
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Alternaria Ulocladium clade, placed between theseand TEF are appropriate for survey of

two clusters. phylogenetic relationships in this group of fungi.
Considering that, teleomorph of studied tax&ven if EFle is more suitable in some cases
placed in different orders, it seems that both ITSvhich was explained before.
%0 Bipolaris spiciferaD6_5tef
m Cochliobolus spicifer(JN601023.1)tef

5 Cochliobolus ovariicola(JN601020.1)tef

43 Bipolaris australiensis(JN601003.1)CBS-tef
Bipolaris australiensisB2_2tef

Bipolaris hawaiiensis(JN601010)CBS-TEF
E Bipolaris perotidis(IN601021. 1)tef
— 46 Cochliobolus nisikadoi(JN601006.1)tef
Exserohilum rostratumD6-8tef
453(; Curwilaria palescens C8-9tef
100 Curwlaria inequalis C8-1tef
L Curwlaria lunataC8_6tef
Mn 99 Alternaria alternataA12_1
[ { Alternaria brassicaeA12_11
81 Ulocladium consortialeU13_12
E Alternaria panaxS1-7
0 41 Ulocladium chartarumuU13-9

Cochliobolus nodolosus(JN601019)CBS-TEF
Curwilaria tuberculata(JN601004.1)CBS-tef

Bipolaris peregianensis(JN601022.1)TEF
80 E Bipolaris oryzaeH14-7tef
49 Cochliobolus victoriae(JN601005. 1)tef

Paecilomyces niphetodes(JF416029.1)

Paecilomyces lilacinus( GU979981.1)
Isaria farinosa(JF416019.1)

Paecilomyces marquandii CBS(EF468793.1)
71{ Paecilomyces carneus(EF468789.1)
Tritirachium sp. CBS(JF779646.1)
100 \—(: Tritirachium oryzae CBS(JF779645.1)
89 Tritirachium oryzaePA5-1
Cladosporium ramotenellum CBS(EF679462.1)

98 Cladosporium variable CBS(EF679480.1)
Cladosporium sinuosum CBS(EF679464.1)

88

100

61 Cladosporium spinulosum CBS(EF679466.1)
75 Cladosporium subtilissimum CBS(EF679474.1)
60 Cladosporium tenellum CPC(EF679478.1)

Figure 3) Phylogram generated from the neighbor joining gsialbased on TEF sequence of selected isolate.
Bootstrap support values >40% are shown below ovekhe branch.
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