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Kingdome fungi are characterized by having a great biological diversity on land and plays important role 
as organic materials degraders in ecosystems. Although there are more than 1.5 million species of fungi 
colonizing our land, the numbers of fungi species identified are less than 5 % of fungi species expected 
to exist,  This is because  of using traditional methods that are based on morphological characteristics 
for identification of fungi species.  Currently, DNA sequences based identification (DNA barcoding) has 
became as an effective method for identification and taxonomic studies of known and unknown fungal 
species. Moreover, DNA barcoding has been shown to be more reliable, accurate and quick 
identification method for genus to species level. In this paper, The history of DNA barcoding in fungi was 
introduced and application of using most useful DNA barcoding genes in identification of fungi species 
were shortly reviewed at topics including   internal transcribed spacer (ITS) of rDNA, the  28S rRNA  (the 
nuclear large subunit, LSU), and the 18S rRNA gene (the nuclear small subunit, SSU), β-tubulin (BT), 
Translation elongation factor 1α   (TEF-1α), Second largest subunit of RNA polymerase II (RPB2), 
minichromosome  maintenance protein (MCM7), and Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH). Universal primers of DNA barcodes genes for fungi identification were 
included as well. 
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INTRODUCTION 

Fungi is considered the second largest group 
on the planet  as  they show high species 
diversity, where the number of fungi species  is 
estimated  between 1.5 -5.1 million (Hawksworth, 
1991; O’Brien et al., 2005; Blackwell,  2011). 
Many fungi  have  a great value and usefulness in 
human’s life and health because of its economic 
and medical value. Moreover, fungi are 
considered as a natural decomposer  in the 
ecosystem. Alongside many species also are 
considered harmful and have the potential to 
cause diseases for humans, plants and animals 
(Borman et al., 2008 ).  

In spite of the great importance of fungi with 
its diverse species of up to a millions. The 

identification of fungi species  remains late, where 
estimated species identified and described  are  
less than 5 % of their expected number on the 
planet. (Hawksworth, 1991). Part of  this  problem  
is because of  the conventional methods used in 
fungi identification. These methods  usually 
depend on the identification  and description of 
fungi through the cultural characteristics and 
microscopic description within the laboratory. As a 
result, these methods requires great effort, 
knowledge and experience in the science of fungi, 
which usually make the process of classification of 
fungi difficult and  advances slowly (Nilsson et al., 
2011 ).  Moreover, in some fungi species, a study 
of morphological characteristics  which may be 
missing, misleading,  and morphologically similar 
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have made the identification of  fungal species a 
major challenge for mycologists using  the 
conventional methods (Seifert,  2011).   

DNA sequences  have become the main 
reference in the identification of fungal species 
(Hebert et al., 2005). The use of DNA sequencing 
in the identification and classification of fungi 
species has enabled fungal scientists to overcome 
the challenges to using conventional methods 
(Atkins & Clark, 2004 ; Sun  & Guo,  2012).  
Molecular techniques such as a DNA barcoding   
have recently  been   the  main tool  in 
identification of fungi (Purty &Chatterjee, 2016). 
The DNA  barcode is considered as a short gene 
sequence found in  organisms’ genome which is  
unique completely to differentiate organisms’ 
identity to species level.  The employ of DNA 
barcodes for the identification of new species is 
arising as a effective tool to resolve species 
boundaries and to measure species variation . In 
many cases, these DNA barcodes can be used  
as a basis for the detection of new taxa  (Costion 
et al., 2011).  

Identification  of a fungal species by DNA 
barcoding tool   is done by amplifying   specific 
region  of a  gene by Polymerase Chain Reaction 
(PCR) (Purty &Chatterjee, 2016). Generally, DNA 
barcoding utilizes short DNA sequences  (500- to 
800-bp ) in species discrimination among most 
living organisms using PCR primers that are 
usable  for the wide taxonomic group (Conrad et 
al., 2012). There are several criteria that are taken 
into account in any ideal DNA barcode.  Of these 
are  short piece  of DNA and  universally usable. 
Moreover, it shows large variation  among species 
than  within species and  is  conservative  within 
species and among fungi species. In addition, the 
ideal DNA barcode is preferred in case it has  high 
rate  of PCR amplification (Hollingsworth et al., 
2009).   

DNA barcoding sequence amplified by PCR  
is then compared against a sequence database, 
such as GenBank sequence database (GenBank ) 
the European Nucleotide Sequence Archive of the  
Molecular Biology Laboratory, (EMBL); and the 
DNA Data Bank of Japan, (DDBJ). The 
sequences comparing   in those sequence 
databases usually are carried out by an individual 
Basic Local Alignment Search Tool (BLAST) to  
identifies species based on sequence similarity 
(Altschul et al., 1990; Taylor et al. 2000; Huzefa at 
al., 2017 ).  

Many Mycologists  have been contributing to 
attempts finding  typical conserved  DNA 
barcodes sequences  which would  be useful for 

identification of  most fungi groups . Several DNA 
barcodes (genetic markers ) have been 
investigated  to resolve challenges  related to 
fungi identification and taxonomy.  Short region 
sequences belong to the nuclear ribosomal DNA  
(rDNA) and protein-coding genes have been used 
extensively as proposed DNA barcodes.  

The region of internal transcribed spacer (ITS) 
of rDNA has been used widely and got lots  of 
attention and consideration  among mycologists 
as DNA barcode marker for fungi  (O'Brien et al. 
2005; Buée et al. 2009).  However,  ITS has been 
found  not to be having enough genetic variations 
in some fungi groups  such as blue fungi  and 
yeast species. The nuclear large subunit 
ribosomal RNA gene (LSU)  has been proven  to 
be having  more sufficient sequence variations 
than ITS regions in yeasts species identification  
(Kurtzman  and Robnett, 1998 ; Fell et al. 2000; 
Roe et al., 2010). 

Protein-coding genes are generally used more  
in building  phylogenetic trees to infer relatedness 
between fungi groups and genera  (Schoch  et al., 
2009).  Actually, Protein-coding genes have 
shown strong ability  for determining relationships 
at different taxonomic levels (Schoch  et al., 
2009). The β-tubulin sequence gene  has been 
used successfully  as a  reliable DNA barcode in 
species separations  for  Penicillium, Fusarium, 
and Aspergillus (O’Donnell and Cigelnik, 1997; 
Frisvad  and Samson, 2004) and Translation 
elongation factor 1-α  has proven as reliable DNA 
barcode  for Fusarium, Trichoderma and 
Hypocrea in species  separation  (Druzhinina et 
al. 2005; O'Donnell et al., 2010). In addition, the 
largest subunit of RNA polymerase II (RPB1) has 
shown a reliable capability  as a DNA barcode for 
fungi groups including Basidiomycota, 
zygomycota  (Matheny et al., 2002; Tanabe et al., 
2004). 

However, fungi universal barcodes have not 
been definitively finalized formally but many 
studies have proposed potential DNA barcodes . 
Therefore, our information on  DNA barcoding for 
fungi identification   needs to be improved and  
reviewed  as  most fungi identification today is 
carried out using emerging molecular methods 
that are based on DNA sequence in  identification 
of fungi species . In this article we review most 
DNA barcoding genes used todays in fungi 
species identification. 
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History:  DNA barcoding for fungi 
Since long  time, morphological 

characteristics  including conidia or  spore shape 
and structures containing spores have  been  
conventionally used as only way  for   grouping 
and  identification fungal cultures (Hyde &Abd-
Elsalam,  2010) However, Identifying of fungal 
cultures mainly on morphological characteristics is 
considered hard work and time consuming, 
particularly when well-skilled mycologists are  not  
available to examine the fungal culture 
characteristics. In addition many cultures do not 
produce spores, therefore, absence of 
morphological characteristics may be resulting in 
misidentification.  

DNA sequence-based tools have appeared as 
a strong tool for studying fungi identification  and 
taxonomy (Hibbett et al., 2011). The employ of 
DNA sequences to obtain  important formation  
about  identification of biological species of  living 
organisms  is not newly introduced ,  in fact, DNA 
barcoding was first proposed before more than a 
decade ago (Pecnikar & Buzan, 2014).  DNA 
barcoding  actually started  2003 when a 
Canadian scientists Paul Hebert and co-workers 
from University of Guelph in Canada wrote a 
paper  titled “Biological identifications through 
DNA barcodes “ stated that we can use a short  
DNA sequences from certain regions in genome 
to identify species, he called these sequences 
barcodes (Hebert at al. 2003). 

The employ of  DNA sequences  in 
understanding variation  among organisms has 
started early in  the 70’s. But real use of DNA 
sequences  has not started until PCR and 
sequencing  were developed.  Certain DNA region 
of  cytochrome c oxidase I gene (COI) of 
mitochondria has been proved as potential DNA 
barcode for animals’ identification.  CO1 was  
proved  not to be  a good genetic marker for fungi 
as it has very low rate  PCR amplification  
(Schoch  at al., 2012).  

The first report published was  1982 using 5S 
rRNA gene sequences to explore the relatedness 
among different  fungi groups (Dutta and Ojha, 
1972; Walker and Doolittle 1982).  After several 
years,  another  important  paper  published by  
White et al., (1990)  that was the base of 
identification of fungi species based on DNA 
sequences. This paper revealed many of the PCR  
primers to be used to  amplify  universal fungal 
ITS regions of rDNA.  Those developed primers 

are still in use in most today’s fungal laboratory 
work. The ITS sequence was recommended as 
the genetic marker region to be used by many 
mycologists at an international conference  held 
by the Consortium for the Barcode of Life (CBOL) 
in 2007  

(Schoch & Seifert,  2011). Since then,  
Looking at other  genes that can be used as 
candidates for barcode regions has started  with a 
search focusing on protein coding regions. 
Nowadays, ITS is still a promising DNA barcoding 
candidate for fungi kingdom (Schoch & Seifert,  
2011). 

After some  DNA barcoding genes were 
determined,  Mycologists were asked also  for  
establishment   of usable  databases to deposit  
obtained  sequences  of  known species and 
origins,  So that,  sequences deposited in 
databases can be used in sequences comparing 
for identification by mycologists worldwide 
(Schoch & Seifert,  2011). Researchers have then 
employ  DNA sequences for fungi species 
identification and taxonomy. The obtained 
sequences were compared with databases of 
reference sequences  for identification and then 
deposited in  databases such as  mainly GenBank 
, EMBL  or  DDBJ.  For example, the Barcode of 
Life Data Systems (BOLD) contains millions  DNA 
sequences belonging to  selected DNA species 
barcodes, that are close up to more  than 70,000 
organism species including fungi. Meanwhile,   
GenBank has  more than 150,000 sequences of  
ITS region, Those ITS sequences deposited 
represent nearly 14,000 species (Schoch & 
Seifert,  2011). However, the challenges of 
obtaining  the appropriate DNA barcode have not 
been absolutely solved  so far and the search for 
the appropriate DNA barcode for fungi keeps on. 

Appropriate fungal DNA barcoding genes 

Internal transcribed spacer (ITS) of rDNA  
The ITS region of rDNA is the most commonly 

DNA sequence used in molecular identification,  
and has been proposed as the DNA  barcode for  
fungi identification ( Schoch et al., 2012). 
Researchers have found it a reliable tool  for  
identification fungal cultures at genus level to 
species level. The ITS regions are  found  in 
fungal genome as  tandem repeats (Table 1) 
(Michot et al., 1983).  
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Table 1:  Universal DNA barcoding Primers for PCR amplification of fungi 
 

Primer name 
 

Sequence 

(5′->3′) 
 

Reference 
 

ITS1 TCCGTAGGTGAACCTGCGG White et al. 1990 

ITS4 TCCTCCGCTTATTGATATGC White et al. 1990 

BMB-‘B’ CCGTCAATTCVTTTPAGTTT Lane et al. 1985 

BMB-‘C’ ACGGGCGGTGTGTPC Lane et al. 1985 

BMB-BR CTTAAAGGAATTGACGGAA Lane et al. 1985 

BMB-CR GTACACACCGCCCGTCG Lane et al. 1985 

5.8SR 
 

TCGATGAAGAACGCAGCG 
(Hopple & Vilgalys,  1995) 
(Hibbett&Vilgalys,1993) 
(Hibbett&Vilgalys,1991) 

LR7 
 

TACTACCACCAAGATCT 
 

(Hopple & Vilgalys,  1995) 
(Hibbett&Vilgalys,1993) 
(Hibbett&Vilgalys,1991) 

LR5 
 

TCCTGAGGGAAACTTCG 
 

(Hopple & Vilgalys,  1995) 
(Hibbett&Vilgalys,1993) 
(Hibbett&Vilgalys,1991) 

LR0R 
 

ACCCGCTGAACTTAAGC 
 

(Hopple & Vilgalys,  1995) 
(Hibbett&Vilgalys,1993) 
(Hibbett&Vilgalys,1991) 

LR16 
 

TTCCACCCAAACACTCG 
(Hopple & Vilgalys,  1995) 
(Hibbett&Vilgalys,1993) 
(Hibbett&Vilgalys,1991) 

LR3R GTCTTGAAACACGGACC 
(Hopple & Vilgalys,  1995) 
(Hibbett&Vilgalys,1993) 
(Hibbett&Vilgalys,1991) 

EF1-1018F GAYTTCATCAAGAACATGAT Stielow et al. 2015 

EF1-1620R GACGTTGAADCCRACRTTGT Stielow et al. 2015 

Btub2Fd GTBCACCTYCARACCGGYCARTG Stielow et al. 2015 

Btub4Rd 
CCRGAYTGRCCRAARACRAAGTTG

TC 
Stielow et al. 2015 

fRPB2-7cF ATG GGY AAR CAA GCY ATG GG Stielow et al. 2015 

fRPB2-7cR CCC ATR GCT TGY TTR CCC AT Stielow et al. 2015 

gpd1 CAACGGCTTCGGTCGCATTG Berbee et al., 1999 

Gpd2 GCCAAGCAGTTGGTTGTGC Berbee et al., 1999 

 
 

Figure1: The ribosomal RNA genes (rDNA) of fungi found as tandem repeats  (Zhang et al., 2015) 
 
 

 
 



Alhawatema et al.,                                                          DNA Barcoding Genes in Identification of Fungi Species 

 

    Bioscience Research, 2019 volume 16(2): 1762-1775                                                     1767 

 

 ITS regions including  internal transcribed 
spacer1 (ITS1) and internal transcribed spacer 2 
(ITS2)  are  variable DNA sequence areas of 
rDNA cluster genes which also contain the 18S 
rRNA gene (the nuclear small subunit, SSU), 
the 5.8S rRNA gene, the  28S rRNA gene (the 
nuclear large subunit, LSU) (Table 1).  These 
rDNA  cluster genes are flanked  by 5' external 
transcribed sequence (5' ETS) and 3’ ETS (Michot 
et al .,1983). 

The rDNA tandem repeats  are found  in 
thousands copies in fungal genomic DNA  and are 
detached by non-transcribed region 
called  intergenic spacer (IGS) (Michot et al. 
1983).  Many features have made  the ITS region  
as a target for identification and taxonomy based 
studies ; ITS region contains conserved flanked 
sequences among all fungi species, Therefore,   a 
universal primers  were easily  developed and 
used  successfully among almost all fungi 
species(Baldwin et al., 1995; Song et al., 2012). 
Moreover, ITS  has small size  of DNA sequence 
(600bp) including ( ITS1+ITS2)  and  is  easily 
amplified  and detected by PCR from small tiny of 
fungal DNA as rDNA  cluster genes are located in 
thousands copes in fungal genome. In addition,  it 
has been  confirmed that ITS regions has a  high 
genetic sequence variations among closely 
related fungi genera and even related species 
(White et al. 1990; Baldwin et al. 1995; Song et 
al., 2012).  In additions,  mutations within the ITS 
areas of the rDNA cluster genes happen with 
greater rate than other rDNA genes, this leads to 
more  genetic sequence variations within this 
region. Therefore , ITS regions  is  preferred more 
than other rDNA genes for  the identification and 
molecular systematics  of fungi species (Iwen et 
al., 2002). 

Previous  studies  on  DNA barcoding  using 
rDNA cluster genes as a sequence target focusing 
mainly on 18S rDNA gene [Geiser et al.2007; 
O'Donnel et al.,2008; Ertz et al.,2004 ]. Even 
though the genetic sequence variations  within  
rDNA cluster genes  has been successful used  
for molecular systematics  of  fungi at genus level. 
However, it was revealed that those genes have 
less mutations frequently, therefore,  they have a 
limited sequence differences  compared with ITS 
regions , making mycologists prefer ITS than 
other rDNA cluster genes in sequence comparing 
for identification (Einsele et al., 1979; Kitada et al., 
1991; Makimura et al., 1994; Haase et al., 1995; 
Kappe  et al., 1996; de Hoog et al., 1998;Sugita & 
Nakase 1998; Iwen et al., 2002).  

The ITS DNA  regions are the most 

repeatedly sequenced by mycologists  to be used 
in  taxonomy  and identification at the genus to 
species level. It was estimated that more than 100 
000 ITS sequences were  dropped in the 
GeneBank, and around  of 61 % of ITS 
sequences deposited were annotated  and  
classified to species level (Feliner & Rossello, 
2007; Benson et al., 2008; Nilsson et al., 2008; 
Nilsson et al., 2009). The   ITS sequences 
deposited to date has reached up to 1000 000 
sequencesaGenBank(https://www.ncbi.nlm.nih.go
v/genbank/). This big number of ITS sequences 
deposited showed that fungi species identification 
system has been developed based on ITS1 and 
ITS2. Mostly mycologists has been using this 
system today as known in fungi identification at 
genus to species level  (Nilsson et al., 2009). 

Meyer and Paulay (2005)  performed a study 
using rDNA cluster genes as a sequence target 
including  SSU, LSU, ITS regions to analyze 700 
fungal cultures representing more than 200 taxa 
of different phyla (). This study strongly supported 
ITS SSU and LSU  as  it  has high PCR 
amplifications and sequence variations. 
Interestingly,  ITS regions were proven to be a 
potential DNA barcode for species discrimination 
of Dikarya (Ascomycota and Basidiomycota) and 
had a better  identification power than  SSU and 
LSU.  Surprisingly , ITS regions  had lowest  
identification power  for fungi taxa that were 
outside of Dikarya such as Mucoromycotina, 
Chytridiomycota, and Blastocladiomycotina 
(Meyer and Paulay, 2005). This study obviously 
revealed that ITS is ineffective for species 
discrimination of such taxa.   But, The ITS region 
was also effective to be useful for species 
discrimination of fungi members in  Zygomycetes 
(Schwarz et al.,  2006). 

The SSU sequence variations were used  to 
classify  a fungus culture  above genus level and it 
did well  taxonomic job  at  high levels (White et 
al., 1990).  In addition, It was reported also using 
LSU sequence polymorphism in identification of 
fungal cultures at genus level and higher 
taxonomic levels (Vilgalys et al., 1990; Rehner et 
al. 1995; Raja et al., 2017). However,  ITS regions  
including ITS1 and ITS2  have been proven as the 
best at species identification level.  Some 
mycologists  combined sequences of both  LSU 
and ITS regions, their studies  revealed that  the 
combined sequences  did well job in identification 
of fungi cultures to species level. In fact, using ITS 
alone  have shown satisfied identification results  
to species level (Schoch et al., 2011; Raja et al., 
2017).  
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Many authors reported that  analyzing ITS 
sequences of fungi genera   such as Alternaria, 
Aspergillus,  and Penicillium  confirmed  that ITS 
has a unique sequence variations  to differentiate  
between fungi genera. Moreover, it was shown 
that ITS1 region has more  variations than ITS2  
in comparing sequences among fungi genera.  
Similar work was performed  on genera from fungi 
phyla Basidiomycota and Ascomycota  showed  
that ITS1  has more variability  than ITS2 (Ryberg 
et al., 2008; Mullineux & Hausner, 2009; Blaalid  
et al., 2013). 

Mycologists in workshops  agreed on the idea  
to accept the  ITS region as a potential  candidate 
of  genetic barcoding  marker for fungi 
identification and molecular taxonomy (Bruns,  
2001). So that,  it is essential to reflect the roles of  
ITS DNA region variations in describing and 
determination  borders among species. 
Nevertheless, one of the  setbacks  of using the 
ITS region alone  is that ITS regions usually show 
low variability generally  within  different species 
of  some  genera such as Cladosporium,  
Fusarium,  and Trichoderma. Therefore, ITS 
region can not be  considered  as a typical DNA 
barocoding  for all fungi groups. Similar findings 
showed also  low  Intra-species ITS 
polymorphisms in fungi species such as Fusarium 
species (IWEN et al. 2002; Raja et al. 2017) and 
reported  that intra-species ITS sequence 
variations  within Aspergillus species  were 
insignificant. 

Although  many articles have  indicated that 
big  sequence polymorphism has been found 
among ITS regions of   fungi  groups. In spite of 
this, in some cases,   the sequence  variability  
within the ITS region is less  than  1% among  
species. Therefore,   at this point, the ITS 
sequence would not be enough to be used alone 
in fungi species discrimination and even it would 
be a way much harder to separate  strains of a 
single species as ITS sequence variability 
between strains are very low.  Using ITS 
sequences  alone  that  may have  vey low 
variability between strains and even between  
some species  results in misrepresenting   fungi 
identification (Gaskell et al., 1979; Okeke et al.,  
1992; O’Donnell et al., 1998; IWEN et al., 2002). 
In these cases,  morphological  and phenotypic 
characters  are involved to avoid misidentification  
when there are high nucleotides  sequence 
similarity within  ITS regions. Whether ITS was the 
best correct DNA barcode used for fungi  species 
identification is still a debate question, even 
though ITS sequences have been broadly  

employed as  a DNA sequence based tool for  
fungi  species identification for  decades.  

With more and more ITS sequences 
deposited in the GenBank, the ITS regions is still 
the best DNA barcoding as ITS sequences 
deposited in GenBank covering about 13 350 
species (Nilsson et al. 2009 ). But, this number is 
so small  and it is  0.9% of the estimated fungal 
species on the land. The field of  the DNA 
sequences based identification may be 
considered the fungi field where development 
goes so slowly and mainly painstaking  (Nilsson et 
al., 2009; ). Hopefully, recent studies have shown 
that GenBank contains around 172 000 of the 
entire fungal sequence of ITS covering nearly 
2500 genera, 15 500 species and more than 57% 
of those  sequences binomially named (Schoch  
et al.,2012; Raja at al., 2017). 

Protein coding genes as a candidate for  DNA 
barcoding  

Proteins –coding genes marker have resulted 
in a better consistent identification and have been 
used for systematic studies in fungi (Geiser  et al. 
2004). It was proven that  phylogenetic analysis of 
protein coding genes usually do better in  
discriminating   related  species more than  ITS 
regions usually do  (Bruns,  2001), Furthermore, 
DNA barcoding protein coding genes usually do a 
better job in separation of  unsolved fungi species 
taxonomy. Among protein coding genes that have 
been used are β-tubulin (BT)" (Geiser  et al., 
2007),  the gene BT is responsible for coding a 
protein, once the protein is polymerized, it forms   
microtubules that are the main element of 
the cytoskeleton. Microtubles have vital roles in 
DNA segregation and structural support 
(Findeisen et al., 2014). Translation elongation 
factor 1α (TEF-1α) (O'Donnell et al.,2008), is 
considered as an elongation factor belonging to a 
group of proteins which are involved in protein 
formation in the ribosome mainly through 
translational elongation (Alberts et al., 2002). 
Second largest subunit of RNA polymerase II 
(RPB2) (Ertz et al., 2002), is the gene that codes 
and forms large subunit of nucleus RNA 
polymerase enzymes. This enzyme is known 
by transcription of certain DNA regions to form 
mRNAs (Young et al.,2003). Minichromosome 
maintenance protein (MCM7) (Raja et al., 2011), 
is the gene that is responsible for producing a 
mini-chromosome maintenance proteins (MCM) 
and has an important role in beginning of 
eukaryotic replication (Nakatsuru et al., 1995). 
Glyceraldehyde 3-phosphate 
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dehydrogenase (GAPDH or gpd) is a gene coding 
for  enzyme playing a primary role 
in  glucose break down through glycolysis process 
(Tarze et al., 2007). 

These genes usually are candidates as 
potential genetic markers in addition to ITS 
regions. Moreover, protein-coding genes have 
many introns, which usually accumulate mutations 
, thereby , evolving  rapidly,  This make  
mycologists  prefer them as  the potential  
candidates to be used  at  higher taxonomic levels 
(Schoch et al., 2009). Researchers have used 
protein coding genes combined with ITS regions 
to re-evaluate   the taxonomic placement of many 
fungi based on phylogentic trees constructed by 
combining DNA sequence data of both ITS 
regions and  protein coding genes such as TEF-
1α, BT, or  RPB2.  Building tress based on 
combined sequences of these genes  was 
efficient  in  re-evaluating of Diaporthe species  
(Udayanga et al., 2012a). Many studies preferred  
MCM7  and RPB2 genes more than other protein 
coding genes based on their efficacy in 
constructing  phylogenetic trees  and  high rate of 
PCR amplifications  of ascomycetes  (Raja et al., 
2011). Additionally, combining of  MCM7 gene 
sequence with LSU  sequence was effective  to 
infer phylogentic relationships of fungi species 
from ascomycetes (Aguileta et al., 2008). 

The BT gene has been reported   as  better 
DNA barcode than ITS regions of the rDNA genes 
in separating  Aspergillus species (Geiser et al., 
2007). In phylogenetic study covered the 
nectriaceous fungi, it was stated that BT was 
proven as a potential candidate to be a DNA 
barcode for  the nectriaceous fungi  due to BT 
gene sequences had  high inter-species and low 
intra-species variations combined with high PCR 
amplification (Zhao et al., 2011). 

The EF-1α gene sequences of nectriaceous 
fungi have revealed sequence variations that  are  
significant  and are of importance when used in 
studying of systematics of Trichoderma, Fusarium 
species. But, EF-1α gene had low PCR 
amplifications compared with BT gene (Zhao et al. 
2011).  Translation elongation factor 1α   (TEF-1α) 
gene were assessed  as a DNA barcode  marker 
of  dermatophytes which showed  a high  
identification  capacity,  high inter-
speciesvariability, and low intra-species variations 
that are   mostly useful   to separate167 strains of 
30 species of  dermatophytes species  (Mirhendi 
et al., 2015).  

The partial sequences of TEF-1α, BT and 
RPB2 genes were combined with ITS sequences 

regions to build phylogenetic trees that were used 
in identification of Neofusicoccum 
kwambonambiense and N. parvum which are  
fungal pathogens on strawberry fruits in Brazil 
(Lopes et al., 2014).  These genes were  also 
useful in taxonomy of unresolved fungi species of 
low ITS sequences  variability, Trichoderma is the 
genus of fungi belonging to Ascomycota which is 
known by important medical and industrial uses. 
However, the phylogenetic and  systematics  of 
this genus have  stayed hard to  resolve by  ITS 
regions as ITS did not show signification 
variations  among  Trichoderma species 
(Mukherjee et al., 2013). However, The TEF-1α 
and RPB2 genes  were proven to have enough 
sequence variability to resolve  identification and 
taxonomy of  Trichoderma species (Lu et al., 
1999; Lu et al., 2004). 

The protein coding genes have been 
successfully used in reclassification some 
misidentified fungi species when combined with 
ITS region sequences.  The fungus Rhizoctonia 
leguminicola, which is resposable for producing 
mycotoxins such as slaframine and swainsonine, 
which lead to neurological problems to grazing 
animals.  The original classification of this fungus 
was misplaced as it was classified on 
morphological characters.  Based on  sequences 
of ITS regions and glyceraldehyde-3-phosphate 
dehydrogenase (gpd) gene, it was clear that  
placement of this fungus  in the genus 
Rhizoctonia  was incorrect , and therefore the new 
genus  Slafractonia within the phylum Ascomycota 
was established (Alhawatema et al., 2015). 

The gpd and BT genes are housekeeping and  
conserved  proteins in fungi, the gpd and BT  
genes have  power for  resolving relationships 
among species of lichenized fungi and even at  
strains of a single species of  lichenized fungi 
(Myllys et al.,2002).  Such study , revealed the 
ability of  the gpd gene for identification of 
mycorrhizal fungi  species. 1.2-kb fragments of 
the gpd gene from mycorrhizal fungi such as 
Boletus, and Amanita were amplified and 
sequenced. Those sequences showed enough 
variations for significant identification (Kreuzinger 
et al., 1996).  

The phylogeny between Alternaria 
radicina and A. carotiincultae was re-investigated 
by studying a nucleotide sequence variability 
within TEF-1α, BT, and gpd genes.  A. 
radicina and A. carotiincultae were separated 
mainly by TEF-1α, and BT genes, Yet, gpd gene 
sequences variations failed to discriminate 
between  A. radicina and A. carotiincultae (Park et 
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al., 2008). The phylogenetic relationship of 
species of the Pyrenophora genus were evaluated 
based on DNA regions of both rDNA ITS and gpd 
genes. Analysis of sequences data showed  ITS 
and gpd genes are useful  DNA barcode for 
identification of  Pyrenophora species (Zhang et 
al.,2001). 

The phylogenetic relationship of Stemphylium 
phaseolina and S. variabilis were evaluated.  
Maximum parsimony (MP) and maximum 
likelihood (ML) of phylogenetic tress were 
constructed based on the combined DNA 
sequences  of both ITS and gpd genes. The 
findings in this study indicated that combined 
sequences of gpd and ITS could be used to 
separate between closely related species (Kiela et 
al., 2017). Additionally, The gpd gene sequence 
has been shown of a great importance for 
inferring and trace the evolutionary relationship 
among fungal human pathogens such as  
Penicillium marneffei that  is  an intracellular 
dimorphic fungus and  is evolutionary related to  
human  athogenic fungus Ajellomyces capsulatus 
based on gpd sequences analysis (Thirach et al. 
2008). 

Universal primers for potential fungal DNA 
barcodes 

In most labs today, Universal primers of 
fungal DNA barcodes  have been almost 
developed (Table 1). The ITS regions are  
amplified by using universal  ITS1+ITS4 primers 
(White et al. 1990). Mycologists are  usually 
interested to amplify the first of  900 bp  of the 
LSU as it has been  proven to have  a significant 
sequence variation to employ in phylogenetic 
studies.  This regions can be amplified 
successfully using primers 5.8SR + LR7, and 
sequenced using primers LR5, LR16, LR0R, and 
LR3R (Hibbett&Vilgalys, 1991; 
Hibbett&Vilgalys,1993 ;Hopple & Vilgalys,  1995). 
The labs amplify the SSU region using  the 
conserved primers  BMB-B, BMB-BR, BMB-C, 
BMB-CR (Lane et al. 1985).  The universal 
primers for DNA barcoding protein genes were 
developed as well.  The partial protein coding 
genes sequence of  TEF-1α is amplified using  
Primers EF1-1018F and EF1-1620R (Stielow et 
al. 2015).  The two conserved sequence primers 
Btub2Fd  and Btub4Rd were used to amplify the 
partial  β-tubulin (BT) gene  (Stielow et al. 2015). 
Among the potential DNA barcoding coding 
protein is second largest subunit of RNA 
polymerase II (RPB2), which is targeted  using 
primers  fRPB2-7cF  and RPB2-7cR (Stielow et al. 

2015).  Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH or gpd ) that  has been a 
target for amplification using primers gpd1 and 
gpd2 (Berbee et al., 1999). 

CONCLUSION 
       Mycologists working in fungi  taxonomy and 
identification will benefit from progress in the DNA 
barcoding, specifically  to overcome challenges 
arisen  when studying  morphological  characters 
that are so complicated to analyze when these  
morphological characters between fungal species  
are similar  or absent which finally results in 
misidentification. Today, the ITS region of rDNA is 
considered as a first place in molecular 
identification and the ideal DNA barcoding for  
most fungi groups such as fungi phyla 
Ascomycota and basidiomycota . However, ITS 
has shown limited variability in some fungi taxa 
such as Cladosporium, Fusarium, Trichoderma.  
In cases (Cladosporium, Fusarium ,Trichoderma 
and other fungal groups out of ascomycetes and 
basidiomycetes) where ITS showed low sequence 
variations to separate fungi species or strains of a 
single species, The Proteins –coding genes such 
as β-tubulin (BT), Translation elongation factor 1α 
(TEF-1α), and second largest subunit of RNA 
polymerase II (RPB2) are   combined with ITS 
data in these cases to increase resolution among 
related species in phylogentic analysis. Although 
LSU and SSU are recommended at higher levels 
of taxonomy, combining the entire ITS with LSU 
sequence (first 900bp) resulted in a better 
species-level identification. When fungal culture is 
misidentified and has unknown taxonomy, 
morphological characteristics have to be studied 
side by side with phylogenetic trees that are 
constructed based on ITS and protein coding 
genes sequences to have a better species-level 
identification as ITS alone would not enough in 
these cases, even though ITS sequence of 
unknown cultures can be utilized in comparisons 
with reference sequences from databases   
GenBank, EMBL and DDB. 
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