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DNA Marker Regions 
The entities that make up the mycobiota consist of different cells, each of which carries its own 

independent genomic DNA. Fully revealing the genome sequences of all cells would be impractical in 
terms of time and financial resources. Therefore, some molecular markers have been determined to 
easily distinguish genomes with different characters. These markers consist of DNA fragments that 
can represent the genome without the need for complete sequencing. Interspecies differences in DNA 
sequences are expected to be 98% accurate in the identification of fungal species [1].  

FISH (Fluorescent in situ hybridization ) 
The fluorescent in situ hybridization (FISH) methos is an important method used for the 

detection of a fungus sample growing in its natural habitat, and is one of the first metagenomic 
analyses used for the study of non-culturable taxa. This technique is performed using fluorescently 
labelled oligonucleotide probes specific to target genes in a microbial community without the need for 
isolation of DNA [2]. The most important advantage of this is that the taxa can be determined in a 
much shorter timeframe when compared to culturing methods. This method has been shown to 
provide reliable results in the detection of Candida species from blood cultures [3, 4, 5]. At present, the 
FISH method is more sensitive than conventional methods in identifying multiple Candida species, 
and [6] stated that the FISH method is preferred for rapid identification of Candida species from blood 
culture positive samples. 

DNA Array Hybridization 
Microarray technologies have been an important research application in the last decade, and have 

taken their place in various diagnostic fields, including the diagnosis of fungal diseases [7]. After the 
isolated nucleic acid from a fungal sample is denatured, it is fixed to a nylon membrane or glass slide. 
Then it is hybridized with the applicable probe and evaluated autoradiographically. This has the 
advantage of being less costly than other PCR-based methods, has unlimited capacity to accommodate 
oligonucleotides on a membrane, and allows for the reuse of membranes [8]. However, microarray 
technology is costly due to the increased error rate and the large number of materials required, as it 
involves different successive steps. This limits the frequency with which it is routinely used. In 
addition, a disadvantage of this method is that a large number of oligonucleotide probes have to be 
designed depending on the sequence analysis for each experiment [9]. 

PCR (Polymerase chain reaction) 
Polymerase Chain Reaction (PCR), was first discovered by Kary Mullis in 1985, and has reformed 

diagnosis and biological research with its high sensitivity and original design. Mullis was awarded the 
Nobel Prize for this invention. The PCR technique is based on the amplification or duplication of a 
specific DNA sequence. It is a series of reactions carried out to enzymatically amplify a unique region 
between two DNA segments. The most important advantage of the system is the ability to extract 
millions of copies of target DNA in a very short period. There are various types of PCR, which are 
described below. 

MT-PCR (Multiplex tandem PCR) 
MT-PCR is a technology platform developed for highly multiplexed gene expression profiling 

and the rapid identification of clinically important pathogens. The procedure consists of two rounds of 
amplification. In the first step, a multiplex PCR is performed at 10 to 15 cycles to allow enrichment of 
the target DNA without creating competition between amplicons [10]. This product is then used as a 
template for the second amplification that consists of multiple individual quantitative PCR reactions 
with primers nested within those used for the multiplex PCR [8]. 

RT PCR (Real time PCR) 
Real time PCR detects the initial amount of template DNA in a specific, sensitive and 

reproducible manner. Therefore, it is often preferred over classical PCR, in which the amount of DNA 
can only be determined with the final product. When the amount of fluorescence generated in each 
cycle is recorded, the exponential phase at the end of the PCR, where the first significant increase is 



observed, can be detected. Proliferation can be distinguished at an early stage, whereas in classical 
PCR, the whole process is carried out and the amount can be detected by a run in agarose gel only 
after the final product is taken (after 30-40 cycles). While small differences in expression, even as little 
as two-fold, can be detected in RT-PCR, only 10-fold differences can be exposed in conventional PCR 
[8]. 

PCR-ELISA (PCR-Enzyme-linked immunoassay) 
PCR-ELISA is a three-part method which includes PCR amplification, hybridization with the 

complementary labeled probe, and detection of reaction products in an EIA that provides either a 
colorimetric or a fluorescence readout. The sensitivity of PCR-EIA to detect candidemia and 
aspergillosis was higher than that by ethidium bromide staining, and multiple samples can be assayed 
in parallel [8]. 

RAPD (Random Amplified Polymorphic DNA) 
RAPD is a type of PCR reaction, but the segments of DNA that are amplified are random. By 

resolving the resulting patterns, a semiunique profile can be generated from a RAPD reaction. 
Differentiation between Cryptococcus gatti and Cryptococcus neoformans is possible using RAPD [8]. 

LAMP (Loop Mediated Isothermal Amplification) 
LAMP is a powerful technique that amplifies several copies of target DNA with high specificity, 

efficiency, and speed under isothermal conditions (with no thermal cycler) using four specially 
designed primers and a DNA polymerase. With the advantages of fast amplification, simple operation 
and easy detection, LAMP can be operated without the need for advanced equipment and personnel 
[8]. 

 The most popular methods used in the investigation of environmental microbial taxa are the 
following: Denaturing Gradient Gel Electrophoresis (DGGE), Temperature Gradient Gel 
Electrophoresis (TGGE), and Terminal Restriction Fragment Length Polymorphism (T-RFLP). These 
are molecular fingerprinting techniques that allow for the comparison of DNA fragments in a sample. 
In these methods, PCR products of different sequences and/or sizes are separated by different 
movements on a gel or capillary [11]. It is assumed that each band or peak represents a different 
microbial species, and the resulting DNA patterns directly reflect the diversity within a community. 
At the same time, the DNA fragments belonging to the bands or peaks of interest can be selected and 
analyzed, and the data obtained at varying resolutions and sequence lengths can be used for 
phylogenetic studies [12].  

Illumina 
Illumina is a genome analyzer device that was introduced and it is a technique that has the 

potential to double data flow. Due to its high capacity, it quickly became a workhorse for whole-
genome resequencing applications, including human and model organism genomic projects. The 
Illumina platform utilizes a sequencing-by-synthesis approach coupled with bridge amplification on 
the surface of a flow cell [13].  

Ion Torrent Sequencing 
In 2010, Life Technologies introduced the Ion Personal Genome Machine (PGM) as a postlight 

sequencing technology. This system relies on the real-time detection of hydrogen ion concentrations, 
released as a by-product when a nucleotide is incorporated into a strand of DNA by polymerase [13]. 
In this system, the nucleotide sequence is converted into digital information on a semiconductor chip 
depending on the hydrogen ion concentration. 

Pacific Biosciences  
Introduced by Pacific Biosciences in 2010, this technique is a third generation sequencing method 

aimed at sequencing long nucleotide molecules. A nanostructure called a Zero Mode Waveguide 
(ZMW) is used for real-time observation of DNA polymerization. It consists of tens of thousands of 
subwavelengths, ten-nanometre diameter holes, fabricated by perforating a thin metal film supported 
by a transparent substrate [13].  

Oxford Nanopore 



Oxford Nanopore Technologies (ONT) licensed a core nanopore sequencing patent in 2007, and 
began a strand sequencing effort in 2010 [14]. To date, only MinION-based strand sequencing has 
been successfully employed by independent genomics laboratories. The MinION is a 90-g portable 
device. At its core is a flow cell bearing up to 2048 individually addressable nanopores that can be 
controlled in groups of 512 by an application-specific integrated circuit (ASIC). Prior to sequencing, 
adapters are ligated to both ends of genomic DNA or cDNA fragments. These adapters facilitate 
strand capture and loading of an enzyme at the 5′-end of one strand. The enzyme is required to ensure 
unidirectional single-nucleotide displacement along the DNA strand at a millisecond time scale. The 
adapters also concentrate DNA substrates at the membrane surface proximal to the nanopore, 
boosting the DNA capture rate by several thousand [15]. 
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