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Abstract       Trichoderma spp. is a widely spread filamentous fungi, common 
used in biological control of plant pathogens due to its ability to grow over 
other fungal mycelia and fruiting bodies as hyperparasite. Due to its 
mycoparasitic capability and ability to colonize vegetal debris, several 
commercial bioproducts were developed or approved to be used in worldwide.  

Six biocontrol strains of Trichoderma spp.: Td49, Td50, Td85, al12, M14 
and M214, previously selected for their ability to hyperparasite various 
phytopathogenic fungi and suppress plant diseases, were used in this study.  

Fungal DNA isolation and purification is the first step in molecular 
characterization and identification of filamentous fungi. At present there are a 
wide range of commercial kits, reagents or classical molecular protocols 
available. We compared four DNA extraction methods and their 
characteristics regarding the yield and purity of the nucleic acids, time 
consumed, and the  expenses involved. In our study we used two classical 
extraction protocols, one currently used in USAMV Bucharest, the other 
developed by Stirling (2003), the  Chelex X 100 resin (Bio-Rad) protocol and 
the commercial kit “Animal and Fungi DNA Preparation kit” (Jena Bioscience).  
Our results showed high yield of DNA when using all extraction methods, 
however, the best purity was achieved when using Stirling (2003) classical 
purification protocol.   
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Trichoderma spp. fungi are important for the control of 

soil- and seed-borne fungal diseases and also enhance 

plant growth and productivity in several crop plants 

(Kubicek et al., 2001). This fungi should be carffuly 

identified before application as biocontrol agents and 

suitable strains should be selected to fit the target 

fields, crops and pathogens (Galarza et al. 2015). 

Molecular methods are desirable  for the reliable and 

accurate identification of Trichoderma spp. 

  Extraction of a suitable quantity and quality of 

DNA is a critical step in molecular identification 

(Sharma et al., 2013). Several methods have been were 

established and used for DNA extraction, some of them 

are applicable on wich range of organisms (Sharma et  

al.,2013) some are specific for the fungi(Al-Sammarrai 

&Schmid, 2000; Stirling, 2003;  Haugland et.al.,1999; 

Sharma et al.,2013;). The methods of DNA extraction 

from the fungi have evolved in recent years and make it 

possible to extract DNA with its highest yield and to 

minimize its destruction. Extracted DNA is suitable for 

identification of fungi by qualitative and quantitative 

PCR and for the polimorphism analysis of the spacer  

regions of ribosomal genes by the sequencing  

technique.  Several  fungal  DNA extraction  protocols 

have  been  described  in  the  literature (Al-Sammarrai 

&Schmid, 2000; Haugland et.al.,1999; Griffin et al. 

2002; Stirling, 2003;, Moller et al., 1992). However, 

these methods are time consuming, require a high level 

of skill and may not be suitable for use as a routine 

technique.The aim of this study was to compare four 

different DNA extraction methods from filamentous 

fungi  Trichoderma sp. and select an easy and rapid 

protocol.  

 

Materials and Methods 

 
Strains and DNA Extraction  
 

The strains used in this study are: Td 49, Td 50,         

Td 85,Td al12 (Trichoderma asperellum), Td M14 

(Trichoderma atroviride), M214 (Trichoderma 

citrinoviride); all strains were identified by their 

internal transcribed spacer 1and 2 (ITS 1 and 2) 

sequence. 

DNA was extracted from each strain using different 

protocols as follows : 
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Method 1- phenol-chloroform protocol: The fungi 

was inoculated in PDB medium stirring and incubated 

at 30-35
0
 C. The culture was centrifuged and the 

residue is taken up. To the residue was added an TES 

amount and then centrifuged  at 13.000rpm, 10 minutes  

at 4°C. Supernatant remove and  keep the sediment . 

Over the sediment add  STET and vortex. Then add 

buffer CTAB, sand and quartz glass beads for lysis of 

cell. It’s smoothed at BeatBeater 1min × 3 times; then 

Add  SDS 20% an incubated  65 °C in a bath water 

with periodic agitation a period 1-2 hours;Add 

phenol:chloroform:isoamyl alcohol and was 

centrifuged at 13.000 rpm,10 min at  4°C. It is taken up 

supernatant  and added NaCl 5 M and cold isopropanol 

(freezer). Mixture is kept on ice 30 min and after 

centrifuged at 13000 rpm, 10 min, at 4 ° C. Remove the 

supernatant and drying on the absorbent paper. Resume 

the sediment in TE  and add  RNase. Incubate for 1h at 

37° C. Keep the freezer. 

 

Method 2-Stirling (2003) protocol:  The DNA was 

extracted by CTAB method as used by Stirling, 2003. 

The fungal cell was disrupted by grinding with pestle 

and mortar. The CTAB extraction buffer was then 

added, and after incubation at 65°C, purification  with  

phenol:chloroform:isoamyl  alcohol (25 : 24 : 1).  and 

precipitation with isopropanol were conducted. Finally, 

the DNA was dissolved in pure water.   Transfer 

aqueous phase to a new tube and DNA was 

precipitation with isopropanol. High molecular weight 

DNA should precipitate upon mixing and can be 

spooled out with a glass rod or hook.  Then rinse the 

spooled DNA with 70% ethanol.  The pellets were air 

dried and suspended in TE buffer. Genomic DNA was 

resuspended in TE buffer and incubated at 65°C  with 

RNAse .  

Method 3-Chelex x 100(Bio-Rad) protocol: Fungi are 

grown on PDA medium, around 3 days at 25
0
C. 

Transfer 100 µl solution by 20%     Chelex x 100 (pH 

9-10) in 0,2 ml PCR tubes.With a sterile toothpick 

young culture mycelium is taken and placed in Chelex 

tube. It’s preferable that the mycelium suspension is 

homogenized using a toothpick. Vortex vigorous for 30 

sec. Centrifugation 20 sec at 16.000 g, 4
0
C. Incubate 30 

minutes in the thermocycler (Thermal Cycler in 

MyGene program Chelex56) at 56
0
C. Vortex vigurous 

30 sec. Centrifugation 3 minutes at 16.000 g, 4
0
C. 

Incubate 10 minutes in the thermocycler at 98
0
C. 

Centrifugation 3 minutes at 16.000 g, 4
0
C. Transferring 

supernatant in sterile tubes. For PCR dilute 10/100 in 

1xTE. Store DNA at 4 °C. 

Method 4-Jena Bioscience Kit protocol: Transfer 1 

ml of the cultured cells to a 1.5 ml microtube; Harvest 

the cells by centrifuging at 15,000 g for 1 min and 

discard supernatant. Resuspend the cell pellet in 300 µl 

Cell Resuspension Solution; Add 1.5 µl Proteinase K 

Solution and mix by inverting several times; Incubate 

at 55 °C for 60 min; Centrifuging at 15,000 g for 1 min 

and discard supernatant; Resuspend the pellet in 300 µl 

Cell Lysis Solution. Add 100 µl of Protein 

Precipitation Solution to the cell lysate; Mix the 

solution well by vortexing for 20 sec; Centrifuge at 

15,000 g for 3 min. (The precipitated protein will be a 

tight pellet. If the pellet is not tight, repeat mixing, 

incubate on ice for 10 minutes, and then centrifuge 

again.). Transfer the supernatant to a clean 1.5 ml 

microtube containing 300 µl of Isopropanol >99 %. 
Mix the sample by inverting gently 50 times. 
Centrifuge at 15,000 g for 1 min. The DNA will be 

visible as a pellet that ranges in color form off-white to 

light green. Discard the supernatant and drain tube 

briefly on clean absorbent paper. Add 500 µl Washing 

Buffer and invert tube several times to wash the DNA 

pellet. Centrifuge at 15,000 g for 1 min. Discard the 

ethanol carefully. Air dry at room temperature for 10-

15 min. Add 50-100 µl of DNA Hydration Solution to 

the dried DNA pellet. Add 1.5 µl of RNase A to the 

cell lysate. Mix the sample by inverting the tube and 

incubate at 37 °C for 30-60 min. Hydrate the DNA by 

incubating sample at  65 °C for 60 min. Store DNA at 4 

°C. For long time storage, place sample at -20 °C or -

80 °C. 

 

Evaluation of nuceic acids 

Quantificatioon of DNA was done 

spectrophotometrically using a Beckman Du 650 

Spectrometer (Beckman Coulter, Fullerton, California, 

USA). Purity and concentration of DNA was 

determining by calculating the ratio of optical density 

A 260/280. The concentration of the DNA in the 

sample was measured by monitoring  the absorbance of 

solution at 260 nm. 

.  

 

PCR Validation 

The PCR amplification mixture consisted 

approximately 2 µl of genomic DNA, 5µl flexi GoTaq 

buffer, 25 mM MgCl2, 0,2 mM dNTPs 

(deoxynucleotide triphosphate), 5U/µl FlexiGoTaq 

DNA polymerase (Promega,USA). PCR was 

performed using the following parameters: 1. 95
0
 for 5 

minutes; 2. 95
0
 for 30 seconds; 3. 56

0
 for 30 seconds; 4. 

72
0
 for 30 seconds; cycle through steps 2-4 35 times; 5. 

72
0
 for 5 minutes; 6. 4

0
C forever. The DNA 

functionality was further tested by PCR amplification 

using forward primer ITS 1_F with sequence 5'-

TCCGTAGGTGAACCTGCGG-3', reverse primer ITS 

2_R with sequence 5'-

GCTGCGTTCTTCATCGATGC-3'. 

 

Results and Discussions 
 

In this study  we evaluated  the different DNA isolation 

methods  from Trichoderma strains specifically in 

terms of DNA amount(yield) , preparation time  and 

DNA  quality and purity.  

The amount of  DNA obtained from each extraction 

method are listed in table1. Fungal DNA yields were 

highest for phenol-chloroform method (M1), but all 

methods used provided  enough DNA for PCR assays. 

The method of Stirling , 2013(M2) led to yields of 

DNA by 2 fold bigger than M1.The last  two methods 

(M3 and M4) yielded 30 to 35 fold smaller amounts of 

DNA when compared to method 1. Thus genomic 
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fungal DNA yields were highest for method 1 followed 

by methods 2>method 3> method 4. 

 The DNA  yields  obtained in our study were 

reasonably  small compared with the literature  

data(Burik et al., 1988; Haugland et al.,1999; Griffin et 

al.,2002; Plaza et al., 2003).  Our results  are in the 

same  range  of data  obtained  by Ali et al., 1998 and 

Angulo-Vazquez et al.,2012. 

A260/280 ratio is important to evaluate  the purity of 

the samples in extraction methods. The ratio of 

absorbance 260/280in the range  1.8-1.9 represents a 

purity suitable for DNA preparation method. Ali et al., 

2013 determined a goodquality  of DNA  for some  

trichoderma species  obtained  absorbance ratio in the 

range of 1.7-1.9. They supported  that ratio lower than 

1.8 indicated  the presence of proteins and/or other UV 

absorbens.  

Results from table 1 shown that DNA extracted by 

methods1,2,4 had a good purity supported  by ratio 

between 1.9-2.5 compared to method 3 with a ratio 

value around 1.3. 

 Figure 1 is an agarose gel of DNA yields from 

each of the four extraction methods . Good PCR  

products were obtained  with DNA samples extracted 

throughfour methods.The DNA from all isolates  

studied  produced  clear bands , evidence  a good 

quality  of DNA. Visual estimates of DNA made from 

agarose gels correlated with the amounts  of DNA 

calculated  using readings  from the spectrophotometer. 

The extraction procedure (M1) took 6h from the 

begining of processing until to complete Methods 

based on commercial kits were faster took 3-4 hours. 

Although using traditional isolation methods of fungus 

DNA led to obtaining  large amount of DNA, and a 

good purity,  very long time and the use of  hazardous 

solvents  may have  risks. 

DNA isolation protocols using commercial kits are 

faster, costs are lower  and large number of samples 

can be processed in parallel without any contamination 

risk and loss of DNA and DNA  obtained is more pure. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

  Concentration and purity of DNA extracted using 

four different methods 
 

Phenol-chloroform 

Method 

(M1) 

Stirling Method 

(M2) 

Chelex X 100 

(M3) 

Jena Bioscience 

Kit 

(M4) 

Strain 

DNA 

Yield 

(ng/µl) 

A 

260/280 

DNA 

Yield 

(ng/µl) 

A 

260/280 

DNA 

Yield 

(ng/µl) 

A 

260/280 

DNA 

Yield 

(ng/µl) 

A 

260/280 

49  - 1,294 5764,2 1,826 146,23 1,224 96,770 2,282 

50  - 1,402 4665,4 1,987 165,63 1,342 204,85 2,086 

85 6946,7  1,624 4949,1 1,915 233,43 1,318 126,13 2,039 

al 12 5617,9 1,966 1947,2 1,921 158,84 1,345 171,26 2,502 

M14 5218,3 1,990 3970,9 1,942 142,34 1,227 93,134 2,552 

M214 6800,9 1,396 2823,4 2,008 149,51 1,412 64,542 2,668 
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Fig. 1: Electrophoregrams of PCR products amplified with 

DNA samples extracted through four methods Agarose gel 

electrophoresis pattern of amplicons obtained with the 

ITS1and ITS2 primers, 1=Negative Control, 2= Td .49 strain, 

3= Td .50 strain, 4 = Td 85 strain, 5= Td al12 strain, 6=Td 

M14 strain, 7= Td M2 14 strain, : 8= 1kb DNA ladder (Roth) 

 

Conclusions 

 
All methods described in this study yielded a 

considerably amount of DNA and good quality of 

DNA. 

The  M3 and M4 methods which used commercial kits  

produced lower levels of Trichoderma DNA compared 

to other two classical methods studied  but are 

faster,costs are lower and can work more samples at the  

same time. 

The amount and quality of DNA  obtained by all 

procedures used were good  suitable for PCR 

amplification and sequencing. 

 On the basis of results obtained most suitable method 

for isolating DNA of Trichoderma was one that uses 

Jena Bioscience Kit by which DNA isolated had good 

purity and resonably quantity. 
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