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Abstract

As the diversity and characteristics of Trichoderma species are difficult to
determine using morphological methods, henceforth molecular tools are crucial.
This study utilized random amplified polymorphic DNA (RAPD) technique to
investigate the genetic diversity of Trichoderma with sexual phase Hypocrea and to
identify similarities and differences in the phylogenetic tree. Nine Iragi Trichoderma
strains (four strains of T. atroviride, one strain of Hypocrea lixii, two strains of T.
gamsii and two strains of T. longibriantium) were examined in this research. The
genomic DNA of each species was extracted and amplified with each of the five
primers. 197 bands were obtained by using five oligodeoxynucleotide primers of
which 98.47% were polymorphic and about 1.52% were monomorphic. When
primers OPA4, OPA8, and OPA10 were used, the genetic variability was about
100%. Whereas, after using primers OPA7 and OPAS5, the obtained genetic
variability was 95.7% and 92.6% respectively. Gel images of the RAPD were
processed with photo-cap program which detected the bands of isolates based on the
ladder. The detected bands were then clustered based on the Jaccard method in Past
software that showed T. atroviride, T. gamsii, Hypocrea lixii, and T.
longibrachiatum isolates were grouped as clades and lineages. Although all strains
belonged to the same species and group in one clade, they differed in size and
number of bands. The Jaccard cluster analysis showed that the three isolates of T.
atroviride were closely related to each other, while the four isolates of T. atroviride
in one cluster were same as Hypocrea lixii, the isolates of T. gamsii and two strains
of T. longibrachiatum formed one cluster. Thus, the high reliability of RAPD
markers could be applied to identify Trichoderma species and create genetic maps
instead of other DNA-based methods which are not only costly but time-consuming
too.
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1. Introduction

Trichoderma species are widespread in soil, forest and root ecosystems, and have a
variety of applications, including controlling diverse soil-borne pathogens, enhancing plant
growth, inducing plant resistance, producing enzymes and antibiotics, and decomposing
wastewater sludge [1], [2]. It is monophyletic that has the genus Hypocrea as a
teleomorphsim [3]. Genus Trichoderma is considered a natural biocontrol agent for
aggressive plant pathogenic fungi that are widely distributed fungus all over the world and
occur nearly in all soil [4]. As the biocontrol mechanism of Trichoderma includes parasitism,
antibiosis, competition and enzyme activity on cell walls, the biofertilizer involves plant
growth enhancement, soil nutrient acquisition, and inducing plant defense responses [5]. A
well-known biological control mechanism of Trichoderma spp. has made it widely used in
agricultural applications [6]. During interaction with plants, they create a variety of secondary
metabolites with antibiotic properties that induce pathogen inhibition [7]. Furthermore,
Trichoderma spp. is good competition in the rhizosphere due to its capacity to tolerate a high
level of reactive oxygen species (ROS), which then facilitates the activity of cell wall-
degrading enzyme (CWDE) against pathogens [8]. This results in Trichoderma promoting
seed germination and encouraging the plants to grow with more dry mass, greener leaves and
increased photosynthesis [9]. The positive effects of

Trichoderma on plants result in increased crop yields and increased plant protection.
Trichoderma also boosts growth and maintenance of resistance, stimulating primary
meristematic tissues in young plant parts through interaction with growth-regulating
hormones and iron-chelating compounds [10]. As a result, Trichoderma strains can be used to
protect and stimulate plants in sustainable agriculture [9], [11].
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The taxonomy and identification of Trichoderma species have remained problematic and
not easy to differentiate morphologically. Hence, the use of the appropriate molecular tool is
vital for characterizing them [12]. A molecular tool is now in existence for the fast, accurate
and specific detection of Trichoderma spp. [2]. Based on the new level of precision offered by
molecular techniques, fungi taxonomy is virtually restarted, and unprecedented success with
standardization and unification is achieved [13]. These molecular tools include restriction
fragment length polymorphisms (RFLP), random amplified polymorphic DNA markers
(RAPD), sequence analysis of ribosomal DNA, microsatellite markers and coding sequence
variation phylogenetic markers [3], [14]. Gautam et al. [15] pointed out more recently DNA-
based methods in taxonomy, particularly rRNA sequences or rDNA, strain-specific
fluorescent oligonucleotides, and the polymerase chain reaction (PCR). Each of these
methods has specific applications and advantages [16]. In light of the simplicity, specificity,
and sensitivity associated with PCR-based assays, PCR-based methods have found
widespread use for identifying pathogens, including Trichoderma species [17]. Molecular
characterization of the potential biocontrol agents using RAPD-PCR assists in determining
their diversity and characteristics [18]. RAPD is valuable for determining the diversity of
Trichoderma species as it has proven effective in identifying mysterious genomes and
requires only minimal amounts of DNA [19]. Furthermore, it is a superior marker because it
is more specific and usually detects only a single locus [14]. Therefore, this study invested
RAPD-PCR to investigate eight strains of Trichoderma with sexual phase Hypocrea and
produce an accurate identification of similarities and differences through the phylogenetic
tree.

2. Material and Methods
2.1 Fungal Cultures

Eight isolates anamorphic and one teleomorphic stage from various sources of the Iraqi
environment were used in this study. All isolates belonged to one genus, Trichoderma,
classified into four species, which are (T.gamsii, Hypocrea lixii, T. longibrachiatum, and T.
atroviride) (Figure 1).

A

Figure 1: Species under study: (A) T.gamsii (B) T.atroviride (C) Hypocrea lixii and
(D) T.longibrachiatum
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These strains were taxonomic in IMI by author concurrence CABI.org. (Table 1).

Table 1: Samples of Trichoderma species strains with IMI identification number [20]

Species Name Strain No. In IMI Species Name Strain No. In IMI
 T.atroviride  Firststrain IMI501472 T. gamsii ~ Second strain  IMI501469 |
T. atroviride Second strain IM1501467 Hypocrea lixii One strain IM1501470
T. atroviride Third strain IMI501466  T. longibrachiatum First strain 1IM1502638

T. atroviride Fourth strain IMI501762  T. longibrachiatum Second strain IM1502639

T. gamsii First strain IMI501468

2.2 DNA Extraction and PCR Amplification

Pure cultures of Trichoderma isolates were reserved on potato dextrose agar (PDA)
slants, mycelia were transferred to flasks of potato — dextrose broth and incubated for 7 days
at 25°C without shaking. Mycelia were harvested by filtration through a piece of filter paper
and then washed with distilled water before extracting genomic DNA, according to Hermosa
et al. [21]. The quality and quantity of DNA were estimated using a NanoDrop
spectrophotometer.

For PCR amplification program, five different random primers, OPA-010, OPA-08, OPA-
07, OPA-05, and OPA-010 (operon technologies) were used (Table 2). The following PCR
program was used with an initial denaturing at 94°C for 7 min, followed by 45 cycles of 94°C
for 1 min, 35°C for 2 min, and 72°C for 3 min with a final 7 min extension at 72°C were
implemented in a thermocycler (Esco). Amplification products were detected in 1.2 %
agarose gel stained with ethidium bromide and visualized on a UV transilluminator. A 100bp
ladder and negative control (mixture of reagents as the other samples but without DNA
template) were loaded on wells used for comparison.

Table 2: Primers and their sequences used in this study

Primer name Nucleotide sequence
1

OPA-10 5-GTGATCGCAG-%
OPA-08 5-GTGACGTAGG-3¥
OPA-07 5-GAAACGGGTG-¥

OPA-05 5-AGGGGTCTTG-3

a B~ W N

OPA-04 S-AATCGGGCTG-3¥

2.3 Cluster Analysis

The RAPD data was used to assess the genetic similarity of isolates using the Jaccard
coefficient in Past software which took the RAPD marker value of the photo-cap program and
used it to calculate the genetic similarity. Afterward, based on the data, a dendrogram was
constructed.

3. Result and Discussion
Five random primers OPA-010, OPA-08, OPA-07, OPA-05, and OPA-04 were used to
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show an intra-inter specific variety of Trichoderma isolates. These primers generated 197
bands in this study. Fewer bands number were obtained with primer OPA7 showed 23 bands,
while using primer OPA4 produced a larger number of bands was 57 bands. A percentage
polymorphism was calculated when using OPA10, OPA8 and OPA4 primers were 100%
while others were 95.7 % with primer OPA7 and 92.6% with OPA5 (Table 3).

Table 3: The number of RAPD bands, monomorphic bands, polymorphic bands, and
polymorphic loci of RAPD primers were seen in nine isolates.

Moné);l%gphic Pol)ér:ggghic Polymorphic loci Volume Bands pb
OPA10 39 0 39 100 211-1150
OPAS8 50 0 50 100 207-1349
OPAT7 23 1 22 95.65 250-644
OPA5 27 2 25 92.59 378-650
OPA4 57 0 57 100 200-1429

Amplification with OPA7 primer generated 23 bands between (250pb — 644pb) and a
monomorphic band with value (306 pb) appeared in strain 9 and OPA5 had 27 bands between
(378pb — 650pb) with monomorphic in strain 9 (387pb) and 650kb in strain10. OPA10 primer
generated 39 bands ranging between (211pb- 1150 pb), OPA8 primer gave 50 bands between
(207pb — 1349pb), OPA4 primer generated 57 bands ranged (200pb -1429pb). The results of
OPA7 were as followed, isol, is02, is03, and iso4 with value 344pb, iso06, iso7, and is09 with
value 306pb and the value 500pb collected the isol and iso5. As well as the primer OPA5
produced the least number of bands connected the least number of isolates like the band with
approximation value 338pb connected between iso4, iso7 and is09, also the value 155pb
combined between iso7, and is09, while the isol and iso6 joined with value 293pb. Lastly, the
value 650pb was shared between iso2 and iso5. With primer OPA10, the approximation value
356pb was scored in iso4, iso6 iso7 and is09. Whereas, the approximation value 592pb was
found in iso4, is06, and iso7. Also the iso4, iso7 and isol shared the approximation value of
211pb. The primer OPA8 scored the higher number of connected isolates with an
approximation value of 271pb for iso2, is03, iso7, and iso9 and the approximation value
354pb for iso4, is06, iso7, and is09. On the other hand, the isol iso2 and iso4 had the same
approximation value 550pb. The last primer OPA4 also gave a lot of similarities between
isolates. The most effective approximation value was 260pb that connected the isolates isol,
iso7, is08, and iso9 connected also with value 328, followed by approximation value 299pb
for iso4, iso7, and is08. The is02, iso3, and iso5 shared two approximation values (279pb and
350pb) (Figure 1).
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Figure 1: RAPD-PCR profile of the nine Trichoderma strains amplified with primers
OPA010, OPA08, OPAQ7, OPAO05, and OPAO4. Lane M, 100 bp DNA ladder, N, negative
control, lane 1-9 nine samples of Trichoderma strains.
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The RAPD technique proved to be more efficient than other molecular techniques for
determining the genetic composition of Trichoderma, based on its ability to detect DNA
polymorphisms between closely related strains [19]. Besides, RAPD-PCR can identify
differences along the entire genome of the fungus, not just in specific regions. As a result, this
system helps characterize fungi isolates over a prolonged period [22]. Several studies have
evaluated the genetic diversity of Trichoderma using RAPD markers. Skoneczny et al.[23]
collected Trichoderma atroviride strains in Poland and used RAPD markers to determine
genetic diversity, as well as to identify loci which proved to be useful for assessing genetic
variation between strains in this fungus. Lakhani et al. [22] have analyzed the genetic
variation of two parent strains (Trichoderma harzianum, Trichoderma viride) and their
respective fusants, obtained by protoplast fusion via RAPD. Based on RAPD markers, Abbasi
et al. [24] examined genetic differences between the mutant and wild types of T. harzianum.
Wild type has been distinguished from mutants, Th9 from Th17, and also phenotypically
superior mutants from other mutants by RAPD analysis. Recently, the RAPD profiles and
antagonistic potential of eight strains of Trichoderma from five different regions of Egypt
have been studied by Hewedy et al.[19] to evaluate the genetic diversity among these strains.
Concerning the identification of the similarities and differences through the phylogenetic tree
of Trichoderma, the relationship among the isolates was evaluated by cluster analysis of data
based on the dendrogram that was generated by Jaccard similarity for the results obtained
from all nine isolates were grouped into four main clusters (A, B, C, D). Cluster A contained
three strains of T. atroviride while cluster B contained one strain of T. atroviride and the C
cluster included one strain represented by Hypocrea lixii, the cluster D contained two strains
of T. gamsi and was linked with two strains of T. longibrachiatum which formed one group
(Figure 2).
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Figure 2: Dendrogram of Trichoderma species by using Jaccard similarity method in Past
program with 0, 1 data for absence and presence of bands.

The present investigation examined the genetic variability of isolates of Trichoderma
using the RAPD primers OPA 04, 05, 07, 08, and OPA10. The differences between
classification with RAPDP and sequences in detecting DNA polymorphism included the
absence or presence of bands resulting from primers due to the ability of linkage or failure to
anneal some nucleotide sequences [16]. A set of primers used in the RAPD procedure enabled
us to identify each of the examined Trichoderma strains based on their unique banding
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profiles. The advantage of this technique over morphology-based methods is that it is less
time-consuming and only requires small amounts of DNA to be extracted [25]. Primer
variants have proven extremely useful for intraspecific discrimination, allowing the
differentiation of isolates that are close relatives and belong to the same genus [26]. The
results obtained from all nine isolates in the dendrogram were grouped into four main clusters
(A, B, C, D). This can be explained by the high genetic variation observed among the isolates
of Trichoderma combined with the fact that many of these isolates are the result of
mutagenesis by ultraviolet light [27]. Consequently, cluster analysis performed by Jaccard
showed that the isolates of T. atroviride were closely related to each other, and the fourth
isolate of T. atroviride formed a cluster along with Hypocrea lixii, T. gamsii isolates, and two
strains of T. longibrachiatum. This result was close to the one of Garcia-Nufez et al.[28] who
used sequences to draw a phylogenetic tree that connected four strains of species Hypocrea
lixii in one cluster that is connected closely to T. longibrachiatum. Besides, studies by Kim et
al. [29] and Ben Amira et al. [30] indicated that T. harzianum and T. atroviride are closely
connected.

4. Conclusion

Five RAPD primers were used to test the level of polymorphism of Trichoderma strains.
These primers efficiently showed the similarity and variability of the species under study.
Although the strains belonged to one species, the discrimination among them was obvious.
The RAPD technique proved to be effective for the classification of Trichoderma species as
well as the identical isolates in the same species. Based on these characteristics, RAPD
markers can be considered sensitive, simple, efficient, and powerful tools for genetic diversity
analysis between and among Trichoderma isolates and could be used to determine the most
appropriate isolates for a variety of beneficial uses.
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