



MOLECULAR IDENTIFICATION OF SOME WOOD-DECAY FUNGI OF SOME SOFTWOOD TIMBER IN IDU TIMBER MARKET, URUAN LOCAL GOVERNMENT AREA, AKWA IBOM STATE 

ABSTRACT 

	Aims: This research focuses on molecular identification of some wood-decay fungi of some softwood timber in some parts of Akwa Ibom State.
Study design: The study was conducted in the laboratory using petri dishes to culture the fungi on the wood sample in situ.  	Comment by Sanjay Kumar Bhariya: culture vessels to maintain isolated fungal culture from decaying wood samples. 
study should be based on statistcal analysis. 
Place and Duration of Study: Samples were obtained from Idu timber market, Uruan, LGA, Akwa Ibom State which were then taken Botany and Microbiology laboratories at the University of Uyo for culturing. Molecular identification was done in Inqaba South Africa. The entire study lasted between March and June, 2024.	Comment by Sanjay Kumar Bhariya: font and font size should be same.
The entire works has done in summer seasons 2024.
Methodology: The isolates were inoculated on Sabouraud Dextrose Agar (SDA) plates. The plates were incubated at 27oC for seven (7) days. Then molecular identification and sequencing were carried out. Extraction was done using a ZR fungal/bacterial DNA mini prep extraction kit. The extracted genomic DNA was quantified using the Nanodrop 1000 spectrophotometer. The ITS region of the isolates was amplified using the ITS1F and ITS4 primers. Sequencing was done using the BigDye Terminator kit on a 3510 ABI sequencer. Obtained sequences were edited using the bioinformatics algorithm trace edit, similar sequences were downloaded from the National Center for Biotechnology Information (NCBI) data base using BLASTN. The accession number of Amplified Nucleotides sequences for fungal isolate and morphological characteristics were obtained. Finally, percentage distribution of fungi isolated were calculated. 	Comment by Sanjay Kumar Bhariya: It should be any one language word or numeric	Comment by Sanjay Kumar Bhariya: Internal Transcribed Spacer 1 (ITS1) as forward and ITS4 as reverse primer	Comment by Sanjay Kumar Bhariya: Obtained sequences were trimeed or filtered using bioinformatic algorithm	Comment by Sanjay Kumar Bhariya: Database	Comment by Sanjay Kumar Bhariya: amplified nucleotides
Results: The DNA extractions reveal the following fungi that occur in the three wood samples: Candida parapislosis Aspergillus flavus. Aspergillus terreus. Aspergillus niger. Cyberlindnera jadinii. The percentage (%) distribution of fungi isolated in wood sample shows that Aspergillus genus had the highest percentage (60%) of occurrence, while Cyberlindnera jadinii and Candida parapislosis had the lowest occurrence with 20% each. Percentage (%) distribution of fungi isolated from different timber samples showed that Atarabang species produced the highest percentage of fungi distribution of (60%) while Ntufiak and Ufu had the lowest percentage of distribution with 20% each	Comment by Sanjay Kumar Bhariya: ,	Comment by Sanjay Kumar Bhariya: Aspergillus word should be A. form.	Comment by Sanjay Kumar Bhariya: Cyberlindnera word should be C.	Comment by Sanjay Kumar Bhariya: Candida word should be C.	Comment by Sanjay Kumar Bhariya: No need symbol again.
Conclusion:   The result of this work shows that fungi is present in all the sampled locations because of negligence in wood treatment and favorable environmental condition and as such, adequate procedures should be put in place by relevant authorities to establish strict regulations for timber treatment and the use of high-quality wood for construction. 	Comment by Sanjay Kumar Bhariya: results



Keywords: [Molecular, identification, softwood, fungi, extraction, DNA}	Comment by Sanjay Kumar Bhariya: Molecular identification, Softwood, fungi, DNA extraction and ITS region.


1. INTRODUCTION
Fungi represent the greatest eukaryotic diversity on earth and they are among the primary decomposers in ecosystems. It is conservatively estimated that 1.5 million species of fungi exist (Hawksworth, 2001). Wood is mainly composed of cellulose and lignin. These polymers are the two most abundant organic substances in the terrestrial environment and provide a huge reservoir of carbon- and nitrogen-containing compounds for living organisms (Kalusche, 1996, Aro etal., 2005). However, in order to access this reservoir, an organism needs to be capable of breaking down the polymers. The primary decomposers of wood are wood-decaying fungi, mainly white and brown rot fungi (Hibbett and Donoghue, 2001). Woods are in the forefront of world raw materials. It is one of the most abundant renewable raw materials in the forest. It is a natural organic material whose use is widely spread (FAO, 2006). In most places and phases of use, there is possibility of deterioration from any of biological, physical and chemical agents (Wong et al., 2010). The most important of these agents is the fungi which cause tremendous havoc whenever the right conditions are available. Fungi have been playing a considerable role for ecosystem functioning e.g. wood decay and recycling of organic matter in the environment. Fungal attack in buildings starts with the spores of the fungi landing on timber surfaces. If the moisture content of the timber is adequate, these spores germinate and the degrading process is established. Dickinson and Levy (1992) identified the different stages of the successional colonization of timber: Molds and sap stain fungi, that penetrate wood through open pits and cell lamina and use sugars and carbon compounds simpler than cellulose; Wood-rotting fungi, from three main groups, one that produces the type of decay known as soft rot and two groups of Basidiomycetes, which produce the types of decay known as white rot and brown rot; Secondary molds, that uses the breakdown products as a source of nutrients. Wood decaying fungi can be divided into brown rot, white rot and soft rot. Up to now, 120 different wood-destroying fungi in buildings have been identified in some parts of the world (Huckfeldt and Schmidt, 2015).	Comment by Sanjay Kumar Bhariya: hemicellulose and lignin	Comment by Sanjay Kumar Bhariya: (- ) remove it.	Comment by Sanjay Kumar Bhariya: et al.,	Comment by Sanjay Kumar Bhariya: important	Comment by Sanjay Kumar Bhariya: in	Comment by Sanjay Kumar Bhariya: remove it	Comment by Sanjay Kumar Bhariya: rearrange it.	Comment by Sanjay Kumar Bhariya: When the moisture content in the wood is sufficient, the spores germinate and the decomposition process is established.
Wood usually forms the stem of a tree though it is not all plants that possess woody stems. It is also not all woody stems that produce timber suitable for use as industrial material. 
According to current estimates, the earth contains about one trillion tonnes of wood, which grows at a rate of 10 billion tonnes per year (Olorunnisola, 2013). Woody plants that produce merchantable timber are divided into two broad groups, i.e. softwoods and hardwoods. Softwoods (also known as conifers or gymnosperms) are cone-bearing trees which tend to have needle-like or scale-like evergreen leaves. Hardwood trees (deciduous trees or angiosperms), on the other hand, usually have broad leaves that are shed annually.	Comment by Sanjay Kumar Bhariya: No need to explain about hardwood according to your’s title.
The fungal kingdom includes a vast number of species, being estimated to about 1.5 million (Kirk et al., 2008), yet new species are described virtually every year. Many different ecological strategies have evolved back and forth within the fungal kingdom, including biotrophic parasitism, symbiosis and saprotrophism (James et al., 2006). Saprotrophic fungi degrade different types of organic compounds and are found interspersed throughout the entire fungal kingdom. Wood has played a very important role in the life of man for centuries as a building material. It is known that the earliest humans used wood to make shelters, cook food, and construct tools for thousands of years. Wood is exceptionally durable when used in properly designed, constructed and maintained structures. However, it is prone to degradation by a variety of organisms when these practices are not followed. Typically, fungi are the most important agents of structural deterioration (Mankowski and Morrell, 2000). Plant-based building materials, especially timber, are increasingly used as an eco-friendly alternative to concrete, but like any plant-derived product microorganisms can degrade the carbon rich molecular building blocks (Van Niekerk et al., 2021) Microbial biodeterioration is still an underestimated problem when houses are planned and built, and with increasing use of biological building materials it is expected to get more attention in the upcoming years. Indoor microbial growth can cause superficial damage (e.g. moldy window seals), but can also result in profound structural damage (e.g. wood decaying fungi). Wood used in the built environment is very different from dead wood that is found in natural environments. Wood is dried before being used as construction timber, and buildings are designed in a way that structural wood components remain dry and structurally stable for decades. Serpula lacrymans, a basidiomycete fungus belonging to Boletales clade, is likely to occur in buildings where there has been persistent water ingress resulting in damp masonry in contact with timber elements (Watkinson and Eastwood, 2012). Therefore, timber decay and rot are usually the consequences of water damage by condensation or leakage, providing fungi and bacteria the moisture needed for growth. Serpula lacrymans (commonly known as dry-rot) is the fungus causing the most severe damages to buildings generally. Increasing awareness for energy efficacy results in improved insulation and the renovation of existing buildings, which can lead to increasing levels of humidity inside buildings directly (i.e. not properly coordinated insulation or hidden defects) or through mistakes made in the renovation process (e.g. thermal bridges fostering condensation) (Garbacz et al., 2020). The succession of fungal and bacterial communities during wood decay in unusual, and quite extreme environment has not been studied as extensively as wood decay in natural environments (Johnston et al., 2016; Kahl et al., 2017; Bani et al., 2018; Krah et al., 2018; Goodell et al., 2020; Fukasawa, 2021). Fungal decay poses a significant threat to timber structures, resulting in structural damage, decreased durability, and increased maintenance costs. Understanding the specific mycological pathogens prevalent in the region is crucial for effective prevention and control measures. Wood decaying fungi can be divided into brown rot, white rot and soft rot. Up to now, 120 different wood-destroying fungi in buildings have been identified in some parts of the world (Huckfeldt and Schmidt, 2015). The fungi that cause the most severe damages to buildings in service is the brown rot producing dry rot fungus (Serpula lacrymans), which was recently ranked as one of the world’s ten most feared fungi. Wood-degrading fungi often belong to the Basidiomycetes class and they destroy cell wall components; including cellulose, hemicellulose, and lignin that make up the woody portion of a tree (Procópio and Barreto 2021). Economically, Serpula lacrymans is the most impactful timber degrading fungus, it has been reported globally (Jennings, 1991; Maurice et al., 2011; Haas et al., 2019; Skrede et al., 2021).	Comment by Sanjay Kumar Bhariya: No need to explain about Serpula lacrymans, it is nt related to the your’s isolated fungi.
2. material and methods
Description of the Study Area
The study area is located in Akwa Ibom State, Nigeria. Specifically, the timber samples were collected from Uruan (Idu timber market). The state is situated in the Southern part of Nigeria, within the Niger Delta region. Uruan LGA is situated in the central part of the state.
Collection of Samples
Pieces of timber (Atarabang, Ntufiak and Ufu) were collected as samples from Idu timber markets in Uruan Local Government Area of Akwa Ibom State, Nigeria. These samples were painstakingly collected in separate Ziploc bags and labeled to avoid contamination. They were taken to Botany and Ecological Studies Laboratory, University of Uyo, for onward use.
Preparation of Culture Media and Inoculation
The working bench was sterilized with 70% Sodium Hypo Chloride to get rid of contaminant present on the bench. Distilled water was poured inside a 250ml conical flask and corked air tight. It was sterilized in an autoclave for 15-25 minutes at 121°C which was then depressurized and allowed to cool before removal for filtration. An electronic weighing balance was used to measure 10 g of the Sabouraud Dextrose Agar (SDA). The measured SDA was poured into a 250 ml sterilized water inside a conical flask and mixed properly with a stirring rod, corked air tight. The conical flask containing the nutrients solution and other glass wares for the practical were placed into the Autoclave for sterilization at 121°C. Then, 20 ml of Streptomycin was measured using a syringe and was introduced into the nutrients broth to inhibit bacteria growth and promote fungi growth. A sterile knife was used to scrape pieces of the collected samples and were inoculated into prepared media in (15) Petri dishes. Five milliliters (5 ml) of nutrients agar (SDA) were poured into each plates containing the fungi samples and swirled gently for even distribution. The inoculated Petri dishes were labeled for easy identification and kept in an incubator at 27°C for seven (7) days.	Comment by Sanjay Kumar Bhariya: no need number here.	Comment by Sanjay Kumar Bhariya: nutrient agar is also a media so clearify it.
 Sub Culture 
After seven (7) days of incubation, fungal growth was seen in the Petri dishes. Sabouraud Dextrose Agar (SDA) solution was prepared as earlier reported. An inoculation loop was sterilized over the spirit lamp and used to pick up different inoculums of cultured fungi formed on the Petri dish and transferred into the already prepared plates.  The Petri dishes were well labeled for easy identification, and kept inside the incubator at room temperature of 27°C for 48 hours. After 48 hours, pure cultures were obtained, and transferred into fresh SDA slants in McCarthy bottles and kept in the refrigerator for further use.	Comment by Sanjay Kumar Bhariya: already mentioned their full form in methodology.
Molecular Identification of Fungal Species
DNA Extraction
Extraction was done using a ZR fungal/bacterial DNA mini prep extraction kit supplied by Inqaba Biotech, South Africa. A heavy growth of the pure culture of the suspected isolates was suspended in 200 microliters of isotonic buffer into a ZR Bashing Bead Lysis tubes, 750 microliters of lysis solution was added to the tube. The tubes were secured in a bead beater fitted with a 2 ml tube holder assembly and processed at maximum speed for 5 minutes. The ZR bashing bead lysis tube was centrifuged at 10,000xg for 1 minute.	Comment by Sanjay Kumar Bhariya: Name of the kit is already mentioned in methodology.	Comment by Sanjay Kumar Bhariya: if you are using symbol for ml so you have to change microlitre.
Four hundred (400) microliters of supernatant were transferred to a Zymo-Spin IV spin Filter (orange top) in a collection tube and centrifuged at 7000 xg for 1 minute. One thousand two hundred (1200) microliters of fungal/bacterial DNA binding buffer were added to the filtrate in the collection tubes bringing the final volume to 1600 microliter, 800 microliter was then transferred to a Zymo-Spin IIC column in a collection tube and centrifuged at 10,000xg for 1 minute, the flow through was discarded from the collection tube. The remaining volume was transferred to the same Zymo-spin and spun. Two hundred (200) microliter of the DNA Pre-Was buffer was added to the Zymo-spin IIC in a new collection tube and spun at 10,000xg for 1 minute followed by the addition of 500 microliter of fungal/bacterial DNA Wash Buffer and centrifuged at 10,000xg for 1 minute.	Comment by Sanjay Kumar Bhariya: remove space	Comment by Sanjay Kumar Bhariya: Only word or number should be use here.
[bookmark: _Hlk139799008]The Zymo-spin IIC column was transferred to a clean 1.5-microliter centrifuge tube. 100 microliters of DNA elution buffer were added to the column matrix and centrifuged at 10,000xg microliter for 30 seconds to elude the DNA. The ultra-pure DNA was then stored at -20 degrees for other downstream reactions.	Comment by Sanjay Kumar Bhariya: (-) remove it.
DNA Quantification
The extracted genomic DNA was quantified using the Nanodrop 1000 spectrophotometer. The software of the equipment was launched by double clicking on the Nanodrop icon. The equipment was initialized with 2 ul of sterile distilled water and blanked using normal saline. Two microlitre of the extracted DNA was loaded onto the lower pedestal; the upper pedestal was brought down to contact the extracted DNA on the lower pedestal. The DNA concentration was measured by clicking on the “measure” button. 	Comment by Sanjay Kumar Bhariya: No need to explain of machine user maanual for quantification write only didt it in previous section.
Internal Transcribed Spacer (ITS) Amplification	Comment by Sanjay Kumar Bhariya: remove it.
The ITS region of the isolates was amplified using the ITS1F: 5'-CTTGGTCATTTAGAGGAAGTAA-3' and ITS4: 5'- TCCTCCGCTTATTGATATGC-3,
primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 30 microlitres for 35 cycles. The PCR mix included: the X2 Dream Taq Master mix supplied by Inqaba Biotech., South Africa (Taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.4 M and the extracted DNA as template. The PCR conditions were as follows: Initial denaturation, 95ºC for 5 minutes; denaturation, 95ºC for 30 seconds; annealing, 53ºC for 30 seconds; extension, 72ºC for    30 seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 1% agarose gel at 120 V for 15 minutes and visualized on a blue light transilluminator.	Comment by Sanjay Kumar Bhariya: Align properly.
[bookmark: _Hlk139801512]Sequencing
Sequencing was done using the BigDye Terminator kit on a 3510 ABI sequencer by Inqaba Biotechnological, Pretoria, South Africa. The sequencing was done at a final volume of 10 ul, the components included 0.25 ul BigDye® terminator v1.1/v3.1, 2.25ul of 5 x BigDye sequencing buffer, 10 uM Primer PCR primer, and 2-10 ng PCR template per 100 bp. The sequencing conditions were as follows: 32 cycles of 96°C for 10s, 55°C for 5s and 60°C for 4 minutes.	Comment by Sanjay Kumar Bhariya: name of the kit already written in abstract section

3. results and discussion

Characterization and Identification of Isolates
The molecular identification of fungal isolates using Internal Transcribed Spacer (ITS) sequencing confirmed the presence of five distinct fungal taxa associated with softwood timber from three timber markets. The ITS sequences aligned with 100% similarity to known species in the NCBI database, confirming the isolates as Candida parapsilosis, Aspergillus flavus, Aspergillus niger, Aspergillus terreus, and Cyberlindnera jadinii. The Jukes-Cantor evolutionary distance estimates and phylogenetic analysis reinforced their placement within the genera Candida, Aspergillus, and Cyberlindnera. These findings underscore the efficacy of ITS sequencing as a gold standard for fungal identification (Schoch et al., 2012).	Comment by Sanjay Kumar Bhariya: Dont write full form of ITS.	Comment by Sanjay Kumar Bhariya: Already full name of organism is given in previous section so write like this A. flavus.
Table 1: Accession Number of Amplified Nucleotide Sequences for Fungal Isolate

	Fungi 
	Isolate 
	Identity (%)                 ITS Accession number

	
	
	
	

	Candida parapsilosis	Comment by Sanjay Kumar Bhariya: same here
	S1
	100
	OK090870

	Aspergillus flavus
	S2
	93
	MH179066

	Aspergillus terreus
	S3
	83
	MZ571560

	Aspergillus niger
	S4
	100
	OR388829

	Cyberlindnera jadinii
	S5
	100
	MH179066












[image: ]
Figure 1: Phylogenetic tree showing the evolutionary distance between the fungal isolates
The presence of Candida parapsilosis (S1) is notable, as this species is typically associated with moist environments and decaying plant matter, including timber and pulpwood substrates (Pierce et al., 2010). Its cream-colored, wrinkled colony morphology aligns with known phenotypic descriptions of yeast-like fungi isolated from cellulose-rich habitats (Rodríguez-Pupo et al., 2021).
Three Aspergillus species—A. flavus (S2), A. terreus (S3), and A. niger (S4)—were identified, consistent with reports that these species are common colonizers of stored timber and structural wood (Schmidt, 2006; Zalar et al., 2011). A. flavus, characterized by its mint-green, powdery appearance, is known for producing aflatoxins and colonizing lignocellulosic materials under humid conditions (Amaike and Keller, 2011). A. terreus and A. niger, both granular in texture and darkly pigmented, are well-documented agents of wood discoloration and decay, with the latter especially prevalent in construction wood due to its xerophilic nature (Boddy & Watkinson, 1995; Anderson et al., 2020).
The identification of Cyberlindnera jadinii (S5), a white yeast with smooth colony edges, adds to growing evidence of yeast diversity in wood environments. Although traditionally associated with fermentation and food systems, recent studies have reported its occurrence in decaying timber and sawdust, where it may act as a secondary colonizer or participate in wood softening (Kurtzman et al., 2011; Fotedar et al., 2023).

Table 2: Physical Characteristics of Fungal Isolates from Softwood Timber
	Isolate code
	Color 
	Surface Characteristic
	 Edge 
	Identity of isolates

	S1
	Cream 
	Wrinkled 
	Smooth 
	Candida spp

	S2
	Mint green
	Powdery 
	White 
	Aspergillus favus

	S3
	Brown 
	Granular 
	Irregular 
	Aspergillus terreus

	S4
	Black 
	Granular
	Irregular 
	Aspergillus niger

	S5

	White


	Smooth

	Smooth


	Cyberlindnera spp





Ecological Distribution and Substrate Specificity
The distribution of fungal isolates across the sampling location revealed that Idu timber market plays host to a lot of fungi species. This could be attributed to the divergent means in timber storage, moisture exposure, and airflow, which are key factors influencing fungal colonization (Singh, 2012; Krah et al., 2018). Timber at Idu may have had prolonged exposure to humid conditions or poor ventilation, which promotes fungal spore germination and hyphal proliferation.	Comment by Sanjay Kumar Bhariya: promotes fungal growth at spore germination and hyphal development.
Furthermore, substrate specificity analysis showed that the timber species Atarabang supported the highest fungal occurrence (60%), suggesting it may be more susceptible to fungal degradation, possibly due to higher moisture retention, porosity, or nutrient content. By contrast, Ntufiak and Ufu each supported only one isolate. This aligns with literature indicating that differences in wood density, extractives, and surface chemistry influence fungal colonization (Rayner & Boddy, 1988; Reinprecht, 2016).
Table 3: Percentage (%) Distribution of Fungi Isolated in the Three timber species
	Timber Type

	Number of Fungi  



	Percentage Distribution (%)




	Atarabang 
	3

	60%



	Ntufiak

	1
	20%

	Ufu

	1
	20%


Source: field data (2024)

Implications for Timber Preservation
The presence of potential wood-degrading fungi like Aspergillus niger and A. flavus poses significant concerns for timber durability. These fungi are capable of enzymatic breakdown of lignocellulosic components, leading to structural weakening over time (Schmidt, 2006). The occurrence of Candida and Cyberlindnera species suggests that even non-filamentous fungi can colonize timber under favorable conditions, emphasizing the need for comprehensive fungal monitoring in the timber industry.
Regular inspection, improved storage practices, and fungicidal treatments are recommended to prevent fungal infestation, particularly in high-risk areas like Idu. Furthermore, molecular tools such as ITS sequencing should be integrated into timber quality assessments to detect early colonization and guide targeted interventions.

4. Conclusion
Understanding fungal diversity is crucial for timber industry sustainability. Molecular techniques enhance accuracy in fungal identification. The study does, in fact, conclude that when trying to extend the usable life of timber, comprehension of fungal decay is the key. Without proper action, they would eventually have to deal with the consequences with the timber preservation issue in the future. If industry specialists, policymakers, and scientists consider the results of this research, more practical approaches to wood preservation will be developed.
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