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Abstract
The discovery of novel antibiotics remains a pressing global challenge as many known microorganisms continue to yield 
compounds already present in existing drugs. To overcome this limitation, bioprospecting in underexplored and extreme 
environments using both culture-dependent and culture-independent strategies has become essential. In this study, we 
investigated the microbial diversity of Beach Ridges Interspersed with Swales (BRIS) soil from Setiu, Terengganu, Malay-
sia—an environment characterized by poor nutrient retention, low water-holding capacity, and acidic conditions with lack 
information available on their microbial community composition. Therefore, this study was conducted with the main 
objectives to investigate actinomycetes community composition in BRIS soil using metagenomics and culture-dependent 
approaches. To address these objectives, a dual approach was employed: (i) culture-dependent isolation of actinomycetes 
using selective media, followed by morphological and 16S rRNA gene-based phylogenetic analysis, and (ii) culture-
independent high-throughput sequencing of the 16S rRNA gene (Illumina MiSeq) to characterize the broader microbial 
community. Results from the selective isolation yielded 180 actinomycete isolates grouped into 69 colour-based catego-
ries, with 15 representatives identified by 16S rRNA sequencing as belonging predominantly to Streptomyces, alongside 
the rare genus Dermacoccus. In contrast, metagenomic analysis revealed a far richer microbial landscape comprising 4719 
OTUs, 32 bacterial phyla, and 380 genera, including a high proportion of uncultured taxa. Notably, actinobacterial diver-
sity was dominated by Acidothermus, whereas Streptomyces predominated in culture-dependent isolation, highlighting the 
complementary nature of both approaches. These findings confirm that BRIS soil harbours unique microbial communities 
shaped by its physicochemical conditions, with potential as a reservoir for rare actinomycetes and novel bioactive com-
pounds. The study provides the first combined culture-dependent and metagenomic insight into BRIS soil microbiota and 
underscores its promise for future pharmaceutical and biotechnological exploration.
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Introduction

Soil microorganisms play important roles in their living 
environment by providing various ecological and physiolog-
ical purposes such as organic matter decomposition, nitro-
gen fixation and nutrient regulation and their composition 
varies between habitats. Considering the estimation that less 
than 1% microorganisms can be cultured while the major-
ity remains unculturable, information of the true microbial 
diversity is much needed to bring as much species out to 
be cultured in vitro for further investigation (Mhete et al. 
2020; Idris et al. 2017). Advances in environmental biotech-
nology, particularly Next-Generation Sequencing (NGS), 
enable detailed characterization of microbial community 
structures, facilitating metagenomics-guided optimization 
strategies for targeted microbial isolation, as demonstrated 
by Jaswal et al. (2019). It also provides insights independent 
of our capacity to cultivate these species and co-culturing 
by replicating their specific environment in the laboratory 
(Bodor et al. 2020).

Given the rise of antimicrobial resistance, there is a criti-
cal need for new and effective antimicrobial agents to be 
discovered (WHO 2023; Trenozhnikova and Azizan 2018). 
However, the recurrence of existing antibiotics in newer 
microbial isolates complicates the bioprospecting for new 
drug producer (Schneider 2021). Thus, Subramani and Sip-
kema (2019) emphasized that rare actinomycetes especially 
the uncultured taxa should be the target of future isola-
tion strategies and procedures with further application and 
exploration in genetic engineering and heterologous expres-
sion to find new drugs. Further research for these rare spe-
cies of microorganisms can be done in an underexploited 
and extreme habitats where they could have the ability to 
produce novel compounds in order to survive in the extreme 
conditions (Helfer and Hassenruck 2021; Zhu et al. 2020; 
Amin et al. 2020).

The main aim of this study was to use a twin track 
approach for both culture-dependent and metagenomic 
to investigate the microbial diversity and actinobacte-
rial abundance. They were investigated to find rare acti-
nomycete isolates as potential compound producer from 
the unique environment of Beach Ridges Interspersed 
with Swales (BRIS) soil as outlined in the culture-depen-
dent bioprospecting strategy by Goodfellow and Fiedler 
(2010). The application of both cultivable and non-cultiva-
ble approaches supports a complementary, multi-tier bio-
prospecting strategy in which cultivable diversity enables 
direct screening for antimicrobial metabolites and chemi-
cal characterization and downstream drug development 
while non-cultivable diversity reveals hidden biosynthetic 
gene clusters (BGCs) associated with secondary metabolite 

production (Gerard et al. 2024; Liu et al. 2022; Moreira et 
al. 2011). BRIS soil from Setiu, Terengganu was selected 
as environment of interest due to its unique properties 
with poorly structured, low water retention, acidic and 
considered as problematic soil in agriculture (Roslan et al. 
2011; Ishaq et al. 2014). This study represents a significant 
advancement, as only limited research has been conducted 
on actinomycete isolates from BRIS soil to date (Hairi et 
al. 2025; Majhool 2020; Mustapha et al. 2017) and nota-
bly no studies have investigated the microbial diversity of 
BRIS environment using metagenomics approach.

Materials and methods

Soil sampling and physicochemical characterization

Soil samples were collected from a coastal area in Setiu, 
Terengganu. The soil samples were collected in dupli-
cates from four series of BRIS soil which are Rhu Tapai, 
Rudua, Jambu and Baging at two different spots and four 
different depths which are 0–20 cm, 20–50 cm, 50–70 cm 
and 70–100  cm were collected from each spot with the 
supervision and assistance by experts from Department of 
Agriculture Malaysia (DOA). The coordinate, local tem-
perature and soil pH were recorded in situ during sampling 
activity (Table  1) while 3  kg of each soil samples were 
sent to Department of Agriculture Laboratory, Kuala Lum-
pur. Physicochemical characteristics determination includ-
ing percentage of organic carbon, total nitrogen, available 
phosphate and cation exchange capacity (Mustapha et 
al. 2017). Soil samples were kept in the sterile Falcon 
tubes and stored in ice then transported to the laboratory 
in Universiti Pendidikan Sultan Idris, Perak for further 
investigation.

Culture-dependent approach

Selective isolation of actinomycetes from BRIS soil

Actinomycetes were isolated using soil dilution plate tech-
nique where 1  g of dried soil was placed in 9  ml of ¼ 
strength of Ringer’s solution, agitated for 15 min and then 
allowed the suspension to settle for 15 min prior to serial 
dilution up to 10− 4. 0.1 ml of each sample were spread onto 
yeast malt agar (ISP Medium No.2) (Shirling and Gottlieb 
1966), Bennett`s agar (Jones 1949), Starch M-protein agar 
(Küster and Williams 1964), Actinomyces agar (Kornman 
and Loesche 1978) and Zobell marine agar (Zobell 1941) 
supplemented with nystatin, nalidixic acid and cyclohexi-
mide with 25  µg ml− 1 concentration for each antibiotic 
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was used as suggested by Majhool (2020). Isolation plates 
were incubated for 14 days at 28 °C prior to calculation 
of colony forming unit (CFU) and selected actinomycete 
colonies were subcultured onto ISP2 plates for purification 
and further investigation. Purified actinomycete isolates 
were subcultured onto the oatmeal agar (ISP 3) and pep-
tone-yeast extract-iron agar (ISP 6) and incubated at 30 °C 
for 2 weeks and 4 days respectively. Morphology obser-
vation was done for each isolate, and they were assigned 
into colour groups based on their aerial spore mass, sub-
strate mycelial, diffusible pigment and melanin production 
according to National Bureau of Standards (NBS) Colour 
Name Chart (Kelly 1958).

Strain identification

Colour group representatives were selected for identi-
fication based on 16S rRNA gene sequences. Selected 
isolates were grown in ISP2 broth (Shirling and Gott-
lieb 1966) for 3 to 7 days at 30 °C with shaking and the 
biomass were collected by centrifugation. Genomic DNA 
were extracted using GeneDireX Inc, DNA Extraction Kit 
(GeneDireX Inc., USA) according to the manufacturer’s 
protocol and DNA amplification of 16S rRNA gene was 
carried out using universal forward primer 27f (5’ – AGA 
GTT TGA TCC TGG CTC AG – 3’) and reverse primer 
1525r (5’- AAG GAG GTG ATC CAG CC – 3’), respec-
tively (Lane 1991) and MyTaq HD Red Mix (Bioline Inc. 
UK). Polymerase chain reaction (PCR) was performed 
in a thermal cycler under the following conditions: ini-
tial denaturation at 94℃ for 3 min, 30 cycles of denatur-
ation at 94℃ for 30 s, annealing at 55℃ for 1 min, and 

extension at 72℃ for 2 min followed by a final extension 
at 72℃ for 5 min. The PCR products then were purified 
and sequenced by New Gene Sdn. Bhd., Malaysia accord-
ing to the manufacturer’s protocol where Sanger sequenc-
ing was implemented.

Partial 16S rRNA gene obtained sequences were com-
pared with full sequences available in the GenBank data-
base using BLAST and the pairwise sequence similarities 
were determined by using a web server known as EzTaxon 
(​h​t​t​p​​:​/​/​​e​z​t​a​​x​o​​n​-​e​​.​e​z​b​​i​o​c​​l​o​u​​d​.​n​e​t; Kim et al. 2012). Based 
on the sequence data, the phylogenetic analysis then per-
formed by using MEGA 11.0 (Tamura et al. 2021) across 
computing platform based on Neighbour Joining, Maxi-
mum Likelihood and Maximum Parsimony algorithms. 
Next, bootstrap values based on 1000 repeats will be 
generated referring to the evolutionary distance model by 
Jukes and Cantor (1969).

Metagenomics approach

16S rRNA gene-based metagenome sequencing

Community DNA were extracted directly from BRIS soil 
samples using SPINeasy DNA Kit for Soil (MP Biomedi-
cals Asia Pacific Pte Ltd) following the manufacturer’s 
protocol and the quality of DNA samples was analysed by 
a NanoDrop spectrophotometer. The DNA extracted from 
the soil samples was sent to GENEWIZ, Inc. in Suzhou, 
China, for Next-Generation Sequencing (NGS) library 
preparation and Illumina Miseq sequencing where V3 
specific primers were employed to amplify the V3 hyper-
variable region of the 16S rDNA. For library preparation, 

Table 1  Soil samples from Rhu Tapai, Rudua, Jambu and baging series
Soil Series Soil Classification

*(USDA Soil Taxonomy)
Coordinate Temperature

(℃)
pH Sampling depth 

(cm)
Sample name

Rhu Tapai Sandy, siliceous, isohyper-
thermic, Typic Haplorthods

5°29’37.37’’N 
102°59’42.867’’E

27 4.13 0–20 RT1
27 4.26 20–50 RT2
28 4.52 50–70 RT3

Baging Coated, siliceous, iso-
hyperthermic, Typic 
Quartzipsamments

5°34’21.548’’N 
102°51’9.004’’E

31.5 4.47 0–20 B1
30.5 4.63 20–50 B2
30.5 4.29 50–70 B3
29.5 4.36 70–100 B4

Jambu Uncoated, siliceous, 
isohyperthermic, Typic 
Quartzipsamments

5°32’32.637’’N 
102°53’12.327’’E

32 4.21 0–20 J1
30 4.45 20–50 J2
29 4.48 50–70 J3
29 4.57 70–100 J4

Rudua Sandy, siliceous, isohyper-
thermic, Typic Haplorthods

5°29’25.723’’N 
102°59’19.956’’E

29 4.55 0–20 RD1
28 4.67 20–50 RD2
28 4.18 50–70 RD3
28 4.22 70–100 RD4

*USDA Soil Classification (Department of Agriculture (DOA) 2018).
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a 10ng DNA aliquot obtained from each BRIS soil sam-
ples were used to construct the V3 hypervariable region of 
the 16S rDNA genes. After the amplification, the ampli-
cons underwent purification, and then they were evenly 
combined to form a sequencing library. To ensure data 
quality, the obtained sequences were rigorously subjected 
to quality control standards. Sequences that did not meet 
these criteria were excluded from further analysis, while 
the remaining sequences were utilized in subsequent ana-
lytical processes.

Bioinformatics analysis

Microbiome bioinformatics analysis was conducted using 
the Quantitative Insights into Microbial Ecology (QIIME) 
software (Tohamy et al. 2019) package version 1.9.1. To 
represent each OTU, the most abundant sequence was 
selected as the representative sequence, and then these 
sequences were subjected to taxonomic assignment using 
the RDP (Ribosomal Database Project) classification soft-
ware. A bootstrap cutoff of 50% was employed to ensure 
the robustness of taxonomic assignments. The abundance 
of data of these representative sequences were normalized 
for each sample and log transformed. The relative abun-
dance of microbial taxa was calculated from the phylum 
level down to the genus level for each collection method 
(Ding et al. 2021).

Microbial diversity analysis

Microbial diversity analysis that consists of alpha diver-
sity and taxonomic composition were conducted where 
indices including rarefaction curve was calculated on rar-
efied OTUs tables using Mothur version 1.35.1 (Sakyi et 
al. 2020) and manual analysis was performed using the 
data from the Operational Taxonomic Unit (OTU) table. 
The findings from this analysis were then presented in the 
form of appropriate graphs using Microsoft Excel, provid-
ing a visual representation of the taxonomic composition 
of the microbial communities in each BRIS soil samples 
(Idris 2016).

Results and discussion

Physicochemical properties of BRIS soil series

The physicochemical characteristics of Rhu Tapai, Bag-
ing, Jambu and Rudua soil series determined by soil 
analysis are summarised in Table 2. It is apparent from 
this Table that the daylight temperature is set between 
27 and 32 °C with the soils are acidic between pH 4.34 
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Actinomyces, Starch M protein and Marine medium used 
as shown in Fig. 1. Among four BRIS soil series studied, 
Baging showed the highest CFU number particularly 
on ISP2 agar with 1.44 × 106 CFU/g followed by Jambu 
series with the highest of 7.6 × 105 CFU/g. Rudua and 
Ru Tapai series showed a relatively low number of bac-
teria obtained with the highest CFU number of 1.3 × 105 
CFU/g by Rhu Tapai and 2.4 × 105 by Rudua series.

Information obtained from CFU number of each BRIS 
soil series indicate the presence of microbial community 
and the potential diversity of culturable bacteria inhab-
iting the soil. This study produced results which cor-
roborate the findings of previous selective isolation for 
actinomycetes experiment conducted by Majhool (2020) 
that reported CFU number between 3.1 × 104 to 3.1 × 105. 
In comparison with CFU number of other type of soil 
namely sandy soil (2.5 × 106), organic soil (4.2 × 106), for-
est soil (1.1 × 106 to 2.5 × 106), eucalyptus soil (5.25 × 106 
to 2.0 × 106), sorghum soil (1.0 × 106 to 1.25 × 106), sandy 
soil (2.5 × 106), organic soil (4.2 × 106), tropical soil 

to 4.72. The percentage of carbon and nitrogen as well 
as cation exchange capacity showed low value espe-
cially in the subsurface soil samples. The findings of 
this current study are consistent with those of Roslan 
et al. (2011), Ishaq et al. (2014) and Mustapha et al. 
(2017) who reported the acidic properties of BRIS soil 
and other parameters are classified as very low to low. It 
is suggested that the most limiting factors that classify 
BRIS as unhealthy soil are their soil texture and nutrient 
retention that were influenced by movement (Ishaq et 
al. 2014).

Culture-dependent approach

Estimation of culturable bacteria

Viable bacteria that consist of actinomycetes and other 
bacterial strains were successfully isolated in a selec-
tive isolation experiment portrayed by the CFU number 
ranging from 2.0 × 103 to 1.44 × 106 on ISP2, Bennet’s, 

Fig. 1  Colony forming unit (CFU/g) of bacteria isolated from Rhu Tapai, Baging, Jambu and Rudua series on different isolation medium
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al. 2011), it is evident that BRIS soil holds a potential to 
harbours their own unique culturable microbial diversity 
yet to be explored.

Colour group assignment of actinomycete isolates

Based on colony morphological characteristics on ISP3 
medium, it is found that majority isolates showed filamen-
tous actinomycete characteristics with ability to produce 
spores. All 180 actinomycete isolates were obtained from the 
4 series of BRIS soil samples were assigned into 69 colour 
groups that consist of 34 single membered and 35 multi 
membered colour groups which are in accordance with pre-
vious study by Majhool (2020) where from 113 isolates, 72 
colour groups were formed with 31 single membered and 41 
multi membered. Pridham (1965) reported that colour sys-
tems are the most practically effective to allow placement 
is actinomycete isolates into well-defined categories prior to 
further exploration using various expand systems and meth-
ods. As each colour group indicate presumably different 
type of actinomycete genera based on colony morphology 
and melanin production, the information derived from this 
experiment are critical as the reliable indicators of diverse 
actinomycetes genera diversity in BRIS soil microbial com-
munity (Idris 2016; Antony-Babu and Goodfellow 2008).

Phylogenetic analysis of 16S rRNA gene sequences

A total of 15 colour group representatives were selected for 
identification based on 16S rRNA gene sequences. Analysis 
revealed that 14 of the isolates belong to genus Streptomyces 
while 1 isolate belongs to genus Dermacoccus (Fig. 2). It 
seems that majority of the identified isolates belong to genus 
Streptomyces which is in agreement with Goodfellow et al. 
(2012) in Bergey’s Manual of Determinative Microbiology 
that highlighted Streptomyces as the largest genus in Acti-
nomycetales family. This is due to the fact that they have 
the ability to form extensively branched substrate mycelia 
covered by abundant aerial spore mass and their ability to 
survive in numerous different environment (Donald et al. 
2022). On the contrary, identification of isolate BA70 as a 
member of genus Dermacoccus, one of actinomycete rare 
genus. According to Parte et al. (2020) to date, there are 
only 4 species described that belong to Dermacoccus genus 
which are D. abyssi, D. barathi, D. nishinomiyaensis and D. 
profundi since it was first introduced in 1995 (Pathom-aree 
et al. 2006a, b; Stackebrandt et al. 1995). This finding, while 
preliminary, suggests that exposed BRIS soil as the habi-
tat of rare actinomycete genera with the potential of finding 
novel species and new drug leads.

(6.5 × 107 to 1.28 × 108) and subtropical soil (7.2 × 107 to 
9.8 × 107) it can be seen that the CFU number of isolated 
bacteria from BRIS soil rather low (Singh and Tripathi 
2020; Vieira and Nahas 2005; Øvreås and Torsvik 1998). 
However, despite being considered as problematic in 
agriculture due to its physical characteristics and pres-
ence of nutrients in small quantities that limit the ability 
in promoting crop growth (Norhayati et al. 2019; Musta-
pha et al. 2017; Ishaq et al. 2014; Roslan 2012; Roslan et 

Fig. 2  Neighbour-joining tree based on the 16S rRNA gene sequences 
showing the relationship of 15 actinomycete isolates, between them 
and related species from Dermacoccus, Luteipulveratus and Strepto-
myces genera. Number at the nodes indicate levels of bootstrap support 
based on 1000 resampled datasets; only values above 50% is shown. 
The scale bar indicates 0.02 substitutions per nucleotide position

 

1 3

306



International Microbiology (2026) 29:301–313

Taxonomic composition of actinomycetes community in 
BRIS soil

In this study, analysis of OTUs from BRIS soil samples 
on different taxonomic units unveiled microbial commu-
nity composition that consist of 4719 species, 380 genera, 
247 families, 166 orders, 76 classes, and 32 phyla bac-
teria. From 380 genera detected, 105 (28%) genera were 
assigned as ‘uncultured’ which indicate the presence of 
unclassified or unknown bacteria present in the studied 
soil samples. Classification of these microbial community 
members as uncultured due to their genomic sequences 
that match with available information in genome database 
that were obtained using metagenomic approach (Arikawa 

Metagenomics approach

Metagenomic sequencing data

Based on the data obtained from MiSeq-Illumina technol-
ogy, 2,108,260 raw reads were acquired from 15 samples of 
the 4 BRIS soil series and a total number of reads passing 
quality filtering was 1,958,604 high quality sequences. The 
refraction analysis conducted to enable comparison between 
taxonomic richness and estimate the extent to which total 
diversity has been recovered showed that all the BRIS soil 
samples reached asymptote which indicates the number of 
sampled sequences was sufficient with the total number 
OTU of 4719 (Fig. 3).

Fig. 3  Rarefaction curve of BRIS OTUs showing relation between the increase in bacterial OTUs and the number of randomly sampled sequence 
in the BRIS soil samples
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Actinobacterial diversity in BRIS soil

Taken together, identification results at genus level provide 
important insights into the real actinobacterial community 
composition that populate in Rhu Tapai, Baging, Jambu and 
Rudua soil series as a rare genus of Acidothermus was found 
to be in highest abundance from metagenomic approach. 
In contradiction, Streptomyces was dominantly obtained in 
selective isolation experiment based on colour group and 
phylogenetic analysis. According to Parte et al. (2020) cur-
rently there is only one Acidothermus species described 
called Acidothermus cellulolyticus by Mohagheghi et al. 
(1986) which was isolated from acidic hot spring. Though 
the results are not consistent in both approaches, they open 
a new direction for research in microbial ecology field par-
ticularly on BRIS soil and taxonomy and systematics of acti-
nomycetes. Looking at the effect of soil pH that concur with 
actinobacterial genera abundance discovered using metage-
nomic method, it is apparent that physicochemical character-
istics of BRIS soil had influenced their structure along with 
other environmental pressures of low level of nutrients as 
presented in Table 1. This is supported by Mhete et al. (2020) 
who pointed out that apart of pH, other physicochemical 
parameters influenced the influence of microbial community 
structure and diversity in different type of soils studied.

Conclusion

Despite being regarded as extreme soil environment, it is 
evident that BRIS soil has the ability to provide habitat for 
unique microbial communities. This study highlights the 
first investigation attempt in elucidating microbial diver-
sity inhabiting BRIS soil using both culture-dependent 
and culture independent approaches. In culture-dependent 
approach, actinomycetes were successfully isolated that 
give some insights of the bacterial composition and diver-
sity of culturable microbes while metagenomic analy-
sis unveil the true microbial community composition and 
diversity to a greater extent that include both culturable and 
unculturable microbes information. Looking at the effect of 
soil pH that correlate with actinobacterial genera abundance 
discovered using metagenomic method, it is apparent that 
physicochemical characteristics of BRIS soil had influenced 
their structure along with other environmental pressure of 
low level of nutrients as showed by our data.

Considering the uniqueness of microbial composi-
tion and potential to harbour new actinomycete species, 
BRIS soils deserve some attention to be delve deeper 
as the groundbreaking findings in this study indicates 

and Hasokawa 2023). Figure  4 presents relative abun-
dance of the top 100 bacterial genera detected in all four 
BRIS soil series where genus Burkholderia-Caballeronia-
Paraburkholderia is found to be the highest OTU detected 
followed by Mucilaginibacter. Burkholderia-Caballero-
nia-Paraburkholderia species show broad environmental 
adaptability and an advantage in acidic soils. For example, 
studies have demonstrated genus-wide acid tolerance and 
competitive advantage in low pH soils, suggesting acid 
tolerance is a general trait of Burkholderia-Caballeronia-
Paraburkholderia that influences its occurrence in dif-
ferent environments (Dludlu et al. 2017; Stopnisek et al. 
2014). Mucilaginibacter, on the other hand, is frequently 
isolated from acidic soils and plant-associated environ-
ments and is characterized by the production of extracellu-
lar polysaccharides, which may confer protection against 
low pH stress. While these genera are not exclusively 
acidophilic, their repeated detection in acidic ecosystems 
suggests a degree of acid tolerance rather than incidental 
presence (Kumar et al. 2022, 2025).

From the figure, it can be seen that Rhu Tapai has the 
lowest microbial genera composition followed by Baging, 
Jambu and Rudua. Further investigation on actinobacte-
rial diversity at genus level revealed that from all genera 
detected, 83 of them are actinomycetes in which 47 of 
them are culturable actinomycetes and the remaining 36 
are uncultured. To investigate the distribution of actino-
mycetes in Rhu Tapai, Baging, Jambu and Rudua series, 
relative abundance analysis is set out in Fig. 5. The most 
striking result emerge from this data is that the highest rel-
ative abundance of actinomycete genera across Rhu Tapai, 
Baging and Jambu soil series consist of Acidothermus 
while Arthrobacter was found highest in Rudua soil series. 
Although, these results differ from previous studies that 
found abundance of Streptomyces in different type of soils 
as reported by Idris et al. (2017), Manikkam et al. (2020) 
and Girao et al. (2024), they correlate with the acidic char-
acteristic of BRIS soil and the findings by Mhete et al. 
(2020). On top of that, this analysis revealed the abun-
dance of uncultured actinomycetes in all soil series that 
corresponds with concept of unexplored habitat harbour 
rare species of microorganisms with unique characteristics 
as suggested by Goodfellow and Fiedler (2010). Arikawa 
and Hasokawa (2023) pointed out that despite the growing 
numbers of uncultured prokaryotic genomic data available 
in the database, limited information is known beyond their 
DNA sequences.

Fig. 4  Relative abundance of microbial community detected in BRIS 
soil series at genus level
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strains with biotechnological properties due to adapta-
tion in BRIS soil environment, future work should be 
directed towards isolation and identification of more iso-
lates which metagenomic data can be used in genomic-
directed selective isolation of actinomycetes and other 
types of bacteria.

the vast diversity of unidentified actinomycetes and 
potential of novel species awaiting to be discovered 
from BRIS soil environment. Four BRIS soil series 
were used in this study; thus, it is worthwhile for scien-
tists to call attention to conduct investigation on other 
series and locations. With the aim to uncover more novel 

Fig. 5  Relative abundance of top 20 actinomycete genera detected in BRIS soil series: (a) Rhu Tapai (b) Baging (c) Jambu and (d) Rudua
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