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Editorial 

Editorial: thematic issue on modulating the environment 

with microbes 
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The advancements in sequencing technology and computational 
biology hav e r e volutionized micr obiology in r ecent years, for sus- 
taining life on this planet Earth and harnessing the potential of 
microbes for various applications beneficial to humanity. In par- 
ticular, these adv ances hav e r e v ealed that micr obes play div erse 
and indispensable roles in human welfare from food production 

to envir onmental sustainability, healthcar e, and industrial pr o- 
cesses. Understanding and harnessing the capabilities of these 
micr oscopic or ganisms ar e k e y to ad dr essing global c hallenges 
and improving the quality of life on the planet Earth. In addi- 
tion, the knowledge generated from in silico studies has now en- 
abled scientists to exploit with ease the potential of microbes in 

the generation of nitrogen, fixation of the oceanic CO 2 , production 

of oxygen, production of dairy products , alcoholic drinks , organic 
acids , enzymes , steroids , in se wa ge and waste tr eatment, fertility 
of soil, production of vitamins , antibiotics , vaccines , and antivi- 
r al compounds. Recentl y, the extr aordinary potential of micr obes 
has been proposed to achieve the majority of the 17 sustainable 
de v elopment goals by the United Nations (Anand et al. 2023 ). 

The thematic issue from FEMS Microbes, titled “Modulating the 
environment with microbes,” is thus a step to highlight the vast 
potential of micr obes, particularl y the knowledge for their ex- 
ploitation. 

In this special thematic issue, ther e ar e six r esearc h articles 
and one r e vie w pa per that hav e been published and highlight the 
critical ecological roles of microbes in diverse settings of normal 
and extreme environments like hot springs, hypersaline environ- 
ments, deep-sea hydr othermal v ents, acidic mine dr aina ges, and 

polar ice caps . T his demonstr ates their r emarkable ada ptability 
and importance in biogeochemical cycles, nutrient recycling, and 

supporting ecosystem functions . T his issue also covers articles 
that reflect the k e y role of amplicon and whole metagenomics se- 
quencing in the identification of these microbes and also give in- 
sights into the functions performed by these micr oor ganisms. For 
example, Balcha et al. ( 2024 ) analyzed metagenomic sequences to 
find biosynthetic gene clusters (BGCs) from Lake Afdera, Ethiopia.
It is a hypersaline lake, whose microbiome was predominantly 
dominated b y tw o bacterial genera Acinetobacter (18.6%) and Pseu- 
domonas (11.8%). The study identified 94 distinct BGCs, which en- 
code secondary metabolites with potential pharmaceutical appli- 
cations (such as polyketide synthase and nonribosomal peptide 
synthase (NRPs)) and roles in adapting to extreme environments 
(such as bacteriocins and ectoine). NRPs (20.6%) and bacteriocins 
(10.6%) wer e particularl y abundant. The study also pr edicted gene 
clusters that help microbes resist toxic metals and cope with ox- 
idative and osmotic stress . T he application of computational tools 
thus reflects that Lake Afdera is a rich source of biologically sig- 
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ificant BGCs essential for the existence and adaptation of ex- 
remophiles. 

In addition to the critical roles play ed b y bacteria, ciliates (eu-
aryotic micr obes) hav e been shown to play vital roles in nutrient
 ecycling, micr obial loops, and ecosystem maintenance. Abraham 

t al. ( 2024 ) elucidated the taxonomic diversity of freshwater cili-
tes at three sites in Delhi, India. They used a DN A metabar coding
 ppr oac h (18S-V4 barcode) and reported Oligohymenophorea , Pros-
omatea , and Spirotrichea as the dominant genera of ciliates at the
hr ee fr eshwater sites. As ciliates ar e sensitiv e to c hanges in their
nvir onment, the nativ e gener a can be used as potential bioindi-
ators for understanding climatic variations, conducting diversity 
ssessments and monitoring environmental changes across di- 
 erse r egions. 

The application of microbes as biocontrol agents and an al-
ernative to xenobiotic chemicals has great prospects . T he use
f microbes minimizes the harsh effects of chemical fungicides 
n a sustainable way. Bhagat and Vakhlu ( 2024 ) reported the use
f Bacillus sp. strain D5 (Bar D5; native biocontrol agent) against
usarium oxsporum R1 (Fox R1) in the saffron corm. Bar D5 inhib-
ted the growth of Fox R1 as observed in vitro and in planta (saffron
orm) by real-time imaging. They undertook analyses to under- 
tand the microbial interactions and mechanism of action leading 
o the inhibition of pathogens at the molecular le v el. Tr anscrip-
ome analysis sho w ed that in corms treated with Bar D5 and in-
ected with Fox R1, genes related to growth, metabolism of carbon,
nd synthesis of the cell wall and membrane were significantly
ownr egulated compar ed to corms infected onl y with Fox R1. 

Recent studies using omics a ppr oac hes hav e r e v ealed that
ost micr obes ar e friends of mankind. Ho w e v er, the spr ead of

ntimicr obial r esistance (AMR) in the envir onment is one of the
ost critical global coercions. Waste and sludge from pharma- 

eutical industries and dumpsites ar e r eported to inhabit bac-
erial populations exhibiting resistance to antimicrobial agents.
 atr a et al. ( 2024 ) analysed sludge samples fr om se wa ge tr eat-
ent plant (STP) to e v aluate the antibiotic-r esistant bacterial

opulation. They demonstrated that STP sludge contained var- 
ed m ultidrug-r esistant bacterial populations and meta genome 
equences r e v ealed the pr esence of man y AMR genes and mo-
ile genetic elements . T hey could also isolate bacterial strains
 n = 6) that exhibited resistance to 13 antibiotics and had high

etal toler ance. Man y of the isolated str ains wer e r eported to
ndure high concentrations of vancomycin and clarithromycin,
ighlighting the se v erity of antibiotic resistance spread. This re-
earch offers new insights into microbial physiology and guidance 
n pr e v enting the de v elopment and spr ead of AMR. The use of
TP sludge could introduce resistance genes into agroecosystems,
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