Table.S5 Summary of microbial functions described in the literatures

	Kingdom
	Genus
	Microbial functions

	Bacteria
	Aquamicrobium
	Aquamicrobium genus is found in the activated sludge (Chang et al., 2013), sewage(Chang et al., 2015), soil (Wu et al., 2014b; Xu et al., 2017), and wastewater (Peter et al., 2009; Sun et al., 2020a). They are ammonia oxidizing bacteria (Su et al., 2021) and can largely contribute to the nitrogen removal (Sun et al., 2019). They are able to degrade organic pollutants(Xu et al., 2017), recalcitrant organic pollutants (Li et al., 2020b), and also degrade complex organic pollutants under micro-aerobic condition (Sun et al., 2020a). The genus can degrade heterocyclic compounds (Sun et al., 2019), aromatic compounds(Qu et al., 2015), thiophene-2-carboxylate (Peter et al., 2009), biphenyl and polychlorinated biphenyls, thiophene-2-carboxylate, petroleum, polychlorinated degrade biphenyls (PCB), biphenyl, cyhalofop-butyl (Wu et al., 2021), biphenyl and polychlorinated biphenyls(Zhang et al., 2015), polychlorinated Biphenyl (Chang et al., 2015), thiophene-2-carboxylate(Wu et al., 2014b), utilize 2,2’,4,4’,5,5’-hexachlorobiphenyl, 3,3’,4,4’-tetrachlorobiphenyl (Chang et al., 2021) for their growth, can metabolize biphenyl (Chang et al., 2021), and utilize 4-chlorobiphenyl, 2,3-dichlorobiphenyl, 2,3,4trichlorobiphenyl, 2,4,4′-trichlorobiphenyl, 2,3,4,6tetrachlorobiphenyl, 2,2′,4,4′,5-pentachlorobiphenyl, 2,2′,4,4′,5,5′-hexachlorobiphenyl (Chang et al., 2013). This indicates that members of this genus may repair environment (Wu et al., 2021). In addition, they can increase the biomass (Qu et al., 2015).

	Bacteria
	[bookmark: _Hlk105054405]Cellvibrio
	[bookmark: _Hlk104477321][bookmark: _Hlk104479309]Most Cellvibrio species are saprophytic soil bacteria known for their ability to degrade plant cell wall polysaccharides (Yannick and David, 2013; Zhang et al., 2020b). Cellvibrio genus mainly drivers cellulose and hemicellulose fibers hydrolysis in sludge (Li et al., 2019a), exhibits a much wider distribution of lignocellulose degradative ability, can secrete 3-4 types of cellulose-degrading enzymes, a wide variety of polysaccharide hydrolases and laminarinase (Sakellaris et al., 1993), possess xylanase genes (Borjigin et al., 2021), secretes hydrolytic enzyme，such as cellulose hydrolases (Sun et al., 2021), glycoside hydrolases (Zhang et al., 2020b), produces an array of endohydrolytic enzymes involved in the initial phases of β-glycan polysaccharide degradation in the soil (Sakellaris et al., 1997). Nine enzymes were specific to Cellvibrio and were involved in the degradation of glucans (EC:3.2.1.91; EC:3.2.1.39; EC:3.2.1.4; EC:3.2.1.21), and degradation of pectin and further conversion of its metabolites (EC:3.1.1.11; EC:4.2.2.2; EC:4.2.1.7; EC:5.3.1.12; EC:1.1.1.57). In addition to those, genes encoding for mannan (EC:3.2.1.78), arabinan (EC:3.2.1.55) and chitin (EC:3.2.1.14; EC:3.2.1.52), modifying enzymes from Cellvibrio, cell wall polysaccharide degradation (Maya et al., 2014). This genus degrades carboxymethyl cellulose, cellulose, hemicellulose, and chitin (Borjigin et al., 2022), polysaccharides (Akyol et al., 2019), starch, xylan, agar.(Xie et al., 2015), polysaccharides (Zhang et al., 2017c), lignocellulose wastes (Sun et al., 2021) and cellulose (Kolton et al., 2011; Tian et al., 2013), carboxymethyl cellulose, cellulose, hemicellulose and chitin (Borjigin et al., 2021), polysaccharides such as cellulose, xylan, xyloglucan, mannan, arabinan and pectin (Chen et al., 2018), dextran (Wu et al., 2014a) or amylose (Romanenko et al., 2010), manure compost (Gou et al., 2021), xylose, arabinose, and galactose(Xie et al., 2017), yeast cell walls, soluble 0-1,3 glucan laminarin, insoluble 0-1,3 glucans zymosan and pachyman (Sakellaris et al., 1990), ethyl hydroxyethyl cellulose (Björn et al., 1968), polysaccharides (Yannick and David, 2013; Zhang et al., 2020b), chitin (De tender et al., 2019), chitosan (Kazuaki et al., 2010), hemicellulose, cellulose, dextran, xylan, chitin and starch (Wu and He, 2015)，a variety of β-linked polysaccharides such as chitin, cellulose, β-1,3 glucan, and mixed-linkage β-1,3-1,4 glucans (Sakellaris et al., 1997). Cellvibrio genus is involved in the N-cycle (e.g., (De tender et al., 2019)，has nitrate-reducing activity (Nakajima-Kambe et al., 2005). Cellvibrio is also common to plant inhabitants with nitrogen fixation activity (Xiao et al., 2019) that promote the increase of biomass (Akyol et al., 2019; Cristóbal et al., 2022). Cellvibrio genus carries some antibiotic resistance genes (Gou et al., 2021), such as tetracycline resistance gene (Zhang et al., 2017c). Cellvibrio has been widely found in harsh environments, and shows a strong tolerance to various environmental stresses (Zhong et al., 2020a).
Plant matter is a source of cellulose and β-1,3-1,4 glucan (Sakellaris et al., 1997).

	Bacteria
	Chelatococcus
	[bookmark: _Hlk104497066]Chelatococcus employs desulfurization through specific cleavage of carbon-sulfur (C-S) bonds (Bordoloi et al., 2016)，degrades PAHs (Avani et al., 2021)， nitrilotriacetate (Margarete and Thomas, 2001), nitrilotriacetic acid (Wilberg et al., 1993), octylphenol polyethoxylates (Yudai et al., 2012)，low-molecular weight polyethylene (Gannes et al., 2013), acesulfame (Huang et al., 2021b)，aminopolycarboxylic acids, poly(3-hydroxybutyrate) (Liu et al., 2013) and crude-oil (Wang et al., 2016)，and produce polyhydroxyalkanoates (Iva et al., 2020) and poly(3-hydroxybutyrate) (Xu et al., 2014).
[bookmark: _Hlk104497020]This genus has the nirK gene(Liu et al., 2021d), is aerobic denitrifier (Liang et al., 2012; Liang and Huang, 2015), employs denitrification for N removal (Yang et al., 2014; Han et al., 2016)，can be as biosorbent for metal removal (Chintalpudi et al., 2021), utilizes the metal-chelating nitrilotriacetate as a sole source of carbon, energy, and nitrogen (Singh, 2011; Thieringer et al., 2021). In addition, Chelatococcus has important role in delignification process(Parmeshwar et al., 2021 ).

	Bacteria
	Christensenellaceae R-7 group
	[bookmark: _Hlk104497992][bookmark: _Hlk104497911]Christensenellaceae R-7 group is ruminal bacteria(Pan et al., 2017; Yan et al., 2018; Bach et al., 2019; Li et al., 2019b; Ma et al., 2020c; Qiu et al., 2020; Yang et al., 2020; Couch et al., 2021; Gui et al., 2021; Huang et al., 2021a; Liu et al., 2021c; Xiang et al., 2021; Zhu et al., 2021; Qiu et al., 2022) and fermentative bacteria (Gao et al., 2022), can degrade complex organics, leaving VFAs (e.g., acetic and butyric acids) (Gao et al., 2022), strongly degrades carbohydrates, amino acids, and carboxylic acids, leaving acetic and butyric acids(Chen et al., 2020), performs propionate and butyrate methanogenic degradation (Cai et al., 2022), and organic matter degradation (Hou et al., 2021).

	Bacteria
	Clostridium sensu stricto 18
	Clostridium sensu stricto 18 is hydrocarbon degrading (Diana et al., 2020) and hydrogen-producing genera (Yang and Wang, 2021).

	Bacteria
	[bookmark: _Hlk104987110]Cohnella
	[bookmark: _Hlk104498425]Cohnella can degrade xylan (Yoon et al., 2007; Hatsumi et al., 2010; Luo et al., 2010; Saowapar et al., 2010a; Saowapar et al., 2010b; Fathallh Eida et al., 2012), cellulose (Saowapar et al., 2012; Adriana et al., 2015; Guadalupe et al., 2019; Li et al., 2020c; Yang et al., 2021b), carboxymethyl cellulose, sawdust (Fathallh Eida et al., 2012), and litter (Xu et al., 2019), can use chitin as the sole carbon source (Nasrin et al., 2016) and fix nitrogen (Wang et al., 2012; Wang et al., 2015a; Marie et al., 2017; Xiao et al., 2019).

	Bacteria
	Dyadobacter
	[bookmark: _Hlk104498716]Dyadobacter can utilize algal-produced isoprenes (Kimbrel et al., 2019), degrade xenobiotic compounds (Reid et al., 2020), methyl red (Wang et al., 2015b), biodegrade xenobiotics (Pia et al., 2005), and utilise organic residue, cellulolytic (Yuwarad and Savitri, 2019). Dyadobacter is essential in partial nitrification (Zhang et al., 2019b), carries nifH gene, increases soil Nitrate N, ammonical N, and plant growth (Saurabh et al., 2018). Dyadobacter may also be involved in disease suppression (Fu et al., 2017).

	Bacteria
	Family XIII AD3011 group
	Family XIII AD3011 group is rumen microbiota (Yu et al., 2020; Park et al., 2021).

	Bacteria
	FukuN18 freshwater group
	[bookmark: _Hlk104499285]This genus is found in pasture soils exposed to urea (urine patches) (Ganasamurthy et al., 2021). Higher abundance of this genus in river ecosystems indicate the degradation status of river ecosystems (Yang et al., 2019b).

	Bacteria
	[bookmark: _Hlk104987146]LD29
	[bookmark: _Hlk104499613]LD29 can utilize carbon sources (cellulose, mannan, xylan, chitin, starch), sulfated polysaccharides (Madhusmita et al., 2020). This genus can be found in gut (Liao et al., 2021), and the abundance of LD29 was higher in high oxygen environments than in low oxygen environments (Zhao et al., 2021b).

	Bacteria
	[bookmark: _Hlk104501419]Limnothrix
	[bookmark: _Hlk104501407]This genus is non-heterocystous filamentous cyanobacteria (Gaget et al., 2017), and can metabolise a wide range of organic substrates such as amino acids, carbohydrates, and carboxylic acids(Dimitra et al., 2021).

	Bacteria
	Luteimonas
	[bookmark: _Hlk104553850]Luteimonas is found in sewage sludges (Lu et al., 2019), crude oil (Onotasamiderhi et al., 2019), waste compost (Li et al., 2020a; Ma et al., 2020a; Wang et al., 2021c), manure (Wang et al., 2015c), chicken litter (Liu et al., 2020b), and rumen (Xiang et al., 2021), has a key role during the composting of humification (Germán et al., 2021), anaerobic digested residue (Wang et al., 2020), manure (Liu et al., 2020a; Zhong et al., 2020b), and the wood (Wang et al., 2021b). This genus can degrade various carbohydrates (Wang et al., 2021b) such as starch(Lee et al., 2010), cellulose (Lin et al., 2020), chitin (Zhou et al., 2021a), lignocellulose (Ma et al., 2020a), aromatic hydrocarbon (Onotasamiderhi et al., 2019), and are capable of mineralizing high molecular weight polycyclic aromatic hydrocarbons such as benzo[a]pyrene and pyrene (Hernando and Chihiro, 2015; Lu et al., 2019; Nagalakshmi et al., 2019; Onotasamiderhi et al., 2019), has catalytic activities related to oxidase, catalase, alkaline phosphatase, esterase, and esterase lipase, and take part in the organic matter biodegradation metabolisms (Guo et al., 2017; Mekdimu et al., 2021). It also degrades bisphenol A(Agnieszka and Magdalena, 2018)， phenanthrene (Elyamine and Hu, 2020)， petroleum hydrocarbon (Eman et al., 2020) and antibiotic sulfamethoxazole (Zheng et al., 2021).
Luteimonas is aerobic and nitrate reducing bacteria (Mekdimu et al., 2021), has ability in denitrifying (David et al., 2018) by reducing nitrite only to nitrous oxide (N2O) (Zhang et al., 2017d).
Luteimonas carries some antibiotic resistance genes (Gou et al., 2021). The dissipation of Luteimonas in the composts contributed greatly to the reduction in relative abundance of antibiotic resistance gene (Liu et al., 2020a; Wang et al., 2021c).
Luteimonas shows a slight inhibition of pathogen growth， as part of healthy microbiome of healthy plants (Kristina et al., 2020). They promotes early plant growth and development, increased the acquisition of nitrogen (N) and phosphorous (P) by plants (Claire, 2019). Luteimonas in soils may be an useful indicator for soil amelioration (Guo et al., 2017).

	Bacteria
	OLB13
	[bookmark: _Hlk104554008]The OLB13 genus harbors genes that encode key enzymes required for respiratory ammonification (Cao et al., 2022), that encoding for key enzymes required for respiratory ammonification, N2O-detoxification and CO2 fixation pathways (Xu et al., 2021), is involved in the nitrification or denitrification process of activated sludge (Han et al., 2020), plays key roles in nitrite accumulation (Zhang et al., 2021a), has anaerobic fermentation function (Zhou et al., 2021b), and degrades sulfamethoxazole (Song et al., 2020).

	Bacteria
	Olivibacter
	[bookmark: _Hlk104554738]Olivibacter can be found in soils, waste (Rubén et al., 2020) and gut (Jing et al., 2020), degrade hydrocarbon (István et al., 2011; Rubén et al., 2020) and polymer (Zhang et al., 2021b), complex and toxic compounds (Tian et al., 2017), is also essential in partial nitrification (Zhang et al., 2019b), enable fixing nitrogen to promote plant growth (He et al., 2022).

	Bacteria
	Prevotellaceae UCG-004
	[bookmark: _Hlk104554971]This genus can be found in rumen (Bach et al., 2019; Li et al., 2019b; Qiu et al., 2020; Ribeiro et al., 2020; Christel et al., 2021; Liu et al., 2021c; Zhu et al., 2021; Qiu et al., 2022) and feces of ruminant (Zhang et al., 2019a; Filippo et al., 2020; Jiang et al., 2022). Prevotellaceae UCG-004 has been positively correlated with carbohydrate metabolism (Gaukroger et al., 2021), utilize starch, protein, peptides, hemicellulose, and pectin, play an important role in protein metabolism(Zhu et al., 2021).

	Bacteria
	Ruminococcaceae UCG-005
	[bookmark: _Hlk104561523]Ruminococcaceae UCG-005 can be found in rumen (Bach et al., 2019; Li et al., 2019b; Ren et al., 2020; Yang et al., 2020; Zhu et al., 2021; Zheng et al., 2022), intestinal microbiome (Couch et al., 2021; Domínguez et al., 2022), feces of ruminant (Ezequias et al., 2020; Hao et al., 2020; Ma et al., 2020b; Dai et al., 2021; Khatoon et al., 2022), and cattle houses (Zhang et al., 2022b). It can produce butyrate (Leonardo et al., 2017), digest fiber, and produce short chain fatty acids by fermenting dietary polysaccharides (Chen et al., 2021).

	Bacteria
	Ruminococcus 1
	[bookmark: _Hlk104576314]This genus is rumen bacteria (Henderson et al., 2019; Zhang et al., 2019c; Qiu et al., 2020; Yang et al., 2020; Zheng et al., 2022), as the chief producers of CAZymes in cattle rumen ecosystem (Jose et al., 2017), and produce several types of and most of cellulases and hemicellulases in rumen (Rabee et al., 2022), produce large amounts of cellulolytic enzymes, including exoglucanases, endoglucanases, glucosidases, hemicellulases (Zhang et al., 2017a). It degrades plant polysaccharides, hemicellulose, pectin, and cellulose present in the plant cell wall, fiber (Kohl et al., 2018), xylan and pectin and utilize degraded soluble sugars as substrates (Zhang et al., 2017a), and it can degrade complex carbohydrates and produce short chain fatty acids (Chen et al., 2021), break down fibrous plant material to generate acetate, formate, succinate, and other short chain fatty acids, degrade synergistic cellulose and hemicellulose (Lu et al., 2021), is also associated with thiamine synthesis (Chuang et al., 2021).
It is cellulose-decomposing bacteria (Zhang et al., 2017b; Ma et al., 2021; Song et al., 2021), lactate utilizing bacteria (Xue et al., 2018), and thiamine-synthesis related bacteria (Xue et al., 2019), can ferment complex nondigestible polysaccharides (Zhang et al., 2022a). It is efficient in the breakdown of cellulose and hemicellulose (Iqbal et al., 2018), is the most important cellulose-degrading bacteria in the intestine and rumen of herbivores (Zhang et al., 2017a). Its increases enhance the fiber degradation and ruminal acetate production (Pan et al., 2017; Pan et al., 2018).

	Bacteria
	[bookmark: _Hlk104577204]Pseudanabaena PCC-7429
	[bookmark: _Hlk104576529]This genus is small filamentous cyanobacterium, which is often an epiphyte of Microcystis colonies (Christopher and Jennifer, 2022) and can be found in microbial mats (Nataliia et al., 2020).

	Bacteria
	RB41
	[bookmark: _Hlk104577235]RB41 is involved in soil C (Zachary, 2020) and N cycling (Xi Zhang et al., 2022), accounts for the majority of soil C flux(Bram et al., 2021), play key role in nitrification and N assimilation (Huang et al., 2021c; Meier et al., 2021), has strong adaptability of RB41 to low nutrition (Alexandria and Rachel, 2019; Siddarthan et al., 2021; Zhao et al., 2021a), play an important role in maintaining the metabolic and biogeochemical function (Lin et al., 2022) of soil under long-term low-nutrient stress conditions(Sun et al., 2020b), substantial potential and application value in environmental pollution remediation (Li et al., 2022a), enhance the biodegradation of polyfluoroalkyl substances (Senevirathna et al., 2022). The relative abundance of genera RB41 has negatively correlated trend with soil pH and positively correlated trend with soil NO3−-N, AP, TN, and TP (Zhao et al., 2020b). RB41 is commonly found in rhizosphere (Huang et al., 2021c), and petroleum contaminated soil (Alexandria and Rachel, 2019). RB41 is the most abundant genera in the healthy soil (Jiao et al., 2022).

	Bacteria
	[bookmark: _Hlk104987293]Rudaea
	[bookmark: _Hlk104577911]Rudaea plays key players in nitrification and N assimilation (Meier et al., 2021), can decompose plant residues, degrade organic matter and conversion of solid organic waste into useable nutrients for plants (Nasser et al., 2020). It is involved in denitrification or the biodegradation of some aromatic compounds, cellulose (Nasser et al., 2020; Zhang et al., 2020a), biphenyl, naphthalene and phenol (Qu et al., 2016; Tang et al., 2017) and antibiotics (Zhao et al., 2020a), is resistant to multiple antibiotics(Zhao et al., 2019) and produce antifungal metabolites (Nasser et al., 2020). Rudaea is a pathogenic species(Li et al., 2021), can be found in the polymer synthesis activated sludge (Federico et al., 2013).

	[bookmark: _Hlk104579238]Bacteria
	Rummeliibacillus
	Rummeliibacillus is facultative anaerobic (Mohapatra and Duc, 2013), is found in organic farming soils (Chou et al., 2017), and composting processes (Robledo et al., 2020). It carries carbohydrate-utilizing genes, genes involved in the breakdown of protein, involved in cellulose metabolism, including endoglucanase, beta-glucanase, beta-glucosidase, and other glycoside hydrolases with known cellulolytic capabilities, involved in glycogen synthesis, including proteins such as glycogen phosphorylase, glycogen branching protein, glycogen biosynthesis protein, and 4-alphaglucan branching enzyme. A variety of glycoside hydrolases with known cellulolytic capabilities (Lee, 2017), a lot of peptidases/proteases and glutamate synthase were identified from a number of different peptidase families including endopeptidases, amino acid-specific proteases, zinc dependent peptidases/protease, and aminopeptidases (Lee, 2017). It hydrolyses starch during the fermentation process (Yang et al., 2019a) and gelatin (Fu et al., 2019), degrades polybrominated diphenyl ethers (Yang et al., 2017) and fiber (Lee, 2017), produces medium-chain carboxylic acid (Sun et al., 2020c), can effectively enhance the utilization efficiency of carbohydrates in both the fallen leaves and the sewage sludge (Yang et al., 2019a). Additionally, it has the ability to antagonise the growth of soilborne plant pathogens Fusarium sambucinum (Mohamed  et al., 2017).

	Fungi
	Candida
	[bookmark: _Hlk104580809]Some studies suggest that fungi from the genus Candida are very important human and animal pathogens, inhibit the activity of antifungal drugs and increase the tolerance or resistance to them as well. many Candida species are resistant to drugs(Karpinski et al., 2021) Other members of this genus, previously believed to carry minimal disease risk, are increasingly recognised as important human pathogens, particularly because of variations in susceptibilities to widely used anti-fungal agents (Simon et al., 2016). However, some studies show that only a few species from the genus candida (near 200 species in this genus) are human opportunistic pathogens, such as candida albicans, Candida parapsilosis (Simon et al., 2016), Candida tropicalis and Candida auris, Candida glabrata (Spampinato and Leonardi, 2013; Colabella et al., 2021; Salomat, 2022),, Candida auris is multidrug-resistant (Spatafora et al., 2017). Candida albicans, Candida tropicalis, Candida parapsilosis and Candida lusitaniae can secrete aspartic proteases (Pichová et al., 2001). For instances, a candida species (a yeast) performs itaconic acid fermentation (Takeshi Tabuchi, 1981). Candida etchellsii can synthesize C6–C8 of acetate esters (Yang et al., 2021a), produce volatile flavor compounds (VFCs) in soy sauce fermentation(Feng et al., 2012; Wah et al., 2013), Candida_xylopsoci is used in fuel ethanol fermentation (Wang et al., 2021a), used for bioethanol production(Eloutassi et al., 2014), Candida xylopsoci is detected in Corn Silages (Bai et al., 2021) and traditional Chinese fermented food (Chen et al., 2016).

	Fungi
	Rhizomucor 
	[bookmark: _Hlk104581633]Rhizomucor is good extracellular β-glucosidase producer (TAKÓ et al., 2010). Rhizomucor miehei in our study contains 110 glycoside hydrolases (GHs), 118 glycosyl transferases (GTs), 2 polysaccharide lyases (PLs), 20 carbohydrate esterases, 155 proteases, 97 Lipases and esterases, 15 cellulases, 16 Chitinases (Zhou et al., 2014). Rhizomucor miehei can produce 3-hydroxy-3-methylglutaryl coenzyme A reductase (Gyöngyi, 2005), highly efficient raw starch hydrolyzing r-Amylase (Georges et al., 2011), glyceraldehyde-3-phosphate dehydrogenase (Mária et al., 2004), aspartic protease (Krisch et al., 2012), lipases (Broadmeadow et al., 1994; Rodrigues and Fernandez-Lafuente, 2010), b-glucosidase (Tako et al., 2010), glyceraldehyde-3-phosphate dehydrogenase (Mária et al., 2004). The Rhizomucor miehei can produce L-asparagine amidohydrolase that catalyses the hydrolysis of L-asparagine to L-aspartic acid and ammonia (Huang et al., 2014), xylanase (Fawzi, 2010), b-1,3-1,4-glucanase(Yang et al., 2015) and utilize various substrates as a single carbon source(MA´RIA et al., 1998). However, the Rhizomucor miehei is an opportunistic pathogen may cause frequently fatal mycotic diseases (Gyöngyi et al., 2004). 

	Fungi
	Rhexocercosporidium
	[bookmark: _Hlk104583810]Rhexocercosporidium is a phytopathogenic fungus commonly found in soils (Douterelo et al., 2016), can cause ginseng rusty root rot (Reeleder, 2007; Guan et al., 2020; Wei et al., 2020), rusted root of Ginseng (Reeleder et al., 2006), such as Rhexocercosporidium panacis (Punja et al., 2013), but some species of Rhexocercosporidium can control the fungal pathogens Fusarium solani (Humberto et al., 2020).

	Fungi
	[bookmark: _Hlk105054425]Podospora
	[bookmark: _Hlk104586433][bookmark: _Hlk105054647][bookmark: _Hlk105054775][bookmark: _Hlk105054846]Podospora species are saprophytic, obligately coprophilous (Chris et al., 2015; Antonelli et al., 2020), cellulose degraders (Yim et al., 2017; Li et al., 2018) inhabiting the dung (Nils et al., 1999; Chris et al., 2015; Francisco et al., 2020; Zhong et al., 2022) of various herbivores (Melo et al., 2015; Zhong et al., 2022) such as rabbits, goats or horses (Mathieu and Sven, 2008) and also isolated as endophytes from trees, grass as well as herbaceous plants and soils (Josphat et al., 2011).It decay recalcitrant lignocellulose with increasing soil nutrient (Tao et al., 2020), degrade recalcitrant fraction of lignocellulose (Eric et al., 2021), degrade plant biomass due to its lignocellolytic enzymes (Yim et al., 2017) , has  high litter decomposition activity, consequently result in an increase of soil fertility (He et al., 2019). It could be served as antifungal agent (Ding et al., 2017; Liu et al., 2021b), contributes to antagonism relationship with pathogenic microorganisms (Yim et al., 2017), has significant effects on controlling soil-borne diseases (Tao et al., 2020), and also enhance root growth (Yim et al., 2017). Therefore, Podospore is most abundant in healthy soils(Xu et al., 2012).

	[bookmark: _Hlk104587430]Fungi
	[bookmark: _Hlk105052441]Symbiotaphrina
	Members of the genus are obligate gut endosymbionts (Rajib et al., 2020), capable of digesting stored-products, like dried plant and woody substrates (Purahong et al., 2017), provide nitrogen and vitamin to their hosts, to degrade the disaccharide cellobiose, and to produce lipase, α- and β-glucosidase, phosphatase and trypsin, helping the host in digesting the food and detoxifying a variety of plant materials (Irene, 2018; Liu et al., 2021a). For example, Symbiotaphrina kochii,  symbiotic yeast-like species, can enzymatically detoxify and utilize mycotoxins as carbon sources (Walter et al., 2021). Symbiotaphrina is a yeast-like genus of endosymbionts that have been reported could provide nitrogen, sterols, vitamins and essential amino acids in insects (Li et al., 2022b), has a symbiotic relationship with host beetles, assisting in the digestion of food by producing enzymes such as lipase, α- and β-glucosidase, phosphatase and trypsin, and detoxifying a variety of plant toxins (e.g. 2-furaldehyde) (Rajib et al., 2020). is a yeast-like genus of endosymbionts of beetles which have been suggested to be implicated in B-vitamin biosynthesis, fatty acid metabolism, and detoxification of noxious plant compounds by insects(Diana et al., 2018). It should be noted that no harmful effect of Symbiotaphrina is reported (Li et al., 2022b).
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