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Abstract: Natural products have been an abundant source of leader compounds for new drugs, but traditional
isolation and analysis technologies to obtain novel natural products cannot satisfy the requirement for drug discovery.
Genomic data have been utilized for identifying potential drug targets, or exploring biosynthesis pathways for natural
products that were neglected before. Genome sequencing has unveiled a plethora of undeveloped chemical diversity in
microorganisms and plants. From genome sequences, a large amount of information is available, from functional
enzymes to conserved patterns/signatures, even potential structures and features that can be interpreted to hunt for new
biocatalysts. With the advent of the genomic era, the computational mining of genomes has become an important part

in the discovery of novel natural products as drug leads. Meanwhile, the development of high-throughput sequencing
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and the establishment of DNA database, genome mining methods and tools have contributed to the discovery and
characterization of these natural products. In spite of the diversity of natural products, the biosynthetic rules and thus
the biosynthetic machineries for many of these compounds are often remarkably conserved, which is highlighted in the
high amino acid sequence similarity of the core biosynthetic enzymes, such as polyketides synthases (PKS), non-
ribosomally peptides synthetases (NRPS), and many others. Besides, most of natural products are considered to be
produced by the host to kill or limit the growth of competitors through the inhibition or inactivation of essential
housekeeping enzymes. Therefore, accumulating knowledge on the self-resistance mechanisms, for instance, mining
for SRE (self-resistance enzyme), have promoted research on natural products. Moreover, a phylogeny-guided mining
approach provides a method to quickly screen a large number of microbial genomes or metagenomes to detect new
biosynthetic gene clusters of interest, and many web tools and databases have been developed and utilized by
researchers to mine for key enzymes. This paper reviews recent advances in the genome mining tools, databases and
approaches, with a focus on the ways of mining biosynthetic gene clusters (BGCs) of natural products, from classical
genome mining to resistance-based and phylogeny-guided mining, and also include a short overview on status and

perspective in the discovery of novel natural products.
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BRI R, B8 XU m I 2 2 55 4 W
ANRRTGIRFE . — AV E BE R 1)
MIBIiG (Minimum Information about a Biosynthetic
Gene cluster) ™ 4l FE s 53 — N4 RAR P29 i itk
# ¥& 17 GNPS (Global Natural Products Social
Molecular Networking) ™' ¥ 4§ J& . Dictionary of
Natural Products A& —/MEFFIRE R, E 2GR R
IRV RIE . W) BRR I S AR B, Hl
Sk T 29 774 H o MarinLit 52— i
FERSR =0 SCHER s e, B9 35 000 M4k
SRR R AL SR e H
FIT W R SR 77 4 e A e 4 D PR BRCHE P . AELAS —
ML, H A b KA SR TR R AR
YIEEE . Scifinder f1 Reaxys. XA P& EHE T
K B R ER =0 STHR B K 22 BUOR SR 7 S oA A= 40
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THECR N AW Rk DR 7 — B A W BB R AT
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WA R R R 12 48 . Andrew W. Truman %5 JF
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M T — AN PR RIPP R e/ (RRE) (1) 88 1 45 VERNREAR B, 33— 0 R0 ik R 40 A vl R AL 2
X3 . RRE SR FHK (leader peptide) FF 57 P45 RRE [FAI B & R R % . Ak, 1A — 2855
G, Ol FMEEBmEAENE T 0K (core (4298 T B A JF & ok, B 1 DeepRiPP ! il
peptide) . Douglas A. Mitchell 55 FF & 1 —Ff 3k K 4H RODEO (Rapid ORF Description and Evaluation
24 1 . H RRE-Finder *”, ‘& M UniProtkKB & H Online) " 5= [R 20 2 4 it 72 vp i FH (0 £ s 2 K )
4 PE i B 25 000 2% =5 AT S BE %) RRE & H 751 wITHNEL

R IR 2 AR B L 2% TR

Tab.1 Database and web tools of genome mining

Hds sl web T A M4 CURL) 225 3Lk
RERF= 1K e
Dictionary of Natural Products(DNP) http://dnp.chemnetbase.com [16]
The Natural Products Atlas https://www.npatlas.org [23]
PubMed https://pubmed.ncbi.nlm.nih.gov/
NPASS http://bidd2.nus.edu.sg/NPASS [21]
StreptomeDB http://132.230.56.4/streptomedb2/ [20]
MarinLit http://pubs.rsc.org/marinlit/
AntiBase https://sciencesolutions.wiley.com
KNApSAcK http://kanaya.naist.jp/KNApSAcK/ [18]
Norine https://bioinfo.lifl.fr/norine/ [19]
MacrolactoneDB https://macrolact.collaborationspharma.com/ [20]
ChEBI http://www.ebi.ac.uk/chebi/ [60]
ChEMBI https://www.ebi.ac.uk/chembl/ [61]
ChemSpider http://www.chemspider.com/ [62]
COCONUT https://doi.org/10.5281/zenod [15]
Ay Rk PR 7 B
ClusterMine360 http://www.clustermine360.ca/ [27]
DoBISCUIT http://www.bio.nite.go.jp/pks/ [28]
MIBiG https://mibig.secondarymetabolites.org/ [24]
IMG-ABC https://img.jgi.doe.gov/cgi-bin/abc/main.cgi [29]
antiSMASH Database https://antismash.secondarymetabolites.org/ [30]
ClustScan Database http://csdb.bioserv.pbf.hr/csdb/ [45]
BiG-FAM https://bigfam.bioinformatics.nl/ [63]
UniProtKB https://www.uniprot.org/ [36]
Pfam http://pfam.xfam.org/ [40]
InterPro http://www.ebi.ac.uk/interpro/ [39]
WU A Pk D A G 1 2% TR
BLAST https://blast.ncbi.nlm.nih.gov/Blast.cgi [42]
HMMer http://hmmer.org/ [43]
ClustScan http://bioserv.pbf.hr/cms/ [31]
np.searcher http://dna.sherman.lsi.umich.edu/ [47]
SMURF http://jevi.org/smurf/index.php [48]
antiSMASH http://antismash.secondarymetabolites.org [49-50]
ClusterFinder https://github.com/petercim/ClusterFinder [53]
RODEO http://rodeo.scs.illinois.edu/ [59]
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HR KB R B KK & BE 2 XK
B BEAE UUEREE DRLBOE BRI R SR Ik
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RSERIR

it 7K 2 5 R A2 =F B Tk IR RO At K S R R = ) S
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Jid 7K 0 25 T 3 o AH [ F Ak 2= AL 51N 17 LanB
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TglA B3R £ i - B 2 BE A, FERT AR IR B 523l — 4y
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Fig. 4 Diversity of chemical structures developed by the catalysis of rSAM enzymes
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Fig. 5 Self-resistance mechanism of the host ™"’
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