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Whole Genome Sequencing Analysis and Function Mining of
Ruminiclostridium papyrosolvens DSM2782
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Abstract: Ruminiclostridium papyrosolvens (R. papyrosolvens) DSM2782 is the most evolved cellulose-degrading clostridia among
the mesophilic cellulolytic anaerobic bacteria, however, the lack of genomic information will affect further experimental research. In
order to effectively explore the biological functions and the potential to synthesize active secondary metabolites of R. papyrosolvens
DSM2782, the whole genome of R. papyrosolvens DSM2782 was sequenced and analyzed by combination of the second-generation
[llumina and the third-generation PacBio sequencing platform, and comparative genomic analysis was performed with the same type
of mesophilic cellulolytic clostridium. Finally, the fermentation broth was subjected to liquid chromatography—mass spectrometry
(LC-MS) non-targeted metabolic detection. The results showed that the complete genome of R. papyrosolvens DSM2782 is a single
circular 5 027 861-bp chromosome with 37.1% GC content. The genome sequence was submitted to National Center for Biotechnol-
ogy Information (NCBI) to obtain the GenBank accession number CP119677.1. In total, 4 274 protein-coding genes, 4 ncRNA, 24
rRNA, and 62 tRNA were annotated by prokaryotic genome annotation pipeline (PGAP). Furthermore, to further analyze the func-
tion of R. papyrosolvens DSM2782 genome, the whole genome sequence was gene-annotated using Cluster of Orthologous Group
(COG), Gene Ontology (GO), and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases, and 3 503, 1 301, and 2 009 cod-
ing genes were annotated, respectively, 231 different carbohydrate-active hydrolases were detected in R. papyrosolvens DSM2782
using the dbCAN3 database. Compared with other clostridia genomes by ANI, the results showed that R. papyrosolvens DSM2782
shared high homology with R. sp. BNL1100, R. cellulolyticum H10, and R. papyrosolvens C7. At the same time, collinearity analysis
showed that the sequences of most regions between R. papyrosolvens DSM2782 and R. papyrosolvens C7 were highly homologous.
Moreover, the biosynthetic gene prediction software antiSMASH was used to predict the presence of 23 biosynthetic gene clusters in
the genome of R. papyrosolvens DSM2782. Through non-targeted metabolism analysis in different carbon sources, it was found that
R. papyrosolvens DSM2782 may produce substance such as 4-Hydroxybenzoic acid, propylparaben, butyric acid, Ectoine, norhar-
man, and 3,4-Dihydroxyphenylalanine, which also indicates that R. papyrosolvens DSM2782 can produce active secondary metabo-
lism. The whole gene sequencing and metabolomics results of R. papyrosolvens DSM2782 showed that it has the function of degrad-
ing lignocellulose and also produce a variety of active secondary metabolites. This research provides genomic information and gene
resources for the subsequent in-depth development of the biocatalytic functions of R. papyrosolvens DSM2782.

Key words: Ruminiclostridium papyrosolvens; whole genome sequencing; CAZymes; biosynthetic gene cluster
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Table 1 The assembled information of the genome
of R. papyrosolvens DSM2782

Sequence platform Illumina NovaSeq

Total reads number 6893 190
Total sequence length/bp 1033978 500
N rate/ % 0.0034
GC Content/ % 37.16
Q20 rate/ % 97.59
Q30 rate/ % 92.73
Average reads number 150
Sequence platform PacBio Sequel
Total reads number 196 472

Total sequence length/bp 1947 591 954

N20/bp 13919
N20 number 21515
N50/bp 10 890
N50 number 69 392
N90/bp 7187
N90 number 155010
N number 0
N rate/ % 0
GC Content/ % 38.42
High quantity reads number 6841 542
High quantity sequence length/bp 1016 433 614
GC _Content 37.2
Q20 rate/ % 97.97
Q30 rate/ % 93.27
Total length/bp 5027 861
GC Content/ % 37.1
ORF number 4274
ncRNA number 4
rRNA number 24
tRNA number 62
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F BRI, 4y B 57 .50 4, K R, papy-
rosolvens DSM2782 1 B 1) 5 22 4 LA K fi AL 35 4
ZHAE . AT S P A 346 A [N T B
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K REME LBk K AL & W B i 18 e LA S A W 5
1 AH S il 2R K% . 45 R R BITE R papyrosolvens
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M RNA processing and modification Energy production and conversion
[¥ Chromatin structure and dynamics I Carbohydrate transport and metabolism
[¥ Translation, ribosomal structure and biogenesis I Amino acid transport and metabolism
[ Transcription I Nucleotide transport and metabolism
M Replication, recombination and repair M Coenzyme transport and metabolism
Cell cycle control, cell division, chromosome partitioning M Lipid transport and metabolism
Posttranslational modification, protein turnover, chaperones M Secondary metabolites biosynthesis, transport and catabolism
M Cell wall/membrane/envelope biogenesis General function prediction only
M Cell motility M Function unknown
Inorganic ion transport and biogenesis H CDS
[ Signal transduction mechanisms M tRNA
Intracellular trafficking, secretion, and vesicular transport Il rRNA
[7l Defense mechanisms M Other
Extracellular structures H GC content
¥ Nuclear structure M GC skew+
Cytoskeleton M GC skew-

1 R. papyrosolvens DSM2782 3 [H 41 &l [4]
MPIEISL, 55— R IEF ALK 5 55 R GC Skew; 55 =BT GC & it S5 U AN LA CDS BTJ&E T COG
Or8 H LR S BEIRR CDS (RNA B rRNA 7L 4 11907
Fig. 1 Genome circle map of the R. papyrosolvens DSM2782
From the inside to the outside of the genomic map image, the first circle represents genome size; The second circle represents GC Skew;
The third circle represents the GC content; The fourth and seventh circles represent the COG classification of the CDS; The fifth and sixth
circles represent the positions of CDS, tRNAs and rRNAs.
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Fig.2 Functional classification of COG of the R. papyrosol-
vens DSM2782
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Table 2 Prediction of gene clusters of the R. papyrosolvens DSM2782 for synthesis of secondary metabolites
Region ID Type Gene Start Gene End Most similar known Similarity/ %
cluster
1.1 betalactone P0092 _RS00595 P0092_RS00680 — —
1.2 ranthipeptide P0092_RS01875 P0092_RS01970 — —
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1.21 T1PKS, transAT-PKS-like P0092 RS20100 P0092_RS20275 — —
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1.23 cyclic-lactone—autoinducer P0092 RS21785 P0092 RS21860 — —
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