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The safety analysis on mycotoxins of Rhizopus chinensis
based on whole genomic sequences
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Food Science and Technology, Laboratory of Brewing Microbiology and Applied Enzymology,
School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] Based on the bioinformations of the whole genomic sequences, we as-

sessed biosynthetic pathway of mycotoxins and antibiotics in Rhizopus chinensis
CCTCCM201021, an important fungus isolated from Daqu, a leaven used in the production of
traditional Chinese liquor. [Methods] The sequencing was done using Solexa sequencing
technology. The genome was assembled by using SOAP de novo software. Key synthetic
pathways and genes of rhizoxin and rhizonin, as well as mycotoxins metabolism were ana-
lyzed, including PKS, NRPS and PKS-NRPS hybrid metabolic pathways, terpenoid metabo-
lism and other metabolic pathways. [Results] The genome of R. chinensis has a total size of
45.70 Mb and a GC content of 36.99%. Compared with the genomes of the Zygomycetes, the
sequence similarity is low, whereas the similarity of the homologous gene is about 60%. The
genome differences between Rhizopus and the fungi belonging to the Zygomycete class were
significant. By the analysis of typical mycotoxins synthesis pathways and genes based on the
genome data, a few polyketide biosynthetic pathway metabolism and terpenoid metabolism
genes were found in R. chinensis, but there were great quantity genes of xenobiotics biodeg-
radation pathways. [Conclusion] R. chinensis cannot produce mycotoxins, and its products are

generally considered as safe.
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Table 1 Basic information of the assembled genomes of Rhizopus chinensis and other
fungi belonging to the Zygomycete class

ik FEF AR GC &H  HARMIERE () BLRR [ A A
Strain Genome size GC content Protein-coding Query cov- Homology
(Mb) (%) genes erage (%) gene (%)
Phycomyces blakesleeanus NRRL1555 55.86 32.61 16 528 9.09 57.79
Mucor circinelloides CBS 277.49 36.58 42.17 11 719 3.01 65.87
Rhizopus oryzae RA 99-880 46.09 35.60 17 459 11.04 64.68
Rhizopus chinensis CCTCCM201021 45.70 36.99 17 676 = =

7 Query coverage: Query EMREE T F HYF-1478 75 2K ; Homology gene: Query fEMRFE 4TS HEIK, Coverage >60% 3L K FT (5 Eb .
Note: Query coverage: The sequence coverage by querying the sequence of R. chinensis; Homology gene: The percentage of homol-
ogy gene by querying the genes of R. chinensis and coverage >60%.
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Fig.1 Molecular phylogenetic tree of fungi ¢

1 e: Rhizopus chinensis WFRA Rhizopus microsporus var. m
GenBank &35

Note: ®: Rhizopus chinensis also named Rhizopus microsporus

Malacoceros fuliginosus haplotype Mf 2 (EF431982)

B3 MEGAN-J EMEMER D FREAX B R

onstructed by Neighbore-Joining method of MEGA
icrosporus; o: G RN ERA TR BG4S N RTH

var. microsporus; o: The genome of fungi belonging to the Zygomy-

cete class that sequenced and assembled. The serial numbers in the brackets are gene sequence accession numbers in GenBank.
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Function class
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A: RNA processing and modification

B: Chromatin structure and dynamics

C: Energy production and conversion

D: Cell cycle control, cell division, chromosome partitioning
E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism

H: Coenzyme transport and metabolism

I: Lipid transport and metabolism

J: Translation, ribosomal structure and biogenesis

K: Transcription

L: Replication, recombination and repair

M: Cell wall/membrane/envelope biogenesis

N: Cell motility

O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism

Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only

S: Function unknown

T: Signal transduction mechanisms

U: Intracellular trafficking, secretion, and vesicular transport
V: Defense mechanisms

Y: Nuclear structure

Z: Cytoskeleton

LIREFNERE COGs g2

Fig. 2 COGs functional classification of Rhizopus chinensis
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Table 2 The comparison of typical mycotoxins synthesis pathways and genes with the genome of Rhizopus chinensis

R R NN The number  Rhizopus chinensis
HHHER ;i%iéﬁ(ﬁ&di%) K?e%’[f ,El bﬁ]fl/ht: KHEFEN Thef number of key bio- genome
. elated microorgan- ey biosynthetic of genes . L ik
Mycotoxin ism il Key genes involved in syn}tlhetlc RROEE e 2t
biosynthesis  PAIWaY  BLAST  Annota-
genes result  tion result
Rhizopus
Rhizonin (Burkholderia NRPS KA KA AR = 2
endofungorum)
Aflatoxin Aspergillus flavus PKS aflC/pksA/pksL1 30 32 = 0
Sterigmatocystin - Aspergillus nidulans  PKS stcA/pks® 24 27 = 0
Fumonisin Fusarium spp. PKS FUMI 16 PNl - 0
Versicolorin A Aspergillus flavus PKS aflC/pksA/pksL1 14 32 - 0
Citrinin Monascus purpureus PKS pksCT 6 PNl - 0
Rhizopus PKS rhiC-rhiJ 7 = 0
Rhizoxin (Burkholderia Hybrid 9
ybri . .
rhizoxinica) PKS-NRPS rhid, rhiB 2 - 0
Cyelopbromts Aspergillus oryzae et ks-nrps/cpad 7 2 - 0
acid prE e PKS-NRPS LR
Trichothecenes  Fusarium spp. Terpe?nmd Me- Tir5, Tril-Tril 6 16 AR - 28
tabolism
. . . Meroterpenoids  ausA, .
Austinol Aspergillus nidulans (PKS-Tetpencid)  ausBoausN 14 27+18 0+28
. . . Meroterpenoids  ausA, _
Dehydroaustinol  Aspergillus nidulans (PKS-Terpenoid) _ausB-ausN 14 27+18 0+28

TE: W RN 2 R R S5 U T B DG G TR PR I L 2 3R OGS R AR 7 2 ORI W E T
PR TERIE IR O 45 2R: AR L A 20 5 1% LR 3 3R OC B UR AR hBE R Y LU XS 25 SR (= FRom R A VL), TERRAE R
AR R A TE R AT BBV B L R R O B R R 1 BE R L
Note: The number of genes involved in biosynthesis: The number of genes involved in the whole patway of mycotoxin biosynthesis;
The number of key biosynthetic pathway genes: The number of annotated genes belonging to the key biosynthetic pathway of my-

cotoxin in the related microorganism; BLAST result: The result of BLAST searching against the key biosynthetic pathway genes (

«_9

no hit); Annotation result: The number of the key biosynthetic pathway genes in the genome annotation of R. chinensis.

AR FIRE S GC & &8 KR EdE 77
AEER, PR EE T R B oA 8
3 TSR R, Rl GC & & w8
Xy 4 585y, S ATE AL B, C. D4 MK,
Hh T34 3 A, X S5TETCIS Jn SR M4
BED A PRl &5 RO A —2, R AT EfF
b3 PRI A e 58k o 220 o0 A, A XA s 32
TR RN DHERE, &5 95%LI 1. B X
B B EAEHEN T BEA R, chinenisis W A
PR R R PP ASd e . C XA GC & R,

il eSe i TR L A el HAB GC %
S N AR AR A AT S 12 Y

ZE WL, 7F R chinenisis &R0 EE 73 A1
H, ATREAE R HAL B W SR A . iR — 2P L
R. oryzae FENHBAE NS IR, R4 00 K 735
5 Burkholderia rhizoxinica . B. multivorans .
B. pseudomallei \B. vietnamiensis | B. cenocepacia
5 /I~ Burkholderia 7 (NCBI)4: 3 206475 Hb 4
Mro 259FFE R. chinenisis F11 R. oryzae "B H.
AR SARFAUBEE P51 . el AR e
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Fig. 3 Correlation analysis between sequencing depth
and GC content of Rhizopus chinensis assembly data
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71 Metabolism of terpenoids and polyketides

r~71 Biosynthesis of other secondary metabolites
£ Metabolism/xenobiotics biodegradation
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Gene annotation of part of the secondary metabolic pathway

BE 2R, Q0BA % 76 B M % 75 3R (Trichothecenes)
%o WRBHRFELREWM Fusarium . Stachybotrys
Fl Myrothecium 55 J& BLIR P = . H AT HE 1Y
SRR R T A T 200 Bl XS HE R
G R E G 2R A A AR A BT R
BT, & e H AR LE R Trichodiene J7,
2% —E C15 4l (53R P450 S4B Al
& Tt 5 7 Tl 45 TS T B A G ] 455 FN e iz R
AT A P

WX R, chinenisis & 4H IR AT 43
KEGG {ERGURIE T M (8 4), ZHIHE T RA
EZRYIBE RE T . XIS YA R 53
M Bl SEm g B A e 28 A & AR h 3t
TEREEIEE 168 4>, HPhd BRI b a9
FEfAYSEIN 123 A, TTEIZSEY BTG s e hiE
RS EL AR B, AR 36 4, HAMGTE
AR, (TERS ) BB SRS A8 ) LA
R IR 5 1 A2 v 3 RS B AR X 58 8 ) AR il i
BIEM, 28 ~(F 2).

A: Terpenoid backbone biosynthesis;

B: Geraniol degradation

C: Limonene and pinene degradation

D: Butirosin and neomycin biosynthesis

E: Phenylpropanoid biosynthesis

F: Streptomycin biosynthesis

G: Stilbenoid, diarylheptanoid and gingerol biosynthesis
H: Tropane, piperidine and pyridine alkaloid biosynthesis
I: Aminobenzoate degradation

J: Styrene degradation

K: Caprolactam degradation

L: Benzoate degradation

M: Toluene degradation

N: Chloroalkane and chloroalkene degradation

O: Ethylbenzene degradation

P: Drug metabolism - cytochrome P450

Q: Drug metabolism - other enzymes

R: Metabolism of xenobiotics by cytochrome P450

S: Bisphenol degradation

Y: Naphthalene degradation

U: Polycyclic aromatic hydrocarbon degradation

V: Chlorocyclohexane and chlorobenzene degradation

4 FERFRHIZRZF KEGG FUEIRERLKCEIREEE>10)
Fig. 4 The mainly secondary metabolic pathways in KEGG annotated results
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