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Abstract: Rhizosphere is a dynamic interface where soil, plant roots and microorganisms exchange substances.
Rhizospheric actinomycetes are an important component of root actinomycetes and one of the main sources of bioactive
substances. In this study, five different rhizospheric soil samples of a mangrove plant, Acanthus ilicifolius, were col-
lected from the Dongzhaigang Mangrove Nature Reserve of Hainan province. A combination of high-throughput se-
quencing and traditional pure culture strategies were used to explore the diversity of the rhizospheric actinomycetes of A.
ilicifolius and the potential to produce bioactive substances in the samples. The V3 to V4 regions of 16SrRNA gene in
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the rhizospheric samples of A. ilicifolius were sequenced and analyzed by Illumina Novaseq 6000 sequencing platform.
A total of 32 phyla (including 25 effectively identified phyla) were annotated, of which Proteobacteria is the dominant
phyla. a-diversity analysis showed that the rhizospheric bacterial community of A. ilicifolius was very abundant. The
microbial communities of actinomycetes were analyzed, and 33 validated genera, four tentative genera and 28 uncul-
tured new genera were noted. KEGG functional prediction analysis in different levels showed that rhizospheric actino-
mycetes were mainly involved in the biosynthesis of secondary metabolites including various antibiotics. Meanwhile,
actinomycetes were isolated by the traditional pure culture method. After isolation, purification, morphological charac-
teristics grouping and rearrangement, the diversity of actinomycetes of mangrove A. ilicifolius was analyzed by PCR
amplification, sequencing and comparison of 16S rRNA gene sequences. The antimicrobial activity was screened by the
agar diffusion method. PCR-based gene screening technology was used to detect the possible antibiotic biosynthesis
genes of the representative strains of PKS-I, PKS-II and NRPS. A total of 33 representative strains of rhizospheric ac-
tinomycetes were obtained from four genera, of which Streptomyces was the dominant genus, and 2 genera could not be
detected by high-throughput sequencing method. The positive rates of NRPS and PKS-II genes of the representative
strains were very high (more than 90%). 24.24% of rhizospheric actinomycetes had the activity against at least one or
more indicator microorgnisms. In this study, high-throughput sequencing and traditional pure culture methods were used
to show that rhizospheric actinomycetes of a mangrove plant A. ilicifolius from Dongzhaigang had a very rich actino-
mycetic diversity. The rhizospheric actinomyces of A. ilicifolius has good potential to synthesize secondary metabolites,
which could provide rich microbial resources for the screening of bioactive compounds, and also provide an important
basis for the development of subsequent new drugs.

Keywords: Acanthus ilicifolius; rhizosphere; actinomycetic diversity; high-throughput sequencing; pure culture
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Tab. 1 Primers used in screening of genes associated with
compound synthesis
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M6R  CGCAGGTTSCSGTACCAG

PKSHI 600 KSa TSGCSTGCTTGGAYGCSATC
KSBp TGGAANCCGCCGAABCCTCT

NRPS 900 A3F  GCSTACSYSATSTACACSTCSGG

A7R  SASGTCVCCSGTSCGGTAS
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Fig. 1 Multi-samples shannon curves of 16SrRNA se-
quences in the rhizosphere compartments of mangrove plant
A. ilicifolius
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Tab. 2 Quality statistics of 16SrRNA gene amplicon sequencing and bacterial community a-diversity characteristics

o) Jilf reads TFAb ¥ reads A5 reads AKX tags BT

ACE #5%t Chaol %% Simpson %% Shannon 5%t 7 35K

No. Raw Clean Effective Taxon OTUs ACE Chaol Si'mpson Shannon Coverage

reads reads reads tags index index index index /%
AIS1 79 993 79 707 78 529 50508 1926 2078.273  2125.8408 0.9966 9.5183 109.0890
AIS2 79 768 79 471 77 898 53761 1870 2016.6766  2064.4194 0.9916 9.0440 107.1289
AIS3 80202 79 893 78 849 55082 1798 1973.9867  2008.4375 0.9961 9.2470 103.7873
AlS4 80 648 80 360 78 717 55643 1780 1991.7253  2021.4176 0.9969 9.2783 102.0523
AIS5 80 004 79 724 78 134 49216 1719 1919.9009  1938.7927 0.9963 9.2555 100.2765
Total 400615 399 155 392 127 263 704 2273
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Fig. 2 Relative abundances of the actinobacteria

in the rhizosphere of mangrove A. ilicifolius at
the level of genus
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Tab. 3 Taxonomic identification, number of isolates recovered from different media and different pretreatment

b o s e s . i b
o RO Tl et remamenn
Strains No. Closest related type strain 1% isolates Al MG ISP2 GAHV a b ¢ d
062416 Streptomyces lannensis TA4-8 100.00 4 0 0 2 2 0 2 1 0 1
062501  Streptomyces sundarbansensis MS1/7 99.86 2 1 0 0 0O 1 0 1 1 0
061403 Streptomyces aldersoniae NRRL 18513 99.79 1 0 0 0 1 0 1 0 0 O
064303  Streptomyces prasinosporus NRRL B-12431 98.77 1 0 0 1 0 0 0 0 0 1
063301 Streptomyces cinereoruber subsp. cinereoruber NBRC 12756 99.78 1 0 0 1 0O 0 0 0 1 O
064302 Streptomyces neopeptinius KNF 2047 99.07 3 0 0 2 o 1 0 1 0 2
064203  Streptomyces cellostaticus DSM 40189 99.28 1 0 0 1 0O 0 0 0 O 1
062406  Streptomyces fradiae DSM 40063 99.86 1 0 0 0 1 0 0 1 0 O
062407  Streptomyces shenzhenensis subsp. oryzicola W18L9 99.64 1 0 0 0 1 0 0 1 0 O
064305 Streptomyces gramineus JR-43 100.00 1 0 0 1 o 0 0 0 o0 1
062409 Streptomyces jivjiangensis JXJ 0074 98.92 1 0 0 0 1 0 0 1 0 O
062120 Streptomyces rameus LMG 20326 98.55 1 1 0 0 0o 0 0 1 0 O
061302 Streptomyces nigra 452 99.78 1 0 0 1 0 0 1 0 0 O
063201 Streptomyces sasae JR-39 98.98 1 0 1 0 0o 0 0 0 1 0
061104 Streptomyces bingchenggensis BCW-1 99.78 1 1 0 0 0 0 1 0 0 O
062305  Streptomyces hygroscopicus subsp. hygroscopicusNBRC 13472 99.72 1 0 0 1 0 0 0 1 0 O
062408 Streptomyces griseoincarnatus LMG 19316 99.71 2 0 0 1 1 0 0 1 0 1
061501 Streptomyces albiflavescens n20 99.86 1 0 0 0 0O 1 1 0 0 O
063408 Streptomyces pratensis ch24 100.00 1 0 0 0 1 0 0 0 1 O
062119  Streptomyces fodineus TW1S1 99.42 1 1 0 0 0 0 0 1 0 O
062304 Streptomyces spiralisNBRC 14215 99.36 1 0 0 1 0o 0 0 1 0 O
062412  Streptomyces humi MUSC 119 99.35 1 0 0 0 1 0 0 1 0 O
064311 Streptomyces capoamus JCM 4734 99.35 1 0 0 1 0o 0 0 0 0 1
064501 Streptomyces spinoverrucosus NBRC 14228 99.19 1 0 0 0 0o 1 0 0 0 1
063410 Streptomyces althioticus NRRL B-3981 99.86 1 0 0 0 1 0 0 0 1 O
064312 Streptomyces malaysiense MUSC 136 99.64 1 0 0 1 o 0 0 0 o0 1
063302  Streptomyces xiamenensis MCCC 1A01550 99.64 1 0 0 1 0o 0 0 0 1 0
063407 Streptomyces olivaceus NRRL B-3009 99.93 1 0 0 0 1 0 0 0 1 O
062202  Streptomyces murinus NBRC 12799 100.00 1 0 1 0 0o 0 0 1 0 O
064103 Rhodococcus soli DSD51W 99.28 2 1 0 0 1 0 0 0 1 1
062110 Rhodococcus electrodiphilus JC435 99.93 1 1 0 0 0O 0 0 1 0 O
062115  Actinomadura mexicana A290 99.49 1 1 0 0 0o 0 0 1 0 O
064308 Kitasatospora arboriphila HKI 0189 99.56 1 0 0 1 0 0 0 0 0 1
Total 41 7 2 16 12 4 6 16 8 12

F: a fRFERHWIAHRRATL; b RBTFT LRI RRAT L, o BB LTS, dRETLBTE; o RERF KR LI HL
BT VRS B (0 T bR A R

Note: a is for the dilution plate technique with pretreatment at 55 ‘C in a waterbath for 20 min of wet soil samples; b is for the dilution plate
technique with pretreatment at 55 °C in a waterbath for 20 min of dry soil samples; c is for the plate stamping technique of wet soil samples; d is for
the plate stamping technique of dry soil samples; n is for the number of isolates recovered from different media or different pretreatment.
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