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ABSTRACT. Large patch, caused by Rhizoctonia solani AG2-2 1V, is a soil-born disease that is the most important of warm sea-
son turfgrass such as zoysia and Bermuda grass. This study was conducted to analysis of the soil microbial community structure on
large patch. Center of the large patch (CLC), edge (CLE) and healthy (CLH) part of microbial communities were examined using
metagenomics in Phylum level. Distribution trends of the rhizosphere microorganisms were similar to the order Proteobacteria,
Acidobacteria, Chloroflexi, Firmicutes, Planctomycetes, Gemmatimonadetes, Nitrospira, Cyanobactria and Verrucomicrobia in
soil collections. Contrastively Actinobacteria was more 56% abundant in healthy part soil (16%) than in the center (9.28%) or edge
(10.84%) parts. Taxonomic distributions were compared among the CLC, CLE and CLH, total 6,948 OTUs were detected in the
CLC, 6,505 OTUs for the CLE and 5,537 OTUs were detected in the CLE. Distributions of Actinobacteria OTUs were appeared
615 OTUs in the CLC, 709 OTUs in the CLE and 891 OTUs in the CLH. Among Actinobacteria, 382 OTUs were overlapped in
the all soils. Not matched OTUs of CLH (286 OTUs) was detected 23 times higher than CLC (91 OTUs) and CLE (126 OTUs).
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Fig. 1. Symptom of a typical large patch and representative
collection points of rhizosphere soils for DNA extraction on
September. A: Center of large patch (CLC); B: edge of large
patch (CLE); C: Health plant (CLH).

2P} ASHE wirele] wel £9F DNAS #3519t
19 Eoko 2B E] Halg] DNAL 16S rRNA 94442 VI-
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Fig. 2. Composition of microbial communities in the
rhizosphere on September. A: center of the large patch (CLC);
B: edge of the large patch (CLE); C: Healthy (CLH).

4143} Proteobacteria (37.30%)2} Acidobacteria (26.25%)7} =
AR Azhel o] WRES AAsHom theow
Actinobacteria  (10.84%), Chloroflexi (7.46%), Firmicutes
(3.8%), Planctomycetes (1.96%), Gemmatimonadetes(1.45%)2}
Nitrospirae (1.12%) <= 2 LE}FGTH(Fig. 2B). %15 (CLH)
9] A3} Proteobacteria®l Acidobacteria’} 2+2+ 31.85 <}
2056%z 4130} 7Rl B2 Avbwct oha v
Al Ve, Actinobacteria®] 7 SA]K oA 9.28%=
7HE AR o A 10.84% Q1H| H]BFo] AR o A= 16%=
S6% A% Ho ulgE EEehs Aur} Uept o
2 Chloroflexi (7.49%), Firmicutes (6.0%), Planctomycetes
(2.39%), Gemmatimonadetes (1.26%)%} Nitrospirae (0.52%)
%08 Bsl9rh(Fig. 20).
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Fig. 3. Composition of rhizosphere microorganisms among the
center (CLC), edge (CLE) and healthy part (CLH) of the large
patch on September. A: total microorganisms; B: Proteobacteria; C:
Acidobacteria; D: Actinobacteria; E: Chloroflexi; F: Firmicutes; G:
Planctomycetes; H: Gemmatimonadetes; I: Nitrospira; J:
Cyanobactria; K: Verrucomicrobia; L: Bacteroidetes. The Venn
diagram of represents overlap OTUs frequency among the samples.
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Fig. 4. Clustering analysis of the rhizosphere microorganisms
among the center (CLC), edge (CLE) and healthy (CLH) of the
large patch on September. A: Proteobacteria; B: Acidobacteria;
C: Actinobacteria; D: Chloroflexi; E: Firmicutes; F:
Planctomycetes; G: Gemmatimonadetes; H: Nitrospira; J:
Cyanobactria; J: Verrucomicrobia; K: Bacteroidetes; L: total
microorganisms.

= B FEEE Z0] 222 OTUs= UEhyten 7HgAte]
oA A FRER e Aol 143 OTUsR 714 %A 1
E}tth(Fig. 3E). Firmicutes®] o= A2 FEEZ] ¢
L= OTUS7} F419} 7Pgiel et Aol 20 7
Ul TH(Fig. 3F). Planctomycetesse 255 SE5 &= Fo] 73
OTUSZ Uehdal A2 FREA) o 2e F4, 7173
ze| o} AR KA zHzE 26, 331} 38 OTUsZ H|S=3}1A
UERAtH(Fig. 3G). Gemmatimonadetes?} Nitrospirae®] 2.5 5+
BE|L OTUsE 27} 429} 26 OTUs2 Ujefiton] 3257
O A1 FA1%, 7FgA}ele} 7AH014] Gemmatimonadetes
O A= 44, 163} 2182 RO Nitrospirael= 18, 237} 12
UEGTt}H(Fig. 3H and I). 3}A]F Actinobacteriaof| A YeRt 2
e} Zo| HH R FolshA B #xE UstliAl= &
Sttt YHA] Cyanobacteria, Verrucomicrobia®} Bacteroidetes®]
FTEEE AN FEEA o= OTUsY| SolARES gle A
o 2 YePrh(Fig. 3), K and L).

ZPmHe] S41R(CLO), 7P (CLERE A (CLH)
<A B4 vAES Phylum 204 OTUs AR E ©]
o] FHEA L ANFAT §AHEL SIMPROF (p <
0092 SAHOR Folst 428 sjEoR FREI §
AES BHG AT BE FAR(CLO 7P (CLE)=
AAR(CLE fol4 A o7t U Aoz e
(Fig. 4A~]). Planctomycetes, Cyanobactria?} Bacteroidetes:=
7P&AF] (CLE)2} A F(CLH)7F S4F-(CLO)2}F 79/
LEH QlEh(Fig. 4E T and K). & 2ol A #2437 OTUs
Armo] gt HatA Ak S4F(CLO)C 7HE A
(CLE)= ARAF(CLH)9} -2 5o Uepstith(Fig. 4L). 114
39} o] WHEAAL WE Spo] EefnliEale Aol
PPk Ao B ARt et 2o Actinobacteria
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UHom ARG FAHOR ARSI OB R0l
U8 el AZe] 2NN wass ol wat
22,5007H4] AJr o] AEehd EdE2o] Qlokal Hilk o]
Qlth(Berdy, 2005). ActinobacteriaZ; Allato] AAsH= o]}
AbchE S ookt == Zhgo] E=t| A, 3 Hlol
A, At A, Alz2A] el Ao du = 2olal Q)
C}(Sanglier, 1993). QA 2= At WU Pythium
spp.. Phytophthora spp., Rhizoctonia solani, Alternaria
brassicola®} Botrytis sp.o| Tt ®Ao] ]85}l ItH(Cao,
2004). E3F A ol et A=A WAIE It A
2 A3A8-S 7HX]= thoFet Mlat-S Rhizoctonia solani2|
dAPAS o AsE AurE Q1o w(Song et al, 2012),
Streptomyces albidoflavus7} Rhizoctonia solani & <} #|3}7]
et 24 A 27 gt A7 dek(Islam et al., 2009).
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HEE o] FHF(CLO)2} 7HdA2] (CLE), 14 F-(CLH)%A]
A3 et ZAF Bk n|AyE % (bacterial composition)S-
Metagenomics H|O]E] £4] 02 Phylum =20l A 2ASH A
I w A=A

Firmicutes, Planctomycetes, Gemmatimonadetes, Nitrospira,

>~

Proteobacteria, Acidobacteria, Chloroflexi,

Cyanobactria, Verrucomicrobia, Bacteroidetes 52 <02 &
3 RS wE AR YERGTE o]0 vl Actinobacteria
o] 75 SOl A 9.28%, 7RO A 10.84%=2 A5
oM 16%0l Blatel 5~6% Y EE W& BEIE
A7} el Phylum $=3ollA S5E= njdE9] &



128 opgE - B - WS - A

A
Eaid

1 g - A - e

i

2 HAK O R FAHAAE F 6948 OTUs
bRzalgon sgateier ARBOIAL 212 65059}
5,537 OTUs 23 3l= A S 2 ey Actinobacteria2)
A9 F430] £ OTUs 6159o0] 71gelef AR
= 7092} 891 OTUsZ Vet E3F B¥x 2 5= OTUs
= 3922 A Gepton A2 SRE4] g OTUsE 71
Ao 2860= AL AL 7F 913 126 OTUs!
Aol vlste] 2~3uff oo m UF3] =A UETh

=

¢

i
-

= _/}_/\]_

4

=
o

N
£iid

2

S =R

-
1Y

F0.0]: PR, Metagenomics, ZPAT W, SH=7IC]
Acknowledgements

This research was performed with the support of the
“Cooperative Research Program for Agriculture Science &
Technology Development (PJ011012)” from the Rural
Development Administration of Korea.

References

Amann, RI, Ludwig, W. and Schleifer, K.H. 1995. Phylogenetic
identification and in situ detection of individual microbial cells
without cultivation. Microbiol. Rev. 59:143-169.

Bray, J.R. and Curtis, J.T. 1957. An ordination of the upland forest
communities of Southern Wisconsin. Ecol. Monogr. 27:325-
349.

Berdy, J. 2005. Bioactive microbial metabolites: A personal view. J.
Antibiot. 58:1-26.

Cao, L., Qiu, Z., Dai, X,, Tan, H,, Lin, Y,, et al. 2004. Isolation of
endophytic actinobacteria from roots and leaves of banana
(Musa acuminata) plants and their activities against Fusarium
oxysporum f. sp. cubense. World ]. Microbiol. Biotechnol.
20:501-504.

Clarke, K.R. and Gorley, R.N. 2006. PRIMER V6: User Manual/
Tutorial. PRIMER-E Ltd, Plymouth, UK. pp. 1-190.

Curtis, T.P, Sloan, W.T. and Scannell, JW. 2002. Estimating
prokaryotic diversity and its limits. Proc. Natl. Acad. Sci. USA.
99:10494-10499.

Daniel, R. 2005. The metagenomics of soil. Nat. Rev. Microbiol.
3:470-478.

De Leij, EA.A.M., Whipps, .M. and Lynch, ].M. 1993. The use of
colony development for the characterization of bacterial
communities in soil and on roots. Microb. Ecol. 27:81-97.

Edwards, R.A., Rodriguez-Brito, B., Wegley, L., Haynes, M.,
Breitbart, M., et al. 2006. Using pyrosequencing to shed light on

deep mine microbial ecology. BMC. Genomics. 7:57.

Handelsman, J. 2004. Metagenomics: application of genomics to
uncultured microorganisms. Microbiol. Mol. Biol. Rev. 68:669-
685.

Handelsman, ], Rondon, MR, Brady, S.E, Clardy, J. and
Goodman, RM. 1998. Molecular biological access to the
chemistry of unknown soil microbes: a new frontier for natural
products. Chem. Biol. 5:245-249.

Islam, M.R,, Jeong, Y.T., Ryu, Y.J., Song, C.H. and Lee, Y.S. 2009.
Isolation, identification and optimal culture conditions of
Streptomyces albidoflavus C247 producing antifungal agents
against Rhizoctonia solani AG2-2. Mycobiology. 37:114-120.

Jung, J.Y,, Lee, S.H., Kim, J.M., Park, M.S., Bae, J W, et al. 2011.
Metagenomic analysis of kimchi, a traditional Korean
fermented food. Appl. Environ. Microbiol. 77:2264-2274.

Lane, D.J. 1991. 16S/23S rRNA Sequencing. pp. 115-175. In:
Stackebrandt, E. and Goodfellow, M. (Eds.). Nucleic acid
techniques in bacterial systematic. John Wiley & Sons, New
York, USA.

Mackelprang, R., Waldrop, K. M., DeAngelis, M.P,, David, M.M.,
Chavarria, K.L., et al. 2011. Metagenomic analysis of a
permafrost microbial community reveals a rapid response to
thaw. Nature 480:368-371.

Muyzer, G., Hottentrager, S., Teske, A. and Wawer, C. 1996.
Denaturing gradient gel electrophoresis of PCR-amplified 16S
rDNA. A new molecular approach to analyse the genetic
diversity of mixed microbial communities. pp. 23. In:
Akkermans, A. (Ed.). Molecular microbial ecology manual.
Kluwer Academic Publ,, Norwell, MA, USA.

Qin, J., Li, R, Raes, J., Arumugam, M., Burgdorf, K.S., et al. 2010. A
human gut microbial gene catalogue established by
metagenomic sequencing. Nature 464:59-65.

Sanglier, J.J, Haag, H., Huck, T.A. and Fehr, T. 1993. Novel
bioactive compounds from actinomycetes: a short review
(1988-1992). Res. Microbiol. 144:633-642.

Song, C.H.,, Islam, M.R., Chang, T. and Lee, Y.S. 2012. Isolation and
identification of antagonistic bacteria for biological control of
large patch disease of zoysiagrass caused by Rhizoctonia solani
AG2-2 (IV) Asian J. Turfgrass Sci. 26:8-16.

Torsvik, V., Sorheim, R. and Goksoyr, J. 1996. Total bacterial
diversity in soil and sediment communitiese-a review. J. Ind.
Microbiol. 17:170-178.

Woese, CR. and Fox, G.E. 1977. Phylogenetic structure of the
prokaryotic domain: the primary kingdoms. Proc. Natl. Acad.
Sci. USA. 74:5088-5090.

Woese, C.R., Kandler, O. and Wheelis, M.L. 1990. Towards a natural
system of organisms: proposal for the domains Archaea,
Bacteria, and Eucarya. Proc. Natl. Acad. Sci. USA. 87:4576-4579.



