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8 FEMIEFEY A HE N D B RS RIS

AnE #E ZHR rEE ZaH RA
(G SR BE LS S L BT ERAL AP BT TREBE b L S L 563006)

B OE. (5] HAEMANERGETE S ERBETFHORBRH =W, RIFAAEZLNNET
ZRBR., BAT, HBAHYALBNARILZETEANELD, AAEARKBAARATRY, £
—AHRASTFLGF AR (B ) B0 AR N AR E %4, AR AT
KA R ERDRORERE, AMENHHR L As, (k] % RAMER LB N &
B R, KA 9 ARG BRAASBAAE,; BTRIAXH LB DNA, PCR
¥ ¥ 16S rRNA AR A 3], W% 5 7| 42 X EzBioCloud #448 A 47 5 7| toxt, M3 2 Ge it 1t
HATAERERRA SRS, [ER] BIHWESFEMGHE, K 8 G AMMIFRT LS B
HFENAR 628, ML 16S IRNA KE 55|, A3t RE L6 57THE A THK
Bk 5 B 8 A 16 B, 5524 1T H B (Curtobacterium). %% % B B (Streptomyces). AT H
& (Microbacterium). 4 %% 0 & /& (Cellulomonas). AA AT H B (Plantibacter). /&) #3018 &
(Promicromonospora)~ 3K # & (Kineococcus). 5% # /& (Agrococcus). BHF# /&(Patulibacter)-
S E B (Aderomicrobium). 35 N ik K & B (Labedella). =t /& B /& (Frondihabitans). 4T & /&
(Frigoribacterium). 1 #F # /&(Arthrobacter). #)30.% /& (Kineosporia). Amnibacterium /&, H¥F
43\ AT H B (Curtobacterium) A % 1 /& , B+ M8IJ-5 F= M2KJ-4 4 16S rRNA LB 5 7] 4531 5
H KK A E M Amnibacterium kyonggiense KSL51201-037" (FJ527819) A= Aeromicrobium
fastidiosum DSM10552" (Z78209) 894814 5k & » ABAAMES R A 97.29%F= 98.95%, T fth &
Faptt. (451 5T 2 AAL + BRA S HHFE A E LEA MY R KKEA BT,
B AR AE T RINRBE A E, 4445373 R AR E TR 69 KR A= T L AR R A28
R
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Diversity of endophytic actinobacteria isolated from medicinal
plants collected from Guizhou Province
YAN Xiao-Rui YANG Chao AN Ming-Biao SHI Hui-Chang LI Hong-Ying TUO Li’

(Research Center for Medicine & Biology, Zunyi Engineering Research Center of Physical Testing and Chemical Analysis,

Zunyi Medical University, Zunyi, Guizhou 563006, China)

Abstract: [Background] Endophyte from medicinal plants were important resource for discovery of
new antibiotics due to their ability of producing a wide variety of secondary metabolites with good
activity. Concerning the endophytic fungi, many studies have been carried out, but few reported
about endophytic actinobacteria. [Objective] This study is aimed at analyzing the diversity of
actinobacteria isolated from medicinal plants in Guizhou Province. [Methods] Various tissues from
8 kinds of medicinal plants as samples were collected in Guizhou Province, China. Samples were
grinded into powders after surface sterilization and cultured on 9 different media for strain isolation.
To determine the phylogenetic position of the strains, 16S rRNA gene sequences were obtained by
PCR amplification and direct sequencing, then compared with EzBioCloud database, finally carried
out phylogenetic analysis based on 16S rRNA gene sequences. [Results] A total of 62 strains were
obtained, 57 of which were actinobacteria and were affiliated to 16 genera 8 families 5 order, contained
genus Curtobacterium, Streptomyces, Microbacterium, Cellulomonas, Plantibacter, Promicromonospora,
Kineococcus, Agrococcus, Patulibacter, Aeromicrobium, Labedella, Frondihabitans, Frigoribacterium,
Arthrobacter, Kineosporia and Amnibacterium. The dominant genus is Curtobacterium. The highest
similarity of 16S rRNA gene sequence between strain M8JJ-5 and the validly described species
Amnibacterium kyonggiense KSL51201-037" (FJ527819), between strain M2KJ-4 and the validly
described species Aeromicrobium fastidiosum DSM10552" (Z78209) was 97.29% and 98.95%,
respectively, which indicated that the strains M8JJ-5 and M2KJ-4 were potential new taxa.
[Conclusion] The study demonstrates that diversity of endophytic actinobacteria from medicinal
plants are rich and medicinal plants as a special resource for discovery of new pharmaceutical
microorganisms deserved to be further explored.

Keywords: Medicinal plants, Endophytic actinobacteria, Diversity
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PoAE A B = S Bt 25 e H
TIER, MRFF R, LERAETRbUAE R MR
PR F ORI, L IAFE B FE N B BiE
YIgIE R R U AE RIS . TGS PR
B R BUHT AR B R SO T AR R 0 L3 Ok
N, ISR TN B O MR TR B TUE D
BIAnYPEE . vk e W AR N IR RUE
YI5E . PPN A BT AR I S ) — e B Bl 4
RO BOATE T FR A L SN P s 4m B R B, TiAS
g AP R B B B UE Y, G
B FEHA R, 1993 4F, Stierle Z5 9 M GE
21 G A2 4y B A5 21— BRBE B BB 1) it S5 A2 I
PINA B, RHNAEEA GBS FAYAE R

ML T AR A A T RER . X — R BUGR T — 3%
M AR o BN AE AR . PSSR, Mt
SERUA 100 B BBTI SN 38% , T WAL PN A T
SYESI SI%AE M TEM OB, IRt A
FRABERMIT LT . HAT, 25EYNAERER
WP AP AE N A FCRR , PN AE T R R A K 2%
18 oy B RE M AR, JE—A i R e T
R, 25 FIR P A R R R A A 2
K. ORI . AHURR . AW, . WERAEAE N
2R GACH =, IR Byt . 9t
WL PR . PR SUSEREIEHED. FHit, A2y
FHREHI 23 BT T, R e AT 25 M E A B
e PUA L PURBESEIEEYI BT RM L SY, F
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FH P A PR e T = A e SR R 25, B
T AR TR o R Bt Ay i e S 2 T R
Yy 1 22 WA s 2 PR ) 9% U5 6 i L 28 A o K
A HRAE T g AE, B EEAE SR UM%
RN

DA AL T E PO R R AR, S 2 L
4, HEGERRER, FHHER 1100 m A4, SE
FEZIRMERGE, AT, BIhEE, B
% HZ, SIS, 24FKE 1100-1 300 mm,
BRI . RE I X IREE . B AR A5k
Sl IRBRIE, i T TR 12 A
RO 2 PR RS AN A A BRI B 2 RV A Y
AFEHAEE YR ZREE, B H Bz X 25
) PN A T R 01 PR A T TR 1R T A ) B 3 G e
g, T AR S p R A IR L | Tk
UL FERTR FEAC A I T T INAE B A E
A2 63 PRNAEZR A, FHor 17 MRoxd 4 8
HIERTA . B MR ERIE . AR ZEIFF IR . KGR
LR SR PR S R I AR B TR E . S TIRA
T N b X 24 AR A 9 A R R ) A R, R
T st 325 4 FR) P 2 3 DX 19 24 R 90 P A i 2 T
Ui, ABWFFELASTN 8 Figh A YIVE MRS R4, 8
B NAE R AR, JFARYEH 16S rRNA HE[H
JP A5 BT RAS AR T 0 TAE W S R R 5
KB, AT 8 R kY AR TR ZRR k(S
B, DR IR ORI, A2 it &
PRALTARN IR AT 25 S IR B A
1 eSS
1.1 #
1.1.1 ZREYH SR

8 FhZG M YIFE S T 2016 4F 11 R H M
AESCTUETEE, TEIfE R R 1, AT A
e, BHEW RS, 4°C IRERH
1.1.2 EHEE

(1) kg, 352 A8
gL, WAL 9 Fhar g dias Bl T iR 2
FEREE BRI (ML, g/L): BERHRE 0.25, K,HPO,

F1 REMARAEVERER
Table 1 Information of medicinal plants

SREEH

FEh THY) 24 TR T ) SEREHD
Sample Plant name ey Site information
sample
1 EHAE E-S TS N27°43'15",
Buddleja officinalis E107°3"15"
2 H % N27°43'19",
Ampelopsis japonica E107°3'14"
3 H# - N27°43"20",
Stemona tuberosa E107°3'14"
4 TR %0t N27°4320",
Paederia scandens E107°3'15"
5 %% it N27°4320",
Perilla frutescens E107°3'15"
6 RATHE B, N27°43128",
Nerium oleander E107°3'19"
7 Akpb . 0 N27°44727",
Eucommia ulmoides E107°3'57"
8 R )i N27°44'12",
E107°4'9"

Melia azedarach

0.50, Il 18.00, pH 7.2; JEFHER G FRILM2, g/L):
&R 1.00, Na,HPO, 0.50, KC11.71, MgSO,4-7H,0
0.05, FeSO47H,0 0.01, CaCO;0.02, i 20.00,
pH 7.2; JL T b33 (M3, g/L): JL T )% 2.0, K.HPO,
0.7, KH,PO, 0.3, MgSO47H,0 0.5, FeSO4 7H,0
0.01, ZnSO,4 0.001, MnCl, 0.001, Efi§ 20.0, pH 7.2:
NIRENEEFRHE (M4, g/L): TNREN 2.0, NH4NO5 0.1,
KC10.1, MgSO4-7H,0 0.05, FeSO,4 7H,0 0.05, il
Sl 1.25, B 20.0, pH 7.2; M i ARG IF
HMS5, g/L): K 7HE 5.0, L-4H% /% 1.0, KNO; 1.0,
NaCl 1.0, CaCl, 2.0, K,HPO,4 1.0, MgSO,-7H,0 1.0,
BifE 20.0, pH 7.2; BEHIRRANIGIRAEE(MS, g/L): BE
FARREN 0.90, NH4H,PO, 0.50, MgSO,-7H,0 0.10,
FeSO,7H,0 0.01, Ffig 20.00, pH 7.2; MK ISP2
GFRHEMT, g/L): BEREERECY) 4.0, Z2 2R 8 5.0,
%M 4.0, Vitamin mixture (VB1, VB2, VBS5,
VB6., RNZMR . WAL 0.001, A& 0.0003),
ol 2 13 £k (FeSO4-7H,0 0.002, MnCly-4H,0
0.001, ZnSO4 7H,0 0.001), B 20.0, pH 7.2; &
RE R SRR MS, g/L): #i%h 5.0, EAMK
0.5, E 1 0.3, NaCl 1.0, CaCl, 2.0, K,HPO, 1.0,
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MgS04.7H,0 1.0, E&4EA4K(VB1, VB2, VBS,

VB6. RNZJR . N2 IR 0.001 g, 2% 0.000 3 g),
80 5 £ 9 & £R (FeSO4-7H,O 0.002, MnCly-4H,0
0.001, ZnSO4-7H,0 0.001), BifE 20.0, pH 7.2; R2A
KR MO, g/L): BEREW 0.5, BEEEMMR 0.5, F
AR 0.5, FAEWE 0.5, "HEMIER 0.5,

K,HPO, 0.3, MgS04.7H,0 0.05, RSN 0.3, 3
fI§ 20.0, pH 7.2,

() alifk Kt FREk. 1SP2 3R 3k(g/L): B
BRI 4.0, 22 ZE4RH0 10.0, #i%ibE 4.0, Bl
20.0, pH 7.2,

(3) BRI, LB MiAR 3R R (g/L):
PR 5.0, EEE I 10.0, NaCl 10.0, pH 7.0,
LB [E{RBE SR HAE ARG =5 RSN 2% 09 B5hg o
1.1.3  #pEHIF

ZRNEMRR 20 mg/L, HEHEIRH 60 mg/L, FFIGFF
FEIREEREZ 40-50 °C IFHIAL
1.14 FELFTFLE

2xEasyTaqg SuperMix . High Fidelity PCR
SuperMix., pEASY-T1 Cloning Kit, EasyPure Quick
Gel Extraction Kit. Trans-T1 27540 . DNA
Marker, X-gal %5, b4 EWHEARGRRA A ;
PCR 5|¥ 27F 1 1492R . 4S Red Plus FiFRYL (434 ,
A TAY) TR R AR A5 Chelex-100
g, Bio-Rad /\#]; Agarose. TAE ZZiik . IPTG.
ANTERR, RsEERA ] Helh o =
et .

ARG FRAE, IR O B AR A PR A
Al EREZERKE, Tomy 2 ; /INUELOL,
Eppendorf 23 ] ; PCR 434X . BEE S {X , Bio-Rad
oyl B, JERTTAN—AUER) s BRIl gk
T R T A PR
1.2 A%

1.2.1 ZAAEYERLE

S 25 w0 R 2O Qin SN S vk, fR AR
(245 FIRE AR S S RS i A koK sk 44, Pl
FEIGEVE, BIREBREY)RE A5, ALY

YI 5 om 224G KIEMTBI TR TR FRBiK
U 1%0E3-20 329 30 s, IRARRIVKIET (S 1%
)R 5 min, 2.5%GARHERANIZ L 10 min DL
HRRNBE B I EBREN , 75%IBRTIZ I 5 min, 10%F6%
fR AR 10 min, BRUIR LS 3O R K Pk
3 W FESLTERE TAE G H K B K 400 T3
7K SY, B E JC R AU 2
122 EHSE. 4it5RKE

BB 3Ry B4 PR A D i X8 ST P 8 S A o)
Ry BRI b, [FIRE, ST 30 UE RN &
ROR, B 200 pL S5 5 — U T BER M FEAR A 1Y
TR S] ISP 2 J3R 0k b, SRR 0
Tl —[FE T 28 °C HiFeftisigs 4-8 8, Jihgg
BRI FIEVEIEA, PR IR AT A 2k
F TS TR R S, — X RIR i iEmFalife
B b, BRI, HRAAiEk.
aifb i kR T RIE R R b, AR RS T
4 °C {9 [FIBT L 20% (B HO) HmAE R far5],
P RN T H AP B T80 °C {258,
1.2.3 ET 16S rRNA EEFIIHNRZ LB ST

(1) FETF 168 rRNA FEFH P15 T 50 R
Chelex-100 3£ PHREUIZE KL N 41 DNA, LFRER
(LRI 2 DNA VR AT PCR 9714, PCR 374
Sl i 518 27F: 5-AGAGTTTGATCCTGGCT
CAG-3'Fl 1492R : 5-GGTTACCTTGTTACGACT
T-3'. PCR W IKZR : 2xEasyTag SuperMix 25 pL,
519 27F F1 1492R (10 pmol/L)4% 2 uL, Fiki 2 uL,
JCR7K 19 pL, PCR W 5F: 95 °C 5 min; 94 °C
1 min, 55°C 1 min, 72 °C 2 min, 35 PME¥; 72 °C
10 min, PCR ¥ 3714 1% HEHHEE I FL ok A
DU 5 FL KR I 235 R S 7 A FHE Y PCR 734 7= ik
A T A T AR () ey A R w14 T 7 4
o WETEETYIREY 16S tRNA E[K 41 {d 1 High
Fidelity PCR SuperMix 43, J2 Wik 2 &% &) |
PCR 4" ¥4 W48 1%BEBEWHEERE vk, HARFH
PR UIIE [T, 47 [ DNA F B 423 pEASY-1
WREEHIRE, #HALE Trans1-T1 B 40, F)
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FBCHERNEE BT PRE 2 S BAPE SERE T, R B
FEREF M TR INEA R EE RN LB Ik IR
Hri, 37 °C. 200 r/min }55% 10 h, WERASHET/E
Y TR i) ey A BRZA W) 52 G 1 o

() FPIVHT ARG R B PR
16S tRNA JEE 5| EzBioCloud (http:/www.
ezbiocloud.net) & & H1 () EzTaxon EZk HLXT AR S5
HEATAHOCHRHE R AR AR LR, B TR
Gy, I E A DG R AR E BT AR 1Y T 1A
NZ G, F Clustal WU EBE T Z2 P9 Hoxt, %
I MEGA 5.0" L1 484367 (Neighbor-Joining)! i
TIRF IR R G L TN, RGO AR
Kimura-2-parameter #5575 44 H 47 Bk 1 000 Vi
11 AR{E AAS S F F Maha R v,

2 ZR545h
2.1 HEYREHFHRITM

e — T VEAE A 2R T8 B ISR K IR AT ISP 2
i, 28 °C Kigk 2 MEAMEY AR, UiHEY)
REHEEUIR, 7B BB ) N T AT
ARSI 5 YL s
22 EHSEER

MBI RAE 8 B2 YY), RIAH R Ry A
o, R 9 Fh iy BB IR B B N A TR TR . AR TR
EILSHIAHEE, BE5E 62 PRIF AT 16S rRNA FE[H
JPAY B RT 814381, 168 rRNA FERE J3 41l Xt 45
WRH], Hpy 57 o E . 8 Rkt , &
SACFE R B B MR W R SR 2, R
12 R, HUORMEETR o BRI 11 R, AR
FEPIRE SRR M B 1. 9 Fhir g dt
Hr, M6 Fl M8 ‘S FR i i W B U =, 470 10 Bk,
{ATE M8 5730 B Fh 8 e, T M6 %
FHABE R —, M3 SREFERAD B Rk
o AR FRE Iy B A TR B Rk, A
J& (Aeromicrobium) . Bl ERTH J& (Kineococcus) N M2
W B8, WA 8 (Frigoribacterium) >} M4
KR Lo, W E T & (Frondihabitans) i M7 £

FREP oy, R TE W& (Patulibacter) . SEIKTH &
(Agrococcus) . &) EK J& (Kineosporia) .
Amnibacterium } M7 5537550753 8, ARG SR
SRR TREILER 20 [RIIL, HE 5 B 2Rl E 4k
HUAKHRECH , 75 B8O Ay W 3 37 AR R
M8 JEFRde . M7 Bigidk . M2 BigRdit . M9 BigRdt .
M6 Higedk . M1 KEFRHE . MS BigRdt . M4 555k
M3 Higidk,
23 HNERZESHMESR

IR 57 #k, AT 5 H 8 B 16 &,
G54SR 3 Fos, BAE R/ N IR & (Curtobacterium)
BETS R (Streptomyces) . AT # & (Microbacterium) |
2F 4 A B & (Cellulomonas) . 6 W) AT H &
(Plantibacter) . J5/NESUE J& (Promicromonospora) |
BRI JE (Kineococcus) . YRR & (Agrococcus) . 18
e & (Patulibacter) . SR & (Aeromicrobium) . $i
DRIRH & (Labedella) . M J& T & (Frondihabitans) .
% ¥ W J8 (Frigoribacterium) . 7 FF &
3 1l J& (Kineosporia) .
Amnibacterium J& . FoH , JH/MF B & (Curtobacterium)
26 Bk, T BEERRRY 45.6%, AR EEGE 3).
57 BRI W 2R A LKL 2.

(Arthrobacter)

14
2 12}

Number of isolat

,_.
SN BN O
T T T T T

I ZS

BB MM JS KP DJ BJ
Medicinal plants

E1 FAERAAEDERTIEFINANEREE
Figure 1 Endophytic actinobacteria isolated from
different medicinal plants

T 3. Jefibks ZS: #95; BB: HER; MM: #5EHE; IS:
KSRHE; KP: Wbk DI: #hff; B (I8

Note: JJ: Nerium oleander; ZS: Perilla frutescens; BB: Stemona
tuberosa; MM: Buddleja officinalis; JS: Paederia scandens; KP:
Melia azedarach; DJ: Eucommia ulmoides; BJ: Ampelopsis
Japonica.
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®2 IMERESBRENLHEMBR

Table 2 Endophytic actinomycetes isolated from medicinal plants by using 9 selective media

KRt & JEEH R H

Medium Genus Total genus Strains numbers
Ml Curtobacterium, Cellulomonas, Streptomyces 3 7
M2 Curtobacterium, Cellulomonas, Promicromonospora, Aeromicrobium, Kineococcus 5 8
M3 0 0
M4 Curtobaterium, Frigoribacterium 2 3
M5 Curtobaterium, Plantibacter, Labedella 3 5
M6 Curtobaterium, Promicromonospora, Labedella 3 10
M7 Curtobaterium, Promicromonospora, Microbacterium, Streptomyces, Frondihabitans 5 9
M8 Patulibacter, Curtobaterium, Agrococcus, Labedella, Microbacterium, Amnibacterium, 8 10

Promicromonospora, Kineosporia

M9 Labedella, Curtobacterium, Plantibacter, Arthrobacter 4 5

®3 STHREERNZHEESHER
Table 3 Diversity of 57 strains

H B J& A
Order Family Genus Number of strains

475 1 B Streptomycetales FEFF M B Sterptomycetaceae FEFE I & Streptomyces 4
Bk H Micrococcales AT Microbacteriaceae AT & Microbacterium 3
FLVGKRIE)E Labedella 4

JH/MTHE Curtobacterium 26

TEYIFF IR & Plantibacter 2

"-JE 8 Frondihabitans 1

HERR IR J& Agrococcus 1

AP E Frigoribacterium 1

Amnibacterium 1

24k E A Cellulomonadaceae YL HIE)R Cellulomonas 4

JE/NFAA R Promicromonosporaceae  JFUNAHITE B Promicromonospora 5

THFR Rl Micrococcaceae W& Arthrobacter 1

AFT 2 B Propionibacteriales 2t R E R Nocardioidaceae SIHE & Aeromicrobium 1
+ 3P H Solirubrobacterales  JHFTF AL Patulibacteraceae BFF & Patulibacter 1
7 E H Kineosporiales i E#} Kineosporiaceae IR E Kineococcus 1
I8 Kineosporia 1

24 RNERGEFHAIED ST AR oy (D 3) o JEF AR R HE AL 4y

WAk M8IJI-5 5wk A &k R Wk Br, HEMTE PR M8IJ-5 NHATFHF Amnibacterium
Amnibacterium kyonggiense KSL51201-037" JE TS TE R Al . PR M2KJ-4 580k R E
(FIS2T819)HYAMANED 97.29%, TEHT 168 tRNA  4eromicrobium fastidiosum DSM 105527 (Z78209)4

LR P31 ) Neighbor-Joining (ND)ZR S K B W A 98.95%, Y5 Aeromicrobium ginsengisoli Gsoil
H, FERR M8II-5 5 Amnibacterium JEHAHRKE 0987 (AB245394) LI 98.75%, 5 Aermicrobium
E¥E Amnibacterium kyonggiense KSL5 1201-037" J& v = e A A Y N T 98.65% B R A
1 Amnibacterium soli MB78" 8 Jy—# I i — 1> BT, FER FHAR LA I RSV (& 4),
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W . M2KJ-4 TE  Aeromicrobium J& 5
Aeromicrobium fastidiosum DSM 105527 J& i — Mt
SRERSY S, FET ARG OC R S, 4N
PPk M2KJ-4 AT REN S0 FRE R URR R kT

P, JCEA D) 53 2 MK 3 SRR Aeromicrobium
fastidiosum DSM 105527
ginsengisoli Gsoil 098" 1T DNA-DNA 438454 4]
IS E -

M Aeromicrobium

100 | M5MG-2 (MG840924)
Labedella gwakjiensis KSW2-17" (DQ533552)
M8JJ-5 (MG840941)
Amnibacterium kyonggiense KSL 51201-037" (FJ527819)
M8JS-1 (MG840938)
100" Agrococcus citreus 1AM 15145" (AB279547)
100 | M7KP-1 (MG840930)
Frondihabitans peucedani RS-15" (FM998017)
M47S-2 (MG840940)
99 Frigoribacterium faeni 801" (Y18807)
M10ZS-5 (MG840937)
Plantibacter flavus VKM Ac-2504" (jgi.1118344)
MI1ZS-1 (MG840926)
77§ M7ZS-3 (MG840927)
Curtobacterium herbarum P 420/07" (AJ310413)
Curtobacterium albidum DSM 20512 (AM042692)
MIBJ-2 (MG840928)
88! Curtobacterium flaccumfaciens LMG 3645" (AJ312209)

l M7DJ-1 (MG840931)

Microbacterium maritypicum DSM 12512" (AJ853910)
99 E

L Microbacteriaccae

99

M1JJ-2 (MG840929)
Cellulomonas pakistanensis JCM 18755" (BBHV01000063)
M10ZS-6 (MG840925)

Arthrobacter rhombi F.98.3HR.69" (Y15885)
100 M6MG-3 (MG840939)

Promicromonospora alba 1C-HV 12" (KP784765)

100 [ MB8IJ-4 (MG840923)
Kineosporia mesophila YIM 65293" (FJ214362)
M2DJ-2 (MG840936)
100 |: Kineococcus radiotolerans SRS30216" (CP000750)
— M2KJ-4 (MG840935)

100 Y— Aeromicrobium Jastidiosum DSM 10552"(2.78209)
100; M7DJ-2 (MG840932)
Streptomyces albidoflavus DSM 40455" (276676)
MIDJ-1 (MG840933)
Streptomyces tritolerans DAS 165" (DQ345779)
r M8JJ-3 (MG840934)
L Patulibacter americanus DSM 16676" (ATUD01000029)

} Cellulomonadaceae

} Micrococcaceae

} Promicromonosporaceae

Kineosporiaceae

93

} Nocardioidaceae

Sterptomycetaceae
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2 ETF 16S rRNA EFEER S F5IHEE BIERS E#5AY Neighbor-Joining REEiH 1L #

Figure 2 Neighbor-Joining phylogenetic tree based on partial sequences of 16S rRNA gene of partial strains

TE: 2 3Cni EREE S 1000 R AR HTFRE, (LBRKT 50%M1ME; 7R 0.01 yiEfbibe.

Note: Numbers at the nodes indicate the level of bootstrap values based on 1 000 replications, only values>50% are shown. Bar, 10 nt
substitutions per 1 000 nt.
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Figure 3 Neighbor-Joining tree based on 16S rRNA gene sequences of strain M8JJ-5 and related strains

TE: 2 3Csi EREE S 1000 R AR HTTRE, LBRKT
Note: Numbers at the nodes indicate the level of bootstrap values
substitutions per 1 000 nt.
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Figure 4 Neighbor-Joining tree based on 16S rRNA gene sequences of the strain M2KJ-4 and related strains
TE: 7 3ri ERYEUE Y 1000 W HBESHTTRE, (LERKT 50%0{E; AR 0.005 LR,

Note: Numbers at the nodes indicate the level of bootstrap values based on 1 000 replications, only values>50% are shown. Bar, 5 nt

substitutions per 1 000 nt.
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