& % % % iﬁ.#& Jun. 20, 2015, 42(6): 990—-1000

Microbiology China © 2015 by Institute of Microbiology, CAS
tongbao@im.ac.cn DOLI: 10.13344/j.microbiol.china.140638

TEEERAREPRET FHE NSRS LR
WL BER' WEE' BE' BIE RKE® BAHE"

(1. TERY: 4B THE )1l 750021)
Q. AR 2% IR YR 250012)

B E (0] RKETATFAER TS TAAHRKANSHMARALER, HAE 2 TRAEK
KRE S TI R Ao R R IRIE . [ R ] AT B A B i AR K RE AL L3 KA 4
6 MR R EMEE LTS 30 4, KAL) FENE L THMRGBRI. 3. oH3fft T
o BN ARKE, RBFAEKR. Bk T FH SR 16S RNA KB 57 5475 4 5
BAMIATE R, RIEE LT AARKRA AR, it S, F 5 B8 F4000E R 4K
IATER ZamsF L. (BRI A0 FETHed, 2o BRRAERKD 1114, ZEHHK
o B T4k E B B (Streptomyces) . Ak £ K & /& (Nocardiopsis) &% A K. & & (Prauserella) .
Actinophytocola « #AF B & (Microbacterium) . & 2 X &, 1@ & (Actinosynnema) . %% # i & /&
(Thermoleophilum). #%& & & & (Glycomyces) = #% 4§ )& (Saccharothrix) 9 A~ &, L ¥4 EH B
(Streptomyces) A= 4k KA /&(Nocardiopsis) A3/ . & 2T N AKKRRA A BA — A94R8
MM, RFAt TR ONARKARES T £/t MWERY, TAMBERFRIV)S B
F2TAERKANAT S HMIMIRS, MREZREFR V)RK. REFRAEFFR V )Ferksb(#
RVI)A A ALK A BEA Beisaiiit, [4£]1 T2 TRAGAFEHONERKA TR, L4
REAHBH ARG TR, LA A T A A,

KR F2F, NAKKHA, ZHM, 16SRNA KB F7| 047

Diversity and distribution of endophytic actinomycetes
strains in Sophora alopecuroides L. from Baijitan Nature
Reserve of Ningxia

QI He-Xing' ZHOU Xing-Chen' HU Mei-Juan' GAO Yuan' CHEN Ya-Ping'
ZHANG Qing-Chen’ GU Pei-Wen'"

(1. School of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China)
(2. School of Pharmaceutical Sciences, Shandong University, Jinan, Shandong 250012, China)
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Sophora alopecuroides L. in arid and desolate areas of Ningxia were analyzed, which could also provide
research methods and theory on rational development and use of endophytic actinomycetes from
Sophora alopecuroides L.. [Methods] The endophytic actinomycetes were separated and cultivated from
30 samples of healthy roots, stems, leaves and seeds of Sophora alopecuroides L. by tissue homogenate
in six sample plots, where were sampled from different vegetations and soil types in Baijitan Nature
Reserve of Ningxia. Endophytic actionmycetes were classified according to their morphological
characteristics of culture, bacterial colonies and spores and 16S rRNA gene sequences analysis. Relative
frequency (Ry), Shannon-wiener index (), Margalef index (D) and Sorenson’s similarity coefficient (Cy)
were calculated to analyze their characteristics of microflora composition. [Results] 111 endophytic
actinomycetes were isolated from 30 samples, and they belong to Streptomyces, Nocardiopsis,
Prauserella, Actinophytocola, Microbacterium, Actinosynnema, Thermoleophilum, Glycomyces and
Saccharothrix respectively, Streptomyces and Nocardiopsis were dominant genera. The distribution of
endophytic actinomycetes from Sophora alopecuroides L. has some degree of tissue preference.
Quantities of endophytic actinomycetes from roots and seeds of Sophora alopecuroides L. were more
than ones of stems and leaves for the same plant. In different vegetations types, Shannon-wiener index
(H'") of endophytic actionmycetes from Sophora alopecuroides L. were most significantly in the sandy
weeds (sample IV) and least in desert steppes (sample V). The community of endophytic actinomycetes
from Sophora alopecuroides L. of desert steppe (sample V) and woodland (sample VI) has closely
similarity. [Conclusion] From the experiment we can see that Sophora alopecuroides L. have abundant
resources of endophytic actinomycetes, the species diversity of endophytic actinomycetes communities
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is affected both by its host preference and by its different habitats.

Keywords: Sophora alopecuroides L., Endophytic actinomycetes, Diversity, 16S rRNA gene

sequences analysis

TR TR A — 28 BLA H S0 AN (R0 Tl A ) %
U5, HATHEMPUERAA 80% & | 4
gt SR TR PN A TR TR — S R T %
AR, PRI R 1T WTE F 5515
H S AEK T BRI, —2f 55 1 N A
PR BESR R i AR P, (et R KB
TN AR DA 12 AT AR AR . 250 i,
16 RSP FAEAE . A2 40 A B A A ] B
Bl LRk 2 2R R AR, AR [ A X 3
BUALRL . SRS . MR S T AT S AR ) N AR T
TR Z R . AR IIE | (REE R RRARIR
B E AN AR A R S e, ki
F=5 1 P SO AT 198 B ALY N A i 1
BHAAS AR R T . FER I T A N
AR R E

5 5T (Sophora alopecuroides L.) ¥ FE b
Tl . PSR A, R
BATERRRE . KRR . U AR Bk

Wl s AR RO ZG R s, RS
Vb A= 245 FHAE ) N A i TR B L P Al 7 ) 1) 4
AR H T A ST ST T AR
X S P 5 A 8 3 B A R A S B R 7 A E
et P A i R B B TR i A
2009 4, iSRS R
G EAGE] 26 MRINAELR, PP %
FE KB E A AR A TR DA RS 1R & (Strepomyces)
Fiti R IR E (Nocardia) Mtk % . 2013 4F, #3E
GRS 126 MR ST AR B T UEA T T P B
G3HT, X 8 MR RS N AR R W TR R T T
16S rRNA JEH P4 Fr Be[mlJarkatr, &BL 7RG
P AR S T8 1 & (Strepomyces), 1 ¥R & THIA R
R & (Nocardiopsis). N T RN T fENAE IR A TE
HAm F w2 RN AES IR RE ML, i
FZPR AR 2N AR R IR, AR T R
F R WE F SRR X o3 e % T AR K AR AR B 0 1 1
KARURIEI 6 FhA g 8 T AR IR 4,

http://journals.im.ac.cn/wswxtbcn



992 A %8R Microbiol. China

2015, Vol.42, No.6

Br e TN AE TR R X R | PR B S o AR
R, DU G N A T TR 1 A BT AR 42
HEHL AR .

THEHRRA KM A RGP X AL E SRV
PUmgih%k, & ALABKUEVDEAR, (R4 A 805
NEMFEER RS R AR R X, 7 TAbsh
37°49'05"-38°20'53", 74 106°20'22"-106°37'19",
J& TIRE PYERERI/R Z W 5 b vy ma 2k 1) —3 43, XN
FEBLAVD I B, AEERLAILHTREE 32, P
MR 1 250 mo IXUNIGEMEE . Wop kT, ik
WY E IR T . AL, Bk,
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Table 1 Basic condition of each sample plot of Sophora alopecuroides L. from Baijitan Nature Reserve of Ningxia

R R MO ik 1 Soils
Sample code Vegetation Vegetation characteristics Altitude (m) KA pH AL
WS Type Organic matter (%)

I Tt i FE., HE, 55T, SOhukE, 4 1350-1370 RS+ 85 1.0-12
TEEESE . INHHAG L, HESE AL
P, HEEE L S0%ZAEf

I WA RAREESS . AR AR AN 1350-1370  wkEsE 8.9 0.7-0.9
Fife, PHEBISEE 40% /A

11 pRL ) MR, ATESE., WET. W, 1410-1425 Rb L 8.9 1.0-12
RIZESE N CAFIRE, B 40%
i

I\ UARRER WET ., R SOhKE | RIES, 1390-1400  RKESE 85 0.7-0.9
UHRIRE, FERB IR S0%EH

4 S B i SESEE . LD, ARl BJCKAEN 13601380 Ehm X 93 0.4-0.6
PEHFRE, BERESE 35% 44 +

VI i, WA R —EE AR, Mg 1420-1430 R+ 9.0 1.5-2.0
KNy S0%L AT
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u Streptomyces albosporus
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1 TEARMAARIFREE FREHRZLENER S
Figure 1 Composition distribution of endophytic actinomycetes from Sophora alopecuroides L. of Baijitan Nature
Reserve in Ningxia
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Table 2 The distribution of endophytic actinomycetes of different separated positions from Sophora alopecuroides L. of
Baijitan Nature Reserve in Ningxia (%)

FEFR T ESFHR0L Separated parts of plants

J&
Genus HR Roots Z£ Stems M Leaves ¥ Seeds
R P2 Albosporus 11.7 6.3 3.6 10.8
Streplomyces  yrig%Ht Cinereus 9.9 0.9 0 45
K¥&ZHE Griseofuscus 3.6 2.7 0 2.7
WA2EE Gyaneus 2.7 2.7 1.8 0.9
HEIHE Glaucus 2.7 0 0 2.7
A I5HE Flavus 0.9 1.8 0 0.9
G J5HE Aureus 0 0.9 0 0
AL Total 31.5 15.3 5.4 22.5
EF B CE)E Prauserella 0.9 1.8 0 1.8
Wit RIKEJE Nocardiopsis 14.4 0 0 0.9
FEHGMEEJE Thermoleophilum 0.9 0 0 0
WAFEE Microbacterium 0 0.9 0 0
Actinophytocola 0 0 0 0.9
VL2 & Saccharothrix 0 0 0 0.9
RN EE Actinosynnema 0 0 0 0.9
W RJE Glycomyces 0 0 0 0.9
Shannon-Wiener index () 2.82 231 1.79 2.78

®3 TEREREREENROMRY

Table 3 The similarity coefficients of endophytic
actinomycetes of different parts

#HE Part =% Stems i Leaves ¥ Seeds
2 Roots 0.57 0.40 0.55
2% Stems 0.50 0.40
I+ Leaves 0.25

BT (R DX TID AR (FE X VI Al Je 22, AXHAR A 43
SR 100% 71 88.9% o AN [F] A= 45 1) iy 5 A AR iR TR
TER LR FAFAERE T, 3557 W7 FC 1 & (Prauserella)
FESCR G R (FEX T FIREIX V), VAR B (RE X
I1) A Ak 3t (FE X VD) A 23 A5 U0 R IR 8
(Nocardiopsis) R FESE BB R (FE X T ) FIVD A= AE 5
JRREX IV YA 04 5 W8 A3 181 & (Thermoleophilum)
ALK B & (Microbacterium) S AE VD A AE B 55 it (B

X I )H % 45, Actinophytocola . Wi %2 W J&
(Saccharothrix) . W22 J& (Actinosynnema) FIH
& (Glycomyces) RAEFEIX IVA 4345 o

A DX A A HLT 5 i RN - RS R
AR A 1 A A — 52 . FEIX T FIREIX IV 4
AP SRR R, 200 1.0-1.2 F10.7-0.9, 1l
PR HE R, #h 50%A 4, NAETZ
WM 2, FEFE SR MHEXV AL
AR,  0.4-0.6, BB RN, 9 35%/ 4,
WA W B i B o BVACKE,  E A
R B TR0 A 5 TR R IR
TR+ > Kb+ > EREgRT - .

6 MEX T T NA PR Z AR BGE
Bl 1.74-2.53 Z A, FEERRECERN 2.57-5.45
Z I, FEX IV N AR YR Z R B F

http://journals.im.ac.cn/wswxtbcn



996 A %8R Microbiol. China

2015, Vol.42, No.6

F4 6 HXEETREMRLKENBENNE

Table 4 Relative frequence of endophytic actinomycetes from Sophora alopecuroides L. in 6 sample areas of Baijitan

Nature Reserve of Ningxia (%)

B FEIX. Sample area
Genus I II [T v Vv VI
BERE TR A @258t Albosporus 38.5 45.5 38.5 29.8 0 222
Streptomyces  JrRJ<RE Cinereus 15.4 0 385 10.6 28.6 333
JR#ZSRE Griseofuscus 0 0 15.4 10.6 14.3 11.1
2R Gyaneus 7.7 27.3 0 0 28.6 11.1
FH R Glaucus 7.7 0 0 4.3 0 11.1
A 2EHE Flavus 0 13.6 1 2.1 14.3 0
4028 Aureus 7.7 0 0 0 0 0
B Total 76.9 86.4 100 57.4 85.7 88.9
57 Wi G B Prauserella 15.4 4.5 0 0 14.3 11.1
Wi IREJE Nocardiopsis 7.7 0 0 34.1 0 0
FEHGMIEE Thermoleophilum 0 4.5 0 0 0 0
WA EE Microbacterium 0 45 0 0 0 0
Actinophytocola 0 0 0 2.1 0 0
WEZL T & Saccharothrix 0 0 0 2.1 0 0
WRLLHLRTE)R Actinosynnema 0 0 0 2.1 0 0
WS Glycomyces 0 0 0 2.1 0 0
Shannon-Wiener index (H") 2.35 2.04 2.14 2.53 1.74 1.88
Margalef index (D) 3.89 2.90 3.10 5.45 2.57 2.73

JEFREURAR, 43500 2.53 Fil 5.45, TikEX V B2
PEFR BN F & BRI, 20 1.74 #1257, W)
Tt Z2 FE P46 BORN =F & B 48 BN B S e 1 R DX N
AN AR R R0 F E R

PRI X AR AN RN 6 R IX 35 51 AR R
BRI PR VR AR REFE 0.20-1.00 Z [)(F 5), AR
P fe e BARE DX JEAE X VAR X VT, X PIAMFEIX A
G 7 W )& (Streptomyces) Fl & 57 Hr K W )&
(Prauserella)® %€ A X IV 5 HAD TLANMEE X Z B (1)
AR R BEBAR /N, FE 0.20-0.44 Z [0, XEHN
FEXIVINAE I R VR e 26, A LRI
XFFHEXIVEES LR — 7 B R M A SRR
PRI TR BRI AR R R G AR IR X, Z4F
Kl Fad R, PR, S RIRE IR
R TFEEE, IR B SR T R A
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Table S The similarity coefficients of endophytic
actinomycetes from Sophora alopecuroidesL. in 6
sample areas of Baijitan Nature Reserve in Ningxia

FEIX

I il v \% VI
Sample area
I 0.57 0.50 0.44 0.80 0.80
II 0.40 0.20 0.67 0.67
[ 0.29 0.67 0.67
v 0.25 0.25
Vv 1.00
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% 16S rRNA JEHFH, HITRELF /T, Mk

REREWAE 2),

MWRG KT EATIL, 19 BN A TR # R
MRKEATLIS N A, B, C #1 D4 #%. $i 16S rRNA
LRSI AIPER T 97% M B kR I T [/ — R iy
B Bk NDZKDS70. NDZKDS33. NDZKDSs
NDZKDSs; 1 NDZKDS, 435l 5 ik [P 5 &
(Nocardiopsis dassonvillei). W /R %5

0.05
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100 Actinophytocola corallina ~N
|:ND2ZKD54 (KJ128968)

Saccharothrix longispora
96 NDZKDS;, (KJ506730)
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100L-ND,ZKDS; (KJ128977)
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100 { NDZKDS,, (KJ128978)
100 * Nocardiopsis dassonvillei
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HM,JKDS, (KJ128980)
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Streptomyces cyaneus
92 Streptomyces scabiei
100 [XKJJKDSIS (KJ128979)
10(2‘—_FJSJKD523 (KJ128974)
Streptomyces violarus
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_[ NDZKDS,, (KJ506725)
100" Streptomyces sampsonii
Streptomyces ambofaciens
96— YCZKDS, (KJ128982)
NDZKDS; (KJ128970)
Streptomyces yogyakartensis
| F1LJKDS, (KJ128976)

100

100 ! Microbacterium oxydans
— FJ,GKDS,, (KJ128981)

100 “— Thermoleophilum minutum

2 19 HEEFAEREERRERET 16S rRNA EEFIIMENRZELER
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of 19 representative endophytic actinomycetes strains from
Sophora alopecuroides L.
T 3 ERECFRATEIE s BIRER 100 MEHRREA 5 M 165 P R PSS RS
Note: The numbers at the nodes indicate the levels of bootstrap support (%) based on 1 000 resampled data sets, only values above 50% are
given. The scale bar corresponds to 0.05 substitutions per nucleotide position. The numbers in the brackets are accession numbers.
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(Glycomyces harbinensis) K AAWHLL E (Saccharothrix
longispora) . 7Y i R 22 iR B (Actinosynnema mirum)
F1 Actinophytocola corallina TEF]—RE 3 A 7%
b, EGKEFREGT, 16S rRNA FEH T FAH IR
97.2%-99.0%2 [i] . F 12 BEERE Y& T LUERE TR 8
(Streptomyces) i £/ B %, W YCZKDS, .
BT,JKDS;. XK3JKDS;3. NDZKDS;,. FJYKDS;,
HM,JKDSy9, NDZKDS3,. XK4JKDS5. FJsJKDSy3.,
NDZKDS;¢. YCZKDS, #l NDZKDSs 73 51| 5 fif
%5 W (Streptomyces nitrosporeus) . & 57 W K B
(Prauserella marina) . & 21 4% 7% & (Streptomyces
lateritius) . = ftiH% %% [# (Streptomyces werraensis) |
Y75 1 (Streptomyces  plumbiresistens) . 5 444
%5 W (Streptomyces canarius) . IR W 25 55 5
(Streptomyces cyaneus) . & it B B (Streptomyces
scabiei), W&EREERE # (Streptomyces violarus) ., &[G
B 5 1 (Streptomyces sampsonii) . £ — K BEE H
(Streptomyces ambofaciens) Fl JK {0 A 5 55 7
(Streptomyces yogyakartensis){E[Rl— & & 4337 I, 7%
% % R AT, 16S rRNA 3 [H ¥ 51 A Bl 1 7E
97.3%-99.5%Z ] . Btk FIJKDS, il FIGKDS,, 7
& T C #% M D #%, o555 E MR
(Microbacterium oxydans) Fl i /N W& # W
(Thermoleophilum minutum)fE [R—iFfb 5032 &, ¢
SUARIIE S350 98.4%F1 97.1%
3 i

TEAEYINAE R BRI TS, 3 BB R AL L
OFSAEARRREIE b 5 WAl AR A5 ) P AR Tl 2 v A 7% 20
o AR BUN I S AR, XELIRL,
e T B IR BN I B i i — S N AR TR TN T
Or BRI B RIAE O R DR PN AR TR R R Y 2 R
P, ARSI EEURFITE GA BUSERE BRI 1% 5
TEEM PR AR AL, AR AR R T T RE R 4R
REFROR, ARAS TR R RN AR R A

T E A KNE B SRR X R T LB ) 5 B A
HARDAP X, TR0, skmR, 1
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KRR, LIRS +o8 =, A A SRR DATD A
YR, MR, B— ¥ 5 F(S. alopecuroides
LOfER—FEIERTD A, T R0 KRR A 15
P HAR N PR BEIEAE T e A7 (HIFRATTAF
FEARRY], WO RN FE N AR
1 H I ABAE Y T F UL A4S 7S R & (Streptomyces) |
1% 1 S 8 (Nocardiopsis) 55 N Hz i 28 18 0 s 78
W FARNWA S, RS AR I i
et B 2IE N T IEAEYIA NN A AT . ISR
2% W75 18 & (Streptomyces) & 1384 5 R G FIFEY)
TR BRI B2, AT P ST R
R H L L 55 TR (Streptomyces) ) .

A GBI X NAE AL . ISR
AL 6 MEX TR . 288
11 MRS S NARAR A 83 Hhia THEERR
17 tkje T i K IR W8
(Nocardiopsis), "CATH AT F KM ARG X35
G WNAERLREMILEE . AN B3] TARMEMN
+ 3 4y B B MR R TR & (Glycomyces) . W 22Tk
J& (Actinosynnema) 1 Vg A @ g Al w8
(Thermoleophilum), & T 5 1R 0E H AR IX 5
SFNAEREEEA FEEE ., REXT
SRHRE YN AR R R IR AR D, (HE ST
RN TCEEAATEE F & BN AR e

T 5L N AR TR R R A5 BRI o A R B —
EMZES, XATARIAE SRR AL . P s 3
N LR TR T, RRER N AR T A 1) AR I
FZEH MR T, X S TR B
Fe iy &L AR IR R R BER R A . T ik
JILI A 2 S 1 1) D DL T R I 45 i T ZH A A A AR
FRACHASIR], o AT AR R EREE IR 0 & A4 Y
AR, WERYIA RIS E T LR, AR A
AT AR RSO . PRSPl AR B T — SRR
W& BRI A AER, nEsEE
(Streptomyces)TEARTR . ZE3 . H-ERFFP A 43

, B 95 T IR A & (Prauserella) TEARFR . ZEFRFIRN+

(Streptomyces) ,



DT R PR A RO DR LT N AR R A AR S A 999

HERA 731 o AT A TR B AR (LT E ROk
B, WS ZEEAAR I R B, MR SRR
FEAPE R g/, KRB —E A A 2z Rk &
—P,

T 5L N AR TR R ) B A2 R AT S AR
AL . H A HYIER . Roes 2 AN
F=E A ML DX P A T 2 T ) SR AR SIS LA A
OB Ry 6 o MARA TR 45 Rt R WA
W, ST EEE A 2R X, AR
R B R 2 H 2RO £ & B FR A A
&, WV AR R R (R IX V) R S5 R 50%
K, WERKHWEEZ . YR 2o+
AR R o TR L CRE XTI FbRHE (R X VT)
AR R AR 2 FIOR[RIZEA A
5, 7EiX 2 MR S N AR A R A 1R R
(Streptomyces)BIF AR, HEBUER AR
Z W SRR RE S0, XS] BETE
AR AR P b R E L RVER .
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e, A [ A 25 PR 05 H 1 () A AR 1 28 B0 S A 0 22
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WK,

2 AR N A2 R AR Sy — 2R R Tk A 4 9%
VR EATARGF I T 2 95 71 BOBAE B R . BFoE
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