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BRAALE SN T FATEAARKARTOMN. [ER] TEAFTEOWRPRR B EREAKE
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Diversity of endophytic actinomycetes from Entire meconopsis
sampled in Aba, Sichuan
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(1. College of Resources, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)
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(3. Mianyang Normal University, Mianyang, Sichuan 621000, China)
(4. Soil and Fertilizer Research Institute, Academy of Agricultural Sciences, Chengdu, Sichuan 610066, China)

Abstract: [Background] At present, the study on the endophytic actinobactreia from Entire
meconopsis 1s relatively rare, the resource of endophytic actinobactreia from Entire meconopsis can
be enriched with available culture and non-cultured methods. [Objective] To explore the diversity and
community structure of endophytic actinobactreia from Entire meconopsis, a medicinal plant growing
at high elevation, samples were collected from a special ecological environment in Aba, Sichuan
Province. [Methods] Six different geographical positions were determined to sample and available
culture method as well as PCR-DGGE technology was applied to investigate the diversity of
endophytic actinobactreia from Entire meconopsis after a thorough surface disinfection. [Results]
Based on culture method, the largest amount of isolates from different plant tissues was found in the
root, followed in the leaf, stem and flower, respectively. The strains were grouped into 7 genotypes
through 16S rDNA-RFLP (Restriction fragment length polymorphism) analysis, while representative
strains were divided into 3 clusters in phylogenic analysis. Streptomyces was the dominant genus
accounting for 50%, followed by Kitasatospora and Oerskovia and the greatest abundance of isolates
was found in stem. The results of PCR-DGGE showed that the highest diversity index of endophytic
actinobactreia was from root, stem and leaf that sampled in Galitai, Songpan and that from flower
sampled in Anquxiang, Hongyuan. However, the largest diversity index in the same geographical
position was from stem and flower. Additionally, the sequences in phylogenic analysis were
classified into 8 genotypes including Rhodococcus, Corynebacterium, Nocardia, Micrococcus,
Mycetocola, Microbacterium, Pseudonocardia and Streptomyces, among which Rhodococcus was
predominant representing 70%. In general, it was a more effective way of combining available culture
with uncultured methods to investigate the diversity of endophytic actinomycetes from Entire
meconopsis. [Conclusion] The study revealed a rich diversity from different tissues in Entire
meconopsis and laid foundation for further researches in active substances and medicine efficacy.

Keywords: Entire meconopsis, Endophytic actinomycetes, Available culture, PCR-DGGE
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LR (Entire meconopsis) i —4FH ol 2 4F 4
FAKY, A1 B . PR 6T AEK
i BFEEAE . g SR R kel A KT
TR 2 800—4 300 m AL B, H SRS T U
ARAGER . PN PEARER . H N EE R AT i AR,
W ARE A 22 GG AR DA T 2 (A 78 24 WL A
FHOGICER) . SROUEE RN B AE VR, HAKE
(WL A AN 25 AN (B, AnA- 20T I H 254 0 1)
fak .

TR BT PR AR B R R HeAt A iE e R,

FIa R S Aol BRI ITA R 3/4 2 ik d™
RS B ANTTE K H B i i P A R T
MBFTE, HAB T HFENAEY ZHAE M IRE

FEMEY, RIS B KR, Rl
Al % SR T B RE 2R B PR BTAE dh AR D i R
Yy, PEENAMITIEEREN], A 90%LL E ik
FEIARRER ARG RS, R TR I . ARk
22 b G K5 SR B AR T 1 T i PR AR B D
OTFRAFAD, SO T Ak IR rG . e
XA AR N AE A R AV 1T PCR-DGGE 7347,
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25 SRR WA AL BRI bR S AR S AL SR BT N AR
S A RN RE E B B AR>S 2> s Bt
PR X 282506 22 1T PCR-DGGE J3Hr, 4%
B2 2R 2R BR S AR A8 B A Al R ZREE A &
B 25, HTREFREARAGRRG T Rk,
BRI 2855 i35 8 5 s R R A A Tt 5 4
T A N A IR U R A5 . HETENA
HIXT R g Y B TR A Sy, XA
A TR TR AT I S A i . ASBF R4S A sl SR
B 597 )5 (PCR-DGGE) X g % i A [l 2 B P A ik
LR ZHEE B S5 T SE . — HRE RS
T fRER g WA TR R 2R, 5 — T T R R I
TR T R ARG ) o R 0 D LAl
1 RS
1.1 H@mXEE

2013 4 6 J DA 1145 BT 300 X 6 /A 7] L A7
EORARS AR SRR, B SRR SURAR 3 bR
Fikk, MR KBRS IRAL B AR 1 . AES
RAERE, BN SR, SE TR R, A
TCUESERAS A ]P0 1] ARl K 4 T A P 5 i ==
4 °C RAF#5H o
1.2 FZERFIFNEE

A FERIZH DNA 574 . Master mix, 4T
W TR () IR A BR 2 /) 5 Plant Genomic
DNA Kit i 7] &, 35E Sigma-Aldrich 23 F] . #8151
B, HBNEHEEITERAGRAF; AR
i, TUESERPHCARAR; WiERS A, EE

x1 BRYSFEHEMEMNE
Table 1 Geography of collected Entire meconopsis

Scilogex v H]; PCR 4 1. HEIKAX . BiAEWHEEIL
WAL Z 50, [ Bio-Rad AH],
1.3 HEiEF

FESLRA 10 R bt o s, Bilg & it
N 2% AN . FLRE ARG, BRIk
Ji 4 50 pg/mL ZEBEERER A1 K,Cr0,'2, 10 Fhid% 35
Hohy: HV Rt Abeial /me s o
CE R PRI BRIABR AN - R B 57
$£(CaCl, 0.20 g, K,HPO, 0.60 g, KH,PO, 0.90 g,
KCl 0.30 g, BEIAERAN 1.00 g, MgSO4 0.10 g,
FeSO, 0.001 g, L-RAWEE 0.20 g, ZEBKERE
1000 mL); = —S4aD; Hse iy,
TR 2 1 B 97 4E(CaCO;5 0.02 g, KNO; 0.10 g,
K,;HPO, 0.05 g, NaCl 0.50 g, MgSO, 0.50 g, FeSO,
0.000 1 g, MEEHE 1.00 g, FEE 3.00 g, ZRIBKE
Z¥2 1000 mL); o BB IR, SON Bt
(KNO;2.00 g, NaCl10.02 g, FeSO,0.01 g, AIIAEMIE
#5100 g, FEEEI0.30 g, ZEIM/KEZZE 1000 mL);
25 W - KA T e B 5 L (Ko HPO, 0.50 g, i b
10.00 g, RAMHE0.50 g, ZEI/KEZZE 1000 mL),

SR (R it 2 B A <5 U g ke AT 2 1 3
B, AU R RLIRE S5 F T AR TR TR A3
B, A0 T R DNA $REG B EAE
TIPSR, BUASIRISTURAT T4y B s R 2k
28 °C 597 30 d. ISP4 Rt T ikkatifL,
WREiAL G EFD T ISPA b, T4 CIRAERH. LI
Sy B IR NAE IR S — SN SCAUE& S 77 5655

s SRATHiLAS, 5273 Hi A

No. Location Altitude (m) Geographical position
A FAWE 22 J1 45 At Galitai in Songpan 3553 N 32°55'44.1", E 103°25'35.9"
B Z1J5%#h % At Anqu Village in Hongyuan 3523 N 32°43'14.1", E 102°23'29.6"
C TR FEAS2E 1L On Mount Mengbi in Barkam 3 894 N 31°41'23.3", E 102°19'29.0"
D /N8 In Xiaojin County 3789 N 31°41'12.3", E 102°19'17.4"
E /N B BRI On Mount Balang in Xiaojin County 4120 N 30°55'52.8", E 102°52'56.0"
F /N8 In Xiaojin County 4114 N 31°42'23.9", E 102°18'49.7"
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5 &AW G T AR AL & IR A SR T 5, Sl
RN E S — iS5 N SCAUEKAHYI S ' &ATAK
ERAL& TR AR5 o AR . 25, . B
SRR, S, L & F %,
1.4 16S rDNA-RFLP 434

iR TE DNA RFHANEZEF 4 DNA 357 &k 7
PEHL, 16S rDNA (1) PCR 5 |¥)fii ] 8-27f (5'-CCGTCG
ACGAGCTCAGAGTTTGATCCTGGCTCAG-3)"™! il

1523-1504r (5'-CCCGGGTACCAAGCTTAAGGAGG
TGATCCAGCCGCA-3)"!, PCR FZWAKZ (30 pL):

Master Mix 15 uL, 1E. J2[al5 [#)(10 pmol/L)#5 0.5 pL,
Bt DNA 1 pL, ddH,0 #MEZ 30 pL. PCR sk
#4. 94 °C 5 min; 94 °C 1 min, 56 °C 1 min, 72 °C
2min, 30 MEH; 72°C 10 min, 4°C {#ff. PCR 45
Jei F 1 %S HR B KA, FLUE 120V, 20 min,,

Y FBRA1E N VI Hae T K. Hha 143 5% 7502k
WY BT Y], MR R0 pl): Hae 111
1 Hha1 (10 U/pL)4% 0.5 uL, 10xBuffer 1 uL, PCR
FE) 5 UL, ddHO #MEZE 10 L. FEMRAIRR G
F37°C i 8-16 h, J W25 o5 2.5%Bi B e
JEHEATHLIK (100 V, 4 h). BRI IEAIRAE . BEYD
FE B AL PR FH Excel . NTSYS 5844, Fiza
JENACES5 1 (UPGMA ) AR (&0,
1.5 PCR-DGGE ##f

L% 8 % 4 2H 5 DNA i ] Plant Genomic DNA
Kit il F &40, M3 EK . EY4141E DNA
Kl Touch-down F&JFEU 185047 2 % PCR 4734 .
55 152 PCRY 4R F (30 uL): Master mix 15 pL,
5l ¥ F243 (5-GGATGAGCCCGCGGCCTA-3')
(10 pmol/L)F1 R1378 (5'-GTAGTCATATGCTTGTC
TC-3") (10 umol/L)!' 4 0.5 pL, #iHg DNA 1 pL,
ddH,O #ME % 30 pL. 57 2 % PCR Y AR K
(50 pL): Master Mix 25 pL, 5|4% F984GC
(5'-GCAA CGCGAAGAACCTTAC-3)(10 pmol/L)
1 R1378 (10 pmol/L)!' & 0.5 uL, 45 1 % PCR =
YIoARH 1 uL, ddHO #ME % 50 L. 588 PCR )5
HEA I ME MR A L TR, 2% EIRD 1.3,

% Fl Bio-Rad Dcode ¥£17 DGGE #Eic 1k, Fr

FHEER A RIS BE N 30%—60%. B 2 YK PCR 724
20 pL, HLIKZRMRA 1XTAE, 50 V Hi# 30 min,
ZJ5 150 V HLYk 6 h, IR 60 °C. HLVKZ, )5 R H
Ryl R

x4 DGGE K Z £ Hrfli ]l Quantity
One M, FR I LA HL N A TR R Z
WG| A ZHEYEFRE(H) . F B (S) M5 B (Ey) 55
b, HEARXWTF,

H==) PylnP;;

Ey=H/Hpax=H/InS.

P RS 3 R i P B — S SR A T
AL RIS AERE R BAHT R
B PR FH Excel 2003, SPSS 13.0 S8 3%k 4%
1.6 EHRNFREERZELZER

AR RELP 438 e de B R sk, [
)% DGGE B Raciisse. 4. gk, sope™
JEHEATIN, W AR R AR MR AR AT BR A ]
5t/ K BLAST F2F7E GenBank H4& -5 FTilll ¥
SR EERSE AHSEFS, ClustalX 2551 X
MEGA 6.0 {4 HiEE 550 & B (Neighbor-Joining) >,

2 RS540
2.1 FMFHRENEREZELEFHEEZR RFLP
ST

N AR B ERE L, SRR
TREFREL L AR AL PR B X P A ik B A R
My, Z5SLIE 1. KA 10 FhiE 3B 2] 32 #k N
AT, BRI AR R AR AL S o R I A R Ky
Aoy ORI, B 10 tk, 5E 31%,
FFF P AR SR 5L . WIR— SRRz, #
TR R B RO R 22 . BRYE R RN AR
R B A B O 22 LR, AR o i B i
%, HF| 34%, AL D, BIEK . R>n>
>4k

o2l 32 RN WY RS,
NTSYS #AfHAb )5 WIE 2. Hha 1/Hae 11 FYIZEES
BRI IR, 32 FRIKETE T0%HHIE KR
i, 1M7E 8S% M AKEArHCh 7 A tfEds
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@ Humic-vitamine

o Low-nutrient mineral salts-agar

m Gause No.1

m Trehalose-casein
m SCN

m Histidine-raffinose

O Sodium succinate-asparagine
@ Chitin

O Modified proline agar

@ Glucose-asparagine

Flower

Leaf

Stem

Root

El1 FEEBEFERERFRIBALSBAERLRNE LK

5 10
The number of endophytic isolates

Figure 1 Comparison of isolated endophytic actionbacteria with different culture media in different plant tissues
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2 MERMLZE 168 rDNA Hae II/Hha 1 B E R EE
Integrated clustering diagram for Hae 111/Hha 1 digestion of endophytic actionbacteria 16S rDNA

Figure 2

B, b B AT G b, & 16 BRINARTKL
LRI, o EEE 50%. I 2R R e T
T EERE S A ISR AL, HORWE 0 0 8 A AR AR
I, SRR /N BRI
22 FRYSHERMELBERRERESHT

7 MRNAE R BIE A RFLP 238 7 A

0.92 1.00

[ RE, AR BERRI 7 IT Al i R 48 k& L
Bl 3. URER G R & (Streptomyces) . JLHL
T & (Kitasatospora) ME K J& (Oerskovia), 5
SRR — R RBUER N 3 75, 7 B N AR
BrmwE AR, &5 71%. MYIRER RS K
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100 [SCAUEaFL1 (KU232320)

Streptomyces rishiriensis strain D201 (KF317950)

53 -Kitasatospora atroaurantiaca strain BCCO 101633 (KP718484)

83

53

100

SCAUEIBRI (KU232318)
Streptomyces sp. M10 (EF034030)

Streptomyces sp. JISM 147832 (KR817783)
g[ SCAUEeFF1 (KU232321)
99'Streptomyces sp. ZG0656 (EU201137)

SCAUE;jDS1 (KU232366)

100 L Actinobacterium ZXY023 (IN049472)
SCAUEdDF1 (KU232319)
100 ' Oerskovia enterophila (AB562466)

[~ SCAUEbEL3 (KU232368)

100 L— SCAUEhFSI (KU232367)

—
0.01

3 BRAENERLARRERRRLE DN

Figure 3 Phylogenetic analysis of representive endophytic actinomycetes in Entire meconopsis
E: S NFSNERGRS; 030 BB N RERE M AR KBRS EIER.

Note: The serial numbers in the brackets were accession numbers of the strains. The numbers on the branch points of the phylogenetic tree

represented bootstrap value. Scale length represented genetic distance

. Bk SCAUEDS1 HXF P4 HLAEE SN Hk
SCAUEDBEL3 Y5 SCAUEWFS1 BH—%, 5HAhH
RS SSEX Gu
2.3 DGGE &5 2 #MH5. FERBEES

MR B 6 AT HL A B SRS 45 L 2R
B A TR (E 4). hIE 4 aT%1, £ukiE
fAlE—EER, WML WHE ., TBR, =
BE . SREESE IR, Xt LS B H s P AR i
LR TR M i 2R . TR M R A B R 5 2k 2 5
WIS, (A —Hb PR B ARl il L 25 | #£ DGGE
St AN, REM B (LLIRZ M £ )k giE iR
# DGGE sk B AT, . fh, ZEmnt
FaliFE . ER, N Z.

1t DGGE I35 H 8 3 sk ks N AR i T
ZHETREU(H) . BRSO MB SR (Ey), Hh 2
FEPE T8 U= BRI DRI BN Ao A 4 5]
FERILE AR R R BL(R 2), SN
TR ZFEMERE . FRE . SRS W] B
B AR ALERG S RS A (A%

AR EEMMIRZEEE. F R SRR
e ZREMETEEL 272, 5REES B (LR
2). C (BRI, D (M ROtk IR 24
PRI B g 225 BRI 15, HHAD 5 RAE
SAEMIRE FER B 2R, SRS, F—F
FE RS G0 5 H LN A TR 2 AR EOh
A: ZE>HSIR>FE; B fE>M>ZE>41; C: if>fE>
> D AE>ZESISML B ZE>E>M>H F.
FE>ZESMRSI A [A] SR AE SR g 00 &% 2SN A=
R TH ZHEERR RO . M ASF>E>D>C>B;
2. ASD>E>B>C; 0. A>B>D>C>E>F; fL:
B>D>E>C>F>A,
24 REZXTRERESN

MRS R BME )R, FraFaIREsrHh
8 M, KR ML BRI J& (Rhodococcus) , 14 %)
70%, T AEFR A L 7 BE 55 & (Streptomyces){X
2 PR(FF2-1 1 BR1-1). 52 GRS B B TR PR
JF444% AS1-1, ELI-1, FS3-1 M CL1-1, 4354
¥F 1 J& (Corynebacterium) . i85 14 J& (Mycetocola) .
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¥ B J@ (Microbacterium) M1 5 & K 1# J&  DGGE &AM iERRHZFHAK, nf WHEHRESR
(Pseudonocardia) . WAk, J¥4| BR2-1. BSI-1. %Y DGGE KT RTLARIKR . REKEW
BR1-2 fi1 BS3-1 RAE—i2, A RICEENocardia); BMNEBNSXEN THEENEREEEEDN
ES1-1. ES3-1 WiEREE (Micrococcus). RAFLIER  ZHEPE, [RIAT SR 28R B i 2 3 Ak T
WiE A REZH, PR ER, FEakEE T

A B
Root Stem Leaf Flower  Root Stem Leaf Flower

C D
Root Stem Leaf Flower Root Stem Leaf  Flower

E F
Root Stem Leaf Flower Root Stem Leaf Flower

B4 ZEENERMLE DGGE Ei%
Figure 4 Agarose gel electrophoresis of endophytic actinobacterial PCR-DGGE for different samples
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2 EWELRH DGGE FHEHMEY. FE. BUE
Table 2 Shannon-weaver index (H), Richness (S) and Evenness (Ey) of tested plant samples

FE EZERE 1 FHE SIEes i3 L REE ZAEIEEEL FHE ey
Samples Shannon-weaver index Richness Evenness . Samples Shannon-weaver index Richness Evenness
Root A 2.72+0.04¢ 15+1c¢ 0.998 3+0.000 1c : Leaf A 2.83+0.06d 17+1d  0.998 2+0.000 4d
Root B 1.79+0.01a 6+0a 0.996 6+0.000 4bc ! Leaf B 2.72+0.10cd 15+2cd  0.996 9+0.000 2bc
Root C 1.91+£0.27a 7+2a 0.994 94+0.002 6ab | Leaf C 2.58+0.04bc 13£1bc  0.996 6:0.000 8b
Root D 2.38+0.01b 11+0b 0.994 0£0.000 1a : Leaf D 2.6940.01cd 15+0cd  0.994 6+0.000 9a
Root E 2.50+0.10bc 12+1b 0.997 5£0.000 1c ! Leaf E 2.51+0.05ab 12+lab  0.997 6+0.000 2cd
Root F 2.53+0.09bc 13+1b 0.997 1£0.001 8¢ : Leaf F 2.38+0.19a 11+£2a  0.996 7+0.000 3a
Stem A 2.87+0.06¢ 18+1d 0.998 2:£0.000 3d ! Flower A 2.12+0.06a 8+la  0.998 1+0.000 lc
Stem B 2.60+0.11b 14+2b 0.996 4+0.000 2bc | Flower B 3.10+0.05d 22+1d  0.997 6+0.000 2¢
Stem C 2.38+0.17a 11+2a 0.996 9+0.000 6¢ : Flower C 2.46+0.24b 12+3b 0.996 6+0.000 5b
Stem D 2.78+0.03bc 16+lcd  0.994 6+0.000 6a Flower D 2.80+0.03cd 17+1¢ 0.994 6+0.000 3a
Stem E 2.67+0.08bc 15£1bc  0.996 9+0.000 8¢ : Flower E 2.58+0.09bc 13+1b 0.997 9+0.000 5¢
Stem F 2.22+0.16a 94+2a 0.995 8+0.000 1b ! Flower F 2.30+0.32ab 10+3ab  0.996 7+0.000 6b

SCAUEERI-1 (KU232352)
Rhodococcus baikonurensis strain BSb3 (KF387701)
64l SCAUEDS1-1 (KU232349)
SCAUECS2-1 (KU232343)
Rhodococcus qingshengii strain SY07(4) (KT239457)
80| SCAUECR2-1 (KU232341)
Rhodococcus erythropolis strain Zel1 (KR088448)
Rhodococcus sp. SA31-01 (KM513657)
SCAUSD-3 (KU232324)
76 ;SCAUECLI-I (KU232345)
:‘:SCAUEARI-I (KU232326)
SCAUEFR1-1 (KU232360)
SCAUSD-7 (KU232325)
B2 Rhodococcus cerastii (KR047778.1)
(LLSCAUEASI-I (KU232328)
Corynebacterineae bacterium X1698 (KM401816)
SCAUEBS3-1 (KU232336)
Nocardioides sp. XH274 (KC986355)
| gy Nocardioides kribbensis strain KSL-2 (NR 043215)
97| Nocardioides sp. H3 (2010) (HQ222342)
SCAUEBRI1-2 (KU232333)
80| Nocardioides kribbensis strain DS4-2B (KM891548)
64| SCAUEBR2-1 (KU232334)
SCAUEBSI1-1 (KU232335)
“Alloactinosynnema sp. KYLS-CU07 (KF111804)
— SCAUEFF2-1 (KU232365)
4 — SCAUEES3-1 (KU232357)
08 Micrococcus luteus strain BGDal35 M11 (GQ289360)
SCAUEESI-1 (KU232355)
99! Micrococcus sp. SeCol25b (LN830925)
6i5r SCAUEELI-1 (KU232358)
Mycetocola sp. HPTE (KM 187517)
SCAUEFS3-1 (KU232362)
61'Microbacterium sp. CC6A1 KM 187290
Streptomyces macrosporeus strain 1169 HQ607434
99H SCAUEBRI1-1 (KU232332)
W Streptomyces sp. BEE12L7 (KC750187)

Bl 5 ZFHSAERMLE DGGE FHARKREN
Figure 5 Phylogenetic analysis of gene sequences of endophytic actinobacteria in Entire meconopsis from DGGE bands
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