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FEE ; DUIE b ™ 1 R 22 g bRL , 24 FH A P A 0 AR A A 2 A RO ARV it AT TR . RS U857k, A
o 2 ARZE ZEFIN 4 AN LU B AR R 4H P 136 BE, 4308 T 16 4~ 16S tDNA FE[RIAY 12 AR JE (15 ANl g, b 3
FEFFER | SEAT TR 3 3R e B IR A 4R i & PR o0 0 LR B 2 AN [R) 1T 55 SR Hhal T8 A6 1 A i BR il e Bt 22 25 (T-
RFLP) f¥iaErid:, Wim R 22 4 DRGNS 36 AR 09 A i BR il B 00 F BE(T-RFs) o, FREEXT R 247 2% B H A 5 32
A 20 G T AT 2 AT I | PP AT B S5 S DU BT, VR MR AT L LT BT | S M B BT S5 A A T B P ARURE T TR
TG A S5 R R DG A T, D30T 1o S 22 D A 2 DR ARE AR 5 L R AR KRB AR OG . SR8V T-RFs $0H R34 T-RFs KL
SXoF IS 440 T A R A 0 AR [ 5 7 T 20 B8 FR A R R AR T, 36.36% . 51.52% . 54.55% F1 27.27% (A Ak 20 B B /R T AN LT TR i . B-7 2%
WG, A KR B H 1-Z BRI - 1-RIR (ACC) I ZRE ™ AERE ) . Horb 218 L-2 ZFALFT B S- 16 TN 4 bR 3R B, $iy
MR B AR R-1 A1 R-3 /R TR 10 ACC Al AR K R F= A B8 ), ik BB MR A A TR 770 1) R APk
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Diversity and plant growth-promoting potential of bacterial endophytes of Alpinia

Officinarum Hance, a famous south-China medicinal plant

LI Shubin*, HUANG Juan, ZHOU Renchao, LI Ze'en, XU Shiru, RUAN Ting, PANG Qihua
College of Life Science, South China Normal University, Guangzhou 510631, China

Abstract ; Alpinia officinarum Hance, which is a species of the family Zingiberaceae, is a perennial medicinal plant that is
mainly distributed in the tropical and subtropical regions of Southeast Asia. Although the endophytic communities of various
crop plants and several medicinal plants have been investigated, no publications have reported research related to the
endophytes of A. officinarum Hance. In the present study, a culture-dependent method combined with a terminal-restriction
fragment length polymorphism ( T-RFLP) technique-based culture-independent method were applied to assess the diversity
of the culturable bacterial endophyte communities and total bacterial endophyte communities of A. officinarum Hance. Using
the culture-dependent isolation method, 136 bacterial isolates were obtained from the internal tissues of root, rhizome,
stem, and leaf of healthy, 4-year-old A. officinarum Hance plants collected from Longtang Town in Xuwen County,
Guangdong Province, China. We selected the A. officinarum Hance plants growing in this area because the quality and
pharmacological effects of these medicinal plants growing in this area are traditionally considered to be significantly higher
than those of any other areas of China. Based on 16S rDNA sequence analysis, the bacterial isolates represented 16 distinct
16S rDNA gene types, 12 distinct bacterial genera, and 15 distinct bacterial species. The most dominant bacterial

population was the genus Bacillus, followed by Methylobacterium. The culturable bacterial communities that were obtained

ESTH . EHEARPIERES I H (31070003) ; 1M B RHEHRITH H (2013J4100050)
WrfE B H9.2013-12-11; [ 4% H R B #A . 2014-08- 13
* WIRAE# Corresponding author.E-mail ; shuli_1990@ 126.com

http ://www.ecologica.cn



10 R A 2UAEY R L N AR TR R B AR A T 3205

from the different tissues of the medicinal plant were significantly different, and several bacterial populations displayed some
level of tissue preference in the host plant. Using the T-RFLP-based culture-independent method, 36 distinct Terminal-
Restriction Fragments ( T-RFs) were detected from the amplified, Hhal mono-digestion-targeted 16S rDNA gene sequences
from internal tissues of the root, rhizome, stem, and leaf of A. officinarum Hance plants collected from the same sites. The
corresponding taxons of the dominant T-RFs were linked to highly resistant Bacillus and Methylobacterium , as well as several
marine bacterial orders, such as Oceanospirillales, Pseudomonadales, Vibrionales, and Rhodobacterales, which indicated
that the population composition of the total bacterial endophyte community in A. officinarum Hance was significantly
correlated with the environment of the host. The numbers of total T-RFs, the dominant T-RFs, and their corresponding
taxons were significantly different between tissues of A. officinarum Hance. These observations indicated that the tissue types
of A. Officinarum Hance could contribute to the variation in the bacterial endophyte communities of the plant. Furthermore,
the isolated bacterial endophytes were screened for a panel of beneficial effects that included the production of extracellular
chitinase and B-glucanase, indoleacetic acid (IAA) , as well as 1-aminocyclopropane- 1-carboxylic acid ( ACC) deaminase.
Many of the strains displayed positive results in these assays ( chitinases: 36.36% , B-glucanase: 51.52% , 1AA . 54.55%,
ACC deaminase: 27.27%) . In particular, the isolates 1.-2, which was assigned to the Panione sp., and S-16, which was
assigned to the Bacillus sp., were capable of co-producing chitinases, B-glucanase, IAA, and ACC deaminase, and are
potential candidates for use as biocontrol agents and in biofertilizers. In addition, two isolates ( R-1, R-3) that were
assigned to Rhizobium tropict could produce TAA and ACC deaminase; therefore, they are good candidates for use as plant

growth-promoting bacteria.

Key Words: Alpinia officinarum Hance; bacterial endophytes; culture-dependent method; T-RFLP technique; plant

growth-promoting potential

FEHIN A= 4078 ( Endophytic bacteria ) £ 75 TR N, AL 5 HAE Y A BRI AL ZH 26 |
KEMB SAEMRAE R AT A DI E Y RS m P A 40 o T 5l o B RVE R AR R A 1
- -SRI 2 Bk A Fi2E R G2 R SR SRR 2B K 48 A ) AR A s v i bipE >
WFFEAE ) N A6 20 T 22 A P B T R TG P, 0T 88 B AL 400 - D 24 A o AR AR T A 00OR) D P A A T o 30 R A o
2,

= K2 (Alpinia officinarum Hance) | 4 /NR 2 N4k B 22, EELAEAMYZ—" ) ERERWY
HAVH PR PR Do Ao A S E 0 B T A A a5, R A
B AT YA A3 A o AT R AR T L e ST 7 e R 2 R e, i e R R
ARG PRy, I M 7 A T R e g i e T e O SRR I pH (BRI R AT TR X AR RYPRE LN
A T ZREPERRIE AT BEAN[R) T N BB o SRTT, A G R R 22 AR T AT ST B N A0 i R4 o AT SC LA #b ™
e R ZNAOR R o B3R s R T AR R R Bk B2 2 28 43T (terminal-restriction fragment length
polymorphism, T-RFLP ) 1635 5% 5 1% H P AR Al i 2 REPE A1 2000 A SO i A= v 1k AT TR, A T
224 FHAEL ) PR A A R P R 25 A8 R A 25 00 A1 R A, R 20 B P A TR A Tl P T 1l i A P P L B A AT
BRI IT AR A 2%

1 #MRERFE

1.1 HH ok
SIS AT R R YR A B2 AR A O R BEet: o L E 2 4 A AR,
FH OB W) i A8 A0 5 0] 525628 I 7 BV R4 T N A B 40 15 Se 4140 DNA 251,
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1.2 FEH AR R

1-S RN BE- 1-R R ( 1-aminocyclopropane- 1-carboxylic acid, ACC) B-%j % # JLT B4 H Sigma 2 Al ;
BRI N YT Hhal Mspl, Premix Taq .pMDI18-T 4T Takara 23 7 ; Dzup (FE4) ) £ R 2 DNA $2HGRF & 05
FLH 2 DNA $EBGAR & DNA gkl &0 F il T AR A R A 5 25U (nutrient agar, NA) |
Luria-Bertani 35353 (LB) JHREE (1RSI 3600 A T AR AIUECAE D RHE A RA R AL T Bk 57 3 2 |
R ISR LT R SRS ISR RIS IR IR FERG 37 3L (supplemental medium, SM) 2 HR SCHR
B, SMA $53%3%. 0] SM K533 i IRt BEBRER 19 ACC, 2R 3 mmol /17,
1.3 NAEZHR RS- B alifk

FHI K th e R 2 AR ZE ZERAE S WK gy . ARZE MRHTC /NI EI 53R B VTS 98 8429 2
mm /P FERZHZE KUK 84520 2 mm /NBE, $E IR LR DB IR RE ST R T T . 75% T
KR 30 s—ICH K Mk 3 IR—0.1% THRIZ UL 4 min—JCHE /K whik 5 W, BRI B 044U/ (60 B/ 4
20) W F ST HI A& NA P 1,30 CHi SR 48 b XF B A vk 1T 4 alifl, 25k e, aimyseie T+
NA RHARAE . BT 1 YOH B TC R K IR AR T [FIAE B~ P A LA T 2ERICR
1.4 THFE 16S rDNA P34 S BRI - B BE Z2 38524 (restriction fragment length polymorphism, RFLP) 34

FFRIEA LB J5 3583 30 °C (150 r/min JR3%5453% 24 h, B0 (4000 r/min) YEFIK, H TE ¥E% 3 K,
FHAN B 3 $ BT SR BOL 240 DNA, 7S WL & vl B 45, DAFRERAY 45 DNA A, FH 40 v i
519 27F /1492R ¥ 1415k 16S rDNA 41, 45 25 wL PCR W IRA W& Premix Taq 12.5 pL, iE 5194 1
pL BiHR DNA 2 pL,ddH,0 8.5 wL, PCR FEFF 4 :95 CHZEHE 5 min;95 °C7EME 30 5,52 CiB K 45 5,72 C 4t
190 5,30 MG ;72 CALES 7 min, YIRS H BR7™ %) (—1500 bp) , I DNA Akl & alifk, sifk™9)
35 Hhal Mspl F 37 Ci4k 3 h (FEVIIR R & PCR 724 2 pL, A 1 wL, 10 x M buffer 2 wL, ddH,0 15
pL) ,75 CFKI 10 min ZE R4k, 29%350 W5 58 e F VARSI VS Ak 7= 407 , AR 5 JFG R K %ty 55 E R X RN ik
17 RFLP EE 58, XA EE RELP B35 HEF 406, 76 PR 135 H DNA S5 85 5 SCEAR XS /N A8 [ 04 T ik
E UM TR — 168 rDNA FFH (rDNA type) .
1.5 WHRARZKE

RS A H R R RE 16S tDNA 338 7= 155k 5] E. coli DHS-o 2SN, Pk B 7 b Z FC I
HERIERABRA TN o FrA A 807 5 FAZ AR 122 16 40 S5 R 7 iE A TR sl L)L R U 25 5 46 NCBI 47
Blast [F]JE PSR, FAFHHITIF 1, Clustal X ZH LX), 38 ] MEGA 5.05 %X {44 # Neighbor-joining 5 4t ¥,
boostrap 1000 YK £-43 32 9 EAFE
1.6  ¥EFE WA AR FHAR T-RFLP 4347

B R 5 M2 21 /N (10 Be/2040) |, ] Dzup (FEW)) FE K 2 DNA R BGR ) & 42 B0 41 408
DNA, J7ikZ WA & U A5 . DAZHEZLE DNA SR, SR IE 519 505 6-FR 3 — L RDIE K (FAM) 5
ICHY 27F/1492R 511X 14041 16S tDNA FE41, PCR L WiAR R FIFLE R 1.4, M=% (—1500 bp) ,
A& Llifh )5 Hhal T4k, BEVIZRAE AR R 1.4, WEAZEIS RS RE B THACELZE 2 TR IIAE KL R A
FRA R AT T-RFLP 53#T, T-RFLP K5 A s R i 14 A BL ( Terminal-Restriction Fragment, T-RF) i [l #£ 50—
550 bp HE G T 100 U 76 PATI050 BHE b S IS A G400, A 3F R BEK/+1 bp 19 T-RFs,
A — T-RF 7 H R RE S A E B A 2R > 5% B T-RFs 22 SUONIZRE S RO EH T-RFs, 4 18
[R1AE 7 32 RN 3 15 TR AR GE N 8 T-RFs o 38 3 38 (http : //trflp. limnology. wisc. edu/index. jsp ) 2 A& X W A9 T-
RFs Al ARV AN R A, B—42 3 AT
1.7 AR A 0 ) i

JUT TG REI A2 2 B Sk i, 1 AN LT BB 1 2005 SOl . FEI e i R 26 AR, A min A2 1
pmol N-Z., Pk 81 26 47 T e 2 1 il o 5 B3 SRR 52 2 BE SR ik, 1A -8 SR W S i s SR 7
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02 9 BB 464, 4 min 2B B 1 ol 45 W ST 5 2 A i ik 5 2B K A0 0 (D 2 ISR Dy ikl ot
Salkowski {2 J8 ) 58 €2 WU A2 5 ACC e 2 BEIIN 2 2 B SRS e 1 A4S ACC JBE WIS 206 5 UK - 7
DU B SR 26T, B h AR 1 wmol o T BRR i 55 A o 5 iR —FEAL B —ll e 3 A,

1.8 QI FR AR AZ R A 22 5 0 i

DL T-RFLP &3 rp 45 T-RFs AHXT =B 718 e 5 3% N A= 4 R FER Shannon-Wiener ZFEPEFEEL(H)
H=-%(P, InP,)

K, PR i A T-RF ZEIXA SR fd ] SPSS 17.0 B4 A XB 1 [CHT B M 2575 ( Duncan’s Multiple Ranger
Test) #7255 B EESHT(P < 0.05,n=3),

2 FR

2.1 A[EEFRNAEANE RFLP 2015 Rl o0 Hr

ST M B AR MR ZE ZERNE 4 A~ 4]
240 ML B IRAS 136 BRAERRE LR AN A 7 600bp
BeOHAR S FE 1, o, MR 38 Ak, MRZK 24 ff 2532 00P
FR, W42 R, PIERTA PR 16S 1DNA JEH ¥ 51, PCR
78 (— 1500 bp) 2 Hhal Mspl 43 513 AL 453 A L)
Flik (K1) AE IR 16 FRAFERA(E 1),
Hr W B Wk A FREA 1—7,10—12 K&
15—16 1 HRZEFT 40 B9 bR 0 i THE AL 1—7 v 25 000
BT AN BS bR A0 T AR B 1—7 R BEPE A 10,1213, 7
14 F1 16 H, M4 5 B R IR AR 2 3] 14 F B
FEHAY 15 16 SMHAbAS SE PRI AT 40 A, 3k BB 45 5143

5 6158 1 9 16107 1114 3 4 12 2 13

M5 6158 1 9 16107 1114 3 4 12 2 13

. o e N . _ = 2 M 1 43
U185 B 22 T3 4 2 4 R B L LR L4107 7 | TERMEME 165 rONA RELP AR

i o Fig.1 RFLP patterns of 16S rDNA genes of bacterial isolates
HE%“*#O b Mspl; T . Hhal s AR R

M SR P BB 1—3 AR BT 165
rDNA 27 S E R4 (09 1E 2 1] JP 51 2 DR LU X 5 K/N R 1345—1497 bp, [T 514 3E & Genbank 3RAFAYKTER
FWRTER 2, TR AREEE IR X B8 3 F 2R M0 8 (Bacillus ) 7% 50 G H & ( Kocuria ) 2457
FF TR J& ( Paenibacillus ) 55 ZFF0AT B & ( Brevibacillus ) HJE # J& ( Rhizobium ) X HLMI T JE ( Pseudomonas) | H J
FF & ( Methylobacterium) A8 /RTER & ( Burkholderia ) (V%% 18 J& ( Serratia) K7 R 18 & ( Citrobacter) 12
W& ( Pantoea) | X Z BE A MU A & ( Sphingomonas) %5 12 A RFEMIANEJE (R 1) .

F1 SREWMEFNEMAE 16S rDNA ERE R H RS L Fithir
Table 1 16S rDNA types of endophytic bacteria isolated from A. officinarum Hance and their phylogenetic position

[EY i AUS S EEAEES
- . B (CEAEEE/ %) 53lin” <l AR, %
Ak Strains i . .
rDNA type  RDP classifer Closest species Identity
( Confidence)
R-5" R-14" R-41 RZ-8, RZ-14 RZ-24 RZ-26 S-17 S-27 L-4 1 Bacillus (100) B. firmus 99
L-36
R-9 R-32 R-36 RZ-1" RZ-2 RZ-3 RZ-9" RZ-4 RZ-10 RZ-19 RZ-
) 2 Bacillus (100) B. megaterium 99
25 RZ-32 S-1"L-16 L-27 L-33
R-16 R-34 RZ-11 RZ-26 RZ-28 S-11"S-16" L-31 L-32 3 Bacillus (99, 100) B. subuilis 99
R-10 RZ-7" RZ-12 S-33 L-40 4 Bacillus (100) B. subtilis 99
R-8 R-13" R-38 RZ-17" RZ-20 S-21 S-22 S-23 1.-29 5 Brevibacillus (100) B. brevis 99—100

http ; //www.ecologica.cn



3208 A F 35 %
B A 2
" . H PR 2 (CEIEEE/ %) S5 8lin- ol AEITE %
IR P Strains . ¥ . .
rDNA type  RDP classifer Closest species Identity
( Confidence )

R-15" R-25 R-27 R-33, RZ-5 RZ-6" RZ-31 S-20 S-24 S-25 S- o .

. 6 Paenibacillus (95, 100) P. xylanilyticus 99
29" L-5L-14
R-26 RZ-22* S-32 S-8 L-15 L-30* L-35 7 Kocuria (100) K. palustris 99
L-10" L-13 L-18 L-19 L-43~ 8 Citrobacter (96) C. murliniae 99
L-2% L-3L-6 L-24 L-8 9 Pantoea (100) P. stewartii 99
R-14 R-17" R-21 R-31 R-39S-5" L-1 L-9 10 Serratia ( 100) S. marcescens 99
R-6 R-18 R-24* R-38 1.-20 * 1.-33 11 Pseudomonas (100) P. putida 99
R-29" R-20 R-30 S-3" S-37 L-8 L-12 12 Burkholderia (100) B. gladioli 100
S-2S-4S-10 S-12 S-14 S-15 S-19 S-26 * S-30 S-31 L-11 L-17 L-

. . 13 Methylobacterium ( 100) M. organophilum 99
21" L-22 1.-23 L-25 1-26 1L-27 L-37"
S-9S-18" L-38 L-41 14 Methylobacterium (100) M. organophilum 99
R-1* R-2 R-3* R-4 R-7 15 Rhizobium (100) R. tropici 99
R-22" R-11 R-23 R-28 R-42 S-6 S-28 S-7* 16 Sphingomonas (100) S. sanguinis 99

* FAMF AR E K ; RDP: Ribosomal database project

JH Neighbor-joining ¥4 R GEHEAA | XX Se P51 AT HE— 20 (& PSS, 45 BoR 24T B s b i
PR 35 A B 2R ST B ( Bacillus subtilis)) . B R ZE T B ( Bacillus megaterium ) F1'W& 48 28 46 ¥ & ( Bacillus
Sirmus ) K6 RTR] — 3 32 s HoAtb A% Ja k-5 10 7% 5E IR TR ( Kocuria palustris) A FRIE T ( Rhizobium. tropici) AT
ML FEFT 56 ( Methylobacterium organophilum ) %5 12 NSRRI B T FGE b (K 2) . Bai L
KO AR RS R S B A R e 4 — 3K
2.2 AR SR NAE AN RER R ZU0E

AR A i DX B GR35 LG BN I A A BT AR, 0 e R AN [ 2 0T 5 3 A A AN e A AL (s KT )
RN 3, MR 3 FTHL, AR 255 38 5 AR AL 7 2 AT R R 2R A TR R 2 A T R A e G
FRE 4 &, LIZFRF R SO 3 (B ik 75% ) s R A B bR 8 T 9 NSRG40 B s |, 2R AT
T [ RE Ry FLR A AR (70 B L 23.68% ) , B A B BRI T S b 87 IR TR T 91 D i A AR L 34 5 25 v gy
BB AR Y DL AT B, AT IR I . R 2R M A UL SR L SR AR ), A R A A7 7E
K2, WA, JUMRER R T — @ PR VB4 IR B AN o — SR b o3 B 2 B 3
B3, A B AR R rh o3 25 T R REAT B AT Al 1 2 2R rh 3 B
2.3 RESRNAEGREEER T-RFLP 387

KM Hhal HEEHEALE) T-RELP J73k 7347 i B 22 5o 55 97 A A AR REAA, 75 B0/ T-RELP 3% B 7s £ 18] 4.
AR HRZE ZEFN PO AN A 2H 2R LA I 5] 36 AN AHXF 3 BE KT 19% 9 K siig FR 1) 1 Tl U] v B (T-RFs) . %
BT A~ T-Rbs /U 1 FRANT 5 B 22 35 58 N A R ER 2 /D AR 36 AR B 40 TR, U] ey R 22 S0 8%
TN AR AT W R 2R

XFETA 7y B RARAY 16S rDNA FFFIZEAT T T-RFLP 2047, B3R E] 17 A Hhal AL T-RFs, o4 B 141
ZUGINF T-RFs BB 47.22% , Ui B sy B 22 A A= 40 GRS rh A RH 24 22 B Rt xdE LA S5 5 1 5 9% 7 B 5
AR OC B R R F 3 BT, 19 A R DA 43 B8 B AR A T 2] Y T-REs 14 A 43 0 X R T VE IR R H
( Oceanospirillales ) 3B P& H ( Pseudomonadales ) 3K H ( Vibrionales ) . ZLFT & H ( Rhodobacterales ) &
T H (Enterobacteriales) , 5345 5 4~ T-RFs 38 AN I EHE B R R B, AR 251) T-RFs,

ST ANFRIZHZY T-RFLP (&3, Al R T-REs B0 H AL T-RFs S R A e BEZH 2000 5% (151 4, £ 2) .
BT AAL R T-RFs SILARXTF 5 T H A R 41 214 5 57 9 A= 40 AT AR Shannon-Wiener ZFE MR 5L,
ERINR 2 A FHLZ VRS BAFE R E 2257 (P < 0.05) , LIARZERA, e  ARFIZEIRZ
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R-5 (KF831010)
R-14 (KF831011)
Bacillus firmus strain BAB-1312 (KF535122)
L-4 (KF831020)
Bacillus firmus strain LAI-CS-66 (JF343155)
Bacillus megaterium YD20 (JQ798395)
Bacillus megaterium strain WS19 (JN688163)
RZ-1 (KF830994)
RZ-9 (KF830992)
Bacillus subtilis strain S125 16S (HQ704313)
S-16 (KF830997)
S-1 (KF830998)
S-11 (KF830999)
RZ-7 (KF830993)
Bacillus subtilis HU48 (EF101707)
Bacillus subtilis HPC20 (JQ308556)
RZ-17 (KF830996)
100 |- R-13 (KF831009)
Brevibacillus brevis 100599 (AB681205)
79| (61 Brevibacillus brevis strain YQH41 (HQ143656)
] 9 Paenibacillus xylanilyticus strain XIL14 (NR029109)
99— Paenibacillus barengoltzii NBRC 101215 (AB680405)
8 R-15 (KF831008)
9— RZ-6 (KF830995)
S-29 (KF831002)
100 — L-30 (KF831018)
55 RZ-22 (KF830991)
— Kocuria palustris strain Abk-6 (KF704371)
L-37 (KF831019)
S-26 (KF831001)
L-21 (KF831025)
Methylobacterium organophilum NS8 (AB298393)
71— S-18 (KF831000)
Methylobacterium organophilum CZ-2 (HM589050)
S-7 (KF831004)
Sphingomonas sp. Fek09 (EU741025)
R-22 (KF831014)
Sphingomonas yabuuchiae strain L6-303 (JQ659376)
Rhizobium tropici strain B28 (JX010975)
00{— R-3 (KF831006)
Rhizobium tropici strain B28 (JX010975)
R-1 (KF831007)

93— R-29 (KF831016)
ﬂEBurkholderm gladioli $9 (GQ337697)
S-3 (KF831005)

R-24 (KF831015)
99— Pseudomonas putida strain CG29 (KF782801)
L-20 (KF831017)
Pseudomonas putida strain OS-17 (DQ141539)
100~ L-2 (KF831024)
Pantoea stewartii strain R4-135 (JO659663)
99 —L-10 (KF831022)
L-43 (KF831023)
Citrobacter murliniae strain 124A (KF254750)
Citrobacter murliniae strain 172B bc8 (KF25475)
100 — R-17 (KF831013)
99_‘: S-5 (KF831003)

Serratia marcescens strain N2.4 (AY514434)

0.1

—

B2 BRENEAHFRRMEE 16s rDNA RGTiELH

Fig.2 Phylogenetic tree of 16s rDNA genes of representative bacterial isolates from A. Officinarum Hance

K2 BREANFHEAREFNEMEEK Shannon-Wiener SHEEFE AN T T-RFs K EHxF 57 Fh 8
Table 2 Shannon-Wiener diversity index, as well as dominat T-RFs and responding taxa of culture-independence bacterial endophyte

commimniuties detected from various tissues of A. officinarum Hance

Shannon-Wiener 2 F- 455X PEF T-RFs (bp ) K HXT MR (8 R L_EKF)

21 21 Tissue

Shannon-Wiener diversity index Dominat T-RFs (bp) and representing taxa at genra level or above
H Root 2 6740.02¢ 44 (Oceanospi'rﬂ]a]es) s * 62 (Rhizobium) ; 74 (Sphing{)mona.}s‘) H
249 (Unclassfied) ; 306, 500 ( Rhodobacterales) ; * 401 ( Bacillus)
e 44 (Oceanospirillales) ; 82 (Unclassfied) ; * 404 ( Bacillus) ;
2% Rhiz 1.46£0.
#R2% Rhizome 6+0.06b %222 ( Brevibacillus)
3£ Stem 2.48+0.04d 47 (Alt?rur'nunadales) ;o 68(Methyl'obactenum) ;3 71 (Unclassfied) ;
% 74 ( Sphingomonas) ; * 404 ( Bacillus)
0 Leaf 2 88+0.02ba 41, *50 (Enterobacteriales) ; * 68 ( Methylobacterium) ; * 456 ( Kocuria)

247, 249 (Unclassfied) ; *404, =404 (Bacillus) ; 444 (Vibrionales)
= AARMIT N BRI, ARG FRERIRTE 0.05 K E2ER B3 (P < 0.05, n=3)

http ; //www.ecologica.cn



3210 A R 354
24 Eﬁ%%’%?‘]@ﬁﬁﬂi%ﬁiﬁﬁi?ﬁﬁ *ﬂE E‘Jﬁ‘ﬁﬁ 0 Bacillus & Brevibacillus 8 Paenibacillus
» s Kocuria Citrobacter Pantoea
Xﬁ%ﬁé}\%%% E/:J ém%%*ﬂiﬁﬁTT}LTﬁ@ﬁ NG| %% gSerratia ) gPsgudomonas gBur/_cholderia
ﬁ@ ACC ﬂ}ﬁﬁﬁﬁ%ﬂﬁzﬁ%ﬁnﬂzﬁgﬁ E](] {y_lljﬁg ﬁ:éﬂf%é,%% a Methylobacterium @ Rhizobium m Sphingomonas
S NN 5 — 100
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Fig. 3 Populations compositions of culturable bacterial

endophytes from various tissues of A. Officinarum Hance
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Fig.4 T-RFLP profiles of culture-independence bacterial endophytes commimniuties of various tissues of A. officinarum Hance.

PRLBA RN DA A5 2 MR AR IR 2R AAT IR AT AT IR 45 1 Ak, L B A AR L-20 HA KRR 5
iK(31.58+2.35) wg/mL;33 PNEKT,9 4N (27. 27%) WHRBETELL ACC JynfE— R IR IR AL P A 4G A0 4 AR
B2 Bk ZEAOFTER 2 R B ERE M TE 1 PR B AT 2 AR 2R 1 Rk, IR BT RZ- 1 ACC B &S R A
((2.67+0.27) U/mg HiA) .
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Table 3 Screening for production of chitinase, B-glucanase, ACC deaminase, and IAA by bacterial endophytes from A. officinarum Hance

G173 JUT R Al W5|Ie 2,78 ACC JBLEE (U/mg B 1A)
Strain Chitinase/( U/mL) B-glucanase/ ( U/mL) TAA/ (pg/mL) ACC deaminase/ (U/mg cell)
R-1 - - 18.56+1.11 2.67+0.27

R-3 - - 23.3322.19 2.16+0.15

R-5 - 1.38+0.22 - -

R-14 - 1.75+0.34 - -

R-15 - 9.87+35 - -

R-17 - 2.39:0.34 11.48+0.94 -

R-22 0.82£0.49 5.94£0.25 - 2.03+0.11
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L3 JUT e SR 3|V £ R ACC %M (U/mg FA)
Strain Chitinase/ ( U/mL) B-glucanase/ (U/mL) TAA/ (pg/mL) ACC deaminase/ (U/mg cell)
R-24 0.580.31 - 7.640.89 1.38+0.11
R-29 0.980.04 - 21.56x1.27 -
RZ-22 - 14.68+1.25 - -
RZ-1 - - - 1.37£0.23
RZ-7 - 13.570.59 - -
RZ-9 0.96+0.28 16.350.66 18.21+2.53 -
RZ-6 3.32+0.34 3.42+0.17 14.29+1.18 -
$-5 - - 6.55+0.62 -
s-18 - - 14.68+1.71 0.890.09
$-26 - - - 0.740.12
$-3 1.350.11 4.46+0.08 9.271.01 -
$-29 - 8.730.55 5.54+0.16 -
S-1 2.14x0.12 3.53+0.24 24.372.12 -
s-16 3.32+0.09 31.3:1.22 29.54:0.37 0.740.12
s-11 1.35:0.44 - - -
L-21 - 19.82:0.41 22.33:1.25 -
L-37 - 8.37+0.69 8.250.49 -
L-30 - 5.37+0.35 - -
L-20 1.67+0.29 - 31.58+2.35 -
L-2 2.46+0.08 26.24+0.95 25.53:1.69 1.38+0.11
L-43 - - 7.56+0.45 -
L-4 1.37+0.49 - - -

— W Ry BAMESES B N e 3 NE R AYT-IME ; TAA : Indoleacetic acid; ACC: l-aminocyclopropane- 1-carboxylic acid

3 iTtig

R EREFRITE AW E = R 20 B AR B A N A A U3 T 16 AR B3R P L (12 A AN 7] #9240
BE (R 1,181, [812) R0 R ] R N AR G A & iR S R RS e ZREE . TEAR D,
ZFHUFF R BT AT AU A5 2 H BAR m A B L, J8 TZAR ) T 5 3% N AR A B e DL 428 A , T Y AT 1 Dy
ST RIUHAIE (K 3) o eAh, POl AR RT3 %5 vw QR UL AT B i A 20 B L T — 2 b S vh o DL Y
D P A5 0 AR AT (18] 3) o ey R 2 ) 5 % PA A A R A A o e 2 RS AR P RE S5 i &5
ZREA PRI E R | FOZARY) A R TR e K pH (E S RS A R XA O, 2R AT R AR
TR P PE 2R, PR RBESE B IR B AR K, E R ZHA BRI BT AT & R % 2 2540
B (e PR30 E ) A 2 B w5 R e AU A AN A A7 SE0R rh SR SE 4 g T BT SRR 5 1 Vi R B TR PR
v QR R B B A P Bl L SR TURR Y AR AT BRI pH sl b, e 2 Fh ke
5B

Oy ERSR R E R AR SRR . SR, i TR AN BAT AN TR IR S B B R BAT iR A A
Vi R SRAF RN N AL A BE 78 4 RO FARARAS T WA TR IR IO LS O . T-RFLP R Z5-5 32 ] PCR 4
A BRFIPERBVIEAR DOEARICHE AT DNA 81 A S HrE AR , A Un] E PEPFAG A b SR M db e i i B
A SRR R B A SR R AR AN E T N TR 2 M A B A I RS 3 A
TR R B N TR S R R M RS 2581722 ARG SR T T-RFLP AR — 255007 T v 2 4
B SR LR A R R (0 AP B AL BV 25 R R S R T 2R T SR Ml P T 5 T T 20 T B PR A
T TR S RE S AR C IR T-REFs 7E i/ RZEZDAHLUPI I, B RS AAXTEEZ (R 2, K 4) XD a5 Rt
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— UL IZE ERE YA KRBT R N A AL R BN R, LA R i SR R ik g A
R Z ARG RN AR, S B R AR I 2 R o 8 (3R 2) , FL B IR A6 0 21 ) 40 B8 AF AR v A 3
50% ORI EEBEA BB B, A T AT TR T R N A AR AR R A B AR A R R R AR AT
TORANERFSE . A, ARt & B 5 A T-RFs R 76 BT 20 125 B bR ARG 0 30 , B8 70 A OG0 122 v G
R, 3X 54> T-RFs Fixs 7504 iR AN ATRE: 1) REFFRI N AEZHTE 16S tDNA T8, BT HAjC &%
T-RFLP $04i 2 AN B T-REs 657 BRI LA R 21 HOG 7 9 4 B FR A 5 2) R SRR sk 2R R 19 tDNA J7
1, ALK 16S tDNA FIZRIAR 18S rDNA P [RI4HEA 16S rDNA &5 B[R, AN B 16S rDNA i@ 549
Al e B Y AL S Pt SRR S SRR cDNA JPHI Y38 . H E T R T A S iR sl 2 ks 4 rDNA
FEAI T-RFLP %8 , B AT AT 219 5 A 4502 T-RFs S5 R IR AL A & , A3 fet— i 5e

SYEREFRIT I T-RFLP J5 i85 ¥ WoR i R 22 AR N A LA W R 181252 55 (K 3,38 2) , iX AT g
Sz 2 P E A= e AN R b ) BRE A C, ZEMICHIFGE v, I T 38 M R 22 4 SR [R 4121
3 FhFE AR Lo R R 1, 8RR LA B R R B FE B S, SR BN, 4 RRIAIZ 3 RE AR o
FAAERE R 2257 (VENG 59 WLSCHRAE ) o BF9E B iR X SE o 35 ELA T i O PR TG P B o AS [ 40 o ol
TR I SE ) 5 (9 i (D) PERTREASIR], RO 7R % A ) A R 20 2L 0 A A R AR K RE TSR], R 4 9 A B B A 5
0 B —SE AT AR AR SR A BT — B RS — Pl b B SR AR A G N A R R A K
R b S AR AR R 2t P A A R AT T S M ZE R AR Ok B s R XA 41 2 R
L BARLIE E T AR RA RIS FIAR . ASBFFE (R & R S R e 7 = (R 22 ik 9 B AT — 2 A B 1) Ml
P, a3z AL 4B i R SR AT R A B L A SN Ay B, RGBT X T AL AT A T-
RFs TEAR TP HAT B g i 8, T 2E A 20 20 ARG S A K |, 3 A 45 SR 4R /s Al ) P Ak 2 SR 855 114 21 21
SRl AR N AE A A SUR AT ) — DT RERI R . o — MR B, AR AR A K AR AL 4L, i T IE R 54 85
T AL 2E FRBETE Iy, YA B T 3R A% B A X SR = sfie kAR G A (R BB T, BRI, A 2 200 B o
e R 22 L 4R 14 22 5 T BB S BOZAE Y AR R AL 2L Rl TR = S i 2 R RN 2 —

JUT TR N4 SO B 5 A A O 7 T8 D AH O B /K fd g, AE K T e A AR K 72 ACC TR
Tt 1) PN A 200 A P-4 DAL Tl 2 175 3 7 A 1) 0 DT T (R A AR R A ORI RR & 5, ZE S R A 90 2
B7 AR R 4 JE A5 e rh B AR OSP ) R AR BT IR Y B R , 36.36% \51.52% ,54.56%
F127.27% W TR 53 0 AT MEAN LT B | 3-8 SR , A= 1 28 S ACC R ™ A= RE T . Feil Rz W L-2
FZEFRATEE S- 16 Rl 4 ANFE4RI4 R BEYE (2 3) , S Az B B 700 B A= 0 RE R 1) B G 32 5 b A1, ARG AR TR T T A
R-1.R-3 7~ T i i ACC B g = Az KA XS s AR K R P RE 0 (36 3) o Ay HJR T 2 L 41 ) A L
A E R S, 5 Z Ry O R Y B AT & 0 458 Re 1, BXHIK pH i, B 22 B % ORI EAT 5 1 BT
PEPO BERR R- 1. R-3 J2 AR A B A Rk
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