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(1. FEPR2E AEarRlesEpe ERT RN T AE KO EH AR HK TR R
YR TRER . K 400030)
(2. WA VERIBMAE Y H AR AR 77 A1 536128)

B E: (8IS EARZARGHLEFHERTRET Y ALDE, HFRELA M
WE AN EmB E KAk, [F%] AR -FRZIREZIAT 16S rDNA 6 R4 14 87
X & % M (Restriction fragment length polymorphism, RFLP)& 3] 5 F %% ik, st /AL &
AN EmBRAT S, [ER] ARERAGERIET, AEFMEKRT 2B
RAFTIRARN A 264k, 2 BT 9@ By 14 AMFF, E + AT H & (Enterobacter sp.)
(IF=19.23%). f ie.A4T i /& (Bacillus sp.) (IF=38.46%) A /LB & T3 R N A K% H B .
EFFYNAEDAFESTHYALRFE. 22T AEZANAEME 165 DNA L&, 3t L
BB, 9% A X R4 B £ /% (Coverage C)4 94.97%, 44 Rarefaction #h & %
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14 MR AE @B Thfe, L 9 RHA L A %I-3-TER(AA); A 4 & (phID)4 A bt
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Isolation and characterization of endophytic bacteria from
huanglongbing’s hidden host plant- Murraya paniculata

YIN You-Ping" LIJia' LIN Ya-Yu! CHEN Shi-Wei®* WANG Zhong-Kang"*

(1. Life Science College of Chongging University, Key Laboratory of Genetic Function and Regulation in
Chongging, Chongging Engineering Research Center for Fungal Insecticides, Chongging 400030, China)
(2. Lucky Team Biotech Development (Hepu) Ltd. Co., Hepu, Guangxi 536128, China)

Abstract: [Objective] Our goal is to analyze the bacterial endophytic diversity in Murraya
paniculata, which was huanglongbing’s hidden host plant, and find the endophytic bacteria
that may have potential to suppress the HLB pathogen. [Methods] The endophytic bacteria
were isolated from surface-sterilized M. paniculata midribs of leaves and phloem of stems by
plating and restriction fragment length polymorphism (RFLP). The functions of 14 culturable
bacteria had been tested using different substrates and cultural medium. [Results] By the arti-
ficial anaerobic culture, we obtained 26 strains that were grouped into 9 genus according to
GenBank. Enterobacter sp. (IF=19.23%) and Bacillus sp. (IF=38.46%) were the dominant bac-
terial population in M. paniculata. However, the bacterial colony number of endophytic bacte-
ria in the stems was higher than in the leaves. The endophytic bacteria 16S rDNA library of M.
paniculata was established. Coverage C of the clone library was 94.97% and the rarefaction
curve of the clone library tended to plateau, which indicate that the library are large enough to
reflect the bacterial endophytic diversity of the respective samples. 179 positive clones in 16S
rRNA gene library were chosen and digested by restriction endonuclease Hae III, Msp I,
Rsa [ respectively. Twenty OTUs (Operational taxonomic units) were observed based on the
similarity of the RFLP banding profiles. In the observed clones, 63.69% of the clones were
Serratia sp., which means that the Serratia sp. was absolute preponderant endophytic bacteria
in M. paniculata. The functional analysis of the 14 endophytic bacteria showed that 9 isolates
can produce IAA and 3 of them had amylolysis activity. The frequency of endophytic bacteria
which can produce ACC deaminase, siderophore and protein activity was 1, 8 and 2 respec-
tively. Three of bacteria isolates with N-fixation ability were screened by using N-free medium
and nifH gene and 4 of endophytic bacteria cansynthesis antibiotic (phlD). A total of 4 bacte-
rial isolates was provided with four of mentioned traits. [Conclusion] The endophytic bacteria
isolated from M. paniculata have abundant diversity and genetic characterization, and they may
have important functions for the plant development, anti abio-stresses and bio-stresses.

Keywords: Murraya paniculata, Huanglongbing, Functional bacterial strains, 16S rDNA-RFLP

A% 5 2 9% (Citrus Huanglongbing, HLB)JE: A= T4 B2 3 0 45 40 it P ) 2 22 G B 1 40 1 T 5
A LA E YN E, SR R, B o-IE R 49 (Alphaproteobacteria) % 77 )5
EREE, HAy, M@ EREE TN, JE ZirEY . R4EE 16S rDNA (16S ribosomal
RGP, BLIETESEPNEEAE . 2 E R —F2F  DNAs, 16S rDNA)FI B-ERY\TFEH i P S 41,
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DL RARIR A R PR BT, o HLB i 44 0
{354 B2 151 )& (Candidatus Liberibacter spp.). 7
e, HAE{CA WA (Candidatus Liberibacter
asiaticus, Las)73Aii, XTFREAHAE ™ b1 et R Y
A

JUHFE (Murraya paniculata) & —F UL e, Fizh
Az ek B A, RIAE—RE, 1R
2= RHE W U AR Y 2 M AR R AL 1
MRS SRR ARG, EIFAT AR AR, A
KUV @AY 5 A B e s 1Y) OC ZR A5 I
TRE. 2R, MBS IFI ] Nest-PCR
FNED] 3 A HORATE A 3 LB AR AT R B L
AR TAME R e, SRR
PURMMEAR TR AF 3, 2 A B [ A B
JiEFF 3 . 2007 4F, Zhou ZF K SR UEH] HLB i Ji
AU LR AR RZAAE 2 XA, HIJLE
T I 3 B ) M A o e e e, X JB T
HLB i I v] LU A %8 22 T MU A& AL 46 2
i, AR, 7 R R L A
o TEERER . BUNIRS L o S e, I 20 At ml
B HARK LR PR R AR, H
AACRLRER T U AR (0 RIS B9 P R AR
2tk . Damsteegt 2R PR AR A B K 0144
7, IEMLEAEEY ) M. paniculata 5
M. exotica RJ LA 7t 4 b A7 B e T 1040 B 27 3, ML
koenigii HIANGE. AUV UL, AHHAE . KRB LA
EF4 B HLB &R a2

FIFH Y TR ER IR & — M2t HEsl
M7, M2 YU S N AR A
Ko 20 tH2e 90 AR AR MR A TR 5 R
GEHUIE Y B FEIE RS, (0 H A SR E
A= PTG B D RE AT A& WAH CHGE . A<
R MR E G 7R 5 16S IDNA 4314
ERE, XL (M. paniculata) P A= 4 #1142
FEPE AT S T RESEE, 1R 75 N AR T 5 B
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T B ISR AR I 4R PN A 0 R R D BE A
REAE, S G et B PO A O BRTIR B2 JE i

1 MRS

1.1 HkEY

LR FH MRS R AT AW
(E108°51'N21°27")hi 475 v Je o i X I [, A ok
GRS R T 4 °C &, A FRELFER
£ J51E 2-3d INALFE,
1.2 EFERIAT

WEFEL & 2.5 mmol/L (&1 KingBMY,
PR R Ry b 77 0, B i 2F s o 0 it
HE (Ashby) LA 25057, CAS Bl 3,
PYG. SMA, SM ;37308

R AR AR AR E A, DU R AN A:
YRAFIABRA T, 405 DNA HEBGRH] & alifkik
7 £, Axygen; Taq Plus fiff, Sangon; E. coli
TransMAX Competent Cell, TransGen,
1.3 AEBEFTEFNEAENSSSLSER

FEM AT R KA B K rhk JL B et
R, URARN TR RLER T Bk 4. B 75%0)
To/K BRI 60 s, BEENE A 2% S 4k 53 5]
AbEE 30 s (M), 3 min (K T), BJa HICEZKMEE
5-6 K., WAEA G —IRPPEME 100 L 7F 1% LB
BEFREE FURAE, 28 °C HE 3Rl ik, Kigs R MmN e
T o

WA R R aifh: B TAERY, R
WK, SRR KO AR, VI 0.2 em K A2
TR SAEHE) Sk (mL) Bl 1:2, A
TCRZKIR 2-3 h; BUR ML 10 pL, 5 10 f5H6EE
R 10° L 100 pl BRI, SR TE 1%
TSA 1 1% LB LREMAREFREE R EREEX 3
ANEKE, T 28 °C SR PSR 2-6 d,

MR T TR B SOB A, B Rl B R E AR
RZeaifk, HEMSBIZRERA RS . 4 °C K
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FOAE, [FIBTH 15% H Il IR FEB PR, T-80°C i
IR VKA P ORAE, & H
14 WEBEEFUEFANEAFEZRIECLETE
REBENEE

WRYE CF LT RS T ) M (A
FCANTE % T ) &6 9 RRMT, R A bl 24 [ ye
o 9 1R A A b A R o B AR B Y TR
PRIEATIE A A LA AR 2

AR AT BChE I, X% SR B SR K TR
YIRS TITAL, Gt L LA AN R R AR T 4
FOART 25 R AR AN BV T R (CFUNg fif
)= B A RO B A AR < 107,
15 NBEBEUEFANEMAES FHELEE

A SR U TR S DNA, FI 40 5 14
27f/1492r (5'-AGAGTTTGATCCTGGCTCAG-3'/
5-TACGGTTACCTTGTTACGACTT-3")83 {74

1, PCR MR Z N 50 ub, Jigcfdh: 95 °C
5 min; 95°C 30's, 56 °C 30's, 72 °C 100 s, L3044
PEFF; 72 °C 7 min, PCR =¥ 1%B I e
VKR, P3G A B B2 1.5 kb,

F2: PCR P3G py 2 R i B HHEE 2lifk it
Flaaifb5 5 pMDI19-T #ikiEsE, AR
TR IM109 JBAz 25 4 i r o ik BH P fb - % TR
PIAESIE I o P45 5 BLAST Hext, 45678
A A B A AR IE R E RS
1.6 NEBEEFERNEMEHR PCR-RFLP 24
1.6.1 AEBEFERNHELNE 16S rDNA i R =&
PEBOMIER: e T 2k (9 UL A i v RN
R IR, WA BRI FH 40 B8 5 A 2 4
BT S HE B AN R 5L [ 2H DNA byt S pa 4 2
& 16S rDNA 520, ABFFESE FH AR R E 5 19
799f/1492r (5'-AACMGGATTAGATACCCKG-3'/
5-GGCTACCTTGTTACGACTT-3) - ## 165

rDNA ) V5-V9 X 5 ™48 [XJak ,PCR Jz Wik &
50 pb, WS4 R: 94 °C 4 min; 94 °C 30 s,
56 °C 30 s, 72 °C 1 min, 3t 30 MMEH; 72 °C

10 min, PCR 7=4)F 1.5%Bi s aE i b b4 7Lk
R, H R BEZh 730 bp. FIFSERC AL )
ol Him R B, 534Kk pMD19-T iE 4%, %%
A E. coli TransMAX =8Bz 24t rb . BENLHE
B e84 T PCR A6
1.6.2 ABFEMNEME RFLP 447 FLEHMET
g7 IR, A Hae I, Msp I . Rsa I 3 FFR i
P TG o 300 %o o A T BRI R B 2
PEST(RFLP), 37 °C fHIRF FAAHHEFY) 4 h, JH]
2.0003 B BE RS, 130 V HELR T LYK 40 min, 5%
AU Pl A
1.7 NWEBETEFRNEMENEGEEE

FIH KingB 8 A 35 77 55 I 2 W5] gk -3- £ T2
(IAA)KI A R 5% phiD A A 30 2
PRA bt R rae P, R Ashby JCAUG -3
T niftH FE RN 5 PR A [ LB 7 DL 1
I LE-1- R B2 (ACC) M &K, € Itk ACC-
i 5 e 710 R CAS-agar 53738002
PR ) B A8 A B T 1Y, L A DR AR TR s 5
S P T 8 i A 1 85 37 L T2 43 00 o T ok 4 A
IK fift B R AT A LR T -
1.8 HURH
1.8.1 16S rDNA g fE X E BT M Al H
Coverage C A vl SCE R 56 i, % LU
16S rDNA b [ SCE BT A0 5 19 sk A= ) b 2%
(Operational Taxonomic Units, OTUSs) di # i H1 4
F A R R, HOT A S R
C=(1-n4/N)x100%; N F7 b i SCIE H sa e 15K
H; n FOR7EFORE SO iZ e b1 TR ouT
A B — R B . [RIAS R A Analytic Rare-
faction 1.3 #4117 Rarefaction Curve 434, il
16S rDNA 5 b SCJFE ) S8 8
182 FISHSRG#HUMAIME: 75 NCBI
BORPET, 225 165 rDNA JE 51 AR F 51,
PEATREHI YT, FIFH ClustalX F1 MEGA 4.0 %44
TSP B &R S, >R HI N-J (Neighbor-Joining)

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



1422 s E R

2012, Vol.39, No.10

IR RGN, ST T8 S AR D) 57
LR R o

2 #R

21 NWEBTEFANEHENSBEEE

25 48 WAy EEER, LA 26 MBS ARIRM
FEkE, 24341k % 16S IDNA-PCR X7, /3@ T
9 MR (R 1), Hri§ 2 [CHMERE (4 )2 T
R (12 #R), WY FE BT 1.64x10°-
1.76x10° CFU/g fif &, H 1% LB 5 1% TSA 2 #f

S SRS - O S = 7 7 N i i v el ) 2 o e
HARELZR, HRFEESIFRAN DN ZER
(£ 2), HAPWHIFEF=19.23%). i HE)E
(IF=38.46%) 4 JLEL A N AE A AR ST o

26 PRINZEHTE T 5 S ASFIZEHE, K G+C
2% PG PH M T (Firmicutes) i R BLSHE, i Py A= 4
B 50%, Hk 7RI 1] (Proteobacteria),
A5 o,y 2263, I3 7.7%. 30.77%; JUAT
40 T (Bacteroidetes) i 7.7%; W £ 4 A
(Actinobacteria) 5 3.85% (% 1),

x1 ABEBFBRNERBEEHFIILEMER

Table 1 Sequences alinment of 16S rRNA gene in endophytic bacterial from M. paniculata

g BRIGH BERERS  RIE AR NE—

[l

Group Sctgzg] Acc;\elzzs-lon L?l;]g)th (!;) Closest match in NCBI Id?(;: )'ty
Bacteroidetes HPMp 02 JN020662 1349 7.69 Chryseobacterium sp. (EF565935.1) 100
Firmicutes HPMp 03  JN020663 1371 7.69 Staphylococcus sp. B3BRO05 (HQ015739.1) 100

HPMp 04 JN020664 1522 3.85 Bacillus subtilis strain (FJ876834.1) 97
HPMp 05  JN020666 1522 3.85 Bacillus sp. TBD1-3 (HQ236073.1) 99
HPMp 06 JN020665 1419 15.38 Bacillus megaterium strain P41 (HQ423382.1) 97
HPMp 07 JN020667 1523 7.69 Bacillus cereus B4264 (CP001176.1) 99
HPMp 08  JN020668 1424 7.69 Bacillus pumilus strain AU MB (HQ122449.1) 100
HPMp 09  JN020669 1391 3.85 Paenibacillus sp. (HQ222349.1) 100
y-Proteobacteria HPMp 01  JN020661 1404 19.23 Enterobacter sp. (GU726864.1) 99
HPMp 11 JN020671 1259 3.85 Pseudomonas sp. Acj 106 gene (AB480754.1) 100
HPMp 13  JN020673 1346 7.69 Stenotrophomonas sp. (FM992758.1) 99
o-Proteobacteria  HPMp10  JNO20670 1261  3.85 (Bga’g;‘g"g‘zﬁ‘s S NEE AT R 99
HPMp 14  JN020674 1285 3.85 Sphingomonas sp. (DQ207361.1) 99
Actinobacteria HPMp 12 JN020672 1372 3.85 Curtobacterium sp. Fek209 (EU741030.1) 97

TE: HP: &, )74 Mp: JURA, 73 BR (IF) =23 BB F /GRS

Note: HP: HePu, GuangXi; Mp: Murraya paniculata; Isolate frequency (IF) = Isolated number of strain / total isolated number of strains.

x2 NEFENEHRESHIFR

Table 2 Endophytic bacterial population in M. paniculata

1% LB medium 1% TSA medium

wFE

Stem Leaf Stem Leaf
Host Plant
4 5 = FF
Wi’ﬂ?%ﬁ%$ W 1.76x10% 1.96x10% 1.44x10% 1.64x10%
Bacterial colony number (CFU/g)
P N
HA AP 7 11 6 11

Species of entophytic bacteria
TE: 1% LB: 19%7A 15 71 77 3E; 1% TSA: 1% 2R 11 iR K G537 5E; P<0.05.
Note: 1% LB: 1% Luria bertani; 1% TSA: 1% Tryptic soy agar; P< 0.05.

http://journals.im.ac.cn/wswxtbcn
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22 NEBEREMER PCR-RFLP £17
2.2.1 16S rDNA TEREXERIF S S Bl
PRHUSTRE T 226 4>, PCR #4179 & BAMETE
% ¥, FIFH Analytic Rarefaction 1.3 Af#EfT
Rarefaction Curve 73#7(E 1), M wlkEF4Ch 179
AN, I E T A WAL H B LR B R
{i%; Coverage C {1415 H: % 16S rDNA 7l 2
Hh BT A, 55 AT MDA S (OTUS) o5 A i b 4 vl ol
AT 94.97% . 1d HH ST HA) HE 1 o g S PR S
AEXEFE 4314, AT LA SCBRAE o A 0 i R 2R
H o
2.2.2 16S rDNA TEpE3ER] RFLP H4f: 45
179 A PHE sk R BTk, 433 Hae TIT, Msp I
Rsa [ 3FPFRHIM: A DIf#EFT RFLP 434, A4
2 WIHLTKSRAT, 4rnla 3] 9 SRRl DI IR
IR N A R S A T o

27 RIS S, B ARSI —
MERVESTIEHIT(0UT) . ABFGE4rHr s 20 4~ 1E
Wil OTUs (% 3). 179 AMPHMESEREH, ANAKEFR
B 7 29.67%; U0L. U05 FrfCnyiim J i
J&, 439 Y 37.36%H1 24.78%, FIJLE
AR A PR AEAE KR (VD 7 QTR i S e 5 1A

S N-J BERHE3 1Y 20 N AN OTUS ka2
RGN, HITRAE IR . K2REKE
BrAL, 20 4~ OTUs W] 43k 4 AN R[RIGERE, For
ASJE ] (Proteobacteria) iy = E25RE, 1045 o, B

Hae 111 Msp 1

iy 342670, 45 3.35%. 3.91%F1 65.36%.
ARH4HT (Uncultured bacteria) 5 26.81%, 43J& T
BRI 532 A (K] 3)
23 NEBMEFAEHENREEE R
A3 8 E VBRI 14 RN A AR T 0 AR R
M2 25 F R (3 4), 14 BRERET A 9 ¥R (64.3%)
PR3- 2 FR (1AA); HATHi A= % (phID) &
BCRE T N A AR TEAT 48K, 454 nifH AT NFb [5 2
FRFEH A 3R N A AT EAT A RE T, AR
A2 B ACC B Z & iLBE ST, 8 RN A= 2 I
BAYRAMA BBE ), 7E CASIEFRIE [ 6
=8, 3N AE A TERIKREEST; 2 BN
Y R FAPER R RS e T . B EE 4
ATHAEEMH B A: Bacillus megaterium (HPMp

ab
He
ap
He

Rarefaction curve

Expected number
of species (E)

0 20 40 60 &80 100 120 140 160

No. of cloned screen (N)

1 N E&16S rDNA sepE 3L FEH) Rarefaction 5347
iiE54

Fig. 1 Rarefaction curve of endophytic bacterial
16S rDNA clone library of M. paniculata

bp
—3000
—2250
—1500

—1000
=750

=500

—250
Rsal

2 NEF 16S rDNA SRESCEERY Hae 111, Msp I . Rsa | BgHIEIE (EB4)
Fig. 2 Restriction patterns of 16S rDNA clone library with Hae III. Msp I . RsaI (part of the experiment)
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# 3 16SrDNA-RFLP S EsE

Table 3 Results of RFLP analyses for 16S rDNA in M. paniculata

- ke
ﬁj}’ > % =Lt B FbEL
3% e L A NCBI {19551 Eﬁf
Groups i Accession  Num- - Total Closet NCBI match oy
OTUs No. ber of  clones (%)
clones %
y-Proteobacteria U0l  JN020675 68 37.99  Serratia sp. JG05 (EU798943.1) 99
65.36%
’ U05  JN020680 45 25.14  Serratia nematodiphila strain P36 (FJ662869.1) 100
Ul2  JN020683 2 1.12  Xanthomonas sp. TE9 (GQ381284.1) 100
(GED)
(8:3% 3)
U13  JN020684 1 0.56  Stenotrophomonas sp. p22(2011) (HQ652605.1) 99
Ul5  JN020686 1 0.56  Serratia sp. JGO5 (EU798943.1) 99
a-Proteobacteria ~ U04  JN020679 2 1.12  Brevundimonas terrae strain RCPS-6 (HM172503.1) 100
3.35%
° U08  JN020694 2 1.12  Uncultured alpha proteobacterium clone (FJ517741.1) 99
U19  JN020691 2 1.12  Sphingomonas sp. DC2a-27 (AB552856.1) 99
[-Proteobacteria Uo9  JN020676 1 0.56 Uncultured beta proteobacterium clone D8W_30 99
3.91% (HM057713.1)
U10  JN020681 1 0.56  Achromobacter xylosoxidans strain M66 (HQ676601.1) 99
Ull  JIN020682 3 1.68 Uncultured Achromobacter sp. clone CHINA46 99
(GU563751.1)
Ul6  JN020688 1 0.56  Achromabacter xylosoxidans strain M66 (HQ676601.1) 100
Ul7  JN020689 1 0.56 Uncultured beta proteobacterium clone D8W_30 99
(HM057713.1)
Uncultured U02  JN020677 1 0.56  Uncultured Kordia sp.(FJ387769.1) 99
ggcgelro'/j U03  JNO20678 34 190  Uncultured bacterium clone FPURT1-HO(GU166632.1) 97
U06  JN020685 7 3.91  Uncultured bacterium clone CHINA11 (GU563744.1) 98
Uo7  JN020687 1 0.56  Uncultured bacterium clone C08 (HM060207.1) 99
Ul4  JIN020692 1 0.56  Uncultured bacterium clone JSC7-1 (DQ532202.1) 99
Ui8  JN020690 3 1.68  Uncultured bacterium clone yf4clone56 (HQ610742.1) 99
U20  JN020693 2 1.12  Uncultured bacterium clone B24 (GQ422766.1) 99

;9 AN B AT B A A 200 T v A A = G P R
S APERE H LA, ARYERAECR, W]
O3 5 AR, SRR U A AR P Y
FREZEFEOR, UL JUHL AR A P AR 0 R A

06) , Bacillus pumilus (HPMp 08) . Paenibacillus sp.
(HPMp 09)#1 Sphingomonas sp. (HPMp 14),

3 it

AT 2 Fhef EARE SR (1% LB
5 1% TSA)X UL A N A= 40 R 1953 25 e 111 A i
RS (R R 14 P9 A AN B PR VR F =
TERE 2R, BT MEEEEES TR
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N ZE 40, 40 Bacillus sp.. Enterobacter sp. .
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J{ UO05 Serratia nematodiphila P36 (JN020680)
Ul15 Serratia sp. JGOS (JN020686)
98| T UI12 Xanthomonas sp. TE9 (JN020683)
U20 Uncultured bacterium clone B24 (JN020693)
61 1001 U16 Achromobacter xylosoxidans M66 (JN020688)
64 U17 Uncultured beta proteobacterium clone D8W_30 (JN020689)
100 [ Ul4 Uncultured bacterium clone JSC7-1 (JN020692)
100 U04 Brevundimonas terrae RCPS-6 (JN020679)
58—: UO08 Uncultured alpha proteobacterium (JN020694)
U03 Uncultured bacterium clone FPURT1-HO (JN020677)
U02 Uncultured Kordia sp. (JN020677)
100 U18 Uncultured bacterium clone yf4clone56 (JN020690)

U19 Sphingomonas sp. DC2a-27 (JN020691)
1001 UO01 Serratia sp. (JN020675)

96

L
100] 76 U07 Uncultured bacterium clone C08 (JN020687)
U13 Stenotrophomonas sp. p22 (JN020684)
86 U06 Uncultured bacterium clone CHINA11 (JN020685)

100| [ U10 Achromobacter xylosoxidans M66 (JN020681)
100| U09 Uncultured beta proteobacterium clone D8W_30 (JN020676)
U11 Uncultured Achromobacter sp. clone CHINA46 (JN020682)

0.05

3 £T 16S rDNA RN BEEREME RFEit L
Fig. 3 Phylogenetic tree of M. paniculata based on the 16S rDNA sequences

Note: Sequences were obtained from GenBank, and the accession numbers are in parentheses. The nodes are supported by 1,000
bootstrap replications. Bootstrap values above 50% and the genetic distance scale are shown.

x4 NWEBFEALEBATIES

Table 4 The functional analysis of endophytic bacteria isolated from M. paniculata

Sltirlaﬁs Prgfd I“Xg?n phlD nifH N-fixation degn?r?ase Siderophore A;ncyg\(::%/ysls :crgfﬁltr;/
HPMp 01 + - - - - + — -
HPMp 02 - + — - - + + -
HPMp 03 + - - - - + - -
HPMp 04 + + - - - = - -
HPMp 05 - + - - - - _ _
HPMp 06 + + = = + - -
HPMp 07 + — = - - - +
HPMp 08 + — - - - +
HPMp 09 + = + = —
HPMp 10 - - = + = + - -
HPMp 11 + - + - - — = -
HPMp 12 - - + — - - - -
HPMp 13 - - + - - - -
HPMp 14 + = + + = - -

e+ PHEE; — BT

Note: +: Positive; —: Negative.
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RFLP 431+, 20 4~ OTUs H7, y-Proteobacteria
BERI LI 65.36%, Araljo 252G 4.5 b T
FR IR A b R A ) N AR AR, LA B R
2% # N y-Proteobacteria, Xanthomonas sp. .
Enterobacter sp.Z#7EiX RN 40 12, AHE
FER TS 5 456 —%k ., Gyaneshwar 2512308
IR AR R VDR ICEHEE, P Trivedi
2621201 55 P 3% i 7 25 [ B (Serratia plymutica) EL A
HH S el M AR ORI A S I VE R . LA
N Serratia sp. WXL R R, HIE A XA 5
TR A I EIVE R A it — 2058

AHFFE R SCE A 179 A~ TaBEEA T A 45
R, Wi SO TECH M, Rarefaction fh4k
e ez g M3, BEBZbERE SO IFA IR e
1, HOEAXT s . HEE T EEH T PCR 891
TPk ORIRISE DNA (48 DU [R) FL7E e it
T P 77 i e 2 S R i 2

T3k, XU A AR AR I S AR G
AL HTRI DA 1, LR RN & A KE A
A, 1R IE TS 2EF T, KL
R R B AR B 1 AN AT R R
A R N A 3% 5 20 T L AT A R TR e AR
JUBRA FAEFAEARER S FE R R A, (ERFRAT
YN

WAE TR A TG YA N, SHY P E L,
HAT, AR 1 A A2, anfe S
AR BRI IREEYEIRE . PUER A
Lt AN TIEVE, A N A RS
o AN TR RO RS| E-3- TR (IAA) & L EE 1T . Pt
ARG AES) EEBE T . ACC-li 2 5 i BE
BRI TR 7 FNTE R K A B 2R S e
e A £ PN A A RN T AR R FHAIL TR A AR o
P. Trivedi Z-PIEL IESCHHE AR (4 Paenibacillus
sp XA AR Bl TR B AR B IR . ASBiFsE

16155 Bacillus megaterium, Bacillus pumilus
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Paenibacillus sp.fil Sphingomonas sp. 4 ¥£JIHE"
FEY) N A0, BT 3 [R5 AR R 7 2R s
W-3- TR (1AA), (H 54 8 e s 1A 2Z 8] 1) ¢
FRIEA R — 05
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