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Abstract; Endophytic bacteria in root, stem, and leaf of Dendrobium nobile Lindl. cultivated in
Wanglong Town of Chishui City (P1), greenhouse of School of Life Sciences of Guizhou Normal
University of Guiyang City (P2), and Taijin Ecological Agricultural Sightseeing Garden of Jinsha County
(P3) in Guizhou Province were isolated by using nine kinds of media, and diversity analysis of isolated
endophytic bacteria was conducted by using amplified ribosomal DNA restriction analysis (ARDRA). The
results show that 1 081 endophytic bacteria are isolated from root, stem, and leaf of D. nobile in three
plots, which are belonging to 40 species and 1 subspecies in 12 genera of 5 families in 2 phyla, and can
be divided into 41 OTUs; in which, Bacillus and Brevibacillus are dominant genera, and Bacillus subtilis
subsp. subtilis and Brevibacillus invocatus are dominant species ( subspecies). There is difference in
distribution of endophytic bacteria in different organs of D. nobile. Strain number of endophytic bacteria in
root is the largest (695), and Shannon-Wiener diversity index (2.20) and Margalef richness index
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(5.81) of endophytic bacteria in root are both higher than those of endophytic bacteria in stem and leaf,
while Pielou evenness index of endophytic bacteria in leaf is the highest (0. 69). In addition, Sgrenson
similarity index of endophytic bacteria between stem and leaf is the highest (0. 82), and is significantly
higher than that between root and stem and between root and leaf. There are 14 common OTUs in
endophytic bacteria of D. nobile in three plots, its isolated strain number accounts for 96. 5% of total
isolated strain number of endophytic bacterium resources from D. nobile. In addition, there are relatively
small differences in Shannon-Wiener diversity index and Pielou evenness index of endophytic bacteria of
D. nobile in three plots, and only Margalef richness index of endophytic bacteria of D. nobile in P1 plot is
obviously higher than that in P2 and P3 plots. Colony number and OTU number of endophytic bacteria
isolated from D. nobile in NA, TSA, LB, KB, R2A, and TB media are higher than those in YPD, YT,
and YG media. It is suggested that there are abundant endophytic bacterium resources in D. nobile, and
the composition and diversity of its endophytic bacteria are closely related with isolated organs, cultivated
fields, and media.

Key words: Dendrobium nobile Lindl. ; endophytic bacteria; amplified ribosomal DNA restriction analysis
(ARDRA) ; composition analysis; diversity analysis
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KAFELE SRR A P AR A0 T 4 v = R ) Fh 1
(O 2 3607 R RS B B RS AR 0 B 10 i ik
HEEH A TR e A B A A W i S W A
BT i AN A AR B B 2= BHE P 0 B A A
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BRI DL B S ISR A JE o 32 P2 REHL T
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FHXTIRBE 75% ~ 85% , #3553 5t LA 45 7% 4 Fdls A Ky
F, R RS KE N 50% ~ 60%; P3 ML T At 46
27°29'53" ZRZ: 106°10709", iR 948 m, it kE Ak Fh
FEAERAN P, B P IRLEE 25 °C ~30 °C AR 2 SARXT I
J& 70% ~80% , 4% 15 56 o AU e FB R A Ry 3=, FE I
K R40% ~60%
1.2 HARFE
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PR ) TG TR I Fh A 8 28 50 3%, SR 10 A5 6 B 7 B
B TC K Rl B A9 R W, 5 BORR B 10,100 AT 1 000
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YT YPD TSA . YG . R2A Hl KB ¥ 5 5F M b, B T
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1 %iﬁ( operational taxonomic units,OTUs)

TECRE A OTU 1y AR 28 M 18 bk, B 9 1 b i
16S rDNA F Beik A= T AW T (1) e A BR A
PEFFI0 7% 5 5 B BLASTn 2 % (http: // www. ncbi. nlm.
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(neighbor-joining ) 14 & & 4t & & W, 5 & il 4 46 T
1 000 K KEEAS OTU AR FEMEE R EY 16S rDNA J¥ 51
A E GenBank £ | #5459 GenBank &35,
1.3 HIESH

{fi ] Shannon — Wiener Z ¥EPE+8 40 ( H') . Pielou
WS EFE R (E) Fl Margalef & FEFE AU (R) /M 4L
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GenBank ${#& 2 H T L kK 16S rDNA JEFIIARIE  FIRIENE OTU [RRE S GenBank id 2 o ifr 2%
K45 OTU B9 B ARSI UL 36 1, 36T 16S tDNA ¢ WK RS R BRULE 1,

x1 SHARMAERE 41 1 OTUs RRE MRS GenBank HEE HIL LK E K 16S rDNA FFIHIAMUER & OTU KIS BEFRIER T
Table 1 Similarity of 16S rDNA sequences between representative strains of 41 OTUs of endophytic bacteria in Dendrobium nobile Lindl. and
relative strains in GenBank database, and analysis on status of isolated strains of each OTU

OTU 42 RFEFEK  Representative strain LM Relative strain L% SEHEE  Isolated strain
No.of gy FET T Bk Smilwity B LB1/%
oty No. Accession number  Species Accession number Number Percentage
AFJEH ] Proteobacteria
0TU33 SINAG66 KX131116 Burkholderia ferrariae NR043890. 1 98 3 0.3
OTU10 SJNA1 KX131107 Burkholderia tropica NR028965. 1 98 36 3.3
OTU4 SIYG6 KX131106 Paraburkholderia phytofirmans NR102845. 1 99 32 3.0
0TU23 PGKB36 KX131131 Pantoea agglomerans NR111998. 1 98 1 0.1
0TU29 SGYPD246 KX131110 Dyella thiooxydans NR116006. 1 99 28 2.6
0TU20 SGR2A196 KX131117 Luteibacter rhizovicinus NR042197. 1 99 1 0.1
JEBER ] Firmicutes
OTU14 PGNALl KX131100 Paenibacillus cineris NR042189. 1 99 60 5.6
0TU39 WGR2AS5 KX131124 Paenibacillus peoriae NR042092. 1 99 1 0.1
OTU18 SGYG14 KX131109 Paenibacillus vulneris NR117618. 1 99 6 0.6
0TU2 SGLB131 KX131108 Brevibacillus invocatus NRO041836. 1 99 219 20.3
OTU34 SGTSA118 KX131114 Brevibacillus panacihumi NR044485. 1 100 1 0.1
0TU13 SGLB263 KX131111 Cohnella formosensis NR109515. 1 98 23 2.1
0Tu27 WGLBS KX131127 Sporosarcina soli NR043527. 1 100 2 0.2
OTU15 LYR2A1 KX131094 Bacillus aerius NR118439. 1 99 44 4.1
0TU1 LGTSA3 KX131092 Bacillus anthracis NR074453. 1 99 5 0.5
0TU21 LGTSAS KX131095 Bacillus aryabhattai NR115953. 1 100 55 5.1
0TU30 WGLB3 KX131126 Bacillus huizhouensis NR133974. 1 99 1 0.1
OTU16 WGLB7 KX131120 Bacillus cecembensts NR042648. 1 99 1 0.1
oTu7 LGTB5 KX131096 Bacillus cereus NR074540. 1 100 60 5.6
0TU26 WGLB11 KX131125 Bacillus circulans NR112632. 1 100 2 0.2
OTU8 WGYT20 KX131129 Bacillus pocheonensis NR041377. 1 100 2 0.2
0TU40 PGLB15 KX131102 Bacillus rhizosphaerae NR108311. 1 99 1 0.1
OTU17 FGTSA29 KX131089 Bacillus flexus NR113800. 1 100 2 0.2
0TU28 WGKB24 KX131122 Bacillus humi NR025626. 1 99 2 0.2
OTU38 WGKB19 KX131123 Bacillus kochit NR117050. 1 99 1 0.1
OTU11 WGKB13 KX131119 Bacillus sonorensis NR025130. 1 99 4 0.4
OTU9 WGTB31 KX131121 Bacillus megaterium NR112636. 1 100 2 0.2
0TuU24 FGTBI KX131088 Bacillus velezensis NRO75005. 2 99 1 0.1
0TU31 PJNA3 KX131101 Bacillus mojavensts NR118290. 1 99 1 0.1
0TU25 WGNA9 KX131128 Bacillus niabensis NR043334. 1 99 1 0.1
0Tu22 WGLB13 KX131118 Bacillus oceanisediminis NR117285. 1 99 1 0.1
0TU32 PGLB7 KX131099 Bacillus oleronius NR043325. 1 99 2 0.2
OTU19 PGKB24 KX131104 Bacillus stratosphericus NR118441.1 100 1 0.1
OTU12 FGYG1 KX131090 Bacillus subtilis NR112629. 1 100 2 0.2
0TU3 LITSA10 KX131093 Bacillus subtilis subsp. subtilis NR102783. 1 99 459 42.5
OTU36 WGTB24 KX131132 Bacillus thuringiensts NR114581. 1 99 1 0.1
OTUS LGLB9 KX131097 Bacillus toyonensis NR121761. 1 100 12 1.1
0TU35 FGLB29 KX131091 Fictibacillus phosphorivorans NR118455. 1 99 2 0.2
0TU41 LIYT25 KX131133 Lysinibacillus fusiformis NR042072. 1 99 1 0.1
OTU37 SGYPD103 KX131112 Lysinibactllus macroides NR114920. 1 99 1 0.1
0TU6 SGKB158 KX131115 Lysinibacillus xylanilyticus NR116698. 1 99 1 0.1

Bt Total 1081 100.
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100% |_| Brevibacillus invocatus (NR041836.1)
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SGLB263

|_| Brevibacillus panacihumi (NR044485.1)
99%

100%
[ Cohnella formosensis (NR109515.1)

SGYG14

100%
[ Paenibacillus vulneris (NR117618.1)
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100%
98% Paenibacillus cineris (NR042189.1)
100% ~ WGR2AS
Paenibacillus peoriae (NR042092.1)

SGYPD246

99%
100% |_|_— D}‘elltg thiooxydans (NR116006.1)

SGR2A19

8

Luteibacter rhizovicinus (NR042197.1)

5%
100%  PGKB36

59%

L— Pantoea agglomerans (NR111998.1)

100% — SIYG6 :
100% Paraburkholderia phytofirmans (NR102845.1)

0.02

IR Genetic distance

97% SINAL
Burkholderia tropica (NR028965.1)
ssor SINAG6 )
~7 899, L= Burkholderia ferrariae (NR043890.1)

JERER]]

Firmicutes

AETLHI

Proteobacteria

Ay EREUE Y 1 000 YR A AMAERS I Y B R 72452 Datums on the branches are the bootstrap values of 1 000 replications. HES WS NIE SR
FRTE GenBank $4% 12 HH AU % 555 Nos. in brackets are accession numbers of relative strains in GenBank database. K& F R FAIEUF 44 M4 OTU X,

FH RS Combinations of capitals and numbers are Nos. of representative strains of each OTU.

1 EF 16S rDNA FHENENAR N EAE S OTU REXE %S GenBank HIEEFELEMRNRRL B
Fig. 1 Phylogenetic tree of representative strains of each OTU of endophytic bacteria in Dendrobium nobile Lindl. and
relative strains in GenBank database based on 16S rDNA sequences
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GEIRIRW Ay B TRAR & TR EE TR 1] ( Firmicutes )
FASFE ] ( Proteobacteria)2 |1, 6345 5 &l 12 J& 40 Ff
1 WA, HA OTU AR FE S GenBank 48 2 H i 2%
R 16 rDNA FFHIAHLE S 98% ~100% .

J& TIEEER TR OTUs A1 35 4>, 43 8 T BR AL i
BB fREIN A A0 T B AR SRR 90. 7%, L
2 AT B B ( Bacillaceae ) I 3¢ ZF 1 AT & &t
(Paenibacillaceae )2 #1347 J& , Hid | ZEAAT W RMILHE
AT W B (Bacillus ) | B0 & TR 2 AT W R
( Lysinibacillus ) MEWHFHRTEE ( Fictibacillus )
3E, KA M EF OFEFAFER
( Brevibacillus ) ZEZ KT & ( Paenibacillus) (ZEAII\
ZERE & ( Sporosarcina ) FIH] B [ 5 J& ( Cohnella)
48, HE— L e R Jw T A A EE
OTUs A5 24 1>, 73 B B ARE S 4 B0 N A= 40 20 2
AR B 61. 3% 5 J& T 28 25 AT 1 s AR 24 R 24
FIFF B OTUs 254 3 A, 73 B AR 30 i 424
A1 i A 20 T 43 B TR bR ST 6. 29% 0. 3% JE T
FZEFT R B OTUs A 2 4, 70 B R & 8UA
FRHPN AR A TR S T AR GV BORY 20. 4% 5 @ TR BTG TR
J 2 A6\ S BR TR FRE R ZF AT R Y OTUs 45 2
A LA X BRI 4 B RN A 2 R 0 B T
PREE 2. 1% 0. 2% F1 0. 2%,

J&TARTE BT 10 OTUs A 6 4™, 43 B TRRE i 4240
AR A 20 B o B TR AR BRI 9. 3% , LR AT S [T R
(Burkholderiaceae ) J7#T#F}( Enterobacteriaceae ) Fll 8t
B F R} ( Xanthomonadaceae ) 3 B3k 5 J& , Hodh A58
A FHIFEA 7 R 5 R ( Burkholderia ) FEIA 32 G
J& ( Paraburkholderia )2 Jg& , 75 it B8 B 6L 56 B 55 AT 14
J& ( Luteibacter ) FNE S & ( Dyella) 2 J& , AT B FHY
Z W& (Pantoea) 1 J&, #F— bW REW. BT

AP REIE T OTUs A 2 4>, J& T’ 5 IR & 3
TCTR & 12 T s A AT I % 19 OTUs 2 KA1 A, 43
TR A 01 o 4 A P A T S TR A SR
3.6% .3.0% 2. 6% .0. 1%F10. 1%,

NGBS AR H AR T | 25 FEL A v s A 25
FEEJm o 4 B0 B AR 40w 9 A B R 5 Bacillus
subtilis subsp. subtilis 11 Brevibacillus invocatus 1
Fofr (AP ), 3 8 T AR R o0 o) o e A ik PN A 4 T 0
B TR S 42. 5% 1 20. 3%,

2.2 SHARATAERENEAETNARRSHFE
ST

2.2.1 ARSH WEFEER (3R 2) £ NN
fRAR R 23 2 H 695 R N AR A B B RK , o5 8L Rt R
AR 435 T R B 64. 3% , {4 12 )& 38 Fh 1
Tl AZE R o 2543 5 Y 232 R 154k P9 A= 40 1R 1R
Pk, 23l 4 B B AR A o B T AR R B
21.5%F1 14. 2% , 73 5445 7 J& 13 Fh 1 WAFI 6 /&
LLAf 1WA, i — 28 g0 Hr 45 R 3R . OTU3L Al
OTU41 (AR B 480U M2 P o BERAT, HAx 39 4~ OTUs
PRl A & BUa R P oy B RS  Fb e 24 4> OTUs
ICRETEAR T B AT (HL 20 29 T R A b 5 6 A fi
MR ZER R A AR R A OTUs 47 9 4,

BEER 1, W B R LR R 2 AR I
R VL 2 FELT T T DAy 4 A PR, 2R P A 4 T Y
¥ & , Bacillus subtilis subsp. subtilis I Brevibacillus
invocatus AR (EFN) ; I H., Burkholderia tropica
Paenibacillus cineris . Paraburkholderia phytofirmans |
Bacillus Bacillus
aryabhattai . Bacillus cereus . Bacillus subtilis subsp.
subtilis F1 Bacillus toyonensis 8 F1 1 V7041 p& 7E 4 8041
FRHAOAR ZEAN TR A o A

Brevibacillus  invocatus . aerius .

R2 AEBE.EMNEFERSRAMAEMAE 41 1 OTUs A BEHRHEHHTY
Table 2  Analysis on isolated strain number of 41 OTUs of endophytic bacteria from Dendrobium nobile Lindl. in different organs, plots,
and media"
OTU 45 WEY  Organ? Fess®  Plot® WF%E Medium
No. of OTU R S L Pl P2 P3 TSA NA LB R2A KB YG TB YPD YT
25 1] Proteobacteria
0TU33 1 2 — — 3 — — 1 1 1 — — — — —
OTU10 22 10 4 11 11 14 6 2 5 3 6 5 4 2 2
OTU4 29 1 2 17 9 6 1 1 4 6 — 1 2 8 9
0TU23 1 — — 1 — — — — — — 1 — — — —
OTU29 25 — 3 11 9 8 5 2 1 4 2 1 4 8 1

0TU20 1
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£4iR2 Table 2 ( Continued)

OTU 45 WHE?  Organ? K> Plot® FiFedE  Medium
No.of OTU g S L Pl P2 P3 TSA NA LB R2A KB YG TB  YPD YT
JERER ] Firmicutes
0TU14 38 14 8 29 17 14 10 8 17 6 5 4 3 5 2
0TU39 1 — — 1 — — — — — 1 — — — — —
OTU18 5 — 1 3 1 2 1 1 1 1 — 1 1 — —
OTU2 108 64 47 88 61 70 30 41 32 41 15 13 11 18 18
0TU34 1 — — — 1 — 1 — — — — — — — —
OTU13 21 2 — 11 8 4 2 2 2 7 2 4 1 2 1
oTu27 2 — — 1 — 1 — 1 — — — — — — 1
0TU15 31 7 6 25 9 10 5 8 7 8 4 6 2 4 1
OTU1 5 — — 3 1 1 1 1 1 1 — — — 1 —
0TU21 47 4 4 28 12 15 12 7 11 12 4 7 — — 2
OTU30 1 — — 1 — — — — 1 — — — — — —
0TU16 1 — — 1 — — — — 1 — — — — — —
OTU7 40 13 7 34 13 13 10 12 13 9 3 5 — 3 5
0TU26 2 — — 2 — — — — 1 — — — — — 1
OTUS8 2 — — 2 — — — — 1 — — — — — 1
0TU40 1 — — — — 1 — — 1 — — — — — —
oTU17 1 1 — 1 1 — 1 1 — — — — — — —
OTU28 2 — — 2 — — — — 1 — 1 — — — —
0TU38 1 — — — — 1 — — — — 1 — — — —
OTU11 4 — — 2 1 1 1 — — 1 1 — — 1 —
oTUu9 2 — — — 1 1 — — — — — 1 — —
0TU24 1 — — — 1 — — — — — — — 1 — —
OTU31 — 1 — — — 1 — 1 — — — — — — —
0TU25 1 — — 1 — — — 1 — — — — — — —
0TU22 1 — — 1 — — — — 1 — — — — — —
0TU32 2 — — 1 — 1 — — 1 — — 1 — — —
OTU19 1 — — — — 1 — — — — 1 — — — —
0TU12 1 — 1 — 1 1 — 1 — — — 1 — — —
OTU3 279 110 70 207 127 125 68 88 102 98 16 11 35 22 19
0OTU36 1 — — 1 — — — — — — — — 1 — —
0TUS 9 2 1 6 4 2 1 1 2 1 — 3 1 2 1
OTU35 2 — — 1 — 1 — — 1 — 1 — — — —
0TU41 — 1 — — — 1 — — — — — — — — 1
OTU37 1 — — — 1 — — — — — — — — 1 —
OTU6 1 — — — 1 — — — — — 1 — — — —
ST Total 695 232 154 493 293 295 156 180 208 201 64 63 67 77 65
D—. KRB H AN No endophytic bacterium isolated.

YR M Root; S: 2% Stem; L; M Leaf.

D P1. N AR KT T R Wanglong Town in Chishui City of Guizhou Province; P2 TN S BH T S IF T R 2 A A Bl 27 2# BE KM Greenhouse of
School of Life Sciences of Guizhou Normal University in Guiyang City of Guizhou Province; P3: St &1 H & &AL Taijin Ecological

Agricultural Sightseeing Garden in Jinsha County of Guizhou Province.

2.2.2 ZEMSA ST E H & BUABRHR  ZER
M AEGH T Z R AT 25 2R (3R 3) R IR N AR 4
T i) Shannon—Wiener ZAEVEFEEL(H') F1 Margalef 3
B ETREL(R) e, 405k 2,20 1S, 8125 h A4
B HF R B2 518 1,57 F12. 39, M- 2R 4B 1Y
H'FI R AE> 54 1.71 F12.18, M Pielou ¥57 F$5
B(E)RE, PN AGE N E (G, N 0.69; 1R

FIZER A SRR Y E (BRI, 235914 0. 60 A1 0. 59,

Sgrenson AHAIME RES T 45 R . 48U it
FIZE[R] AR [E] LR AR RN 25 (8] N A 41 B A9 Sgrenson
FARITE R0k 0.82.,0. 55 A1 0. 57, Jf H, i fi1=%
B P AE B 1Y) Sgrenson FHALL M R 45 i 25 & T AR At
[ LA K i3 0 25 8] A A= 48 7 1Y) Sgrenson AH LT 3R 2K
(P<0.05),
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Table 3 Diversity analysis on endophytic bacteria in different organs of Dendrobium nobile Lindl.
wE OB TR R B OTU % Shannon—Wiener 2448 %1 Margalef =F & EE 8 4L Pielou 44 BEFE %X
Organ Isolated strain number OTU number Shannon-Wiener diversity index Margalef richness index Pielou evenness index
2 Root 695 39 2.20 5.81 0. 60
2 Stem 232 14 1.57 2.39 0.59
I Leaf 154 12 1.71 2.18 0.69

2.3 AEAHBENAMNEARNEARESHGE
S

2.3.1 Amotr WEFEER (R 2) £ NTMA
AR T RERESA (P1) B8 B0 b 4 85 4 493 BRI ZE
DA TR AR, o7 A BUA RN AR 20 TR A B TR AR S B
45. 6% ,F035 10 J& 28 Fi 1 W Fh; 5t 42 SR FH T 5
PHO R AR ARk A2 B R (P2) B 80 it b 43
B3 293 BRVAEAH B TP, o 4 B0 ARk AR 4 T A S
PR BB 27. 1% , 045 9 J& 21 Fl 1 WAl A SR 4
S BB &ARALMIERE (P3) 14 E80H it 75
295 BRI AE AR DA TR RE , b7 A B0 Y AR A0 B S 2 T
FREBE) 27. 3% 4045 10 )& 23 Flv 1 SWFP, dE—24
Mras 00 . P1 P2 F1 P3R4 BUf kPN AR 40 1Y)
Fif5 OTUs 205 10,6 F1 5 4,3 AMRE 4800 it N
EAE LA OTUs A 14 A, B HERELS &8 A
SIRH PN A 200 TR 0 B TR R R 96. 5%

x4 TREMENARANERHNSHEESN

2553, WO R B LR R | 2R AT TR R
TV ZEFRUAT TR A 3 R b 4 A iRk A A 240 T ) 3
J&, Bacillus subtilis subsp. subtilis F1 Brevibacillus
nvocatus ﬁﬂﬁ[‘%ﬂj( ﬂﬂj) ;#H A [R5 U A fiRhEY
WA A RAFAE — € 22 5, a0 2 TH R AT B H PR
B SR AT R R AU A P2 B AL
iRk, T 25\ B BRI R A7 3 F P2 A LR e B0 A i
MR 2 AT B AR 2B H PR S8 il
2.3.2 ZHESA MIPESA 3 HEME B Y
NAARE ZAEVE T 45 R (K 4) K% . P1 ARG Y
AN AN R ) Margalef 5 BEHGEC(R) B & F
P2 1 P3 FE A 0 3 A M A iRt PN A A R Y
Shannon—-Wiener ZA£MEFEEL(H') A1 Pielou ¥5] FE 45
B(E) =580, o P1AE ML & 800 /N A= 4T 1Y
H'{E = T P2 A P3 AL, IT P2 A B BUA AR 2
ANV B E A =T PR P3 FEME

Table 4 Diversity analysis on endophytic bacteria of Dendrobium nobile Lindl. in different plots

R 1 TR R B OTU $+ Shannon—Wiener Z £ 8 %5L Margalef =F & 54K Pielou 3 5) FE$5 %4
Plot" Isolated strain number OTU number Shannon-Wiener diversity index Margalef richness index Pielou evenness index
Pl 493 29 2.06 4.52 0.61
P2 293 22 1.97 3.52 0. 65
P3 295 24 1.93 3.87 0. 62

DPI1. StHIEFRAKTTIERESE Wanglong Town in Chishui City of Guizhou Province; P2; StH48 5t BT 5t M I 9 2 Ak dr Bl 222 B KM Greenhouse of
School of Life Sciences of Guizhou Normal University in Guiyang City of Guizhou Province; P3: RNE S E G a4 B LR Taijin Ecological
Agricultural Sightseeing Garden in Jinsha County of Guizhou Province.

2.4 AEEFRESBSHNESNAMNEMAFTHAK
BREENH

2.4.1 “matr BEFREEF (3 2) KB TSA K37
B AU R A3 B 1 156 BRI AE HEE B 4
A1 fRHN AR AR O B AR S 14. 4% , 145 T I8 16
Bl 1 AE AR NA 537 3 A 48U it 43 25 1 180 KR
A AT TR AR , o5 A BUA R A 20 T 53 TR R R
16. 7% , 4345 8 J& 18 Fh 1 WAP; LB RN &8 A
iRk 23 25 1 208 PR AE AR AR, 7 80 Rk A A
F B AR RSBy 19. 2% , A145 8 J& 22 Fh 1 3 Fh,

R2A 5575 A BUA i 43 85 1 201 Bk P9 2R 40 B A
PR, 7 B0 RN A 20 T 0 B8 TR R S B0 18, 6%, 1
5 8 J& 16 Flt 1 WA ; KB 5555 N G850 it o3 15 14
64 AR PN A 40 TR TR BR , o A BUA iRk PN AR A0 TR A3 TR R
BB 5. 9% 145 9 J& 15 A 1 WAP; YG R RFEN 4
BUE Ay B 63 BRI AR AN B AR, o5 B N
A ST A B T MR B 5. 8%, 3% 7 @ 13 B 1
T TB 53 U e 4385 1 67 ok P 2 40 7 T
PR, o U RPN A A TR S TR R S B 6. 2%, £
15 7 )8 12 F 1 MR YPD B R M BUf b 20 5
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77 AR A A G TR AR, o U RN A AR 3 S T
PG 7. 1% 6045 8 J& 12 A 1 MEAR; YT B FRFE N
SBUA RSB 65 BRI AE G TR AR, o A BUA R
PN A R B TR R S ER 6. 0% 4345 9 @ 14 Fh 1
it BE—2B A5 RAEW] . TSA [YPD I YT 575650
B A RN AR A 1 M FEA OTU,NA |
R2A 1 TB 723 70 88 18 & BUA Mt A 4l 38 A
2 NEA OTUs, LB H1 KB 55 37 3540 85 10 4 80 fit
WA 7 5 3 Fl 4 DA OTUs, Tl YG B 57 4k
I3 B A BUA BHNAE R JCRA OTU ;9 Fhi g 2k
e S BUA AR NI OTUs B 74>,
G55 1, N5 B R RE R LU R A, 2 AAT A
J& AV ZEFAT 1R S ol 9 A bE 7 3640 i 19 & BUA fi
Wiéﬁ%é@{ﬁ%E,Bacillm subtilis subsp. subtilis vl
Brevibacillus invocatus AR (FD) o
2.4.2 REFH5H GUTEIR(RS5)RINA HFREE
B R 3 B N AR R R TR B,
10.67x10° CFU - g '; R2A 1537 5k M 4 480U F iR rh
Sy R A A0 B TS Bk Z, 1020 x 10°

CFU « g7' ;KB 3556 I\ 4 80 MR v 43 B3 i 2
N T TS KO D AU 1.76x10° CFU - ¢7' iR
9 T 3R J DA 4 BUA AR v 43 1 A P A 4 R P VR
BAEAEN B35 25 5 (P<0.01) , 3 H., TSA \NA LB #
R2A 5537256 A BUA MR 43 25 1 10 P9 A 20 18 B 7%
BB FEET KB YG . TB,YPD Fl YT B33k, 75 4h,
TSA \NA LB R2A Fl KB #5773 M 4806 BHR H 42
AN OTU £t Y8 2 (15~20 4~ OTUs) , T
YG . TB.YPD Fl YT 35773 4 BUA fpH R o 43 15 H 1Y
AR OTU i #1450 (9~10 4~ OTUs)

5 Al UL, LB 15 5% J M & B0A 25 b 4y B
) A AR B VE B 22, A 10. 47x10° CFU - ¢7' ;KB
FE AR G B 2 b 43 5 B PN A 4 B T VR BOR
2,4 9.23%x10* CFU - g¢™'; NA 1557 5 M 4 BUA fifl 25
B B P A Al A T B D, AR 3.70 % 10°
CFU - g7', HEiK 9 Fhds 72 5 N 4 BUA 25 b 2 s il
N A A TS EOC B 5 22 5 . 7390, 9 i g3 A
BRI N AE AR OTU B0 22 52801
(7~11 4> OTUs) ,

£5 TEAEFESBNSNAMESHEENERTEFEM OTU HEMLLE (X=SE)

Table 5 Comparison on colony number and OTU number of endophytic bacteria isolated from each organ of Dendrobium nobile Lindl. in

different media (X+SE)"

2 Root 2£ Stem - Leaf
Medium WY&/ CFU - ¢! OTU %it WK/ CFU - ¢! OTU %i WYER/CFU - ¢! OTU %it
Colony number OTU number Colony number OTU number Colony number OTU number
TSA (9.96£1.02)x10°a 15 (5.43£1.88)x10%a 8 (9.53+1.56)x10%ab 8
NA (10.67+1.16) x10%a 16 (3.70£0.38) x10%a 9 (4.30+1.68)x10%ab 5
LB (9.40£2.03)x10°a 20 (10.47+1.27) x10%*a 11 (10. 13+1.51)x10%a 9
R2A (10.20+0.96) x10°a 15 (8.50£1.36)x10%a 10 (7.10£0.96) x103ab 7
KB (1.76+0.32)x10%b 16 (9.23£0.99) x10%a 10 (5.25+1.78)x10%ab 5
YG (5.52+2.09)x10°h 10 (6.47+0.98)x10%a 9 (2.93+1.54)x10°b 4
TB (2.80+1.41)x10°h 10 (7.17£0.95) x10%a 8 (9.03+0. 41)x10%ab 8
YPD (3.68+1.17)x10°b 9 (4.70£2.21)x10%a 7 (5.90+1.66)%10%ab 6
YT (4.27£0.85)x10°h 10 (5.50£2.10) x10%a 7 (5.40+1.33)x10%ab 6

DRGI AR NS Z R R ARG IENF — S B SN AR E SR E S B (P<0.05) Different lowercases in the same column

indicate the significant difference in colony number of endophytic bacteria isolated from the same organ among different media ( P<0.05).

H3 5 8 AT UL LB 3557 5 4 BUA it v 43 85
B PR A0 T T RO £, O 10, 13%10° CFU - g7'
TSA B 773 & BUA bt v 43 85 H 1) D9 26 200 181 18 7%
BOKZ , 8 9.53%10° CFU - g7, YG B R M 440
ikt b o HE I PN A A R TR T R D, AU 2093 %
10° CFU - ¢7' fitia 9 Pl 5 5 & 804 fit it w4y
5 PN A 2 TR R U RO AE 0 3 25 R (P<0.05) L, TOF

H LB 35 FR 5 £ 80A Rk v 4325 9 9 A6 40 TR T
R E ST YC B3R 1 38 5 H A 7 MRt
MEBUA o B AR A R B E R A
., A0 A 9 PR S AU Rkt o
WAEAHT OTU it 4/ (4~9 4~ OTUs)

A AT 2 R B L A3 O i 35 3 D4 80A fit
HR 432 Y PN A 20 TR TR BRI OTU B B i %2,



88 Y WU SR 5 e 4
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NG BUA fRF2E 0 B P A A0 R R Y BORT OTU 4K
HaE TN A B R H o3 H B PR A A R TS R
1 OTU Hm ¥/l

3 b fng

2R B N A A D A AR AR e A
Ui e A BAT B AR AT, Rt 0 B 2l 4 B0 Rt
PN A AR IS G 2H A Bl T ) I N A A R T S
BB E S R PRSI REFIAE . AT SE NG BUAT
fsrh AL B 1 081 BRINAE AT TR, B 2 171 5 B
12 J&, /[ 34 41 A OTUs, 3 H, & 8UA it oy 2R
M BA B R s 2 JEAE g, N2 B}
Yoy e R AR AR A DT 60 AT L 22 BHE
WP A 41 T 0 41 R 22 S R B R Rl Y
Tsavkelova %58 F1 Wilkinson 25" U HF 77 45 SR 2 9 .
ZEAOFT B @ AV A M B 8 ( Pseudomonas ) R 2 FBHEY)
A= T ) DC 3SR, DL P A A e 5 288 2 AL AT
& A RHEE AT E & ( Enterobacter ) 16 2 R 2f
TORFRE RS ARG | 2 HLFT 18 8 AR 2F F AT
T A 4 B RN A A P E R O R I B
FRHAS PN 23 Al R T N A AR, A R A
[7i) 15 75 FE X 4 BUA MR BR 3T T 40P 43 2 S 5
[FIAEAS Hh 25 AT T R s SR o s b 0 3 1 4536
(AR, T8, ZEM/\SEREE AR R
WA 25 FRURT T s A 2= LA ) PN 26 40 1 5 b i D 4
T AR SR Y N A A A N R R T S AR
Kb B RES A AP RSB VIAHC

2RIV 22 A A 40 0 R A 1 1 T 2
FEARA R BAT IR AR A T, BemR o A 41 A2 40 1A ( plant
growth promoting bacteria, PGPB) , 7F 4 8 A fit 7 &5
(P A 4h T, OTU40 1 X 3% 18 Bk PGLB1S 5
GenBank 048 2 H T 2k ¥R Bacillus rhizosphaerae (%6
S5 NR108311. 1) 16S tDNA J7 5 B AHBLE Jy 99% ,
OTU10 R H Bk SINAL 55 GenBank $Udfs 4 i 4%
W ¥k Burkholderia tropica ( % % 5 NR028965.1)
165 rDNAJF 31 B HHALLEE y 98% , OTU9 HY A3 Tl bk
WGTB31 5 GenBank %% #i J&E v i 2% T #f Bacillus
megaterium (3¢5 NR112636. 1) 16S rDNA JF 51 i #H
RIS 100% , - H., X 28 35 2% 1 bk 25 B A [ A AR
FHE2 4 e 0 33 1R 3% T R 1T R Ry 4 U fisH
KA RETR, 7o ESBA BT BN A i

H1,0TU24 IR F R Bk FGTB1 5 GenBank ¥ %
T2 B B Bacillus velezensis (& = NRO075005. 2)
168 rDNA J7 5l 1) AH UL BE O 99% , OTU4 i 48 &
B Pk SIYG6 5 GenBank %% 4 % T 2% W KK
Paraburkholderia phytofirmans ( % 5% 5 NR102845)
168 rDNAFFSI RIS 99% , JF H., X 2 Bl 2%
BRI 3 FLA — 2 AR AR A 2 408 e ) ik
2 PR TR B B R A PR R AR . BFTE R
2BV Z2 AR TR R R R T E R R K
FENE SR W R 1T MR A R i B R R
( Sphingomonas ) F1 53 K% 7 J& ( Mycobacterium ) P4 4= 2
B Kk B A7 AR B Sphingomos paucimmobilis 1
Paenibacillus mucilaginosus %5 N A AR XHE EAY)
BRARAENEN, CHUEEY S8 a R 2 kN
AT E AT TAA R B0 25 05 1, I3 B K (Zea
mays Linn. ) B ¥l & F& 15 A K BA fRAEER
SR, 2T A= A0 B A 2 22 R A= A I AL R 1 R B
B, O T B RN A 4 A A AR AR A LR T, 2
AFFRAMIE

I TAEARAS TR a8 B T AL R AN ), S B0
Yy N AR 2 TR &8 B R B AR AR 22 53, B 2 N A Al R
HA U RS v ARTIEERE M BB i
R R PN A 200 B 1 R T SO SRR v T 2R I FE )
B 12 & 41 4> OTUs H, A 2 4> OTUs {LREAE =
Ty S ARAT A 39 A~ OTUs ¥R 7EAR h 4y B 3k A%
HIH R 24 4> OTUs AXREAEMR i 0 B 3145, N i
R S R AT RE SR T A AR B - s
MIANTE & i W HE2 RS (5 30k R) JFE, &
BUORHEE IR S 1 2 U SO N A= T 4 43 1
EAWG A 5, B S AR B b bRy AR TR R 2D E
FS S 5y Ah, A BUA bk R 2K D) P 2R Al T 1Y
Sgrenson FH Lk Z& % (0.82) & 2 & F 0 A0 AR i)
(0. 55) DAL ZERIARI (0. 57) P94 4l BRI 19 Sprenson
UM R B, X T RE S BB b RS rh S A R
(A7 RO DG 2 I f 1 AR R RT R 4 LA
RHER) A AR A R B AT R TR, O T U RN
A 20 TR 2H RS A AR G B A R — B TRAIESE

A= Wyl A Bh s ORI K S5 Sl kA 2R 4 1
AL R HE AR (HAR AR AL ST 2 H Al 40
TEREP A P 2 H 0 o R B2 < R 2 AR, 4
BUA kP9 4H T T Bk PGLBIS | FGTBI , SGLB263
SGKB158 .SGYPD246 ,SGR2A196 ,WGLB3 , WGKB13 |
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WGKB24 \WGLB8 Fl WGYT20 45 5 C 4z ifi iy + 3 4
T4 165 rDNA J¥ 9 AT B AR LE =247 R |
BB T 16 4> OTUs IR RS &8
ARARPR 13 R B RO A0 R 16S xDNA ¥ 51 HA B
AR (97% ~ 100% ) (53 30K ) AH N A 4 Y
ZAEVEAR T AR P - S0 1T, 1T PN A= 40 18 P Cohnella
Sporosarcina , Dyella . Luteibacter FlI Pantoea EOY eI S
T U R B L 38 v 70 B R AT, DEH S B R )
ST AR ER % A AR 20 TR 5 AR B 3 A0 7R R) BE A7 AR —
AR WA AE— 8 YR e, EARE RS, &
BUF MR SR A Bk SGLB263 Fll SGKB158 1y T £k [
P ELA R A A SR F Y7 A SX 2 N A 4
TR P R 2o 3 i 4 J R4 LB A 4 80 AR I, O
DL B 2T A 2 R I ORI A TR N
WFFER ] AR P9 A 0T ) DA S A 40 5 7
TV AEAE RN 55841 0GR Y L S A ok T RE
BEFE (P1) (B AE Bt BT Bt M T 22 Az a2 o
Be M (P2) A 5E N4 4 10 B & Az AW e
(P3) (48U fBHA A AR 9 Shannon—Wiener 22414
BHCH Pielou 5] BEIRE2E BV, 3 L&A
fRHNZE AN B LA OTUs A 14 A4S, 40 B R B0 4
BT AR PN AR A TR 0 S T AR VB 96. 5% , B VS
B8Ry ZE LT TR T RN ZF AR AT T s, DL 3 Fh () 15
N Bacillus  subtilis subsp. subtilis 1 Brevibacillus
invocatus , PEILIEIIX 3 FEHL 4 B0CA AR JEAH TR
H A4 AP AL ST QA ) 5 8800 Y
R REH K, Wilkinson %557 AN, 22 BHE Y P4
20 R ) DG B DX RN =y O T R AR R =
ML LUE AN R T A A2 Ak, HLAS TR) M IXC 8] 77 78 22
St BSCH B BIA R ASTR] = e A A T P A Al
WAFTEH DR e, ASBIESE rh 1t 3 e B
FRHN AR AP B RE A OTUs 3t 21 A {H 43 B8 T RR B
A A 4 A P A A R0 R SRR 2. 4%
DN 32 7] B 55 AN [FIRE b Y BREE AR S S AT 6
ABIFTE v, A )3 5 ik DA i B 8 eb 2 B e
A 200 T ) TR R R RN S AR 22 5 5B TR L &
B YPD YT Fl YG Ky 5% 5640 Lk, NA | TSA | LB,
KB R2A H1 TB 55375577 B A4 e B0 Mtk PN 2B 40 7 1Y)
BRYAEUH OTU B i £, 305 Ak, 28
Prs i AR AE S H A AR AR I B b, Y
TERUE TR N A K I AR I SR R B
BRI R TR I B 5 O A 6 S 2 A, A

FFHAERKDY ) R2A B R30S R R, &F
{18 P T R M A0 I ik A A 2 35 73 el R v 7 A A
S DRI TR0 70 e D4 LA fipk e 4385 B 1 P 4 4
TR R AR B R 3 6

i Bk, A R A IR R, HHA
A A0 G 2 SO AR 5 00 B A8 B AT 3 S % 77
VIR G Ferh , 25 SO oA s AR 28 R T s Db < B
F A AN PR |, Bacillus subtilis subsp. subtilis
F1 Brevibacillus invocatus “NHEHEFF (EFF) .
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