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A TEPE LA ELA YR e ) L B INRE L PR
UM . PR BURIESFZ IR, HEex
2 R G AR AR AR A S R AR R 2018
A [ 58 A (@ B2 51 23 0% 4 B2 A (Dendrobium
officinale)$1) A £ 254 i (http://www.nhc.gov.cn/)
2019 4FE4k Bz A1 it FE BrdrvfE 1SO 21370: 2019 1%
A7 oy HE e B B8 T Bl (https://www.iso.org/
standard/70792.html), 4k 5z £1 fHE R A it 3% 3
W, HARE M R M A

H T 5 b 0 B A ik S 0T 43 o Y A R
NTRER RIS, REARIEEBAFES, HH
T S AR B A A AR o R R IR, BRI LT
vk, 20 thed 90 4RARLAK, AL A A b
UR, REBHE TEEEARIANTEN . ST
TS T R, 2006 4F, FREWIAE S T A
fik DAV i 0 A 3800 N LA 7 M AR 1 ) S
2012 4E 1y 5 1 o 2 Bk e A A o ) e At
PRV R R A e AT
oA Rk 55y =X 32 AT 43S g A R AN ORI 4 2
PRt R D5 A AR B R B 5 8 A4 kb
SE AR F) SRR A R A A5, A AR A k5
HY A= A A KA AT AR KR B W — Bk 8 Oy
25 RUHSE LBt 35 BRI A b K R B
L A AN SR A AT A PR T Al
i B B AR ON T i file A K B 2 1 £
FRA, EBRERIE, ARG AR, E TN
AR SE , (H 5 R A A A M R A M,
7 RN T F 3 AR E SN, A0 1 24599 (Southern
blight)ZF L™ Kt BTG, BN A
BR MR ER, IFH, AR bR 2 R
JBT A it P it P 2 5 350 R 24 580 B DA S AR
B NS B A A R e AR R I 25 5

FF 4 VN A= A0 B A Sk 0 220 0N R 1 A

BRI, 5 1E 324 A UG Bl ) Ak O AR BOR
BZBIWEE N BB, RSN, R N AR 4
AL A 5 g A A R sAR L R G P 2 e, Bl
N i AR Y B — 28 O B A B R 3 Ak
SOOI, ARG i HRURS T 2 AR AR Al
A BN ZE, 454 Nlumina MiSeq /= i HE
e H R 5 4% G2 TN A 20 T 0 sk o HG I A A TR
YRR I3 AT HEAT AT B S AT RIS, PRGEAN ) e b
T T A REN A R A S A, DA T —
A A7 B P A= T A HG 24 T M A0 22 TR A R
K FR . VLSECABHA 285 (Southern blight) iy % /R
B K 1 (Athelia rolfsii, CBS 719.83). 1 I BEIH
(Tar spot disease) 1Y #& & % I I& (Myrothecium
roridum, CBS 357.89) LA % £7 fitt 4K & 9% (Soft rot)
ORI - O B B i 7 O /AR
(Pectobacterium carotovorum subsp. actinidiae,
BCCM/LMG 26003)4 & 7955 J5L B , A B 404~
B0 (Kirby-Bauer test) X B kR HE 47 0 581 15 1 i
A, e R I RSP R , DUA £ b
9 A2 Wy B3 4 LA R 3R 52 B A et DR 4 A A
FEEEA

L A
1.1 M5

A5 i FH A B2 A T 2018 4 12 J1 R A
A AL B AR B, He B R AR A
), A R 05 AR B RO A Ak, OF
Gy AR TC W] B B A MR AN ZE, 24 h iz (]
LEE, T 4 °Chitl, JIFEMRZ NIRRT K
TR T 25 DA B N A A T 1Y) 4 8 S AR

Chelex-100 #fig, 3£ Bio-Rad /A w]; 47
DNA ¥34 514 27F #1 1492R, 4 T/EY T (
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) B A BR A vl 5 GelStain 2 YLkl . 2xEasyTaq
Super Mix., 1500 bp DNA Marker, Jtit4a= 4k
YIBARA IR A5 BRBT K (Athelia rolfsii) . #
T 8 BE T (Myrothecium  roridum) A K 5088 |~ #5085
SR AT T SRR B (Pectobacterium  carotovorum
subsp. actinidiae), H#EEE — TR FEIFT
Bt

T TAES , AU RIS - A e il 3 A7 PR
Al AAEREIRAE, B ER A PR A
T 7% AL RE-52AA, [l o A AR AL ER )
PCR 1%, Applied Biosystems(ABI); DYY-6C ZlHj,
VKA, AR — A YR A PR ] 5 Hlumina Miseq
PE300 V-f5, FilgEHAEYEARHAIR A .
1.2 RE3EH

AR A 11 Fhor g L. JRTERRES
FEF(HV) . 10%U E YIM38 15 52 5L (10% Y IM38) .
H e K BB 85 5% 56 (TW) L 48 285 0% € #8559 5
(BL). TNFRENEEFRIE(SP) . 1 M-I 24 R 1 o A
(TP). LF#ERKGTFHEL(CM). M-WA }i 55 (GP).
10% ¥ B 5 FR B0 (NA) L A5 FF A 2 20 R B 9% 2
(RH). R2A & mili53(R2A), XtR N EEH A
RIREA AT N AR ATE 1 7 B, LASRAS B 2y ml B
FNARRM, BT A AR A AN AR B A R
AR R, TESr B SR AL SN 1% 4 fRR T
T8 o Fe PR 2K e T 1 ) A M 25 D)
10% (W/V)Asmz=Haikd, keEdlmes, I+
4 3| 6 2L AL BL 10 mL A BHEITINAZE 1L
Regededr, pH 7.2, 121 °C K 15 min,

PR YIM38 2lifb 1 95 58 DL K e e b 77 2 - i
EbE 49, BEbHRM 49, ZFRK 59, 4EEB
19, #Afb81 19, BiEM 2009, MLk 1L, pH
7.2; LB RiFREE: BEH 109, BEEHZK 59,

actamicro@im.ac.cn

AL 10 g, BUIEKS 20.0 g, Ak 1L, pH 7.2;
Th A B 1% A 1 (potato dextrose broth, PDB);
Frhk . THAEH A B3R (potato  dextrose agar,
PDA)EFRAE . &5 7R AL EURER G b T B AL AR
PIEARAT IR w LA ] 245 82 A 2GR FR A D
1.3 AfVEARE N

3% B AR AR RN 2L AT R AN B, B
AT . Ak A4 15 ming 1%
Tween-20 121 1 min; 3% AR 7 min;
2.5%Hi A AT AR G 6 9 min; 75% 2 B il 3 min;
FEIBK RS 3 U, I 200 pL 45 3 R UERKIE A T
11 Fhar s 53856 b, 28 °C i 2 A, A Riswdk
BICHE A, MR R N T S,
FH 10%H5 B2 S 40120 10 min, I 2 )5 FUREAS —
TS 20 ) A% S8 1 N 2B T 00 B R AT AT B 3R N AR
MBIy B 5 s Ty — TRk 2 FifEsE T 4
W) B2 25 B} 45 43 BR 23 7] (www. majorbio.com)id it
Iumina MiSeq =i ST AR, X H Py A= 4 1R
PEAT s 97 ZAEE A
1.4 FIEEFR AN I B

P B 5 0 A BV A T oW T R 59 87 Al
0.5-1.0cm /N, BET/regiisrdk ., T 28°C,
ARSI SR, EEMMNEHBLRATE
7% o WLEZ I Pk I LT 285 e A AS [] 1 B TR T T
YIM38 Zlifb % 373 Ik Es, 2t 2-3 Wb
aifl ., FedEls, 1SR REAR, X3 E A B
HHATRIRIESUES, IFEXDESFEA B B 22 7
MR ARIEFT 16S rRNA FEFE P43 HT o B B A
DNA HBIH (42 BUR A Chelex-100 #1168
rRNA K PCR 434 Hh s 1T 5 190 i 2B A
LR R A RA RS R, HIPSh: 27F:
5-AGAGTTTGATCCTG GCTCAG-3'fll 1492R:
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5-TACGGCTACCTTGTTA CGACTT-3', PCR Jx
iR Z 4 50 ul, fUHE 2 uL DNA B4, 25 ul 1
1xEasyTaq PCR SuperMix fiff, 27F F1 1492R 5|4
% 1.5 pL LUK 20 pL JCEK, FIH Wang 5556
JrikitAT PCR §7112, PCR P ¥4 1.2%1 5505
BEEEIE VKA I IS, 8 AR T AR TR () i
A BRA A HEAT FE IR o K A5 A8 1k B P 51 8
5 EZBioCloud % & J% (https://www.ezbiocloud.
net/identify)i#f 4T 16S rRNA XE[H F5 X, 15 %]
FPUARMLTE FEXT 4528, JRIS IR 16S rRNA B K Fr
5#E52 % NCBI GenBank. F|fl MEGA 7.0 Hiff)
Neighbor-joining 72 XJ i1 T R e b A 2
H2E R 1000, #4510 5 AR B LE )27 2 S AL
1.5 VER T 1 R R O R S

PRk BATR VS HEFP 2 150 mL B9 YIM38 A%
ek FR 3, 78 200 rimin. 28 °C 4% N R % 537
48 h, KRG FRUGAE 4 °C. 9500 r/min 54 F &0
20 min J& o BICEE K FIE RO AR . K L
WS AT SR SR IEAT A, BRI S5 AR
TR EA T AR IR, B TE 38 °C 254 T X AU
PRI R ZE R R, L mL RSV, 23 15 3 1
PR b 1H LR TR 26 JBOR LA e T A D TR % Ji
W, —20 °C {474

K FH U 4K A 9 HLE (Kirby-Bauer  test) X B #4
HEAT 00 BRI R O A o A RHe I L B B R BT R TR
(Athelia rolfsii) 1 # 72 % B & (Myrotheciuum
roridum) . 5 JELAH B B8 D OB AT B SR B
IV F(Pectobacterium carotovorum subsp. actinidiae)
43 5IAE 28 °C. 200 r/min 544~ , 7£ PDB (Hi#i
FVF LB A SR b SR 12 h, L 10% (VIV)
WS NZE PDA (RiMI#)F1 LB AR FR 3, R
¥5y, BB FR IR AR . 235 20 pL
TR R 11 2 T8 108 TR & TR 26 BGI LA B T 44K 74 1)

AEPOR R ICHIEACR (EAR 6 mm), Krug4t iy
TIE AR b, 7R 28 °CL SR T 1S
F¢ 16 h, 3 &0 T R B AR (R RO R R,
0-150 mm)fe i T bR 30 A RCR .
1.6 HAESHr

Bl IR N AE A ZAEPE R AT SILVA 16S
rRNA %(J5 )% (Release132, http://www. arb-silva.de) .

UPARSE (version 7.1, http://drive5. com/uparse/)
LA K& Mothur (version v.1.30.1, http://www.mothur.

org/) AT AT BT o

2 HERFQH

2.1 Illumina MiSeq &5 &l 544

211 WFEEE R B R EH 5L 4T XA
N AE TR B V5-VT ] AR X P S T Y
AL Z 5 A RO SN H Sy 721757, A S0 A%
H & 285386495 bp. &1 97% MBI X &2 P
G (A & By 41) 1 47 454 43 25 B 5¢ (operational
taxonomic units, OTU)RIS#r, FERISFEH
KRR A A, B3] OTU MRRFETHIEHE N 1295,
MR RTE , 2T OTU /K FHY Shannon £k
feEthZetam P, Ui P Ads & 2k, AL
S WFEA 266 R ZHG A ) Z R R (B 1-A).
K H] RDP classifier DUk xF OTU 3k
FPHNHAT o0 2625500, REASEEIATT 15325y 26 4
1. 46 49, 115 4~ H . 251 M. 481 A& 1 746
AP I, EELIASIE ] Protebacteria (56.50%)
S, HIRIEHEE ] Actinobacteria (32.33%) LA
T2 JEERET ] Firmicutes (8.64%)(/& 1-B). Mg K V-3
E, R E Pseudomonas (30.52%)fr i il
&, HR 24y AT B Mycobacterium (10.22%) L)
SRAT I JE Brachybacterium (8.32%) (& 1-C).
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(A) B)
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= 0,
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Rhizomicrobium: 1.56% -
Acidothermus: 1.93% 7/

Bradyrhizobium: 2.03% .
Unclassified_f Mzcromonosporaceae 2.77% /

Paenibacillus: 3.19% °
Curtobacterium: 3.43% |

Bacillus: 3.53%
Burkholderia-Paraburkholderia: 4.10% \
Brachybacterium: 8.32%

Mycobacterium: 10.22%

& 1.
FEKF L (C)MEHE BB (Pie B)H %
Figure 1.

Others: 21.97%

Pseudomonas: 30.52%

FREIFEARE OTU 7KF(97%FBIAIE)RY Shannon Z #EIEHE S 2k (A) AR RIS WEME 1K F L(B)

Rarefaction curves of the OTU number at 97% similarity for different samples (A) and community

analysis pieplot on phylum level (B) and genus level (C) of the culture-independent endophytic bacteria on the
whole. PG: the roots of Dendrobium officinale cultivated in greenhouses; PJ: the stems of Dendrobium officinale
cultivated in greenhouses; SG: the roots of Dendrobium officinale cultivated on trunks; SJ: the stems of

Dendrobium officinale cultivated on trunks.

2.1.2 BEARNAEMNEHABRES T RS
T F B4 M PLS-DA (partial least squares
discriminant analysis) X} £ 21 £1 fisHEEAS P A= 40 1 40
BCHEAT 2H ] AR R 20 A, AGr B0 2 1) 25 5 1Y) I 3
PEo SR BN, BRI REIR RS,
& WK [R) A 15 O 200 21 8L A sk PN 2 i R e R
LSRN I3 A A [F) (18] 2)

actamicro@im.ac.cn

WS BT -5 BE R4 %L Ace. Chao. Sobs
K&, PG HISG WIREUY T PIAI S, FIIA
AR AL N EN R FEES T A
IR 2L T SG 1 S MR 43 lim T PG I
PJ, RUIW T 05 AR A HEA I N AR R+ &
B TR FIAE A Atk DA SRR V& 2 FE P 4R 4K
Shannon #1 Simpson k%, Shannon {H#K, i
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AR Z R MBS, Simpson FEEU(E B, 1509

PLS-DA on OTU level

25
R S RERERRIE, 445 5L 1 AR e 4 2 20 I S R
WHSREET RS, MR mEs { ke
[ PR 2 A 7 2R 8 T M R (% 1) S |
Xﬁ%?ﬂﬁﬁ%ﬁj—‘ﬁ\]ﬁiémﬁ%gﬂﬂijggg g (] e pzm_a .................................... *5‘ .........
BT ACE 19 Heatmap BAMHF(E 3-). 8 01
B (AT 50 AN B R A . PG A1 SG RN ZE |
240 T T e R R il T PY AN S, R 20p L
-20-15-10-5 0 5 10 15 20 25 30 35 40

A RHFEAM AL P N AR s Ew T
AR5 T SG M SJ A FEE I 3| T PG A
PJ, RUMGAMIEAMZEMNEME S ST
FANFIFE A RIS, A A b 32 5 B2 {R AT 50
B 2B B AR SG TP ARSI F & B,
Variibacter, Acidibacter, Bradyrhizobium LX)
Rhizomicrobium 7£ SG H HA KM+ & E{H,

M7E PI. SIFI PG Hf - BEHBAR. I T BN E
AL b, Ji& IR 45 2 A SR AE AN 1 PN A= 240 TR 2 s8R 0L
LESHL, ALK 97%/ OTU i#17

COMP1 (20.43%)

2. FRIAMHEARET OTU KEMRER/NFE
#) 7 4> ¥ PLS-DA

Figure 2.  Partial Least Squares Discriminant
Analysis for different samples on OTU level. PG:
the roots of Dendrobium officinale cultivated in
greenhouses; PJ: the stems of Dendrobium
officinale cultivated in greenhouses; SG: the roots
of Dendrobium officinale cultivated on trunks; SJ:
the stems of Dendrobium officinale cultivated on
trunks.

* 1. FZAKMEARSD Alpha & HIEIEE
Table 1.  Alpha-diversity analyses of endophytes in different Dendrobium samples
Alpha diversity
Groups Samples Reads
Ace Chao Sobs Shannon Simpson Coverage/%
PG PG_1 30951 329.9749 322.4286 263 3.2042 0.0797 99.79
PG_2 42146 270.5409 260.6000 223 1.9700 0.2958 99.89
PG_3 60561 326.0934 333.7576 301 2.6782 0.1179 99.92
PJ PJ_1 46733 184.5712 195.6000 180 1.2303 0.6193 99.97
PJ_2 70912 177.2620 177.5000 175 1.3926 0.4919 99.99
PJ_3 68702 175.7065 185.7895 158 1.1036 0.5289 99.95
SG SG_1 41419 603.1498 612.8654 549 4.6106 0.0205 99.80
SG_2 55636 575.6237 568.3182 518 4.4332 0.0219 99.85
SG_3 33075 552.0026 564.4043 492 4.2178 0.0477 99.75
SJ SJ 1 64238 227.7085 228.4615 225 2.4219 0.1717 99.98
SJ_2 44803 451.3398 466.0286 412 2.1214 0.4402 99.86
SJ_3 36443 257.8596 258.6250 233 2.3351 0.1816 99.89

PG: the roots of Dendrobium officinale cultivated in greenhouses; PJ: the stems of Dendrobium officinale cultivated in greenhouses;
SG: the roots of Dendrobium officinale cultivated on trunks; SJ: the stems of Dendrobium officinale cultivated on trunks.
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(A)

raburkholderia
f_Oxalobacteraceae

Aci
norank_f_DAI1]
norank /Acetobacteraceae

Set+4
L 4et+3
-3et2
2e+1

let0

ficromonosporaceae
d le-1

(B)

3. AEAMMBEAKPRNBINMAEEZESEMEN 50 WEE Heatmap BIHHA)URZAARERET
OTU 7k F-#9 Venn E(B)

Figure 3. Heatmap of the top 50 most abundant genera in bacterial communities detected in the different groups
(A) and Venn diagrams showing the number of OTU shared and unique among different samples (B). PG: the
roots of Dendrobium officinale cultivated in greenhouses; PJ: the stems of Dendrobium officinale cultivated in
greenhouses; SG: the roots of Dendrobium officinale cultivated on trunks; SJ: the stems of Dendrobium officinale
cultivated on trunks.

Venn FE4Hr(E 3-B)., Z5R BN, 4 AAMHEEAR 400, 96 F1 50, SG &AM OTUHHBHEZ, H
A OTUSH H 119, 5 E OTUEIH Y 9.19%, 862, M/AdHm4 i NErE, HKE SI, M
SJ. SG. PJFl PG /54K OTU R H I 176,  HkFE, SG Ml SJ # OTU HHME & T PG

actamicro@im.ac.cn
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PJ, ZRHHA A= 55 A fpE2E rh A0 PN A= 40 T 2R 2
PEvE TR ; 11 SG F1 PG H OTU %k B ¥4
HE TSI AP, B AR 412U Y P A A T

N2 Ea X Al N

Xof AN ) 2H A7 bR AR v A 34 TR g R AT H A )
Mr 2)o 4R, AFEHABHEA DB
JE A . SG H 3K J& & Bradyrhizobium (8.91%),
HKZ Mycobacterium (7.83%); SJ H{L# &N

R TR A A o A 28 B R L

Table 2. Comparison of percentage (%) of the dominant bacterial genera for the different groups
Genus SG SJ PG PJ
Acidibacter 4.35 0.66 - 0.02
Acidothermus 7.56 1.06 - -
Acidobacterium 1.92 - - -
Bacillus 0.22 5.72 0.27 6.47
Brachybacterium - - 0.17 26.46
Bradyrhizobium 8.91 - 0.28 -
Burkholderia-Paraburkholderia 1.75 14.70 0.27 0.22
Cellulomonas - - 1.18 -
Curtobacterium 0.02 1.14 8.00 4.32
Flexivirga - - 1.71 0.15
Lactobacillus - 2.12 - 0.61
Lachnoclostridium - - 1.50 -
Massilia - 5.93 - 0.11
Methylobacterium - 5.33 - 0.09
Mycobacterium 7.83 0.45 37.34 0.08
Paenibacillus 0.06 - 14.04 0.07
Pantoea - - - 1.32
Pseudomonas 1.27 46.14 8.58 54.48
Rhizomicrobium 6.93 - - -
Roseiarcus 2.20 - - -
Streptomyces - - 1.55 0.02
Sphingomonas - 1.61 2.10 0.11
Variibacter 5.82 - - -
Unclassified_f Oxalobacteraceae - 3.22 - 0.04
Norank_f DA111 2.87 0.30 - -
Norank_f_1174-901-12 - 1.85 - -
Unclassified_f_Xanthomonadaceae - 0.42 1.24 -
Unclassified_o_Rhizobiales - 0.22 - -
Unclassifiied_f_Micromonosporaceae 0.74 - 11.57 -
Norank_f_Elev-16S-1332 2.97 - 0.19 -
Norank_f_Acetobacteraceae 2.77 - - -
Unclassified_f_Acetobacteraceae 1.68 - - 0.03
Norank_f_YNPFFP1 - - 0.13 -
Others 28.74 8.04 9.28 5.30

Genera making up less than 1% of total composition in each sample were classified as “other”. PG: the roots of Dendrobium
officinale cultivated in greenhouses; PJ: the stems of Dendrobium officinale cultivated in greenhouses; SG: the roots of
Dendrobium officinale cultivated on trunks; SJ: the stems of Dendrobium officinale cultivated on trunks.
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Pseudomonas (46.14%) , H: ¥k /& Burkholderia-
Paraburkholderia (14.70%); PG H{L# & & N
Mycobacterium (37.34%), H:X /2 Paenibacillus
(14.04%) ; PJ ¢ # & J& & Pseudomonas
(54.48%), H YK J& Brachybacterium (26.46%) .
Acidobacterium (1.92%) . Rhizomicrobium (6.93%) .
Roseiarcus (2.20%)L) ) Variibacter (5.82%){YX7E
SG oK W F (1.18%) A
Lachnoclostridium (1.50%){X1E PG Hi#& il 3] ;
Bradyrhizobium {X7E A7 it 221 SG (8.91%)#1 PG
(0.28%) H K i 3] ; Lactobacillus . Massilia 7l
Methylobacterium X 7E £ {52021 SJ #l PJ thks
M) Acidothermus {CTERS T A KI5 A it SG
A1 SJ ARG F) ; Brachybacterium, Flexivirga #ll
Streptomyces {XFE KM FIAE A fE PG Al PI H Al
#|, Pseudomonas 7E SJ (46.14%)#1 PJ (54.48%)
W o A o SG A T /T 0.019%H
WE A 28.74%, %] SG N H E 2 M i -
X AN [V ZH G 1) A SR A o DA A A TR R 2
B TR A Wilcox BR A 56 (Wilcoxon rank-sum
test), B FIXEN 095, Z5R EB/R, AMHEH
Mycobacterium, unclassified_f Micromonosporaceae .
Bradyrhizobium #i1 Streptomyces F-¥AH %} & &
W8 2 1 T 25 (**P<0.01), 1M # # Pseudomona 1
PR XS R R AR R AT 2R (2*P<0.01); AR
Rhizomicrobium #1 norank f Elev-16S-1332 A9~
YRR R R T 25 (*P<0.05), T AR
Massilia Al Lactobacillus {4 V344 X} = & & 8 %
IR T 25(*P<0.05)(1&] 4-A). XIAN[RIHET7 Ay £ /i
FEARUEAT 08, RAFPAEA fHH Brachybacterium
(7 B A0 R AR B TR T O AR R
f#l(**P<0.01), Curtobacterium F&F- Y40 %) F & J&F
T AR AR A AR (*P<0.05), 1 Acidibacter

Cellulomonas

actamicro@im.ac.cn
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Figure 4. Wilcox rank-sum test of endophytic bacteria at genus level in different Dendrobium samples. A:
Wilcoxon rank-sum test of endophytic bacteria in roots and stems of Dendrobium at genus level; B: Wilcoxon
rank-sum test of endophytic bacteria of Dendrobium under different cultivation patterns at genus level. J: the
stems of Dendrobium officinale cultivated on trunks and in greenhouses; G: the roots of Dendrobium officinale

cultivated on trunks and in greenhouses; SZ: the roots and stems of Dendrobium officinale cultivated on trunks;
PZ: the roots and stems of Dendrobium officinale cultivated in greenhouses.
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Figure 5. Composition of culturable endophytic bacteria of Dendrobium. A: Composition of cultivable

endophytes on phylum level; B: Composition of cultivable endophytes on genus level.
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Figure 6. Phylogenetic tree based on 16S rRNA gene sequence of strain. A: Phylogenetic tree of isolates in the
phylum Firmicutes and related species based on 16S rRNA gene sequences; B: Phylogenetic tree of isolates in
the phylum Proteobacteria and related species based on 16S rRNA gene sequences; C: Phylogenetic tree of
isolates in the phylum Actinobacteria and related species based on 16S rRNA gene sequences. The number in
parentheses represents the accession number; the number at nodes of tree indicates bootstrap confidence. The
length of branches represents the evolutionary distance.
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Figure 7. Proportion of cultivable endophytic bacteria isolated from different groups of Dendrobium samples
(A) and proportion of cultivable endophytic bacterial isolated from 11 kinds of isolation media in the total
bacterial strains (B). PG: the roots of Dendrobium officinale cultivated in greenhouses; PJ: the stems of
Dendrobium officinale cultivated in greenhouses; SG: the roots of Dendrobium officinale cultivated on trunks; SJ:
the stems of Dendrobium officinale cultivated on trunks.

*3. M3IMFEREEPEL—MEFIEEERRNENE T
Table 3. Endophytic strains which showed antimicrobial activity against at least one of the three
phytopathogens

Strain GenBa.nk Closest species in . . Patf?-ogenic fur?gi P carotovorum
Number accession 16S rRNA gene Samilarity/% Active part A. rolfsii/ M. roidum/ subsp. Actinidiae/mm
number sequences database mm mm
YIM-PG-1 MW406873 P. polymyxa ATCC 99.86 Supernatant  13.85 12.86 12.36
842" Sediment 9.46 - -
GP-PJ-16 MW406887 P. peoriae DSM 8320 99.27 Supernatant  9.38 9.01 -
Sediment 7.37 7.22 -
GP-SG-2 MW406864 E. huaxiensis 090008  98.74 Supernatant  11.26 10.39 -
Sediment 7.85 - -
CM-PJ-7 MW406849  B. velezensis CR-502  98.86 Supernatant  13.62 12.86 -
Sediment 7.27 - -
HV-PG-4 MW406862 E. hormaechei subsp.  99.64 Supernatant  7.31 7.17 -
steigerwaltii DSM Sediment 7.19 - —
16691
BL-SJ-4 MW406858 C. albidum DSM 20512 99.08 Supernatant  8.59 7.79 -
Sediment - - -
HV-PG-1 MW406863 E. hormaechei subsp.  99.57 Supernatant  7.88 - -
oharae DSM 16687 Sediment — - _
CM-SJ-6  MW406886 L. shinshuensis JCM 98.96 Supernatant  7.29 - -
10591 Sediment - - -
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& 8. YIM-PG-1 E#k L5 CEZFERBUAR 3 #RiERH R R IMNHI MR E

Figure 8.

Antimicrobial activity of the ethyl acetate extracts of the supernatant of YIM-PG-1 against

phytopathogens. A: Antimicrobial activity of YIM-PG-1 against Athelia rolfsii; B: Antimicrobial activity of
YIM-PG-1 against Myrothecium roidum; C: Antimicrobial activity of YIM-PG-1 against Pectobacterium

carotovorum subsp. actinidiae.
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Diversity and antibacterial activity of endophytic bacteria in
roots and stems of Dendrobium officinale with different
cultivation patterns

Shanshan Wang”, Jiameng Liu®, Jing Sun, Ning Jia, Nuo Jin, Jiani Liu, Bei Fan’,
Fengzhong Wang”

Key Laboratory of Agro-products Quality and Safety Control in Storage and Transport Process, Ministry of Agriculture and
Rural Affairs/Institute of Food Science and Technology, Chinese Academy of Agricultural Sciences, Beijing 100193, China

Abstract: [Objective] To explore the potential microbial resources and functions, this study analyzed the diversity
of endophytic bacteria in the roots and stems of Dendrobium officinale cultivated on trunks and in greenhouses.
[Methods] The composition and distribution of the endophytic bacterial community were analyzed by Illumina
MiSeq High-throughput sequencing. Meanwhile, the endophytic bacteria were isolated using the traditional culture
method and identified by 16S rRNA gene sequence analysis. The Kirby-Bauer test was used for detecting
antimicrobial activity. [Results] The results showed that the culture-independent bacteria mainly belonged to
Pseudomonas (30.52%), followed by Mycobacterium (10.22%) and Brachybacterium (8.32%). The abundance and
diversity of endophytic bacteria of Dendrobium officinale cultivated on trunks were higher than that cultivated in
greenhouse. The endophytic bacteria of Dendrobium officinale in root showed more abundance and diversity than
in the stems. Bacillus (18.37%) accounted for the highest proportion of the culturable endophytic bacteria, followed
by Curtobacterium (8.16%). Meanwhile, 8 strains showed antimicrobial activity against at least one pathogen in
this study. [Conclusion] The result demonstrated that there was a huge resource of endophytic bacteria in the
Dendrobium officinale. The distribution of the endophytic bacterial community was influenced by the difference of
cultivation patterns and tissues. In addition, the strains with antimicrobial activity could be used as biological
control of pathogenic bacteria. This study provides a diverse endophytic microbial resource of Dendrobium for
further exploring and utilizing.
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