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B 15 AR ARSI 2 KL 2 em AOAREL, HEORAE 30 MR EE. 36 A PE % LR =5 24
h PEAT PR AR B R4 T ) 53 B

1.2 NEERMERNSBSEL WA R I: HARKEETE R B R 1535 &Y,
TCBK M 30 5o 75% Z B4 SRR 15,30,45 F1 60 s,2% YR AR G045 B4R 30,60,90 1180 s, 2 J5
TCRK Ve 4 o TG MIABEIAIEI K 0.3 ~0.5 em H/NEE, R FRCHI L7 PDA K5 3:3E 1,28 C 5
FAAMEIRIG IR AT B T RRAR S ] PDA 55373844k 3 Wk, JFF 28 CHAREIG 9% Brdla — Kb vk i)
TCHK IR T PDA 53536 s (O B, ARG ITE 222 SR R AT RHEH IR PR A DR AT R AR L 2l
PRARIZERN 2 PDA R FRIE L, F 28 CF BB R %, FrpyE K AR 5 o5, B 4 CHyvKFE P It
17 T IRSsr TH%5E

P A 2B T R K TR bR B R 1 TS 3R B B, JC R K ok 30 s IR B TR AR L
T o W AHRAR BB NBOFFRER 0.1 g, H 75% L B4y BITHEE 15,30,45 160 s, SR )5 BT 2% (IR E RN
THEE 30,60,90 F1 180 s, fiJq TG /K ks 4 i o KRR B B F0Hk v, in 0. 9 mL TG /K FLE &A1 95hb , 58
SIS I FHRS R R BCST 200 oM 8 10 71,10 72,10 77,10 TR 10 77 g« L™ B, LA VR B8 ) 2R 3 45 50
L, A BC R NA 53258, A BT AT 3 K. KB R TR PRI NA 553838 LSRR R4,
28 CHEEEFR 3 ~5 do FFA WK AR TEIE S 5] B KN GE B B B 57 LU & 1 T8
P S I PR BUEAT AR R I BP0 NA 559 3 2224k 3 WK B Js — IR Pk i TC B K Tk 4 NA
B e (xR TR S R AR . AR, 107 g o LTWRE NN E E AN LB S,
AFITHRIEM T 10 7 g o L7WRE T B, I, B8R ( 1072 ~107%) g« L7"WRBE M T I A7 11
PR RV RHAMIC IR ARAT A AT B IR B SE B RR I FP 2 NA RHAEE S5 I, F 28 CF REEH 3%, Fr 74
K A5 Y5 T 4 CRUKF IR AE IR S T -

1.3 DNAZREURK PCR ##  EH DNA $#2H: 2% GUO % ik [ CTAB ¥:. 45 DNA #2544l
(1 2 PR 20 5 NA VR RS FR LR REE 352 ( 180 1+ min ") 1 d, Z J5 i F4H A7 &2 DP302 - 02, Jb5T K
HRAABHE A BR A F]) #5476 41 DNA £

EURE SR FH 59 1TS1( 57 - TCCGTAGGTGAACCTGCGG —3°) il ITS4(5° = TCCTCCGCTTATT-
GATATGC -37) . K120 pL ) PCR L RiA R, f15 6 uL ddH,0,% 1 uL 84,1 uL Taq fiff,1 wL DNA
FEMR R 10 L 2 x PCRmix; W F2J%: 94 °C FASPE 5 min, 2 J5 35 MEIR( 4% 94 CASPE30 s, 55 CHEM:
45 s, 72 CHEM 1 min) ,fz)5 72 “CHEfH 10 min.

Y% F 16S tDNA 38 5 |4 27F( 5°—= AGAGTTTGATCCTGGCTCAG -3 il 1492R (5°— GGTTACCTT-
GTTACGACTT -3) o R 50 pL PCR WA R 407 19 pl ddH,0,4% 2 wL 59,2 pL Taq fi,2 pl. DNA
FRAAN 25 WL 2 x PCRmix; 2 W A2 F: 94 °C FiAZ Y 3 min, 2 J5 35 PMEFR( 445 94 CAE P 1 min; 55 CE 1M
1 min; 72 CZEff 1.5 min) , )5 72 CZE{H 10 min.

1.4 PCR =& R ME  PCR PG00 R F 1. 6% B WEFE 4Tl P AG I , 128 4545 35 b 19 PCR. 7
Wy, ZFCAC i L R ZH A 98 O A RS 7 Sanger I 8256 2 I 1

1.5 HIEABESH KT AEEE ITS 8¢ 16s rDNA JEFC B AA A %, ] QIIME 1. 8.0 58 Wiy )7
B (g A B AN AT #4325 B350 ( Operational taxonomic units, OTUs) E‘Jkﬂﬁ&{ti’%?ﬁﬂykﬁm “ul ¥ OTU
RFEFFILE GenBank HifEF77EZ BLAST( www. ncbi. nlm. nih. gov/BLAST) FLXT, 43 S AR KT 99%
NF 95% F1 99% KI5 N B H RIS %) o R 44535 ( Neighbor—joining method) H4 % P4 /4 BL1#
RGRFRT o A AAD H F S B Bootstraps {EE N 1000,

2 HRESR
21 REHBMARMNSBESAN  HERm I REmE: LI IR LR 7 50 TR T4 00 5 AR B I E] A Jit
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W, FLRE 7 T 75% CBEIEEE 30 s, Z 05 H 2% YRR FE 90 s NI AEIHFEAL A (R 1) o AR5 L
75% CBEHTE 30 s,2% AR 30 s N HTHEEH & - Wik Wil B aifb iy %, AR AER
PENAE LR TR R 38 Bk, N A 0T B BR 54 Bk

2.2 NEEAEMSFERE 38 RN BEREEKRE D T8 E R 3R 5 A OTUs ( Pd4unl ~
Pd+fun5) (£ 1) ,RET 111244 B4 %S5 8, 145K &8 ( Lasiodiplodia) 155 & ( Aspergillus) i 7]
H&E( Fusarium) R3%58J&( Pseudocosmospora) 1422217 @& ( Setophoma) o HHP{E3JE KBk — )&, 5 A FE R
B 33.33% ; L HVIE NI AR , 1 26.68% (£ 1) o ARMENERFHEHRES(K L), ZREEEM(K2) .

F1 RREWRE=NEERKKRERTHFFIRBEUEL R

Tab.1 rDNAHTS sequence similarity between representative strains and reference taxa of the endophytic fungi in Phalaenopsis deliciosa

5 — ' s FRXS 5385 L A5/ %
(RS Bt I ZHYF RS IRTURAE /% Relaii}v?isolaiiono
OTU Family Genus Close relative Accession No.  Identity .
proportion
Pd<unl  Aspergillaceae Aspergillus Aspergillus niger KT726919. 1 99 26. 68
Lasiodiplodi
Pd+Hun2  Botryosphaeriaceae  Lasiodiplodia Hoaprodia KT728915.1 100 33.33
pseudotheobromae
Pd+4un3  Nectriaceae Fusarium Fusarium keratoplasticum — KT716207. 1 99 6.68
Pd4un4  Nectriaceae Pseudocosmospora Pseudocosmospora vilior KP050600. 1 99 13.33
Pd4un5 Phaeosphaeriaceae  Setophoma Setophoma terrestris KP191631. 1 99 20.00

pd-fun4 pd-fun5

BT RAREMIEE > A B R A AR R ARIE 2S5

Fig.1 The morphology of representative strains of the endophytic fungi of Phalaenopsis deliciosa
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98 Pd-fun4
—|: KP050600.1 Pseudocosmospora vilior
Pd-fun3
411)1)‘: KT716207.1 Fusarium keratoplasticum

[——— Pdfunl
100 L—— KT726919.1 Aspergillus niger

KT728915.1 Lasiodiplodia pseudotheobromae

99 [———————— Pd-funs
100 L—— KP191631.1 Setophoma terrestris

100

B2 ORISR 22 N A HUA ITS P A R T
Fig.2 Phylogenetic tree of endophytic fungi in Phalaenopsis deliciosa based on ITS sequences

2.3 NEMHEMSTFERE 54 WACRYEN MR R K2 7458 nl 1732 17 4> OTUs ( Pd-bacl ~ Pd-
bacl7) (F£2) ,FE3 115 W6 HI B 12 4 F, 2372 oA H & ( Achromobacter) .+ AT 5 J& ( Agrobacteri—
um) A SNYIE & ( Acinetobacter) ZEAAFT & J& ( Bacillus) 4 ¥ F1 # J& ( Chryseobacterium) | 7 #T W & ( Enter—
obacter) JHE R ZEHFT HE ( Lysinibacillus) 25 ZE /0¥ 5 /& ( Paenibacillus) 32 7 J& ( Pantoea) V0[] KB
( Salmonella) 5% IR )& ( Shigella) FIH % BKER & ( Staphylococcus) o FrP L3R N 2F AT & . o5 BBk
Br 24.07%  RALHIE J AT L i 16.67% (£22) o FRMURIENARHEEHRIES(K 3) . RERE

(Kl 4)

o

K2 RREMIR=NEAHRRMEE KT FIBMEL R

Tab.2 The 16 s tDNA sequence similarity between representative strains and reference taxa of the endophytic

bacteria in Phalaenopsis deliciosa

BRAE 2 B & SEYF B R % *Exf?gttff/q
OTU Family Genus Close relative Accession No.  Identity roportion
Pdbacl  Alcaligenaceae Achromobacter Achromobacter sp. KP279895. 1 98 3.70
Pdbac2  Bacillaceae Bacillus Bacillus cereus KT720292. 1 99 11.11
Pd-bac3  Bacillaceae Bacillus Bacillus megaterium MH720217. 1 100 7.41
Pd-bac4  Bacillaceae Bacillus Bacillus subtilis MG976623. 1 95 3.70
Pd-bac5  Bacillaceae Bacillus Bacillus subiilis subsp. KT720126. 1 99 1.85

pinaquosorum
Pd-bac6  Bacillaceae Lysinibacillus Lysinibacillus sp. KT025882. 1 100 5.56
Pdbac7  Enterobacteriaceae  Enterobacter Enterobacter sp. KR153189. 1 99 16.67
Pdbac8  Enterobacteriaceae  Salmonella Salmonella bongori KR350635. 1 100 3.70
Pdbac9  Enterobacteriaceae  Shigella Shigella flexner KU195357. 19 99 14.81
Pd-bacl0  Erwiniaceae Pantoea Pantoea anthophila J0659459. 1 100 1.85
Pd-bacll  Erwiniaceae Pantoea Panioea sp. KT149752. 1 100 1.85
Pd-bacl2  Flavobacteriaceae  Chryseobacterium  Chryseobacterium hominis — JX100820. 1 99 9.26
Pd-bacl3  Flavobacteriaceae  Chryseobacterium ;’ZZL 3:;’5’;;::”’” KF434119. 1 100 3.70
Pd-bacl4  Moraxellaceae Acinetobacte Acinetobacter sp. KM187587. 1 100 7.41
Pd-bacl5  Paenibacillaceae Paenibacillus Paenibacillus jamilae KY218903. 1 100 3.70
Pd-bacl6  Rhizobiaceae Agrobacterium Agrobacterium tumefaciens ~ KR827434. 1 100 1.85
Pd-bacl7  Staphylococcaceae  Staphylococcus  Staphylococcus epidermidis  KT720183. 1 100 1.85
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Fig.3 The morphology of the representative strains of the endophytic bacteria in Phalaenopsis deliciosa
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Fig.4 Phylogenetic tree of endophytic bacteria in Phalaenopsis deliciosa based onl6s rDNA sequences
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ABIFFE A R T B 2 AR PN A= L TR 104 73 5 3 AR, 5 A 5 45 AR 0L, 00 s e 1 Ay o A= = )
TN A B IR YR S o R AR AR 22 BB T 5, 1 22 VA 1104 B AH X TR M, DR O 28 01 0
PR E R R ™ o SRR DX, AR 22 R P LS 2] (0 7 24 A AR AR AR DRt S e e ™

RORPEMIIE 22 N H R HY S > OTUs )8 T 11( Ascomycetes) , HHfiL#4 & A3k —#1)& ( Lasio—
diplodia) T EZ)E ( Aspergillus) o HETHFFERM, KER 510 = BHEY) A AE IR #BE T4 1% 1 ( Basidiomy—
cete) FIT- B[] ( Ascomycetes) (1l | RS B ai A 22 Bl Y KRS 22 4% 7 25 ( Rhizoctoniaike fungi)
HE IR, 20 MR TE 10 f $H R B Ceratobasidiaceae) i 5 B ( Tulasnellaceae) F1#f 52 & F}( Se—
bacinaceae) , XS RER A J IR AN A B P o (HIT AR R WA TFIT & IR T T I Rl 26, B T
FER T EL P T LA 22 R S RV ™ o D3 Ah , TR T 2 R 43 % B i 1 A A L
B o BRIBSE Y BESE T S RR2G 2SR B T B 5 A AR B 2R 241 BRI R E R T TR
1A 10 BRERRIE TH T T MRIBEE D BB P K 2R BHE ( Dendrobium) 14385 1 B K HE 43 K
A B RIRE R T 911 2905 MR 80%) AUE DXUR THLI T 1. N4 18 2 ( Phalae—
nopsis pulcherrima) FRHS73 253 0 A AR B RS T 951 -

R AR AR B 5 2 RPHEY R B S R AN B IF 5T R A Z A6 AR ) AR B R
HA&L TR A RE ST, R T Z O W U o 000, -4 T 1 0 70 T80 8 £ 76 43 b 2 T o 5 22 A i
TFREZE M S B T Bk B A i Dendrobium. catenatum) 4 3 A 2 4/ H; Chen 2217 %
P ] B RESR S R B AN D, loddigesii) 1A= K3 BE AW . Wang 255" WAELTBH( D, sinense) KB4y
B B[R FE & ( Trichoderma) BREREMEAR i fE E A8 A HE BT W 0 AR K BEAS U Bh A A M AR 3 = 0 i 8
FERN IR R & &, RS AERE . ARHFTE NI W ~= (AR 40 25 2] i ik 0 TR i L o ] RE A LT &
BT R IR R A R A 2 R R LB AR L LS 2 R 0 C R T B — R R

2 RFAR ) P A 20 B 7 TR F U DR A R R S PR ) A — R A 22 R AL B O [
(AR ZE ) R4 B 3 T AR -« REATE DG, XS AR AN SRR T8 60 J8 2 o ARFRI A
R MR~ AR AR PR AR T 23R 17 4> OTUs, s & 12 M@, K 3@ A H2E AT )& ( Bacillus) FRAFT
IR Enterobacter) o 5 ELH S0 M LB K AQUEMIE 22 1y A AN 25 RF R ), 2 1 AR 43
BN AR A A T ANE L AR B R 2 AT B Y TR 22 ( P. pulcherrima) M35 83 ) N AL 40 AT
SFHOFF R (11 92 EX A B IR T  ( Pandoraea) % 7 /g JEr (448 0 APt o Wilkinson 4
5T T 13 Tl Az =2 0 AR A0, 45 2R K IR TR ( Pseudomonas) AT & L3R , IF A 2B N
AT RSN B S BEAE B 1 BRI AARIS AR R AR A . AN IR A B A B B AR 2 S A 2
A AN AP A BT 22 5, o B AR 22 0 38 AR AR 5 0 AE AR PN %) 4 TR A 2 A [, T A=A AR P R A 7 B
WHE A e s ™

WA AHTE D 2 B Y A Z R 2R B - WFIE A BH Dendrobium moschatum) HEFH 7355 1
SR J& ( Sphingomonas) FI4» ;& ( Mycobacterium) 4 1] B 42 B Fp 108 % % AT B AN
O TE BA AT LA s B 7 TAA RS AR R T R AR bR A K T R R AT R 2
T T 5 [ T R 45 B P s 2 W LA (R A R A R B P 5 B 5 4N 1 ( Nostoc) Fe BRI ARG A 1
FHEERT o R, R 188 2 AR 343 B 30 ) 2 FAT 18 8 200 181 T B BT v 7 IR P B R~ S AT
Ja S ZE T TR IR ~ 32 TR AT e DX TR 45 TR bt H— 2 I WF S AL, 76 5 5 1) T AR, 0 B A O v i 4k
PSP R85 % () FLR LA B

Bl V5 T AR TR TR ZEBF AN 0 PR T A s Y R s S SO RV A I AR 10 4 B
S AL 7 AL T S SR Dl , — i
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Isolation and Identification of Endophytic Fungi

and Bacteria from Phalaenopsis deliciosa

CHEN Yaoli'?*, YU Longchun', QIAN Yue', SONG Xiqiang', ZHANG Zhe' *

(1. Ministry of Education Key Laboratory of Genetics and Germplasm Innovation of Tropical Special Forest Trees and
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2. Hainan Yaode Agricultural Science and Technology Co. LTD, Haikou, Hainan 570228, China)

Abstract: Endophytic fungi and bacteria are critical throughout the life cycle of Orchidaceae plants. Phalaenop—
sis deliciosa ( Orchidaceae) was used as test material to isolate the endophytic fungi and bacteria from its fresh
roots in routine sterile culture, and the isolates were then identified by using molecular markers to reveal their
characteristics and diversity. The results showed that a total of 38 strains of endophytic fungi were isolated from
the roots of P. deliciosa and identified as 5 OTUs belonging to 1 phylum, 2 classes, 4 orders, 4 families and 5
genera, and that the dominant genera were Lasiodiplodia and Aspergillus, while a total of 54 strins of endophytic
bacteria were isolated and 17 OTUs were identified to belong to 3 phyla, 5 classes, 6 orders, 9 families, 12 gen—
era, and that the dominant genera were Bacillus and Enterobacter. The results will provide reference for symbiot—
ic germination and raising of mycorrhiza-based seedlings of P. deliciosa and for further study of the relationship
between endophytic microorganisms and orchids.

Keywords: Phalaenopsis; endophytic fungi; endophytic bacteria; molecular identification
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