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AT E NS HARA [R5 Hh B AR A
[F) 73 2 L7 F18) A AR TR 2 B A ROE P AR IR TE
NS 53 A5 3 N AE A 10 Bk, 43 45 Pseudomonas
spp. - Stenotrophomonas sp. . Bacillus spp. 35 . Yan 575

LAy B B T 81 Bk N AR AT L LA T B

PDA-2 . LB-5Fl R2A-7 % o BRARGK M 3 4FLE A SR
th 43 B 45 B Bacillus sp. . Pseudomonas sp.. & ¥
(Agrobacterium ) % Z2 T N A 40 B4, 53 S A7 — T g 784
Wikk, EL N Leifsonia ginsengi. ANSHIRN A EEA
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9 M JE g3 Bl 2 N R 5 B (Nectria) | M % &
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Vendan 558 12 168 rDNA I J3> % 4 [ A 2 Py 74
TR 1) ZAETEIEAT BT 9T , WA S 22N 15 5] 514
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Pseudomonas sp.. Agrobactertum sp.. Stenotrophomonas .
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FE B I ZE F0 AT B (Bacillus aryabhattai) | Acinetobacter
guillouiae . F. K ZF #1 #T T (Bacillus megaterium) .
Agrobacterium  tumefaciens . Bacillus marisflavi . Bacillus
safensis 4%, Khan Z8% A7 IS 00 XM B N A B
B g oy ey, K N AE TS Bacteroidetes RAFAER: Fr
AP FEMR AP A K, R W] — SR R B A 24
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MR G B K S 5 RS R Pseudomonas % 53 AR TR )
PDAEFA(RFHEHF+#ET) Fusarium solani sp. 5 #kla £ % B
%18 % 5 (Illumina HiSeq 2500 PE250) - Z M R A i o
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Aspergillus . & 7¢ J& (Chaetomium) Fl ¥ T ) &
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Agrobacterium F1ZE ZE KT 18 J& (Paenibacillus ) , A

4R NS Ep EES AR H A KR EE
(Staphylococcus) , 3% 5 S k™ iy b 5€ 45 S AR AL, 9
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W R EFD . BB A SE R B Ascomycota J2: 3 TPk BE
BN S b N A AR R 32 2 e 2SR, s A
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. P. poly *t 97 BB T 9 K 0
ABAE AEmE P polymyxa BHARRBABRBRTFAL L - &
I X 62.47%
.. Stenotrophomonas maltophilia o o -
A AR NAEMA IR ASH R A o A K XA B B R AR =
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Pseudomonas #7 %) C.destructanans %9
A B AR . %F Cylindrocarpon destructans N
" MAEMTH  Bacillus . Pseudomon Staphylococcus % ¥ . Bacillus #= Staphylococcus 55 !
E- N N Fe Botrytis cinerea P77 34 /& 7 .
" C.destructanans 99 374 4 JF 8 5%
ASxrt AAEME  P. polymyxa VAR AT e T 45 Ao AR R g 0 K & T AR Ay A 4 1) 76 e e S

B.megaterium .Micrococcus luteus . Ba-

AR AR AS MR AR H

ABE REX]: ] B fUAe A1 ARG 3G AT A K tal
cillus cereus Lysinibacillus fusiformis 1A A
Phoma sp. 32X &5 Z) KA 6
BT, MNAEAHB  Phoma sp. B E 3 o 3]
AR H ) 5 R % 35 2] 76%
Pg30 *F Staphylococcus aureus # 7
Aspergillus sp. (Pg30) . Fusarium sp. B &M P27 F= Pg30 £t 47 4 Rhi-
S S TE S e e &
(Pg27) \Verticillium sp.(Pgd2—1) zoctonia solani 89 & K , Pgd2—1 T 47
#) Klebsiella pneumoniae %9 £ K
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BT Rdo BR T BESIT ST K B N AR A0 AT T
(Enterobacter sp.) ] # N2 B A¥ Rbl #4b NS RAF
Rd, 225K SN2 N A 40 I P. polymyxa AT AR
HERTHARNASBE R, WA LAZ
BHEAIBRAANSEHR., ASHNAENHE
Burkholderia sp. ¥ N 2 % 4F Rbl §5 4k N = B
Rg3, 18 48 14 22 €0 3% A0 v 8OO (03 1 0 e Al i A2 2
Rb1—Rd—Rg3"“**™, Ful™3 B 153 2 1 A\ 2 8 4= 4i 1R
WA BB (Flavobacterium sp)#%}\%%%ﬁ Rb1 4k M
Wi A1 N2 547 Re3, # 4k i& 42 2 Rb1—Gyp-XVII il
Rb1—Rd—Rg3, H 4 J5 N Z 247 il & $2 41k 17 %
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Agrobacterium sp. B w5 7= iGN S B AT Re3 filRh2
AIRE ST o W S FH s ROBOHH (8,35 12 2 B 3 BRI AR

R3 ARBEARXASHEFNSHEN

#3577 X MAH LEL ERS HE LK
FARE BEHREL REEL @A i3 Actinobacteria , Firmicutes . Bacteroidetes , Cyanobacteria  Crenarchaeota  Proteobacteria
B A AL A AT L A M i3 Phyllobacterium . Paracoccus | Bifidobacterium . Pseudomonas =
FARE AHEL REAHL AW i3 Basidiomycota Ascomycota . Glomeromycota  Chytridiomycota  Glomeromycota =
EE RGNS i i3 Trichoderma hamatum Nectria haematococca £

F4 AEHEXBNEENSHEE

2% K i HE LR

PEERI0AMNE  Bacillus methylotrophicus \B. amyloliquefaciens \Bacillus vallismortis , P. daleae A

Pseudomonas sp..Bacillus sp..Paenibacillus sp..Lysinibacillus sp..icrobacterium sp..Arthrobacter sp..Ser-

FHE6AMNH 24NMNHIX  ratia sp..Staphylococcus sp.Pantoea sp..Chryseobacterium sp..Erwinia sp..Stenotrophomonas sp..Sphin-

gomonas sp.~Burkholderia sp..Psychrobacillus sp..Methylobacterium sp..Acinetobacter sp..Raoultella sp.

.
"B man

Bacillus sp. . Staphylococcus sp..Pseudomonas sp. Agrobacterium sp.

[38]

Arthrobacter sp. . Bacillus sp..B. megaterium . Pseudomonas sp..Rahnella sp..Bacillus sphaericus . Kocuria

$hE 3 /3 X

carniphila . Microbacterium phyllosphaerae , Pseudoclavibacter helvolus . Erwinia persicinus . Serratia plymu-

[48]

thica Bacillus flexus . Pseudomonas poae \B. cereus
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FEY ARG NS AT Reo XA 25 Tl il 8 A2
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3.2 HhtmER

B F i 1 16S rDNA 43 %5 2R 11 ot B i
5 FBOANANZS b B B T R PR 13476, i
TEREFERAE 1 TR T = B 1 LR B AR BT, ot
BERN S Ja NS N AR BUMOR 25 W 1) T R AT TE 4
B T8 B B A o 3 ISR KSR R
43 A yuan—27 . yuan—4 , yuan—8 , yuan—22 %5 PN 4= ELH
HEAT AR B B U 2 , e 4 5 4 40 o R 4 i
R TR AR HHE AT B IR T R O O L 28 MITT I A 2,
B 5 Bk N A LT DT MR I PR, P yuan—27 1
PR I P B A0, A i — 2 T R iR 25 W S Ak 1 o
IR TERT 52
33 @ ER

Kim 58 % BN 2 M AN A 40 1§ Burkholderia
stabilis EB159 Xt NS i B A WS 4 9 £ 71, A
R RN a7/ A e O N R Y R e T
T NS N PR TG s 3 ANHAE T A S N A
HL BTN S G W 1 4 5 LA 51 43 B (4 B
FEPARLIESE T EB159 7 A i AR5 Ptk v & T A Sy
WAEMPLEH . NS W Trichoderma citrinoviride
Al UL W52 B. cinerea F1 C. destructans 5 | 2 FA)J 350
RN Z N AE W Trichoderma polysporum PN T
(Alternaria panax . R. solani % ) It 5 | A2 [ %5 I AiE AR
HA U A v ™ XS5 31 A 5 A N A T
TEA W BR J7 TR A T PSR
34 HeEhk

Kim 22 M A2 N4 B Penicillium sp- o B 4
Sl Al A5 31— mT T R R R I R 7 = A DG AR
P A5 PR 3R A IO PR 8 3K (R A 72 400, E 0T Lot 1

FFICTEMA 5 RS T2 A =1 EL A i A A 0 3R A 1R
FTEYE, T4 78 1AL A AR A 4 ik At
i B BT E M T (EL . X BB BT FERE 45 T 8
A T L PO 2 0 R At i B T R R R B =
% AN A AR S (B2 At ATl i A SR
B T HESIER]

4 ASHEEXREENZI

TN A T 5 AR ) Z TR AR BLAE T2 e AE ) A B
LG BRI BRI, DT 52 Wil R I B 0 A R B
Pinski 85 AR N A= T -5 A W) 2 (8] ) AE LA T AT
B8R AE Py X Hh B AR A T A2 A KR T T AR
AUARPLRE 1, T HEAE Y A B B AR A IR 308 7 /Y
HiYo Giauque 57 % SUAEY) 4 8 A BRI S5 AL
FIR) £ 358 A LA R R P 3 T A2 A R B DR A O . X
LA 5T KR AR W) N A TS R B 2 TR A AR LA
WFFEHRAE TR IS H K
4.1 HBASIM RIS A FARHAS A K

5% % B P. polymyxa 7] 4 54Kt NS 15 Fhik
AR 2™, 3 HLAT B NS 45 5 FHAR B i 5 0 4 1Y
RE I, R Z AR T AT LASR Ry NS0 Sh SR BT 1Y
ATy AL NS AR A K™, Hong 551X 2-6 4F
Az ik N Z AT IR : R AR B A AR BR 1 A2,
T8 3 4R B9 A SR P Bk B3R AR R AR DGR R g
th L JF HLAE 3 4E 28 NSl 21 6 A fi HE A 4 A= 4 Sk
5 RN AEANTE 5 3 4 NS A EAE A
MTFRARER S LU LW 45 A A= 1 1 AC 59
FEBUE T RAFAEER
42 AR EGIAE MR

EA IR ] ARG o B A 2 R N AR TR B
e BT AL W06 MUY BE 1, CGMCC6882 T4 #k BE 1%
TENZ 1 B N A= 8 A AR W i B[RV T AR
2 A8 22 B N A= 8 A FU T KA YA B 7 AR Y
TR HABTE P 52T AS W BA RN
e, Bao 7 A NS N A LA F. owysporum K JE R

x5 ASHERRERERESW5T

REARM M EUNES Sk RIR AL AP % B Ik
Rh2.Rg3 ¥ E F A 654 i3 Agrobacterium sp. [ExY
Rbh2 ¥ E F A 154 i3 Fusarium sp. Aspergillus sp. 2l
Re ¥ E A4 1554 i 8 Verticillium sp. 71
Rg3 ¥ E F A 5.6.7.8. 1754 i 8 Burkholderia sp. ke
Rg3 ¥ E A 3044 i3 Flavobacterium sp. £
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FH X B4R 3 S H 5 45 0 vk B R F B AT T 4 oK AR
KL 1A B, A BT A RHE S IR T R R R, i
FE N A Je LA P P AR TRk DR BB 1) UM L 4
PET AR, (4 J5 2R FH BT 5 12 KRS & B2 7= 0 oK AR
MR AT BE

43 RIALFEL SRR

25 IR 2 B LA A Y B iR R AR K
P, 52 24 AR B 0 O A AR AR A L L
JBT A E T 2 RUR P9 AR B0 TR A R T 25 AR )
FRE b [ 22 4 | R b SO ) ST, TEARKRSAE T
NS4 BV AR 995 55993 3 IO 52 ), T o8 A T
Xt NS0 o A LA I E Y. AS AR
P. polymyxa AL BREY 1.2 3 Fll 4 45 N SHAH MR I &0 %
PG T [l of R, A B (1 °F- 12 6 43 J31) T 2 4
7 31.64% . 58.87% . 46.70% F1 18.61%", 3% W [N 1 T
ZH5ASHRENEYDGE,BREASHT &, Gao
E AUl N R W R T2 NG S e o I o
polymyxa AEFRIY 1.2 .3 Fl 4 4FLE N S AR AR 0T 35 5
Yo TR o B2, LR SR a0 ol B S R 2 4R T
36.83% .44.52% .67.96% F179.44% , 4 -1 NS Hikk b
NS BAF RA B i HE X B4 157 308.01% ; R M A2
R BRI P. polymyxa J&=— A %5 N A4, 1] ER
FE NS5 . 1-Z I e —1- 32 R i & (ACC
Ji G ) e T 4 S VG e SR TR A BT AR AT
Al 25 4R R AR B P R AN e o, HRTE A ST N
NS4y B A5 2077 ACC B & B P AR 40 ', Hext
AW T NS IR EE R S T S A
E— 20 5%

SRINT , 70 BE NG LT P A= it 2 361 R4 7= A
—SERFN A FZ o Faeth 387K A SR 6= (1 £ Hb
b RIS A K B TR N
A BRI . BRAEIT SRR DS AE R v i 2 21 1Y
1SRRI AR BB 1 50 8 R AL, 45 R R A 3 bk
A B B B Y AT HE I AR SR R N A R R A
FERRAY A FE AR AL, HETAR UL S 8 A B
S 1 SCHR A -

EZETE B
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Research Progress of Endophyte in Panax ginseng
Fan Zhenjie'?, Xu Jingya™, Hou DianYun’, Hu Haoyu', Xiao Shuiming', Xu Jiang'
(1. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China ;
2. College of Agriculture, Henan University of Science and Technology, Luoyang 471003, China)

Abstract: Endophytes constitute the bacteria, fungi, archae and protists, which live in the living tissues of plants and
have a rich diversity of secondary metabolites. Ginseng endophytes play an important role in promoting the growth and
development of ginseng, the production of secondary metabolites and environmental adaptation, and have a greater
impact on the yield and quality of ginseng. With the deepening of research in the field of microorganisms, high—
throughput sequencing technology has become an important method for studying plant endophytes. This article mainly
focuses on the research methods of isolation and identification of ginseng endophytes, the diversity of ginseng
endophytes, the activity of ginseng endophytes and its secondary metabolites, and the influence of ginseng endophytes on
the host. The research progress in recent years is discussed, and the prospect of its development direction is put forward,
with a view to providing new ideas and new methods for the research and quality improvement of medicinal plant
endophytes.

Keywords: Panax ginseng C. A. Mey., Endophyte, Diversity, Secondary metabolites, Biological activity
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