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Screening and identification of available endophytes in roots of Panax ginseng
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Abstract: Objective To investigate the resource situation of endophytes in the roots of Panax ginseng (ginseng) of Jilin province and
to select endophytes with antagonistic effect on pathogenic fungi of ginseng. Methods Strains with antagonistic effect were screened
by applying mixed strains method during preliminary screening and adopting antagonism method of fermentation liquor in
re-screening. Besides, the selected endophytes were identified via 16S rDNA and ITS methods. Results One hundred and thirty-three
endophytes were isolated from ginseng. After preliminary screening and re-screening, four strains with good antagonistic effect on
pathogenic fungi of ginseng were selected: B16, B25, B69, and F32. Among them, B16, B25, and B69 showed an inhibitory effect on
six pathogenic fungi; F32 had a good inhibitory effect on Seclerotinia schinseng, Phytophthora cactorum, and Fusarium solani, with an
inhibitory zone diameter of greater than 35 mm; According to the identification, B16, B25, B69, and F32 were Bacillus
methylotrophicus, B. amyloliquefaciens, B. vallismortis, and Penicillium daleae, respectively. Conclusion Endophytes in ginseng are
diversified and there also exist strains with high antagonistic effect, which can be a good source for biocontrol bacterium and fungus of
ginseng diseases.
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Cylindrocarpon destructans (Zinss) Scholten. K795
Botrytis cinerea Pers « 1% 9% & Sclerotinia
schinseng Wang et Chen. JJ5 & Phytophthora
cactorum Schroet S B & Alternaria panax Whetz.
W J& 99 B Fusarium solani (Mart.) App. et Wollenw
SEAIR B Rhizoctonia solani Kuhn. 7 #F NS4 WL
JR R AR RS AL R AT . 2013 4 7~8 H, fEHMHE
NS 77 R R AN S bR (G- D,
F P PRAR NV K 5 b 268 2 e HH SO 2R 4 0E
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Table 1 Sample source

g ARAER i 4

T RIEA 5 R 130°30'05" b4 42051'41”
bk 2z ] 5 A& 128°5328" k4 43°06'39”
AR 5 K& 127°47'05" L4 41°43'06”
ORI 5 A& 126°54'39" L4 41°49'56"
N 5 K& 126°08'11"  Jkzf 42°38'16"
RSN 5 A& 127°3320" k4 42°03'09”
ELSSE 5 RE 128°1729" b4 41°43722”
A 5 AR 125°2424" L4l 43°48'49”
T 5 RE 129°42'50"  Jb4i 43°28'46"
A2 5 R 126°1724"  Jb4i 41°15'31”
ML 9 R 126°1724"  db4i 41°15'31”
ML 15 R 126°1724"  Ab4i 41°15'31”

1.1.2 B9Rst DRREMANE (PDA) BiRlt; 4
WEEA (NA) FFEEE; &I 5hFRH; PDA
WK IR
113 FZRAGEE ERARDGAA &, 2X
Power Tap PCR Master Mix (b2 e EWHEARE R
AT WA [SMER YRR D GRA].
TC-XP %! PCR " #4(% (WM H R PRA T,
BIS910 KGR G AN EWREATIR A
A R W AERTE R e AR
RERATD; I TESG (R RBRSAABRATD.
1.2 AARMES

B RAE B NS FEARSCAETUK o, 2Rk

T e R A o BT, KR B AR T4
WK T AR K 53 o BB et FL5E B AR
2R R, U1 2 em WOTHINEL (B RO, AE
50% L BEHRIE 1 min 5 & T 75%ZFEH 1 min,
FEXFARAS ] 0.10% HgCl, AP 11 min, ZEA# 1]
0.10% HgCly &2 7 min, M-8 F 2% NaClO A2
5 min FEAT R 5, AR5 F G BE/K ik 3~5 K.
JEAL RIS AL BN NA 5555 5E, WEd 2 LTS
Yefg, VIXERM, VI 0.5 em W7 /hEe (B,
A AN NA 855, WERERAEG. B4
H3REH .
1.3 NEENS B

P AE IR 20 B R NA B5 983, WAEFUR 9 &
KH PDA #5375, PAERE B o B R s G 19 k5
FeHk. MEMBIMNER, ABIERE S, 4 C
RAT
1.4 AEEINEEMERFE

K 2 2 2P R 5 P SRS YA T O . A
LREPVG G P e nt ok, R s
ANAZ AT DB AR V200 B VA RS P AT S0
1.5 REEMEE

WA A b R R AL ) B A Bio Teke
cat#DP2001 41 1% FEK 2] DNA $2EGRA & (20A:
A BT, 514 27f (5°-AGAGTTTGATCC-
TGGCTCAG-3") #1 1492r (5’-TACGGCTACCTTG-
TTACGACTT-3") #3445 16 SRNA. § AR N
50 pL, 4% 2 X PCR Mix 25 pL, ddH,O 15 pL, DNA
BB 5 uL, 27€2.5 uL, 1492r2.5 pL. PCR # H4FE
F¥ k94 “CAZPE 5 min, 94 ‘CAZPE 40s, 53 ‘CHEIE
60s, 72 ‘CHEMH 90 s, 35 MiFFR, 72 CHEfH 10 min.
PCR /=% 2% NERE B ALy A, IF4 3L 74
& AR TRAT B w34 T I

WA A BB R (R ZH B BRI Bio Teke cat#DP2031
HRHE A DNA $HOAHE GROMAD 1T
B 519 ITS1 (5°-TCCGTAGGTGAACCTGCG-
G-3’) Fl1 ITS4 (5>-TCCTCCGCTTATTGATATGC-3")
PN A B ITS 740 IR RN 50 uL, {4
2XPCR Mix 25 pL, ddH,0 15 uL, DNA ## 5 uL,
ITS12.5 uL, ITS4 2.5 uL. PCR ¥ H4F2)¥H 95 CAX
P 5 min, 94 ‘CA:ME 455, 52 CHME45s, 72 CHE
190 s, 35 MIEFR, 72 ‘CHEfH 10 min., PCR =4
2 2%G B e VKRS, R L% iR
W) R B 2w AT
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Table 2 Isolation situation of endophytes in different
collection places and different plant parts

_ s AR B b 2R B

KM KRR ™ = i L
RIS 5 7 7 5 15
Ak 5 9 6 5 16
RSk 5 8 5 5 16
MG 5 10 9 3 22
LN ER 5 10 6 9 19
LSRN 5 8 5 6 17
ELISSE 5 8 8 2 17
LSS 5 9 7 7 22
FHIRVE 5 9 7 3 17
wREE 2 5 8 6 7 20
W EE 9 14 7 6 26
AL 15 15 10 7 30
S 70 60 46 133

[[IE:S:CEAI =k
2.2 WEBRERINEE R

W 485 7, e T B LA R P I TR A
1 88 kk (£ 3), Hd, X AS A @A # A
HEIWAERRZ, A 52 8, SEMEERNAER
BB 59.09%, RN NS M B 0@
FE) R 45 B, A B 4E A A2 B £ 51.14%,
XS AL E AW EAE >, 15 K,
AR AE AR R R AR 17.05%

X955 JE AT H I E ) A A2 R E NS A 1)
oA A B ZES (R 3), WP IMEERKNE
B2, (SAAPRAE T AR BESE 51.13%; 2K
IRZ, 7 43.18%; Wi/l 36.36%. A Js A
A AR 1 P A= R R AR R4 BRAN ) M oA E
HHEZER (RO, BFEANSHERAMREERT
%, i 18.18%; HLRHKFIRL, M 17.05%:
K5, A 9.09%; X JR AT IR F If AR
PRAEAR R P2 AN [ A AR BR NS00 A0 AT I e 2
7 (R4, L2 15 FANSHAERAMEEHM R
%, 25.00%; % 9FIRL, 7 18.18%; %S
Fib, 5 17.05%

23 NEEHMKERNER

T T G 07 45 21 () N A 40 B R L R A T R TR
BV VE I 5 15 21 4 BRFSPURC A 1 N AR B iR
(£ 5), PP AEBE B16 X465 60 Bl 00 B v M e
oAt b 2 f o, SR ELA R 39 mm, WA B69
XS AR B 95 BRI ST A0 TR 1D BT P LAt Ak B
B EA 54 41 mm A1 31 mm, WAER F32
XTBRAZA 98 93 FIVAR FE 9 T 1) 90 B vt 1k L A Ak 3
5, R P E AR 0k 35, 38, 36 mm, PZETR B25
X PG BT A0 R PR A A A B i, VR | AT
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Table 3 Quantity and proportion of endophytes with antagonistic effect on phytopathogen in different parts

SYESTAL  BBIERNTE KEETE BEROWEE RROWIE O RBDWE O MBWE AR I5§ ¢
i 527.78)  18(60.00)  9(60.00)  13(43.33)  10(33.33)  27(60.00)  23(44.20) 45(51.13)
E 527.78)  16(5333)  3(20.00) 11(36.67)  12(40.00)  19(4222)  22(42.30) 38(43.18)
i 12(66.67)  10(33.33)  9(60.00)  16(53.33)  16(53.33)  18(40.00)  21(40.38) 32(36.36)
B 18(20.45)  30(34.09)  15(17.05)  30(34.09)  30(34.09) 45(51.14)  52(59.09) —

R €O SMIECT R A AWE AT N E A SEL < O7 PR ROR L AR N R S B T L, R

Figures outside “()” in the table refer to the quantity of endophytes with antagonistic effect, and figures in “()” mean its proportion in all endophytes with

antagonistic effect, similarly hereinafter
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Table 4 Quantity and proportion of endophytes with antagonistic effect on phytopathogen in different areas

KA R BERE KEWRE RN ROWWE RRDRE RUBME AR fo%
e 5 2(11.11) 5(16.67) 2(13.33) 1(3.33) 3(10.00) 8(17.78) 9(17.31) 12(13.64)
27 5 2(11.11) 4(13.33) 5(33.33) 2(6.67) 6(20.00) 8(17.78) 7(13.46) 10(11.36)
pliik 4 5 2(11.11) 3(10.00) 2(13.33) 2(6.67) 3(10.00) 5(11.11) 6(11.54) 9(10.23)
[iFaN 5 3(16.67) 4(13.33) 0(0) 5(16.67) 2(6.67) 4(8.89) 8(15.38) 13(14.77)
T 5 2(11.11) 5(16.67) 5(33.33) 7(23.33) 6(20.00) 7(15.56) 7(13.46) 16(18.18)
EARA 5 1(5.56) 4(13.33) 0(0) 2(6.67) 4(13.33) 4(8.89) 7(13.46) 10(11.36)
IS 5 1(5.56) 1(3.33) 0(0) 3(10.00) 3(10.00) 3(6.67) 3(5.77) 8(9.09)
IS 5 5(27.78) 3(10.00) 2(13.33) 8(26.67) 7(23.33) 9(20.00)  11(21.15) 15(17.05)
i 5 3(16.67) 7(23.33) 2(13.33) 7(23.33) 3(10.00) 8(17.78) 7(13.46) 13(14.77)
Gy 5 1(5.56) 6(20.00) 2(13.33) 3(10.00) 4(13.33)  10(22.22) 5(9.62) 15(17.05)
Gy 9 3(16.67) 6(20.00) 4(26.67) 5(16.67) 4(13.33) 8(17.78) 6(11.54) 16(18.18)
Gy 15 3(16.67) 8(26.67) 2(13.33) 8(26.67) 7(23.33)  12(26.67)  10(19.23) 22(25.00)
BHA 18(20.45)  30(34.09)  15(17.05)  30(34.09)  30(34.09)  45(51.14)  52(59.09) —
x5 FEIAEEMNFEER
Table 5 Screening situation of endophytes with antagonistic effect
T — B 8 95 A IREFIP B R AZ I TP I T PEBEA 1A RS 975 AT LA R
WIPE S WIE AOE WIOR SR W0 SRR WIE AR W00 SR B AR
B5 + 18 - + 9 + 15 + 14 + 20 + 14
B16 + 39 + 9 + 13 + 18 + 11 + 16 + 9
B25 + 15 + 19 + - + 43 + 23 + 26
B37 + - + 15 + 16 + 13 + 20 + 15
B66 + + 12 + 8 + 12 + 15 + 20 + 13
B69 + 20 + 41 + 17 + - 14 + 26 + 31
B49 - - - — + 31 — —
B53 - + 32 — — 19 + - -
F4 - - - — + + +
F19 + + — + + + +
F32 + + + 35 + 38 + + 36 +
F36 + — — + 33 - - +
B-AU1E, F-EU&, “+7 WAMHIRCR, =7 WL MHIRCR, RO E R HA2 (mm)
B-bacteria F-fungus ““+” means antagonistic effect, while “— means absence of antagonistic effect, results of re-screening means inhibitory zone diameter

43 mmo % 6 B LA E SR A S PR I A AR B
7 8k, b B16 F1 B66 X 7 Rl ip I 12 454
FEPUER, S AS &R IR PUER AN
B o O I B A DU R e >30 mm N AEEA 8
P, Ut BN 2 A AR BT 0005 I B ) A — e 1 %
— Pk

Wk s fros, WA Ble. B25 F1 B69 )
RS W AR IS e B2 . WA
F32 RBEBARRN T Bk U0, X BEAZ e 18 AR
T4 BRI 952 9 T 1) 00 S 4 FH W 2R, R 0] ST A

BRI 75 T 0 R T X AT ) A R S 2 i
LR W AR B A W e AR AR B X 0 Tt el ) 1
TRT 1 700 78 A S AR 3 B A o5 T A0 ] PR g it T A 2K
R (= o N SR 5
2.4 E#k 16 SIDNA FIIE R RERBF N
SRR B16. B25 #1 B69 HEAT 16S rDNA FHEKI
¥, WP 45 R AE GenBank &P b AT AR 4% 2R
LEILRH, WPk B16. B25 Fl B69 40l H L 7
W SR 1R Bacillus methylotrophicus(KC790320) .
FERERT 2 AT IR Bacillus amyloliquefaciens (CP006890)
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TR 2E 0K B Bacillus vallismortis (JF496376) ¥
AR K, ik 98%LA I, M RG R EMIE,
PR RERE DX o SRR L 45 5
G HREIRIFAE, BRE B164 B25 Al B69 14K 47
JE& TS FE SR B L AR 2E AT R RIZE 2
RN

SITRRE F32 HEAT ITS JEEENY, &5 S
GenBank & R AT FIJR L 28, 453K 0,
¥k F32 51575 %% Penicillium daleae (DQ132832)
(PRI SR, ik 98%, MIHERGRBW (K
DG, BN THR—RERE DX Lo Gt AT
Lot &5 A F32 SN SR B RE T IALE,
e O FRASAE, R RN 8 T i %

B69
WGE2Y 2 HUAT 1 (JF496376)

| B25

| Bk 2F AT (CP006890)
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Fig. 1 Phylogenetic tree of sequence of antagonistic strains
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HERRBS A TR, AAUATE K LR RENE AR A A
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AR I, AL FE A SRR B R N T
SURBE  DEEARTE IR TR MR AE 2500 1 25 2 Fh
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FRVE A 2F ST R 2 — Bl IZAFAE S AR Y)
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i HAT 2 MR BRI B 5, W PV
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LR WIS SR I Dl g DA S IR A 0 3 T s AR
H, - RIS A SR S S B AT e il
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WRIAZ IR AN 200 B AN 5 A (s S T AT 4 o
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TR R o W i — L AR - B )
MBI, Ferp M NS R B T R4 R
NRIROREE ™Az, AT N2 PR BT 1T (14 4 F oz Y
#, AHETHE— PRIk,

BEA FHORTIR T 1996 FE58 1 i, ferhte
ZERUAFT R AT SE, gk NIRRT —Hk
BEAT R DR E S 255 S A A R e ARl A
Fvh 3 B A B MON AL 22 4% B BT W s H/E
IPEAS 2 AR, HEA ) SISO, Ao Ik,
FEN0 /N2 AR EEI S IR T AT W RS BURCR . i
WHE R, SR A RIS Y E T RIS,
BEAT MBI B P R A 2 A KUY Atk
K] B69 J& J-HEAR 2 T 1R, W BREEI0 P AR LA 6 A
P S AT W RSB ET, 6 NS E20 AN AL
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