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Identification of Endophytic Bacteria in Panax ginseng Seeds and Their Potential
for Plant Growth Promotion
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ABSTRACT : Endophytes are microorganisms that live in the internal tissues of plants without harming the host plants. In
this symbiotic relationship, the host plants provide nutrients and shelter to the endophytes, in turn, endophytes can promote
the growth of host plants and act as a biological control agents against plant pathogens. Plant-microbe interactions like this
are noted for natural methods for sustainable agriculture and environmental conservation. However, in spite of the infinite
potential, there are only a few reports on the endophytes present in ginseng. In this study, we isolated and identified the
endophytes from Panax ginseng seeds and evaluated the biological activities (IAA production ability, nitrogen fixation
ability, phosphate solubilization capacity, siderophore production ability, and antifungal activities) of the endophyte isolates.
Eight different endophytes were identified by 16S rRNA sequencing. Most of the endophytes have antibiotic and plant
growth promoting (PGP) activities. Particularly, PESEBS-37E have the highest antibiotic activity, both PgSEB5-37B and
PgSEBS-37H have high PGP traits such as an abilities to produce IAA, solubilize phosphate and fix nitrogen. These results
indicated that the endophytes from P. ginseng seeds may have applicable value to many industries. In order to use
the isolated endophytes, quantitative analysis and field tests are needed to be performed.
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M A Algagr, WAHS 250 A4S FHATIAY AES ¥

Ao g e BEgoZH ARZE AAE FA3IT}H (Doty,

WA (Endophyte)oldt 252 AE3LS b 715 2011). 2159 A} FAs] WD 715252 A2gA
2]E (Host plant)®] & UjFollA] AASIA|qE 2] &0A] 3| E4, o2 9, Ao} IAA (Indole-3-Acetic Acid),

42 YeRA] k= vAES Uelt} (Schulz and Boyle, abscisic acid, cytoklnmJJr 7re NEFTEZES AAEle] A&
2005). WA dteglo} (Bacteria)t 7 (Fungi)’t thH- LS FHATIAY S o€, ACC deaminase, acetoin,
Eolr A& UoA &stA @A} (de Siqueira er al, 2, 3-butanediold} -2 *ﬁ%szg 252 A4k} (Tan and
2011). £3] Zolu 4}, ¥, &7] T3 A3 7+e A& Zou, 2001; Ryu er al, 2003; Glick, 2004; Guo et al,
o] Wi-7133 2Z o) A28t} (Park et al., 2012). 2008- Khan e al, 2009). 3 EQo2HE ALTH o}

WAHS e st iAUSoE FAAAE FA8HH, A HESL e 2RO R YUES Sl B4 AE A

A&7 A AR K HAIE FEETL BaEU o] = A7l 98 St} (Reyes er al., 2002). X8l
A dEe f =2 WSS fd dEES FAE dsiMe A= WAREA 98S o HES EEO}J_

O
Fe EX1

'Y Um and BR Kim contributed equally to this paper.
+Corresponding author: (Phone) +82-43-261-3373  (E-mail) leeyi22@cbnu.ac.kr

Received 2014 July 1/ 1st Revised 2014 July 14 / 2nd Revised 2014 July 20/ 3rd Revised 2014 July 24 / Accepted 2014 August 6

This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecom-
mons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.

306



O[AF
—Q

oo

W] A-PAA #3282 dtAL (Lugtenberg and
Kamilova, 2009) H}o] LAEIE S} o] trE2 S AY4kS F3)
ISR (Induced Systemic Resistance)S -F=3H}al RIE ot
(Ongena et al., 2007).

)3 AR el o]gh AlE54 (Phytotoxic) &%
FEEE 2284 EY (Phytoremediation)S 7O R
A 71FAES FAY, S AsATle 9 ske AL
2 9#A 9t} (Barac er al, 2004; Taghavi et al, 2005).
o|9ol| oFgAlEdXM = EE WA (Taxus brevifolia, T,
celebica, T. mairei, T chinensis var. mairei, T. wallachiana)
oM AdEIHT} e Aem 4 " (taxolF T2 23t
gAEES AABPIE sithe B AL (Kumaran er
al., 2010), Helol] WSk HetR77F kel AREd ALkl &
Al a3 Aok Bt AT (Wu et al, 2013).

=
=

olsh o] Al WAES |3ka, 217 47} AR <
A9 B BAL 9% AT NI AR R

Wy Tl (Ryan ef al., 2008). Q14HE PIZ7IA| 2
HEe]) Aok AR B 5 e TPsdel Ue
A4 RS st AEEA
et A4 RYEY Y} (Cho et al, 2007; Qiu
et al., 2007). H 2RI vFer 23 ¢re], =71, o, &
AR, FARREel] WAlshe W] s k1gk Bat 3I9l
3 (Park et al, 2012), Z8A Arthrobacter, Achromobacter,
Chryseobacteriums E33H &F 307 2o} &S AT A
T (Nguyen et al, 20137} Ao EAr<Ee] A= o F
ojx]7] eigkom AR =S tig AP AE A
7= WA gkt

LAE
Aol 542 Al 168 rRNA F31212] 4714
sh= Zlo] 7P dw ol Bk x]2]o] Qlo|=
AEZ2HE PCRS o83l sld FHasE 5353 &
3k & databaseol| AgE G7IMEH H|nE
TE312 At} (Janda and Abbott, 2007).
AFoAM = 13 TARFE WAHS st
FRISIATE =S AEUASY A AEY
A3Fs, siderophore Ad%5) 2 AEHEEA] A4 (IAA
ALIA T, AHES)S AN A U+

Y88 st 3
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1. QIMEAL UM el

A4 T2k A BWES A7) flEA 70% ethanolel
28 AR T HFeg ST 0.5% NaOCel] 1558 3A|A]7]
= A 53] wHEste] "tk 23714l 0.5% NaOCHs:
330 o) BXE F ArR 53] MFsle] et &
A7l e FAe] FHE AASD et A Wi
137 20k #2472 AEE FEE 713 T4 9
HEC| 7ok wi7bA] oF 204 7okl § 5 500 L5

1/10 TSA (Tryptic Soy Agar) ¥i=|o] fe]=l2 =23t}
T2 5 37CA 48A17F widstddct. widkE HAHES A
o Fejol AR Fate] Al st skt

2. QIEAL Wl -

¥ 96719 ZFZYolA SolGent purification system
(Daejeon, Koreays ©]-8-5F9] DNAS FE3It) 16s rRNA
AR A7 H4E Bl MR SRS AASIITE A
H7J Hk-$-2 Applied Biosystems (Foster City, California,
USA)9] BigDye (R) Terminator v3.1 Cycle Sequencing
Kitsg& ©]&3le] 233t th BIO-RAD (Hercules, CA,
USA)2] DNA Engine Tetrad 2 Peltier Thermal Cycler 2
27F(5'-AGAGTTTGATCMTGGCTCAG-3"), 1492R(5'-TACG
GYTACCTTGTTACGACTT-3") primerE ©]-83}e] PCR
A% 9 inter-primers] 518F (5-CCAGCAGCCGCGGTA
ATAC G-3)%} 800R (5-TACCAGGGTATCTAAT CC-3)=
o] &3t A7IMEE wA ST WHgo] Eup Wl Fhed
sS4 g8 dNTPS} WHEES A|A%H £, ABI 3730xI DNA
Analyzerd] 2d3te] Al AHAE AUk X 16s
RNA FAZ F714 €S NCBI (National Center for
Biotechnology Information, Bethesda, MD, USA)2] BLAST
program (program: BLASTN 2229, database name: rRNA
typestrains/prokaryotic_16S_ribosomal RNA) < ©]&35}o] -FAL
gk G71MEE AL CLUSTAL X software (Thompson
et al, 197y &8st FAAAE 4131t Phylogenetic
tree’™2-2 neighbor-joining method (Saitou and Nei, 1987)%
ARE-3FATt.

3. MBS AL
1) AI29Ad

A HAA
Bomrytis cinerea (WL23019), Fusarium solani (F2184),
Cylindrocarpon destructans (P2145H) 5 45 tis)] &
AA wEsg e AR Adss ARSI
HAd dass AR feiA] daELbE (dise diffusion

method)S AH&-3}31TE PDA (potato dextro agar) Hi#|2]

[e)
=
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Gl FFo] 45 (0 5.0mm)S HEFSL, HE AXZEH
1.5cm Ho7l ol Flolut]=a s & F QA WA
455 HESIIT. Rhizoctonia solani®t Fusarium solaniZt
HE" WA= 25C, Bomytis cinerea®t Cylindrocarpon
destructans?t HEE WA= 20C ZANA vidstd L, viek
o] Bt ¥ HojHt]A F9d] AAE clear zone (FEEH)

2) Siderophore®| M4k ZEA}

Q4R UIAHE2] siderophore AJAHIS ZAKSH ] $181d
Schwyn®} Neilands (1987)2] ol wa} #|=3g CAS
(Chrome Azurol Sulfonate) blue agar WA|d H55 &3}
o] 37Co) vjFAZ]IHA orange halo zone2] AAHF-= B
3] siderophore®] A4S ZAFSIAITE
4, MIH|FES A
1) IAA (Indole-3-Acetic Acid) MMs A}

Bric 5(1991)2] Wl w2} L-tryptophan®] 3718 Hix]e]]
MAEA WS 37ColA 72417 vigsiaAnt. v 5 94
2] (10,000 rppm, 15 min)dted -2 58S orthophosphoric
acid®} salkowski’s regent (0.5 M FeClL6H,O of 35%
HCIOH)E ¥ Aol &4 28 A7]aL, A2olA UV-
spectrophotometerS ©]-8-3}d 530 nme] o STFEE =
A3 F =AH3 kS IAA standard (Sigma-Aldrich, St.
Louis, MO, USA)9t Hlaat Lejetol gk IAAS] s&5
AAFEIATE (Ivanova et al., 2001).

2) Ex0Es A

o1 x+E2 WA 7S NFB (Nitrogen Free Broth; malic
acid, 5.0g/L; K,HPO,, 0.5g/L; MgSO,7H,0, 0.2g/L;
NaCl, 0.1 g/L; CaCl,, 0.02 g/L; Na,MoO42H,0, 0.002 g/L;
MnSO,H,O, 0.001 g/L; KOH, 4.5¢g/L; biotin, 0.0001 g/L;
Fe-EDTA (1.64% (W/v)), 4.0mL/L; Agar, 15g/L)ll HZ3}
o] 37CelA 72 A17F F<F wiFaIGATh. 919 ARG &

- et HEE - a0l of

26 NFB WAL 193 Bhdw 5
B8 WAZA 7] Fo| AxE I
o] BT F Y AeAoIth NFB Hlx
AR QAR AEe) AATgEe dR1skT

2
X
Lo
9
N
Lo
oz

3) ebiEsls A

Chatli 5(2008)°] Wl wet E84 <A1 05% Ca
(PO)°] 7F¥l Pikovskaya HWHA] (glucose 1%, (NH4)SO,
0.05%, NaCl 0.02%, KCI 0.02%, MgSO,7H,O 0.01%,
MnSO,7H,0 0.05%, FeSO,7H,O 0.05%, yeast extract 0.05%)
of AR WS FE3lA, 37CeHA 3d7F v & st
A WA 22U 790l 7REst | FElolE YETE X
Abete] B84 Qi 7HEA3SS S

20w oF

1. QRIS Wl 2elot sA
MzHE] Sk5d Al S Eelshr] S8l 29
A FAE BEla el AR S F A A
HjFst A3} Fig 13 22 AT Selsiith
542 98l wix|e] BdAdEFRY 9e7iE AlTh whdsied
16s IDNA Q71X ES 48 23 gle] o= ER/RT F
UATE ) AN FS ZH2E PeSEBS-37A, PgSEBS-
37B, PgSEB5-37C, PgSEB5-37D, PgSEB5-37F, PgSEB5-

Fig. 1. The characteristics of the colonies which were
isolated from the ginseng seeds on 1/10 TSA medium.

Table 1. Identity between the DNA sequences of the isolates and the closest species in GenBank.

Strain ID Accession No. Closest species Identity (%)
PgSEB5-37A KC818601 Caulobacter sp. 98.8
PgSEB5-37B KC818602 Enterobacter sp. 99.8
PgSEB5-37C KC818603 Chryseobacterium sp. 99.6
PgSEB5-37D KC818604 Sphingomonas sp. 99.8
PgSEB5-37E KC818605 Pseudomonas aeruginosa 99.9
PgSEB5-37F KC818606 Duganella violaceusniger 98.6
PgSEB5-37G KC818607 Duganella sp. 99.5
PgSEB5-37H KC818608 Enterobacter asburiae 97.1
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Fig. 2. Phylogenetic tree based on 16S rDNA sequences of
the endophytic bacteria of the ginseng seeds using
neighbor-joining method. Bootstrap values (from 1,000
replicates) are indicated at the node. Scale bar, 0.05
substitutions per base position.

37G, PgSEB5-37H kil ®Halsitt. 2 97|14 ¥S BLASTN
programs ©|-&3ate] A5 Ao mER PgSEB5-37AT
Caulobacter sp.. PgSEB5-37B$} PgSEB5-37HE Al
(Enterobacteriaceae)| 48R= Enterobacter sp., PgSEB5-37C
~ Chryseobacterium sp., PgSEB5-37D+= Sphingomonas  sp.,
PgSEB5-37E+ PgSEB5-37F =
Duganella violaceusniger, PgSEB5-37G= Duganella sp.=
SR, e I BF ] mAlEEs 3
F730] 97% o3l Ao= SRIFUTt (Table 1).

3L AN ENA EA4E 165 1DNA 971424
HE NCBI®| GenBankell 5381300t B3 852] 1A
Ao A BAE A7IMERERE olgate] mAEE Ho &
ATAE BABAT (Fig 2). 2 A3} B2 fdadA oA
= 2709] clade?} A=At

E3] clade AS ¥A 3= PgSEB5-37A, PgSEB5-37B,
PgSEB5-37D, PgSEB5-37E, PgSEBS5-37F, PgSEB5-37G
PSEBS37HE THS- 2 #AUAE B4 glon]

el Y

3
pe)
X

Pseudomonas  aeruginosa,

Rhizoctonia
solani

Cvlindorocarpon

destructans

(A)

A2 FA-

X A

o

b
Ul

M

Zl

J

PgSEB5-37C= T4 cladeE 3/dsiict. olegt A= v
o] B uj, clade A9 &3 WAFEZ clade Boll &3l=
PgSEBS5-37C= &S 540 zlol7t 9 Ao = Alsd)
2. ‘M9
z1zte] Q1A Alre] BN S 24 875 S
AEl7) Sl AeAE g BER R84S AT
A WAHTE HESHA @ WAHS vigste] i
o2 ARgEer WAHTE JES RSt vk A3
PgSEBS5-37E°]  Cylindorocarpon destructans®ll THsl] 3 mm o]
ol FAMA AL HASA W Bomytis cinereast
Fusarium solanill THIAE 1.45mm 2] Aol FAF ).
a3} Rhizoctonia solanidl teiX= 84 a7} et
VEA] 28kt (Fig. 3).

PgSEB5-37Ex= Pseudomonas aeruginosal 2. F=|H, o]
Zo] MAES PHEd EZS U o8 A& ¥ ¢
Agohal B A k. o]H g o-FE Pseudomonas < A
B2 AETH WAl de] AREE Altelzhs Bart dvk
(Di Battista-Leboeuf et al, 2003; Rye et al, 2000). 9 2
oA PgSEB5-37E= Qi tish eted gt &
A=A ol AT A8-S FME HEAA | gt
7t JE AoE AlEHTh

ujAEZo] AAS= siderophores EX f21%o] U=
o2 Helziow Aglete] et Hzow
ol & Forste] AEHAHY] ASS ArA AESH
Ag#7t = A SAl AEo] o] F fINd AL 7t
BAA AE AR 3ol He seE deA AUt (Arora
et al., 2001). SARNABF2] siderophore AJ2HIS ZAFSH A3
PgSEB5-37D, PgSEB5-37F, PgSEB5-37GE  siderophore2]

ro o

e
e

Botrytis Fusraium

cinereda solani

Fig. 3. Antifungal activity of the P ginseng endopytes isolated from Panax ginseng seeds on the P ginseng pathogens. A; The
controls of P ginseng pathogens, B; Antifungal activity of the PgSEB5-37E against plant pathogens.
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P@SEB5-37E

Fig. 4. Detection of siderophore production by the orange
halo zone around the endophytes on CAS medium.

Aakdol 19132, PgSEBS-37A, PgSEB5-37B, PgSEB5-37C,
PgSEB5-37E, PgSEB5-37THOIM = A S ERIT =+ ATk
(Fig. 4).

PgSEB5S-37E #5& H]¥AIZ] CAS-blue agar H]=] 9]
orange halo zone®| H|&©°| ¥ ABZ ThE 4FEd| W3
siderophoreE T Bo] A o= HLIth 12y o] 4
47 ArAfelng 5o A S T3 S B4
o] ask Ao=w AlgHAT}

QLSO MEH|Zabd
AN A ] oot AE]E4d 7= Table 2014 B
= Hle} 2o, PeSEB5-37B¢} PgSEB5-37TH F+ w7} 7]
ZFol JAAS AAshs Ao SRIE

IAAE U4 AEAAER s2R02 AEdqA E7)4l
A, B gA, AN, AEZEE 58 EAANA A8
Ageted B85 1, FokeAl, 2499 22 thsst A
4 e Aojshs Aol o] AEAA o5 Fasitt
(Pandey et al, 2005). 2= 21 EUFoA A== 1AA0)
FEFS WS MWk oje} oFoll FFEE 1AAd A E<
24-S YeRAth (Thimann, 1937).

ol

F § o
PgSEB5-37C

PgSEBS5-37D
h /& %

N

T X Vi \ W \ &

PgSEBS-37E PgSEBS5-37F PgSEBS5-37G PgSEB5-37H

Fig. 5. Detection of nitrogen fixation abili(lly of the endophytes
isolated from Panax ginseng seeds on nitrogen free
agar medium.

-

Fig. 6. Detection of the phosphate solubilization activity by
the clear zone around the endophytes on Pikovskaya
medium.

I PgSEB5-37B, PgSEB5-37E, PgSEB5-37F, PgSEBS5-
37G, PgSEB5-37THe= A€ol gle wiAA Agks Ao
Hol ALy 5ol SRIFUTH (Fig. 5).

sHA, A WSS B84 At 7HEst 58S AL
St A3} PgSEB5-37D, PgSEBS-37E, PgSEB5-37H7F NBRIP
agar WjAo|A SEY F9lo] FRHUE FASIUT (Fig. 6).

A2 AE AT dee] F838 U 5 shtolt) oA
2 EQolA AEo] 7 T F gle 5849 FH9| S
ngEo] 7H83t A OEA IR AR-S BAE

Table 2. Plant growth promoting activities of selected endophytic bacterial strains from the ginseng seeds.

Production of indole-3-acetic acid

sk

Strain ID

Ability of of inorganic phosphate Ability of

(1g/mh) solubilization™ nitrogen fixing*
PgSEB5-37A ND™** - -
PgSEB5-37B 1.09 £ 0.21 - +
PgSEB5-37C ND - -
PgSEB5-37D ND + -
PgSEBS5-37E ND + +
PgSEB5-37F ND - +
PgSEB5-37G ND - +
PgSEB5-37H 1.07 £ 0.05 + +

*+; positive, —; negative.

**The diameter of the halo zone formed on Pikovskaya medium supplemented with Ca; (PO,),.
***The amount of IAA in the culture supernatants supplemented with 500 ©6/mé L- tryptophan in the growth media.

**xxND; Not detected.
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T uem, Ao A glo] Ao A
AUTH 2HEE B AFolA EEAE A<l
PgSEBS5-37D, PgSEBS-37E, PgSEBS-37H7| 2] E2A4S &3]
AZIE E5g & AR ARHY. THHoE AvEd
PgSEB5-37CE A& gk WA 1At WAd=0] A&

2 HIEEAC 7FsAdS Bt o] A o 2ARE 23t

Z]

A1

&

2 FABAE ZalAE PeSEB5-37CE A3 YA/} &
U] cladeE F/dshs ZOAFE 25| Hg J8E &

Releks 4ol 7Pssih.

B A7 iAo BENESEeTsAS B7tst
7] 10 Mz A it FATE WS L] v

A 2R gddS 2ARIAL, At Aers

298 2Alle] ARYIE B8V SRS,
A2 QLA mE Fopg B MR Be BAH
°] Sl Wk AN E L 9)

FE AR 015 AT 4
2T AeAabEe] osl] Rare i oshH x13HgH]
WA ZA v ES o]&3t 7|&o] A olehs B
(Sa and Chauhan, 2009)7} JATF QAA4tollA AE AR
AALF A FoA 2|3 Bacillus 72 o)-&8] HF-HEA
WAE Agu|AEe Adetr] 9k AT (Lee ef dl,
2012) ol¢lell= $Th 53] A Aol digh A= wl
T uSs Ao, IR FEE WAl tigk A
T= A3t olH AdAeA =¥ PgSEBS-37E7} &+t
G4 siderophore Ad0l FHAAE Hol AEEAGA
olg7VsAo] BE AoF ALRET, PgSEB5-37B9t PgSEBS-
37TH7F BE AEH| R0l S Ho] AEH|EE ©]87}
s/d0] Erha AdETh web 5 7F A3l dis) o 2
o] Atste] AHEA, XA Fol st B A
< Fste] A QARAES o83l 5 AEA ¢
HE2 &8E UL Zolgt Algdn 53], bk 194
FE 497 = Aol s STkt 494 ol%
RA7NA| Ago] tslA S8kl (Park et al, 2013), 474
%S 7 QA Y-S &8st Aol SR =
4 o]Fox AEHHRQ] S FAsl aFH A2 AL

R =g =1
shetl ol8d SE 9 o= el

o | kI

ZAIe =
o] =2 2012d% FHEUS StedrAdAR]e A

o] A)glol elsle] alEl ATARE ol A=A,
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