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Plant Growth Promotion Activity of Endophytic Fungi Isolated from the Roots of Calystegia soldanella.
You, Young-Hyun!, Hyeokjun Yoon', Ju-Ri Woo!, Yeonggyo Seo!, Jae-Ho Shin?, Yeon-Sik Choo®, In-
Jung Lee?, and Jong-Guk Kim'*. 'Department of Life Sciences and Biotechnology, Kyungpook National Uni-
versity, Daegu 702-701, Korea, *School of Applied Biosciences, Kyungpook National University, Daegu 702-
701, Korea, “Department of Biology, College of National Sciences, Kyungpook National University, Daegu 702-
701, Korea — Eight endophytic fungal strains were isolated from the roots of Calystegia soldanella from the
western coast of South Korea. The culture filtrate of the eight endophytic fungi were applied to waito-c rice
seedlings in order to verify potential plant growth promotion activities. The results of bioassay indicated that
the Cs-9-7 fungal strain possessed the highest plant growth promotion activity. Fungal culture filtrates were
analyzed to verify secondary metabolites using gas chromatography and mass spectroscopy with selected ion
monitoring (GC/MS-SIM). The culture filtrate of the Cs-9-7 fungal strain was confirmed to contain gibberel-
lins GA3 (1.229 ng/mL), GA4 (3.535 ng/mL), GA7 (1.408 ng/mL) and GA12 (0.378 ng/mL). Polymerase
chain reactions (PCR) were performed so as to determine the internal transcribed spacer (ITS) regions for the
identification of isolated strains with universal primers ITS-1 and ITS-4. The Cs-9-7 fungal strain, isolated
from the root of C. soldanella, has been named Aspergillus tubingensis Cs-9-7.
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2So) sl B NES 9isjel ATAIRE e}, A3t

9 BB A AT A T, BESE AL
gk A77F AP glei(9, 11, 12, 13], WARFS] o]
AR 79 D AZE BF9) AL o2 AR
ZA15} o] ARl weg slaN e Sesk
= 7] SRR, 13]. Teit skl Ee] Bk A7
Eopo el Yelgl 24 4 Sl chh o] Fold] qAT,
SRbAiFol AR ATl A Sl v
Al (endophytic fungi)e] ATE= 712] o] FoA 1A ¢},
AT 23 T Bl F03 1R
gl B AE3 glew, GA(gibberellin), IAA(auxin),
ABA(abscisic acid) 5] AlE3 225 Akl 75 E o]
£ o83t AEFA AAle Wzt A7 ) sk adH13,
14]. 228]3 GAE: Al EAAE 220 3 A diterpenoid 5317
24, A2e) AR, AR, FAel ol 27148, 34
o] A 55 243dar BaEgioh4, 8, 13, 19]. 19204
ol] bakanae ¥ ] Yl Gibberella fujikurois Q-2
A1 52|z} KurosawaZ} 22 27 319007, 193510
Yabuta¢} Sumikiel] 2J3te] AEHAEA o] F=H A 17].
GAE G fujikuroi 219 %= Phaeosphaeria sp. 1487, Neuro-
spora crassa, Pseudomonas sp., Paceloma manihoticola,




Penicillium sp. gollA AAFIHAL o2z glew], l8n|Ay
=3 AR ol A Eel A= AAE Hej=| L gl
[1, 8-10, 18, 19]. GAE A7 136 TH77F 48A >
™, o]5 FollM GA,, GAs, GA4 2 GA°] A1 E45%18
AL 7Ho] weizlon, nlAEo| Ak o AR
2 o=A sid2, 3, 11].

B AT M= AWZ(C. soldanella)?] FeF-ol A14]
3= RS EElElal, o] 5 w72 wiokeldS o83}
AEAASAGALE Flshar, WAAITe] vk s A
, Ao R Bejd dES AT

Mz A Y
AE #F 9 ABANE

Alslglel] 23 sliobAEql ARES o83k 1
23 v E AES AR FelziE & s A
AFEE 2319, G fujikuroi(KCCM 12329) 45 &
1) AJEHEAE (KCCM)ZHE] ofitolr] Yl ZT(positive
control)2 ARE-81512m[13, 18], AlEAA 2184 AL

%3l FAFo]u(waito-c rice)s ARSI}

LHdRIZe| 22| ¥ HiF=Z]

A= Fel2HE Eoks B Al7Eka, AW
AlQl Tween 80 718EaL 1027k wukst $of] SF72 Al
Astgdel. z2]a FA|Ql Perchloric acid 1%el] 10%7F 2
3] Al Fof| SRR M-, EE AR Fell 2-3
cm Zol2 Artsle] Aqaiaz ARSIt 18] AuE
N WARTES 23] St WATES 23]
%3}y ~E = Eufo] X (streptomycin) 80 ppme] EFF
Hagem minimal medium$ ARE-d}ed 25°Col|A] wljoFs}e] o
™ [20, 22], potato dextrose agar(PDA) plateol] 7wl oF3}

5 EEEinh AEAAEAEA RS flslke] e
H AR FEL glucoses} peptone®] 1% E3E Czapek
broth medium(CBM) 50 mLel] %E3}o] 25°Cel|4] 180 rpm
o] Z7loz zlehlekelel AdAEE M8l 4, 13, 19].

WA #17F-2 DNeasy Plant mini kit(QIAgen)Z o] £}
genomic DNAS FZ3}g 11, 12, 20]. %% genomic
DNA% universal primerg]l ITS1(5-TCC GTA GGT GAA
CCT GCG G-3)Z} ITS4(5-GGA AGT AAA AGT CGT
AAC AAG G-3)5 AME-3}e] DNA-ITS %39S 533190
PCR 272 #E£% % 10 mM Tris-HCI(pH 8.5), 40 mM
KCl, 1.5 mM MgCl,, 200 nM dNTPs, 10 pmol2] primer
8] 3 0.1 unit®] Ex-Taq DNA polymerase(Takara)S A}
8319 o). ¥H-S-271-2 predenaturation(95°C, 2 min), dena-
turation(95°C, 30 sec), annealing(54.5°C, 1 min), extension
(72°C, 1 min), total cycles(35 cycles) 2] 3 final exten-
sion(72°C, 7 min)>-2 $3)3}3] om, ZZ % PCR AHES
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1.5% Agarose gelollA #7]°3% %, Ethidium bromide
(EtBnZ 15% |3l UV transilluminatorel| A ¥WiI=E- 3+
st 13, 17]. L8] 5% =52 QlAquick PCR
purification kit(Qiagen Inc., Germany)& ARE3ld AA51
©m ABI PRISM BigDye Terminator Cycle Sequencing
Kit(PE Biosystems, USA)E AF4-3}91 32, DNA ©HE2
ABI 310 DNA sequencer(Perkin Elmer, New Jersey, USA)
£ AMsk] @714 LS AT 14]. 1813 ClustalXE
A E S 3P89, Lasergene 73} BioEdit Z2 73S
ARgste] A7IM S AElste. 28 AR ASE
A2 MEGA 4.1ZZ 773 Neighbor-Joining(NJ) W 22
B399 13, 15].

FAAENA =g ARITe] Bl SRS stk
IDNA-ITS %3%12] 97]1M9E blastn Z21-E o] 85}
FA31993L, GenBank databaseol] A= o]3)E= dF52] ¥l
A3} Fis= HAsAR12, 13].

A AR FAeIHE AHEEFA A,
uniconazol 20 ppm3} 2FEHS 2447t 23} woldt
Zyo]WE water agar(0.6%)ell IE3le] Al EAAZZAY A
22 Fnjsleic). 22]a CBMel ekt G fujikuroigt
WA A FE-2 filter paper(Whatman)S- AF8-8le] WA=
ujjoFel-S- o 3}a}led 3, vl oked o (CB: culture filtrate) 30 mL
= TAAEE 5~74 sl en, 9| TA7EE vl
Feill> 1 mLe| FiEEirE Aded, 300 F=HA "t
ol AAEE Fulstadtte, 11, 12]. 283 CBME 2
= 27107 mhse] AgAEE ARSI

AlEAI RS el FHE| o]§7] e Ftel ARl
o] ekl A 30 F5) 10 uLe A2ldted 79Uz FRBY
7S 3kelsle] x| AHEZ o] (shoot length)e} A1 &4 A Z o]
(plant lengthyS ZA3}ATH11-13, 19]. BAX 2= AP
FHE] doizl AFE SPSS version 18.02 o] 83fe] U
HIAEAREA (ANOVAYS 531 71587 3k ERlsla,
AF$73A-2 Duncan’s multiple range testtDMRT)2] WS
|83ty Fo&E p<0.05 TFoNA vl FA 3.

High-performance liquid chromatography(HPLC)E 0I|&
5t HjFlo| 24

AR viekedelS- membrane filter? od3HA]7] 3, HCI
S AHSsle] pHE 252 2T, WHEFELRE 20
ng?l [17, 17-H,] GAsE F&317] A vk ol 27|51l
o}, wjeFe] Aol FU3E kO ethyl acetated H718le] £
gk & ethyl acetateE 3"4A|7]| 2L methanol 60%= 3] gk
T, pHE 8322 XA3}YH. A]&E Cig column(90-130
um, 60 pore size, Altech)3} Celite/SiO, column(£-7l| formic
acid2. E3}5] ethyl acetate:hexane = 95:5)% o]-43}o] pH



326 Youetal.

8.5+0.52 ZA 3} oJAkE-8olE o] 83lo] HI3 F of
A (UAFHFE-N)ol] PVPPE A 2]3}e] ZIEf }/3 53
ZFAFS- methanolell 8417 0.2 um membrane ﬁlteri o
FgE F FAAEE ARGSIAET, 13, 16].

WAZITe] AAksl= o] XA RS A4S Elslr] 9
3}o] HPLC column< u BondaPak C;g column(3.9x300
mm)S AFE-319 2™ GAsE acetic acid 1%, methanol
8%, methanol 100% F=7wjol] 2]3}e] £ 35 3}

3, f452 2ot 15 mlE & 508302 JRgld aelx
liquid scintillation spectrometryS ©]-£3}¢] *H-GAZ &5
S22 ALE3}e] retention timeS- Eeldleit).

Gas Chromatography/Mass Spectrometer(GC/MS)0| 2|
st 24

A8 7+ GAS 23& 100% methanolel] £-3}|3}e] &

U3l GASE F3alsl 132 F7)3led 1 mLY reaction vial
o Z}z} BFale] 40°C 2ALE ALvkAg 34 lsleln

7k GAEE] FolA B5Eo] %W £32 NH, PreSep ex-
traction cartriges ARE3lo] E<E A Fol| 44 5 8
=5 319t}t. GAsE 23Jol] AA ethereal diazomethane®E
methyl ester®. =3 ¥ FA47A~2 3143} 3193t Sample
£ dichloromethaneol] €-3]A]4A] 1 uLE 30 mx0.25 mm
(i.d.), 0.25 um film thickness HP-1 capillary columne] A
25 GC/MSell F3kdeh7, 13, 16].

GAse| Hzk &4

5973 Network Mass Selective Detector(Hewlett Packard)
7} AX" GC/MSE ARE3132m data= HP5970C Chem-
station(Hewlett Packardy& AMS3led A2] st AAd= A
2 B2 hydrocarbon standardE- ©]-£-3}e] KRI valueE
vehd e, 7+ GA2} [*H,] GA internal standards(obtained
from Prof. Lewis N. Mander, Australian National University,
Canberra, Australia)2] 3702] ion massS B]|Wale] A=k £
AT, 13, 16].
R
INEEVPIESS |ia)g 245
ZAEY S el $13te] AR wloFed
TS 1_70}01‘34"“ 3MHE-C 2 Aol om, Al &
2]l collection No. Cs-9-72] wljoFe el & A 2]al= o,
ko] RS 7P B oR SXIE e AE gl &
T sl e AAEAe)e} AlEA| Aol vlasllS w[12,
13], 271 G fujikuroi #Fd A3} A o] w3t A
< 3l T g oo 283 HiEgkel Al 25 A7) 9l
WA, ARl DMRTE F2l8HE p<0.05 FollM &
Asled o] 83ldS W[7], TAALE e 1FSE ¥F

Table 1. Effect of endophytic fungi on growth attributes of the
waito-c rice.

Shoot length Plant length

Fungal isolates

(cm shoot™) (cm plant™)
D. water* 5.9% +02 11.4%+ 0.8
Czapek 6.2% £0.6 12.6%+ 0.9
G fujikuroi** 10.6* +0.4 19.3* + 0.5
Cs-4-1 6.7 £0.6 1129 + 1.0
Cs-4-5 74° +05 154° + 0.8
Cs-9-6 7.0%4+ 1.0 15.0° £11.2
Cs-9-7 10.4* +0.4 20.0*° + 0.5
Cs-12-1 79° +1.1 13.1° = 1.0
Cs-13-2 6.0 +0.8 12.8° + 1.0
Cs-13-4 55 +0.6 10.5° + 1.0
Cs-13-5 720 +17 10.8° + 1.0

A 10 pL of lyophilized fungal culture filtrates were treated to waito-
c rice seedlings after 7 days in the dark condition. The number rep-
resents the mean of three replicated experiments.

abedeNyata having common letters are not significantly different at
p<0.05 level by the DMRT.

*Negative control (Distilled water)

**Positive control (Wild type G fijikuroi)

HRAL, BRI H el Zol 7t vls=gl Ag Ekl & 4 Qs
tH(Table 1).

O| XICHAFMZ (secondary metabolite)2] H2HEA

A Eel A Helgt WARIte] Ak A ESEES
BAslek. 1 A, Heks GASE AAlshe e #el &
4 9lglem, Cs-9-7 FFE GA3(1.229 ng/mL), GA,
(3.535 ng/mL), GA7(1.409 ng/mL), GA5(0.379 ng/mL)Z
Akl e #lslsit. lah B S AR GAy
9} GA2] GC-MS T == Fig. 1o wat veliiok(Fig.
1). Cs-9-7 #A57} *E*&GH GAz= HZ&7-9} v]ssiAl AAL
R As 1 oldeh 183 GALSE GA; 2 GAp,
2 B} w2 okS AAkEl= AL Feld 4 9otk
(Fig. 2).

LHdzliZe| 22 ¥ S5

Aoz e e WAZES e ez AEES]
om, 2ol ArFEALE AR ERES T 3
Aot 2|3 WARA TS Penicillium <5, Aspergillus 45,
Paraphoma <30] E2]=9ie}t. 223 Halg AT+
2] WARITe] FAEHN L, BT X}‘T}ﬂv:(ascomycota)ﬁ]
%3 Zlo] = WAZE Foll= Trichocomaceae
Hol| &31= Penicillium 470] 7V wo] X313 9l A
o gl i, el AR FAAE Els] 9
ated ASEA S FEkT7, 13]. 2=|a AR o
7] <& National Center for Biotechnology Information

(NCBI)®] GenBankel| 553}] accession NoS #|-3333}w}
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Fig. 1. The GC-MS SIM spectra for GAs in fungal culture fil-
trate of the A. tubingensis Cs-9-7. Arrow indicates the peak of
fungal GA4 and GA7 that coincides with that of internal standard
GAs. (A) The GC-MS SIM spectra of GA4, (B) The GC-MS SIM
spectra of GA7.
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0OG. fujikuroi
B (Cs-9-7

Plant length (cm)
M

0 = B

GA3 GA4 GA7 GAl12
Gibberellin

Fig. 2. Concentrations of gibberellins in the culture filtrate of
Cs-9-7 fungal strain. GA4 was produced in highest amount (3.535
ng/mL) in physiologically active. The error bars mean GAs con-
centration values indicate standard+deviations (S. D).

(Table 2). $=l%x= Bkt 4. wbingensis®] o755 ©|83}
of FjA x| 2 oA EE e, “zr*%*‘g: o|]-&
3ol A5 (phylogenetic tree)S F-A3sldvt. 28y} ook
6]—_1‘ w2 uPHE FollA neighbor joiningNJ) WPH-2 ol

g = AT A A AlEA Sl Ales AW
Hoz AR ol 7]. 1A AERASZ S et
H Cs-9-7 T A. tubingensis T2 &2l F3L, Cs-9-
7 HFE A ATz QlF FAIAE El &)
‘31‘:}(F1g. 3).

E ATFoME Cs-9-7 779l 4. tubingensis®] N
o] AAtsl= thokst GAsS I8t 2™, A wbingensis
Cs-9-7(JN585944)2. WH3lgiet, 12)T A 2S4S <4
M WATR7E 83 988 s e olxE £
A2} 7ol Mol AYBRE SQIARAIEl HigE A
T7F AR o7 o] iR AL glu{12, 13]. 133l Aw|E
o] B2 HE tjefsl LH)@Z]{_F 2 Al B A= 5HA] L 7}

A= A. tubingensis Cs-9-75 #2] 3}191.om, o|F o] 83}
of s Fr|EATe} TR H H3of o]-8d Flo|
71 €}

(=]
i =

AMalislell ARdske AR Fe|2hE 8Fe] WAAlT
= Eelelaleh. 2l ASAASARA S Flshr] S8t
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Table 2. Identification of endophytic fungi in this study.

Fungal isolates Identification of isolated fungal strains Similarity® Accession No.
Cs-4-1 Penicillium thomii (EU910586) 99% IN585937
Cs-4-5 Penicillium sp. (HQ637349) 99% JN585938
Cs-9-6 Penicillium chrysogenum (GU723455) 99% IN585943
Cs-9-7 Aspergillus tubingensis (HQ315841) 99% IN585944
Cs-12-1 Penicillium corylophilum (JFE731250) 99% IN585947
Cs-13-2 Penicillium sp. (AB274312) 98% IN585948
Cs-13-4 Paraphoma chrysanthemicola (HM242215) 96% IN585949
Cs-13-5 Paraphoma chrysanthemicola (HQ115688) 96% IN585950

aSimilarity was estimated from the comparison of ITS sequences with ClustalX program.

66

A. tubingensis (GU134883)

8 A. tubingensis (GU723439)

Aspergillus sp. (EF029822)
A. tubingensis (EU867248)
A. tubingensis (HM016891)
A. tubingensis (GQ149491)
Aspergillus sp. (HM801881)
A. tubingensis (GQ149492)
A. tubingensis (HQ728255)
A. tubingensis (GU325670)
A. tubingensis (GQ129209)
Cs-9-7

A. tubingensis (FJ629367)
Aspergillus sp. (HM849051)
A. tubingensis (EF661192)
A. tubingensis (HQ315841)

(
(
A. tubingensis (EF634380)
A. tubingensis (FJ960824)
A. tubingensis (EF661190)
A. tubingensis (FJ977096)
A. tubingensis (GU258410)
A. tubingensis (EF661193)
A. tubingensis (FJ629366)
?|A. tubingensis (FJ629364)

9

0.05

Fig. 3. Phylogenetic analysis of endophytic fungi with rDNA-ITS sequences. Neighbour joining tree (1000 bootstrap replications) was
constructed using 25 taxa (24 reference sequences and 1 clone). Penicillium decaturense was used as outgroup for the phylogenetic tree.

of F2jEl AR wicked & oo MeElatdet. 2]a GA»(0.378 ng/mL)e| AwEHe] El=Eget. 1e|ar
Cs-9-7 T52] wjekedl A2|TelA] o] AA=2E Rl WARITES S-S 918k, FHAF ZetelH ITSI
Aol 74 woheh aB]R Cs-9-7 w79 Wik GO/ 3 ITS4E AME3le] 1TS 2d¥e] 97IMLS AAsidc). Cs-
MS-SIMS ARE-3ted oA AMEES EA 89S W, GAs  9-7 T5°8 FAHAH A tubingensiset 99%2] frAHd o] &

Penicillium decaturense (GU944604)

(1.229 ng/mL), GA4(3.535 ng/mL), GA7(1.408 ng/mL) L Q1= o™, 4. tubingensis Cs-9-72}a g3}t
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