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Plant growth-promoting activity and identification of
endophytic fungi isolated from native plant in East coast
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ABSTRACT: Coastal plant species, Flantago camtschatica Cham. native to the coastal region of the East Sea were sampled and then
morphologically different 20 endophytic fungal strains were purely isolated. Phylogenetic analysis of isolates was done by the Bayesian
program based on sequenced internal transcribed spacer (ITS-rDNAJ region. Culture filtrates of each of 20 isolates were treated to
Waito-c rice (WR] seedlings for verifying plant growth-promoting activity, respectively. As the results, E/PC/10/1 strain showed the
highest plant growth-promoting activity among them. The culture filtrate of the strain E/PC/10/1 was revealed as containing gibberellins
(GA1, GAg, GA) by using HPLC, and gas GC/MS with selected ion monitoring (SIM). Finally, this strain was identified as novel Penicillium
spinulosum species that producing new GAs with microscopic observation and further molecular analysis with beta-tubulin gene
sequence.
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R|HHZIS MASH= M2 P, spinulosum + 15

(Hedden and Phillips, 2000; Rim et al., 2005; You et al., 2013).
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2x(Khan et al., 2009; You et al., 2012) 2 Cadophora <(You
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Rom, v Fo] 2HH(30 ml)S F A A £AIX 30 30u} F=
0 2 S0l X AP FE 2 ARSI tHKhan et al., 2009; You
etal.,2012).
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mg/L)} A ZERS A 2]5haL, 459 5ot FRroll JAIAIA
drolst F25 water agar (0.5%) 9] I3}t 7L 7 YA
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7} 3555 CBM v 4| & 22 271 0 2 thEo] AL45}9]
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length)y& S st3om, AN ~3ed& 5 ke 3
35} c} EA A 2] SPSS Z & 713 (Version 18.0)2 o] &
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9331, A+ 4-& Duncan's multiple range test (DMRT) 2] HH

24 do
W
lo

Borr ot ot
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2 AMgBtel §O18HE P<0.05 Sol A Aukghe EEstgch
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] 25°C, 140 rpm, 727} k2 7o) A] vl okat AA| 2 B a1

EAAZR AA A|EE 24|59 th A]F= DNeasy plant
mini kit (Qiagen)E- ©]-8-3}4] genomic DNAE FE3}%.2.14,
%25 genomic DNAX=ITS1 (5-TCC GTA GGT GAA CCT
GCG G-3")7}ITS4 (5-TCC TCC GCT TAT TGA TAT GC-3")
I alo|HE ARE-3}S 31 (White ef al., 1990), PCR ¥H3-2 42
pre-denaturation (94°C, 4 min), denaturation (94°C, 1 min),
annealing (58°C, 1 min), extension (72°C, 2 min), total 35
cycles, final extension (72°C, 2 min) 2 2 rDNA-ITS %S
23] $Z % PCR AHE-2 purification kit (AccuPrepPCR
& Gel Extraction Kit, Bioneer)E A8-51¢] A A|gF Z o ABI
3730XL DNA analyzer (Applied Biosystems)E- ©]-8-5}0] 97]
AEL =35kt =E ITS 714 E-2 NCBI2] GenBank
o 4] Blast 45 F5to] ofEefHo] 20t Aol w2
AF= Hlwsklek AlE e ¢l F-AA 415 f18 €71
A 98 ClustalW2 Z 2 7730 © & multiple alignmentE- 51332
), MrBayes 3 & 13(Version 3.1)2 A8-3}0] phylogenetic
treeS ZFAISHTE Phylogenetic tree= metropolis-coupled
g5t910
™, branch @] A2 =5 ¢]5}¢] bootstrap FH-= 1000 HHE-3
.

B S-E HA) = YAERO] L beta-tubulin
R0 @714 BE olgatelrh. AHgE Zetolul Bi2a
(5'-GGT AAC CAA ATC GGT GCT GCT TTC-3")2}Bt2b (5'-
ACC CTC AGT GTA GTG ACC CTT GGC-3")E AFE319 L
(Glass and Donaldson, 1995), PCR H}F3-% 712 pre-denaturation
(94°C, 5 min), denaturation (94°C, 1 min), annealing (58°C, 1
min), extension (72°C, 1 min), total 30 cycles, final extension
(72°C, 6 min) 2. &2 ZZ3}9c} =55 97| 4 <g-E NCBIQ]
GenBanko| Blast Z341-5- ©]-8-5}] H| o] EjHf|o]2-0f 4] 5/ o]
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yeast extract agar (CYA), 2 creatine sucrose agar (CREA) Hj]
A& AR oW, v F2 2 25°Co YoM 1Y &
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T} BAY L2 Conidium) 52 25T
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A] LS /\H XI—_J_Z] Dj—/H o] Ig']-?_]‘ﬂ_ E/PC/10/1 —IT-_]—_;,SQJ HH Okcq jq-oﬂ
2 membrane filter 2 o]T}A| A pHE 245, WEEEE
A 220 ng? [17, 17-H] GAsE %317] Hof| v gFoi
Hof| 75t oAt v gFo] kol of ethyl acetate (EtOAc)E X7t
sho] $1EA] 2] 2.1, methanol & #] 2] 8to pHE 8.3 0. & 27
3}tk Al &L Cig column (90-130 pm, 60 A pore size, Altech)
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hexane =95 : 5)& ©]-8-5l0] 5=%3}9tt. o] & QAFHE-EH
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gokelct. Z1E|al pHE 2731l EtOAcE A 2ste] 555}
At} ==5 ZFAFS methanol of] 23l A] #] membrane filter =
o 7}3t Tof]| A 7 2 AFESF9 tHKhan et al., 2009, 2011;
You et al., 2012). E/PC/10/1 F-%7} AAVGH= o] RTjAHAIE
9] AL 3}+9]3}7] 9]8}e] HPLC column-2 | BondaPak Cis
column (3.9 x 300 mm)-3 AR5 S, GAs+ acetic acid
(1%)& g3t methanol_J S FHfo) oJste] a5kt
AZ3E 7 GAs 2] 238 reaction vialof] ZFzF BF35 o] A
7t~ 2 11431819tk GAs: ethereal diazomethane & 2
methyl ester2 -5 =31 ol AAVIAR T1A3] 51K TE A&
= dichloromethane o] €3 A]# 4] 30 m x 0.25 mm (i.d.), 0.25
um film thickness HP-1 capillary column©] -4 X] % GC/MS9]|
F98F9 tiKhan ef al., 2008, 2009; You et al., 2012). 5973
Network Mass Selective Detector (Hewlett Packard) 7} 2 %] &l
GC/MSE- 0]-83}9] hydrocarbon standard & 55} A
2 KRI valueE UeERHom, 7+ GAQ} ["Hy] GA internal

=2l Al Als1d AllE

standards (Obtained from Prof. Lewis N. Mander, Australian
National University, Canberra, Australia) 2] 37| 2] ion massE
vl uste] Ak A3t Khan e al., 2012; You et al.,
2013).
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Table 1. Screening for plant growth-promoting activity of WR seedling with FCFs of endophytic fungi isolated from P. camtschatica

(cm)
Fungal isolates SL PL Fungal isolates SL PL
N.D 3.80+0.22ijk 7.74+0.34k E/PC/8/1 4.92+0.45¢ 10.44+0.55cde
D.W 4.22+0.28hi 8.74+0.28ij E/PC/8/3 5.50+0.28b 11.08+0.63¢
CBM 4.92+0.17¢ 9.92+0.33efg E/PC/8/5 4.04+0.29hijk 8.66+0.64j
E/PC/1/3 4.46+0.27fgh 9.36+0.34¢ghi E/PC/8/7 4.34+0.27gh 9.62+0.55fgh
E/PC/3/1 4.16+0.19hij 8.98+0.46hij E/PC/9/6 3.74+0.39jk 8.0440.56k
E/PC/3/3/1 4.28+0.26h 8.90+0.38ij E/PC/9/7 4.96+0.23de 10.40+0.52de
E/PC/4/1 4.76+0.31efg 10.32+0.45de E/PC/10/1 7.10+0.24a 16.06+0.36a
E/PC/4/1/1 4.88+0.41ef 10.04+0.56def E/PC/12/1 4.26+0.29h 9.60+0.48fgh
E/PC/5/2/1 5.04+0.24cde 10.50+0.48cde E/PC/12/4 3.62+0.28k 7.80+0.35k
E/PC/5/4 5.38+0.24bcd 10.72+0.41cd E/PC/13/5 4.14+0.22hij 9.00+0.60hij
E/PC/6/2 5.08+0.28bcde 10.52+0.31cde E/PC/13/7 5.42+0.29bc 11.70+0.62b
E/PC/6/3 4.32+0.28h 9.10+0.29hij

Ten microliters of lyophilized fungal culture filtrates (FCFs) were treated to WR seedlings. The shoot length and plant length of Waito-c rice (WR) seedlings were measured after
a week of treatment. According to DMRT (P<0.05), the different letters in a row indicate significant differences. The letters indicate that values are not significantly different.

Data are expressed as mean value + standard deviation. SL, Shoot length; PL, Plant length; N.D, Not treated; D.W, Distilled water; CBM, lyophilized liquid of Czapek broth
medium.
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[ M. guillisrmondii JY45 KM014587

M. guillisrmondii 13 KI541688

100 Talaromyces cf. pinophilus E/PC/A/1 IX238893
100 T. pinophilus CBS 631667 IN299382
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F. solani PWQ2162 KP122235

Zalerion varium GFI185 AJE0S587
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Z. varium ATCC2BE78 AF169303

a5 Z of. varium E/PC/6/2 JX232298

100 Geomyces of, wnaceus E/PC3/5 IX238907
—l E G winaceus P7/2 KFIB6448
100 59 G vinaceus DFFSCS022 JX156269
98 * G. winaceus P288_D2 13 JF311954
Fhialophora mustea X1 KFE50364
100 P. cf. mustea E/PC/2/5 IX238901
P. mustaa 12 J¥145359
64 70 F. cf. mustea EPLAB/2 IX238897
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F. mustea WS11776 JX406525

Alfernaria cf. alfernata E/PC/12/1 IX238905
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SIT Entrophospora sp. EPCA2/4 IX238906
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Entrophospora sp. Shylm131 MH208740
sp. ©J8 JQ771181

—_—c nospors sp. 1161

10
Fig. 1. Bayesian tree based on ITS1-5.8S-ITS2 rDNA sequences. This is a 50% majority rule consensus tree among 1.4x10° pooled trees from two

independent Bayesian MCMC runs. The maximum likelihood bootstrap probability values from 1,000 replicates (Shown as percentage for values above
50%). GenBank accession number for each sequence is provided behind the species name.
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KM0B8761 Penicillium glabrum CBS 229.28 (T of P. paczowskii)
100|L KMM088762 P. frequentans CBS 105.117
KMOBB767 P. glabrum CBS 1255437
KM088824 P. crocicola CBS 745707
KMO88791 P. aurantioviclaceum CBS 347.597
KIM088827 P. thomii CBS 2608777 (T of P. patens)
KMOBB765 P. paimense CBS 336.79NT
717 KP691067 P. spinulosum E/PCI10/1
KMO0BB672 P. spinulosum CBS 374.48NT
KMOBBT73 F. subericola CBS 125096 (T of F. subencola)
94 KM083004 P. roseomaculatum CBS 1379627
7 KMO088789 P. montanense CBS 310.63HT

KIM088805 P. ardesiacum CBS 497.73NT
95 KM088785 P. fuscum CBS 295.62N7 (T of P. pineforum)

100

100]
KM088806 P. fuscum CBS 309.63 (T of P. macedonense)
98(KMO088811 P. fuscum CBS 235.60 (T of P. silvaticum)
KMO088830 “Eladia” inflata CBS 12783347

KM088795 P. querceforum CBS 417.69's2T
72 EKM088825 P lividum CBS 347 48NT
100 KM088976 P. odoratum CBS 294.627

KM088828 P. satumiforme CBS 1222767

—
0.05

FJ629293 Aspergilius niger CBS 101698

Fig. 2. Phylogenetic analysis of endophytic fungal strain isolated from the roots of P. camtschatica. Taxonomic position of P. spinulosum E/PC/10/1 was
based on data of the partial beta-tubulin gene sequences [5, 6]. CBS: CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands. The “T” after the

collection number indicates the type strain of the species.

ol BEARE vl asto] A5l 91712 Selsl gL
(Houbraken and Samson, 2011; Houbraken et al., 2014),
Penicillium subgenus Aspergilloides 2] section Aspergilloides
of 3 AS Bl Fig. 2).

2 AL 2J5l0] 25°C A2 MEA Bl 2] of| 4] AAat
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E/PC/10/1 59) 2A Ex}zu X]-—,—(Stlpe)]‘ 200-800 x 2.0~
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Fig. 3. Description of endophytic fungal strain isolated from coastal plant.
P. spinulosum E/PC/10/1 (A, Colonies on MEA; B, Colonies on CYA; C,
Colonies on CREA; D-F, Conidiophores; G-H, Conidia). Scale bars, (D~
H) 10 pum.
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—5}7] 91510, GC/MS-SIM .2 B 4]
A (0.33 ng/100 ml), GAs; (1.17 ng/

W?mﬁéo
Q



X|HHZIS MASH= A2 P, spinulosum + 19

Abundance Abundance

lon 284.00 (283.70 to 284.70): M.Q.759.D  Soan 403 (24.236 min): M.Q.759.0
8000 6000

60007 5500

4000¢ 5000

4500

N A U S 4000

2210002!4002.6022 80230003 2003 4023 6(23 8024.0024. 2024, 4004 602480 IR
Time-—>
3000

lon 286.00 (285.70 to 286.70): M QI/%Z‘_%Z 2500
70001 i 2000
5000 \‘ 1500
| 10001 224

|
— RIS N 5(?6
, f

T 0 + T
2072002/4(22.6022.8003 0023 2023 4023 6023 80240024, 2024 4024 602480 230 240 260 280 300 330 G40 860 380 400 430 440 460 480 500
Time-—> m/z—=>

(@Y B)

Fig. 4. The GC-MS SIM spectra for GA4 in fungal culture filtrate of the P. spinulosum E/PC/10/1. Arrow indicates the peak of fungal GA4 that coincides with
that of internal standard GA4. GC-MS peak of P. spinulosum E/PC/10/1; (A) GC-MS peak of fungal culture filtrate, and GC-MS peak of standard GA4, (B)
Ion value of standard GAs.
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SREE B, B YUNHE DA SR AT AR AT TAG AL YL WE 81857
Aol o] §5tela, TR S5 iokelrtol e e o] AL 9IS o= AZkEch Sl o e] 2
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