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Abstract; Salicornia europaea is a kind of salt tolerant plant with important edible and medicinal value. Because this
coastal plant grow in extreme salt tolerant environment, the diversity of its endophytic fungi and their active secondary
metabolites may be distinctive from other plants. In our study, the endophytic fungi were isolated and purified, and the
diversity of endophytic fungi was analyzed by RAPD, then the endophytic fungi were identified by ITS gene
analysis. Finally, their activity inhibiting several aquatic spoilage bacteria was screened. The results were as follows:
(1) A total of 14 endophytic fungi with different morphological characteristics were isolated from Salicornia europaea in
Beibu Gulf. According to the RAPD analysis, these endophytic fungi had six different genetic types. The sequence
analysis of ITS gene showed that these fungi had high sequence similarity with Curvularia lunata, Aspergillus candidus ,
Guarantaria mangiferae and Neocamarosporium chichastianum , and three of which showed relatively lower similarity with
Neocamarosporium chichastianum IBRC-M:30126, which indicated 94% —95%. From the phylogenetic tree and colony
morphology, three endophytic fungi, named YJCY2, YJCY3 and YJCG2, may be a new species closely related to
Neocamarosporium salicornicola. (2) The antibacterial experiment showed that the extract content of strain YJCJ3 was a
strong antibacterial activity to Vibrio parahaemolyticus, and the methanol, petroleum ether and ethyl acetate solution of
the mycelium extract had a strong inhibiting activity against Vibrio parahaemolyticus. YJCJ5 showed a broad spectrum to
inhibit several aquatic spoilage bacteria Buttiauxella noackiae, Aeromonas dhakensis and Buttiauxella gaviniae, in which
the petroleum ether and ethyl acetate solution of mycelium inhibited the growth of Buttiauxella noackiae and Aeromonas
dhakensis, while the extract content of methanol and petroleum ether solution inhibited the activities of Buttiauxella
gaviniae. Our result is significant, for that the diversity of endophytic fungi in Salicornia europaea was extremely
abundant, and that new endophytic fungi could be isolated and identified from this plant, a variety of whose active

extracts can be screened and used to inhibit the growth of spoilage bacteria in aquatic products showing good potential for

their utilization in this area.
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Table 1  Isolation of endophytic fungi from the Salicornia europaea
BORE B AL V& s FRER SR BRECE 2 1
Sampling tissue Colony code Number of fungi Percentage of total fungi (%)
I Leaves YJCY1-3 3 21.43
Z£ Stems YJCJ1-5 5 35.71
# Roots YJCG1-6 6 42.86
BERAT— 2 25 57, X T REJE X O AR B0 A kA
9 o NAOODO 0o D HOSPISEIr BARF AR DL TSR U R X
&¢ \0"\0\\&@% T ¢ XCX\CK ol 4\06 0 R P 69 BB 1 69 3 43 e, T
M "\ 4 "x 4 4 "\ 4 '{ 4 4 4 '{ B J& 4% Neighbour-Joining B 75 15 X 51 #4750 PR

K1 ERMENAEE RAPD ZREE
Fig. 1

RAPD analysis on the diversity of endophytic

fungi from Salicornia europaea
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AR 14 Bk ELBE TS J7 80 1 53 BT, MZ R ¥
HIECHE PR vh 0 2 5 AW 5 5 0 AR DL B ey 14 TR R
(KB 2), 4 R1REWH 9MWE Curvularia lunata PSU-
ES195 ) A BL 14 5 %5, 0 99% ~ 100% ; YICJ2 5
Aspergillus candidus ATCC 1002 B9 AL R 99% ;
YJCG5 5 Guignardia mangiferae GZAAS6. 1243 [
R R 99% , TTS JEP FF 5155 RAPD £ 254 73
BB 3 B 07 45 B B9 45 2R 4R #23T, 3L RAPD
TEXF 73 B 04 A A L T R AT 2R A0 20 B o 2 R
AR, T LA 73 B B AR

GenBank 15 YJCY2,YJCY3 Fl YJCG2 Al
P fx 5 B9 B Bk SN Neocamarosporium chichastianum
IBRC-M:30126(94% ~95%) , AH APk LL 8l K
THE— P i Hor R, AT T YJCY2,
YJCY3 1 YJCG2 J& GenBank H1 ITS 3 [K [ 51l A L
PEf s B R BRI R GER B R, S5 R R W] YICY2,
YJCY3 #1 YJCG2 5 Neocamarosporium salicornicola
TESEAERS 2 — A>3 32, Blastn 437 5 AL R Y

oA, N3 5 9 v ] i AL BOR OC &R, P
FEME S EAPE— 2 225+ . 73 5h, YICY2 YICY3
I YJICG2 J& 15 J il A R it — 2 7
2.4 EAENEEFERIBWMNEFERNE

H A A A 7 W A0 A TR H ) RS ) Y A7
HL TR P A i Pk R TR 2 T i BT T S 5
B X 4§58 78 B Buttiauxella  gaviniae |
Aeromonas dhakensis . Buttiauxella noackiae . Vibrio
parahaemolyticus FEAT BT T 1% P15, 45 R K W] 14
PRINAEE R P, A 4 BN AR B X —Fh a8 2
TEAREHAME M (E 3), Hb YICI X s K
i it & W ( Buttiauxelle noackiae ) . "<, B8 il &
(Aeromonas dhakensis) . % [8) 47 . [K & ( Buttiauxella
gaviniae) A 1% M, 6 B IR B ( Vibrio
parahaemolyticus ) o4 B i P ; YICIS X if7 [ 47
S ( Buttiauxella noackiae) "< .} W& ( Aeromonas
dhakensis) . % [a] 47 - QB ( Buttiauxella gaviniae )
TRV, HLAE A i b T ROR HRGR X R
ML 9K B ( Vibrio parahaemolyticus ) JC 4 B i 7 ;
YICI3 7 3 A % 50 b X & 9K B ( Vibrio
parahaemolyticus ) #5 A7 1R 5 A4 11 77 3% M , 76 145 G A
= & W ( Buttiauxella noackiae ) . <. B 0 &
(Aeromonas dhakensis) . % [0 47 It [K & ( Buttiauxella
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Table 2 Blastn analysis of ITS gene of endophytic fungi in Salicornia europaea

DR GenBank PR LM 55 15 Y L TR GenBank = AR
Sample code The name of the most related fungi by Blastn analysis GenBank number Similarity (%)
YJCJ2 Guignardia mangiferae strain GZAAS6.1243 KF920707.1 99
YJCY2 Neocamarosporium chichastianum IBRC-M ;30126 KP004455.1 95
YJCY3 Neocamarosporium chichastianum IBRC-M ;30126 KP004455.1 94
YJCG2 Neocamarosporium chichastianum IBRC-M ;30126 KP004455.1 94
YJCGS Aspergillus candidus ATCC 1002 NR_077149 99
YJCY1 Curvularia lunata PSU-ES195 JN116704.1 99
YJCJ1 Curvularia lunata PSU-ES195 JN116704.1 99
YJCJ3 Curvularia lunata PSU-ES195 JN116704.1 99
YJCJ4 Curvularia lunata PSU-ES195 IJN116704.1 100
YJCJ5 Curvularia lunata PSU-ES195 IN116704.1 99
YJCG1 Curvularia lunata PSU-ES195 JN116704.1 100
YJCG3 Curvularia lunata PSU-ES195 JN116704.1 100
YJCG4 Curvularia lunata PSU-ES195 JN116704.1 100
YJCG6 Curvularia lunata PSU-ES195 JN116704.1 100

45| Phoma schachtii CBS 502.84 (NR 137713.1)

Acicuseptoria rumicis CBS 522.78 (NR 153521.1)
Monodictys arctica UAMH 10720 (NR 137705.1)

Subplenodomus galicola MFLU 15-1368 (NR 154454.1)
73

Hazslinszkyomyces aloes (NR 137821.1)
82

Paraleptosphaeria nitschkei CBS 306.51 (NR 111621.1)

92

Coniothyrium hakeae CPC 27620 (NR 154839.1)

Parapyrenochaeta acaciae (NR 155674.1)

Dimorphosporicola tragani CBS 570.85 (NR 154007.1)
Neocamarosporium chersinae CPC 27298 (NR 154261.1)
N. salicornicola MFLU 15-0957 (NR 154270.1)

YICY2

55

YICY3
YICG2
99 | Neocamarosporium korfii MFLUCC 17-0745 (NR 154268.1)

N. salsolae MFLU 17-0192 (NR 154271.1:2-539)
N. lamiacearum MFLU 15-2989 (NR 154269.1)

34 N. phragmitis MFLU 17-0585 (NR 158866.1:62-499)

Neoplatysporoides aloeicola (NR 154230.1)

o5 Comoclathris lini MFLUCC 14-0968 (NR 153904.1)

30 Alternaria helianthiinficiens CBS 208.86 (NR 077213.1)

99 A. alstroemeriae CBS 118809 (NR 163686.1)
98 1 4. doliconidium HKAS 100840 (NR 158361.1)

P2 =il A B 9 A U ITS i PR AG  f E A A

Fig. 2 Phylogenetic tree of ITS gene of three endophytic fungi in Salicornia europaea

WAEEE 14 Bk, KRB RN AEERER  Curvularia lunata , FERR 5 R i rp (8 48 3580 4
Z 6 6 Bk, N 42.86% ; 43 B B A A H AP 2N Neocamarosporium chichastianum ; J:AWB 4325 21| ) Ff
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Table 3 Inhibitory effect of crude extract of fungi on the bacteria
i G e [ SRR [ b G v IR
i = Buttiauxella noackiae Aeromonas dhakensis Buttiauxella gaviniae Vibrio parahaemolyticus
Fungi code
A B C A B C A B C A B C
YJCJ1 - - + - - + - + - - - -
YJCJ5 - ++ + - ++ + + + - - - -
YJCJ3 - - - - - - - - - +++ +++ +++
YJCGS - - ++ - - - - B - + - B

0. + R E2<10.0 mm; ++278 10.0 mm<IP 7 H4£<20.0 mm; +++FRIME EE>20.0 mm; —EKRTCMEERM . A, FIfE,

B. f1ift; C. ZMR M,

Notes: + indicates diameter of inhibition zone less than 10.0 mm; ++ indicates diameter of inhibition zone less than 20 mm and more than

10 mm; +++ indicates diameter of inhibition zone more than 20 mm; - indicates no inhibiting activity was detected. A. Methanol;

B. Petroleum ether; C. Ethyl acetate.

1145 Guignardia mangiferae F Aspergillus candidus
X5 5K GE R AF (2020) BB ST AR AR A,
Alternaria  Cladosporium , Podospora 3 ANE R A
A FLR S A A BESE AL 5% 45 (2013) il
AEE R —AE, M) 20 B 2 A B b
SRR AR R, ARUEFES XSe 45 R 1 25
ATRESK F X B A BE Y 22 57 . KRR AR (2020) A 52
R £ BOR BT SE R LU g R0t 1 BCE AR (2013)
WFFERYE AR A VL5 Y R B, T A5 Y £6 £
FOk {ALARIE AR I, AR S 1] A BE R L,
A BRI Y 22 St 2 3 ACHG T 3 2 1 9 AR TR 26
FEAT . 7350, WER AR5 b 20 B B N A LI AR X T
AR T 2L, 35k n] BB R R 3 A AR KA
RO PREE | X A AR B A R

AHFIES B YICY2 YICY3 1 YICG2 7 ik k
KR 5 Neocamarosporium salicornicola 15 F T,
Neocamarosporium  salicornicola & 3 Ff ( MycoBank
MB821971)2015 4432 T2 E () 6 M HAE T 12X,
X5 AR AT 5E R T Ok U R W kAR A TR, B
Neocamarosporium salicornicola 25 E. T8 W] 5g & £ ff 1
LM A A ) B ( Wanasinghe et al., 2017),
Wanasinghe et al.(2017) #15¢ & Neocamarosporium
salicornicola BELFAE 16 °C PDA B53a3t F353% 3 JEm)
FAUREVR A 3 em ;T % LE T DA €0, 78 T ] TR A Al
O, e R, AT o0 8 B H RN R 220 H
SLEAR, BV IR L R AR — 25 5, Tt
YJCY2.YJCY3 FI YJCG2 W] BE N Neocamarosporium
TR (EA Ry i — 2D SRR SE

ARS8 B TR BE YICI3 SR BRI T L

S )40 74 % SR A 0, T YJCIS R T
RT3 B 0 LA K 7 WA T Buttiauxella
noackiae . Aeromonas dhakensis . Buttiauxella gaviniae
TG PE . YICI3 N YICIS ¥ 8 Curvularia J& FH
Khiralla et al. (2019) W5 % B Curvularia J& 2 5= 4
PR AR =Ry B R B Z — AT LU
AT LT TR S R0 AR A B R AR BUIE IR BT
R PURA PO BRI SRS Y
b/ 2 17 i L O N & ) AU
Buttiauxella gaviniae ( & #£ 55 ,2012) | Aeromonas
dhakensis ( Carriero et al., 2016 ) . Buttiauxella
noackiae J&7K 77 i Aitis R Zy W B, I X N AR fat
JREAT B BB 1) A TR (o 5, 2018 ) BT KT R
PRAEFR B AIE A AR 508 (RO SR, 2017) . &
WFFE A R AR AL T LA AR H A BT B 5% Y P A2 B
B, LU BT 58 AT LA i DX 28 Py A 0BT P 42
TU T 1 S5 P T4 ) A 7 it ) I

SE
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