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Isolation and Identification of Pathogenic Fungi of Carambola Fruit
and Study on Their Metabolites

XU Xiang, LIN Ziyi, WEI Wei, LIN Jie’

(College of Life Science and Chemistry, Jiangsu Second Normal University, Jiangsu Key Laboratory for Biofunctional
Molecules, Nanjing 210013, China)

Abstract: In order to understand the types, biological characteristics, and metabolites types of pathogenic fungi in
carambola, the typical diseased parts of carambola fruit were collected for fungal isolation by tissue isolation methods. The
fungi were identified by morphological and molecular identification methods based on ITS sequencing analysis. The
biological characteristics of pathogenic fungi were explored, and metabolites were isolated and purified using liquid
chromatography. Their structures were established on the basis of "H NMR and *C NMR. The results were as follows: The
four strains were identified as Fusarium equiseti, Neopestalotiopsis sp., Schizophyllum commune and Cladosporium
cladosporioides. All four strains could cause disease in carambola fruit. The fermentation products of Fusarium equiseti
were chemically investigated, leading to the discovery of four compounds, 3,7,9-trihydroxy-1-methyl-6H-dibenzo[b,d]
pyran-6-on, 1,4,7-trihydroxy-3,9-dimethoxy-6H-benzo[c]chromen-6-one, lecanoric acid and 7-hydroxy-4-methyl-1(3H)-
isobenzofuranone. The results of biological characteristics indicated that the optimal growth temperature for the four
pathogenic fungi was 25~28 °C, and they could all grow within the pH range of 4~10.

Key words: carambola; pathogenic fungi; separation and purification; species identification; pathogenicity; biological

characteristics
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¥k (Averrhoa carambola L.)ZEFR E (4 FpAd T7
R gRE It 2000 47, Bl X ek 32 A R L X,
TET AR 2, (HJR, AR R e, A 2 A R
Wiz o 2 b 22 2] R ) A2 4, 5808 L
JaP3 5 S 7K SR 5 o 5 1 o JE DR 322 Sy 0, T
FHorpRg DL I B PR A FG 75 558 (Peniciiiium spp.) . JK
i %5 |8 (Botrytis cinerea) . 355 %% J& (Alternaria
spp.) . Wi 2 )8 HH & ( Aspergillus spp.) Fl & & &
(Mucor spp.)™ . WFFEIA K FLTEn R Ja i R B B A 2
IR PERE I (Phytophthora infestans ) Ry £1 5 Vi 1 25
B (Trichothecium roseum )Y, 5 FZ AZ AR 5 JF Bl
ALFE BB I B8 ( Colletotrichum aenigma) | 18 %
JH B ( Colletotrichum siamense) . 7 %5 JAE 11 75 ( Botr-
yosphaeria dothidea) FHE G5k T B ( Fusarium fuji-
kuroi) [, BEHL LR 5 9o T B 35 B O SR AR B A B TR
(Monilinia fructicola)", [ RJGBUR E A A ALK
Biftl(Cladosporium cladosporioides)™

ARk 3 ST 22 46 vh A8 H R R ek, T
T xE AR A B & (Cercospora averrhoa),
£ FHHIFE (Corynespora cassiicola), Y25 11 )& (Pho-
mopsis spp.), FALIUR (Gloesporium sp.), M )&
(Phyllosticta sp.) 5| M HFBERGE ' Fh AR P
(Corticum salmonicolor) 5| REAS BRI . FHEERS TR
(Alternaria alternata) 5| ¥ ) R BEG, HZE SRR
(Phoma sp.) 5| #5200, I ZEACIRE 8 ( Clado-
sporium cladosporioides) 5| FL M BN, HAl)E7C)8
(Leptothyrium sp.) 5| ¥ ( 5E MAE, H 2 A
(Cladosporium herbarum) 5| FE 1) R I, AL
FZ P (Pythium sp.) 5| 2 19 iR I, A4S 7 40 76 B
(Fusarium oxysporum) 5| WA 255, I B AR
(Pseudocercospora sp.) 5| 2 (¥ 41 P& L 2R BEJ 1130
H R Z 4 P AR ARG R, X RIS
5| EEAZBE LR R B HRAE D, (DB 5835 MR
Ja Rk Hh 43 HY P S [ RIAL B ( Colletotrichum sim-
mondsii) . B FE R IH B ( Colletotrichum gloeosporio-
ides ) FIEZR IH I (Colletotrichum siamense)!'0147151
PRIk, ASEFFE R BCR IS ARk AR e}, diack 2H 2
B BURTERIE . R R B B ARSREE & TR
Trids, SR s IR B PR RS, RGEHBIFSY
I8 T BT A 2B B 25 e, X D B R B A T A A AT
5T, NI LTI T 0 R AR LS S BTG
Jits P i) P AR
L RS
1.1 MRIEEE

fFRAG Bk (Averrhoa carambola L) HSL b
TS, T 2022 4F 10 WK [ AR EMN T AT
H R 2 i Ak b AR 3L Hb ; SOXTAE HE UK 2% vh & .
Loading buffer. ddH,0 dbat 23R AWRHT AR
2\l Lysis Buffer. DNA Marker(DL-2000) . Taq [

KA ERIHERAE; B POAs g s fE g

A () A ARAE] 5149 1TS4 2 1TSS FaL4:
Wik A I RHR A v AR YYRE AR T AR TR )
JReAry A BN F 5 SLIR A1 AR A i G (A= s
FD AR VIR RS F .

BSA24S 43R FEEZFIHT (i) SR E A kR
INF]; GZX-9240 MBE HL Rk X446 . SW-CJ-2FD
NGB TAES . YXQ-LS-70A 4= A 3h# Bk 1
ZEVRK AT R F] SHP-300 £ g8 A= b1
FEFE H A RA AR 2 F] s BW2000 065 ik i 5
A EL VLR ACHT G2A A BRAA 5 2720 3538 PCR AL 2%
MR KAE WA BR AN T 5 Agilent 1200 525 380 AH (4,155 /X
(BCf5 Agilent ZorbaxSB-C,g taiftl) ZLHifeRHL
HRRAF]

1.2 SEWFHE
1.2.1 SRIEREaife = RA RO R Ak
FRIA, ARG AR AN UIEL 5 mmx<5 mm fZH 2
B K wh )5, B OB AR 75% TS %
WG FR LA 45 s, FHICH/K0hye 3 e,
T A 2% IREHIRENT IR 30 s, AkSFHICHE /K
MYk 3 . KRR AR WK Sy B, KL
HLAT- (R RBLICE AE ST P 21 PDA B5 3R 3L 3
¥iFR, Ui a— USRI E ot B, AETEIR IS IR An s
FE 3~5 d(28 C), FFK NG, IE TR P>
TRRZZAEBT PDA B3 dbrh g ggifiss, EE L 2P
BHERK M A—EEE", PREE gl i) sp i & 2 Fp
ERNEREFRIEL, T 4 °C UF AR T,
1.2.2 BowtEdEE  FAMESEL 75% 09 B AEfE
. SEEEIIAAMRER T BOHI BT R 534K 0.85% A= FREL /K
FEKPE, KA fT ST U BEL R RGOS B
Ak, VSR %t B FH K PR 0 i T PR S T A i oA
RSN C IR S5, AR I B — 40P AT
S FHICH H 3484y 311 28 °C fHRIE IR, Wag
AR S IR T O . PN R IAZ I T A B A 7
SR 1 B, SRR AT — SR X, SE IR LG
tE LSS T E
1.2.3 JRIEREPIERSSUES  1E T 023k /b e
TN 1 R LR A Ak TR A G, FH AR AT Rk &
P22 TR I, Sl 22, 5255 b3, ka3
e, BT WA M ER R 22T L Bt SEARNED ),
1.2.4 WEEEI T THEYFEE
1.2.4.1 ITS X/FHPHEAMF  VEN PCR BT
FAZ Rk TR L B AU 3L R 40 DNA U ECR FH CTAB
PO SRAHERE ITS IFAIME A5 |4 ITS4(TCCTC
CGCTTATTGATATGC) F1 ITS5( GGAAGTAAAA
GTCGTAACAAGG) ¥ AL #EATY 1% . 50 uL PCR
JZWAR ZR S 2xMaster Mix 25 pL, 10 umol/L 51 44%
1 pL F1 DNA 54z 1 pl, Hy FH £ K X ZE K &b
J& . PCR P4 2514 94 °C THAEM: 3 min, 94 °C A5 M:
30's, 55 °C 2 30s, 72 °C #EfHT 45 s, H: 30 PFER,
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72 C AR 5 mine PG W S BNEBEEERE FE VKRS
JE 3 S A R A B B T .

1242 RSGREREWMEE 7 NCBI EHEZE T 1T
BLAST JPHUAHUESE &R, T 2RAHUE & 0 AR T
Z), i AR E MEGA 11.0.13 #4722 550X ke, 8825
18T, R AR AH 488075 (Neighbor-Joining ) , 8353 H
2% 43 M (bootstrap) #E47 B (5 BRI, B R ECH
1000, FEE R G R B .

1.2.5 AWErr o b

1.2.5.1 JREEXHR A E A s R el
ARSI 4 AR 0 BEE A 7E PDA BigRdkny b,
SFHETF 4. 10, 15, 20, 25, 28 1 30 °C HYEE R
FEFE P, SRS TR IR, 5 d R R3S
R VR BRI RO S YR TR

1.2.5.2 P83 pH X IR B B & A 52 m R

HCI1 F1 NaOH ¥4 75 PDA ¥% 3% 3 pH B & 4. 5.

6.7.8.9. 10, ¥5rEaifbiS 8]0 4 BREMK R IEFD
TE PDA 3RSty de, BARE 4514 25 °C T35, 5d
J& R FH 538 SO e B VR B AR I R SR B VR
JEASP,
1.2.6 BRI A B il g AR R B
FEHE, BU 4.0 g P, 10.0 g ZZFHEHUY), 4.0 g BT
HEH), 7%F 1000 mL ZR4iF /K A, Y5 pH £ 6.5; Bl
R FEA LS FE 2L, FRE 80.0 g FKT 500 mL 4#EHE
FE, BIA 120 mL Z5087K . MR V& BO 5 3R L3R
HPIE 4 B 1 em? B9/hBe, F HLA S 50 mL Fh ¥
BRFR ALy 250 mL =MD, & TRERKEFR(25 C,
4344 180 r/min)3~5 d®3, FFph TR S2 R B R
HKIE IR IR (IR 10 mL AR T 155351,
25 C FprE R 40 do 7 FARER IR FLPEA 212
TR, 1R 5 d, W IR B E W, R 4~5 IR(E L
IR 2 BRI T ), B IR, WRARASIZ B HFRE .
1.2.7 MR A-Yt-1 {CEME SR EC S 418
PRI A-Yt-1 IR BHZEE 3.78 go W EAE
FEHEFH GF,s, 2648, 14 & 2 3 FH 200~300 H fiEfR
PEEE, AT 8 LR 2R . el A
TLC #2271 HPLC 438715 31, 2455 8 1843
FrA1~FrA8. 184y FrA4(f i/ 2. 2 2. liE=60:40,
102 mg) Zeib > il # A (s E— 2541 28, 43 B ik
JH Agilent ZorbaxSB-C,3(5 pm, 9.4 mmx=250 mm),
BEMES N 20% FHBS/K S8 BRI 5 min, 30%~100%
FH P 7K B B2 PE 30 min, i 2 mL/min, 4li{kb155]

L
{ AR

K2 4 BRI R 2L 525

&P 1(2.2mg, tz 17.10min), 2(3.5 mg, t; 18.30 min)
Fi1 3(2.5 mg, t; 21.10 min) . 43 FrA3 (A it/ 2,
iR Z.Ti5=40:60, 80 mg) £ |34 - il & W AH (i A4 43
B, PRMAR SR 20% FR S /K A BE YRR 5 min, 30%~
100% HH s/ 436 )5 el 30 min, HiEE 2 mL/min, Zlifk
B2 EEY) 4(4.5 mg, ty 9.26 min) .
1.2.8 HBEIEE A-Ye-1 AR S msEe et
FO B AR B S o T B, SE— 25 Sy
T A RIR IS 2L S P H 3R EC 1%
(58, 2 1o e LRI 1 1 i
BT, 454 SCHR T, e E L SR SEH4
1.3 IR

LSRR Excel 2010 THESEHEIEFIARHEDR
2%, {8 Origin 2021 FKAAAERE], Giil2425 550k
JH SPSS 19.0 {447 Duncan’s multiple range test
T (P<0.05) .
2 GREHH
2.1 RERNDBHAK

ME LG RE AR ER S 438 | slifh, &5
F| 4 FHEETE, FRICH A-Yt-1. A-Yt-2, A-Yt-3, A-Yt-
4(1& 1), 7€ PDA 15353 25 °C 1538 5 d Ja ML
TEZA . WORZEHARAE . BT ER L, IR, A-Yt-
1 RZZA BRI, TR0, R P 2233, 43 A
TETF PR, A ANRIE, 45 2 D FRAR, A3 BRI
BT (& 2A) . A-Y-2 TRIZZAG 5, 2R LU W44, T
22 Jeth, ST R R, 5 N4, ThiEl 3 i
LA 0 B R RER, BT 9 i 4 i R TG (s BH )
HEJE, 2R RELTR] R AL 1 B 2 350 R, oLt 2 R L 2 AR
2z, FmIHICE (K 2B) . A-Yt-3 B LA BROEL, B 24

&1

SRS 4 BRER BT

P2

Fig.1 Colony morphology of 4 strains isolated from

PN

diseased tissue
A A-Yt-15; B: A-Yt-2; C: A-Yt-3; D: A-Yt-4; K] 2 [A],

[Taay . |

SN

Z -\;:;r_;.-.\;,_.: a

7 N BRER
N

Fig.2 Morphological structure of mycelium of 4 strains
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BRyiBs I, PR 22 IO S AS AN AR, T AT BRIE A Bl
FHLIRNES, BRETE 502 H 7B AR /™
B E(E 2C) . A-Yt-4 B 224 [5 H A8, PR 22 g (oY,
Teth, Sy B FREE, i HAT S04, Jot. BREDE
B EE A TR 22 L, REN T S5
222 [alA /IMwiAHIE (F 2D)
22 HiEMEEE

FAEFIE - BIHREL 2.1 Fr 2553000 4 FhEEkk
R T Ak L, ARk ¥4 3 B HH — 2 2 A s e R
(Il 3B~3E), M IR A EHE (& 3A) . Hfh A-
Yt-1. A-Yt-2 RO B RRFRAL H BUK Bk
Wy, JE B BRET A G B HEFh A-Yt-3 BRIk E
FRFEROL IR LTS 8, SR AR I WS 1, kR
K A BRI 225 22D A-Yt-4 BRIk Fp
TR SLERAT, JRBER AT FRLR O FRIRY . MRS &
IR ARz IR SR SIP5 T PR IR I PR 0, S0 BS54
SR T—Ee BT, SERCERER FC IR I SEIE .
N A-Yt-1. A-Yt-2. A-Yt-3 Fll A-Yt-4 JAGRER I

K3 4 BRE Aok R
Fig.3 Pathogenic determination of 4 strains
TF: A: 25 U6 B: A-Yt-15 C: A-Yt-2; D: A-Yt-3; E: A-Yt4,

2.3 REERDFENFEE

PCR #" B2 BEIKEE S 500~750 bp (5] 4),
TG FEsR . MRS BRI 5), AR
RS O RN BRI SR 2% 0 R A H o IS 2 A-Yt-
1 J& T8 1 )& (Fusarium sp.) 5332, A-Yt-2 150 T35
IS Z B ME (Neopestalotiopsis sp.) 533z, A-Yt-3 if
T 2R B (Schizophyllum commune) 5332, A-Yt-4 57
THRHFE)E (Cladosporium sp.) 5137 . G5 YEE
1 ITS FPHVARAE, i m 245 17k s I B0 PR 28 22 S R
WA T 1 B8 (Fusarium equiseti) . i EA1)E (WVeo-
pestalotiopsis sp.) . 24 ¥ & (Schizophyllum commu-
ne) FIBCIR AL AL B8 ( Cladosporium cladosporioides) o

24 HHEHFHER
2.4.1 JRBEXT 4 MR E AR M RE SR

NN

0

Q

DNA  A-Yt-1 A-Yt-2 A-Yt-3 A-Yt-4
Marker =

K4 PCR ¥ H ™M ni s WHEE I A ik
Fig.4 Agarose gel electropherogram of PCR amplicon products

I E A KW EERGER R —, BEEIREIY
i, 25 AR B Vs BLAR 2 ISR IS N e, FE
25 °C B, KRR TI B (F. equiseti) . Z4FE TR (S. com-
mune) FIRCIRA AR (C. cladosporioides ) 1K 3 R i
P, YA B AL A F] 65.83 . 28.03 Fll 44.87 mm, ik
2 TR ZH AR EE R 99 5T (P<0.05, 18] 6); T
il 3 Z£ B8 (Neopestalotiopsis sp.) TE 28 °C HY
AR R, W% BHARISF] 46.23 mm. 7E 4 C
P, 4 BRI TR 7% EARERAE 5.73 mm Z N, B 22/E 1K
Rz 251k . il 2 B 108 FI R FE B AE 10~
30 C NITT A, HiAY 2 BRELIETE 4~30 C 7]/
Koo 4 BRIRITECTR A ol A= IR BETE 25~28 °C Z A,
2.42 IR pH X 4 BREE A A K02 m BEgk
25 °C TIEFE, 5 d JFIE RS HAR, g5 aniEl 7 B
N, R T (F. equiseti) 7E pHS B AL KB, B
7% BHAR N 72.53 mm, W3R T HAD pH T A AR
R (P<0.05); il 2 B 108 (Neopestalotiopsis sp.)
TR B (S. commune) W BE V& HARIITE pH6 HHikE]
K, 43 0ch 41.80 mm Al 39.77 mm; AR AL 76 B
(C. cladosporioides) WITE pH7 B} 4 K e, B H
1278 36.17 mm. 4 PRI A9 A EETE pHA B 3452
LRI, BR T AR TR (F. equiseti) % HAZ
Sk 33.43 mm #b, HAYBE K ELARHBAE 10 mm Z N
24 pH10 B}, KIS T] B (F. equiseti ) FIARSEIRASE 70 54
( C. cladosporioides) W) & % H 42 2 53.63 mm £
28.83 mm, BEBHIX 2 BRI AT LA 52 sk 254 LA
25 SRR, ORISR T TR Y il pH oA 8~9, BURAZ
TH Y il pH oA 7~8, L4y 2 BRILIAINY Sl pH ol
6~7, 4 MRIFRIFEELPATE pHA~10 PYIREAE K (& 7).
2.5 FRIRE A-Yt-1 REKHFHEEE
MAZHEIE IR A-Yt-1 R JI T (F. equiseti)
o3I 2] 4 FR AR (K 8) o RYE =73 #¥
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A-Yt-1
0.050 . L
62 MTS558598.1 Fusarium equiseti
MT558596.1 Fusarium equiseti
10%6 [I 0Q726782.1 Fusarium equiseti
0Q561206.1 Fusarium equiseti
0Q422681.1 Fusarium incarnatum
0Q756163.1 Fusarium sp.
A-Yt-4
MZ573429.1 Cladosporium sp.
ON204058.1 Cladosporium cladosporioides
ON209580.1 Cladosporium cladosporioides
ON229440.1 Cladosporium cladosporioides
A-Yt-2
MT151848.1 Neopestalotiopsis clavispora
LC427198.1 Neopestalotiopsis sp.
100 | MT952582.1 Neopestalotiopsis sp.
OP082294.1 Neopestalotiopsis terricola
KU252211.1 Neopestalotiopsis sp.
MN341551.1 Neopestalotiopsis sp.
MTS576586.1 Neopestalotiopsis saprophytica
A-Yt-3
55 [l MZ997085.1 Schizophyllum commune
s FJ462753.1 Schizophyllum commune
100 MHS861655.1 Schizophyllum commune
- KX034183.1 Schizophyllum commune
MZ997087.1 Schizophyllum commune
K5 JTITS FAIRY 4 DRtk RGEA T
Fig.5 Phylogenetic tree of 4 strains based on ITS region sequence
A 701 a B 701
b
601 60 1
- c
= 507 =504 a
£ 40 - : : 2
&
301
®e e
iE 201
f
109 ¢
4 10 15 20 25 28 30 4 10 15 20 25 28 30
R (°C) I (°C)
C 70 D 701
60 1 601
E 501 a
g
= 404 b
r\@
30+ c
i d = d
E 207
e
104 f
4 10 15 20 25 28 30 4 10 15 20 25 28 30
WE (°C) I (°C)

K6 NIRRT 4 Mo 5 BT B 7 AR K R
Fig.6 Effects of different temperature on the colony growth of 4 pathogenic fungi
W AR T (F. equiseti) ; Bl #% £ £ 0 J& ( Neopestalotiopsis sp.) ; C.Z4 %8 % (S. commune) ; DAIR A FHE (C.
cladosporioides) ; TR 22 RACERARUEDS; AR PR R 25 5.3 (P<0.05); 1K 7 [6],
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% (mm)
I

1

W

pH

oo}

V% HAR (mm)

|w)

W4 H A2 (mm)
w
e
I
a

4 5 6 7 8 9 10
pH

Bl 7 RIA] pH O 4 Bl B0 1 v A K R R
Fig.7 Effects of different pH on the colony growth of 4 pathogenic fungi

OH

OH
OH

0 oH
G 0 0
5 HO l 0 o
HO ! OH OH
O""\-\.
2

(0}

3 4

K8 AKIKHIRIIE (F. equiseti) SBEMR o3 BAFE 4 Rk s Mr4s s

Fig.8 Structures of four secondary metabolites isolated from the fermentation broth of F. equiseti
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