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| dentification of the pathogen causing fruit rot of postharvest
Phyllanthus emblica and its cell wall degrading enzyme activity

WU Yue ZHOU Zhi-Jie QIN Xiao-Yan XU Jin-Rong CHEN Xue ZHANG Yi-Xuan
CHEN An-Jun SHEN Guang-Hui

College of Food Science, Sichuan Agricultural University, Ya an, Sichuan 625014, China

Abstract: [Background] In the process of postharvest, Phyllanthus emblica both as diet and medicine is
easy to be perishable, which can seriously decrease its quality and economic value. [Objective] We
identified the pathogen causing fruit rot of postharvest Phyllanthus emblica, its biological characteristics
and cell wall degrading enzyme activity analysis, in order to provide the basis for rot disease control and
extension of the storage life of Phylanthus emblica fruit. [M ethods] The pathogen isolated from fruit rot of
postharvest Phyllanthus emblica by tissue isolation method, followed by Koch's postulates pathogenicity
test. The pathogen was identified based on morphological characteristics and rDNA-ITS sequence
analysis. In addition, the pathogenic mycelia growth and spore characteristics were determined, the
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activity of extracellular cell wall degrading enzyme activity were also detected. [Results] Thirty-two fungi
isolates were isolated from the fruit rot of Phyllanthus emblica. Strain DQ23 was the causal pathogen
fungus of fruit rot of postharvest Phyllanthus emblica. The pathogen strain DQ23 was identified as
Penicillium choerospondiatis via morphological characteristics and rDNA-ITS sequence analysis. YDA
medium was the most appropriate for mycelium growth. PSA was the optimum medium for conidia
production. The mycelium could utilize a variety of carbon and nitrogen sources. For conidia production,
the optimum carbon sources were sucrose and glucose, and the optimum nitrogen source were tryptone,
beef extract and yeast extract. The best mycelium growth was obtained at 25 °C and pH 3.0-5.0. The
conidia production increased rapidly at 25 °C and pH 4.0-7.0. Continuous light was beneficial to mycelial
growth and spore production. Penicillium choerospondiatis could decompose pectin and cellulose, but not
protein and tannin. [Conclusion] Penicillium choerospondiatis strain DQ23 was the pathogenic fungi
causing fruit rot of Phyllanthus emblica, and possessed higher pectinase and cellulase activity.
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Figurel Pathogenicity test of Penicillium choerospondiatis
DQ23
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Note: A-E: Symptom of Phyllanthus emblica inoculated with
Penicillium choerospondiatis DQ23, stored at 25 °C from 1th to
5th day; F: The natural symptoms of Phyllanthus emblica at the 7th
postharvest day.

BT 2 g L UL A3 ) 32 HR 22 IR EL A,
WIS INEE R BT 43 25 TR AR 2280 75 %5 (81.2%)
1 25(9.3%) . 4t T (3.1%) . HEAK LT (6.29%), 214
BRI, X 7 MRS 25 5 B A B AU SR
PRI TEOR I, SRR 7 d J5, HRhE
Bk DQ23 (4 H T 5 & BH (2., $2h HAth B ik 12
X HE A R SEH RS 2 BH S 3 . #2Fh DQ23 2R 5K
5 2 RIGHFERAIIT 46 B A2 (B 1B),
5 3 Rikib @Bt 2y K(Kl 1C), % 4 Raff
SERMFFRL, B, BRERRIMEE, R
R b B i RR AR R (K] 1D), 55 BRI
BT K, AR 2GR, Beph i B i A B
SRS A7 2R, e i R R A
(B 1E), HAKREWS 7 RISH FRIERH
FF(E 1F)o MRl R F A L Al AL aRAS kR Y
WKIEA SN BER KRR TR0 8 . 2ifkis
FiY DQ23 FHRAAIR, [H itk DQ23 Bk LIS 1
AHTFRLHAMRBIZYARE ), B RAH TR
R R ) = L R -

22 RIBREMFSFHHE

DQ23 i kk7E PDA ¥igidk FAK 5d )5, WK
IRE, 2 AR5, gk, o4 ik
o, NGERFEEE 2A), FEE B EOE 2B).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



764 TEY 8

Microbiol. China

L —
10 um o 10 um

2 REE DQ23 ML S4FE

Figure2 Symptoms of Penicillium choerospondiatis DQ23
T A TETEIFR(PDA B3:5h); B: YA i (PDA i3 i),
C: /T, SAEMTHIES; D: WLEE

Note: A: Colony morphology on the PDA plate at the positive side;
B: Colony morphology on the PDA plate at the contrary side; C:
The conidium and conidiophore; D: Hyphae form.
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(323 (MII1236176)
Peniciliium choerospondiatis HMAS 248813 (KX885063)
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100 L Penicitlivm multicaelor CBS 501.73 (IN799647)
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Figure3 Phylogenetic tree of Penicillium choerospondiatis DQ23 based on rDNA-I TS gene sequences
TE: 7SO SUEFIR Bootstrap {H; 5 5 W3R8T 41 GenBank #5555 FrRUNIEALIEE.

Note: Numbers at branch nodes present bootstrap value; The GenBank accession number of aligned sequences are shown in the brackers;

Bar: Nucleotide divergence.
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Tablel Effect of medium on mycelium growth and conidia production

Bigedk W& A A

Medium Colony diameter (cm) Conidia production (x10” 4~/cm?)
AR FRAE CA 1.31+0.06g 0.21+0.37d
EARKBAEH SR CMA 5.38+0.31e 0.55+0.39d
LR ERE IR s Ik PSA 6.99+0.42d 7.43+0.97a
BT REEFREE TMA 3.49+0.10f 2.02+0.49c
AR A BB IR HE SR AL PDA 7.68+0.38c 6.05+0.64b
TEM AR TSR EE SAA 1.38+0.299 0.00+0.00d
5% H MM AR R h AR B F7 Jk G25N 1.60+0.20g 0.65+0.34d
R EFE BRI CYA 8.42+0.11b 2.55+0.32¢
T BB AT IR G o 4k YDA 9.00+0.00a 2.76+0.48c
HEEBRIEFR AL OA 5.16+0.22e 1.38+0.80d

T R RSV E A R NG FRERORTE P<0.05 K P22 57 235,

Note: Different lowercase |etters in the same column indicate significant differences at P<0.05 level.

7 d - HAR A 1.31, 1.38, 1.60 cm,
DQ23 FHkETE PSA . PDA $53 0 b st ik, F
Y75 43 ) 7.43%107 .6.05%10° 4 /em?, 7E SAS
TR EEFRIE R AR e A 7 AR SR 1
fE g, 45K, PSA. PDA A FIT bk
DQ23 B 22 A= < il 4l
242 R RUREMEZYEK. FRENEI

M 2. 30T, AFBREIEX HLLER . 771
S o BRIEN AT . OB RERE . A

R2 HEMNELEK. FRENZW

BRSSP 22 4 KRG, TATE BRI 8.12.8.15.7.93,
821 cm, MMiAKE. FUME. REJEH . nIIEEEHTE
RIRET T 22 A K G818, TR BRI /N T A A
Wi FUME. ASETEky . VAR A= i
JUPAT L, AT DQ23 [ MkA: K AIRRIE A TEmE |
A, SRR PDA AL, HERAY 9 RhUE
HBR TIREK,, HAHHEFIT DQ23 Mtk K. =1,
A G R T 1 7 A RO RO R, B
U, WREHZIEH TR 224K

Table2 Effect of carbon source on mycelium growth and conidia production

Tl Wk H 1z [ (A
Carbon source Colony diameter (cm) Conidia production (x10”4>/cm?)
72 2 Maltose 8.12+0.13a 4.48+0.480c
AHE Xylose 5.72+0.20c 4.29+0.38c
A% Fructose 8.15+0.09a 4.86+0.220
FLb¥ Lactose 5.08+0.16d 0.70+0.29d
Rl VM BERY Soluble starch 4.91+0.07e 0.30+0.13d
REEGEN} Soluble starch 4.92+0.10e 0.28+0.44d
JHEHE Sucrose 7.93+0.10b 6.71+0.26a
%58 Glucose 8.21+0.05a 6.92+0.30a

1 R RS A R NG TR ORTE P<0.05 K ER .

Note: Different lowercase letters in the same column indicate significant differences at P<0.05 level.
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Table3 Effect of nitrogen sour ce on mycelium growth and conidia production

R [P =R [ A
Nitrogen source Colony diameter (cm) Conidia production (x10” {~/cm?)
fil§R%7 Potassium nitrate 8.20+0.07d 4.90+0.28d
i Tryptone 8.53+0.05b 6.45+0.35bc
TREET Y east extract 8.52+0.05b 6.33+0.07bc
TR %% Ammonium sulfate 8.50+0.07b 6.52+0.46b
fitifg#h Sodium nitrate 8.33+0.08c 6.11+0.45bc
4= A FF Beef extract 8.33+0.11c 6.69+0.45b
H4&R Glycine 8.54+0.12b 5.84+0.42c
44k %% Ammonium chloride 8.69+0.07a 7.600.26a
JRZ Urea 0.00+0.00e 0.00+0.00e

TE: RAPFESVEE R AR/ NG FHREORTE P <0.05 /K225 1.3

Note: Different lowercase letters in the same column indicate significant differences at P<0.05 level.

243 BEXNELZEK. FHEENF

Kk DQ23 7£ 15-30 °C W IREA: (3 4),
WEARKIRE N 25 °C, W& P EAE N 7.10 cm,
5 HAAN PR BIAFFE B %22 5% . 15-25 °C yull
W, REE TR TR, R ARG 25, b
BIREF S, WEARKZEME; 35 °CHHEIkA
Ko 7E 15-25 °C B, 7= i bl 4 5L (%) vy Ty 4
hn, MIREE L 25 °C I, PR EIT R, BE
PRARFET, 451k, DQ23 TA ik ™ il 1) ficidh Tt
25 °C, FH iy 8.28x107 Mem?®, 45 Rk
B, IREEXTRVE AR PR R

244 pHWEZEK. FHRENEMN

H2 5 A, REFR3t pH XWEEARK . e
MIFZIR R . pH 1.0-10.0 Ju N, DQ23 Fitk & Ak
A 78 pH 1.0-3.0EE N, FiE#E pH ERTH,
Hizz A Kot #ad pH 3.0 15}, Ffi% pH E TR,
H22 e K, B pH 3.0 il THZAEK, HiEF
BIHAE N 751 cm, SHAMLAMNE R R E . 7
pH LO B, ZEA A+, pH 2.0-4.0 JE[FEIN,
b pH T, P~ fEIE N, pH 5.0-10.0 YE[F
#5 pHXELEK., FRENFN

Table 5 Effect of pH on mycelium growth and conidia
production

. . — gy R i
%4 ORENELEK, FREOPN WG FLfE S
) pH Colony diameter Conidia production
Table 4 Effect of temperature on mycelium growth and 7 A2
L . (cm) (x10°4~/em’)
conidia production 0 T T,
o me——— T ] 40+0. .000.
i 52 v HAE , Fﬁ ol , 2.0 5.62+0.11d 3.61+0.49g
Temperature Colony diameter ~ Conidia production 30 751+0.32a 7 64+0.32de
g P ! : ] .64+0.
€9 (cm) e 40 6.84+0.30b 10.61+1.29a
15 3.09+0.16d 3.18+0.32c 5.0 6.47+0.08c 9.87+0.84ab
20 4.46+0.09c 6.37+0.96b 6.0 5.80£0.13d 8.92+0.00bc
25 710+0.12a 8.28+0.64a 7.0 5.67+0.31d 8.39+0.67cd
8.0 5.24+0.17e 6.90+0.92¢f
£ AL EE 9.0 4.88+0.08f 5.84+0.37f
35 0.00+0.00e 0.00+0.00d 10.0 3.39+0.11g 2.65+0.73g
e R RSB R A RN SRR RTE P<0.05 /K22 57 e RPREIVEGRE G A F/NG FEERIRTE P<0.05 7K - 25 5

.
Note: Different lowercase letters in the same column indicate
significant differences at P<0.05 level.

e
Note: Different lowercase letters in the same column indicate
significant differences at P<0.05 level.
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W, BEE pH T, P>, pH 4.0 &iE
F DQ23 B bkl , 447 HilF > 10.61x10 4> om?,
S5, DQ23 RN BT, , TEMRIMEIF T A
KA TF b vkl el 2R v A
245 XBWELEK. THRENEN

H1% 6 11, DQ23 MMRTE SRRy
W EH BN 5.40cm 5 12 h B0 | %Lt
FRAE R TR HARMKIR A 7.50 cm, 7.83 cm
HAERE 225, RUDEIAE2Z A KA —Emfest
YEA; DQ23 WtRFETE AN . 12 h S EOLIR | i
SE5E IR AR BT 2 PR AR KR O 4.30%107
6.37x10", 7.85x10" Mem?, i AR a] i 4K
FEA R N, FE B E IR R T DQ23 H bk
246 fRIRETEINEEKIREGN L ST

H Il 4A RTHT, DQ23 i v JEl [ A= (K A
R, B2 h 3.60 cm, FIHIZ R EA T RIREERE
MK 4B AT LLE Y, Prerqe £k S0t | DQ23 I

F6 ZBIEZEK., FREMNEI
Table 6 Effect of light condition on mycelium growth and
conidia production

JEHE WK EAR A
Light condition ~ Colony diameter Conidia production
(h/d) (cm) (x10” 4~/em?)
0 5.40+0.43b 4.30+0.68b
12 7.50+0.18a 6.37+0.91ab
24 7.83+0.11a 7.85+0.49%

0 RPRGEEREAF/NG FERTE P<0.05 K250
Note: Different lowercase letters in the same column indicate
significant differences at P<0.05 level.

B4 RIRE~RIRES(A)FILTH REB(B)BE
Figure 4 The pectinase (A) and cellulase (B) production
capacity of Penicillium choerospondiatis DQ23

TR B = Akl Bk 5.36 cm, REIZHHE
A BRI LT A K EERE ST o AR R R IR AL |
BB SR HAR " A K P8, R AN 43k i
IS E AR,
3 WikEHL

R FENFEENEFIEER, RIS
JE s Ay, T R AT R I L A A L
PR AT . A IR R OB A N T
POl RS, BATE NSNS TR REN
i3k A TP ) SO A R 28 B AR L ML Y B 5
B L AW S L B TEARAT T 23 BRIL
PRI, 3 ) 4 o BERR RS DU s T IR A
FROEZE S A 7 BRITR B0 M. 45 IR R,
Hrh—th & DQ23 MR FRLHA MMM R
YuBe Ty, FHORS BT 4 AR B Rk, L
fib B RR AR UL B B AE T . M4 rDNA-ITS 7
Gy HT B, BURE DQ23 5 ERL A B iAW)
9 BT HE SO Sle A= A1 AT 2017 4F & R 40 B F i
1% < (Choerospon diasaxillaris) 52 | i) % J&@
fift P. choerospondiatis AR, HETERSE
RE MR 43, [l H B OB SRR 5% R 5 A
—3, K DQ23 W14 4 P. choerospondiatis.
ZEUE A S B AR T RS AR S O E R
HFEI . R . 75 B BT RE R K
o ae ) HAT R 25, RERION A LUE K
i, R, MR sUREAE, 5 K
3 A TR K (8 8578 5 TR 26 A 1 25 1F 1 %
RHFRERE YR . SOERE 5, T 5d
JE AR YR . B, AR5
[ A E kT P. choerospondiatis 5124 H 15
SRR A

T BB EL AR AR SRS RR S I
LU P20 X7 AN 2 e e R
Ko I i I ) 2 2 R S R A s T s il 1
HaRARMEL, RNRIHELAEYFRE, A
WHFERN], Eowm DQ23 7 LI FR%: BRIR A
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W2z, 25°ChRaafmw2AK, 5E RN A
B RSR R A A5 — B ILAh, IR R REAE T 2
BARM pH, JE TR, faddK pH 3.0, 54
HFRAPR S EE . REEEsRP (pH 24 3.0)
78 TR R B — 3

1] i B 5 it Tl AR 22 AR s il L TR 1) B L 3K
o R 71229 e ARG | 4 R R 2R
O3 ARG IR0l 75 T AN i RE AN 4L, DAL IR A
BB SR X 27 A SR A, A
SAE P S UL S S WO 5 o At 5 38 1 AR
i AN R IR R DQ23 HAT B AR
i T AR 2T 4 2R Tt A, R A 000 g T 0 6 ) A o
21 B R K i it ] R L A AN R BUE R T
T2 B0 TR 40 T TR Jt T R 4T 4 2% T R Rl 28 R HAE
ANEE A T BT A AL A e i — 2 5Y

AHTE N5 B K R IRz ATTH bR,
E FLIE Ao A ) TR A A B i R [
S AL, AHOCHFIY FERE TR B Z o FRIE A H
T A TR B, 2 T B 5 g A3 2
AWFTREE R A H P 2 A AL T HLe K
Wi, 5L T B — B TR 581299 i B = e Pl
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