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Abstract: [Objective]Mango sooty blotch disease, a new disease on mango, has occurred in Hainan, Sich-
uan, Guangxi and Fujian provinces that are major planting areas of mango in China. Mango varieties like
Guifei and Jinhuang were easy to be infected in mango orchards. Generally, the young fruit can be infect-
ed, but a lot of spots appeared during the harvest time for its slow expansion and long incubation period.
Water-soaked and irregular dark lesion with dark green mould appeared on those infected mango peels,
which seriously affected the appearance of mango and caused great loss of commodity value. The inci-
dence of some poorly managed orchards was as high as 100%. Sofar mango sooty blotch disease has been
one of the important diseases affecting mango industry. It is often difficult to be detected at the early stage
for the long incubation period and cause to miss optimum period for control. To timely prevent this dis-
ease, it is important to establish the rapid and accurate method for Cladosporium cladosporioides detec-
tion, which is the main causal agent of mango sooty blotch disease. [Methods] The Genomic DNA of
pathogens was extracted from mycelium using Fungal DNA Kit (OMEGA). Field samples of genomic
DNA were extracted from mangoes by the CTAB method. Based on nucleotide differences in the internal

transcribed spacer (ITS) sequences of CL cladosporioides and ITS of other pathogens from the data in NC-
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BI, eight sets of primer pairs were designed and screened for use in PCR assay in the present work. Eleven
Cl cladosporioides strains from leaf, branch and fruit samples were collected from diseased symptomatic
mango plants from orchards in the mango growing areas in Hainan and Sichuan regions. Eleven pathogen-
ic strains of other mango diseases such as Botryodiplodia theobromae, Colletotrichuma cutatum, C. gloeo-
porioides, B. theobromae, Xanthomonas campestris pv. mangiferae, Sphaceloma mangiferae, Trichotheci-
um roseum, Pestalotiopsis mangiferae, Fusarium mangiferae, F. proliferatum and F. decemcellulare were
used to determine the specificity of the primers. Each PCR reaction mixture contained 12.5 L 2x7aq PCR
Master Mixture (TaKaRa), 1 pL of genomic DNA, 1 pL of 10 umol- L™ primers 1/2, and ddH,O 9.5 pL in a
total volume of 25 pL. The PCR thermal cyclingreaction was started by denaturation at 94 ‘C for 4 min,
followed by 36 cycles 0of 94 °C for 45 s, T ‘C for 45 s, and 72 °C for 1 min, and then a final extension at
72 °C for 10 min, and annealing temperature Tm included 51 ‘C, 54 °C, 57 °C, 60 C, 63 C, 65 C and
67 C for screening the optimizing PCR amplifying program. To increase the sensitivity, two nested-PCR
protocols were further established. The first round PCR amplification was performed by using the univer-
sal fungal primers ITS1 (5" - TCCGTAGGTGAACCTGCGG-3") and ITS4 (5’ - TCCTCCGCTTATT-
GATATGC-3") with the similar PCR reaction mixture. PCR was performed using the following parame-
ters: one cycle at 94 “C for 3 min, 30 cycles at 94 C for45 s, 56 C for 45 s, and 72 C for 1 min, followed
by one cycle at 72 C for 10 min. Then, 1 uL. PCR product was used as templates for the second round of
PCR amplification with the primers ML-SF9/ML-SRS5 and ML-SF10/ML-SR10 using the same condi-
tions previously screened. To determine the sensitivity of the PCR and nested-PCR protocols, the genomic
DNA of CI. cladosporioides was diluted from 0 to 10" with ddH,O by preparing 10-fold serial dilutions,
respectively. To test the feasibility of early detection from the CI. cladosporioides, the mango peel after
8 d inoculation with CI. cladosporioides and six young mango fruits showing the typical, atypical and no
visible disease symptoms of sooty blotch disease from Tainong and Jidan mangoes were collected from
the field, and total DNA samples were extracted for PCR and nested-PCR amplifications. The amplified
PCR products were separated on 1.5% agarose containing goldview, visualized and documented in a Bio-
rad UV Trans illuminator. [Results]A total of 21 fungal and one bacterial DNA samples were subjected to
PCR amplification with 8 pairs of primers. The results showed that only two pairs of primers ML-SF9/
ML-SR5 and ML-SF10/ ML-SR10( ML-SF9: 5" - TAGCCTCCCGAGCACCCTT-3"/ ML-SR5: 5’ -
GTTCATAACCCTTTGTTGTCC-3" and ML-SF10: 5° -TAGCCTCCCGAGCACCCTT-3" /ML-SR10:
5’-GTTTACCACCGGGATGTTCATAAC-3") were highly specific for CI. cladosporioides when the an-
nealing temperature was 65 C. A 408 bp and 424 bp unique bands were respectively obtained from each
of the 11 CI cladosporioides strains collected from leaf, branch and fruit samples in various areas in Chi-
na, but not from other fungal and bacterial species. The results showed that the minimum amount of the
fungal DNA could be detected by the PCR using the primer combination ML-SF9/ ML-SRS5 and ML-
SF10/ML-SR10 of about 3.55x10* ng- uL" and 3.55x10° ng- uL", respectively, while nested-PCR could
detect as low as 3.55x10” ng- uL" of the fungal genomic DNA, which indicated at least 10 000-fold higher
sensitivity than the conventional PCR method. Using PCR, the fungal DNA molecules were not detected
from the mango peel after 8d inoculation with C/. cladosporioides, while nested-PCR could amplify target
band, which indicated nested-PCR could sensitively detect target pathogen. The nested-PCR could ampli-
fy the PCR band from six young mango fruits showing the typical, atypical disease symptoms of sooty
blotch disease from Tainong and Jidan mangoes, but could not amplify the band from no visible disease
symptoms of fruits, which did not appeared symptoms of sooty blotch disease all the time.[Conclusion]
This study has developed two conventional PCR methods and two nested-PCR method for the detection

of CI. cladosporioides with higher sensitivity and specificity. The findings would be a good tool for vari-
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ous applications, such as mango quarantine, early diagnostic applications and surveillance of mango

sooty blotch disease, which would be useful for timely preventing this disease.

Key words: Mango; Cladosporium cladosporioides; Conventional PCR; Nested-PCR; Moleculardetection
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Table 1 Strains used for specific detection of primers

Jii T AR 93 5 B paa=t: A KA
Disease name Pathogen Separated organs Collecting location
AR 52 K B CL cladosporioides I Leaf WA =T 54
Mango sooty blotch disease 2% Stem Qianjia town, Sanya, Hainan

" Leaf b | A

Z£ Stem Tengqiao town, Sanya, Hainan

5 Weed WA =T R I

I Leaf Yacheng town, Sanya, Hainan

7% Branch #F§44 =107 Sanya, Hainan

1t Flower

" Leaf

. Fruit U 1144 #4548 T Panzhihua, Sichuan
A3 JB3 9% Mango stem end rot Botryodiplodia theobromae R Fruit W48 = P15 Sanya, Hainan
F S % JH % Mango anthracnose Colletotrichum cutatum R Fruit R4 1 )M TI7 Danzhou, Hainan
F 9L %I Mango anthracnose C. gloeoporioides - Leaf R4 =T Sanya, Hainan
A HAB AL 99 Mango branch wilt B. theobromae I Leaf W4 =17 Sanya, Hainan
FU R4 B 1 A BEJR Mango bacterial black spot  Xanthomonas campestris pv. mangiferae  J* Fruit ] VG H 717 Baise, Guangxi
FSIE SN Mango scab Sphaceloma mangiferae M Leaf ##FE B YL E Changjiang, Hainan
AU 41 56 iy £ - BE 97 Trichothecium roseum I Leaf 1RG4 12 )1 117 Danzhou, Hainan
Mango Trichothecium roseum leaf spot
F R 2 B BER Pestalotiopsis mangiferae " Leaf K F5 44 477 1 Dongfang, Hainan
Mango Pestalotiopsis grey leaf spot
FU LI 9% Mango malformation disease Fusarium mangiferae - Leaf VU )II44 ZE4 1€ T Panzhihua, Sichuan
AU LI 9% Mango malformation disease F. proliferatum I Leaf U )11 45 #4654 117 Panzhihua, Sichuan
4 ) B TG % Mango Fusarium dieback — F. decemcellulare 2% Stem VO )11 25 545 4E 117 Panzhihua, Sichuan
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Table 2 Information of primers
ElEZE FFA1 TR EIEZEX: Fr 3 TR
Primer name Sequence (5" -37) Length/bp Primer name Sequence (57 - 37) Length/bp
ML-SF1 ccgagcaccctttagecgaata 316 ML-SF7 geetccegagceaccecttta 406
ML-SR1 ttgegtaactttgcagtctgagta ML-SR5 gttcataaccctttgttgtce
ML-SF2 tagectccegageacccttta 400 ML-SF8 gacagaagacccageeggt 290
ML-SR2 cectttgttgtcegactetgtt ML-SF5 gacacttcaaactcttgcgtaactt
ML-SF3 gtgaaatgacgctcgaacagg 223 ML-SF9 tagcctecegageaccctt 408
ML-SR3 cgggtggacacttcaaactctt ML-SR5 gttcataaccctttgttgtce
ML-SF4 caacgcttaggggacagaaga 287 ML-SF10 tagcctccegagceacccttt 424
ML-SR4 tgegtaactttgecagtetgagta ML-SR10 gtttaccaccgggatgttcataac

(25 pL) :2x Tag PCR Master Mix 12.5 pL, | Fif 5]
¥ (10 nmol - uL™') £ 1.0 uL, gDNA 1.0 uL, K B
ddH,0 9.5 L.
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A. 54 ML-SF9/ML-SR5 #:l; B. 514 ML-SF10/ML-SR10 #:Jll. M. DL2000 Marker; 1. BHYEXT s 2~11. 7S [ R AL A [6 #6653 25 (0 4L

REE KB T 5 12, AL SR R 5 13 MO RR BN 1 s 14, K SRR BRI 18 5 15, AT SRR 1 s 16. RSN TR Pk SR RO 1T 5 17. AT S i
TRl 5 18 T RO 21 5 o A I B 17 5 19, A0 SR AUL A8 22 B A0 DR 1 5 20, AT SIS0 1 5 21 AT SRLIRE TS5 11 5 22, AT LR U0 1 TOURG 99 14 5 23. ddHLO ]
PEXT IR

A. Detection of ML-SF9/ML-SRS; B. Detection of ML-SF10/ML-SR10. M. DL 2000 Marker; 1. Positive control; 2-11. CI. cladosporioides from
different places and organs of mango; 12. B. theobromae; 13. C. acutatum; 14. C. gloeoporioides; 15. B. theobromae; 16. Xanthomonas campestris
pv. mangiferae; 17. Sphaceloma mangiferae; 18. Trichothecium roseum; 19. Pestalotiopsis mangiferae; 20. F. mangiferae; 21. F. proliferatum; 22. F.

decemcellu lare; 23. Negative control ddH-O.

1 5|%) ML-SF9/ML-SRS #1 ML-SF10/ML-SR10 £ &4 #7
Fig. 1 The specificity analysis of primers ML-SF9/SRS and ML-SF10/SR10
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A. 51%) ML-SF9/ML-SR5;B. 5% ML-MF10/ML-SR10. M. DL 2000 Marker; I~11. DNA Jfis ik M 35.5 ng- uL' & 3.55x10° ng- uL".
A.Primers ML-SF9/ML-SRS5; B. Primers ML-MF10/ML-SR10. M. DL 2000 Marker; 1-11. DNA concentration from 35.5ng- puL" t0 3.55x 10" ng-pL".

El2 E#H PCRUZMER PCRIA MR HE LR
Fig. 2 The sensitivity of conventional PCR (left) and nested-PCR (right)

S AT ASEW F B fIK DNA i &R FE 24 3.55%10 ng- pL 1519 ML-SF10/SR10 [ R U 5 = . WP 77 14
F13.55%10° ng: pL™, J5—%F 51 911 R GE LT — X & EE, 8120 PCR ) Aan il R B b B 1K) PCR 22 /b th
10155 KA HUPCR I, 24 gDNA #i#i B 25 3.55%x10° 1 Jifi%.

ng- pL'BF, A B 2% 5103 T 0 E AR A 2.3 FLSRAEmAIED

{HH 519 ML-SF10/SR10 ¥ 34 (1) 27 S 52, FIAE UL 2.3.1 A &bn K 3R, HH M PCR &
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75, # PCR. M. DL 2000 Marker; 1. 5|4 ML-SF10/ML-SR10;
2. 514 ML-SF9/ML-SR5; 3. ddH.O ¥ % I . 4. X PCR.
1. 55 —% ITSIATSA § 3 2~4. 5 80473, Hh 2. 514 ML-
SF10/ ML-SR10; 3. 5[4 ML-SF9/ ML-SRS; 4. B4 #f ddH.O.

Left. Conventional PCR. M. DL 2000 Marker; 1. Primers ML-SF10/
ML-SR10; 2. Primer ML-SF9/ML- SRS; 3. Negative control ddH,O.
Right. Nested-PCR. 1. First amplification of primers ITS1/ITS4; 2-4.
Second amplification, 2. Primers ML-SF10/SR10; 3. Primers ML-SF9/
ML-SR5;4. Negative control ddH,O.

B3 #HMITRAIEM PCR &R PCR &
Fig. 3 The detection results of conventional PCR and
nested- PCR in inoculated mango

1 B0 TE M H bR 2k s R X PCRY S RB I H
s 4 75 55 P R, T DAAR R RO AS DU 21 H A7 95 R B o
X ] g H 2 23 b JE B D AR R R R 2R
VIR %, SEITHREL gDNA ¥R AR 512

232 wWEHFBEN WE4FTR, BT #EAPCR
(B — 504 AT, o3k BH P X PR 2% o7 B 7 6 T
B H R B AL, A AT SRR 5 303 15 T
FH 0, (HAE 88 4y 18, R N R
CRGEE T PR A SR AT SR SRR R | 3 i B
PRAE S 4 21 B bR 267, W TCIE R AR i (IR 22 R
S ) AN BRI M6 R R R 48 B 4%, 514 ML-SF10/
ML-SR10 Et ML-SF9/ML-SRS5 ™ 1 (] 4% 7 5 2%, Fi
VCAE W ML-SF10/ ML-SR10 3 R . ] W, P £
30 PCR & 9 44 2 ¥4 77 FH 112 W7 1 (8] K 2R 8% /K B

A BRTLBGET, £ B4 ITSI/ITS 4 §738 ;f 55 #2514 ML-SF9/ ML-SR5 ## ; 41 . % 42 514 ML-SF10/ML-SR10 33
M. DL2000 Marker; 1. BHAEXT A 2. SWASREPRAE i 5 3. AR SLRIAELRFE 54, R EAERE 5 5. PIPEXS HE ddHLO -
A. Tainong mango; B. Jidan mango. Left. First amplification of primer ITS1/4; Mid. Second amplification of primer ML-SF9/ML-SRS; Right.

Second amplification of primer ML-SF10/ML-SR10. M. DL 2000 Marker; 1. Postive control (CL cladosporioides); 2. Sample with typical symp-

toms; 3. Sample without typical symptoms; 4. Sample of no symptoms; 5. Negative control ddH,O.

4 FLRM

X PCR #&

Fig. 4 The nested PCR detection of mango samples

30w

SR rDNA £ 5 Ji B 1 8 DR AH B e IR s, 3
TEAS A A W) 1A) A SR A7 AE 22 0 H o i 8 DU AL (R
B IR AR i ST AT O T2 ) Ik
PR, Je 5B BT TE# S5 16S tDNA JER L AZ B 4
& F % B rpll/rplL % 5% P 6] B X (internal tran-

scribed spacer, ITS) + 2 [A A [B] [ [X (intergenic spac-
er, IGS) = [K] &b & % 5% 5] B [X (external transcribed
spacer, ETS) & Uittt 17— RV L5 H T4
WA R . teAh, B3P 51 1B A g b X A7 AE
JF 5] 22 7 1 B0 A3 R ZE X T 41 < B-operon « B-fill B 2R
1 e AT 0 U A 1 R A5 T DA SR s T R S 1 5
Yo Hrr ITS e 414 58 % a4t B 3 AEL 40005 iR L T
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