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AW T R s RE L1555 KRR » 8888 E S Botryosphaeria dothidea, B. ribis,
Pestalotiopsis sp., Phomopsis sp., Colletotrichum acutatum, C. gloeosporioides > H.rf1 6 MRLIFZREEL
KA P985 7 5 LS5 I I Lasiodiplodia theobromae Griffon & Maubl. » {1 L. theobromae ¥4fif#
2 DNA | ITS Wit — k5| Lthl » BEEIES| 1 ITS4 BCHf » DUSCEBR SR 58°C
WM ASE—HT 420 bp HYEY) » bFoaft AR N &AL EY) o BT HE SR - 2NTPE X
PCR : Z—ERLAITSS/ITS4 JERUMES | 5IHG0E » 55— A LA Lth1/ITS4 K3 » AT {5 {88 R
125 fg L. theobromae 4=t DNA ° 2004 Z 2005 4[4 » 154R 8 PCR S 1 & FH f2 FH S &
PRI BT G 2 B PEER SR E Al o AR - —HEAH » WRIREHER R B TR -
AR > BRI R B A R E R ISR RN G o B BTSRRI (e AR
T3 45.5% » FTERACHRR (63.3%) H1ERTEH (72.7%) WHENIZR S » #8155 253 BaATHENH]
1R o R ~ BRI KRR ZERCIERE - B ERICAT 1-1.5 {EH U SETERR
& VO b R B R B RHAS DNA - B THER R E R A KR @Y (ethylene) DUfEZN » G#
FERRAR © 2004 4F » IR AVERE IR HERZARTE 0%~82% » A28z PCR {EHIZRHITE 6.3%~76% 2
fi] 5 2005 4 HE HERZSRI RS 20%~92.9% » P E X PCR {HHIZSAIK) 29.2%~81% - &fES8 25 R4
H30 PCR (HHIZR BEA FEER SR B WA 2R ANFRAETT - (EHERZSHEE 10% HIREA » 2530 PCR {HHIZ=
A 10% o ARIBBURT T RTEGUIRE R S FEI 75D > 318 MURS THIILZ SREE - 75 R e SR &
BAE 10% LIT » (5Z B EHAISERE o 43 20 PCR {EHI DI 88 B s 8, » 6 R
B B (e Y 2 9l
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il SR SEIRE 1) > A SR R YL IR > W s R R
FIIRIR H 6l & Lasiodiplodia theobromae Griffon &
Maubl. * Botryosphaeria spp.® Dothioella dominicana Fl]
Phomopsis mangifera % o fLA% > JRA] FERCE 53 A 6
TH 2GR RTE - F R BT ERAY HR AL AHAR 1= AT /%
YeOb9 o R EE B AL ZER (die back) ~ BIRHEE (twig
blight) ~ % H K {L#s i ZE(leaf and blossom blight) 52 /&
(fruit rot) @ % o

G 6 oA IR I A R EL St B 72 5% - 5 IR IR
IR BRI E Lasiodiplodia theobromae » JEINHI|
F % D. dominicana FR5|#E” o L. theobromae [&1Z 5y
ERA BB AR ZIRINIEL » B ERGZ Y LIRAAEY B E
P E o EAEGE Bkl ~ T B BRI o L
FAERC AT RS B N R 5 (B B PR RN R PR
HEFEHALHR® -

G G IER A E B AREZ — o WREUE
BRI > S5 IR I1 80 e o B gk - Al
RES {5 I Y L. theobromae HRBEZAGII{Z A "™
s BRI RS LR R ERIL AT AR T RE S B - RIRIZIE
I FE Bz - 3 AR et BEEG v 5E > fE AR R
REER S A AR T L o 1558 N #igds
HER AR AR FITER B0 (80 S B - SZ IR ey R AGR FILRAE
P& 2 AR A N DR > 1R AE SR FEE H B
Bk 21 GHRIREL  3-4 KEINE 7R {E g
0 Rk YLt HPS BEBR (0 B o R IS (A B
AERPFRE Y - T RE 2BUKEAR > R T B
HELIK -

BXER A3 s rh DU P AR e e A A B
A AR ANE 5 - WIHAR MAE KB Bt AN
AL > AR B IRk (0 o ATk (aerial
mycelium) #H% o THim BRSO #4701
(conidiomata) " » W& 43 4 114 (conidiophores)
(189-886 X154-704 m) » 2% 2Rk 734 £ F R A
(conidiogenous cells) » TH 4l KAk T2 A 43 4= fF
(conidia) » ] 2 EZHH YN A B (Bl (21-26 X 10-
12 pm) 5 pY ML FRtEth > RIMA MER > HhEE R
B (22-29 X 12-14 pm) ™™ » FREEEAIHKE -

TR S A SRR 1 > A e ) s T B 2 e T Y1 40
S PR FHPE DR B o0 e B RO A Bk .
PRIE R B 35 G R R B e B B SR BRI & AR 2R
B AAAT o W AR IR AR R E R AR R R I ARRE - S
HIBIRHTE » SRR A% » U7 BRtA 380 - W & ER e
B AHE SR F - Jitarreerat 5 A FR{ERHIR AR
FRCAAAGAR ER RR D S IR > T IRIE R — MR S
WS S (el U7 » T S AR 1 R TEL B {8

TR AR > BICAVEIRA JRRRIRZHER -
AKIFFEENAF R IRIE L. theobromae H X PCR
T 53 B IR B o 7 o AR A R AR R
W YA B SS R S IGRAYRE R - T R AR AR |
WIAERE » [RIRE > 30 AL hE ARG SE IO 78K 251% - 7
JE AR R RIEIETE T2 o ARIBBUN TR EH
FTHMTTE D 5T JUASTHMNZ SRER - 35 I foa i g 2R
HAAE 10% LU - 1525 HASSE R » [kt » &
gLl B30 PCR A MIE A R G PSER B PHER IR
ERRAIEIIAS » B (R R N 2R L o

PHRHEL G ik
Wk ~ W B iR 17

RAVIRERRAR A LL 1.05% RN THIN A 30 £
TELR] KURVE 1 B IRIREZ Ky » BN B E A L
Be /7 R USHN 40 pg/ml streptomycine sulphate
(Sigma > USA) Wy F5$n 2 %) g B G H5 & 5 (Potato
Dextrose Agar » PDA » Difco » USA) » 12 /NEFREYE »
28°C B3 7 K- 7R AR R - VA MR ImAtA L
FEAENS PDA »28°C FEGE 7T K™ o WIS Rk 5 AES
i UGS LR IHEe 2 PDA ™ > MHERRE T
B5EE 7-10 RIBLUREMERENSS - RIFHR - BLEAEL
AR PDA /N > B AMEGR K » SR RIIRE™ >
BESEAE PDA RHA F > =i MEHIERF o

ZEINDNA

&k Doyle and Doyle #7715 HHELE HhEAEY)FH
fskH) DNA o HUffiEe > PDAZPHs 5 ELL 25°C B
F5#E 7-10 K > HGEELR VS > LA 500 «1 CTAB #RFEK
(100 ml 10% cetyl trimethylammonium bromide, 140 ml 5
M NaCl, 20 ml 0.5 M EDTA, 10 g PVP-40, 50 ml 1 M
Tris-HCI (pH8.0)) » JIA Zft+ /K500 ml) » Zokin
#495°C ~ 305784 » 65°C ~ 10778 LAFTRIGHENG BELR - I
A500 ul .2 dichloromethane/isoamyl alcohol (24:1) &
& HEEE VLl 0 14,000 xg B0 2 778 - EISWRN
A 300 x1isopropanol » VL& DNA - 8.0 2 75tk bR
EVEW - BIIA 500 k] whEEARETHR (380 ml 76%
ethanol, 5 ml 1 M ammonium acetate * JIA BT /KE
500 ml) - iFHE 2 7R o BEO 2 o > BB BV RO
JEZ » DIAGE SR HEE K > LL 37°C sk 30 573 i
DNA 1% » DIRZIEE T B3 & (GeneQuant II, Phamacia
Biotech, UK) ifi #4852 5 ng/ 11 » £4F/2-20° C o



AW U E (polymerase chain reaction,
PCR)

SEFHEES | %1 1TSS (5'-GGA AGT AAA AGT
CGT AAC AAG G-3") Ei ITS4 (5'-TCC TCC GCT TCA
TTG ATA TGC-3") 517 PCR - 31§ rDNA ITS (Internal
transcribed spacer) I B o 5 25 p] [FEF > &
H 2.5 1l 10 XPCR buffer ~ 1.5 mM MgCl, 1.5 u1 ~
50 #M dNTPs 0.25 w1 ~ 5| ITS5 2 ITS4 5 0.1 «M
0.25 w1 » Taq polymerase 1 U 0.2 1 (MBI Fermentas,
Lithuania) % 12.5 ng 15z DNA » DL NG ERTEH] 23
(OmniGene, Hybaid) 31T PCR » S{EEAIT :94°C
EMH 2 47 8#(# DNA #8104 > 5] F & &ME 58°C » 20
o BEEIREL 72°C 20 ¥ 0 AT 1 {EEER 1 94°C ~ 1
438 > 58°C ~20 B » 72°C ~ 3 # > 40 {EfEER : 94°C ~ 1
434 0 58°C ~20 #6 > 72°C ~5Fb o 1 {EIHER o

P H PCR W — RHG0E S FE - (ER 5] 7%
ITS5/ITS4 » [ FEY)HIRHREL B2 b3kt PCR #HIE] B FE
fF :94°C {EH 2 788 DNA 814 5] 7R &S
58°C » 20 ¥ » AR 72°C > 20 B > #EAT 1 {EPEER
94°C ~1 43$# > 58°C ~20 # »72°C ~3 0 > 20 {HIE
Bt 0 94°C ~ 1 43d » 58°C ~20 F6 0 72°C ~ S B s
1 {Efi5ER o 55 — X PCR [ JEHY 2.5 11 55—2K PCR &Y
YE SRR » 10 XPCR buffer 2.5 1«1 ~ 1.5 mM MgCl,
1.5 %1 ~50 «M dNTP 0.25 1 ~ W3] F Lthl » ITS4
#0.1 mM 0.25 1 ~Taq DNA polymerase 1 U 0.2 xl »
TERERE2S w1 o B8 RPCRIFEME {F5 « 3R 94 °C
BRI 2 478 s BREIRSE 58°C » 20 B s &L 72°C »
30 1T 1 {EEER  94°C ~ 1 o388 > 58°C ~20 B »
72°C ~3 B0 20 {EIEER > FE—{EIG 3R 94°C ~ 1 Sydi »
58°C ~20 Fb » 72°C ~5 F 5 FiB#R ILIRAE 4°C -

05 11 PCR EYILL 1.2% B#8 (Agarose ITM,
Amresco) ER/KFNEKIE (Mupid, Advance) * JIA
0.5 % TBE #&{&1# (5 X TBE 500 ml : Tris base 27 g *
boric acid 13.5 g » 10 ml 0.5 M EDTA » pH 8.0) » LL
100 V &k > EPILL 100 bp 43 FECHE (MBI Fermentas,
Lithuania) #8775k /)N » FEPKIEEE Fi DNA Ll ethidium
bromide (Sigma, USA) #:fi1{%#i%2 » [l UVP ImageStore
7500 (UVP, California) H&EFH

fFpBlakat L. theobromae 3—PE5]+

LIB|F#1 ITS5 FI1ITS4” 3fT PCR M@ {HAAE Pk
ITS @ikt - MEVIT (IREVIREERAF - &
Aty o A5 eyl B 2R SR AP RHL B AL (National
Center for Biotechnology Information, NCBI) f
GenBank R} EELES (blast) » 32 15591 FHITHI R FREL
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g > LUFP Y[R 7252 » S HL L. theobromae FFIAH) DNA
FrEREET 1517 » 31T PCR RfEILMIGK o ok AR
FEMIER ¢ EHF 7% Lth1/ITS4 LIFTHAT PCR 55t
170 - JIEK 60°C ~58°C ~56°C ~54°C ~ 52°C l150°C
SRR G Y S EY) B o MRS SR e O B T
—PEHIEA - PCR 81— PEHIEA - (/5] 7¥] Lth1/1TS4 i
1T PCR X JE - Malg§ L. theobromae ~ B. ribis ~
Colletotrichum acutatum ~ C. gloeosporioides ~
Pestalotiopsis sp. 1 Phomopsis sp. #J DNA » {517
et AEAIFE T EEY)

PHEAPCREFLMEA MG HAPCREHY -
LU12.5 ng#®12.5 fgHIL. theobromae DNA 5ty » #8265
—ERITSS/ITS4 B IR |+ R - 25 ERBE A1+
$ILth1/ITS4 ¥ » PCRAG(F AR -

FH Rl A el

FlgERE A - B R E AR R AT £
Ft » BZ R TP AIE ST S 2003 SRR EE S8 AT I -
2004 I BRIRE o) 5 DI AN SE R 5 i 1 B R FH 2
WIEHIEAE - 5315 2004 2Ry 3 Hrbve) (BAAEED) ~4 H
A (SR ~5 A EA CREERHD) Kk 2005 4 1
H~3 H~5 H > et B EpE s St » 57 BusR
REPR SRR A » B (R AN ELHE AL ~ BT R~ fEFPE/
oo eAh 0 2005 5 H 0 G FEE EERER £t
FAGERRA -

T R Y 75 1 LA 88 K52 S B » 1) | ~ )
T 1 AUV #EE— PR ER SRR Y
12 /NRFIEDE - 28°C 1588 7 K > MR AL - LU
T RE R 88 8 R B o &Rl SR TR 1O TR R 26 1=
PRI B ™Y > R > FBIHAEEAR AW 55— P R
F R > 20 B 7% 0 ZKH DNA > PP HE
PCR ikl o o RERA « PR EHRIGT 1-1.5
@A TRER RE - AR YIE ~ B8 £H ~ Gt -
s FE R EEAHEARE - & REREEER R 25-50
{lE > 2004 FEILFIHES 214 {1 - 2005 F4E o1 {EBR »
FrE BRAS LR B PCR > 46 175 6 B ER 4R > [RIIRE 1
o FAEFIGIRFIAE o

Rl 35 J8 B B 2R > LA I H SR B S A ] [
#) 0.8 mm’ S EZARAR ™ > KA TIEZLHL DNA Bi4p
H5X PCR -

L PCR % » LL70% WSS R TIAE -
FHERE @A R 37 (ethylene) 3,000 {EHifE LT »
JR\iZ 24 /IR 5 9-12 KRB FRIE T 0 - 31 BN
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TS

SISO L ~ I o3 B ELIR RE B 5%

S B PN T S T - g A O
A I AHR AR W (0 NIERG » SRR S R B
FRAEOIREE >3-4 KRANEERAERE - &l R @M -
R LI REE R - BEAERIGR AR » F B A
Pt o MR A T SRR > BRI IRk IR K B R A
RPAREZXRM (E—A) -

FH S RHASBREN S ShiefE S PDA | > /i3 28°C 1%
BERPIROCESE > FFEEL. theobromae (185 Z 42 KIRF
HRAFE M (aerial mycelium) » 5@ EF YIRS T
LRBEHIK IR B S TR > BF AR Im 2R
SR K4 BHIR  RMEBEREREOHTR

(conidiomata) ([&E—B) * 158 FSREER LOCE2 AT S5
% [ LUE FIYN B [ 73 4248+ (conidia) » ¥ 8
B - K/ 2226 X10-15 pm s BEE AR
R - R B AA B B A s kAR B S R4S
o R R R R A MR 0 K/ 24-30 X11-
14 pm WY A FEF ([&—C) ©

FIrE Al ~ FE ~ A0 W15 sl A5 JER i B
F SR B R I S E S 2] 53 RER - 82
FE ¥ E 8 ¥5 B. dothidea, B. ribis, L. theobroma,
Pestalotiopsis sp., Phomopsis sp., C. acutatum &l C.
gloeosporioides ° L. theobroma FIRHHY 6 #EE rDNA
ITS P3| ELEtEER s FIRKR JHERE C. acutatum Ei C.
gloeosporioides [H3EFZEE R—REIR F RS » IR1F
2 2 A B FE 2R 0 P AR 58 % - S HL Y B S 21 2

& — ~ Lasiodiplodia theobromae J&3#e Z 5 IRIRIHEL (A) » REALHIER MRkt ERIETERE B) » B
U = {ERAFEERAITERE (C) -
Fig. 1. Symptoms of mango stem end rot (A) caused by Lasiodiplodia theobromae, its colony morphology (the black arrow
is conidiomata) on potato dextrose agar (B), and conidial morphology (C).
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Table 1. Isolates of mango stem end rot pathogens used in this study

Isolates Taxon Host Origin
T1-17B Lasiodiplodia theobromae Irwin mango Chiayi
E1-20B L. theobromae Irwin mango Chiayi
S2-2B L. theobromae Irwin mango Chiayi
S2-12B L. theobromae Irwin mango Chiayi
E3-18B L. theobromae Irwin mango Chiayi
P4-B L. theobromae Kyoho grapevines Xihu, Changhua
S4-25B Botryosphaeria dothidea Irwin mango Chiayi
S3-19B B. ribis Irwin mango Chiayi
NHS&-B B. ribis Irwin mango Nanhua, Tainan
NH-7P Pestalotiopsis sp. Irwin mango Nanhua, Tainan
E2-9X Phomopsis sp. Irwin mango Chiayi
E1-14X Phomopsis sp. Irwin mango Chiayi
WAC-003 Colletotrichum acutatum Wax apple CAES'
MAC-003 C. gloeosporioides Mango (Tainung no.1) CAES'

' Chiayi Agricultural Experiment Station (CAES), Taiwan Agricultural Research Institute.



14 PRIEE () HRLEET 51| LEA 34 SPCR 81— 1%
HIEA

L S B B it e

LIG| 41 ITS5 FI1 ITS4 {7 PCR » M@ {HER Ik
() 10ERE DNA YITS [EIki% - ISEYfER - 2o
L. theobromae T1-17B 4% %> GenBank » ZEt5R 5
GU059257 -

91 GenBank & Kl L ¥ (blast) » 2 H 81 L.
theobromae T1-17B FEHIlE HYGEIRFH » G045 & R
AR (L. theobromae: AY 160201 Eil AF027760) »
W 6w A v R AL (B, rhodina: AY236952 Eid
AF243400) » Leaf litter ascomycete strain (AF502851) F[I
Fungal endophyte (AF413049 Eil AF413047) » Bl HA{ther
R IRRA R P41 EEE RIEE (B. ribis:
AF243393 Bl AF243394) » 1B a7 J&H (B. dothidea:
AF464948 Hil AF464947) P9I ERZ2% o fRIRLL EFP
YIFEIRY 2= 52 > 3R L. theobromae Fi54AHT DNA FrERE%
FHfH B — 5| FLthl : 5'-CTC CAG TCA GTA AAC
GCA GAC-3' » f5BCERMES [ 1TS4 31T PCR {4 %
EALHE -

1F 60°C ~58°C ~56°C ~54°C ~52°C W& ET »
LIS} Lth1/ITS4 H30§ L. theobromae W% &A% -
AJHAME ] 420 bp 1Y DNA FEY) o LL52°C MREREE R
i 5 60°C BRETRALIR » AP REE ) ([ ) -

PCR H—1EMIE » B/ LAER PR | 141 ITSS/1TS4
VERSH |31 Lth1/1TS4 HIEE > M ploAs T Y
JRIRE > B4 - FEE L. theobromae ~ B. ribis » 1551
RIEE C. acutatum ~ C. gloeosporioides > HJ& HE

M  60°C 58°C

56°C
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Pestalotiopsis sp. &G Phomopsis sp. 1 DNA »
RS ITS FrERAIEY) » 1€ DNA BRARRIRER: »
Kl L. theobromae B—VES] F#1 Lth1/1TS4 HIHE —
P o FERFEH 56°C LUNRYIRE IR B —PEE » C.
acutatum ~ B. ribis 81 Phomopsis sp.DNA 5 ZA<HEE H
4 500 bp-600 bp 2/ I\ig PCR 74 : 4% PCR Jif
GifERE % 58°C o {# L. theobromae nJ¥E{SFEY) » H
— M (8 =) » KIERE 58°C 1E e — =l ry
PCR RS -

3| F Lth1/ITS4 ¥ L. theobromaeDNA &3]
€ o LIEYFaRER) L. theobromae 1fx DNA 51T PCR
Hg  JE1S DNA FEVINY RARIRE £ 1.25 pg s BiEm
FH RSk A R & 5 » LR 3 30 PCR AT IS K
DNA [R5 125 fg ([# ) -

P IS AR A Baeitll

HHMER SRR ke A L. theobromae 5y#fEZ5 -

FH DL 80, 3K SN S 5 3 B SN B P S AS
SLAERK - 3 2004 G5 3 Hepa) (BETERD ~ 4 H BA)
D) ~5 A B CREANAI) K& 2005 45 1 HBHAE
gD ~3 H ~5 H > FERsTHURZEABSFT mE80 2R
RGERA > 5 AR A LS A ~ #rk ~ TEFR A/ B0
B DEEE AR L. theobromae THEZR » §5 Fank — -
#7 5 2004 Jz 2005 4 oy 5% SO SRR TR GRS A5
R RIEZEREMR (K) —H BI=H 23 85 7 B
30%~35% > P4 ~ T 957 A5 100% < s fiti P EEE
PRI G YK SR URERR (F) » = H R BG5S oy B AR 15
30% ~ VU HE 50% » & 1 H BE & S 5 5 ik 28 52
70% ~100% > RE it FH SER n] 28 i S o

54°C 52°C N

[& — ~ LILth1/ITS4 5| F¥1EME Lasiodiplodia theobromae DNA 2 i/ & 1R FEEHIE o
Fig. 2. Analysis of the optimized annealing temperatures of PCR for Lasiodiplodia theobromae total DNA with primer pair
Lth1/ITS4. M: 100 bp ladder maker; N: negative control (sterile water was used as the template).
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FR L H R SRR (F5) &PRE 7% » A Z5{%
3 > (BRI BEAS DR & 5 SRR b DASE HAh SR [
BRAS 5y BlEAS © P SECR GG B > TR ~ BT E R B2
Joi EAL BB R S TR A o i 2R 0 1 £ 0% ~ 18% B 27%
A FH SR G S RAGR - BTk ~ T B R AT R L L

AT HERS 2 - TRORIEFTFIRE R & (F2 ~ F3) (&
e

SR BTG GRS A]3E 45.5% - #T
ERUACHRE (63.3%) B RIHm (72.7%) HIH AR
0 ER1S ATERRENISFEIRE (R=) -

HOFE IR AR S 7 BIRS 11% ~ 35% Ei157% -
DA B PCR Bt ISR bk A
L. theobromae :

2004 HFH =F[HH > KHZESRE (K1 ~K2 B K3)
W KR - 35 R PhE AT AL © = F HRT— & AL
K 5 2357 BEilfS > DU H RELERy T A R 85 258
Tl nHIAS AR R 0 A H AR BT 5 A5y
Rk > B AT LR E APCRINTG W 2 TE S FE(ER /) BRAS
{EES R AE ) 5 LI B PCR ST & P #U R B R
R A (F1 ~ F2 ~ F3) JVERELIAS R(E =) » (B1EFFE]

FE PTG SR SR B bR A s 23 i bt
18 SR L R IS THER R R A > HrE )
b FE ~ B~ mEMIEEA > 2302 2004 £
H o~ NH B ARG o BRAKCERER UL » DI 3
. PCR 7 flirds AR AR A b 2865 A 7 I8 L.
theobromae > HUEET: » 155 SREERAN RN - ISR I e
Rt e R B R B AR R E % 22 ~ 32 i » 4t
54 {[f » FEHERZ RIS 13.6% 1 0% » L. theobromae

M 1 2 3 4 5 6 7 8 9 N

420 bp

&= ~ LA5|F Lth1/ITS4 » 7£58°C AL T » ¥ Lasiodiplodia theobromae B1HAMEER | 25k B HHETH
—PHIE o

Fig. 3. Analysis of the specificity of PCR for Lasiodiplodia theobromae total DNA with primer pair Lth1/ITS4 at 58°C
annealing temperature. M, 100 bp ladder maker; lanes 1 and 2, Lasiodiplodia theobromae; lanes 3 and 9, Botryosphaeria
ribis; lane 4, Pestalotiopsis sp.; lane 5, Colletotrichum gloeosporioides; lane 6, C. acutatum; lanes 7 and 8, Phomopsis sp.;
N: negative control (sterile water was used as the template).

125ng 1.25ng 125pg 125pg 1.25pg 125fg

12.5 f;

&Y ~ 4283 PCR |RUEHIER © Lasiodiplodia theobromae DNA 85y BIH1 12.5 ng % 125 fg ©

Fig. 4. Analysis of the sensitivity of the seminested PCR (20 cycles of the first PCR reaction and 35 cylces of the second
PCR reaction) for Lasiodiplodia theobromae detection. M, 100 bp DNA ladder; Lane 1, 12.5 ng; lane 2, 1.25 ng; lane 3,
125 pg; lane 4, 12.5 pg; lane 5, 1.25 pg; lane 6, 125 fg; lane 7, 12.5 fg; N: negative control (sterile water was used as the

template).



HIAEEZCPCR (HMIZR 7375 18.2% ¥ 6.3% 3 HEahlE
BRI E I 109 {1 - FE RN AR 33.3%~
82.1% > P PCR {EHIASKITE 23.1%~76% [ : 3E3%
Ml AsE R RS S1 {1 - R RN AR RS 39.2% » PCR
TEMIAS 15 15.7% (FKPY) © f7EfGR > 2004 A% 8|
FEE SRR P SRR SR AR A R e 2R (0% » 33.3%)
BLEHIZS (6.3% » 26.6%) (K AR EREEA B HEHZR
(13.6% > 48.0%) BLEHIZE (18.2% » 76.0%) : FA{L EL
J B IR GRI) SR ERRAS AR (82.1%) B{EIZR (28.6%)
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4

QI v 18 R B4R R PR IR 25 (73.1%) B {H Y
(23.1%) 5 FEARREEHRZAE (39.2%) s AdHllzs (15.7%) &
{15 - RE7T fit FH 2 2 vk B2 SR ) v K IR B A2 L.
theobromae JEGHIHEAR < 2005 4 > K HFRER G
Rl ZEIRZR (70.8%) =M EHIZR (29.2%) » TELRE M
Z RS (20%) ARFMEHIZS (36%) 5 B FH ARG 2 f kAR
(92.9%) EL{EMIAS (81%) iiE o LA A5 SREES i iz
ER{RHASHE SR A —E - m] REJR AR AT 3w am s -

& F ~ HERUEER A LR B PCR #@Mll Lasiodiplodia theobromae 2 FEPK 3 AfTlE]

Fig. 5. The seminested PCR detection (ITS5/ITS4, Lth1/ITS4) of L. theobromae from branches DNA samples of Irwin
mango trees. ', a 500 bp band was amplified by primer pair ITS5/ITS4;? 420 bp bands were amplified by primer pair
Lth1/ITS4. M: 100 bp DNA ladder; P: positive control.
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Table 2. Isolation rate of Irwin mango stem end rot pathogen L. theobromae of different mango branches positions by
traditional tissue isolation

No. of positive/ sample size of different branch positions Isolation rate”

No. Year/month Old branch Junction’ New branch total (%)
K1 2004/03 1/3 1/3 0/3 1/3 33%
K2 2004/04 1/2 0/2 2/2 2/2 100%
K3 2004/05 3/3 2/3 2/3 3/3 100%
K4 2005/01 4/26 9/26 0/26 9/26 35%
K5 2005/03 1/3 1/3 0/3 1/3 33%
F1 2004/03 1/3 0/3 0/3 1/3 33%
F2 2004/04 1/2 1/2 0/2 172 50%
F3 2004/05 3/3 1/3 0/3 3/3 100%
F4 2005/03 1/3 0/3 0/3 1/3 33%
F5 2005/05 6/10 7/10 4/10 7/10 70%
Total 22/58 22/58 8/58 29/58 50%

' K, non-spraying; F, spraying (Cyprodinil + Fludioxonil); F5, Tainan Guantian orchard samples. The branches of Irwin mango
were collected from experimental orchards in CAES. Each branch of 1 cm in length was longitudinally cut into two sections, one
for tissue isolation test with isolated medium (PDA with 40 « g/ml streptomycine sulphate), and the other for semi-nested PCR
test with the primer pairs of ITS5/ITS4 and Lth1/ITS4 in Table 3.

* Junction is the connection point between old branch and new branch.

* Isolation rate = (L. theobromae isolated from branch samples/total branch smples) X100%
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Table 3. Detection of Irwin mango stem end rot pathogen Lasiodiplodia theobromae from different positions of mango

branches by seminested PCR

, Old branches (cm)* Junction New branches (cm)*
No. Year/month G 10 5 0 5 10 G
K1-1 2004/03 /* - + - - - /
K2-1 2004/04 /* + + + - - /*
K3-1 2004/05 + + + + + - /*
K4-1 2005/01 - - - - - - /*
K4-2 2005/01 - - + + - - -
K5-1 2005/03 + + - + - - -
F1-1 2004/03 / - + + + - -
F2-1 2004/04 /* + + + + + -
F3-1 2004/05 /* + + + + + /*
F4-1 2005/03 /* + - - - /* /*
F5-1 2005/05 / + + - + - /*
Total (%)’ 50% 63.6% 72.7% 63.6% 45.5% 20% 0%

' K, non-spraying, presented no drug treatment in the mango fields. F, spraying drugs (Cyprodinil + Fludioxonil).
* Old branches were collected away from junction 5, 10, and 15 cm toward the stem, respectively.
* Total (%) = (L. theobromae detected from the position of branch samples/the position of tested branch samples) X100%

* non-collected.
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Table 4. Lasiodiplodia theobromae detection rate of pre-plucked mango samples collected from different orchards by
seminested PCR and their disease rate. Pre-plucked mango samples were collected from 7 orchards in Pingtung, Tainan,
and Chiayi. The pathogen in fruit stalk and the skin near stalk was detected by seminested PCR. The pre-plucked samples
were treated with ethylene and stem end rot symptoms appeared in 9-12 days, significantly after 12 days

Date Origin No Seminested PCR
Y/M/D ' detection rate* disease rate
2004/05/26 Fangliao Township, Pingdong County ' 22 18.2% 13.6%
Fangliao Township, Pingdong County’ 32 6.30% 0.0%
2004/06/08 Yujing Township, Tainan County ' 25 76.0% 48.0%
Yujing Township, Tainan County* 26 26.6% 33.3%
Nanhua Township, Tainan County ' 30 23.1% 73.1%
Nanhua Township, Tainan County2 28 28.6% 82.1%
2004/07/02 Chiayi County’ 51 15.7% 39.2%
2005/06/27 Yujing Township, Tainan County ' 24 29.2% 70.8%
Yujing Township, Tainan County’ 25 36.0% 20.0%
2005/06/29 Guantian Township, Tainan County 42 81.0% 92.9%

' non-bagged mango fruits.

* bagged mango fruits.

* Mango fruits were collected from the mango field with drugs treatment (cyprodinil + fludioxonil). 4 Cut 0.8 cm”® area of mango

peel around mango stem end
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ABSTRACT

Yu-Ju Lin', Yen-Ting Wang*, Hong-Ren Yang’, Pi-Han Wang “°. 2009. Detection of quiescent
infection of mango stem end rot pathogen Lasiodiplodia theobromae in shoot and pre-plucked mango
fruit by seminested PCR. Plant Pathol. Bull. 18: 225-235. (' Department of Microbiology, Soochow
University, Taipei, Taiwan; > Department of Medical Research and Education, Cheng Hsin General
Hospital, Taipei, Taiwan; * Department of Plant Protection, Chiayi Agricultural Station, TARI, Chiayi,
Taiwan; ‘ Department of Life Sciences, Tunghai University, Taichung, Taiwan; ’ Corresponding
author, E-mail: phwang@thu.edu.tw, FAX: +886-4-2359-0296)

A seminested PCR-based method was developed for specific detection of mango (Mangifera
indica L.) stem end rot pathogen Lasiodiplodia theobromae Griffon & Maubl. (=Botryodiplodia
theobromae Pat.) in plant tissues. A specific primer Lthl was designed from rDNA internal
transcribed spacers (ITS) region of L. theobromae. Under stringent PCR conditions, a 420-bp
amplicon formed from L. theobromae DNA but not from other stem end rot pathogens such as
Botryosphaeria dothidea, B. ribis, Pestalotiopsis sp., Phomopsis sp., Colletotrichum acutatum, and C.
gloeosporioides. Seminested PCR using primer pairs of ITS5/ ITS4 and Lth1/ITS4 was sensitive
enough to detect 125 fg of genomic DNA. The technique was used to detect L. theobromae and study
the colonization of the pathogen in shoots and pre-plucked fruits. The pathogen in asymptomatic old
branches was detected by seminested PCR. It survived endophytically. During March to May, it grew
into new branch and extended to inflorescence. The endophytic pathogen seems to be an important
inoculum source of the post-harvest disease. In infected orchards, the pathogen was detected in 45.5%
of the base of new shoots, in 63.2% tissues between new shoot and old branch, and in 72.7% old
branch top. Pre-plucked mango samples were collected from 7 orchards in Pingtung, Tainan, and
Chiayi. The pathogen in fruit stalk and the skin near stalk was detected by seminested PCR. The pre-
plucked samples were treated with ethylene and stem end rot symptoms appeared in 9-12 days,
significantly after 12 days. In 2004, 0%-82% fruit samples developed stem end rot and the detection
rate of L. theobromae was between 6.3%-76%. In 2005, the disease rate of the fruit was 20%-92.9%
and the detection rate was about 29.2%-81%. The detection rate of pre-plucked samples was not
always consistent with the disease rate. However, when the detection rates in these samples were
higher than 10% by seminested PCR, their disease rates were higher than 10%. Based on the
standards of mango export orchards, the mango stem end rot disease rates need to be lower than 10%.

The seminested PCR assay showed promise as a monitor tool for the mango stem end rot pathogen.

Key words: Stem end rot of mango, Lasiodiplodia theobromae, Semi-nested PCR, monitoring

technique
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