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HIBERRIEREA Gilbertella persicaria 2
A4 EE B TR IR 2 IRET

MRS REEE T TR R ETEY

HE
MREUE - REGD ~ 2550  TEAYE - T E - 2025 o ALEERURIENE Gilbertella persicaria
Z AR R 2 TRE - BIBRIENTIT 74(4):497-513 -
tH Gilbertella persicaria 5 |FEHIALHES RIGH & B B4 R RN EERE ~ — » AMHEERZ AW
PR BRI AR RO o H 2009-2024 4 » AIAZEARE 11 @R - 23 4188 » 3 90 R FHREEL 1 R T
5 SREBRLLEREAR » DS 212 £ G. persicaria » 4 EE B EACHCEL < AL 0 IR E TSI TR
HEEWNT - S90S 1 Bk G. persicaria > B RIERHCE > BR G. persicaria 1+ 2 E B FEA 2 K -
Rt G. persicaria N [F3y FACFEM 2 725 - D EEITIPREEE SRR K0 TR G REG 0 AT < &38R (1)
TORETTIH » 4LRESR 7y ieik fi 2EEE 1 BV E B S PR (type strain) 2.1-2.6 | & (2) R MHEETR -
EATHE SR HE R A RETE AT RE SRR B LS BB RIE PN FIRBUPRRBLRBE K/ NK G. persicaria 7 FK
JEARE o AL EC A RS 5 (3) A NiE$%[EIFE & (internal transcribed spacer; ITS) ~ actin fz 28S rDNA large
subunit %% 3 {[&§ DNA 7 EZHUF YA G R B oA 45 JREEUR » SLHESR Bk T B B — PRt - HBiiP
RE ~ R ME RO R AKE - ALRER Btk A BRI - (R miRiFatiat - BoBsmReE & 28-361C » &
AL ERRIE (relative humidity; RH) 25 80% BI_E » 16CLL T 40°C Bl_EHITR 859 - e FIRIIER ]
WIS IS G. persicaria » W GRERIIRRTION 25-32 CEREGHH DUBIZOR E B IHEID « &SRB HLIERI
Pl R SR BN s - BURaK B 2 T R A B SR B S B BRI R -

RASREER) ¢ fuMERE Y - SIECAL R RRGRG  RERE -

BE 2011) ; RERARE  REGRHENRE
HRBIRE Gibertella persicaria (E.D. Eddy) ¢§§Tﬁ;@ﬁ%j§ﬁiﬁﬁﬁf§7ﬁ)§ﬂk}?§ﬁ% , SIE
Hesselt & | #E 94T B SRR - F (27508 (Lin HIEREERZMERE - FERR > A RRER
et al. 2014) » WAEHEARE - 56 « BFEE - JE P AT R EA P IS BR BAT R ~ 2 RATIREUR
HA R S i S4B AIE2L (Taba  HURMW S TEBGRAVRE — B » QU e 1
et al. 2011; Guo et al. 2012; Carrillo-Fasio 4 1R ENBA%A 3 S AAOZRIEBRE > 2 d &
et al. 2022; Ruangwong et al. 2022; Vo et al. ~ "EIREZ G. persicaria fIEENEL 1 44
2024) - ALFEFIBIR 2 W B EEHEALFERE  (Lineral. 2014, 2020)
L8~ S REH > EREIEM (Taba ef al. PrREVALELRE RSN » JRIEHE G. persicaria
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SRRy R AR E - B8 2P e
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EZFEE S HE R - 01 - ERERESR
VKR ER R IR ] S E DT (Hesseltine 1960;
Ginting et al. 1996) ° 5 F 208k G. persicaria
ar £ Rk (Hesseltine 1960) » 1% 4835 i H R ]
ELEL ~ FEFHf - BEE (Mehrotra 1964a, 1964b;
Chen et al. 2024) ~ RJ\ (Cruz-Lachica et al.
2016; de Almeida Souza et al. 2024) ~Ei%&; (Zhang
et al. 2020) ~ 22 (Pinho et al. 2014) ~ i £
o~ PEEIE Mk K 5L (de Almeida Souza et
al. 2024) 55 > FEHEEZ @M - Hp > PR
HERFHEENET T > WEREBFTAINE
¥ (Benny 1991; Ginting et al. 1996) °

Gilbertella persicaria [&> E B 5 (Fungi)
PG EMT (Zygomycota) ~ &5 [ 4] (Zygomy-
cetes) ~ B H (Mucorales) ~ Gibertellaceae
(Benny 1991) = HET Gilbertella/&{E£H G. per-
sicaria —{#f& (Benny 1991) * G. persicaria 4
T EEA Y 2 R R A
A TEIE Ry 57 A0 (heterothallic) » A FC A 7y
FIERBCH (+) BERECH () 27 - EW E[E
ARG H BRI A se 42 25 1 (O’ Donnell
et al. 1977) < ML Rhizopus J& L Choanephora
J& > Gilbertella J& iy K7 52 By fi1 % (sporan-
gia) A /I BEEE (sporangial wall) » H i JEEE
FEAF 1 G mZ4 (longitudinal suture) »
SIS ) B BE R A I S R 2 |0 I BRI
il B& ff1 7~ (sporangiospores) (Hesseltine 1960;
Benny 1991) - fRIZ4HEKEEMTE - —H G. per-
sicaria 17 4437 £ 1% BV A PR 2R e i 25 £ 40
875 48 h B o] ¢ e o e e e 4 T — URY R
B ILAS & &R (necrotrophic lifestyle ; B E %
A7) (Cruz-Lachica et al. 2018) » BH1Y G. per-
sicaria IR R PERZE 07 H > E A S RA B
BAepk - HABIE 44 R 917 4 /U5 (Ginting
et al. 1996) » HMIREERN T2 EMLER
BEEREEERE BB MARMTHTFER
(Ginting et al. 1996; Taba et al. 2022) -

IRTFE AT E - Bl2R G. persicaria 4LHER
SrHEERR > REH BT >R K 4 5 DL (Taba
et al. 2011; Lin et al. 2014) ; {£LL#E Bk EL 4T 5E
RomR AR R ENER T ERE S
SR T EER O JA R EIHY#EES (Lin et al.
2014) ; S5—J51H > NEEgEHFFE (internal tran-

rere

]

74 % B4

scribed spacer; ITS) FE4I 53 #7 t B < 41 BE 57 47
BEMRELRBIZCE IR (type strain) A7 (Taba
et al. 2011; Guo et al. 2012; Lin et al. 2014) - [#]
1~ G. persicaria EW G441 FE SR BV R 9T T H
B9 G. persicaria O] XV 4H &= H £ K
EFEEE > N 3 E D A B A TR
Gy > 3l H. [ JE PR A Al #E 4 T (Ruangwong et
al. 2022) - BA{E H A E T _EAVIHARMHELIAE
ENBAEBI G. persicaria 4T FE 577 BERR AV 45
A (Lin et al. 2014) 5 B2 2 EHEHI A -
AL RE SRR T (ROR BR A E RS 23 N - ATfE(K
G. persicaria 5[#LAYHE (Guo et al. 2012) - H
A G. persicaria 4T HE REFHY 2 2R+
WA AIR - AT S REEE 2R -
AT HAYRITE R B &% G. persicaria 41
FESR 77 BRIR 2 R R B R M - AUFSE R EEH
8 45 20092024 £ G. persicaria 5y Rk >
75 D 3 A T St B It g LA FH RS AR L B AR R
oo WHEREDT T rEk - DRI GBFEE
WIREBURGRGER P FE R AN THE
ARERA T HRRERENEERER 0
o P BB R TR 0K 3 H DA H R 2h SR T et
B A R AR UL R 3 IR TSR 1R R
T EAVRCEE o SIS FE L F IR AR G. persicar-
ia AL RESR T BEMRAVAERRFS M - BB ESEN
Fiva7572 » RARALRE SR RGN 5 HEERYIR L -

MEIERTTE

E S BRI

H 2009-2024 4 » FREEALFERAEM - &
fEEZh M~ FiEREE > 33405 - 17
Ja) ~ R (B R - AR Bl R
$t 5 P8R ~ 23 ) ~ AL (CARELRLG > $E 2
BISH ~27 pi ) ~ EARMR OKOPR - S 1405 - 1R)
FEM CRER > R LA08E ~ 1) ~ B CR
o> F 1408 ~ 2 08) ~ mET (R~ B
REER SR I A405H ~ S IR) ~ AR ()G
BrT A 33 405E TR  HRER G2
S 1408 - 3 ~ EHMG (ERT 0 Sk 140
20%) R (BE H1H8E 2 08) &
$ 11 (A% ~ 23 4056 ~ 90 e Z FHH > DUk E
RS (16R) » HELRAERRIER
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WAL ~ SR~ SR E - WS HE T
AT EERE R - 2LET 212 #k o S BB IR EE
JiE 40 Lin et al. (2014) FioR » AWFFEEE AT
HHRERHIER 1 iR > S0 ERTFERE - L
R A E RS L - CBS190.32 ~
CBS246.59 & CBS247.59 % 3 Hff {4 K B2y
EEYRRZ IR ER S EEACN=N NS e v
B eV~ Y R HE i A ST el S8R N
“103-F-003-R” - 22 e & H 2 F & fk CBS246.59 ~
CBS247.59 ke Eik et B ZaaEE N
(potato dextrose agar (PDA); BD Difco™, Franklin
Lakes, NJ, USA) 822 d » DIEK470.5 cm §T
FLERIEE B G - B AU E FHERIE (+)
BE (-) B FE R DIAEEESY 2 em ISR R &
TR E&HRIEE N ERE—E 3.3% ZH B
#2 28 £ (malt-extract agar, MEA; BD Difco™,
Franklin Lakes, NJ, USA) T ; B & Il &
T BERRS MEA | o 55874 2428 CaRER
1K 2-3 d > DL (Olympus BX40, Olympus,
Tokyo, Japan) BlZZ# & F AR -MEA N%
Pk 1 L dH,0 &F 12.75 g ZFZFZEHY) (malt
extract; Difco, Kansas, USA) ~2.75 g f#if% (dextrin;
Bre(bERalEE » ZEHT) ~ 2.35 mL N =%
(glycerol ; B A B bR g+ » HAKK) »
0.78 g ZE 1l (peptone; Difco, Lawrence, KS,
USA) 15 g 3% M (agar; Difco, Lawrence,
KS, USA) % -

BREER RS

b B B PR AT f B A 1 DLUEShL 158
G 7 AR RS I R 49 0.5 x 0.5 x 0.3
cm’ K/NZ PDA ¥ 4 {38 - PDA $RCE
Wh b NBEEE EERR  BARAELN
B 4% B /K Y B 38 52 35 U2 % (moist chamber)
o A EDR 2628 CaBER R 1-2d & 0 DL
A — R B B B R & F B - P
$% (Olympus SZX12, Olympus, Tokyo, Japan)
TEIZHEEYE - G{EERIL 50 {HH% -

AR MERIE
PR e E T 5 E 0 WALRER (Hylo-

cereus undatus) ~ BE; (Fragaria X ananassa cv.
‘Toyonoka’) ~ £k (Prunus persica, white peach)

K BLEL (Pyrus pyrifolia cv. ‘Shinko’) 2 5
B oo PR B B e R T U7 204 Lin et al.
(2014) Pk » 7 [ 5 B M A E o R
R RORTE © AR R AR 1 x 10°
spores mL™" ~ ELEFEAER [T 1 x 10" spores mL™
DLRBkstBREE AT 1 x 107 spores mL™ » $f i34
DIZKEUA 7 0% R - RE R R A DL a2
SHETEERME - LS mm BRIERZHALZ
el E R B A T R R IRE N TR
Fm o DMBWEE  ABEHEERARAER
iy B B KOS B IREE S (35 x 21 x 10
em’) > {f #H ¥ J% & (relative humidity; RH) >
99% - bt & AHEERENRESHFENZR
(25-327C) ~ FBHEREE 0 3 d 12 2 0B R B
B ARHAEZ P ERERE (B2
Rof - GHEAERRERE ZREEIE 2D
A 6 EHfEEs > W HEEBREENHEEZD
2 o
e DT

ARG R E R - DIARET /TG SAS 7.1 3
T8 75577 (analysis of variance; ANOVA) »
M DL Be /N R 7= B (least significant differ-
ence; LSD) MEB{E P < 0.05 BZ/KAET » thig
PRI E s E R -

ISR R R

F PP A IR B P

REZEHLE sl Btk 2 gDNA DU E S| T3
AT B S I 8 $5 2 E (polymerase chain reac-
tion; PCR) » SR AV FHIELFE ITS (5] % ITSS:
GGAAGTAAAAGTCGTAACAAGG/ITS4:
TCCTCCGCTTATTGATATGC; White ef al. 1990) -
actin (ACT) (3] F % Act 1: TGGGACGATAT-
GGATAAIATCTGGCA/Act 4R: TCITCGTAT-
TCTTGCTTIGAIATCCACAT; Voigt & Woste-
meyer 2000) K & 43 28S rDNA large subunit
(LSU) E:[H > F Es (2 F% LROR: ACCCGCT-
GAACTTAAGC/LR6: CGCCAGTTCTGCT-
TACC; Vilgalys & Hester 1990; Moncalvo et
al. 1995) - PCR [Z JESRE &% (20 pL) £12 10 uL
i 245 & B8 THOR R (Taqg DNA polymerase 2x
Master Mix RED, Ampliqon, Denmark) ~ 1 pL
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gDNA ~ 0 uM S| FH %1 uL & 7 uL ddH,0 ;

T F 2 5 [ 3 L I PR (A 20 2% SRR 71 = A
35 s PR s 2R vk T 2T PCR B4E FE W) By BE — B
1z 2R ERIPEEYIRAT A IR A E] (Tri-I
Biotech Inc., New Taipei, Taiwan) #/TEF °

e8] L LR ol (st o0 T

Fe 51 AH (AR EE s 6 e 511 &R} B 45 TR
58 F Y 2 B ik (reference strain) 751 &
o B E BB R ARG &0 (National
Center for Biotechnology Information; NCBI)
ERHE S - BN GG BT o RS AR
Z 54y Bli5 i MEGA X @i #% (Kumar et al.
2018) LL Clustal W (Thompson et al. 1994) #
7912 FE51 73 #r (alignment) - FE B A TJ7
AT R A R (e o B e S e 4 S AR R R B R A
MEEREE— (ITS) (3 B A (ITS + ACT + LSU)
7 % BN B G RGE - HEGREHBAHRK
Bl 2R 7% (maximum likelihood; ML) Bl H Z£ Hf
7% (Bayesian inference analysis; BI) 2 f& i &
TAMEITRESE » RIS AL A AR By ik
#% Smart Model Selection (Lefort et al. 2017)
Bl MEGA X ®RGHETTTEM » H P RELAVE
oy BRI B TR - H BEHTE AR5 B R 1 B
BTN o e RELARA R & Bl (At 2 fEER A
i MEGA X #UEG T » A6 PARL#E = (heuristic
method) J77£ nearest neighbour interchange
(NNI) Z J7 =08 R &R bR oy Y2
FrlE LI (bootstrap) #ETT 1,000 ZCHUEEZK
Tl o HIEHTE 2B 4 B (881 A1l MrBayers
v. 3.2.7 (Ronquist ef al. 2012) f#28 » @ IEFE
A B al kgl sz £ 28 (Markov chain Monte
Carlo; MCMC) JEE A » # {7 1,000,000 1L >
1,000 45 HUBE 1 2K 0 AT 25% 2 ff Be B3
Rl ek < ot F LLEURS 36 [EI 48 (B50RE — 2086t 5 con-
sensus tree) » i B8 Bt (posterior prob-
abilities; PP) » R HLAR A6l 70 SV SZH7 %
OB R A B DL FigTree v1.4.4 3ET48 % -

2 B R E RSB AR

DLE oM e L AR R E A Z B WAL
FEARRE R IHM R - SLRER T BEfk F210187

rere

]

74 % B4

FyHESBER - #4645 1 x 10° spores mL™ f 7%
R DU RA RO E 0 5
SRR TR AKREETS ST -
FEORBE A G o SRE R S 20 R P
ALHY RH > 99% (RREIREE SN - IENERM
Hho REEORE TR 48122162024~
283236} 40°C % 10 JREE - BEFIRE - 4
d R ECERFERIR - S E0R R HE 3 (ERE
SLEE 3R AARENH T - AEEARERE
KRERMEMEIZ%  KHRERENRRAILER
BMPED > WERARAEETZ R
Eifg > RH 43EE 50 ~ 60 ~ 70 ~ 80 ~ 90 & 100%
%6 M E - A LURRE N (HOBO, On-
set Computer Corporation, Bourne, MA, USA)
BN ETRIR (R - BIERE - R 4R
f£28°C > 4 d R ECEREIRIIR DL - R
SERE > HEHEIRK -
EEHEAEEHIR LR

DU SR Eh R S sk B A B FH TEAE 2 51 A4
FESR Ry BRta vk - FETEETRSE 3 R E IR
BIDAA i SRS E R R B R L T E LR
HE o R EERF R E AR RS 0 BARE (WO) -
Ja B &H oy IR S5 0 4 (W0) ~ 55 18 (W) »
2 (W2) ~ 55 33 (W3) K56 4 3 (W4) i
Tl - REBERFENER LR EES
S B AL BRI > =R (25-32°C) ~ RH >
99% it TEIZ R E e - HE R T A
IRakLS1% > B8 G. persicaria & FF F210187
fIFREIFIR (1 x 10° spores mL™) ZERERH
KRS Ry 1k > P DA B AR Al AR SR S IR
BRI > 4 dRIEEREIELI(E IR A R AR A FY
Gl - PR{R&H (postharvest) Y 5 A
W ERE R RUCE H B - BIRER
st AT - R SRR - SHEREE 4
R o IEH I R G TR RN - A& [E 3%
3R RARE - WENERAIHMEERR - i
JE % T AEME RIFRE DS ER F - HERR %
ERHEEERE - aHRHELERE DR
EZKEURAE T F IR - FIRFREAT S 4 R E ki
RE - FERRE AR IR B R E IR -
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EREHET

TR 4E (disease index) 47 5y 5 4% (0 @ £
P 1 R AR < 25% 5 2 REYR AR >
25% < 50% ; 3 : FERERE > 50% -~ < 75% ;
4 FRHERE > 75% - < 100%) - FEE (dis-
ease severity) = [(On,+1n,+2n,+3n,+4n,)/4N]
x 100% e n,~n, ~n,~n, > n, 57 Bl B 04 &%
TR AR R N B2t ke - R
(disease incidence) = (%F 5 5 4 B/ 48 B 1 2R
%) x 100% - M A&7 frekds SAS (EGT.1,
Statistical Analysis System, USA) # {7 ANO-
VA » F 2L LSD JHlBgf{E P < 0.05 BZKAET »
ELi R B ] I 22 58 -

R
Gilbertella persicaria B BD ¥4 B8

TR G. persicaria EIRTEZELLFERE
B A B R AE S T 4R 20092024 =2
B XU R R R IE R AL R R E S E
A DU/ D TSR E - DA BT
AALEE > 2215 212 Bk - 5S40 E HEIEERE
EEHZhNS 2 EOKERT TS G. persi-
caria B 1 B H 2 Bk - DL EE
F& H L < e 20N E F R CBS246.59 (+) B
CBS247.59 (-) Bt » JHIE & E ik 2 A -
FTEMALRE R 7 BERRE MEA B H 558 - 5%
B O RU R Ik CBS247.59 (-) HIFET &S -
ERRENLABRIELBEST > MHEER
FC Y B ik CBS246.59 (+) $IREREE0E » AT
B EHE T BRI 212 BRELEE R EEik
FCE S RE (0 B—JiH > BEZ 1 HE
By BERREL 1 MR/KEE Bk BErR RIE AR L & XX TC
IR CBS247.59 (-) W &R 4 G E % 5|
EEEET B ERE BIEXIE (+) -
N[E G. persicaria & D B AEA X2 £Y
NIRRT ER

Fo BB A 5] 43 Bl AR B AT B 8 7 28 4L
FEFRERIRRE G E 8N > 2Ky
BEEHARER (BXER) - 1 o e EE (IE

THECRY) ~ 2 MR B E K ENE (B BIER R
KR i ERE (BRER) % L6 kA
(5] 5 i AR B A B R o R A Ry B v
AR R T E TR - S88R
AL BE S B PR LA o Bl ik P 2 B A DE R
7 ([ 1A) > BiREEFRLE ~ KRR (B
2A) > BBURIA BRI EE [E ([ 2B)
HAth sy BERR S AR NME R R - KRR
BXESH ~ P B e B 0 B B AR I N
BURIE - ACECA 5 > BALFE R B bR — B
Ry A BC BRI Bk o> Bk CBS 190.32 HREGIR
LB AT BE Sy MR R [F] - 1 B I 6 RO O ke
PRAEE > BURKE M EAEREREFTRIEE
(pathogenicity) BA%(J%E JJ (virulence) JERE -
3 BIRETHMAEE RS EH
By B AR 22 SR A EY - I B BERRME - A
J BRI 5 oy e R 0 TR M BB T 99 (R RY FT RE
o DEE - kELEoERNERET T > &5
—HFEZ—HYKELE - 4k 3 TR E R R
B+ IR DL ) A Y (i kB ok 2 17 T 1
i AEEE L (B 1B) - B R T PRI 52 -
Y2 A H R R B T 2R ECAE e B (6] T 209
s - 1k b (8 1C) » 2 #RELEE 5 o7 B ik i
RV BEAE 4R et HE M oy Bk /N - EBRAYEL
TR BE - Pk IRIESE 4 #ROTEERRIE R
HYRBEE R > EHREYER 58 - [EIF kR o
BRI R M SSREY FTRE I 5 W BE R ST IE A H
W2 B E RS s 2 ES - TR R R
JRAERE - 34 E (B 1D) » & [E AR E 7 Bk
o] B8 D 1 B X8 AR EL » B/ IN A R
2 BN R RS T AR B Bo B T S A S -
G. persicaria ZDEHARVREE REER
RRREES TR E ENER s BER
6] %5 AR 7T MR BRIV RE (R 1) < 2 1R
AFER TEEMRA M BEEE DB LV HEES
4750 /3 R mEAES F 1 HRE
ok L 32 R w2/
%5 R 0 1 ERBk T BERRAY f BEBE S35 0 3.9
Fomb 2R &% 6k BAEKRE 1Rk
SyEERR > BLATEE EIRERAY 2 B 0 IR 3 WD
IZEEE I fy 2426 F - |2/ S
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Pitaya Stb. Peach Env.

Source of isolates

1. Gilbertella persicaria N [F] 27 EAGRERAEAR [FIRE LAPRIFEIMELLEL - (A) BHRALEER - (B) BE ~ (O)
BB (D) B4 - Bk CREALL RCRARE CER 7 - “Stb.” B “Env (0% TEIEE , 0 UL, © TR
RFHEKLEE P<0.05 (R T8 55347 » Fisher ARy NEE 2= BVENER ) - Bizs4e 3 SE -

Fig. 1. Comparison of pathogenicity among Gilbertella persicaria isolates from different hosts on various fruits. (A)
white-flesh pitaya, (B) strawberry, (C) peach, and (D) pear. Sources and mating types of isolates were indicated below
the corresponding column. “Stb.” and “Env.” referred to “strawberry” and “environment”, respectively. Different let-
ters indicated significant differences within each group at P < 0.05 (two-way analysis of variance; two-way ANOVA,
Fisher’s least significant difference; LSD test). Error bars represent SE.
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O 210187 (-) F212128()  F216057 (1

F209131 (+) CBS190%32 () CBS246:59 (+)

2. (A) ALHHEEL (B) BRRIYEER 2 HNALFE SR | Gilbertella persicaria 5 [RERTREL o Bk F210187 i
F212122 478 4T HESR - F216047 2 EHEEE » F209131 B CBS190.32 438 E kT ; CBS246.59 4k IE i

Fig. 2. Symptoms of white-flesh pitaya caused by Gilbertella persicaria under (A) artificial inoculation and (B) nat-
ural infection. Isolate F210187 (—) and F212122 (—) originated from pitaya, F216057 (+) from strawberry, F209131 (+)
and CBS190.32 (-) from peach, while CBS246.59 (+) was derived from an environmental sample.

#F 1. KWHZE Gilbertella persicaria BMRACR S FLELfU ZEREE & -
Table 1. List of Gilbertella persicaria isolates source of this study and their numbers of sporangial walls.

Sporangial wall number

Mating
Isolate Substrate Source type Avg. +SE*  Min.  Max. Note
F210187 Pitaya Jiji, Nantou County - 47+0.1d 3 6
F212122 Pitaya Zhongliao, Nantou - 50£0.1d 3 8
County
F216057 Strawberry Shitan, Miaoli County + 32+0.1b 2 5
F209131 Imported peach Market in Taichung + 39+0.1¢
CBS190.32 Peach New York, USA (Ben- - 2.6+0.1a 2 4 Holotype
ny 1991)
CBS246.59 Trickling filter ~ Ohio, USA (Hesseltine + 24+0.1a 2 5 = NRRL 2352, mating stan-
plant 1960) dard isolate
CBS247.59 Soil Taxas, USA (Hessel- - 25+0.1a 2 4 = NRRL 1546, mating stan-
tine 1960) dard isolate

“ N > 50; different letters indicate significant differences within each group at P < 0.05 (analysis of variance (ANOVA), least signifi-
cant difference (LSD) test).

H c AR TERIIERERERESNEX  (R2) HEANZ G persicaria [ [EskZ SRR IRy

GIRRBEL 77 BEE - E BB R - BB B it
R EC B A R B A 6
G. persicaria %D BEREIRERATH S 12 B B2 E I (5 3)  ALLITS - ACT

Ry W 525 £ 7y BEARAE BT 4% B (B YRR &LSU%?MIHE&%E’JH% EHRAE 1PN RS
o DURBEZEREY 3 tReELEER etk B AR BRGBIGE (B 3) - B EREA 72 Bk 7 B
URRBR D BERR - R | REE D BEERSE > E Stk PR BRSO EENR CARCEMEMER) - KA
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2. KWHFELER > Gilbertella persicaria 5 EEREE AR ZR EF 71556 -

Table 2. Information and accession numbers of the Gilbertella persicaria isolates of this study.

GenBank accession No.”

Isolate Location Host BCRC ID” ITS ACT LSU
F210187 Market in Taichung Pitaya BCRC FU31440 MK301173 OP311904 OP243277
F212122 Zhongliao, Nantou County Pitaya BCRC FU31441 MK301174 OP311903  OP243278
F218061 Gangshan, Kaohsiung City Pitaya ON875323 OP311905 OP243279
F209131 (=F209130)  Market in Taichung Peach BCRC FU31439 MK301172  OP311901  OP243276
F216057 Shitan, Miaoli County Strawberry BCRC FU31442 MK301176 OP311902  OP243275

“IDs of the isolates deposited at Bioresource Collection and Research Center (BCRC) of Food Industry Research and Development

Institute.

¥ Sequences of internal transcribed spacer (ITS), actin (ACT), and 28S rDNA large subunit (LSU) were included.

BT B AL 5T 2 B oy BEAR AT R R — (8 G
persicaria 37 [7 Bf (clade) » $UHLE X H#E
(bootstrap support values) £ 90% > HEEHT
% W 2878 (Bayesian posterior probabilities)
By 15 dLRER BRI B P i — (B P B
LA T EE B 100% - B EHFES IR
Bh 1 - HGHMEHIMERER » SLEER B
PREL G. persicaria S RAATIT - (HEBLEL &5
REMREAM G. persicaria BMRAF R4 E
AR IR EN G. persicaria L [FEf -

R FRALFE R R EF K F210187 ~F212122
Fe F218061 54t 3 itk » HITS 81 LSU B~
Fr 51 AH BL & & &y 100.0% 5 ACT 7 51 J5 Hi »
F210187 B1F212122 7 FE5AE{LAE A 100.0% »
M F210187 ELF218061 ¥ FH{LLE JRAE 99.9% -
FHEbRIL PR E R EE NG > #E— Ptk
L =N A O RN a3 7 s
B DVITS AN E » AU 405 F o7 i
TR B o B K [ 4T FE SR 73 B P (accession no.
JQ951601) fHLLE B 100% » BLZRER 4T HE 5 47
HEfR (LC654417) MHELE B 99.5% » BAEIE AT
HE 4T EERE (accession no. OR984746) FHLLE
Al E5 99.0% » 1 A FE AL BE 2R 70 B ik B =
R (PR BERE 5 accession no. ON875317) 7
LS B 98.3% 5 DAAHHSE 3 FRALEE SR 70 Bk
4 MR E A I 55 2 AL BE ST AR 0 R ELA 15 #k
RER AR RS G R R B IR a3 - A
5] & I R L RE SR B R P B H R — X FF
B L E T HEEE R 95% » HEEETE %R
B(E By 0.98 (B 4) - LLLSU A S » A%
ALHE SR o APk B2 B AT BE SR 70 Bk (accession

no. LC655936) Z fMHLLE B 100% » jf Wi =& B
T E R (accession no. MH866729) 7 AH{LLE
Rl 55 99.0% ° BHN ACT P31 2 7= B4 LR #R -
H Al NCBI &b - i R A H AT FE R o7 JEpk
Z ACT fEEb#E - AR 5E 2 4L FE 5 47 B PR EL A5
=B R 2 AH LR Al By 97.3% » H ITS 81 LSU
B U REAARE AT 0 > 41 FE SR 7y Bk R AH DL
5 BBk E RN -

GremlEME (B 1 BlE2) - PR (R K
&G R% (I8 3 B1[8 4) > G. persicaria 4L FE R
STBERREL G. persicaria TEZE R B A BE M

G. persicaria #1BER D BETARARALEER
HNEERF

R RR Y G. persicaria B E VAL A8 —
fABAT—MEE > DALFER 7Bk F212122
B F210187 3£ 2 T ik s AR HE e AL 2
fIF* PDA 1% > fEREDRE THE » WAHE
R B R B TS 5P 4 - 0% 4 o >
WA B R A B T AV 2R R AR - 7E 12°CRL L -
FFRZM T 5 28-36CH ARG > WAET h
WETE Y 94.5 + 0.9% Ll F o Hf > 32°CHY
FEREE 0 MRZE T JCH 40°CLL RE2F
ZRERRE -

Rl R T SRS G. persicaria FF4L
FESRAVZ B » DIALRESR 77 Bl iR F210187 Rk
e BEN R RERRE  WENRER
EELRET 4 dBEIZEEE (disease severity)
EAEEi % (disease rate) fAML (& 5) o fEIRE T
[ (18 5A) > 20°C LA b 975 i B 28 i 22 2% b
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Source
G. persicaria F210187
100/1 .
icari Pitaya
82/0.98 G. persicaria F212122 y
G. persicaria F218061
64/0.92
G. persicaria F209131 Peach
100/1
G. persicaria CBS190.32 (T)
- G. persicaria CBS247.59 Env
G. persicaria CBS246.59 '
— G. persicaria F216057
100l 90/1
G. persicaria SB2018-203 Stb.
G. persicaria SB2019-10

G. persicaria SB2019-09

-1

-/0.7,
99/1

68/0.88

Poitrasia circinans CBS153.58 (T)

Blakeslea trispora CBS130.59
Choanephora infundibulifera F214060

Cokeromyces recurvatus CBS158.50 (T)

Mucor flavus CBS234.35 (T)

0.05

Rhizopus schipperae ATCC96514 (T)

3. Gilbertella persicaria S1EAHHTFH DL internal transcribed spacer (ITS) ~ actin (ACT) 5z 28S rDNA large subunit
(LSU) 4t 3 FRHigsE 2 i ARSI G RA (R E] - LEOI AR EZHRE A EHY 0.05 THIHEREL - HEAERDUHE

BB RN o EIRCREEEAERE AT - “Env.” B2 “Stb.” 2 B AFR RN,

o1 TRIE, -

Fig. 3. Maximum likelihood phylogenetic tree of Gilbertella persicaria and related texa based on the combined se-
quences of internal transcribed spacer (ITS), actin (ACT), and 28S rDNA large subunit (LSU). The bar indicates 0.05
expected changes per site. Type strains (T) are displayed in bold. Isolation source are labeled on the right: Env.: envi-

ronment.; Stb.: strawberry.

T+ 28-36 CH#IH R E - H DL 28 CHIHF R &
= HEE 100 + 0.0% 0 FERE R 36.1 £ 5.6% »
il 32CEFRER Y > B 77.8 + 22.2% > {HIEHH
FERE 0 B 69.5 £ 14.7% 5 40°CERRE » 28 %
B 7 B R 0% © fEJR S 5 ([8 5B) -
RH 50-70% 2 5 AR AR L > 889 %42 75.0 +
9.6% % 80.0 + 8.2% [ > FEIBELE 25.0 + 8.1%
Z31.0 = 6.6% [ ; RH 80% b _F &85 R 12 F+
%590.0 + 5.8% > FEFHERIE 35.0 + 7.7% ; RH
90% DA L3 REF IS IERTT £ 95.0 + 5.0% » 1f]
TR T B 02T B 62.0 = 13.1% : RH 100%
e AR B FE A e 0 {1 s 100 + 0.0% 8
78.0 £ 9.9% ©

FE G. persicaria 2% 3% 5 1 ¥4 57 1% TE 7R
g

Ry B8 i 41 B SR £R 1% 088 JB3 078 1Y IR L B A s
fof » DLALHESR 7y BERR F210187 By U fikad -
R fE AT 0-4 wk BLE AR W S5 A 5] S i
HALLHESR » HEISHRFE R AR
BB HUE Y 28-32°C 0 RH > 95% Ay ER % »
4 d 12 B 22 M 1 B3 2510 (] 6) -
R > B9 H HTURIEHE 0 SRR
WS B el A 0 Y BR B T A 38 - SREE 0-3
wk SRHe 7 B - S RIE 1.7-8.6% [ » &
i RITAE 0.8-4.2% i 5 4 wk JRERZRZH -
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Source

G. persicaria F218061 Taiwan

G. persicaria F210187 Taiwan

95/0.98| G- persicaria F212122 Taiwan
G. persicaria HLGXF China Pitaya

G. persicaria GP1 India

G. persicaria PSU-FR04 Thailand
G. persicaria dg-seq China

G. persicaria F209131

99/1

651093 G. persicaria CBS190.32 (T) I Peach
G. persicaria HP183 Mexico ll Papaya
G. persicaria CBS246.59
osn|  go G persicaria CBS247.59 I Env.
G. persicaria F216057
G. persicaria SB2018-203 Stb.

G. persicaria SB2019-09
LIl G. persicaria SB2019-10
98/11| Blakeslea trispora CBS130.59
-1 e Choanephora infundibulifera F214060
Poitrasia circinans CBS153.58
Mucor flavus CBS234.35 (T)

Cokeromyces recurvatus CBS158.50 (T)
Rhizopus schipperae ATCC96514 (T)

0.10

4. Gilbertella persicaria SLHAIHTTELL ITS PRyl 2 s RBEAHREERAARE - EEOIRAREEK IR LE
£ 0.05 TEIEIRE - HEAERDUER TR © ALRERER R EAREAE T BERAU51R o BRI
FEMBIA 7 « “Env B1Sth ke THRE, B UEEE, -

Fig. 4. Maximum likelihood phylogenetic tree of Gilbertella persicaria related taxa constructed based on the ITS
region. The scale bar indicates 0.05 expected changes per site. Type strains (T) are displayed in bold. The geographic
origins of the pitaya isolates were annotated following its isolate ID. Isolation source are labeled on the right: Env.:
environment; Stb.: strawberry.

R EIR RIS W E R 13.8£4.7% »
PRI By 6.0 + 2.4% 5 BRI 2 B
HERAIERR S > FWEE91.2+£52%
PR E By 56.3 + 7.1% » HURELEERER1RIBRIR
T Y IR A B R RE AR B VR B - B DAE 3
BHRESHIREREE > X EES
Ry AR DUKEUR 707 R & IRl
RE - PR S ARHBDRRHERE PR E
IR G. persicaria 7 R G T -

S

ARWFFT R EE 20092024 FEAEA > &K 15
WEE G. persicaria TEZEFIEIE (+) B1& (-)
THCHIE IR - MERCRALRE SR G. persicaria

PRERTZI 100% & HEHEA - mARBHIE
BB (R 2) o {Ehm E MM 4E SR AT Al -
BRLAT e 58 77 Wl R[50 4 Fs B2 S8 O Y Y T ik CBS
190.32 A & 5[ LB BT SR B (& 1) >
BN R M BT Bo A e - BEPRALRESR R G.
persicaria AT e BB B 2 N Ry s TR MR A Bl
oo AN 0 B H A ELFE SR 5 B SR I i 1
1 G. persicaria By IEAXTCHY (Taba et al. 2011) ;
1Efk | IEE BN 2 895 7 M (Ginting et
al. 1996) » DL & FFIE A FC BN S B IR 44T
FESRTA R MERVHERE o Reft 28 HR 4L RE R R
BRI ER G. persicaria BT LR AV R A
THRH - TTEMAETEETEEYE TIRE S
&+ ARt EEYE SR - EhEN
SRR - ALRER kR () EEE



508 BIEBEEENTTE 274 4

% 4. ORI Gilbertella persicaria Bk F210187 Bl F212122 fUBEAI T35 SERAVEEL -

Table 4. Effect of temperature on sporangiospore germination of Gilbertella persicaria isolates F210187 and
F212122.

Sporangiospore germination rate (%)

F210187 F212122
Isolate ('C) 7h 24 h 48 h 7h 24h 48 h
4 0+0 0+0 0+0 0+0 0+0 0+0
8 0+0 0+0 0+0 0+0 0+0 0+0
12 0+0 0+0 43.7+£6.7 0+0 100+0 ucC
16 0+0 94.0+1.2 ucC 0+£0 ucr ucC
20 0+0 100+ 0 ucC 0+0 ucC ucC
24 243 +£6.6 ucC ucC 46.5+79 ucC ucC
28 94.5+0.9 ucC ucC 100+0 ucC ucC
32 100+ 0 ucC ucC 100+ 0 ucC ucC
36 88+3.1 uc uc 100+ 0 ucC ucC
40 0+0 0.8+0.8 1.8+1.8 29.5+4.2 ucC ucC

* Spore suspensions of each G. persicaria isolate were dropped onto potato dextrose agar (PDA) plates and incubated in the dark at
various temperatures. After 7 h, germination rates were calculated by counting 200 spores per replicate. A spore was considered
germinated if its germ tube exceeded the spore radius. Each isolate was tested in triplicate.

¥ UC indicates “uncountable” due to excessive hyphal growth.

= 100 100
= (A) 9
§ 75 | —®— Disease incidence 475 2
) @
o —O— Disease severity 3
2 S0r 190
‘© @
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© 25 125 8
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4 8 12 16 20 24 28 32 36 40
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2 S
38 75 75 2
c =
o o
S =
2 50 5 3
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@ (2]
© 25 25 8
@ (2]
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D 0 1 1 1 1 1 1 O
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5. (A)JGEHL (B) HHENRIEES Gilbertella persicaria 5 HEZ AT FER R ERIERNINE# IR E - SRR SE -

Fig. 5. Effect of (A) temperature and (B) related humidity (RH) on disease development of pitaya fruit wet rot
caused by Gilbertella persicaria. Error bars represent SE.
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6. ALHESRRHAL MRS Gilbertella persicaria ¥ RETRYIR RGN RIS - BERR SE -

Fig. 6. Effect of field artificial infection timing by Gilbertella persicaria on the development of postharvest wet rot

in pitaya fruits. Error bars represent SE.

PR () AT AEREEEEEST CRERZE
) » B G. persicaria £ ZEHE & & 1 HA
e EEAMHHANAEGFEE -

Gilbertella persicaria )2y F #[E )2 -
KR FEFE AR A & E KR LR ERE SRR
IR o JE LA RE SR A (& 1) -
I T BE 5 70 il ok AT 5 (RS B 2 B AU Y AT RE SRR
[&R R EAHE (B 2) (Taba et al. 2011; Guo et
al. 2012; Lin et al. 2014) » Ttk - 5E& & HA
STEERES I REAVREL RIS > BURMELLFE R 47 B
AR A BREHELE - E—F DG
persicaria T E R R 165 F — ik (Hesseltine
1960) {5 [ MM B (8 1C) » BURAEEA M
Bk~ FE R M EERR - ATRE SR o EERREBREY
5 R M AR A 2 -

TEEZBELH RN G. persicaria 4L HER 77 B
MRfuBEEEL 8% B4 H DL E (Taba et al. 2011; Lin
et al. 2014) - ZRT > R45 Rk » G. persicaria
A E RV ZERE 5 2 /i (Benny 1991) 4%
HE SRR B E SR (R 1) ATHIN
ALRER T HERRI B E RS 0 B0y 2 Ebk
3Ry 4.7-5.0 F o T AR o ik B At R 8
HEMR ANy 2.4-2.6 /7 > W EERETAE L
FHEE S 2 2.1-2.6 | » {E4ist FEHEEZR -
ZAIT > AT oy i B 2 PR B B ) B
HY 6 B B g 2 B A R F IR Z B 0.8-1.4
o W HEAESGR EEAEEEN (1) HFE
P (1 BLfE 2) By ARG R A (8 3) 1

B X B AR JB A (5B AT © BiE AL FE SR 70 Bl ik Bl
A FRA BB S B IE R - (HABEREN
HELS TR E S REENRE AR -

AT HE S 7 B PR A #H 45 B (5 b B LAt o B
NE > HEA S0 E B EE R e it (&
3) > HILALRER 7r itk r ol F B X ik H 22
BB RIEHERNZENEGKE (B 4) - BFEAR
[6] 27 2 2R oy Bk e 51 2 7 AV I AR R PR
G. persicaria 77 BERR HPAL HE BT S 24 (de
Almeida Souza et al. 2024) o %F |- 45 BB
5 6 S AL FE SR ) B R (87 Dt ] EL s FE AR DU -
FHEE R Bk B 2 SRR - #EARIgE R
HIEFEN TR R

B A 4L FE S 77 B PR A S BRI - A B 5T 2
— S HERR > G. persicaria 41 FHE 5 77 Bl ©R Bl 2%
RBAERNGZE 2R EIRY KE2 (B
5) B IRE R 28-36C RE K
RH 80% LA | » 4F 16°C BLF YA 35 81 40°C PA
FEYESER SR 0 RH 70% LN &89 R B R
EgHERK HPEFEERRENEET
(16C) > BIfFE4E 7 & /RE (RH > 99%) H AR
FEWF > ENERGEEET (28-307) 0 4
TARRE (RH < 70%) Al E & EREMIER
B - BOREHN R ERENZEEKNR
& o A ETTED > Bt SR AT RE SRR (ROR
(16°C) Hyiek Ry & A BT (R (F © 5 L 4T
B0 » AIMEJRE (RH < 70%) Ky 2R 2 By 15
1 REFRENFIOCHU FIEERE—K
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I E il BT HERELE TR SRS
BAesh » — B¢ Er i o B =0 R R E 1T A
@IS (Ginting ef al. 1996) » i B E &
BT AR GRS RS G. persicaria 135 %
(Taba et al. 2022) -

1€ HH T 2 SR S R e s B s B T 40 (81 6) »
YR EARETE G. persicaria RGN RERE
TR R TR AT A B - AR Y
RIBIRETRRE o BAASRE L SRR R R
ARFEE - Hoh AR TA > HE LR
%] G. persicaria Wiy P BE & 1 B 1% 48 i3
REXRW > HEREOK - & EA R A
REMARH » THERWKE - IRIFEE
PRI > HRRE TR > AT
TrRANRER 58 EBRENRIERH - TR HA
LR R E BRI S 0 75K 2 A R %
HIfZEfE T - RIStk R e Sl RE AR
RGBT TR E] G. persicaria 75748 FR/K ~
wEHRBEERRE > SR ERREE - 5
4h > G. persicaria F R )R ELHE H I B EL4E
HY RO 5 RS - B EAS G DU AR
EHYH /K (Ginting et al. 1996) - {F 28 » 4]
HE SR BRI IR DAK P R 3 8 DU B s I > 3%
B HIYKEW G. persicaria 757% » W HER By
PRI HY B ZE R AR -

o R G. persicaria NG H WHBUH
B HEFRERFSRERER SRS RIERE
A G IR A AT R ORISR R - W EE
RIERALEE » E R DU 23 (appressoria) ff
ENEYERA - EFEERERARHE—SEA
PEHF 44T (Bailey & Jeger 1992; Ullah et al.
2024) - 2RI ° FELA G. persicaria | Z RN B
AN EE T BRBEEFCAEBRHEZE G.
persicaria HIREIZEMIHTE 25 (Cruz-Lachica et
al. 2018) - 4N IRBAREER = KRB RINVER
G. persicaria | 28-32°CHEYERe & /D[ 5ELF
1 mo - HItHEEm AR T G. persicaria %
B AGFEER YRR - RERAERD
S e G IR T EIR R -

KHFE ¥ G. persicaria 4LHE Sy BRIV E
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Biological Characteristics and Pathogenicity of
Pitaya Isolates of Gilbertella persicaria

Chu-Ping Lin', Min-Chi Hsu’, Jyh-Nong Tsai’, Jun-Wei Fan®*, and Jin-Hsing Huang™"

Abstract

Lin, C. P.,, M. C. Hsu, J. N. Tsai, J. W. Fan, and J. H. Huang. 2025. Biological
characteristics and pathogenicity of pitaya isolates of Gilbertella persicaria. J. Taiwan
Agric. Res. 74(4):497-513.

Wet rot of pitaya, caused by Gilbertella persicaria, is a significant disease affecting pitaya pro-
duction in Taiwan. However, the biological characteristics and pathogenicity of the pathogen remain
unknown. From 2009 to 2024, diseased pitaya tissues showing symptoms of wet rot were collected
from 90 field sites across 23 townships in 11 counties, as well as from one local market in Taiwan. A
total of 212 isolates of G. persicaria were obtained from pitaya, all of which belonged to the minus
(-) mating type. Additionally, one isolate of G. persicaria from a diseased strawberry and another
from a peach were both identified as the plus (+) mating type. These results indicate that both mating
types of G. persicaria are present in Taiwan. To further investigate host-related differences among G.
persicaria isolates, morphological, pathogenicity, and molecular phylogenetic analyses were conduct-
ed. The results showed that: (1) Morphologically, the number of sporangial wall segments in pitaya
isolates was significantly higher than that of the type strain, by an average of 2.1-2.6 segments; (2)
In pathogenicity assays, only pitaya isolates were able to induce typical wet rot symptoms on pitaya
fruits. The results indicated that symptom type and lesion size were associated with the host origin of G.
persicaria isolates, but not with their mating type; (3) In phylogenetic analysis, the phylogenetic tree
based on concatenated sequences of internal transcribed spacer (ITS), actin, and 28S rDNA large sub-
unit revealed that pitaya isolates formed a distinct monophyletic clade. Based on morphology, patho-
genicity, and phylogenetic analyses, the pitaya isolates of G. persicaria were different from the type
strain. Environmental condition assays indicated that optimal temperature and relative humidity range
for disease development are 28-36C and above 80%. No disease symptoms developed at tempera-
tures below 16°C or above 40°C. Further inoculation trials were conducted on pitaya fruits at various
developmental stages, followed by postharvest incubation at 25-32°C to observe disease progression.
These results demonstrated that fruits exhibited the most severe disease by postharvest inoculation,
indicating that G. persicaria primarily infects pitaya during the fruit maturation stage, particularly at
harvest.

Key words: Sporangial wall segment, Mating type, Pathogenicity, Phylogeny, Infection timing.

Received: June 4, 2025; Accepted: October 1, 2025.

" Corresponding author, e-mail: jhhuang@tari.gov.tw

" Assistant Research Fellow, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

% Associate Research Fellow, Crop Science Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

* Research Fellow and Division Director, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan,
ROC.

* Project Assistants, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.

* Research Fellow, Plant Pathology Division, Taiwan Agricultural Research Institute, Taichung City, Taiwan, ROC.






	臺灣農業研究74(4)-08 黃晋興(超連結)1.5版

