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FIH e R L NR B piihok 5 A PR B
ATE BEREK &’ S Wt s

e

FLTel ~ BOsEL ~ gt ~ 7 off - PhEREE - FREFEE - 2022 « M S EREE R/ NEF
HBR /K FHEATURIERY - &VE I SEIRYT 71(2):87-99 -

2 R AR R B TR B AR R Ty R 0 BTAT R E AR T R A R BT AL A R T R A S A B AR R R
T o b (Solanum lycopersicum L.) KB ERQHER K - Sdley Ry BN ST MEZTLWY
oo Bk 5 F ok B A B TAR Oy ik o AR TR AR K E B 0 RFEITRSEIE KRR RER

TR 4 soABEATHR KRB BRI - AR ARGRE  RILEE e LR SR T LA kR - R MK ER
¥R SR EH 3 AF RN - H B 57 (partial least squares-discriminant analysis; PLS-DA) # 524k 7K
B TARBEA o & RET F AR ARGR E - RILE A feag FALE 5 5150 kR I 8~ 9 w10 d #AH8 F K50
HERam (P<0.05 MRYERNARE 1L dBESHRARTREZER M EHEH L BT T RsKER
A PR R FEARIE 10-11 d BB A o A1 348-1,052 nm % 3 H A 500 PLS-DA 7 2 A~ SRR
Foldd B 55 2 0.90-0.93 ~ 0.87-0.89 F» 0.92-0.95 » #777 PLS-DA A 4+ F- 8k ki Sk AR5 4 AL 148
By HI R AL S o Sbob o E I AR B 8 A% % F B (variable importance in the projection) #fi¥ i 4 B4 B
F% 1 348-584 nm ~ 638—817 nm * 937-950 nm F= 1,016—1,052 nm > 3 i — 5 8 JH 15 Be 4 Bk P s S H7 69 PLS-
DA B > AR X EAERE - BUREF i L 5 514 0.87-0.93 ~ 0.79-0.92 F= 0.90-0.92 » #4772 4E 48 4 #
WP FE 5 PLS-DA A JF IR IR EH R BB R E A e R A -

RASERA 1 =oRd NS ~ BROKEEE IR NPT A AT o

B Wk i, R %
e v T A, B E R T S R S -
R 2018 AR L 22 PR K LS 2 FOLEL E3L & BRI ER AR

L | NSRBI EIRIEIT 110-130 4
7% 20082018 T BB KW o e ResE R R RRAT

N M A K& E R EY R E K43 58 TR R Y - K 53 B 85 (water
EHLIE © DDA 2021 6 EPAERRANT SO AR porencial) (5 » PR - 1 BB IS F
BENFE > MEERFAKER RS BE  prsmsE G2 (vapor pressure deficit;
M E E R o F A0 (Solanum lycopersicum L.) VPD) M o M R S 4 K 4 TS T
EEBHEENFHEMZ — eHITAET UN7viS iR W 7 R R SRR Y07 SN S
TH/NRBEMEHEIES - ZREMRTETT KBRS EER > MY E RSy
KT BEMEREEGEOBIEY > ¥ 0 @R EEREEIE Y - 1)

R EE] 2021 48 H 13 H 5 Bz HET 1 2021 4F 11 H 23 H -
TEEMES - bjkuo@nchu.edu.tw
g RERBT YR ETEE - &8 A -
‘B gREsB ARt EDE - 28 G
EIhEA SR BB R E LS o &8 AT e
CETEBESBERETRANESR - &8 A -
CHNL P ELKE S AT - 58 A -
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JRRES S PSR A T R o TS R AR
Precams 80 HEEHERERZIR -
{E i R R E A LR #E B0
R LT REAREER N SR E B
7 8 Y84 (Lichtenthaler 1998) - B 72 45
‘Ryna® % i £ B 16 B S0 B 38 5 1945 7 W e
Kt - K EE 4T 25% (Nangare et al. 2016) -
2RI > EY) B BN R RE U Y
HBOKEEGREET - BERAEEEETT - AItEY) ]
H % 18 75 J7 (Lichtenthaler 1998) o [A [ »
Ry R K RS R E Y ER T - F#IE
F5 51 H. A (S0 5 S /K 2 SR Y 200 S5 (R R oty
PR FHIEGRKEEYRBENEZE B
HEEEWMIIEE ~— (Nemeskéri & Helyes
2019) -

FI B T A0 AE RS B R T G /K 20 55 2R BRAR R
H777% > BREBIH Lk IR i 42488 2 FE AR IMNE]
TRESD - th o] 3B 38 A i A A B FR A DA R B
B E R A G KR IR R
IR AR A Ry i /K S AR TR RS - BEGR RO
%% (Fv/Fm) ~ ZX g7 R % (transpiration rate)
fi [F] b 2% (assimilation rate) Fz $& FL &L & (sto-
matal conductance) 4= BB A A 85 - DA
R EHE MKy a8 ~ SN RS PRV 8L R
ZIEE (Nemeskéri & Helyes 2019; Parkash &
Singh 2020) « Hrf » ZEEUHEE ~ B [E{LRATR
LB 3 (SR H N v DURE B R HEE &
b BEARFEGEREYEEE R - BT
B R TR 5 IS4 S8R RE R EEY
TEGRK TRy AR LB Z R ELE - OFIER
{EORMTE YR /K Y £ 2 A ST (Liang et al.
2020) -

LR E R IT R A REEN K EE
6~ FEm 3 B e B S Y B S R T
SRR e AR R AR BRAR B 9T (Cotrozzi
& Couture 2020) » B 72 16 1) 4 3 & LAY S 55
W REE > FEARE ] Bt (visible, 400-700
nm) ~ #T 4[ 4P 5% (near infrared, 700—1,100 nm)
FHE AL 9N (short-wave infrared, 1,100-2,400
nm) &3 o & Eak (hyperspectral) i (A5 i@
H—Z B0/ 10 nm BY %S08 By H 4 R ER 5%
(EEAE N AEEE KRB E N - TV E R IEHE
YiAEEE L HEHHMERNED - WEs

rere

]

1% 2

(Vitis vinifera L. cv. ‘Rosario Bianco’) F1ZHi
FEEY T WERE IR SR BEE R AR S
K B s AR 1% (Suhandy et al. 2006;
Thuoma & Madramootoo 2020) - £ 5 FH =Gl
BRDET A EER - AR S ER AR
o 4E T B = FE R 4R (collinearity) B
HHFHE/ N J57% (least squares) #E7T 7317
FiT 72 A 1 55 Y FEUHITBE J7 28 % F £ (Mariotto et
al. 2013) < F /N FJ57E (partial least squares;
PLS) W] DUpE HH iy 4 B = FE TR 4 M DR Barker
& Rayens (2003) %5 & PLS B &5 M H] il 43
(linear discriminant analysis) & HAY)F 5
/NS -H] B 43 Bt (partial least squares-dis-
criminant analysis; PLS-DA) » B —fEE & =
(supervised classification) A ¥ 5] #7574 >
80 2R R B 7y BB A I 78 - PLS-DA &
HETERR e &k F i E Bk
BEAR o R B E oy S LR N &5 R
FHEUR B -

INRFE A BB B EENE Y > BoKi
meEmpinE - EE N BB —EIENE
Mz /NRFB GRS R FN J7 7% > RW5E
FI RS U SR ah /K B IR 7 iR B 2 /N R e
[EEER AT RER » W DI E A SR E &
AR RS o Fe ik DLt ath B A4 UK AR R
T PLS-DA #5821 i R LR (087 BE B8 - Pridiar
2 TEORIRE R S A B 5k 5% = 1A 2 i o A\ /Kt
AR MR AR AR A R DL T HE > B R R
TE#EAKTER  BELEWHES -

MR TE
ERYIEAE S,

s A RHE F H AR = R RN E
fiidntE (R fF Ryt o T3 mg L
HIREFE S ROHE » BERBENEEKRE
JEAL (No. 541, Whatman®, Maidstone, UK) ifi
BREBREEN - FE IR e fE 7 1%
/N S fE 115 E] & Bas Van Buuren (BVB,
De Lier, The Netherlands) & i %% + > ¥
B/ TREPHBEEETEREEXEZAES
BERBRAYRIERERE -
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KD P AT B

EHNREHMER 3-4 A 22 BRAE >
EEEBEKEE D EaER > HA 4 kg
BVB it £1% » EE 7T L KEHIEFE 2R -
BRI oy R B /K pE L AH RO ¥ IR AH R 4H > BRoK
EE A EE RN 4K HEBAHAEH K
800 mL H £ /K5y H LR HEH -

BREERITHRE

TR SRR

%% Zhou et al. (2017) ;5% » BUEEREHE
LHETHHRAHERE 5 d RHY/NR D > Z HEUEH
JHZFRETE 1-3 R e 2B ER/NEEETH
B EHEMERZFE/IL - DLIRE 1 EHE
TEEN 3 R /N A T S EHE -
A LU 2% K FE (AB204-S/FACT, Mettler Tole-
do, Columbus, OH, USA) fEFE/NELER fif &
(fresh weight; FW) » 2 &G T R 8% 2 8
TR EHERELIRIE AR 4 h o DITK
AR R TR HHE (turgor weight; TW)
% » ARG DL 60°CHE 258 228 - SC8kHZE
(dry weight; DW) » B BT R HESKE
AT -

ERHEHEKE (%)

_FW(®@-DW () 100
TW (g) - DW (g)

RAe sz

KR BB R G KR RE S &
B ERKREGRENSE > GA AT
Y& ER & 248 L1-6800 (LI-COR, Lincoln,
NE, USA) #1782 M - A5 o fE B 40 81 ¥
R4 EM®ZSE s RFABWNE - WEH EF
10—12 HEHART DL LI-6800 SHI & % HE 4 B 3} HE 40
EHMRER 2 A28 NEER BEERTE
FiMTZH1-3 R E2ERE BHNE X
PHEMERZ R IE - FrAREEEI L1 HRE
Atk Ry 1 B BEENE3I RER > HL#E
TS5 EHE -

W

Pl

TERk RO R

ff Liang ez al. (2020) J57% > FIFHBE4R 24
Y&t (FluorPen FP110-LM/D, PSI, Praha, Czechia)
B R IR R EE R TR E (dark ad-
aptation) ¥ - ZE 7 S QUM R EE TS
1-3 R e eERERER - BEERHE 30 min
%> DEGZENRTMEER Fv/Fm #1L -
DA1t#R BB > FEESMN 3 RER » LT
S5EHE -
R ERHICER

INS ST E VS DT
(MS-720, EKO, Tokyo, Japan) #fTUL % - 2
R R R7 B U SR B fy 348—1,052 nm » fiEffT
KRy 3 nm o SEEEEEUCER ST ERY SR 5H 4 TS B 45
J& o {iK#E Asaari et al. (2018) J7AHETT R HOE
SR B B A+ R E A EEEEE 0 il DR B #H B
WA SHE YN TR EAE 5w 2 N E

SEETHHSRNER > Het B A T
TR (%)

MEEH-FFE

= x 100%
AR EHE - HRE

ABFEHEEERIRSR T - P EYE 2 1
TRTE R AUALE > 0 AR sl 4 [ E P E PR
JHZFEEE EJ5 30 em g - 2l B AH B IR A0
TERIE R FYRCERE - FrA 8B H S 31
AR E - BOERERTAE R - MIZRE0EE
WERMERER BPREY - R8RSR
EWEER - DL R B ER - BEENSE 3 KE
PR R RO - S T S B -
RS BOR e B BT

fROLEE B MS-720 AT s AT BB HY RS
e R R B S SR i [F] 348-1,052 nm Sy & K 211
{8 B ] - A B AU SR BRI BE R S 4
WGy — R W DIE I A EAR AR B By
[z e S B S Y AR - Horpr > SERRE RS ST
JE By IE & A BIRREHIEEE £ 0 58 Ry oK
ARG EAEE R 1 - HREAHEGER
HYZE AR ~ SR AL Ak [F) b R B S IR AH AH
bt 2/A TR AR (P 2 0.05) > JI
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% 5 1 HoRT AT SR B R R B IEH £
HIRRE (0) 5 75 pa HH AH & A B8 R A ZE AR
SAFLE MR [F bR B IR AREE - =& 98
EZRPHIRAAEE (P < 0.05) > RIKZER H
PiT S HE B = el BRI R Ry iR /K 2 552 2 BHAR AR
(1)~

PLS-DA AT Bl R B Pk
PLS BRI A RAT

X=TP'+E (1)
Y=UQ"+G 2)
B PR THON 8 8 X /Y & 1 2 JE [E

(loading matrix) » Q B EEH Y AR &E(a
Y BERER MTHEU TR EXBLY
Y73 BB (score matrix) < E A AHRE Y X
FEMHE AR i oy i 2 1% 0 PTEE AR VB 28 (atent
variables; LVs) 7 i fie [ ik M4 > B 15 B A &
fil () BLE & &R (p) 59/ EZ (orthog-
onal) » & —1{f p A E A R (orthonormal) #Y
Fitk o E 81 G RyEREH -

MR T B Y BTS20 (2) AT R
23

Y=TQ"+F 3)

1M P 81 Q Al i /N7 A S
Q" =(T'T)'T"Y (4)
P'=(T'T)'T'X (5)

VBT B RLNH [F L & TEOAI SR B X B
BRY R ARMLBEBEE - MA T HERDE
EEHEE Y HE - RIEZE B &R 2
B W (loading weights) 277 - L > =X (2) 7
HE—B IR K (6)

Y=TQ'+F=XWQ'+F=XB+F (6)

Ko T 5F Al % {Ef7 & 1F PLS-DA & 8 iy

EIM » A2 Fernandez-Novales et al.

rere

]

1% 2

(2018) Wy - RS ENERGTERE
4 (variable importance in the projection; VIP)
(Wold et al. 1993) B B BRI TRHMEUR BZ
() HIPKEE - Hor » VIP 2 BUK 1 H R
B EIURES (Wold et al. 1993) -
PLS-DA H55U TE I R RS2 314 B 58 B
GEER | HEMHE S 1 AR
(true positive; TP) ; ZHEH & 0 B #E &
0 [t EF2 M (true negative; TN) 3 HEHE
By 1 EREALHET R 0 0 I RsffsfatE (false nega-
tive; FN) s HEHE & O ERERIHET K 10 b F
RF5 1% (false positive; FP) o e & B2 LAY
BEH o BERR (X (D] WEREERER
1432 (true positive rate) » BB & 1 (VEE A
TP HYEE B [0 (8)] 5 R REAI R H iz MR
(true negative rate) » BIEE R 0 VEEA T TN
AIEERT [ (9)] -

Accuracy = (TP + TN)/(TP + TN + FP + FN) (7)

Sensitivity = TP/(TP + FN) (8)

Specificity = TN/(TN + FP) 9)

5 R IIT 172 LB (10-fold cross-
validation) » BB LRI /TR 10 T 07 > i
L 9 3 E Ry RS - 1 (o fF R Bpse B
TR - B4 I 10 KRB E R ERER
B ENF R T AR M AT AR -

LS
NRARERE
B NREMEGHOKEHEBES - R
H 10 d RSN P RE B IR G MR E 2 B > i
B 11-12 d 1% jis P 4 AE Pk 3R B B 5 1 R UK
N TER IR ~ BB AE i ALK R
RESE(E (B 1A~ B)

FIRIERMG
7K R B 4H L IR 45 /K BR B AH 2 T R A

K aEELWE 2 R > mH 5-10 di%
Z Rk B4 TE Y K oy & B B IR A
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(A)

Control

Treatment

(B) Control Treatment

L TR NRE N E R B IR R BOK R A 2 SNREIEAL o (A) BHRAH SR FHAHBRRE 4~ 7~ 10~ 11
Fo 12 d Bt RREE( L (B) HIRAH SR FHAH R EE 12 d I3 R HYIPREE L (bar = 5 cm) -

Fig. 1.

The phenotypic changes of ‘Rosada’ cherry tomato seedlings in the control and drought treatment. (A) The

changes of the whole plant in the control and the treatment on 4, 7, 10, 11 and 12 d; (B) The changes of the leaves in

the control and the treatment group on the 12 d (bar = 5 cm).

ERESHEEZR > FHBEMERVHE KD
SREEHEES-92% M- EEEH 11d
%> BOKEHAERHEEKTEETRERE
79.52% » BERAEIRAE - GOKEHHEER
By Fv/Fm (B 15 fiE B 4 d B B ¥ 1R 4 fie 2 3
FopE 7 digEHAHER AV FV/Fm{E /5 0.75
B B IR 4H (B 3A) » 1 LI-6800 Uy &%
F Ot EE AR B E B L s REUR - B
KR HLAHEE 7 28R RAE R 3 8 d 1% £ 0.0049
mol m” s BEE B IE4H R FLE S RIbR
ECFREL > Al R 9 d 281 10 d 877
R B IEAH > BB 5515 0.21 mol m™ s
f110.01 umol m” s ([& 3B-D) - & iifh k%
EANEI AR R ZABUEE - RILEE AR
ELZREEE T (B 1~ & 3) -

ENHBIEE
i 7K g P G B R G TR RS G O B
(348-1,052 nm) #fE 4 - BTG EER HIK

Ocontrol @Atreatment

8

©

o
NN
Y

A\

80

70

60 -

Leafrelative water content (%)

/
.

50

o
(=X
o
a

7d 10d 11
Days of treatment

2. JREAN TR NREHERIER KSR
LHANGRK R AR ER 5~ 6~ 7~ 10 ~ 11 F 12 d FFAY
RS S EE(L - SRS R P EREEE (N
=35) » B IIE BRI FRER R By 5% 7K &L
FERCES I E R R -

Fig. 2. The leaf relative water content of the control
and the drought treatment of the ‘Rosada’ cherry tomato
seedlings in the greenhouse when they were treated for
5,6,7,10, 11 and 12 d. Error bar is the standard devi-
ation of the mean (N = 5). The same letter means that

two treatments are not significantly different at 5% level
by unpaired Student’s ¢-test.
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NN

Stomatal conductance (mol m™2 s™)
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02 %
%
o1 g b
0 _ : |
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B71E H2M

Transpiration rate (mol m™2 s™)

Assimilation rate (umol m™2s™)

(B)

0.008 |- a
0007 |- o
0.006 |-
0.005 |-

0.004
0.003 *
0.002
0.001

a
é

a
é

14d

Days of treatment

& 3.

R NREG R IR /KB AR K R B AH R 4~ 7 - 829~ 10

11 % 14 d B & A S AR

B((; + (A) Fv/Fm {8+ (B) ZEH0H9% © (C) SRALEIRE © (D) BFI(LE - BSOS PAEEDER (V=5) &7
i ER DRI R R 5% KO LSRR - MRS 2 -

Fig. 3. Biological indicators of the control and the drought treatment of the ‘Rosada’ cherry tomato seedlings when
they were treated for 4, 7, 8, 9, 10, 11 and 14 d. (A) Fv/Fm value; (B) transpiration rate; (C) stomatal conductance;

and (D) assimilation rate. Error bar is the standard deviation of the mean (N = 5). The same letter means that two
treatments are not significantly different at 5% level by unpaired Student’s ¢-test.

45
40
35 r
30
25 |
20
15 |
10 -

control

-==-treatment

tennv=?
..... -
-

Reflectance (%)

348 415 483 551 618 686 754 821 888 954 1,020
Wavelength (nm)

4. "EL DNREBIHERNERBCES - RALEE
AR [E bR H BB 2 5% > BIR4E (v=32) F
BRERAH (N = 35) THfEEE F SN AP EAVERE -

Fig. 4. Changes of the average values of canopy re-
flectance in the control (N = 32) and the treated (N =
35) ‘Rosada’ cherry tomato seedlings after transpiration
rate, stomatal conductance and carbon assimilation rate
appeared significantly different morphology.

B RAE 490-610 nm ~ 690—1,020 nm =& )7 ¥ &
M BA B = R A« LT BRI 3 (AL FRYE R
FUE R IEE AR E A E R 0 FH 335%
BRI KA ERETEER 1 ER
175 & > 4 510 EHFEER -

PLS-DA FEBIIREVZE T ~ RIRF A%
EURER PR SE

AE 2K B m b E LT 2 PLS-DA
AL (AL T) > FEONIEREE B 0.93 » BUEUE &
0.89 ¥ EE Ky 0.95 » #7758 W Eais 2 A1
[ F5 0.90 » BUELE &5 0.87 » R RE 5 0.92 (&
1) o i EHE 5 f5H » 2Bt PLS-DA &R fE
& 8 {E b ik 2 BB BB R o B R R
(misclassification rate) » # & FE RS B o {85 FH
8 {1l P e S B Y ALY T - LAY 1T 7 TR 1 fEE
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F50.92 > BURE R 0.89 - RpEE R 0.94 > 47 {EFI5 200 {8 Z R HY R R B - P IE
A B 2 AERERE 1 0.91 > BURNE Ry 0.87 - 5 FIAY JZ Bt &L 45 479-547 nm ~ 682-817 nm k¢
RER0.93 (F 1) o AT AR AV (B 1,016-1,052 nm 55 3 JZE% - AL 3 {5 B F
BT AREERAE 6A ~ B - WIEAIVEEREAM  BFRUL B ME 5 1 PLS-DA SR 111 H
[F] - R7IE G ¢ B AL LSS 40-60 (| ~ 55 100-140  FHMERESE B 0.93 UL & 0.92 > F 5%

F 1. TR NRESERE RERSOKEEAE SR E R PLS-DA BRI HT4E RELEL -
Table 1. Comparison of partial least squares-discriminant analysis (PLS-DA) model analysis results of hyperspec-
tral data collected from the control and the treated ‘Rosada’ cherry tomato seedlings.

Model Spectral band (nm) Process Sensitivity Specificity Accuracy
I 348-1,052 cal” 0.89 0.95 0.93
cv’ 0.87 0.92 0.90
1T 348-1,052 cal 0.89 0.94 0.92
cv 0.87 0.93 0.91
I 479-547 cal 0.92 0.93 0.93
1,8?2:?,1075 ) ov 0.88 0.92 0.90
v 348-506 cal 0.79 0.91 0.87
638767 ov 0.79 0.90 0.86
\Y% 348-388 cal 0.85 0.94 0.91
P ev 0.83 0.91 0.88
937-950
1,026—1,052

“ calibration.
¥ 10-fold cross-validation.

1.0
09 |
08 | @ Calibration
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Fig. 5. The number of latent variables and the misclassification rate used in the partial least squares-discriminant

analysis (PLS-DA) prediction model of the hyperspectral data collected from the control and the treated ‘Rosada’
cherry tomato seedlings.
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Establishment of the Early Prediction Model of
Water Deficit Stress for Cherry Tomato Using
Hyperspectral Data

Yuan-Kai Tu', Han-Wei Chen', Min-Kun Chi’, Shih-Lun Fang’, Min-Hwi Yao®, and Bo-Jein Kuo™

Abstract

Tu, Y. K., H. W. Chen, M. K. Chi, S. L. Fang, M. H. Yao, and B. J. Kuo. 2022.
Establishment of the early prediction model of water deficit stress for cherry tomato using
hyperspectral data. J. Taiwan Agric. Res. 71(2):87-99.

Hyperspectral data collection is a kind of non-destructive detection method, which can be
applied to determine the physiological status and disease occurrence of plants. Tomato (Solanum
lycopersicum L.) is an important vegetable in Taiwan, and proper water management during growth
process has crucial impacts on quality and yield. In order to establish a method for predicting the
early stage of water deficit stress for tomatoes, ‘Rosada’ tomato seedlings were administrated with
drought treatment and physiological parameters including the transpiration rate, stomatal conductance
and assimilation rate were determined. During the period of experiments, the hyperspectral reflec-
tance data of the leaf canopy were collected as well. The physiological status of tomato was further
determined by the results of physiological parameters. Coupling with the hyperspectral data, the par-
tial least squares-discriminant analysis (PLS-DA) was constructed to predict the early stage of stress
status induced by drought treatment. The results showed that the transpiration rate, stomatal conduc-
tance, and assimilation rate were significantly lower than those of the control group 8, 9 and 10 d after
drought treatment (P < 0.05), while the morphology appeared obvious phenotypic variation 11 d after
drought treatment. We concluded that the early physiological response to water deficit stress occurred
approximately 10—11 d after drought treatment. The prediction accuracy, sensitivity and specificity
of the PLS-DA models obtained from 348—1,052 nm were at the range of 0.90—0.93, 0.87—0.89 and
0.92-0.95, respectively. The results indicated that the PLS-DA model possessed acceptable prediction
performance. Furthermore, four important characteristic bands, 348—584, 638—817, 937-950 and
1,016—1,052 nm, which were selected from the regression coefficients and variable importance in the
projection (VIP) scores. We established additional PLS-DA models by these characteristic bands, and
the prediction accuracy, sensitivity and specificity were 0.86—0.93, 0.79-0.92 and 0.90—0.92, respec-
tively. These results showed that PLS-DA models established by the characteristic bands had no sig-
nificant improvement to the model performance. However, the models could reduce the cost of data
collection and subsequent operations.

Key words: Hyperspectral data, Cherry tomato, Water deficit, PLS-DA.
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MERE

IRE Wi S 7 5% 5 East Asian Passiflora Virus 2% 0Hi{e
DIRTTEHERANEGEE Y B L e R fal]

A M IR EBE ORRY’

e

BEGh ~ TN - BIBREE « B3 0 2022 o SEA WIS B & 52 55 East Asian Passiflora virus
YRS RA A ERAEESE Y @i 2 B - BRI 71(2):101-121 -
BEmENTHERSERAREARTCHB  REA G R4 Rk g2 HRHAEAEPER
K ° f£4 % > East Asian Passiflora virus (EAPV) AO ¥ IB % %t & Telosma mosaic virus (TeMV) & 7T & & & A%
Z 3 ERBHHEY B (Potyvirus) 5 © AFFRA 0 B £ &R & %0 5135 £ & 32 EAPV-AO #» EAPV-IB #4
%& & (coat protein; CP) 1 &30 /R * & o % J8 E4 A HW A h AA RARB 19O TR BAHEY BmEx % vt
5 3 #% 2 % Anti-EAPV-AOCP #= Anti-EAPV-IBCP » 3t # M) 3 X -8 & 1k & %, 7% & M R J& (indirect enzyme-
linked immunosorbent assay; indirect ELISA) A& 8] & 4 BLA b — 4088 5t iR & (52 & Anti-EAPVmix) 4T
R LT R AR B EE R EB N E AR TeMV » i3I # EAPV-AO * EAPV-IB #» TeMV % 3 #5 F 09 4%
& o B Anti-EAPVmix 428 9% 2 B & R L2 5 BT 0 A7 oF Bk BB A2 3E R AT RIAF
Zgh AR RS BAEARIR BR EZRALIAL - AP RETIRAS WAL EAPV 09 % TAREE 0 — RiwiRl
PPeT | B E D 3 4G £ 69 E AR Potyvirus Bk # » 37T i A AL T F 64 potyvirus + BT 4 A A
BT & M o AR R R 2 8 & 0 VT SR w BB AR 245 2 00 BB R BAE W 64 8 s A R AR AR o

RASEER - & R potyvirus i EE ~ BITHiME ~ PURDR AR~ BEEUER -

RIS W B R DS S S T (R R
> EEHE -
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ﬂoraceae) @%%% (PaSSl:fZOra) Ef\j%-ﬁzﬁf‘%‘ri KmFﬁEﬁ%H’jﬁﬁ*ﬁﬁE \\\Eﬁ%i\\fjﬁ
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tEY) > RAEREENCESFRGENE - 5§
HERE R, Wt BASKKEEE - ®
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TEAREKHET - INEE RS RBEERE
MAfm > 2020 FEELEE 894 ha v fEFLE & 28,526

Nepovirus ~ Potyvirus ~ Rhabdovirus ~ Tobamo-
virus J Tymovirus J& 2 %2 (Liberato & Zerbi-
ni n.d.; Spiegel et al. 2007; Parrella & Lanave
2009; Coutts ef al. 2011; Song & Ryu 2011;
Nakasato et al. 2020) o Go & CU41 H & 295
HEME > B () 2R GDH & RME (Bast

Mg » FEEZE 12.8 (HiT - EREBEEFTA S E
ZHE - HiF > mEFEEE 0 LUSEREELR
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(2) U1 . 9F {# K S0 % (cowpea aphid-borne
mosaic virus; CABMV) » FIDI{F & @2 %R
S EEFGAN B /R EERE (passionfruit
crinkle virus; PCV) (Chang & Lin 1989) ; {H{§
NEFBEZHRA BREAHREETER
T R (Chang er al. 2017) 5 (3) EBJLiH
0% (cucumber mosaic virus; CMV) 5|#EEE
F = PE%# (Liberato & Zerbini n.d.); (4) &
16 #% 4097% 35 (Telosma mosaic virus; TeMV &,
TelMV) BZRBIIFENREHER LEHNKE
(Chiemsombat et al. 2014) » 5[FEBEF R4y ~ H£
Rz R SRR B AL > (5) - 1& Begomovirus
B E - BE AL (Euphorbia leaf
curl virus; EuLCV) KA JAPEEEEE 555 (papaya
leaf curl Guangdong virus; PaLCuGDV) » X
HEEEE WA ENEER (Cheng et al.
2014) » HHEBE R R AROR AR T 20 5[
TR AU AR - FOR IR 18 A Y EE & PAE i
it - BEULCV fEFEIARE (Ma et al. 2004) Hl
B (Kil er al. 2016) ¥4 4 ; PaLCuGDV
Ji2 2004 i BIKPEER 1 KR E (Wang et
al. 2004) » RELAEHPEIREMGEH#4 -
F it 2 EAPV-AO ~ EAPV-IB ~ TeMV I
CABMV BN EZ Y BRHE (Potyvirus) i
BT M E Y 2018 AR B EE R
4R & 9 0 (National Center for Bio-
technology Information; NCBI) £t [R & il &
(GenBank) &8k — T EAY EE0E Y BN
AR EMETERENER REREE > KHE
4% By Passiflora mottle virus (PaMV) (acces-
sion no. MGO087836) 5 #A[f » ik B LK 557
¥iZ% &9 (International Committee on Taxon-
omy of Viruses; ICTV) A& E T Ry
FEKHE - B1H AT B 8 7Y NCBI GenBank [y
passionfruit Vietnam virus (PVNV-DakNong;
accession no. MH286883) A fH[E% 5 (Chong
et al. 2018; Do et al. 2021) - EEHE R K
HILHREEE -
RNELRFZEAEREFZ TR - HAIE
PR 5 S B A SRR LAY 35 T B R RN Y
passionfruit woodiness virus (PWV) (Wylie &
Jones 2011) ~ 2 Ay CABMV (Nascimento et
al. 2006) ~ ZZ[EHY TeMV (Chiemsombat et al.

rere

]

1E F2M

2014) ;s M HA - 88 - FEKENRE RS
SO E £ 22 5 EAPV RGPS [EE (Iwai et al.
2006b; Chong et al. 2018) ; Sl &EE R EAIR
LR 2% Fs EAPV-AO %% (Chang
et al. 2017; Chong et al. 2018) F1 2017 E 3T
Z TeMV (Chen et al. 2019; Tsai 2019) -

TeMV & > 2008 F R & 16 (Telos-
ma cordata) FH72E3] (Ha et al. 2008) » L&k
4R TeMV T EEEH KR EE (Ha et al.
2008) ~ EEZEEH (Pogostemon cablin) (Noveriza
et al. 2012) ~BfH1HH (Senna alata L.) (Yao et
al. 2019) FIHEHE (Chiemsombat et al. 2014;
Lixue et al. 2017; Chen et al. 2018b; Yang et al.
2018) - #T4EAZ=E] (Chiemsombat et al. 2014)
FlHr B K% (Lixue ef al. 2017; Chen et al. 2018b;
Yang et al. 2018; Xie et al. 2020) [E & 35 &
TeMV b & 5[EHERANELRE > 85
HRZEEmME - Lee et al. (2020) PAE R
2017-2019 FHARI{E &8 H [H 5 & £ E A
BEERBUR TeMV B EFESEHME -
BRLIE 32.1-35.8% » HINBEZEHE -

TP A A o O I 2R A R R T (en-
zyme-linked immunosorbent assay; ELISA) &
RREYIREZ il - BA T —K 2 EhifetE
ih Y {8 85 (Clark & Adams 1977; Clark 1981;
Koenig & Paul 1982; Baranwal et al. 2020) -
AR B U AL B A MR AT FE AT - AT DR
TR SRR LETE S - (EAE H R ¥ 3w Y
RE P E SN EEE G B Rk
AT Bl & - Rk BRI R %
WORDERR 2 T hiee - TG & 8 & AU
fir » AP FHR IR B R R AR -

AW ZE H 4 B AR SR R 4R B AR E
EAPV-AO #1 EAPV-IB #y#§%&E H (coat protein;
CP) i Ry il - BUf 3 E B 50 3 2 % T hit
B o BRET H R [E 5 7 IR potyviruses {5 2
T IR o G o A DR & W& BAs 7 LT
indirect ELISA I ¥ 2 71955 55 i T R AV RCRY
FiRaT EAPV Z 48 1Y 98 55 11 M i T PR A Ik |
Zo AR DU R & o e e A Y HIUBSE
fir > 476 oo e R A B - HUBE RO Alg DASR 71
HESIREA R -
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M T A
ERRE i

(S} ¥ STWAERIS S itk

AT B A 2017-2020 42 ] > HH A
Y B P 01 B DA R 7 v 5 e e L i B e P e s L
EAPV-AO ~ EAPV-IB fl TeMV 2 & R EEH
LA o AT DU - T S R S S TE (reverse
transcription-polymerase chain reaction; RT-
PCR) HwE H BB & FUIYIRRE (Lee et al.
2020) » fE Ry EEAHR -
ZR B2 VB AR AL

201943 HEREM A RPN REZ 20
(Bangkok) ~J%## (Chiang Mai) A1)F %< (Chiang
Rai) Sl 2 & RHERIE R EEURE
fon /Y EETTH R EZ B gBEYIERE
Bz TR EE Y Y B ) fn i AR,
A (B ASTRIEESE 108-V-500) - FRbR S
ME RO T TR B E < HE SR - 5l
RN E LUER & B E % (121°C ~ 20 min)
R RHETT ) B B Y

LD STWASECE S ot

2019 F 11 H A #E 2 32 %K 4 (Gia Lai)
FIRW] (Da Lat) it - {25 e 5 5 5 5 1)
B MR RE FEENE & REERIGER
BBk E Ry EBTEREERZ A
GEEYERERZ TREEYREY) R
anfit A WA RZAEE A (B AGT ATEE SR 108-V-
582) » [AFREEE FIREE IR M ETRBEEZ
FERH B o SUBRoe AR E DS i e BRI A
(121°C ~ 20 min) fREA R HET TR 35 LR B
ERMEESRARRKRITRS CPRE
SRR

At B 6 I HH ] PR SR 3 DA RT-PCR SR
B B 4 EAPV-AO 1 EAPV-IB 1 H & &£
PSR T Z -

T CP B4R Fy B SR B o o0 A

Reieilifl ¢ M 0.1 g 2 MR 4H &R o
R 9% P L VX B 0 & 25 AU SR 4E (Plant

Total RNA mini Kit, Viogene, Viogene-BioTek
Corparation, Taipei, Taiwan) 25 BE » #E{T{it
AE YA e BRI (total RNA) 2
ZEHY

B0 B RT-PCR & @ DL4IEFT#S 2 RNA
R8> M Potyvirus 8 Z i ff X517 #
HRP-5/0ligo-dT,,, (5’ATGATHGARKCNTG-
GGG3'/5'GCGGCCGCTTTTTTTTTTTTTT3")
(Pappu et al. 1998; Chen et al. 2006) #ETTH T
FLRAS 3" 14y 1.3 kbp &l R B 2 B0 B RT-
PCR fZ JE - RT-PCR % 4 =t % 40 (Invitrogen
Co., Carlsbad, CA, USA) 2t F » A& —25 uL
SIERF 3 AIAIA 1 pL Z 428 RNA ~ 12.5 uL
< 2x Reaction Mix ~ 0.5 uL 2 SuperScript III
RT-/Platinum Taq Mix ~ % 1 pL 2 10 pM _FJi##1
THE5IF > Ff19 pL 2 DEPC-treated water ° Fff
AHRBUEGHEA% » REVER N ER (Biome-
tra T3000 Thermocycler, Analytik Jena, Unter-
schleiBheim, Germany) HFH#ETT - 3% E K EFLF
Ry 0 50°C N #EAT B §% 30 min ~ 94°CE#E 4 2
min ; Z {2 #E{T 26 {f PCR {EER [ JE - 94C &
P 1 min ~ 52CTJi4& 50 s > 72CTFE4A 1 min
30s > e —EERZ RCEENRIELERF 6
min o 7 JE 45 52 DL 1.2% Bk 3 BB (SeaKem,
Agarose, Cambrex Bio Science Rockland, Inc.,
Rockland, ME, USA) #1773 #r AIEEAE R -

B e v B 3 G NI B% H B e 91 43 A - A
HRP-5/0ligo-dT,,, 5| % FridiE £ 69 1.3 kbp
W% F B 0 BE5E Y pGEM-T Easy Vector Sys-
tems #E8 - (Promaga, Madison, WI, USA) > ffi
BEHEH IR E R AP (insert sequence) HY
BEVE IR A SRR E N B (BARAEYIRHCE R
AFE > GEGIET)  DEBKEEEFES T
HIZHEE P > Fris 751 2L Vector NTI Suite
(InforMax, Inc., Wisconsin, USA) 43 # 8 HS #
75347 » B2 NCBI GenBank B2 & §%17 EAPV
CP 1% T BE M B AL B8 51 #E 7T EL S o0 7 - el
KT s etk CP i HEEFFY -

TR EET BiER CP BN BB T E R B % 70
Pl B

ik 2 W3 Tl EAPV 1y CP /7 51| %€ f &5 R
sHE I EREERE CP RHFRTY - &G
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EAPV-AO 1 EAPV-IB 78 3 [ T4 T 1 (1)
AOCP-u/AOCP-d [5'-TACCATGGGCAC-
CAAATCAGAA AATGAC-3' (BIJEE43 B Neol
PIr)/5'-CCTCGAGTCACTGCGGGGAATTCATA-
37 (B 455 By Xhol ¥IA7)] 5 (2) IBCP-w/IBCP-d
[5'- ACCATGGGCTCATTCACTGGAAAAG-3'
(BIE4E B Neol TIir)/5'-GCTCGAGTTACT-
GCGGAGGAACCAT-3' (E K47 H By Xhol V]
fir)] : DL EE %% FE 4« EAPV-AO 5 EAPV-IB ¥
HEREEH 442 82 RNA BIFER - 20 Bt
RT-PCR [Z JE{RM: » LAH ¥ E  CP R 5
T R SOCTE » 26 fiil PCR AR E
Lisbigmiss 2 2 RE CP fERIEASER A -

s 1 g P 15 2 EAPV-AOCP f{1 EAPV-IB-
CP % B |7 F% DA Ncol #1 Xhol U &l » 55 5 Jj*
5] £ 48 Neol F1 Xhol 1) 2] 2 pET28a(+) # %
(Novagen, Inc., Madison, WI, USA) » Z&£ 3555 (%
Fr S B B pET-EAPV-AOCP 1 pET-EAPV-
IBCP 45 Fl| 8 I 5» Escherichia coli strain Ro-
setta (DE3) #E{TRILE L FHEBAL - FHEHH
57 A S DR R s &S 1T (Li et al. 1998;
Chen et al. 2018a) - 4i{LIRAVRHERINEH L
B pH 8.0 2 Tris-EDTA & &R AR5
A #E{T sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) &k 7741 » F
&8Py 15 B BEE (western blotting) DL E Poty-
virus BETLHES (Agdia Inc., Elkhart, IN, USA)
MR A R B2 W CP R Iikk - DARER
EAPV-AOCP 1 EAPV-IBCP 7 F - /5§ )5 &
AR B2 I DR S R 2 #4T (Chen et
al. 2018a) -

HE— 1 A I EAPV-AOCP fil EAPV-
IBCP 7 pET #EJE k- & M8 DUAE b 92 $ie &5 o
TREBRBTEA ZFEBAL (Li et al. 1998;
Chen et al. 2018a) » R&iifb 2 FRILE HIRE My
1 mg mL" DUECRHIR » 162558 BAKR AR
KARAH (GEKEST) #1788 12X
TOEST | mg 2@ LFRIMED - HEE 4 wk iR
RS 5 S R R E A TRRARER M
BERLT 30-40 mL DUERR % Thiks -

rere

]

1E F2M

EAPV-AOCP F] EAPV-IBCP % jT #1 B2
2 K R R E R M

EAPV-AOCP #1 EAPV-IBCP % JT b1 4 %
AN[E] potyviruses Z f IR

A s By 2 W g 4t indirect ELISA J7 /£
(Clark & Adams 1977; Chang et al. 1988; Chen
et al. 2018a) #1725 EB1 EAPV-AOCP f1
EAPV-IBCP % JTHifE 2 K JE < HL 0.1 g MR EE
LR AR TS -

Indirect ELISA i @ &5t DAL S i A
RALENTEANIEENE SRR 243 [ € SR
EAPV-AOCP ~ EAPV-IBCP [ F7 4% 55 Lk 6] )6
& 2 EAPV-AOCP/EAPV-IBCP (7% 2 Fy Anti-
EAPVmix) % THide % 3 MH & 7 Hl i
1,000x %1% » 7 B2 0% n 1T SO - B o
AR BL$E 2017-2020 4F 72 I H B 7 5 H
s B¢ 82 7 B M i 4% EAPV-AO ~ EAPV-IB Al
TeMV 2 5y Bk ~ BVH & (Passiflora foeti-
da) 57 #ERE EAPV-AO-PF1 ~ Z= B BB B 2
% &R potyvirus JFHHE I -~ AWK = RGF Z A H
Potyvirus &5 HRIWAHE (B 1) XRE 8%
Ay E E B 2 HAMffE potyviruses (Fischer
& Rezende 2008; Parrella & Lanave 2009) >
AILA R = rEEE 2 » 61 CABMV
(Chang & Lin 1989) » bean yellow mosaic
virus (BYMV) (Chen et al. 1999) ~ Passiflora
virus Y (PaVY UL & 77 B ) (B0 182 2 1+ 42
fi£) #1 soybean mosaic virus (SMV K& 578
)

HU0.1 g Z M EE4H A% - DL 3 mL 2 15 mM
fi% % $/ 4% /%7 ) (sodium carbonate buffer, pH
9.6) WEES Z)11% » I 96 fl. enzyme immuno-
assay (EIA) FZJE#E A (100 puL/FL) » #{T indi-
rect ELISA figfll 5 2@ FELL 150 pL/ALZ B
IAERE &5 1 mg mL™ 2 i e e G B 2 H
(p-Nitrophenyl phosphate; p-NPP) (Amresco,
Solon, OH, USA) #77 ° Z [ 30-35 min {% »
DL ELISA B {& % (PTI max microplate reader,
Molecular Devices, Sunnyvale, CA, USA) :&

HUK £ 405 nm T Z W W B - R 765 7 55 %
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1. FIFH4E L Bast Asian Passiflora virus (EAPV)-AO 1 EAPV-1B gl& 485 (4 B8l fgny 2 o hiaait
e = 2 S SR IR E A IR 6] Potyvirus i < BUR ©

Table 1. Detection effectiveness of the polyclonal antibodies against the bacterial-expressed fusion coat proteins of
East Asian Passiflora virus (EAPV)-AO and EAPV-IB reacted with different potyviruses in indirect enzyme-linked
immunosorbent assay (ELISA).

ELISA reading (A os,m)”

Virus-infected sample” Anti-EAPV-AOCP Anti-EAPV-IBCP Anti-EAPVmix*
East Asian Passiflora virus (EAPV)-AO-Tw

EAPV-AO-Tw 1.786 1.305 1.625

EAPV-AO-PF1 1.356 0.918 1.490
EAPV-IB-Tw 1.954 2.401 2.669
Cowpea aphid-borne mosaic virus (CABMV) 0.272 0.750 0.608
Telosma mosaic virus (TeMV)

TeMV-Tw 0.592 0.849 1.101

TeMV-TL 0.602 0.808 0.892
Passionfruit Vietnam virus (PVNV)-VN 0.333 0.583 0.735
Passiflora virus Y (PaVY) 1.455 2.159 2.173
Soybean mosaic virus (SMV) 1.283 1.333 2.143
Bean yellow mosaic virus (BYMV) 0.408 1.151 1.337
Bean common mosaic virus (BCMV)-BICM 0.795 0.922 0.819
Potato virus Y (PVY)-potato 0.582 1.015 0.673
Papaya ringspot virus (PRSV) 1.217 2.045 2.018
Zucchini yellow mosaic virus (ZYMV) 0.701 1.694 1.614
Maize dwarf mosaic virus (MDMYV) 0.922 1.251 1.568
Butterfly flower mosaic virus (BFMV) 0.245 1.033 1.457
Ornithogalum mosaic virus (OrMV)-Or1 0.644 0.851 1.217
Turnip mosaic virus (TuMV)-YC5 0.194 0.289 0.365
Bidens mottle virus (BiMV)-Leu 0.265 0.941 1.056
Zantedeschia mild mosaic virus (ZaMMV) 0.496 1.031 0.957
Konjac mosaic virus (KoMV) 0.092 0.159 0.177
Dasheen mosaic virus (DMV) 0.063 0.147 0.115
Lycoris potyvirus 0.240 0.261 0.329
Lily mottle virus (LMoV) 0.088 0.330 0.410
D-CK 2.972 2.625 2.955
2H-CK 0.108 0.182 0.190

“ Tested potyviruses are collected and preserved materials in the laboratory. TeMV-TL was collected from Thailand’s passion fruit
fields in 2019. PVNV-VN was collected from Vietnam in 2019. EAPV-AO-PF1 was collected from Passiflora foetida.

¥ The mean absorbance value of two replicate wells is shown. Samples with ELISA readings lower than two times of the healthy
control (2H-CK) are considered undetectable. The bacterial-expressed viral proteins are used as positive controls (D-CK).

* Anti-EAPVmix represents an equivalent mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP.

FEERZAE - BB EAR 2 2 @FEEE  EAPV-IB » CABMV » BYMV  PaVY » SMV
RSOEEE > HERBIERE - I TeMV #ETTEE > 5P 6h Ll BB EOR &
SLAR a7 2B E T BEH EAPV-AO 3 TEpUARAH & B2 B A S REE: -
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T 7155 2% TUP L b I RBURE R 40 B

A st B 4 7] DL EAPV-AOCP 1 EAPV-IB-
CP %t hi B » Ll K Anti-EAPVmix i 8% % 3
MG - N ELMEE SR TeMV-CP % 7T
B8 (Lee e al. 2020) > DIFfTE 1,000x SR HETT g
HIBURN S 2 ELE A3 #T -

B FEZ* EAPV-AO ~ EAPV-IB f{l TeMV
ZEERMERASE > B 0.1 g HERTTLL 3 mL
2 15 mMIREE 4% E% (sodium carbonate buf-
fer, pH 9.6) Wf/E1% » FEDUBL&Z ENRAS 5% &7
M E SRR SRR Sy BIEUE 2 (100
uL well™) fA 96 fLEIA EM A - SR
2 FL By 2 EEHE > #E1T indirect ELISA X JE 5 &
EfETT 35 min 2 2EIJE o BERIKRIEE R 2
B2 EFERBEES » HAERE -

EAPV-AOCP #{l EAPV-IBCP % S {4 hz H:
DR G A A AR Rk Z A ISR

B 545 D) B 8 EAPV-AOCP = EAPV-IB-
CP % THife Kk Anti-EAPVmix g ¥ 5 & £
FEBRAS SRR - A2 N &S
BOR > EFEERATHFRE B ERER
% 41 4 B F5 EAPV-AO 75 23 { ~ EAPV-IB 5
27 {EF1 TeMV A 30 {# ; Hrth TeMV 5 &E45
HERRELFER &8 oy IR 21 (BRI 2R B 45 ik 9
{8 > 7553 Al @ i R [E R & B & (Lee et
al. 2020) - &FfEZ M S99 B 81 it EAPV-
AOCP - EAPV-IBCP % T §i g Ml b e )6 &
Anti-EAPVmix 2 3 f# i #& 40 & # 77 indirect
ELISA #&01 » 3 W #i g W A fn B -
TeMV B 7 £ i R EL TeMV-CP % Tt Hi g
(Lee et al. 2020) 2 [ZJE > DI B TeMV-CP %
Tehiig e R s 2 IE K FESTL -
DL EAPV-AOCP Hi1 EAPV-IBCP % T Pi fa
RE WA A & R R R &1

fg: B 58 75 T 4% EAPV-AO 5 EAPV-IB
ZHEB RIS I IR o B
WIKFE S R L~ - T=2E SRIREEE
B LY BRI SE 02 g bl 6mL Y
15 mM fi % 8 4% 1% (pH 9.6) WE 5)1% »
fIA 96 FL EIA SZFERZ A (100 pL/fL) » DAPifE

B71E H2M

JEER Anti-EAPVmix #17 indirect ELISA f§
HIEES - FEAL &R ERRERAL R EE R R Ei4H
BHREIMAELR
L EAPV-AOCP f1 EAPV-IBCP % tHifeiR
Bt S T EH R 7 SR A AR o R
R bt 0 T A A E HURE S AL 1T ER
B > DL indirect ELISA JA#6 I re R4 i B A BE
HEERAEEZ REHEANGE 1 HHE
HHEERER Kin  BTRBRBERAE - 77
7] EAPV-AOCP ~ EAPV-IBCP Hl#i #48 &
& Anti-EAPVmix 55 3 41 g T R00]
PHEHHE EERRENREE -

FER

EAPV-AOCP #1 EAPV-IBCP &l & 14 &=
HERIRREZ TS S

EAPV-AO H] EAPV-IB = CP £ H & 1%
Pkl R © AT EAPV-AO 1 EAPV-
IB & & & CP #% B |1 B 77 il P ## 5% 2 pET-
EAPV-AOCP 1 pET-EAPV-IBCP #5E ik » 1F E.
coli Rosetta (DE3) 75 L. I mg mL™" 2 IPTG
(isopropyl-B-D-thiogalactopyranoside) &% Z &
HEZRE > MEHEEHE T pET28a(+) &
HEEREHED - REEH S TEEMG Y
B By EAPV-AOCP %Y 5 37 kDa - EAPV-IBCP
%)y 33 kDa » > SDS-PAGE & Jk 73 fft 1 #5 1]
AEmEERBEO > T2 BEGEETE
RA TR IR B X A YR pET28a(+) &
WEAFTA (8 1A) - RPETREER - T8
Potyvirus ¥ 5 1Y B T P g 0] 82 EAPV-AOCP
1 EAPV-IBCP £ & H & £ [E S JE ([ 1B) -
B ANHF9E 2 EAPV-AOCP 1 EAPV-IBCP %
WEBEHE Potyvirus i Z BURRFE + #E
— R & BHVRRED BIURT R 2 %
JLPURS » HEE )T ERUE AR BUR A4 Al
FHEFEANFEIRE S (EAPV-AOCP/37 kDa »
EAPV-IBCP/33 kDa) FEA 1F & JE ([&] 1C) -

EAPV-AOCP #1 EAPV-IBCP % jU ¥t & %}
ANE] potyviruses RS HIRICR + ABH 7 Fr 8L Y
EAPV-AOCP A1 EAPV-IBCP % tHife » &l
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kba M PpET BEP eBEP M PpET BEP eBEP
A) 50 G =w e .- ’
40 e BN SN9 - .y
— Ea— -
35 . . e - —
25 e S P ——
-
50 ..
(B)
40 P
35 ot —
25 .
c 50 -
<) 40 .
35 -—- . - =
25 - -
o
EAPV-AO EAPV-IB

Bl 1. JEFH4HE A = 2251 East Asian Passiflora virus (EAPV)-AO 1 EAPV-IB Fli& 43282 H > (A) SDS-
PAGE &k }z (B ~ C) PEJ7E£EHE T - (A) SDS- PAGE EHHEEKE  HHEHEOZMEEERES Y TE
TEfE 57 B By EAPV-AO/37 kDa {1 EAPV-1B/33 kDa ° 2 HIf% ih 47 HIlEL (B) Agdla NEIHEZ Potyvirus BICHIS
(C) BH#4” EAPV-AOCP {1 EAPV-IBCP % THiifg ?:Iﬁﬁ SROEHT - T M 1 EAES TR 1T pET :
HERILZ pET28a(+) EEH (RWAWHHED ) {7 BEP : ZHﬂi?ﬁZV HHEN T eBEP © &i{L{& 24
HRBAHHEHED °

Fig. 1.  (A) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and (B, C) western blotting
assays of the bacterial-expressed coat protein (CP) of East Asian Passiflora virus (EAPV)-AO and EAPV-IB. (A) The
bacterial-expressed fusion proteins of EAPV-AO (37 kDa) and EAPV-IB (33 kDa) (lane eBEP) were observed by
SDS-PAGE. (B) The monoclonal antibody to Potyvirus purchased from Agdia, and (C) the polyclonal antibodies to
EAPV-AO CP and EAPV-IB CP prepared in this study were used to react with the bacterial-expressed viral CPs. Lane
M: protein markers; lane pET: IPTG-induced bacterial cell lysate containing the empty vector pET28a(+); lane BEP:
IPTG-induced bacterial cell lysate containing pET28a(+) with viral CP insert; and lane eBEP: the purified bacteri-
al-expressed CPs of EAPV-AO and EAPV-IB, respectively.

HHERN A EAEEERESN (B 1C) 0 PFL @ik + (4) sisk A R E &£ 2 Hith

AT indirect ELISA J2 43 HIJEE 1K 5t e
AIERIE GR D) > 8 (1) FRR S 2 &7
EH (D-CK); (2) H & F EAPV-AO - EAPV-
IB fil TeMV f&JK4H4%  TeMV @& &8 (Tw)
FIZREL (TL) 73tk 5 (3) BVE#EE EAPV-AO-

f&# potyviruses @ 5 BYMV ~ CABMV -~ PaVY
SO Sy BERR - SMV R R B F B R &
PVNV-VN ; (4) HAth <250~ A [E potyvirus-
es (£ 1)« REEREURFTEIHEH ~ 2 fE EAPV
SRR 2 Lot hiie - B Ake 2D 19 fE2Z N
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S HYR [F] potyviruses » EL7A &R e M ] & 9
FHIRR o 1 LAZE L WJ/H: & HJ EAPV-AOCP/
EAPV-IBCP %7048 (Anti-EAPVmix) & [F#E
A BRI E R T 19 18520 potyviruses £ Y
R (1) -

B71E H2M

PSR AR Anti-EAPVmix ¥ SCRREC % BT
BB EF R ZAE Potyvirus Bk E (8 2) A
EAPV-AO ~ EAPV-IB - CABMV - BYMV -

PaVY ~ SMV #l TeMV A ¥ fE 5 3 CP Y &%
FYHESLIERIE > BURLFEHRER indirect

HE— 0 R TE T SR BA S T 4E SRR ¢ AN
%22 EAPV-AOCP ~ EAPV-IBCP % itHifs ki H

ELISA #f Ll it E 4 ERIESE > ME 2
B2 AR By TEA R EZ 4558 -

kDa M
55

40

35 ~-- ‘

25

BEP AO IB CA Pa SMV BY Te H

Anti-EAPV-AOCP

M BEP IB AO CA Pa SMV BY Te H
. -

40

.
35 ".N’.

25

Anti-EAPV-IBCP

55 .‘

40

> met -
O“

—
25 .

Anti-EAPVmix

2. DIPJ7 #5747 T East Asian Passiflora virus (EAPV)-AO FI EAPV-IB % T Hife M HHTHDE SREA
FEERE Y BiNHE I - 2 B8 % T hi#s Anti-EAPV-AOCP Anti EAPV-IBCP DL It Wi fip 25
PSP A% (Anti-EAPVmix) HE(TRIE « 7 M ¢ 28 E10050 -8 0% © 7 BEP : 4JE %302 pET28a(+)
WHEHERIEHR . AFEEHEASETR © 17 AO (EAPV-AO) ~ 17 IB (EAPV- IB) {7 CA (cowpea aphid-borne
mosaic virus; CABMV) ~ 17 Pa (Passiflora virus Y; PaVY) » 17 SMV (soybean mosaic virus; SMV) ~ 1T BY (bean
yellow mosaic virus; BYMV) ~ {7 Te (Telosma mosaic virus; TeMV) ; {7 H @ {5 5 &R 4H4&E -

Fig. 2. Analysis of the polyclonal antibodies of East Asian Passiflora virus (EAPV)-AO, EAPV-IB and their mix-
ture reacted to different potyviruses in western blotting assay. Samples were reacted to the antibodies of Anti-EAPV-
AOCP, Anti-EAPV-IBCP and Anti-EAPVmix (the mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP at equal
ratio), respectively. Lane M: protein markers; lane BEP, IPTG-induced bacterial cell lysate containing pET28a(+)
with viral CP insert; different virus-infected passiflora leaf tissues including: lane AO (EAPV-AO), lane IB (EAPV-
IB), lane CA (cowpea aphid-borne mosaic virus; CABMYV), lane Pa (Passiflora virus Y; PaVY), lane SMV (soybean
mosaic virus; SMV), lane BY (bean yellow mosaic virus; BYMV) and lane Te (Telosma mosaic virus; TeMV); lane H:
the healthy passiflora tissues.



HERRHZ Iy ksl 109

rﬂ%m?ﬂ:ﬁﬂ /\I\/;\nglu\ /_\1()-:[

Jf* indirect ELISA gt > DLsy A (e S i
(9 ELISA GEE (Ayosam) 2 1% HI5E By IESE 2K
% » AtEs Sy R0 EAPV-AOCP ~ EAPV-IBCP
%It PSR S (Anti-EAPVmix) #{T
¥} b A7 AR S Y BUELE o DL EAPV-AOCP
Zhigins > B HE R H EAPV-AO A
mﬁ%‘z#@ﬁumrﬁ o O] R A M R A Y

o b R BRURR S 43 A1 S 7 ¥ A% R EAPV-IB
ﬁj TeMV i 5x f{125x (3%2); L EAPV-IBCP
Zhiins - HHEERRH EAPV-IB 1 &
B 2 kARG RS - ] 2 AR S A R A B
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Table 2.

Sensitivity detection of the polyclonal antibody against bacterial expressed fusion coat proteins of East

Asian Passiflora virus (EAPV)-AO and EAPV-IB reacted to their original virus and Telosma mosaic virus (TeMV).

ELISA reading (A,s,,) of series dilutions of antigen”

Antigen” 5" 57 57 54 5° 5 57 5%
Reacted with Anti-EAPV-AOCP
EAPV-AO 1.254 2.198 2.097 1.442 0.590 0.251 0.116 0.106
EAPV-IB 0.733 1.692 1.542 1.043 0.725 0.164 0.097 0.039
TeMV 0.804 1.032 0.561 0.219 0.151 0.114 0.067 0.071
2H-CK 0.180 0.064 0.098 0.074 0.046 0.072 0.074 0.090
Reacted with Anti-EAPV-IBCP
EAPV-AO 0.894 1.643 1.550 1.213 0.554 0.206 0.136 0.150
EAPV-IB 1.650 2.149 2.285 2.249 1.363 0.444 0.242 0.162
TeMV 1.231 1.407 0.863 0.491 0.350 0.179 0.148 0.094
2H-CK 0.102 0.072 0.076 0.088 0.142 0.196 0.208 0.230
Reacted with Anti-TeMVCP
EAPV-AO 0.592 1.505 1.466 1.365 0.872 0.301 0.198 0.101
EAPV-IB 0.539 1.293 1.336 1.206 0.886 0.408 0.189 0.122
TeMV 2.252 2.602 2.254 1.557 1.007 0.316 0.144 0.094
2H-CK 0.144 0.060 0.068 0.070 0.100 0.108 0.178 0.162
Reacted with Anti-EAPVmix*
EAPV-AO 1.753 2.430 2.347 1.951 1.269 0.568 0.315 0.288
EAPV-IB 1.608 2.445 2.476 2.486 1.922 0.675 0.356 0.256
TeMV 1.419 1.785 1.773 0.645 0.489 0.281 0.232 0.224
2H-CK 0.058 0.046 0.064 0.098 0.166 0.182 0.334 0.360

“ Tested antigens are the diseased passiflora leaves individually infected by East Asian Passiflora virus (EAPV)-AO, EAPV-IB and

Telosma mosaic virus (TeMV).

* The mean absorbance value of two replicate wells is shown. Samples with enzyme-linked immunosorbent assay (ELISA) readings
lower than two times of the healthy control (2H-CK) are considered undetectable. The underlined value means the endpoint of pos-

itive detection by tested polyclonal antibody.

* Anti-EAPVmix represents an equivalent mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP.
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Table 3. Detection of the East Asian Passiflora virus (EAPV)-AO infected passiflora tissues by different polyclonal
antibodies in indirect enzyme-linked immunosorbent assay (ELISA).

ELISA reading (A s,,) of samples detected with

EAPV-AO isolate” Anti-EAPV-AOCP

Anti-EAPV-IBCP Anti-EAPVmix*

1 0.666
2 0.530
3 0.517
4 0.282
5 0.292
6 0.770
7 0.432
8 1.519
9 0.784
10 0.682
11 0.466
12 0.319
13 0.311
14 0.255
15 0.210
16 0.312
17 0.374
18 0.276
19 0.411
20 0.233
21 0.246
22 0.239
23 0.314
D-CK 2.267
2H-CK 0.184
No. positive 23

Av. positive value 0.454

0.145 0.715
0.099 0.613
0.246 0.608
0.107 0.293
0.126 0.385
0.384 1.196
0.177 0.543
1.190 2.031
0.403 1.310
0.153 1.005
0.230 0.672
0.129 0.414
0.114 0.429
0.124 0.340
0.089 0.250
0.077 0.477
0.119 0.496
0.095 0.348
0.155 0.602
0.105 0.335
0.075 0.330
0.054 0.312
0.103 0.457
2.049 2.240
0.186 0.206
5 23
0.490 0.616

“ Tested antigens are the diseased passiflora leaves only infected by East Asian Passiflora virus (EAPV)-AO. Positive control (D-CK)

is the bacterial expressed viral protein.

’ The mean absorbance value of two replicate wells is shown. Samples with ELISA readings lower than two times of the healthy

control (2H-CK) were considered undetectable by indirect ELISA.

* Anti-EAPVmix represents an equivalent mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP.
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Table 4. Detection of the East Asian Passiflora virus (EAPV)-IB infected passiflora tissues by different polyclonal
antibodies in indirect enzyme-linked immunosorbent assay (ELISA).

ELISA reading (A s,,) of samples detected with”

EAPV-IB isolate” Anti-EAPV-IBCP

Anti-EAPV-AOCP Anti-EAPVmix*

1 1.975 1.385 2.181
2 0.806 0.450 1.067
3 0.806 0.453 1.223
4 0.461 0.282 0.785
5 0.903 0.558 1.350
6 1.383 0.897 1.740
7 2.245 1.397 2.398
8 2.075 1.157 2.216
9 1.233 1.004 1.404
10 2.163 1.636 2.210
11 1.513 0.867 1.742
12 0.508 0.495 1.058
13 1.758 1.780 1.585
14 1.190 0.985 1.802
15 1.597 0.967 2.174
16 1.276 0.639 1.443
17 1.838 1.210 1.431
18 0.852 0.667 1.066
19 0.888 0.751 1.376
20 1.023 0.952 1.617
21 0.853 0.712 1.514
22 1.440 0.999 2.094
23 1.466 0.850 1.658
24 2.150 1.992 2.398
25 2.052 1.232 1.751
26 1.550 0.813 1.726
27 0.168 0.168 0.286
D-CK 2.317 2.992 2.386
2H-CK 0.145 0.168 0.206
No. positive 27 26 27

Av. positive value 1.333 0.967 1.604

“ Tested antigens are the diseased passiflora leaves only infected by East Asian Passiflora virus (EAPV)-IB. Positive control (D-CK)
is the bacterial expressed viral protein.

” The mean absorbance value of two replicate wells is shown. Samples with ELISA readings lower than two times of the healthy
control (2H-CK) were considered undetectable by indirect ELISA.

* Anti-EAPVmix represents an equivalent mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP.
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Table 5. Detection of the Telosma mosaic virus (TeMV)-infected passifiora tissues by different polyclonal antibod-
ies in indirect enzyme-linked immunosorbent assay (ELISA).

ELISA reading (A s,,) of samples detected with”

TeMV isolate” Anti-TeMVCP Anti-EAPV-AOCP Anti-EAPV-IBCP Anti-EAPVmix*
Tw 1 2.037 0.348 0.300 0.634
Tw 2 1.186 0.214 0.236 0.428
Tw 3 1.023 0.090 0.112 0.251
Tw 4 1.511 0.539 0.249 0.898
Tw S 1.407 0.153 0.179 0.299
Tw 6 1.920 0.437 0.343 0.647
Tw 7 1.746 0.310 0.135 0.461
Tw 8 1.279 0.405 0.459 0.589
Tw 9 1.618 0.216 0.110 0.430
Tw 10 1.647 0.358 0.178 0.682
Tw 11 0.992 0.203 0.115 0.370
Tw 12 2.060 0.479 0.455 0.738
Tw 13 1.672 0.256 0.247 0.390
Tw 14 1.025 0.123 0.142 0.310
Tw 15 1.382 0.215 0.136 0.415
Tw 16 1.530 0.202 0.105 0.607
Tw 17 1.351 0.158 0.128 0.299
Tw 18 1.683 0.398 0.184 0.732
Tw 19 1.473 0.652 0.246 1.035
Tw 20 2.240 0.824 0.883 1.223
Tw 21 1.789 1.084 0.722 1.507
TL1 1.334 0.643 0.398 1.019
TL3 1.062 0.237 0.421 0.681
TL5 1.408 0.367 0.165 0.695
TL6 0.894 0.329 0.311 0.694
TL7 1.790 0.651 0.380 1.055
TL8 1.666 0.446 0.579 0.880
TL9 1.763 0.729 0.411 0.788
TL14 0.599 0.114 0.072 0.304
TL15 0.461 0.073 0.076 0.392
D-CK 2.060 2.163 2.150 2.031
2H-CK 0.182 0.214 0.172 0.180
No. positive 30 19 16 30
Av. positive value 1.452 0.500 0.415 0.628

“ Tested antigens are the diseased passiflora leaves only infected by Telosma mosaic virus (TeMV), sample Tw 1-21 are Taiwan iso-

lates and TL is Thailand isolates. Positive control (D-CK) is the bacterial expressed viral protein.

¥ The mean absorbance value of two replicate wells is shown. Samples with ELISA readings lower than two times of the healthy

control (2H-CK) are considered undetectable. The bacterial-expressed viral proteins are used as positive controls (D-CK).

* Anti-EAPVmix represents an equivalent mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP.
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Table 6. Detection of the viruses on different portions of passiflora branches by the mixture of polyclonal antibodies
against East Asian Passiflora virus (EAPV)-AO and EAPV-IB in indirect enzyme-linked immunosorbent assay (ELI-
SA).

ELISA reading (A,s,,) of different portions on shoot’

Stem Leaf
Sample” Upper Middle Lower Upper Middle Lower
1 0.955 1.455 0.969 1.436 1.660 2.654
2 0.748 2.145 0.033 1.055 2.407 2.500
3 0.338 0.120 0.094 1.321 1.851 2.153
4 0.222 0.045 0.083 2.515 2.066 1.773
5 0.223 1.268 1.916 1.595 2.129 2.401
6 1.316 1.057 0.159 1.767 2.361 2.635
7 2.235 0.945 0.634 1.625 1.537 2.062
8 0.727 1.818 1.157 1.676 1.812 2.083
9 1.525 2.040 0.884 2.512 0.214 2.465
10 1.252 1.061 1.415 1.906 1.890 1.028
11 1.743 2.634 0.588 2.047 0.070 0.579
12 1.626 0.089 0.389 2.267 2.360 2.362
13 0.044 0.037 0.122 0.365 0.114 1.743
14 0.548 1.210 0.494 1.149 2.336 1.810
15 1.286 1.717 1.731 2.302 1.749 2.309
16 0.038 0.059 0.624 0.042 1.209 1.093
17 0.156 0.273 0.614 1.081 1.777 1.519
18 0.951 0.218 0.170 2.030 1.518 1.872
19 2.157 1.956 1.760 1.977 0.380 0.414
20 0.427 0.930 0.121 1.306 0.144 1.295
21 0.808 0.750 0.785 0.807 0.040 0.317
22 0.701 1.112 0.948 1.545 0.075 0.399
23 1.146 1.171 0.770 1.206 0.285 0.136
24 0.572 0.507 0.374 0.330 0.219 0.279
25 1.383 0.635 1.210 0.306 0.203 0.116
26 0.585 0.094 0.123 0.246 0.763 0.217
27 0.427 0.521 0.196 0.762 0.934 1.071
28 0.400 0.244 0.093 1.143 1.539 1.264
29 0.139 0.103 0.081 0.941 1.393 1.194
30 0.435 0.493 0.817 0.689 0.064 0.065
31 0.602 0.265 0.258 1.068 0.876 1.494
32 0.474 0.481 0.388 0.971 0.214 0.127
33 0.041 0.149 0.105 0.357 0.084 0.073
34 1.310 0.367 0.157 1.416 0.811 0.078
35 0.071 0.850 0.237 0.141 0.594 0.161
36 0.465 0.168 0.197 0.592 0.074 0.046
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Table 6. Detection of the viruses on different portions of passiflora branches by the mixture of polyclonal antibodies
against East Asian Passiflora virus (EAPV)-AO and EAPV-IB in indirect enzyme-linked immunosorbent assay (ELI-

SA). (continued)

ELISA reading (A s,,) of different portions on shoot”

Stem Leaf

Sample” Upper Middle Lower Upper Middle Lower
37 1.426 0.655 0.305 0.273 1.265 0.116
38 0.090 1.105 0.209 0.336 0.599 0.145
39 0.453 0.149 0.166 0.579 0.074 0.067
40 1.386 0.611 0.218 1.229 0.260 0.071
41 0.889 0.268 0.380 1.167 1.286 0.122
42 0.232 0.345 1.081 1.097 0.855 1.628
43 0.206 0.217 0.652 0.495 0.983 1.206
44 1.112 0.770 0.499 0.658 0.040 0.040
45 0.131 0.049 1.139 0.481 0.047 0.583
46 0.263 0.503 0.206 1.189 0.628 1.068
47 0.330 0.130 0.192 0.788 1.414 1.088
48 0.676 1.124 0.438 1.121 0.045 0.038
49 0.025 0.028 0.609 0.029 0.158 0.931
50 0.087 0.426 0.216 0.166 0.990 0.252
51 0.129 0.346 0.530 0.741 0.353 0.057
No. positive 40 38 35 47 38 35
% positive 78.4 74.5 68.6 92.1 74.5 68.6
Av. positive value 0.864 0.907 0.727 1.159 1.203 1.421

“ Tested samples are the diseased passiflora leaves infected by East Asian Passiflora virus (EAPV)-AO, EAPV-IB or telosma mosaic

virus (TeMV).

* The mean absorbance value of two replicate wells is shown. Samples with ELISA readings lower than two times of the healthy
control (2H-CK) are considered undetectable. The bacterial-expressed viral proteins are used as positive controls (D-CK). An-

ti-EAPVmix represents an equivalent mixture of Anti-EAPV-AOCP and Anti-EAPV-IBCP was used for reaction.
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Table 7. Field survey by detection of the passifliora viruses with the different polyclonal antibodies in indirect en-

zyme-linked immunosorbent assay (ELISA).

No. of samples positively detected by indirect ELISA

Field” Tested no. samples Anti-EAPV-AOCP Anti-EAPV-IBCP Anti-EAPVmix
Puli 1 40 30 31 36
Puli 2 15 12 10 12
Puli 3 30 28 9 28
Puli 4 5 5 5 5
Puli 5 32 9 6 11
Puli 6 50 43 42 47
Puli 7 27 23 22 23
Puli 8 39 31 30 33
Puli 9 22 11 11 11
Puli 10 29 28 27 28
Puli 11 23 21 22 22
Puli 12 28 19 18 20
Houli 47 42 41 45
Total no. 387 302 274 321

“ Tested sapmples were collected from different passifiora fields located in Puli, Nantou County and Houli, Taichung City, Taiwan.
* No. of the virus positively detected samples was conducted by the in indirect enzyme-linked immunosorbent assay (indirect ELI-
SA) by the polyclonal antibody against East Asian Passiflora virus (EAPV)-AOCP, EAPV-IBCP and the mixture of EAPV-AOCP/

EAPV-IBCP (Anti-EAPVmix) at equal ratio, respectively.
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Improvement of Wide-Spectrum Detection of Different

Potyviruses Infecting Passion Fruit by the Mixture of

Two Kinds of Polyclonal Antibodies Against East Asian

Passiflora Virus
Chin-Chih Chen"’, Fen-Lang Chiang’, Ying-Huey Cheng', and Jia-Yi Liao’

Abstract

Chen, C. C,, F. L. Chiang, Y. H. Cheng, and J. Y. Liao. 2022. Improvement of wide-
spectrum detection of different potyviruses infecting passion fruit by the mixture of two
kinds of polyclonal antibodies against east Asian passiflora virus. J. Taiwan Agric. Res.
71(2):101-121.

When the virus-infected passion fruits showed woodiness symptoms on fruits, the fruits were
deformed and smaller resulting in a low juice rate, poor flavor and quality, which could cause a great
impact on yield. Two East Asian Passiflora viruses (EAPV-AO and EAPV-IB) and Telosma mosaic
virus (TeMV) are the three main potyviruses infecting passion fruits in Taiwan. In this study, the poly-
clonal antibodies against the coat proteins (CP) of EAPV-AO and EAPV-IB were respectively pre-
pared from immunizing rabbits with the bacterial expressed viral CPs, revealing that both antibodies
have a wide-spectrum response with 19 tested potyviruses. In indirect enzyme-linked immunosorbent
assay (indirect ELISA), the equivalent mixture of polyclonal antibodies against the CPs of EAPV-AO
and EAPV-IB, denoted Anti-EAPVmix, could also be used to detect passionfruit isolates of TeMV
from Taiwan and Thailand, and to improve the detection rate of EAPV-AO, EAPV-IB, and TeMV.
The distribution of viruses on plant branches was detected by Anti-EAPVmix. The virus was detected
at a high rate from the upper part near new leaves, which is recommended for sampling. Our result
showed that the mixture of EAPV polyclonal antibodies can be used to detect not only the three major
passiflora viruses in Taiwan but also other potyviruses to save the detection time and costs. The de-
tection method can strengthen the field survey of passiflora viruses and the internal control of healthy
seedlings.

Key words: Passiflora potyviruses, Polyclonal antibody, Antibody mixture, Wide-spectrum detection.
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G ELE 3 FEAEESIAR - 43R — Ll
Z 5 (Fluorescein diacetate; FDA) ~ 2,3,5-F 1k
=R FIUE M (2,3,5-triphenytetrazolium chlo-
ride; TTC) BIR(LEF (L/KT) BKFEFCH 2 et
oo fhAh o ERER IFC 734 ~ fEf B2 & K FDA ¢
& 3 FEEMVE IR 7% > AR A% TFC AgoHl
Fefr SR TIER S el A S 2 SR ES
HEZSME WL IFC ek &R EDRE R
1R HUE STRYEEAE W 5T 45 SR e A A AR 2K T
BUK R EREE 2 o

MR ETSE

NI R BRI

e 2 ZKHETE 7 HH B s P R A K RE i 5%
EREAE 0 53 B R M EAAI RS RS N22° B A
‘TN11” » FF32F 2 wk (2 Z/NE S 2 HEAH I
B (61.7 x 42.8 x 8.9 cm’) NFHME >
A 4—6 BE - WA 5y B2 B4 FE Y BCHA T A S AR
B RS 43 SEADEE (N-P,0,-K,0 = 15-
15-15) 3£ 25 g > tH R 25 AT 2B R 4H 245 A Ja
K RZEANFE: - BEEKI K -
TEA7 B B T Aig =Y

BEH I ZE | SEE M 2 FEFE I DA RC R
52 RSO 2 oy BEE AR A B0 BT T Ui
AZKIR s a] > F—miEEE L 3-5 #F > EPREL
1 5388 B RBEENRERIEG Z HYEE TE
HEFATERIN - BV —TE 2 TR _E EE R B 2
ZRALE DR R EEE B AR AE R HUH - TROAT
EAE DB BRRE AT - 1F B B L
etk EERBR o -

2 g BB SE A K% > FAITA L
g Wi E &% 100 mL FL# 1% 1/KI » 3 DLU%E
BRI HE A - DUNER & ABIBC# 0.2% FDA
(AR RERFRGHA » BITECE 30% REifE
B DL AREIE I AR AR GRS
g BREER A ERERIEILZE R B K H
BIR{E Bt H (Tseng et al. 2013) o DLt
Me B ERICEL 1% TTC 49K WARFEN TR
WM -
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KIGIEMBFIEERP IERDZEE
&l

FEREIR S EA  FEAE 2 UG [E 60 BURE AT
At E—FEE S JSRAE 0 BREEh 2 6 (HIEEE
B 5 (8 7 HIBE AR 5 R R
Z 500 pL 58/ H - R plHLE 5 &FEZ
S5{ETEEERDE BB A - fFh 1 85 >
43 EE - HERPEEE 60 mg L Wl
G 53 0 A% 00 TRE A (o LR B 20 ~ 22,5~ 25 -
27.5 J2 30% 4t 5 FHEEH o i 5 (EEH 2 Bk
B EIRE A 30CHERFE T BEE R 10 min 1% >
HY 50 pL fEM B /@ i MR 3 R LT B
gkl > B EEILEZE 100 Rtk - Btk
EREBACHIERERBES S8 LED
BIFLEE -

WW&WWK FE TRV [E B FERy BUE AT
it > EF—FEREEL 5 4=FHAE - BEIET 2 6 {E1E
%ﬁ@ﬁ’“%ﬁA“ﬁ6@%M =398l
500 pL fEM EEEIRT » B4 AIELE 5 428 1E
Z S ETEEERDRE SIS AT ~(E R 1 EE -
H3EE - BEREA 22.5% FRE S BRI
FE N > EHRE K 25~ 50 ~ 60 ~ 100 »
150 }2 200 mg L™ 3t 6 FlEER ! - HEE IR LU
TEK 8% 2 3515 77 20 B bR W g 2R i 2

i e 65 R FEE W - 1A & 22.5% i b B
60 mg L' #ifs 2 &Kt > SRR INER >
Ca(NO,), - 4H,0 » {HEEE 5171 5 60 ~ 100
200 ~300 57400 mg L™ £ STEEEE - (EHYHUEE
BB G AR AE % 2 Rt B 7 E _EREEE
ATt -

LA FDA ~ TTC & 1/KI 3 &3 1@ 8 75 ¥
&

FETR S 7 BTk BB Frft - HUES AR
Ko L ER B R 2 FEAE 1 4% » DU TG 28
HUt > oy RIELE 5 S FHAE Z fCEEH— A
MEE TR ALY - LURE R ZIEME
Fy 3 BB ER 2 AL > BE R 1 B - AMIE
B B0 SO pL 2 1% 1/KI ZE 60 - il A J#E
BEMEE LEIR - BN 30CEFIRE T
& 10 min R ETT 55 0 FDA Jeto 7 B8 (R
FHIE » (HALE Ry 15 min 5 TTC Je il fe

R EMTIIASER 1% TTC JuREE O E T
B 30CHERBIRE TEE 3 hig » L 50 pL
E%%é&ﬁ%ﬂ%%H@Lﬁ%@ B2
R LT 3 EE > F—EEILPEE 100 i
1tk -
PITEARIEE - FDA 8L IFC D TiET
TER SR

TERYEURE B e e e kA1 [E] > ERp BEE
%Zh@%%%m@%Hiﬁﬂu¢ﬁ%%%
& (22.5% i fE ~ 60 mg L™ A% - 200 mg L'
WEEES)  HIATEK I E &R > B A
HEREBEBRZREZAN » R 30CRBFRET

4 10 min [RHETT RISt N - fEM REE Bl
FDA Jethpn B - SLHETT 3 R > & 1 HEH

# 100 i fGAp < IFC 73 A7 J5 7& (2 B FH it
0% 4 B 2 5% B Ampha Z30 (Amphasys,
Root, Switzerland) » EA{E¥#ET A ZEH 500
uL AF6 buffer (Amphasys, Root, Switzerland)
AVEECE T (EH 100 pm JEGEHETTHETE - Ff
JER LL AF6 buffer EE@J 500 pL REEEE
AR - EIREST 3 B -
U IFC t@ B RE R IBEEME N 28
BT ZE R E ML S cm Z77EBE6
S0 PEEENEY R A fE A K FR AR [E] 0 B A
HERE G 2 HOURE N EBACH I - AU R AT
T BB R ERIEE B R 2 FEAC > BTEEL6
JeREAE 0 R 2 BESE 12 L BAE 2 ACEE DR &
A #EF 1.8 mL AF6 buffer i & 55 i1
DL EE > DL 100 pum JE 44 1 )8 i R oy 2L
Z 6 (Y& E W EEE 500 pL - KEH T
T IR 2 2 sl E BN R BDR S 5 E 2 528
g DR EE o3l By 25~ 30 ~ 35~ 40 - 45
&IOOC’ 815 min BB ET DN &F—
i 5 A B Ak 3 B4 o IFC 3 M (fE I 120 pm fL,
R BIEAREE Ky 12 MHz ~ J§ E R
35 rpm » EAtfg ] 228 Modulation/Amplifica-
tion/Demodulation 5% 1€ By 4/6/2 > trigger level:
0.1 » 3% E M 8UE K 30,000 {E4HA > i 27 48
AmphaSoft 2.0 (Amphasys, Root, Switzerland)
RS T&E R A -
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MRETDHITISE

B ER H o8 2 2 S 5T (completely ran-
domized design; CRD) + 3LERF {3 ZEH4E SAS
Enterprise Guide 7.1 (SAS Institute Inc., Cary,
NC, USA) EEE Gt o irkae T8 7 oM
(analysis of variance; ANOVA) - 75 iz i fif] 75 82
HE (P <0.05)  JAIIF /N 22 S B
(least significant difference test; LSD) [L#Z &
TR (EE 2 =5 -

R
IKIGTEMBFIEERT IBEENDEE
BB LAl

KRS HEM BB R H R E Y 3 A
Gy — RENE ~ IR R e 85 1k A2 ORI B L
HERE - Ao ER PR RE E ERTH
ek ER 2 BB 60 mg L > DL 2.5% JEHE
By —{EEFE Sy 4] 0 I 20-30% ERE T 5 2
(i) FKRETEM B 2 2 > GSRAF 1 HE
1 FpR = “N22° 81 “TNID W (&) S LEH
22.5% FEME IS BRIER R MR > 5
I By 39.7% Bl 34.3% » [ B EC {2 R 5 PR B
R

HF B 2 BRI E BT 22.5% 0 HIE
25-200 mg L™ Bz R B 2 (&) KRR
HE 5 2 B SRR 2 AR < N22° B TN
W (fh) FEEREH 60 mg L #ifiz > 55 &R E
S Z B IR > 4371 5 26.0% EL 32.3% »
BEESNEMBREERE -

B H2H

1. ORI PR RS SRRSO i 2 52
.

Table 1. Effect of sucrose concentration on rice pollen
germination”.

Germination (%)

Sucrose (%) ‘Nagina 22” ‘Tainan 11”
20.0 31.0+£2.1b" 193+£0.6b
22.5 39.7+12a 343+13a
25.0 223+19¢ 183+1.5b
27.5 19.7+12¢ 133+15¢
30.0 7.7+09d 11.0+1.2¢

“ Pollen germination medium contained various concentration
of sucrose and 60 mg L™ boric acid.

¥ Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

Fe2. {OMEREIR PN R KR HE 3 2 52
2

Table 2. Effect of boric acid concentration on rice
pollen germination”.

Germination (%)

H,BO, (mgL™) ‘Nagina 22’ ‘Tainan 11°
25 8.0+12d 11.7+1.2d
50 19.0+1.7b 240+1.7b
60 260+1.7a 323+19a
100 127+03 ¢ 18.7+2.0¢
150 103+£09cd 13.3+£23d
200 7.0+1.7d 13703 cd

“Pollen germination medium contained various concentration
of boric acid and 22.2% sucrose.

*Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

L. KFEEMMEIER Z M SR T A3 2 18P - /KifdbiE (A) ‘Nagina 22° 1 (B) "GFg 11 5%, -

Fig. 1. In vitro pollen germination of two rice cultivars in the modified medium. Rice cultivar of (A) ‘Nagina 22’

and (B) ‘Tainan 11°. Bar = 100 pm.
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o 1 R TP R W BT I R S 4y A E By
22.5% B4 60 mg L » JHIEt 60-400 mg L 7%
FEEKRETER B 3% 2 s B > G5 RUFR 3 Fiion
‘N22° B “TN11" 7§ (ff) 5 DAE75 200 mg L
WS 2 R REARSIEMIAER > 5ilk
76.0% 81 78.7% > BEE E A HMRE R -

Gie bl =B 455 2 (&) FE/KRGE 3
TR e B R 2 K ERA —EE > B
BHEE RGN 3 M RE LA B RERER T
> e g R 2 RENE - TR KR 85 2 &
TEERIT F522.5% ~60 mg L' 81200 mg L™ »
PR EIR T 2 () 2B i R ]
75% LLE (2 3) -

PAFDA~TTC K |/KI At ernE /]

JKFETERS 73 B PA L/KT ~ FDA 81 TTC 4
ERHTE ST > TERM AL R B SE R 1R DAY R B
MR E R e 2 B - SRER
‘N22> B “TNI1D Wy (&) R R & D
L/KI 5 5y BB 89.7% 81 93.7% » H R &
FDA - [fibL TTC £¢f& - 3 FE A BB =
H(F4-1E2) -

PATE#DIEE ~ FDA REH IFC DT ET
Y2 v DAL Tyl

ELEZ Y 30 CEERE B 5L T > DL FDA 4L 7
AT 15 min BN EM B ERTEE 10
min > DB B R B TE HE 5%

723, {OMErER e SR KRk 8 2
B8

e

Table 3. Effect of calcium nitrate concentration on
rice pollen germination”.

1 1 0,
Ca(NO,), - 4H,0 Germination (%)

(mg L") ‘Nagina 22’ ‘Tainan 11°
60 683+£220" 623+22c¢
100 64.0+23b 700+ 1.7b
200 76.0+2.1a 78.7+09a
300 373+3.1¢ 483+3.2d
400 340+12¢ 40.7+09e¢

“ Pollen germination medium contained 22.2% sucrose, 60 mg L
boric acid and various concentration of calcium nitrate.

¥ Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

F4. DL TR ETTERAKIE Z fEm ALt -
Table 4. Comparison of various cell staining methods
on rice pollens.

Staining ratio (%)

Staining Method” ‘Nagina 22” ‘Tainan 11°
L/KI 89.7+1.5a 93.7+29a
FDA 78.0+2.0b 80.7+1.5b
TTC 403+23c¢ 553+25¢

“FDA: fluorescein diacetate; TTC: 2,3,5-triphenyltetrazolium
chloride.

* Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

DU TERD B 4% R % DA IFC #EATIEM S
T3 &R MFE S AR - N22° B DL FDA
TRy E Fy 713.3% 0 BLIFC 73 7 45 2R 2=
BAEE  HAIBESRIEMEEZER -
‘TN11 HIEEOR 3 fEfg Ml k= B A REE
1 65.7-73.6% 2 [ - & %] F ANOVA LL LSD
bLig & PR B I E R 2 2= A (R 5) 0 WPARK
S} ¢ i E HETT WY P R A S E A R E
GERBURE MY 2 (fn) fEH IFC BLAEfg 5%
| IFC 81 FDA Ze e A9 BRI R (B
BEARER) ©
PUIFC tHREHerE N =
B 100CE M % 2 fEK LLIFC 347
i 23 MR E & R SR T 4HAE (dead) - i
L ARREEE A U7 E— 548 - DU 100CHE
BRI+ FHRE LA 2 HHER B E
HIET1ZAEK (viable) » 4T HRIA MARIET
B7E ST Z A EE (non-viable) ([& 3) - i
8K [E] M FE R B 1% 2 TE %y DL TFC 1T 53 #7
SCBR AR S R R MY - (RS 14
B SEAMBEBE S 2 BAE e El > SROFE
6 LR 7 FioR o ‘N22° Z fE# &K B8 5 R
% DL25-30CEA RS ZEMIES » thRIE
59.9-62.3% 2 [ » H 2 B 35-40°CH > L8
JEJIAE 53.5-54.1% Z [ - SR EFA-Z 45T
B> HUEJ7ER 2 HEEfFE 2 46.5% - TNI1D
TERIIREA 25 Cra i 2 FEM & J1 8= Fy 61.3% >
RS FREAT 25-40C 2 [ - & LF 5C > 1
SENBERE A M TR BUE I ZIEMmH
61.3% TEZE 36.3% -
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2. T 1 KIETER DL 3 TEARA GATER 2 G - 498 (A) LK 5 (B) TIC ; (C) FDA REE

RS T ¢ (D) FDA PYE eI e M Z157P -

Fig. 2. Pollens of ‘Tainan 11’ staining with (A) L/KI; (B) 2,3,5-triphenyltetrazolium chloride (TTC); (C) fluorescein
diacetate (FDA) under florescence light with dark sight; and (D) FDA under florescence light with bright sight. Bar =

100 pm.

x5 DIRETTERMAKIEICH 2 /& IR -
Table 5. Comparison of different methods on rice pol-
len viability analysis.

Germination rate & staining ratio (%)

Method” ‘Nagina 22’ ‘Tainan 11°
Germination 6272110 65.7+64a
FDA staining 733+42a 71.7+23a
IFC viability 69.2 +3.4 ab 73.6+19a

“FDA: fluorescein diacetate; I[FC: impedance flow cytometry.

* Means with different letters in the same column are signifi-
cantly different (P < 0.05) by least significant difference
(LSD) test.

ERE:]

TG TE DR AR % o KA in
vitro 1L 7 155 8 N ] B 21150 17 58 48 BLAE i
ERRZEE W REEERSNITE
(BRI [ fe AR W) R A A 38 2F P /g Z BRI IR 1
A E - B AC K 58 B & B 7 A [J )
T B [E Y fE A B SR R I N AR E > A ST
5 O [F] A8 %) fE 8 0 LA B % (Shivanna & Ran-
gaswamy 1992) - Tushabe & Rosbakh (2021)
fRIZ 1,572 R 2k 5 114 B} 412 5§ 48 4L 816 f&

TE PP 85 2 2 AE K 38 2F B B M Bl am ST
it - STHECTTF 110 E R PA A - 455
RURNEH 2 1oy R S Ry il B e g (89%)
Bl g (77%) ~ Ca®™ (59%) ~ Mg®" (44%) » L R
K" (39%) o RIFFEIRAER BB A h i BB 2R
bbz 3 BeoriemeE ~ B o b B 85 A 1T i R
5t B o Kariya (1989) @ 10 ~ 20 81 30% i
M DU PR #E 5-500 mg L 0 e 2 1 /K A5
ek a8 s /KREeh & R a2 i
J7 Fy 20% FEHE ~ 20 mg L BHEREL 1% 3 -
B % 2R A2 0] 2 87.3-91.6% » HFEHEREIE
2 30% B > B 5 R [E & 54-59% - Coast et
al. (2016) {# Fi] 20% i 4% ~ 40 mg L™ B i ~
40-60 mg L™ B4 445 - 3 mg L' Vitamin B, &
10% polyethylene glycol (PEG) {E ByBs&EAL -
TR 25 IR AT 2 80% LA | o | 3l i B 47 B
RKTEE M B BT R B A & B AT
Prfm EACm B AR T B R 7 S8 2 Fi ik
Gh o WA H R 2 WA E A HER R
REMBECAEEFEN PEG » MR FHEFEE
BEERTTREMEH > BARES S H A2 R IR
2 BRE BEAR oy FE BE 2 IR RS B B AR T A
B2 ERAEE ZME AN EEEnET
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7.000 prermesze - TR Z02% 7.000 przsT m%J\WR.mHW
(A) (B)

5.843 3 5.833
N 4687F 4.667
T
= )
o Viable
S
o 3.530 3.500
S
S
<

2373+ 2333

1217+ 1.167

) Non-viable .o
0.060 LigzLiogss 5 . . LR:23 1268 0.000 Li1za1250% = : LR:481279:
190 210 230 250 270 190 210 230 250 270
Phase 12.00 MHz

3. /K#H ‘Nagina 22° fEkp &R R EL& A FHBERH =0 AR DL 12 MHz 505 B ARl 10 4R o3 11

o TEB4E (A) 100°C EFE 15 min ; (B) 25°C &FE 15 min
Fig. 3. Dot plots of rice ‘Nagina 22" analyzed by impedance flow cytometry at 12 MHz. Pollens were treated with (A)

100°C for 15 min and (B) 25°C for 15 min.

6. KAE ‘Nagina 227 fERYEE AR EDEE IR 15 min % LLUEHEBTERAAEE O 2 I00E SRR -
Table 6. Pollen viability of ‘Nagina 22’ analyzed by impedance flow cytometry after various temperature treating
for 15 min.
‘Nagina 22’

Temperature (C) Dead (%) Non-viable (%) Viable (%) Relative viable (%)
25 332+14b 45+0.7b 623+1.44a 100+£0.0a

30 352+2.1b 48+1.0b 599+18a 96.2+1.7a

35 36.8+3.2Db 9.1£20a 54.1+13b 86.8+1.4D

40 36.7+2.2D 99+1.6a 535+09b 859+2.7b

45 448+16a 87+05a 465+1.7¢ 74.8+44c¢

100 92.6+1.5 64+1.5 1.0£0.1 1.7+0.1

“ Relative viable % = viable % at various temperature treatment/viable % at 25°C x 100%.
¥ Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.

FHFE R ZAEY > (H/KRETER 05 8 M & ik
(10-20 min) FIIRZ FLIR o AT AE T8 7 5l B
BEOHIES 12.5 ~ 15~ 17.5 K2 20% JiF i o i 3 K
FETERy A8 2 22 > SEREURDL 20% FEfE R
B E e B3R > B R IW 5 2 455 A
6] > 5 PR R LB FE SR T - (R AR
FEE IR E R - AR ERE
BEERERS > SRETREHE 225 % FEhE
BTN 20% JEE e DU HoAM R RS » AT SR el Fft
Kariya (1989) 7EEL#E 10 ~ 20 8 30% JiFfE s

A E 2R - R TN 2 R ELR R
(2.5%) » #EMI Kariya ff {5 FH = i R & 4 2R
KK (10%) ANFHS N ERE 2 i B RE - Ak
Kariya (1989) [ &7H 20% jFfE ~ 20 mg L™
TR B 1% SR E BRI mT S S Y 80% Z A
SRR E AR ST oA (o P AR R R BB e
RSB A HEEHFRE 26.0-32.3% 2
fdl - #EM Kariya fic J7 o 2 2 3 FE R RE SRR A B
e 2 BB TE - MANRIEEH 22.5%
RERE ~ 20 mg L™ §if% 7200 thiZkn 200 mg L Y
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1% 2

7. KRG TR 18R (OMSCREREEERE 15 min 1% IEESTE0R RGO 2006 SR -

Table 7. Pollen viability of ‘Tainan 11° analyzed by impedance flow cytometry after various temperature treating

for 15 min.
“Tainan 11°

Temperature ('C) Dead (%) Non-viable (%) Viable (%) Relative viable (%)
25 31.7+15d 7.0+19b 61.3+06a 100+0.0 a
30 35.6+4.1cd 10.1 +2.4 ab 544+£29b 88.7+4.2b
35 39.3+2.5bc 13.3+39ab 474+22¢ 773+35¢
40 428+2.0b 17.0+2.6a 402+4.6d 65.6+72d
45 52.1+3.0a 11.6 £ 6.0 ab 36.3+44d 59.1+6.8d
100 90.8+ 1.0 82+1.2 0.9+0.3 1.5+0.5

“ Relative viable % = viable % at various temperature treatment/viable % at 25°C x 100%.
¥ Means with different letters in the same column are significantly different (P < 0.05) by least significant difference (LSD) test.

Bz $5 1% (L A 2 RS BE IR > N22° Z1E
17 B9 % 28 4E 26.0% 2T+ &2 76.0% > “TN11” HI
7€ 32.3% 522 78.7% (F 2 ~ 3 3) WUEREE -
Steer & Steer (1989) #5 H 1F in vitro {Li7 2 &
BTN InES B 85 3 5 AR S AR 2 (F
- FEAIH T IR RN &R 2 T 85
BERBEERAKEEMEREZBER (£ 3) -
I AR A A € 55 7 > BERAE
HEFEFEHCh 2 %550 - EREAREEE
HIMERE T HE R Z BR » 2RI & R 2 F R
FGAAEE > R E Y P 232 Je i
REEEREIENE AL > fla
TTC fg B 1E 4l A P Y AR EUBG R e w0t 228 i ol fi
EE BN E AL OB LEY) - RS
CECE IR - QBRSO BRI
DR L ] DARR B 4 (1 208 A2 FE 2 oy i EL A B
(Khatun & Flowers 1995) ; JE&E HIE M~
FDA # A& 112 4R IR % - mIHE S 4
N2 BEhE (esterase) fRFE LM - AL FEHI H &Y
Vg > BRI AR E S BN EE N LUK & 495 nm
LS  ABEREA O 2 EE (Khatun &
Flowers 1995) 5 B{L#F (1/KI) RI5E B4R A
2B E TP O ES (o 2 B BIRR (Song et al.
2001) - Khatun & Flowers (1995) [l FDA #
TT7KREFEM V& S Ml - &5 SR 817K FDA Jitaig
EHZEAZENNPREZEELHE - K
e K REFERs DL FDA Jetafs » HEmaEt
RSB M BT TSR o BAHA
BT R YRR BRRL » AR AL 2 FER 4 A

&R A (B 2D) » & 3 FEAMp A 0k b
N Fysr FIEL B A T8 2 3 ~ J77% - Khatun &
Flowers (1995) W4e 45 EIRNE 7~ > LA TTC #E
TTKREE Zetn » JeEaTT 4 100% » HZH
LR INBABIE ZER L TTC Je0ik - TREER
B —8V4L e R TTC F 5oy PRt S
TIHIE FfFSE - TEAWR P RIEUR » #E28 TTC
FENEHOERZ 3 h HEORRE &
4) > HI @ Z Ik e 2N ERE Z M 4LBH
& (8 2B) » HEE AN B2 H - KIFEW &
Tt i i P 2 Z T s 1/KT > — i st
g~ R E A EE 2 AT o B
BCHER o7 4% €8 DR TP AR 8 4 22 IR AE 0 i R R R
HoEME > fE# (Song et al. 2001; Saragih et al.
2013; Ramesh et al. 2017) ° Song et al. (2001)
PLL/KI Z¥ 9 4§ (Oryza rufipogon) ~ #5144
FF8 (Oryza sativa) DURRTE 32 108 -
et b 243 Hl B 98.1 ~ 94.0 B 66.2% > {H DA
MIE 2 fER AT REE N - fEM B A ZF A7 7l
Ry 58.4 ~ 84.9 Bl 33.9% » IR 4y BLHYTE )
HEME SN BFESF 2R TT - A5
HfF CTNTL B CN22° [ (i) fE 2 7687 BL 1Y/
KIZeth > Jemib B EEAT 95% » fEARWF5T
W &G 60°CEL 100°CHEHE 10 min 1% 2 /KAETER
DUL/KI Ze s > &5 S BUR ERIE R 2 (B &
e /R EHFEE (ERARBUR) » B8 it
Khatun & Flowers (1995) “R#EfE TTC 2 JH R
FEL - IREIDUINEAESE 2 FERy #ETT AL Ty o] B
HE M HILESEL— oA PRSI 2
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AEE o HEOHEARDT ST &L 60°CEL 100°CHE H
Z KREAERD B N B3 28 2 0E M - EER Bk A
TEAERIE A - Rt o 23
Frat o Hit— 20 REHDEAEEE -
IEAM R iR 1L/KI /KRS ek /& 1 2 8 R T
TEAR BT 8 BN F2 /KR i 2 fEk DL 1/
KI Zvft > &R E 2R R0 H 28 IEEP
ZARBANEAR ERARETR) » 588 L/KI F i
HiAfea A SENEE T EHREES
F GERER) TEky 276 1 2 88 BIRE JIE AR
Zeth HIE (5 — 5 5 - Prasad et al. (2006)
B FE7R$E ) 1/KT Ze o R ATt ot i 2
B FELREER ZE S B ARRER
Wkt 2 AR BE AL TR 28 2R B LR B RRBR & &
ZReS > B 2 ERRIEH IS » K
REIER &85 2 kB E HEERm R AT E 2
B » BERERK -

A [E ZL A [E AR A E R 0 e R 2 SR
A fE— 2t > BEI R BN EEY R A K%
B RE RN EARTS 2Rtk o EEESRE
{5 A S B RS BAAE I 7 AT 3 H &
DURERE (Firmage & Dafni 2001) » —f& =] F] FH
T IRETC by B 0 B AE K DA [R] — ZL T 17 4
o BZAREEAAENN  SF A EE
B AR FER A R T VA W ER B8 07 VA
N{oH P AR SR L E 1 o AR ST RS A T
FI W fyf8 E 2 FDA et A BLTE M B A DL
o IFC fg A #EATER IR - 3 7 /AR AT S 2
BB > FF CTNI11 F N22° 98T IFC 3 ir4s
R ELFDA F+E B {E BT ER 2 & RIEHR
ST EmEIE AR (R S) 0 RIS [FC JER]{E
Fy7KREFER V& 1 2 K77 0% - TFC [ B Ry I
2 WK 7 A B A At LA A - ST R {1 A e
47 EIHPTERE LS - FEREEE - T
FOREHEE T H » BT REREATFHE 2
K3 0E IR 77 - BRERE AT TR = R
(Heidmann et al. 2016)

Satake & Yoshida (1978) Ff5245 B &
REFHICICE R P EEE - MAERTERT 1 d 5
FfER 1 d DL EDREH - BFERERT A g
2 F G R B B N 0 & R ARG
HE S d A ER G S d HE =R (R 8

410) @RI 28 HERMLEH ZRE
N @EEFR e FEREREA g2 &R
PRI S 2 N R o BURRCIE R HIRE R
HEH w2  HREICRTHERZER /N - 1
F{EE 2 soRAIE TN - KIEIEHELERE
WR B B 32 8 52 B 77 I AE B FE7% 30 min B2 1.5 h
- JREITE = REE R (38°CEC 41°C) AT 1 h FrBH
ZREHZ ORI HItRRERZ R
FIER (Cho 1955) - WFEEUR/KIGDAGH LR
Hh v A R RUER » B E SR AEFRLY 1-1.5 h >
R BN (G A P25 KRE ) BT
B9 BRI 2 BERE - 53 HA R Y S R P B
fER KL B A BLAE G2 BERA L - HETT 2 BAT I U
TEAETH B2 & - PHBETE R 55 2% BLIE R 2 (h
£ REERZERTREZRE - ALEAK
TEBAACHYIBAZ o - A RARC Z BRACHRfE - fC8E
EWHAZ LOIRIEE » DURIERHAETT ~ #
B 2 fER B 0 B RIE Rea Al K2 Bl n 5
ERYFEE (Matsui et al. 2000, 2001; Kumar et
al. 2015) = FAHSEEE B E g 2 ENRE
FE - HEnREHE 2 KIEER - REREEHE
CHEBRHEAERE  HAEESRE —FE L
FUCHZFAEAZ RN NILERIERIFH
Ji DA 7 R P e PR Y 5 B A RS IEAE
FAAE 2 FEAE > EErislln 2 s &35 DR -~ %2
HRECNEE B1F AR RO - 5 5 R
e TRRAE A SR 2 8 RO TEAE BRI AE 2
{6 BRESIHZHE T FICETHE » HER
N ELBICRER (ER) Bl mEiE
BRI ME > A E R L EHMEEA S 5 ME -
R FERATEE () (€5 H IR B FERY BT 1 HL
H o i PACR [EE FE B B 1% > DL TFC faHlAE
N2 8L SREBURIEM B infE TN 2
et HENHEERE EAARAEZ TR
(F7) KISCERBZAIEHTESTIEZE 50% L
T (47.4%) ¢ M EVLFE N22° 216k & I7E
30-40CRzEl 1% » fCHn & I RBRERA HE
BAL o AR 4SCRE R A BIAHE T E 2R 50%
BT (46.5%) (3% 6) - Satake & Yoshida (1978)
i > DL3SCREREEERG ZIRESR » 1]
S v R RN A A 1 A H 2R > T A 38CEDR
Pz PR 1) T R M v R AR A N 22 B LA iR A
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oo fE 1 I 2R FEARFZEH TN 71 35°CHE
S FERE T8 47.4% > FHER 25CREE
B TERSE S B 77.3% - JER B B e B RUEL
2 il o (HAEE TR 2 40°CHE > TER G I FEE
BHEE NI - BUREIRIEMT =05 A 5 M cN22°
£ 35 CHE IS 2 AER 7E 1 By 54.1% > B
25°CRE R > TE 5 /1 B 86.8% » 1E 40°CHF
SR FERE T8 53.5% MBI 25°CIREE
H > 08 E S 85.9% » (R Al i Ho g
AR =R AL bE—45 5 8 Satake & Yoshida
(1978) $#f ‘N22°> Z 53 JE HY& -

Rudich et al. (1977) PLE SRR « {LHEHH
5 R L7 0y R 2 T 4y 2 At o T B 1 U A SRR
M AW IR E SR KR AE R e DA S B 1 R
B R ITERD T 7 o AR I AR % R A
RSB - SSRBURITEL Y N22° 2
TEkE IR & H B Btk o KRS 24
T3 =00 2 S FERR R B FEM Z M 24 - IR
A R HoAtr 814 JE A R AH R RV R o
WIFACRFfCEEMAR N BRI E - S ERCIFAE
SR N E N A IR EMECE LT - 05
Tt HFE BRI AT SE 2 B B BEFT 7 2 S AR TEH
B VAR S RIS e
AR R 2 R RTEHE . S0P RAE
EWkE e R 2 FTE R AR S - DL LS SR IR
B R S R o B GRS R = B R R
ENIREER - BTN B S F YA P E
Z A E R I AR W A0 8% 0 F LG & H 5T
R T BT o ARERR LR EITERE
Tl Az MM DL IFC S T fE 3 &8
NECRERERIE ] 2 810 > #EmithE g
(BT A B K miE fER i i M (pollen ther-
mo-tolerance) 7 &k} » AR ARKF DAL By BLRE
ST 208 B AR 2 KRS i L O R
ZEEARER > E B /KE A T DR AE HE R K R o
T 2 EESE -

AR GHITITE IR Z S 109 EFR]-21.2.1
-B-Cl it EB 2R -
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Study on Detection Methods of Rice Pollen Viability

Chi-Ni Hsia', Shuen-Chi You®, Chin-Yi Tsao’, Yong-Jie Su*, Charng-Pei Li*"

Abstract

Hsia, C. N., S. C. You, C. Y. Tsao, Y. J. Su, and C. P. Li. 2022. Study on detection methods
of rice pollen viability. J. Taiwan Agric. Res. 71(2):123—134.

Rice is the major staple food in Taiwan, however, detrimental effects on rice grain yield and
quality by the heat stress have been observed. Since anthesis is the most sensitive stage to high tem-
perature in the rice life cycle, the viability of pollens under the heat stress will be an appropriate index
for thermo-tolerance of the variety. In addition to establishing an in vitro pollen culture medium, a
number of pollen staining methods as well as using an impedance flow cytometry (IFC) for pollen
viability analysis were conducted in this study. Fresh pollens of a japonica rice cultivar ‘Tainan 11’
(‘TN11’) and a heat-tolerant aus type rice cultivar ‘Nagina 22° (‘N22’) were used in all experiments.
In order to establish a proper medium for pollen tube germination, the ultimate concentration of
various important components including sucrose, boric acid and calcium nitrate was investigated in
successive terms. The results showed that a medium containing 22.5% sucrose, 60 mg L™ boric acid,
and 200 mg L' calcium nitrate had the highest pollen tube germination rate of 76.0% in ‘N22’ and
78.7% in ‘“TNI11°. Three pollen staining methods including I,/KI, fluorescein diacetate (FDA), and
2,3,5-triphenyltetrazolium chloride (TTC) were compared in this study. The highest staining rate was
obtained from I,/KI followed by FDA and the lowest rate was found from TTC. Three methods of in
vitro pollen culture, FDA staining, and IFC analysis were investigated for pollen viability. Although
no difference was found among these three methods on pollen viability in “‘TN11°, FDA resulted in a
higher staining rate than the in vitro pollen culture in ‘N22°. However, there was no difference found
on IFC with the other two methods in ‘N22’. It is concluded that IFC was not different from pollen
staining or in vitro pollen culture in detecting pollen viability. Fresh pollens of the two rice cultivars
were subjected to temperature from 25°C to 45°C for 15 min before analyzing by IFC. The results showed
that pollen viability was significantly decreasing along with raising the temperature in “TN11’; however,
no significant decrease was found until 35°C , and no significant changes in pollen viability between
35°C to 40°C were found in ‘N22’. The results indicated that pollens of ‘N22’ had higher thermo-toler-
ance than that of “TN11".

Key words: Oriza sativa L., In vitro pollen germination medium, Pollen viability, Impedance flow
cytometry.
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TR i MO g v 2% A R A B HL T B it
Colletotrichum viniferum Z 335 1 ELER %R %

C ERA¥T HER®

g

e ar 1 523 gk row 4 akan e 5
WY ExH Y ORIBE BB 1F

e

PREUHE - EA - ZEER - Wik - A BERAWE - =R - 2022 - SEE E RIS

S 5 AR SR B S H E BRI Colletotrichum viniferum 2 95 R B 44 R (5 - BEBEZENTS

71(2):135-157 -

¥y Colletotrichum spp. 51 A Z ¥ # Mo )& /% (grape ripe rot) AW B G B W H A LR TR R EFZX— 5L

BRARSIEG W A WE R R R A 0 ERARIR MG HME R E F o AR - RPTR A 2012-2020
FHANHEZAEREZABLAHIRBEABINARE > LE R MR E R - Edhamoid
Colletotrichum spp. »-#i#k 3£ 40 #& © F| A internal transcribed spacer (ITS) * lyceraldehyde-3-phosphatedehydrogenase
(GAPDH) ~ actin (ACT)  beta-tubulin 2 (TUB2) ¥A & chitin synthase 1 (CHS-1) ¥ 5 XA RE L % &5 7%
MR BRETABRRBERET »dx 28 @5 #itk £% 4 Colletotrichum viniferum > 3£ 57 5 5%, w8 R ¥ 55
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WH ERIAERBRER C viniferum R ELFH T ZHRTIIRERIFER > B S A XS MRk ¥4
B R EFHERBERF > RERFEREZEE - 5 AR TIARERBA - ssh o HEATIEAE R IR RE 2
WA AR A ARIE A S L o e MO R R MR R & R T #EZL C. viniferum R I F2F T Z Bk T3>
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PHEEEC TERBERPRE  Aite
VB BRI — B L Sy 2 H Colletotrichum
gloeosporioides Penz. 5|2 (Kuo & Hseu 2003;
Ko 2008; Tzean ef al. 2019) « 2K » ¥TEEMSY
TG B RBI{EZ[E 1 Colletotrichum >
TR S B AR R - AP RER
BUETTIE ) » WETR IR FEE B RIFLL
KRR R O EEDAE R R - It
Hh o B — B RIE R B A R
MR 45 1E By Colletotrichum sp. B 1 i E %
B AGEESERMSERIIEEGR G
(multi-gene phylogeneic analysis) J5 1] i & fi
i e &5 (Cai et al. 2009; Prihastuti
et al. 2009; Weir et al. 2012) - R E P
GG N LIESE E B C. gloeosporioides
HYBRAR HE v F o B 2 (A - R 2 18
FC. gloeosporioides 18 & 1E; (C. gloeospori-
oides species complex) 2 [ % C. gloeospo-
rioides y (C. gloeosporioides sensu lato ¢ C.
gloeosporioides s.1.) (Rojas et al. 2010; Weir
etal. 2012) -
MR 2 B 5 o A &S R U 5 | E A &
J& R 1% R & > &5 Colletotrichum aenigma
(Yan et al. 2015) ~ Colletotrichum citri (Lei et
al. 2016) ~ Colletotrichum fructicola (Peng et
al. 2013; Echeverrigaray et al. 2020; Lim et al.
2020) ~ Colletotrichum godetiae (Zapparata et
al. 2017) ~ Colletotrichum hebeiense (Yan et al.
2015) ~ Colletotrichum karstii ~ Colletotrichum
Colle-
totrichum nymphaeae (Echeverrigaray et al.
2020) » LK Colletotrichum viniferum (Peng et
al. 2013; Lei et al. 2016; Oo & Oh 2017; Eche-
verrigaray et al. 2020; Gao et al. 2020; Yokosa-
wa et al. 2020) % 10 {EfE > 57 /E R C. gloeospo-
rioides 8 & 1 ~ Colletotrichum acutatum 8 &
FELLE Colletotrichum boninense &% - 5
#h > intergenic sequence between Apn2 and
MAT1-2-1 (ApMart) E:RZ Fp 3w R INA Bh
75 Colletotrichum spp. 2 4748 (Silva et al. 2012) -
TR4% ApMar FRFPHIRTETTHI 038 - HH
AEZEHEEGZ —HNREBENEE G5
W R & By C. fructicola ~ Colletotrichum per-

kahawae ~ Colletotrichum limitticola ~

seae ~ C. viniferum ~ Colletotrichum spp. * DL}
SHM—EEEL C. viniferum ¥ G RAMEE T 2
TREEV (clade V) JEEE (Yokosawa et al. 2017,
2020) °

BE PRAE 25 30 W& 5 | 2% 4 % 1 B3 9 1Y T 229
R EEE R — » C. viniferum SRG M 2 %
BEG R AR P oAy R B~ SRR H A DA
K EFEMAIEPEZH (Peng et al. 2013; Lei et
al. 2016; Oo & Oh 2017; Echeverrigaray et al.
2020; Yokosawa et al. 2020) » i 5o B B 7Y
W R E R TN AR E o A
Colletotrchum spp. ¥ & R EE T S0VEE
£ (Yan et al. 2015; Lei et al. 2016; Echeverri-
garay et al. 2020) ; i H AR 5EHEH > 5
WA VI C. viniferum BRI » FELIEL C.
viniferum ¥ %% BE (A & BT 8l NAE R G R (A
EHERATZEEV (clade V) By HERR > H
EfEBEFHESEUR T - REIEN T ZEH I F %
EE (Yokosawa et al. 2020) » fFIfE A THAT
JFPEEVy o

F &8 > C. viniferum ¥l Colletotrichum
tropicale 1% 25 0] JBL S A ) S B A A g
&% (Duan et al. 2018; Lin et al. 2019; Duan &
Chen 2020) » Hd Duan & Chen (2020) H&&
P TESEER 2 AEREERE Lok
24 ¥R JE R B 0 7% 38 47 #7 internal transcribed
spacer (/TS) -~ glyceraldehyde-3-phosphatedehy-
drogenase (GAPDH) ~ beta-tubulin 2 (TUB2) -
actin (4CT) %1 ApMat & 5 (BERNZEE T3
WM LA C. viniferum ERHE GZAAS5.08608 5y
2B B R o A 45 R EUR Ko 22 R B C
viniferum & % R 7 51 1 18 [5] £ £ & (98.2—
100%) » 55 2 ¥k B C. tropicale F: R 7 %1 694
EIE R (97.8-100%) -

R R BB ERE &R | 38 5 E
i 2 IR R R B M - AR SE E 2012 4R
PEEERIEESE - 6 ~ LA EAFEELE
S ) Mt R — R A M T O B TR LI B R Y
WERE - MR 2 F REF B~ SEHTE
F DU ELE BRI E & 5 (4FRR 5L » Eleusine
indica) * 57 EE{S Colletotrichum spp. H % DL
ITS ~ GAPDH ~ ACT Jz TUB2 ~ chitin synthase
1 (CHS-1) FER Z W Fe 51 o i & Bl (%
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KHBEZHHEE  BEESIEEEEaRERE
7 B R JE P B R DA R & B A AR AR
A N TS > il T 2RIEE C. ovi-
niferum 154 %) 45 & 55 7 B 4H 4% 2 0 [
MRS EZ R -

MBS E
BEREREERD HERE

EHREY SR E S SR EE
PH 6 HFEE - FREEFTE - 26K
RATER ~ PTG S - K0S A5
HEEREE - WENEAGERERRE - &
F DUk & A R KRR A B (R AR
) o 540 0 A KB EA A EGE R R R
H o STEERREE R o Bk 2 AR B AR AR
Seiatg o VIEUH RS EIAT 7 x 7 x 2 mm’ >
48 0.5% K AW#H (NaClO) R EHFE 30 s » DU
FARFZR ALK 1% ER B EHE
I8H5 (Potato dextrose agar, PDA; Difco, Lawrence,
KS, USA) ‘P ait b MENER 24-
280C) 1-2 d XML BRI PE - R A TER K
R EE 7Bk E - RIS R & EE
HYSH &% B - ok R R AV SH AR B = ek [
45l 2 ZHEREE < 100% -

A B &SR Colletotrichum spp. B
BEHU B — 7 AR RS N Y PDA - I EF
PEJRLLI2 b EEEE T d DIBZEEE
By TG - — HHERL Ry Colletotrichum
spp. > YJHLEHE (10 x 10 x 0.5 mm’) » FEE
fE B 0% 7 )H (100% mineral oil, Sigma, Burl-
ington, MA, USA) F1{#7F -

RRED S EE

HEL & genomic DNA (gDNA) #fi it = &k
FPRDL PDA 1A 25°CHE® 10 d 1% > SIEUEH 44
TS 2 28 KR - EA%IAR 1 500 pL CF buf-
fer (BREABFTEC T » RERER) REHES
HAMERE KA REIE 1.5 mL #0%E -
LA 11,269% g @ 0s 10 min o UL HL 200 pL 3%
WS E N 1.5 mL #3008 - 165 100°CRZA T
£ 10 min & > B ZE DL ddH,O #5fE 10x &L
BN -20CHRFHH -

BN P 5 R e E e ¢ KA E e i
Z gDNA DUFFE 511 %5 3 17 5 & Tl o 0 S
(polymerase chain reaction; PCR) » {4 {ig Ay 7 41|
1 F5 ITS (White et al. 1990) ~ GAPDH (Templeton
et al. 1992) ~CHS-1 (Carbone & Kohn 1999) -
TUB?2 (Glass & Donaldson 1995) ~ ACT (Car-
bone & Kohn 1999) fil ApMar (Silva et al. 2012)
FERAIR B BT Z 5] %41 SCRCFT
F o E—BI4h 2 RS iE TUB2 I RTE 5|+
(forward primer) T39 (5-ATCACAACAAC-
GCTTGCGACG-3") » H B AWt 3 173kt -
PCR [ZJEJE &K (20 pL) E& 10 pL i 2K
& 16 TE R K (Tag DNA polymerase 2x Master
Mix RED; Ampliqon, Odense, Denmark) » 1 uL
eDNA » 10 WM 5[ T5H 4 1 pL L& 7 pL ddH,0 -
PCR [ JE i 12 By © 95°Cfi# Jig K FE (denature)
5 min ; 95CAENESIE 30 s ~ 56 CRL& S JE (an-
nealing) 30 s ~ 72CER S JE (extension) 30 s »
AT 35 WAEER 5 fx B LL 72°C 7 min BT H 4%
MR E - DAMEHE B HE B8k i 2Y PCR B Mg &
Y R BE—BHER IR 1% » iR STRERIIR A VIR fy
HPRE/\E] (Tri-1 Biotech Inc., New Taipei, Tai-
wan) HEITEF ©

Bk B ORI 40 0 - G E(L o A SL
126 BREFEMREY P I E K > B & AR50
40 P it 5 5 Pk A1 86 £& 2 i ik (reference
strain) » 2FFRIYFYIE R HERBEIZ Y
Fifr& s 9 0 (National Center for Biotech-
nology Information; NCBI) &l EES - %
B Z 3057 725 # MEGA X 088 (Kumar et
al. 2018) L Clustal W (Thompson et al. 1994)
HEFTHIZHRFI 3 Hr (alignment) - FE#E AT
T LT R RGERAERY - SRR R B
FILARE SR BEEE N (ApMar) B4 B4R B 3 2
(ITS + GAPDH + TUB2) 15 % [N (ITS +
GAPDH + TUB2 + CHS-1 + ACT) 7 2 FN#
GRARIE o BRI (B i RIAZRE (max-
imum likelihood; ML) F1 H # % (Bayesian
inference analysis; BI) —f&E B 752 E{TH
o G AU B B 4R F o) A7 BB Smart
Model Selection (Lefort ef al. 2017) 1 MEGA
X A AT TEM - H P R UAER 2 A &
ESETRUMI - H BER A R £ BL IR 1 B B TR
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GEIRMFE 1 - K URERG R 2 5 A
i MEGA X #UEG 81T » WG LAREE =0 (heuristic
method) J77£ M nearest neighbour interchange
(NND) Z D73 R > Ra&m bl 2 A
R 1 DL (bootstrap) HETT 1,000 JUHUEEZK
Tl o HIERTE 2 WG B4 8 A F MrBayers
v. 3.2.7 (Ronquist et al. 2012) 2% » HEfEETE
B BB A e i 22 3 £ 4% (Markov chain monte
carlo; MCMC) & &% » # 1T 1,000,000 1L »
1,000 # 5t HUEE — 2 > Al 25% Z 181 fe B
Pl ek 2 A6t P DL SE (R (BI0RE — 208 5 con-
sensus tree) * i B~ & B (posterior prob-
abilities; PP) » IR I G A8) 70 A SEFe 1
B 4% B (45 DL FigTree v. 1.4.4 (Molecular
evolution, phylogenetics and epidemiology
2018) #EfT4gEL

RIR TR

B PR DL PDA B2 6 DL 12 h S A B 1 &
10-14 d > DU E /K ESEMT o WRRE
FRL 1 x 10° 7+ mL"' 2 807K R
10,000 27 (nuER s BERGARA
H o GEAHh)  BEEEE - D TEig, &
% (‘Kyoho’) EyftatE¥) » i DU B /K HUA 77
AT RIEREIRAE - DITFI AT
T o MR ARPE 1R P TEH AR S B - FERL 1S
HE 597 i B DA 52 ] 28 B R o

FREBM © 20172018 £ E R BRI

rere

]

1% 2

BREEE 1 ERE EYEE I moNZ
B BES LREEENRER2TRE
ANBHFNTERTETFRP 10s > HUHE
AR LS S B ) B o LA R B 1 A R P
KA > FREE R el R P4 RIBE RO ER
B> HEGER 1S mo B REEEARHA - BH
FRBEE 7 DL E -

PERREERE - PORZEN > BUEE R 2P
&7 110-150 cm &S HEEEF 2 mo & Z FE PR (R
F B > DL R BT £ mTRIER
EFE L EENE > AIEEER I A D
% HEKREEY  SEELS 2 - DUAHY
BRBHOHT » i EE TN BHEGERL > EAR
DI 55 ZR0E /K (5 YA R LS A 10 55 T 4 R A 7K BRAR
FE o SEATE PRGBS AL DB T B R
457 em IO > BEAE S 2T] > MHEHE
REEZE R - BHEERRE A 28°C ~ 12 h AR
EARERF - FrEBs -
EREIREE Y REIES

RBZE C. viniferum TP EE T ERELRS -
LI F217069 ~ F217131 ~ F217133 £l F217141
TE Rt A E Ik > BB 1E PDA SPAREFEE > DL
22-24°C ~ 12 h YA 5 e0ksE 7-10 d (R 5R
HYERAE > U EAREN Y ER TR
B o FHEE 28 A kT =R Ay £ T DL 0.5%
V8 i R AR R R ROR 0 DL
22-24CHREN B T E 2 d 12 BIEL - (T

T 1. AUIFREHGR R TR A H B R Al -
Table 1. Nucleotide substitution models used in phylogenetic analyses in this study.
1 gene phylogenetic tree 3 genes phylogenetic tree 5 genes phylogenetic tree
Maximum Bayesian inference Maximum  Bayesian inference Maximum  Bayesian inference
Gene/locus” likelihood analysis likelihood analysis likelihood analysis
ApMat K80” HKY + G
ITS T92 +G GTR +G GTR+G GTR+G
GAPDH T92+G HKY +G GTR+G GTR+G
TUB2 T92+G GTR+G GTR+G GTR+G
CHS-1 GTR +G K80 + G
ACT GTR+G GTR+G

* ApMat: intergenic sequence between Apn2 and MAT1-2-1; /TS: internal transcribed spacer; GAPDH: glyceraldehyde 3-phosphate
dehydrogenase; TUB2: beta-tubulin 2; CHS-1: chitin synthase; 4CT: actin.
¥ K80: Kimura 2-parameter; T92: Tamura 3-parameter; GTR: general time reversible; HKY: Hasegawa-Kishino-Yano; G: gamma

distribution.
* Not used in analysis.
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AN EE % #5 Fy Olympus BX40 (Olympus, Tokyo,
Japan) » f &% f#§ & Canon 50 D (Canon, Tokyo,
Japan) o Fy Bl 22 B 45 E RAR » B MR {E PDA
FREEE IS AR U TEEEG 2R
P BHETY PDA ST EREAVES  IRE N 4-40T
(ML 4CHfEEE - 3£ 10 (fAE) » BERE T &
RO 3 M > B3 EE > A ER
ETE&EREE BHEIHESEHER
FEEE > #EE TR 10 d BIRMEER > i
HE1-9 dEREE - SIS HAERERET
BhHER (B9 diERE - A& 1 dHEEE)
cm/8 d (Ffi7 : em d7) > HU 3 EHE B FHHE
REZE - SBBEE 3 X -

TR

BERERER DR

H 2012-2020 [ BEEHGE S E
W BN RS EEE) a9 GirttE -
Hlelm kg EE) - LR CRR) ~ FERi%
(G40 ~ /KEEP - BIEAF I HEH ) 5 - DA
Je & Hp T R BRI Y A i v R R LR ERLG B e 7
ZHERE  HIEREEEERE R RS R
AREB RV HE  DUERAERE -
e RIS E R 2 o T R E -
Hro BB ~ Wi Bl 2 RARIRFET - 1)
SHETE R C. gloeosporioides s.1. (Sutton 1992;
Weir et al. 2012) - fehHkiEE 28 i — LT
A sl

H—J7H > WE YRR AR
RN EEREREBRERERWE - R
EHBBtRBzEHEER (LT 2R

TERERER, K BRIERHEER)) I
NRERRE » BREIME IR DIRE - 83
Z R R R B (AT Ry TELAE BE AL R B
25y ) o B 15 S A AR o B E I B R Y 45 R
7~ Colletotrichum spp. Z /T EERME 5 » HAl
Pestalotiopsis sp. ~ Botryosphaeriaceae ~ A/-
ternaria sp. ~ Diaporthe sp. DL Fusaruim sp.
FHREINVA—ELLG &2) - TEEREERL

PERIEEIREE R R TEARBEAUAL R B
1y Colletotrichum & &R 7 BER 57 Bl By 35.9 ~
923 R 41.7%  ESHE P HE 64 K 1
AR BRI TR E T (R 2) -

BEAh - 7 — 18l 2 5% 4 A & MRS s 2 SRR ER
EFEBHGC/ZINR R FER - 4HS B A
$RiR %S FTIEE RS C. gloeosporioides s.1. >
PREEE oh 1 MRAT BERRFORT 4L Colletotrichum J&
R — R ETT B B (5 o0 17 - DL B 3LET 40 #%
Colletotrichum Btk » sF4 T BEACREE AL 3 -

SEFIIFRRIERARON

Ry 8 E Rt 40 I oy BERRAVAESE - HE R
WHZEHREE S1 KRB I Colletotrichum J& IR
B (Weir et al. 2012; Peng et al. 2013;
Yan et al. 2015; de Silva ef al. 2019) > H
& 31 M U E PR (type strain) ¢ A&7 E 41
ERER G EHON AR Z CHEE

2. 820152019 £/ S EENEE A F A RIS EEHERZ 2 BEELH -
Table 2. Isolation percentages of fungi isolated in different stages or diseased tissues of grape during 2015-2019 in

Taiwan.

Diseased leaves

Isolation percentages (%) Before fruits were harvested After fruits were harvested Shoot or bud”
Colletotrichum sp. 359 92.3 41.7
Pestalotiopsis sp. 234 76.9 75.0
Botryosphaeriaceae 15.6 15.4 63.2
Alternaria sp. 32.8 19.2 11.8
Phomopsis sp. 12.5 25.0 36.8
Fusarium sp. 15.6 50.0 333
Others 70.3 15.4 29.9

“ Brown spots or lesions on the shoots or buds before sprouting.
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fin LL A F215069 2 GADPH F1 TUB2 £ A K
RFEHEST BLAST 7p i = > HREF I8 Y &
AT E A E R 2 BR3E 4 R (ERRASE5771
B J11 B J2-1 5 CGRSI B CGRQ1 -~ B 1 &
75‘5 C. viniferum) —OFa AT 5 DL B3 55 #%

2E Wk (& 4) - FIHITS - ACT ~ TUB2 ~
GAPDH ~ J: CHS-1 % 5 {# £ [N 7Y B & ¢
B R AE SR 95 PRI B R A ME R G R A
fBH o &G R ER (B 1) - RHFEHY 40 R E
u] # 76 £y 3 ## Colletotrichum sp. » H. 1 28 I
81 C. viniferum L. J. Peng, L. Cai, K. D. Hyde
& Zi Y. Ying R PR K H A3 i B I C.
viniferum 7% @R G BAGREHE T - B —
EFBEM C. viniferum P EE » $HEE T
g (bootstrap support values) % 96% - 1fij H &
T 1% M2 8 {H (Bayesian posterior probabili-
ties) £ 0.99 > [ E £y C. viniferum ; 7T HREL C.
fructicola BN ERID K — 2 P BF » LA S
BUER 76%  MAEMBRMREER 1> #
E Ly C. fructicola ; 5 PREL C. tropicale BE IR
TR — L FPhE » PHOE S EE R 91% - A
HEHTERMREE S 1> 7#EF C. tropicale
(& 1) -

BEERA R TR C. viniferum S FPREHH
S 2 MR ZFRE » R AR FPRE T 8
RZFPEE C o (HAEFBRIPEE T AL
FEHUE/ N 50% 1T B EERT B 2R E s 0.74
MRZFEE C Rl RI Ry 67% 810.99 » HfH Big
& SRELERRAY B T =UAT R LK%TE%E °

HEESHMAEFETEERE T2 28
PR T 2248k (5458 85.7%) B> C. viniferum
RZFFRET > 1 £E (3.6%) BLEE FEIH C. vi-
niferum 2% W W [E B S R Z P BE C - T H A
3 (@5 EERE 0 2 BB C. fructicola (7.1%) > 1 ¥k
By C. tropicale (3.6%) ; H "TEZBFER, AT
TEFHY 6 7 EEfk R > 1 ¥k By C. viniferum 2
YREET 38k C. fructicola ® 552 ¥k B C.
tropicale s "RULIEFEREE R 5 0 4 (8 53 B PR
s 2 ¥k By C. viniferum XX R EE T~ 18R B
C. fructicola » J¢ 1 £k B C. tropicale ; H TH

EPLHIR (R e By EERIIAFEMEEE A C
tropicale ; HHEE B E R B C. fructicola

(& 1) -

B71E H2M

AWFFEE 2 25 EIRAHR & RIS % 4E GenBank (Y 4157HS -

Table 4. List of the reference isolates used in this study and related information and accession numbers.

#* 4.

Reference

GAPDH ACT CHS TUB2 ApMat
J1X009443 JX009774 JX010389

ITS
JX010244

KF156860

Isolates
ICMP18608, C1253.4

Species

2)
5)

—

(20
(20

~

Weir et a

JX010044
KF377492

Colletotrichum aenigma

—

~

Yan et a

KF289005  KF288964

KF377529

JZB330025, B1
ICMP18580, BPDI4, C1315.4

2)

2)

— = -

(20

20

JX010053 JX009584 JX009867 JX010406 Weir et a
JX010384

JX009915

FJ972612

Colletotrichum asianum

JX009576 JX009753 Weir et a

JX010192

ICMP18696, C1187

JX009930 JX009483 JX009799 JX010392

JX010176

ICMP17673, 3-1-3

Colletotrichum

aeschynomenes

Weir et al. (2012)
Weir et al. (2012)
Weir et al. (2012)
Weir et al. (2012)
de Silva et al. (2019)

JX009990 JX009471 JX009837 JX010383

JX010190

ICMP17919, C1275.5

Colletotrichum alatae

JX010028 JX009572 JX009882 JX010411

JX009959

JX010251

ICMP12071, C824
ICMP18621, C1194.22

Colletotrichum alienum

JX009552 JX009755 JX010386

JX010246
JX010205

JX009564 JX009853 JX010420
KX094285
JX010438

KX093982

JX010005

ICMP18537, C1282.4

Colletotrichum aotearoa

KX094083

KX094183
JX009989

KX094252
JX010265

CMM4268
ICMP18658, C1317.1

Colletotrichum chrysophilum

Weir ez al. (2012)

JX009877

JX009537

Colletotrichum clidemiae
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8910.29r F215149 fruit Xinshe
- F215090 fruit Xinshe
F216036 leaf Xinshe
1220153 fruit Xinyi
220156 fruit Xinyi
F217153 fruit Xinyi
F212083 fruit Zhuolan
F217115 fruit Dacun
-168| F218102 fruit Xinshe
220158 fruit Xinyi
F217211 fruit Dacun SUbCIade T
F212087 fruit Guoxing
50/0.7—| F216184 fruit Shuili
F217741 oaf Dacun
eaf Dacun P

F217209 fruit Dacun C. Vlnlfel'um
F217179 fruit Wufeng
F217177 fruit Dacun
F217069 fruit Wufeng

1220157 fruit Xinyi

F218118 fruit Xinshe

F218110 fruit Xinshe
1220154 fruit Xinyi

F216035 fruit Xinshe
96/0.99 Li F217133 fruit Puli
F218123 fruit Xinshe
F218130 fruit Xinshe
C. viniferum CGRS1
C. viniferum JZB330008
F215071 fruit Taichung Market
C. éinifer;lm JZ-éG &

. viniferum CGRQ1
C. viniferum J11 SUbCIade C
C. viniferum JZB330017

C. viniferum GZAAS5.08608
C. viniferum GZAAS5.08601

C. viniferum CAUG27 5
C. endophyticum CAUG28

93/1 C. endophyticum UOM1137
F217125 leaf Puli
F218126 leaf Xinshe
F217155 leaf Wufeng
F215089 leaf Xinshe

-0.74

-/0.54

68/0.99 F216037 weed Xinshe
77/0.9 F215147 fruit Xinshe .
w C. fructicola ICMP18613 C. fructicola

t220155 fruit Xinyi
C. fructicola ICMP18581
C. fructicola CBS125397

/0.8 C. chrysophilum CMM4268
C. nupharicola CBS470.96
C. nupharicola ICMP17940
62/1

F217120 leaf Dacun

i S0 'F216082 leaf Dacun
-/0.96] F212108 fruit Dacun .
C. tropicale

- F218113 leaf Xinshe
foorl C. tropicale CPC28607
F216025 twig Dacun
C. tropicale CBS124949
99/1/C. makassarense CPC28556
C. makassarense CBS143664
ICMP17673

C. y
s C. hystricis CBS142411
. alienum ICMP12071
}Cj/ienum ICMP18621
o

—/048'\

89/0.99,

6/1
C.
C. conoides CAUG17
6/ 11_1 C. hebeiense JZB330028
4 C. aenigma ICMP18608
86/1 C. aenigma JZB330025
100/11 C. asi ICMP18580
!'C. asianum ICMP18696
C. siamense ICMP18578
C. siamense CBS130420
C. siamense CMM3814

C. musae CBS116870
100/1- C. musae IMI52264

97/1 C.q i ICMP18705

C. queenslandicum ICMP1778
100/1 C. salsolae ICMP19051

C. tainanense UOM1290
64/- C. tainanense CBS143666

99/1— C. gloeosporioides CORCG5

— C. gloeosporioides CBS 112999

55/-

64/-

C. alatae ICMP17919

5X
52/0.97 C. ICMP18658
\\ 100/ ———— C. kahawae ICMP17816
\ C. psidii CBS145.29
3 lylinic ICMP18579
C. aotearoa ICMP18537
L C. ti ICMP4832
C. xanthorrhoeae BRIP45094 .
/085 100/1r C. llleobromlcola ICMP18649
- C. grevilleae CBS132879
\ \ C. horri ICMP10492
CBS123755

0.020

1. LA Colletotrichum gloeosporioides 18- TdH3: 95 {EE IR BN &~ & KR4 R %8 » DL ITS ~ GAPDH ~
TUB2 ~ ACT J. CHS-1 genes % 5 FLINEME > -
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Fig. 1. A maximum likelihood phylogenetic tree based on 95 isolates of Colletotrichum gloeosporioides species
complex. The tree was generated using concatenated sequences of genes encoding the ribosomal internal transcribed
spacer (ITS), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), beta-tubulin 2 (TUB2), actin (ACT) and chitin
synthase 1 (CHS-1). The bootstrap support values (> 50%) and Bayesian posterior probabilities (PP > 0.5) are dis-
played at the nodes. The tree was rooted to Colletotrichum boninense (CBS 123755). The bar indicates 0.02 expected
changes per site. Type strains are displayed in bold. Isolates of this study which isolated from different tissues are
indicated by colors: leaves in green, fruits in blue, twigs in purple, and weeds in red.

C. viniferum>R3z[F7&% T EHEME C. viniferum
EIRAVRREREIR

TR C. viniferum X7 FrEE T BLE A
i C. viniferum WRRRG R % - AHITUCE
HREIE#FE 2 C. viniferum 41 75 & FHETT
Gy 0 AHEH S S ZE B FH DLo3 i A% B 1 51
TEECROHEIE - DUT G 77 Ry A8 5 57 e
1T o Echeverrigaray ef al. (2020) Ei Oo & Oh
(2017) {E A2 FR B L (8 Fk) B (1 £F)
WEEHT C. viniferum Btk > B Oo & Oh (2017)
{# N A3l 53 A ITS ~ GAPDH B2 TUB2 % F: K
HIBE P (2 4) » RSB —E0 7 7 it ER EL
FHIE SN » &4 A 77 BT B B iR B 1 A 92 P o0 i
Y C. viniferum RZ 7B T Btk 8 PRI L 7
B C EtR 11~ B P EIEVRZ PR C Efk 9
Bk DURAMEERRR | #R > 3k 28 #RE » RIE |
it 3 BRBFFIERR GBI o i (18 2) - 455%
FURFTAH C. viniferum 53 BRI 4157 B 3 {E
gy B 0GBy B E B AHRA M - HAR O R
Y 8 K AT 3 BRRA AR AE AT Y 2 /NBE © R
C. viniferum XZJFEf T Z B8 FHKEE AR
BEVB G RAGRET - [RBIY C. viniferum 3L
FrEf CHY BB B bk F215071 BLig i 1 &4k Al
B e o] R BT ©

By mEERENEEC vi-
niferum X Z P8 T BLER C. viniferum B 5 &
FG R 2 HAR S P BE V B R (Yokosawa et
al. 2020) V4% F1% 5 Yokosawa ef al. (2020)
LA ApMar B[R Fp 51 1 ¥ 4% A (4 B > IRLBE AR
W 7E L ER UM [E] SRS > a9 AT IV R B RS AR
W5E B~ C. viniferum X3 FPRE T B 8 1%
C. viniferum XL FFEE CEMR 1 1k > DU &F
FIE 17 #% (2 4) > 26 BRI (B 3) - 77 iréd
RETR > BENRZFET R ENRZF
HCHMEI  HASHV ZEHKERK —ZF
B ST RFRVICHE A SR BUE By 86% [T HEE

A R E(E 5 0.97 » BB RS FEET
KBRS PR C BRI R - Sy R
I SRERN F215071 EEEXZFH C 2 C
viniferum # = H bk (GZAASS5.08601) 43 & i
[E—Z P BE - ApMat 5 IREEENTR GBI AGE R
EAFTa oA 5 (EER Z P A Frigssam— -

C. viniferum 2Rz R8T BV E PR 45 1% Ha
MR EIS R

AWt ERREEER ERE I EE
FHEBER C. viniferum KZFEET - LLF217069
FRFEMEE > MRS T - HERKE
FIREEE > REFEGEREHEMER o4&
i+ #E8 » RIEEY (cylindrical) - Fi i B #
A —Im R  BHABURM S RE A
12.4-14.0-16.0 pm (min.-avg.-max.) > & & &
4.8-5.3-6.0 pm > =& A 2.2-2.6-3.3 (F 5 -
4) o BEES (appressorium) /%y h&k (L E| 17 (O
2 A HAIRTONAR (irregular ovoid)
SRR IR (clavate) » ¥ % Fy B $8 €5 iR (cren-
ate) > Hfi tH 3R A A2 (lobed) 5 & Ky
8.0-10.9-15.6 um > E & £y 4.4-6.8-10.0 um (&
518 4) - FkkmEAEREE R 28C 4CULT
DAR 40CRL EdEA & - SHEt ¥ EEF217131
F217133 B F217141 FriEfTHY 3 i8R - HEE
FRELSY A T 2 J AR EL F217069 AE{DL » B2
ARAENE 28T HEKREEREHEE
A S FE G 55 B F217131 [y I 75 A B
F217069 1 {Ll » F217133 B4 F2171413 {1y & 3%
RFEBGEREREE > FFREE -

C. viniferum X Z Fp & T H R AE H R HAE
HEFSENHEEEZERE  BREEER &
REZ R SR E R - I EEHE R
B EE (B 5A-C) : BRERR > WAEE
SR B - s o RIS G - FEN - ERAr
VI A8 RE SR ERAEEE (&
SD~E)-
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C. viniferum GZAAS5.08608
-/0.93 C. viniferum JZB330008

C. viniferum CGRS1

F215071 fruit Taichung Market
C. viniferum J11

C. viniferum J2-1
C. viniferum JZB330017

-/0.8%— C. viniferum CNU171001
C. viniferum CGRQ1

C. viniferum CAUG27
C. viniferum GZAAS5.08601

C. viniferum CA043
] -/1| C. viniferum LMF18-2
C. viniferum CI026
C. viniferum CI036
C. viniferum CA044
| -/1| C. viniferum CA041
C. viniferum LMF18-1
C. viniferum LMF18-6
75/1 F217131 leaf Puli
F217141 leaf Dacun
F217177 fruit Dacun
F217069 fruit Wufeng
F216035 fruit Xinshe
F217133 fruit Puli
95/1 F212083 fruit Zhuolan
F217115 fruit Dacun
C. tropicale CBS 124949

—
0.0020

2. DL Colletotrichum gloeosporioides 18& 84k 28 BEFREL ITS ~ GAPDH F; TUB2 %5 3 FLN R > i KR
FRGRR A -

Fig. 2. A maximum likelihood phylogenetic tree of 28 isolates of Colletotrichum gloeosporioides species complex.
The tree was generated using concatenated sequences of internal transcribed spacer (I7S), glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) and beta-tubulin 2 (TUB2) genes. The tree was rooted to Colletotrichum tropicale
(CBS 124949). The bar indicates 0.002 expected changes per site. Type strains are displayed in bold. Colletotrichum
viniferum isolates from different countries are indicated by colors: China in red, Taiwan in purple, South Korea in
blue, and Brazil in green.

C. viniferum R FEt T BEMRZ AR B T ERETREMAG - fEERaE ok
SAllER BRSNS F217069 B F217133 » K47
O R R AV MR F217141 81 F217131 »

FoWE R C. viniferum XZFP BT HIR IR DIATE B MR4D SR8 4 RS A R R T EITHY

Ve BEEAFEMEEAEN C. viniferum XZFF  BifEsEEE T (1) BEEE : DLF217069



) M IR I s A SR A 149

C. viniferum 17-25-1
99/1 C. viniferum 17-25-2

98/1

72/0.7]

76/1

73/0.97

65/0.9

89/0.79| ¢

o »
m Clade \

A

0.0050
3.

C. viniferum 17-18-3
C. viniferum 16-16
C. viniferum 16-15

96/1) 215071 fruit Taichung Market

C. viniferum GZAAS5.08608

F217141 leaf Dacun

F217069 fruit Wufeng
F216036 leaf Xinshe

95/1|F216035 fruit Xinshe
F212083 fruit Zhuolan

F217133 fruit Puli
F217131 leaf Puli
— F215090 fruit Xinshe

nClade V 17-33

C. fructicola CBS 130416

LA Colletotrichum gloeosporioides 18 & fE4E 26 FHifk > ApMat FERIFERE > e KRB 4 RE (A 081 -

Fig. 3. A maximum likelihood phylogenetic tree of 26 isolates of Colletotrichum gloeosporioides species complex.
The tree was generated using intergenic sequence between Apn2 and MAT1-2-1 (ApMat) partial sequence. The boot-
strap support values (> 50%) and Bayesian posterior probabilities (> 0.5) are displayed at the nodes. The tree was
rooted to Colletotrichum fructicola (CBS 130416). The bar indicates 0.005 expected changes per site. Type strains
are displayed in bold. Colletotrichum viniferum isolates from different countries or Japanese clade V are indicated by
colors: China in red, Taiwan in purple, and Japanese clade V in orange.

F217133 ~ F217141 F F217131 FHE 2 1
R RE R R A A DR S wk R - BERER
F & HEER - SRR R Ot - RE
BHAGEE AT > 5 BE 2R R R L IR R AL B
CREEOREMIE  REEt > RE
[MIFE ~ SRPAEOR - SRHZ M B - R R
EEGRE L EPEIERIE - RS S N ELRE
R - PR /K Y B IR AH A e L 3R (i
6) ° LA_E 4 (PR 73 il 13 76 fe & 4 SR P 2 R A
T FE LA FH T 22 B Y e A M S i U ] - L

B B [EDR R B+ SO 8 (R A R A
IR - (2) AFAEPREERE - RAERFEN > M
TR0 OB AT A ) AR R 0 L 3-5 d % o
bt 4 8 R PR B AAE R R SR (]
TA~B): EiZ 10-14 d 1% > HEER & HHR
B ~ wmAb -~ T B A E RIS AT
A F217069 B F217133 53 HEAk g L (&
7C) » F217133 Bl F217131 #E Bk B | B BH 9% 2
(18 7D) - Bt4h > 4 {HE IR & A& R SR AT
@ (LIRE (18 7E ~ F) - AT > B /KHY
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5. Colletotrichum viniferum X7 Fpit T BIREEL

ST

B71E H2M

AR -

Table 5. Synopsis of morphological and physical data of the Colletotrichum viniferum subclade T isolates in Tai-
wan.
Conidia length x Appressorium length Mycelium growth
width min.-avg.-max  x width min.-avg.- Optimum temp. for rate at optimum temp.
Isolate no. (um) max (um) Length width ratio mycelium growth (mmd™)
F217069 12.4-14.0-16.0 x 8.0-10.9-15.6 x 2.2-2.6-3.3 28T 5.4
4.8-5.3-6.0 4.4-6.8-10.0
F217131 12.0-13.6-15.6 x 9.0-12.6-17.0 x 2.0-2.5-3.1 28T 5.0
4.8-5.4-6 6.0-6.7-9.0
F217133 12.8-14.9-16.4 x 7.6-8.7-10.4 x 2.46-3.1-3.7 28T 4.6
4.4-48-5.6 3.6-4.4-6.0
F217141 11.6-13.1-14.8 x 8.0-10.7-20.0 x 2.4-2.8-3.3 28T 3.9
4.4-4.7-52 4.8-5.8-8.8

4. Colletotrichum viniferum X7 FPEf T HIATLRE

— A
Thid) AR

=
=

N

J

A (
&l 3 i

B HEEA  IEAEE - BHEE - AT B -

Fig. 4. Morphological features of isolates of Colletotrichum viniferum subclade T. The top and reverse views of a
colony, conidia, and appressoria of each isolate were illustrated in one row from left to right. Cultures were grown on
PDA at 22-24°C under 12 h light period for 7 to 9 d. Conidia were from 7-day PDA cultures. Appressoria formed on
glass slides and developed from conidia suspended in 0.25-0.5% VS8 juice for 24 h. Bar = 10 pum.
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5. Colletotrichum viniferum X3ZJF# T FEHRE L (A-C) & EER 81 (D ~ E) FEHE -
Fig. 5. The typical field symptoms caused by Colletotrichum viniferum subclade T, including (A—C) diseased leaves
and (D, E) fruits.

Ao

6. MR ANTEERE Colletotrichum viniferum X3 PR T Btk F217069 1E R E AR VR Z R -

Fig. 6. Symptoms of grape fruits (cultivar: ‘Kyoho”) inoculated by the isolate F217069 of Colletotrichum viniferum
subclade T. These 1-month-old fruits in the orchard were inoculated in planta with the conidia spore suspension (1 x
10° conidia mL™) of the isolate. The typical symptoms of grape ripe rot appeared after veraison.
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[ 7. SREMEE A TR Colletotrichum viniferum 32 FFRE T Bikk (A-C, E, F) F217069 5% (D) F217133 141F

ESIE > C (DA

Fig. 7. Symptoms of grape leaves (cultivar: ‘Kyoho’), young shoots and blossom inoculated by the isolate (A—C,
E, F) F217069 or (D) F217133 of Colletotrichum viniferum subclade T in greenhouse assays. The potted plants were
inoculated with the conidia spore suspension (I x 10° conidia mL™") and then were kept in 28°C and high humidity

condition (relative humidity; RH > 85%).

IR SE R - B Lk 2IRFEIE ALY
T EESAHENFE R E 0 SERRE AR -
HE]
C. viniferum XRZF# TR EETEH
BIRRERE

T E 6 S I 53 9 i e B [ T
SIARARNE - ARFZEA 2012-2020 FHEHE - &
s~ 80 DA EIEE A E A EE o Ha
35 5R 2 EEEEE TSRS - ot
TRV H] - B #E &R E 78R Colletotrichum
TTEERRE By C. gloeosporioides s. 1. > FEff&HkEE

Hr 28 tRETT X E P IR G R0 A » 33 25
Bk Es C. viniferum (89.4%) » 2 ¥k By C. fructico-

la (7.1%) > 1 ¥ 5 C. tropicale (3.6%) ° #& i B
C. viniferum BJE R > 51H 24 BRIB C. vi-
niferum XZITEET » S BEELBIS 2 85.7% » 55
1 £k (3.6%) i C. viniferum GZAAS5.08601 (f&
R EHE) il GZAASS5.08608 % 5 #4: [F] )& > C.
viniferum KZJFHE C ©

B SEE R EUR C. viniferum K38 T Fy
BB E R E MR A TR R ERE 0 Jonl
HIWFFE 25 C. viniferum By & /&6 &) 5 E R
J&% 7 B (Y &5 5 (Duan & Chen 2020) - {H 7528
TTEEMRFCEE BN C. viniferum XL PR T B
YR C AR E—2 o3 #fr -

Fipl—8RIE » AR ZRZFEE T HIE
PREUREEL G s KL Fp B C HY C. viniferum FEAE
& (Peng et al. 2013) fH{L - HAWIE Z KL



TR

FrE T ERE G
BRAY 25CHE T -
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Occurence of Grape Ripe Rot in Taiwan and the
Pathogenicity and Phylogenetic Relationship of Its
Primary Causal Agent Colletotrichum viniferum

Chu-Ping Lin"", Chih-Li Wang™’, Jyh-Nong Tsai*, Yu-Lun Dai’, Pao-Jan Ann’, Yue-Mei Zhan’, and

Shun-Yuan Huang”®

Abstract

Lin, C. P, C. L. Wang, J. N. Tsai, Y. L. Dai, P. J. Ann, Y. M. Zhan, and S.Y. Huang. 2022.
Occurence of grape ripe rot in Taiwan and the pathogenicity and phylogenetic relationship
of'its primary causal agent Colletotrichum viniferum. J. Taiwan Agric. Res. 71(2):135-157.

Grape ripe rot caused by Colletotrichum spp. is one of the most devastating diseases for grape
production in Taiwan. To reveal population structures, phylogenetic relationships, symptoms, and geo-
graphic distribution of the causal organisms in the field, grape samples with the typical ripe rot symp-
toms on fruits, and necrotic lesions on twigs and leaves were collected and investigated. Moreover,
symptoms from field samples and inoculated plants were also recorded. From 2012 to 2020, a total of 40
Colletotrichum isolates were isolated and identified with the phylogenetic analysis based on the concat-
enated sequences of internal transcribed spacer (/75S), lyceraldehyde-3-phosphatedehydrogenase (GAP-
DH), actin (ACT), beta-tubulin 2 (TUB2), and chitin synthase 1 (CHS-I) genes. The phylogenetic tree
showed that grape ripe rot in Taiwan was mainly caused by Colletotrichum viniferum, which was divid-
ed into two subclades, subclade T and subclade C. Among 28 isolates that were isolated from diseased
fruits of grape ripe rot, 85.7% of these isolates belonged to C. viniferum subclade T, 3.6% to C. viniferum
subclade C, 7.1% to Colletotrichum fructicola, and 3.6% to Colletotrichum tropicale. The results also
showed that C. viniferum subclade T could be isolated not only from diseased fruits but also from symp-
tomatic leaves. The pathogens are distributed in most major grape-growing areas, including Zhuolan in
Miaoli County, Xinshe and Wufeng in Taichung City, Dacun in Changhua County, and Xinyi, Guoxing,
Shuili and Puli in Nantou County. When inoculated on young fruits in planta in the field, the isolates of
C. viniferum subclade T induced the typical ripe rot symptoms on grapeftuits after veraison, suggesting
that the pathogens were able to establish a latent infection. When inoculated on whole potted plants in
a greenhouse, isolates of C. viniferum subclade T caused various symptoms on leave, such as necrotic
lesions with a large area of yellow halo on the leave margin, defoliation, and browning leaf veins. Fur-
thermore, necrosis on shoots and blossoms was also observed. The results from field investigations and
artificial inoculations indicate that the isolates of C. viniferum subclade T could cause various symptoms
on fruits, leaves, shoots, and blossoms of grapes.

Key words: Subclade, Foliar symptoms, Multilocus phylogeny.
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Ban b (Chang et al. 2018) - [ 5E 5 2 fg M
Fetfo (e R e 22 R B - B3 m] el e O 2 B
HIGiAS » S S EBES ADR R o idlr (col-
loidal-gold based lateral-flow immunoassay)
B A R R 7 A (enzyme-linked im-
munosorbent assay; ELISA) £51i7 » Bl fa A=
o TR REEELTRERY - HPE
BEsi BRI Z Gy M7 (direct competitive ELISA;
dcELISA) % 7 & F 2K 45 |2 s f2 gt ) 2 75
m o RECKEEGBEEEMER - HEE
RS » HEhD AR MR EE LR & - B EE L hi R
GaRe “HFANEPFUEBETIES SR
R RERIFEEE 1% 0 BLREEGIRR A
BZBE-BELTURgREEERE B
AZE B O EOEREHE AN - BT HEA %
o REEHNRLT 2 BEESE  HA - £
B .5 fH B & &t (Watanabe et al. 2004, 20035;
Kranthi et al. 2009; Yamasaki et al. 2015) - &
EHMA 45 1 BEEELISAKKEN  EH
dcELISA » f£[d— ELISA 96 % th [5] 0 5 ]
2RI (fipronil) ~ GHE% (acetamiprid) ~ 2%,
%% (dimethomorph) ~ 157 | (tebuconazole) &
4 FEREE > (REETIAE SRR % £ 0.68
1.14 ~0.23 ~ 0.61 ppb - i FE b yE ey B bs
BT E—ZEBHE SN ITE () 0 Lk
4 TEREE 2 RIS IR 1-50 ppb (K - BT E&E
TR E R AR R Al - Erp 2% e ~ si
B Ry aa o WSS B A R o 25
JE Ry 7ML 4 (phenylpyrazoles) % & 7 » #f
foandf REMHEIE 5 > HIFHERSNEE
#EE H g EREE4 S ) (Mayer & Lunden
1999; Yu 2008; Kairo et al. 2017) - & &
2017 FAEEEM 4.95% ZF & e /KGR - H1KR
BEEZFN 201944 1 H % 202046 HEE
VIRERE AN g% BHEARE D
B S e R &8 (https://www.afa.gov.tw/
cht/) » BURZFGIEN A ERELRHER - SR
RrEd THASM&SER - Be/KakE - H
TERGIEBE S T ZERE iR ~Z#S (nicotinic
acetylcholine receptor) 454 @ T8 ZNEIE g
SRS (AR i B R T LR BRI S
T~ (Tomizawa & Casida 2005; Yu 2008) » f£&
BOHNA PRI NEREE

rere

]

1% 2

SRE(EY) 2 & ~ Myl - 1145 - s=IRIERS
HEERIIE o BERS R AR (cinnam-
ic acid amides) #& H FH Al - 55 R G217
> AIHIE % (phytophthora diseases) ~ &5
B (downy mildew) S5 [ H B 2 B &4 Bl
EfI T4 & (Cohen et al. 1995; Reuveni 1997,
Ann et al. 2015) » £ GEE HARPEZERE
B R R ESEHEY 2 W B E R - 5
v Fl By =K (triazoles) FEE K] » B A&
1T > FfERGE AR ERA (Brenneman &
Culbreath 1994; Rial-Otero et al. 2005; Paul
et al. 2007) » FIAPIEZEIEY) 2 RIEHK (an-
thracnose) B[\ S48 5 9% (powdery mildew)
(Wong & Midland 2007; Xu et al. 2014; Kein-
ath 2015) - [t 4 fEE &R 25 E B A ZE b -
HerE BhEEREY L EEH RS - g
F A 20102017 4F i 4ih B v &5 R 7E R EE R
W ERES R HERRAGE SRR 3 %40 55
e ~ BEEE - B AR R A AT 4 % 0 B
I 4 T R EEALT B R A F i L At 2 2
& B O (Hou et al. 2019) -

Ry RTfh B g R il R A AR IR A B & A
(B PRET R4 - 8 bR EEHT R 2 P AT 1
BT AL R 2 e P A R DB A B R R A (L R AR
MRS REHUR S 2 v T o R EEA (LR
A BEMPEBED LB > ZEEURF
tER UM R R T E B LR 2 B g R K
RS Z IR - L BRI B
SREETT > B E AR — D HUEERE > MUBEFTANTSE -

MR 7%

BT ER AR

ane T 5 FHRY 49 JH3tk 93 TR ST AIRTER -
HURERNLOAGEBRERN Sl Asdd
J& 2 BRdE i o MRS e (96% 4 ) T E
Dr. Ehrenstorfer GmbH (Augsburg, Germany) »
P EE OO B (20% soluble powder; SP)
IS (50% wettable powder; WP) [ [ B
BHAERAE (GEEHH) 57 (25.9%
emulsifiable concentrate; EC) i H & /& FEH &
MAERAE (BEGILH) - P EfE
AR K PR ARERE(E 2 mg L > BLF SR
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fic#ipk 2 mg mL"' stock solution » Hff 3 fEpg
G2 ZEHI L 100 mM phosphate buffered saline
(PBS) buffer fit#ipk 2 mg mL"' stock solution »
FIR 4C BBATHEMBEMERE - 558
e~ s BHS SRl E#ERFNR
i AIEE e EFREARAF (BEE
H17)  ELISA DL 96 FL ¥l & 5 B & %0 % 53 17
% (ELx808™ Absorbance Microplate Reader)
(Biotek,Winooski, VT, USA) K il &8 5 % &
(Wellwash™ Microplate Washer) (Thermo Fish-
er Scientific, Waltham, MA, USA) #17 -

dcELISA Z &5 IMHRR

SEIFEE ~ TORES - ERS  BRAE
FEi P A R A RIS 4 (0 FH R B > Ry RENE
EEREGAEEREPNEBERE  UAE
1.9% Z Bk S A U R B Y -7t 4 fe 2 2
VEFEZ 005 1~3~10 K 100 ng mL™" > &
EREEITIEE St 4EEE
R R AR - 3 BIEL L& &2 50 pL B —%
A R It 4 fE R EE GRS I A AL
o HERIIIAL 4 EERENRE-FRES
B £2EHERBIMEFLT > &FL50 ul -
R EJRAFE 30 min % > AR E L RIS IE
o BALIIA 200 pL 5E VR - N M E B
BHEESZ10s FFE 1 min -~ 5K &
T3 RW e e —RBERBIZIB LR A
100 pL ZE R - NEREFEE 10 min > #ETE
B FE o FREFLIIA 50 pL &8 10K - 48R
J&E 3l DAfY R A Y 2 R A AT D 8% 450 nm
W ENREE -

DL | 7t & f& &% 3 T7 ELISA 1% /Y U St
By B BRI B R BEIG ROLE R B, 0 &
FUOEEANRIEL B/B, » {12 = (1 — B/By) x
100% - % R 82 R[S HY log (B 1% - B1HEAHE
Z B SN LL T B AR A5 T > 5 — E 4R
[m 5 22 o BHHIEL 0.9 75 AL B 4R (0167 )7
2 SrRHIVEEEREY - B AL EEE ELISA
$1T 7] 2 22 10% H5F (Y 2 %2 % [ (10% inhibitory
concentration; IC10) > Bl Bsfg AR o B &k H]
HE R B RO EE L 0.2-0.8 Ry EREE R -

R X 2 & (cross-reactivity; CR)
Foffead IEE R 4H 3 4 ARV R #E25TE

SHRET BRI T 2 B ik
BRSNS EL L > EFEH L 4 fHAE
HIRREEGE R DI R 88 » R B ol 4 Tl R 4R 4E
MHEZ JFENEEE £ E 4993 THE 2L »
BIER ST REE RRERE > SEOHEE
R Ry A 2 it B FHAE R FE A B > S0 DA R 2
FHIEEER  HREEBCER - #ABEE @
FREE > R DS 4l > R SRR A S, -

DA N FEZ R R R g e 2 & —1
TN IER = (W EEE 2 IC50/JFRERY R g
>~ 1C50) x 100% (Li et al. 2015) - & % X7
JEZR/NR 0.1% IF - RV SE1E i ELISA
IC50 KIATERYRZEE 1,000 » RIRILIEHY 8
ELISA ¥ 2 B—ME B - Bz Ll 4 78
ENRBENIEERER  HESIENRET
50% I RIS B 2 BE R TE (IC50) - K RFHI 2
BN RSB IR SR 1,000% - F DLk
ELISA W BR#E/T R JE » 35 ELISA 2 fIfi] /)N
it 50% » BRI BLIEAY 2 42 ELISA B 5 HI 2
B 7 AT N EZR/NY 0.1% © 75 ELISA 7 fI
BRI 50% » AIRFFEF IR SR 2 % (RS - i
17T ELISA 1% » 17 H B EER T log {H B ¢
EHNHIEE AT [0 B 47 - 38 DU H 1C50 » i
R L AXBEHT NI ER -

Bt ie Rl IR R BN R
SEILLE ~ S~ ERS B A E
P Y o0 e s D EUB 4E (58 s BH > DA/NER
Ko ALEEE > sk IEE - BMINESHETER
A T B EE MR - B A
DUESEE & 0 WES/K L 10 min - SEEE 5L
HUBE 3 B /IMARER R 1 518 > 415H -
FHERR I T A B B vl i M DA B8 A (B TR ER A ZR
W i HUR - U E 2RI R (LR
fifi;A (Chiu et al. 1991) % > BI/NAZZ2 0.5 g o
GRS 1 g ALEEE - LUEE - BINK 15 g B
Bt UIRE » A B 1 cm ~ 5 7 cm Z B7HH
B 0 BIIIA 95% ZFE 1 mL > B4 BIInA
FHCBYRL 50 mg L AR5 JE ~ SRS ~ BT
FAFFERIE 10 pL - (FZERUR % &7 0.5 mg mL!
BEE > BH20s{2FEE 3 min - EEEHH

30 uL AR ZE HUR 2 55— 8 slE o> 3 Bl
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A 1,470 pL Z2 U R » HOL AT 20 25 HU M R
% 50 pL Sy RIANA 2Bt 4 TEREE GRS 2 EFL
B F{ERIIIALL 4 TR SN R EE- RS
8 > 7L 50 pL - E 87 K A 4 dcELISA 5 B
BT IE > FHAEH Lt > 4 RSN H G
ORI R AT & B ERE - WRET
HREZERLE - 0 LAROEE L B/B, 8L
HIREERE (logf) BRI EREETEAXy =
ax + b WEEFEHUR 2 BEE RS = POWER
{(10, [(f&2 #& 1Y B/B, {8 — b)/a]} - 2 EE[H| LR
= (BBEZERUR 2 BEERE/ NN B EE
TRFE) x 100% > gl T A o] (5 R 2 A8 i B Ky
60-140% fEZE[E]UR (Hsu er al. 2014) -

R

dcELISA 2 fa@RiHpR
FRAGIE - EERE OB RGNS 4 78
P g K BUEY 5 R o (T E B R ELL-
SA o £ i g g IE AH 7 RS O, S (S R

BN B71% B2l

B E & R EERTE log (B RAAY B4R [B] i 77 i 40
(1) R {5 & 7F 0.9899-0.9948 i » o] £ JH
#i[E B 5y 0.5-100 ng mL™" o & {fc H 453 [ B
EAER > SEE - R ERSRE
F A A5 IR (IC10) R 7 & 0.30 ~ 0.52 ~ 0.23
K 0.39 ngmL™" -

X[ fE

A BT & 2 0 e ~ TR -~
W~ e A AT R R TG B 49 5 93
FREEZ XN JEHR > Hp 2R L e i H
LRERHTNRE R T I XX NIERE
40.1% » oo R BT B LA R AT B e s T
BERIBERSS - mEMl - BHY - BT ZRX
TERZ B 47.6~31.3~1.0 52 0.8% (F 1)
FRIEZ SN - Bt 4 TR SEGUAG B BRI ARSI
[ZREAR /N 0.1%  BURIELEA R4 B an s
S ~ BRI GEN R E

BV ERE R R IR R R O R
PURbsA R HETT 20 JE ~ caiss ~ RIS

Acetamiprid
y =-0.3030x + 0.8136
R?=0.9948
¢_1C10=0.52 ng mL"!

1.0
Fipronil
08l y =-0.2809x + 0.7535
: R?=0.9930
1C10 = 0.30 ng mL"!
06
0.4}
02t
o 0.0
@ o0
Dimethomorph
0.8 y =-0.2926x + 0.7140
R? =0.9925
1C10=0.23 ng mL"!
0.6
0.4
02}
0.0 :

Tebuconazole

y =-0.3437x + 0.7611
R?=0.9899
IC10=0.39 ng mL"

-05 00 05 10 15 20 25 -05 00 05 10 15 20 25

Log concentrarion of pesticide (ng mL™")

1. ZREJE - TS © EERCS - 559 dcELISA HIFIEh4R - FHEEL R 3 [EEEH P -

Fig. 1.

Inhibition curves of fipronil, acetamiprid, dimethomorph and tebuconazole in the direct competitive en-

zyme-linked immunosorbent assay (dcELISA). Each point is the average of triplicate determinations. IC10: 10%

inhibitory concentration.
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T 1. ZREE  wEE ~ ERCT M AS T NIURRAE B
Table 1.

3 TR 2R S P AT o LAt AR R A SR E -

Cross-reactivity of the non-target pesticides to fipronil, acetamiprid, dimethomorph, and tebuconazole anti-

bodies in the direct competitive enzyme-linked immunosorbent assay (dcELISA).

Cross-reactivity (%)”

Pesticide Fipronil Acetamiprid Dimethomorph Tebuconazole
Phenylpyrazoles

Fipronil 100.0 <0.1 <0.1 <0.1

Ethiprole 40.1 <0.1 <0.1 <0.1
Other 91 pesticides” <0.1 <0.1 <0.1 <0.1
Neonicotinoid

Acetamiprid <0.1 100.0 <0.1 <0.1

Thiacloprid <0.1 47.6 <0.1 <0.1

Imidacloprid <0.1 31.3 <0.1 <0.1

Thiamethoxam <0.1 1.0 <0.1 <0.1

Clothianidin <0.1 0.8 <0.1 <0.1
Other 88 pesticides” <0.1 <0.1 <0.1 <0.1
Cinnamic acid amides

Dimethomorph <0.1 <0.1 100.0 <0.1
Other 92 pesticides” <0.1 <0.1 <0.1 <0.1
Triazoles

Tebuconazole <0.1 <0.1 <0.1 100.0
Other 92 pesticides” <0.1 <0.1 <0.1 <0.1

“ Cross-reactivity was calculated as (IC50 of target pesticide/IC50 of other pesticide) x 100%. IC50: 50% inhibitory concentration.

* Pesticides tested were listed in the appendix.

FAGERIAE/NAZE ~ 4LZEE] ~ &5F - LIEE - 5
JNE S B E mBE R R R - EEER
KIE S L RER A% > HI/NVRZE 0.5 g
GRS 1 g ALZEE - UEE - BN 1.5 g0 &0
AZEE 1 mL - G{EMRASEIA LT 4 fHEEE -
TS EI 255 E ~ SoET ~ 2R AT e A
5 R E i AV By 73.1-123.6% »
61.7-111.1% ~ 72.5-102.3% & 67.9-113.9%
BEEMZ CVEE/NA 14.8% (£ 2) - EEE
(o] S 22 B AE 60—140% ‘& il & (& Y - fife [ B
HAIB%EZE A E 2 w7 A E (Hsu et al.
2014) -

R
S ~ R BRS  Fr N E R
SR 46 A B S RIAE Y f BRI 0.23-0.52
ng mL" [ > EBHEREUBHNBENGTES
g 1 mg kg Z{EY) AV EEE - Watanabe et
al. (2005) F¥ A 5E FLIK ELISA B % 2 A HI 4%

BE > DAE 5% R 2 KA R BB e FLIRS R
FE 7 H dcELISA g I % B 7£ 1-10 ng mL™" »
e HI IR B 0.1 ng mL™' ; Watanabe & Miyake
(2013) JHIGA 7 &3 75 28 2K % dcELISA I 4H Y
foORIHE B £ 0.1-4.1 ng mL™ - AgOHIR IR 25 0.1
ng mL": Liu et al. (2012) B &S ol kgl 1k
MR S HLAS > BRI A E AL
FAZ HIHIEL 0.85 BEAYRMERE By 2.1 ng mL™ -
ARG E ~ TRRE ~ R - B fl
4 & 1 F2EE ELISA SUBI4H 2 AR PR K A R d
(& & B it S R E

TEtR RSB DT > IR 2 BB EEIE KA
M BRS BN B Sk B 7 A AR G R T 26 DL
ARABIZE - HARAR g HREOE S
HNERFEERBIERANESARE > THEREENY
REHVSRAE - MR B R EE ELISA IR E Y
(Yang et al. 2008) - 2 B ift 0y TREEEDE
FhEmE T A BIAECREE - RIEHZEE
EHUREE  HlpiREER %2 (Chiu et al.
1991) - Watanabe et al. (2004, 2005) HEtZEEL
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FREE A b REEE A

Table 2. Recovery of the pesticides from agricultural samples with the direct competitive enzyme-linked immuno-

sorbent assay (dcELISA) kit.

Pesticide recovery rate (CV) (%)”

Sample Fipronil Acetamiprid Dimethomorph Tebuconazole
Komatsuna 105.3 (3.8) 74.0 (3.3) 92.8 (3.8) 92.1(6.9)
Carrot 123.6 (5.7) 111.1 (6.2) 88.0 (6.0) 72.1 (5.3)
Yam 73.1(5.3) 61.7 (4.0) 102.3 (4.9) 92.7 (3.7)
Pumpkin 98.6 (6.2) 73.8 (14.8) 72.5(3.3) 113.9 (5.0)
Green tea 84.8 (2.1) 83.3(6.7) 78.2 (6.9) 67.9 (6.7)

“ Pesticide recovery rate (%) = (pesticide detected in sample/pesticide added in sample) x 100%. CV: coefficient of variation.

e 5% HEE 5% L8~ 5% W~ 5% Z#%
(acetonitrile) 2 4 f# A 5 % 72 ML JRk dcELISA
B GERBURF RN 2B R A A R
S BN EFE R/ TR ZEEHAR -
FIT 20 ST R R i R 2 EH B 1-30% 3 38% 11
VU & % % B% (chlorothalonil) ELISA {58545 »
BREFEENRS  TOLERE - AR
HE B R E R 4 S (Y HI A BOK P Bt ELISA
BN ESE - BERNESN 5% « KI5
Ftge Rl RN A RS2 E R BT S EN
AARTRERE > [ 95% LM E i
YRS > Ryl il S0 LB Rk o T8 ELL-
SA » I ZBEFEHURARE 50x » {HRCHUFRRR
#E& 1.9% LB - F#E{T ELISA » o[ A%
VBB AT GE SR B o [EIH T R (AR AR Y
EETEEY  (FoiEeiE TNRERE T R

T B 07 VEAE A e 2 A MR PR 2 $5 e FH It 5
EEIR RS DRERAIEIR R AR A (ORE - hElg
B R EER AR A BRI B EE
B o DUNEESE Rl > BEJ5UEER 0.5 g /NEERE
DUl mL 2 S 2 E R 82 - BLIS R ZE R R
2x > PEEHUR B R 50x 4 #E A ELISA » f#
BE LAY E T SERRRE 100x o fR I ATl 25 3%
JE ~ mi B ~ WS K535 A dcELISA 7 B
& [ 7 7 A2 2P HE £ H 2 AR PR 2% 7 0.30 ~
0.52~0.23 }% 0.39 ng mL" > fj1 I i 100x ()
WM WML A RAE Y R A
bl 4 e R EE ARG IR RR B 30 ~ 52 ~ 23 R 39
ng mL™" > FHE# 0.030 ~ 0.052 ~ 0.023 & 0.039

mg mL" o DUEEZF R 0 S BUEVIHYE R
B R EAF 1.0-10.0 ppm > &7 1.0-10.0
mg mL" & P (b B A4 O A R AR PR 2 DA I
INEESE B RS

= B 0 92 o I TE DU RS B G IR g SR 1 45
EEE - Fréd R 28— R SR W
Foff > FEF E 857 A0 ELISA $5J0 %95 9 17
& o — PR AR O 2 (R R o AR B TR
SIS - R ERSS - SR E R
et A B AH - Bk H B A AR /N B S Y
INFRSE ~ IRSESHHV AL EEE) 28 - IR Y
I~ ZRSEAY SRR IR Y o A B R EE A A
AT - SR EURIE 4 R EA EI R R
61.7-123.6% > coefficient of variation (CV) {8
I 2.1-14.8% » BAERRER AR K BIFHY
HEM -

FREEMRET A DA - G - R
IR > EHEEN N SREBITER R ER - 5%
i~ AT~ FERF IR - MOEIRE K HiSR g =T
FREERER )T A B e e R E R A LA B TR
SEY) B IS BRSSO RA D AR - KRB H R RAVIREL
HWHESRENEEW RN EREITIEN
o RARH HEME A H afg Ry 7y iRt » 406t
UG & R Rl ~ FROR R B AT R iT (Khizar et
al. 2020; Stueber et al. 2021; Wu et al. 2021,
2022) - g iR BE T B o SRIHERIEERIME - 0
B i lny AT - B RO RE MR
PRERIE R OK - 45 P AR 45 DL Z B E in Be il Ky
BB ERE AL - BEERARERE
WA IRARELEAL S -
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Appendix. Pesticides including 93 pesticides in 49 categories were used in the cross-reactivity tests.
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Classification Mode of action Pesticide Manufacturer
Insecticide” 1A Carbofuran Dr. Ehrenstorfer GmbH
Methomyl Dr. Ehrenstorfer GmbH
Oxamy]l DuPont Taiwan Ltd.
Propoxur Dr. Ehrenstorfer GmbH
Carbaryl Dr. Ehrenstorfer GmbH
1B Profenofos Dr. Ehrenstorfer GmbH
Acephate Dr. Ehrenstorfer GmbH
Fenitrothion Dr. Ehrenstorfer GmbH
Disulfoton Dr. Ehrenstorfer GmbH
Chlorpyrifos Sinon Corp., Taiwan
2B Fipronil Dr. Ehrenstorfer GmbH
Ethiprole Sinon Corp., Taiwan.
3A Cypermethrin Sinon Corp., Taiwan.
Deltamethrin Sinon Corp., Taiwan.
Fenvalerat Sinon Corp., Taiwan.
Cyhalothrin Dr. Ehrenstorfer GmbH
alpha-Cypermethrin Dr. Ehrenstorfer GmbH
Fenpropathrin Sinon Corp., Taiwan.
Bifenthrin Sinon Corp., Taiwan.
Permethrin Sinon Corp., Taiwan.
4A Acetamiprid Sinon Corp., Taiwan.
Imidacloprid Bayer Taiwan Ltd.
Thiamethoxam Syngenta Taiwan Ltd.
Thiacloprid Bayer Taiwan Ltd.
Clothianidin Lih-Nung Co., Taiwan Ltd.
Dinotefuran Alfa Co., Taiwan Ltd.
5 Spinosad Dow AgroSciences Taiwan Ltd.
6 Abamectin Sinon Corp., Taiwan.
Emamectin benzoate Syngenta Taiwan Ltd.
Milbemectin Mitsui-Chem., Taiwan Ltd.
7 Fenoxycarb Agrowaho Co., Taiwan Ltd.
Pyriproxyfen Sinon Corp., Taiwan.
9 Pymetrozine Sinon Corp., Taiwan.
10A Clofentezine Lanlix Corp. Sci. Co., Taiwan Ltd.
Etoxazole Lih-Nung Co., Taiwan Ltd.
11 Bacillus thuringiensis Sumitomo Co., Taiwan Ltd.
12 Diafenthiuron Sinon Corp., Taiwan.
Bromopropylate Worldwide Agrochem. Co., Ltd.
13 Chlorfenapyr BASF Taiwan Ltd.
14 Cartap hydrochloride Sinon Corp., Taiwan.
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Appendix. Pesticides including 93 pesticides in 49 categories were used in the cross-reactivity tests. (continued)
Classification Mode of action Pesticide Manufacturer
15 Flufenoxuron BASF Taiwan Ltd
Teflubenzuron Dr. Ehrenstorfer GmbH
Chlorfluazuron FMC Co., Taiwan Ltd.
16 Buprofezin Dr. Ehrenstorfer GmbH
17 Cyromazine Dr. Ehrenstorfer GmbH
18 Tebufenozide Agrowaho Co., Taiwan Ltd.
19 Amitraz FMC Co., Taiwan Ltd.
20B Acequinocyl Chia Tai Co., Taiwan Ltd.
21A Fenpyroximate Nihon Nohyaku Co., Taiwan Ltd.
Pyrimidifen Sinon Corp., Taiwan.
Tebufenpyrad HKC Co., Taiwan Ltd.
Fenazaquin Nihon Nohyaku Co., Taiwan Ltd.
22A Indoxacarb FMC Co., Taiwan Ltd.
23 Spirodiclofen Bayer Taiwan Ltd.
28 Chlorantraniliprole FMC Co., Taiwan Ltd.
UN Dicofol Harvest Chemical Co., Ltd.
Bifenazate United Phosphorus Ltd.
Fungicide’ B1 Carbendazim Sinon Corp., Taiwan.
Thiabendazole Sinon Corp., Taiwan.
B4 Pencycuron HKC Co., Taiwan Ltd.
Cc2 Oxycarboxin Tong Ho Chem. Co., Taiwan Ltd.
Boscalid Dr. Ehrenstorfer GmbH
C3 Pyraclostrobin BASF Taiwan Ltd
Trifloxystrobin Bayer Taiwan Ltd.
Kresoxim-methyl Dr. Ehrenstorfer GmbH
Azoxystrobin Wonderful Agriculture Co., Ltd.
Famoxadone Cymoxanil DuPont Taiwan Ltd.
C5 Fluazinam Ya Chung Co., Taiwan Ltd.
El Quinoxyfen Dow AgroSciences Taiwan Ltd.
E2 Cyprodinil fludioxonil Syngenta Taiwan Ltd.
E3 Procymidone Lih-Nung Co., Taiwan Ltd.
Iprodione Sinon Corp., Taiwan.
F2 Edifenphos Sinon Corp., Taiwan.
F3 Etridiazole United Phosphorus Ltd.
Gl Tebuconazole Bayer Taiwan Ltd.
Difenoconazole Sinon Corp., Taiwan.
Hexaconazole HKC Co., Taiwan Ltd
Flutriafol Dr. Ehrenstorfer GmbH
Prochloraz Sinon Corp., Taiwan.
G2 Tridemorph Alfa Co., Taiwan Ltd.
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Appendix. Pesticides including 93 pesticides in 49 categories were used in the cross-reactivity tests. (continued)

Classification Mode of action Pesticide Manufacturer
H5 Dimethomorph Sinon Corp., Taiwan.
11 Tricyclazole Sinon Corp., Taiwan.
M2 Sulfur Sinon Corp., Taiwan.
M3 Mancozeb Sinon Corp., Taiwan.
M5 Chlorothalonil Thara Chemical Co, Ltd.
Herbicide™ Cl Ametryn Alfa Co., Taiwan Ltd.
C2 Diuron Wonderful Agriculture Co., Ltd.
D Paraquat Sinon Corp., Taiwan.
G Glyphosate-isopropylammonium Sinon Corp., Taiwan.
H Glufosinate ammonium Sinon Corp., Taiwan.
K1 Pendimethalin Sinon Corp., Taiwan.
K3 Butachlor Sinon Corp., Taiwan.
(6] 2,4-D Sigma Aldrich

“ Including 57 pesticides in 24 categories by Insecticide Resistance Action Committee (IRAC).
¥ Including 28 pesticides in 17 categories by Fungicide Resistance Action Committee (FRAC).
* Including 8 pesticides in 8 categories by Herbicide Resistance Action Committee (HRAC).
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Detection of Fipronil, Acetamiprid, Dimethomorph
and Tebuconazole Residues in Agricultural Samples
with Direct Competitive Enzyme-Linked
Immunosorbent Assay

Shu-Chen Chang"’, Hsuan Shentu”, Ching-Hua Kao®, Shu-Chin Lo*, and Ming-Yao Chiang’

Abstract

Chang, S. C., H. Shentu, C. H. Kao, S. C. Lo, and M. Y. Chiang. 2022. Detection of
fipronil, acetamiprid, dimethomorph and tebuconazole residues in agricultural samples with
direct competitive enzyme-linked immunosorbent assay. J. Taiwan Agric. Res. 71(2):159—
170.

In order to evaluate the rapid screening efficiency of pesticide immunoassay, a commercial
direct competitive enzyme-linked immunosorbent assay (dcELISA) was conducted to detect the resi-
dues of fipronil, acetamiprid, dimethomorph, and tebuconazole in agricultural samples. The detectable
range and the detection limit of these four pesticides by this dcELISA kit were 0.5-100 ng mL™' and
0.23-0.52 ng mL", respectively. Agricultural samples such as komatsuna, carrots, green tea, pumpkin,
and yam were chopped and each added with fipronil, acetamiprid, dimethomorph, and tebuconazole to
50 ng mL™". After extraction and dilution, residual pesticides were detected by dcELISA. The recov-
ery rates of these four pesticides were 73.1-123.6%, 61.7-111.1%, 72.5-102.3% and 67.9-113.9%,
respectively, which indicated immunoassay has high sensitivity and a good recovery rate. It takes only
one hour from sample extraction to result interpretation, and is adequate for rapid screening of pesti-
cide residues for agricultural products with high risk or known pesticide application records.

Key words: Direct competitive enzyme-linked immunosorbent assay (dcELISA), Fipronil, Acetami-
prid, Dimethomorph, Tebuconazole.
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2B HEEF LA EEHESEERT
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[K#& DNA > Jj1 A End Repair & A-Tailing Buffer
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ACKFEFRFEETHEG NE - KIETHEE
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Fig. 1.
9906R. Data obtained by nanopore sequencing.

Read-length distributions of (A) Acidovorax avenae subsp. cattleyae (AAC) starin 10001 and (B) strain
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# 1. Acidovorax avenae subsp. cattleyae (AAC) HEIR
10001 BB Pk 9906R BN G 2 7oK fLIE - P & E P
G -

Table 1. Post-sequencing results of the Acidovorax

avenae subsp. cattleyae (AAC) strain 10001 and 9906R
genome.

Nanopore statistics AAC 10001 AAC 9906R
No. of reads 80,694 113,120
Mean read length (bp) 18,474.8 17,291.2
Median read length (bp) 12,835.5 9,661.0
Read length N50 (bp) 31,473.0 35,216.0
Mean read quality” 11.9 12.3
Median read quality 12.2 12.7

Total bases (bp) 1,490,806,246  1,955,978,135

“ Phred score.

R L ZK FLE P R E 58 2 50 DNA F B i
ERE > 10-30 kb % &% H (Amarasinghe et
al. 2020) » FEEHZE 3 2.3 Mb (Payne ef al.
2019) » BhR EAREE R ZE P Y #E 10 kb - H
SR 15-35 kb REE R > BURA 9% AT 8
HHVELRAG DNA 2R~ mEfE -
Unicycler 4 1] 35 conservative ~ normal ~
bold = fi 5 = Ak 17 A [N A 4H & » H ot con-
servative 15 =, @ 7 A %0 28 7 15 2% (short read

(A)
AAC_10001

10001_01 (5,723,650 bp)

) o o

10001_02 10001_04 10001_06
(265,360 bp) (107,384 bp) (42,637 bp)

10001_03 10001_05
(131,686 bp) (57,074 bp)

B71E H2M

bridge) > bold 15 = Al & 5 0] 5E 19 & Of 2 {# 2
G HG (contig) 5 AHH B % 5 normal & = #E 1T
AAC BERRELNES de novo 4H%E > ZiEAE4HEE
HY 56 B2 14 B I R P S — [ h Y T
AAC 10001 81 AAC 9906R 43 FI{5F] 6 {#EEL 5
{i contigs » H & KK contig £ 5.7 Mb B 5.6
Mb - F| F Bandage & 417 B & 7 & kA &AL
S ([ 2) - A 4 AL R A 4H 25 R B (E
BB ERIR contigs - AR F FL 178 DNA B
/{2 B DNA (Wick ef al. 2015) +5.7 Mb =2 AAC_
10001_01 contig & )¢ H HIHEEFF
M E LM 0 M 5.6 Mb 2 AAC _9906R_01 1]
NEFIH B ERAR - 1% 28 (F DL L2k 2 {# contigs {E
%5 AAC_10001 i1 AAC_9906R Y2t/ DNA
T

AAC EEER S DNA (i B4R B o7 B4 SR 4
3A~ B> AAC 10001 E1 AAC 9906R 7 GC
E8 TR 67.4% K 67.5% « EJFE R
Bedtools & {4 # 17 & 57 R & 73 #fr » AAC EH
HE V3908 Fp A &Y Fy 230 f% > DL AAC_10001
Rl (1 3C) > E 7 REEERE 7 AfHE
194 o 78 Mumina JHEFF & T > dHEER
BHEEZ EHER ZEOHENR  EFEE
IS~ B EEL R RS EFIEES

(B)

AAC_9906R

9906R_01 (5,590,201 bp)

() P @D D
9906R_02 9906R_04
(67,220 bp) (40,945 bp)
9906R_03 9906R_05
(57,232 bp) (31,288 bp)

2. Acidovorax avenae subsp. cattleyae (AAC) FEREEFFH| de novo 4HHELESR. < (A) Bk 10001 5 (B) Tk 9906R -
Fig. 2. De novo assembly graph of (A) Acidovorax avenae subsp. cattleyae (AAC) starin 10001 and (B) strain

9906R genome.
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Fig. 3. Results of guanine-cytosine (GC) content and sequencing depth across the assembly of (A) Acidovorax av-
enae subsp. cattleyae (AAC) strain 10001 and (B) strain 9906R. (C) Read coverage distribution of AAC_10001.

B 4 Llsterla monocytogenes fE &R &

e Ll » BURE 7 R EAE 50 % 2L
B T{?@J 99 9% AR IEHER (Pightling et
al. 2014) ; ONT E ¢ ¥ & 7 ZH & IV E fr &
=R > fR # Sutton et al. (2021) BY B 55 -

Escherichia coli ﬁé.ﬁﬂz ONT EFEHR » DA
Canu 5 Flye B #E{THHEERE > EFFREAE 62

%ﬁ’rﬂ%&%@@@mﬁlw@ A
56 DL ONT 52 F 7 43 2 e M 7 55 M 4 4505

JEFr SRS 2/ DEET] 100 4 g5 5N
4 B o Pseudomonas aeruginosa 5 R 55 4H %5
GERINEUR - BB I ONT & Fp &R #EfT4H
45 15 560 EHYHIRE EREN T HIERER
AT 99.8% » {HZEEIE AIAGR AE FF PR IR HERS
(Molina-Mora et al. 2020) °

T 8 BT 9R 4. avenae subsp. Cattleyae
445 5l Willems et al. (1992) fr&ék »{HIiT
SEFIF 16S rDNA #ETTERA 1% - AR
B A. avenae subsp. Cattleyae 1& 1E By A. cat-

tleyae (Schaad et al. 2008) » 5 B B 5 £ W45
flr &0y (National center for biotechnology
information; NCBI) #Afi 2 A. cattleyae 2% ¢
FiEE ek B NZ_CP028290 » F7kH CAT98 1
& R AY [llumina MiSeq E P45 5 (Zeng et al.
2017) « AWF5EEEE: AAC 10001 ~ AAC_9906R
B CAT98_1 Z 751 » ¥RET ONT 3 4H 4581
Hlumina 55 38 P4 45 2 72 8 (#22) - AAC_10001
B AAC 9906R EL[REE Y EEL CATI8 1 fH
EPET 0 YRR 5.7 ~ 5.6 F15.6 Mb » [£51] GC
S EWAE > A 652~ 67.4 F167.5% » {H
CAT98 | BiEsEpaldE4E 8 » H contigs B &
B 428 {ii > #F AAC_10001 B AAC_9906R Z
contig #r&E%5 » H gaps 25 1.1 Mb » 4,5 CAT98 1
BRI 2 20% - CATIS8 1 FLK#8 Fr 51 4%
Prokka E {5 g > HLE & 4,564 ([ 45 115 7 51|
(coding DNA sequence; CDS) ~ 3 {] rRNA ¢
FI > LR 53 {8 tRNA FRol] 5 RelEBse k2 44C
BRI e & RHANA 8,630 { BL - #Y CDS »
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# 2. Acidovorax cattleyae Biff CAT98 1 ~ Acidovorax avenae subsp. cattleyae (AAC) BEitk 10001 ELE R 9906R

FLNRS 2 i Fr B E ARS SREERE -

Table 2. Genome statistics of Acidovorax cattleyae strain CAT98 1, Acidovorax avenae subsp. cattleyae (AAC)

strain 10001 and 9906R.

Short reads Long reads
Item” CAT98 1 AAC_10001 AAC _9906R
Total length (bp) 5,618,386 5,723,650 5,590,201
Total ungapped length (bp) 4,501,780 5,723,650 5,590,201
Gap ratio (%) 19.6 0 0
No. of contigs 428 1 1
Contig N50 (bp) 23,226 5,723,650 5,590,201
GC content (%) 65.2 67.4 67.5
No. of CDS 4,564 8,689 8,630
No. of rRNA 3 7 7
No. of tmRNA 1 1 1
No. of tRNA 53 36 35

“ GC: guanine-cytosine; CDS: coding DNA sequence.

FLfiE 7 TRNA BL(RNA FPHI8E > 755 7 (E
B 35 {# o Weirather & A Y Bff 42 ¥5 ) » ONT
3 4H BE T i KAV ER 2 AR H g AL S5 BT (mis-
match) - 3 2 g 5K E 5 AT £ (Weirather
et al. 2017) » = SL g0 AT RE G BEEEE AL U 15
(frameshift) B¢kg F H IR T (stop codon) »
G B ERBR %N ESE N (Watson
& Warr 2019) - {&{f ] ONT (R9.4 ffi ) £
FRARSERTIBI T » 50 B EREH E. coli £
RS g Fr &k $EER 4 fy 12.5% (Dohm et
al. 2020) > [f] 560 %78 Z &S HY P. aeruginosa
BN f#E Fr &R 883 R 2 0.2% (Moli-
na-Mora ef al. 2020) » &= B /£ M [5 &€ 7 F
B THE 230 BEEREBRTFER > RS
99.8% IEERMITAEE » HHE 2 FHERE
&R 1 kb » AIEREER AT AR (R 2 REARC » &
BUHEZR A B B R R IR T B R AH
EBfEFrFrts 2 CDS 8E4) fs CATIS 1 /Y 2 {%
ZIRA o BhAh - PSSR S R AR
AT REREENBNEERLH  SEEE
HELHY rRNA 8 & - 81 CDS ¥ &8 % g (K Af
(Molina-Mora et al. 2020) °

LI MUMmer E4:47#r AAC_10001 ~AAC_

9906R Wi B kB R HG F 51 » B CAT98 1 2 f
YR B EAE R eIt gt E (E 4)
ALEBIFEORIEFEM L kb DL B2 EERHEHA
H 90% Z LM - &k BRI R R BUR M A B
IR AE R A AW IT IR 2 B R G 4 B
CAT98 1 #5341 » (& /DB fir B 2% 4 I (inver-
sion) » G AF AV EE R EAE ([8 4) - MUM-
mer ¢ FI{Z IE Smith-Waterman local alignment
SEELE > FI F #0907 OB BE I S B
Y # & (Delcher et al. 1999) » {H MUMmer
sl = FE [FR & 4 (homologous sites) 3% JE il
Bz o HRE#E(T H A [EJR P 51 (orthologous
sequence) Ei FLJE [E] JH ¥ %1 (xenologous se-
quence) Z LL ¥ - Al EL #1755 A [E R 751
(paralogous sequence) T %+ H 2 H &4 [EH 7
%1l (orthologous sequence) 2 bt ¥ (Darling et
al. 2010) - A& 5 M Mauve E (#1773 (i
FR#E P I L ¥ - Mauve E 4 £% F 88 R 57
#Y 77 AR THE R - {H# MUMmer A § 5
FRAVEL SRR - AEF A ECE ([ A R AR L = [E
TR FIE I - 52 el g i By f B L 4R & R (lo-
cally collinear blocks; LCB) » H]{F i {2k 2% {§
FryI R #ETT Bt - Ea o EEE 2 B
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Fig. 4. Dot plot of a nucleotide-based alignment of Acidovorax cattleyae strain CAT98_1 chromosomal sequence
with (A) Acidovorax avenae subsp. cattleyae (AAC) strain 10001 and (B) strain 9906R. Aligned segments are repre-

sented as dots. Forward matches are plotted in red, reverse matches in green. Figures generated by MUM-mer.

HEFN ~ KRS B 51 38 A B 2K (deletion) -
E 1 (duplication) PR FEET (Darling et al.
2004) o At 7% 5 T 8 405 4 R 0 L R G e 91
12 (HFZEHYLCB » CATI8 1/ LCB 2 »
ifi AAC_10001 E1 AAC 9906R 2 LCB 2 5|
F=EME 132 kb > JL4p - CAT98 1 2 LCB 4 Hi
LCBYBAHBREFHEMLELHR |
LCB F5IE% —% ([ 5A) - LCB 7-8 11 LCB
10-11 f5 > &H —FE/N A 1 kb i LCB 434 »
HAHE A EAE SB ~ C iR « Z580M% R Al
F NCBI blastx . H B Refseq protein & i} [EH
?@ﬁtt% (#3) > #H AAC_10001 Efk LCB 2
HEEA —(HE NS E (genomic island; GEI) Y
E%Eﬁﬁf\ R Fsez i B = E 701> 10-200 kb
M~ &H —{8 DNA B{EED - —F2 05
43 b 248 (type TV secretion system; T4SS)
EH ~ —E%E A (integrase) Bl —{E#E (i B
(transposase) » 7 & Juhas et al. (2009) ¥f GEI
R St s AN - T4SS B DA B GEL A5 ~
'EHg DNA = &%m@%"” DNA #1775 PR ~ K
S f4 e B 40 (Hamilton et al. 2005) » AJRESS

EEREORME ~ AN ﬁuﬁﬁﬂi
VB A REE DT

]

PRE VIR NG BT B 8
TR T LRI PRK S B RS B B (R OR » BJHE
Fr P a Ry R ERE - (BT o] LR NS B
MREERR Y RN - BRREH
5 - EREFERNER - ZORLEF T EM
B R BRERYE - H5 EAPERIEMR
AHJESS - AECD PCR R SRR & L R
EE RN RN E  JFR BB THE
ﬁl%”-”‘Z@ﬁFﬁ,ﬁiZﬂ o AWtFefE AR LE P

5T B A P A N AR - BT AE
ENERA P EWENSITRE - HE
AL E BRI ETR 1 wk o A3RE—
{18 7] BE 2 B M BB A R EHY GEL > /2
I A 0 T 4 B Al B R AL RS B 9 2 e B > B
S L B P i R R RS RO RS B W 7 1A
A B b AR = Sk R e E A LAE -
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De novo Genome Assembly of the Acidovorax avenae
subsp. cattleyae by Using the Nanopore-Based DNA
Sequencing Technology

Yuan-Kai Tu', Chia-Hsin Tsai’, Yen-Chun Lin’, Po-Chun Ou’, and Han-Wei Chen"’

Abstract

Tu, Y. K., C. H. Tsai, Y. C. Lin, P. C. Ou, and H. W. Chen. 2022. De novo genome assembly
of the Acidovorax avenae subsp. cattleyae by using the nanopore-based DNA sequencing
technology. J. Taiwan Agric. Res. 71(2):171-183.

In Taiwan, orchids takes the lead in floral exports, with the value reaching NTD 4 billion in
2020. However, the orchid bacterial brown spot disease caused by Acidovorax avenae subsp. cattley-
ae (AAC) is commonly observed in greenhouses. The combination of warm temperature and high hu-
midity provides the optimum conditions for brown spot disease outbreak, resulting in the low-export
quality of orchids. In this study, two 44C strains were sequenced using nanopore-based sequencing
technology. Overall, the average read length and read quality of AAC 10001 and AAC 9906R were
1.49 Gb, 18.7 kb, 11.9 and 1.96 Gb, 17.29 kb, 12.3, respectively. The results showed high contiguity
of DNA quality. After de novo genome assembly, 6 and 5 contigs were obtained for AAC_10001 and
AAC_9906R, in which the largest contig was 5.7 Mb and 5.6 Mb with 67.4% and 67.5% guanine-cy-
tosine (GC) content, and the average sequencing depths for both largest contigs were 230x. Genome
structure comparison revealed 12 locally collinear blocks (LCBs) in AAC_10001 and AAC_9906R.
We found a putative 132 kb genomic island (GEI) in LCB2 of AAC_10001, harboring a DNA repair
protein, a cluster type IV secretory system proteins, an integrase and a transposase. GEI plays a criti-
cal role in the bacterial evolution of pathogenicity, symbiosis, metabolism, environmental adaptation,
and antibiotics resistance. In this research, we first present a reliable long-read de novo assembly pipe-
line for AAC genome study by using nanopore sequencing data only. This could provide fundamental
knowledge for strain detection, identification or long-term monitoring and give us a perspective dis-
ease prevention strategy to adopt.

Key words: Nanopore sequencing, Acidovorax avenae subsp. cattleyae, Genome assembly, Bacterial
antibiotic resistance.
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