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AT -~ [wE R - FIEE MRSy - 2023 « S EAREYGEEINMEYIEESTE EA -
ENBE TR 72(3):181-196
S5 FEARGHBHIHAFEFTAYGHAELLZ — HATUARNSHEAR AT 2 @R % 18 1<F 4 DNA

455+ SO AR R B X F R R B Rk AT R R MR AR o R S B R S E R R T SR
ZFNs » TALENs & CRISPR/Cas =#& & 4t > - ¥ vA CRISPR/Cas #:F 8 & % - BB E RS AR LA R A
BAKOE S BEbR & B AT ER o AE B4 VA CRISPR/Cas 3wt - EmE R EW S AN EH A% -
XF A RERY  REBERRLZL - % gRNA KRBT X ARAERG Y IR B dmE s FRA
By b F AR R LSRR 0 PRI B B e AR > HARE A BT RA B AT B BT R S FRIE

RASRE - ZEANRE RS - BEMWIRENR - FEIFENA -

E‘fjg clustered regularly interspaced short palin-

BB LI 80 [ - T 2050 4F dromic repeatsF(PCRISPR)/CRISPRP—associated
AT EE 07 i M £ A S H T 70-85% protein (Cas) » F5f# CRISPR/Cas/%‘r ° ZFNs.@i
- HE [ JE B (Zafar er al. 2020) « AT 3 4E TALENs %%ﬁ’:\ﬁﬁgﬂ"\]&?ﬂﬁ@%%ﬁ (protein-
RS A L Y B 5 based nuclease system) > 77 5 2 {45115k (domain) »
P RAEIE » PR AR T - by 2 MRS TALE SRS H RS
G RIS N B g oo | THBESEIRA RO © ZFNs
2021 4553w BEL R 3 i (new genomic tech- 5 TALENs N EmfEakat - #R/FodiE - RiERes
niques) P8RS » @ALEMILiAyE 0 RO LE T A CRISPR/Cas 4464 i
bR A I A B (Zimny 2022) « Bipdg R (Ho et al. 2018) - CRISPR/Cas %% 2
BRI 0T SRS E P IETIER (knockour) « ZEDCBCHERXRRELER HTTHO A 6 (RNA-protein
B A (knock-in) ~ ¥ (replacement) 5% i BEZE based system) > 5[Z RNA (guide RNA; gRNA)
% (point mutation) » EHESEETE (precision A ek HEEF > Cas9 i Re B & K UJE] -
breeding) Ay F 12 > 41 Lusser %58 % () 2 3% » gRNA 43 ¢ CRISPR RNA (crRNA) i trans-
JB 1 3 B ) & FE £ 17 (new plant breeding activating crRNA (tracrRNA) 2 {E &4 » H
techniques; NPBT) (Lusser ef al. 2011; Enfissi ~ ¢rRNA /& 1 B¢ B B L 51| B iy 17-20 nt ¥
et al. 2021) % F £ R 45 88 T B A §E zinc 5l » tracrRNA F ZH I 58 2 (& &fi pre-crRNA
finger nucleases (ZFNs) ~ transcription acti- KB IhEE 27 K # crRNA » U B Cas9 % Bl
vator-like effector nucleases (TALENs) » DL REERS BT HEEE A ATEKRD

R HE] - 202341 Ho H ;s #HER 202345 H7H -
TEHE ¢ dagin@tari.gov.tw
U RS —EE -

'R RSB TR MR R ARG E A E R - 68 A
R L S BRI B AR R A R BN E R B - B8 Grhi -
PR AR AT AR R A AT R R - B8 A -
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77 =B ctRNA B tractRNA & ff » i B single
gRNA (sgRNA) » HIF] 5[ & Cas9 % Bz B #E 1T
GmiH o HY sgRNA Beat S (EE Lg% - (15
CRISPR/Cas % 4 5L 75 6 %3 {8 4 ) 8 3
(Cao et al. 2016) - [t:4p » B ZFNs 5 TALENSs
FHEE » CRISPR/Cas Z: 4 7] % 3 B — Cas %%
il 1 % fd sgRNA - [5] 51T 2 {8 i 51 i B HY
4548 (Chen et al. 2019) » #E1f{# CRISPR/Cas
Ftg A F 5 IR B — 5[ E {ir B (mono-guide)
1T AT $t 35 2% (8 {ir 85 > #E 1T 2% BN 4R 18 SR I8
(multiplexed CRISPR strategies) » # 4 fiTE
2 R B B i R R D RE PR B B 4 B T I R Y
{2 (McCarty et al. 2020) - #% » /EYIHVE
SR AV EIREY RS EE K
B% > ZRYUEENR - MEEERFEAES
e TEN ) dRiE 2 HARER - EHATIRE
BEVBEERAIRI - AL KRG L% E
ER4mig 2 B - 2 EARGE 2 RIS R EE
B 2 FEFHET 48 0 SEETE RIS N B
THHBAR T 2 25 1K8E -

ZEERRE 2B

% B AL N e B AT (B B4 A 70 [R5 4 8 25 (6
AR > 1o o] FERTRY T3 3 R £

BEEYE (synthetic biology)
EREYEREGAHEE T EAEER
o DARATARELEBEERZRE > &
FEEERN - RERE LRS- EmHFEEA
AARHE R - HAT CRISPR/Cas &4t A] 4Bl &
HERGRT » (EXBRERDIREGRIERY Cas B
B RS EE N EE(LAE I (activation domain)
B [ E N 4538 (repression domain) » &
4 2% FE I RE Y CRISPR » 41 CRISPRa H & #
#% (LI AE - CRISPRI B4 # 8% fl D Rk -
Lian et al. (2017) fEEREE IR, dSpCas9 »
dSaCas9 ~ dSt1Cas9 Jz dLbCpfl ZEHLE[ERI Cas
EHE » BAEThRE 2 & A B 4SS G 23
5% v B3 CRISPR-AID £ 4 - i A2 4.5 dL-
bCpf1-VP ~ dSpCas9-RD1152 K, SaCas9 = f& I
RETURXFRBEAEAH - ] oy S B AR A R T 8%
AL~ R AR DIEEMER - WEHIFELE

rere

]

2% W3

[ AT A S B 7R 7€ (mevalonate pathway)
FE4 B-EHEEE Z - Hd HMG1 Z 5 A =
W LR E G A %25 (3-hydroxy-3-methylglu-
taryl-CoA reductase) ~ EGRY TJ {& [k £ ik i 5
& ¥ 5 (farnesyl pyrophosphate; FPP) & i
%)% (squalene) » 55H ROX1 Bk A+l %
T FH ST R (S B X 2230 E ] CRISPR-AID
ZA TR R B-H2EE R A SR AR
[ERFE T E IR 2 HMG1 ZRRFE - 1% ERGY
FRNFEH - WM ROXT ZERIhAE » SHEEE
LG R =R IE A 2.8 £ (Lian ef al. 2017) »

HE AR AT
FEELEY E2 - WE - HEERE
FEIVERFEHBEEMREFEE (quantita-
tive trait loci; QTL) FfrfZ 15 ¥ E MR Z
2 (8 5 R P 4% SEERE %R HE —
SRR BRI 2 AR RS ER
(polygenes) o A& (il QTL {£ A & 1F FI B -
o FRAIE BRI - I > FIHESBEEEE
(AR EST QTLs AYHES: - H B o 8
TRERSHEHERNNWIIE FEHGHE
HEA B AR B EE R EEE (Gao
2021) - FIHZ BREARFEF - AT HREAR
g EMR Y 5 -

HERK&Z A

i i 4 EL [N 4H & (whole genome du-
plication; WGD) B BE %t [N & # (single-gene
duplication; SGD) % 77 3 » /K B (N 7% 8 50 18
BUEGH AL E - S RE AR R/ - 455
48 1 7 T LR K Y 25 B M (Qiao et al.
2019) « R R G ZE—BFE A HOE R
HEeTRENEDE - AELERER > Y
4% 3% WGD ~ SGD B & [t &5 ¥ (tandem dupli-
cation) ~ ¥TIFEEE (proximal duplication) ~ ##
fiI T-EE# (transposed duplication) Kz EXE®
(dispersed duplication) Z 55 » MfEY) ¥ IR
F 28 JEE (5 15 22 e FR PR A [E] W R R B B Y 7=
F o WIEH IR T LBLITIAETUER (redundan-
cy) » ABI# PRI E(L (Fang et al. 2022) -
RN ERREEA FHIRSFH > Fl A CRIS-
PR/Cas Z & 0] [ 15 4 8 2 (M AR R R R &
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P EEEYERNRRET R DIRETE

B5E -

Z B E R iREE 2 RHET
SEERREHEEE

LRI BT (two-component transcriptional
unit; TCTU) Z&#t

B T (4 5% B 248 2 R Cas 1% B i B
gRNAs 73 FIFRBN —THE IS S A4 (B 1A) »
Al & B 5 — & RNA % & B B &) 7 (RNA
polymerase II, Pol IT) EE&f » {H/\N 5 B gRNA(s)
RIIE] 8 £ Pol 1T B #2055 =4 RNA & 1§
(Pol I1I) E#EhT-EEHE) (Lowder ef al. 2016) » {{%
RS FREEHVAE S - TCTU &% XA 5T R
Pol 11 B Pol 11 JR & # T B Eh T (mixed dual
promoter) » B¢ Pol 11 £ 57Er#) 1 2 fE B!, (Ren
et al. 2019) - Pol TIT B+ Ay BB G5 8> 1%
(ubiquitously) EAFF4EE (constitutively) @ &
/INF B RNA RHL B H R AR A TR
IR BRI A B AVER - WETT L EERS
HE I - RS S TR A {lE Pol INT L&)+
M BEFEESEY) 24 - A R AKIER Pol
11 FIHE AR 0 FEEA (Tang er al. 2016)

(A)

sgRNA2

(B)

Itah - EAE A AR E R ED & 5 i R KR L
HE (Belele et al. 2013) » 52 2 T BN
TBEME (Peremarti et al. 2010) - [ Cas 1% [ i
Bl gRNA fEEFEMEA AR > WEReiRiE
RERY S A A BB H A R AT 4R IR [E (K
(Mikami ef al. 2015) (F 1) -

B ICH-iEi g4 B 37 (single transcriptional unit;
STU) %k

BT B BT Z 40 2 o R b B — R
TR BES) Cas IX NG S gRNA(s) HYFREL ([
1B) » A&/ CRISPR/Cas K (K 4 i & £S5 K
HIRR ] » [E10F AT {58 &% f s AU A Pol 1T B
I (R E B A B 2 B HA AT ALY 4R
i85 o N AT oy Al AR 7K RS B P 4 e o T R A AT
% R 4REE (Yoshioka et al. 2016; Ding et al.
2018; Xu et al. 2019) - i {b B 7T {4 #5 5 B2 fir
(simplified STU; SSTU) %45 » RI/Z2EH Cpfl
Z pre-crRNA & UJ J7 B 3% 5t 5 /D % 55 1 58
I gRNA(s) Fy#EVIooff » Bl TCTU MHLEE
ZyfEEE - Hal A s s R 1T JE (Wang
et al. 2018) - N #& » f > STU B SSTU HY &
SEOREE > (R BEAIMHE RSN BRERE
HI4EHE A o] pE &2 2 E sk A YR IRE - [h
Gh > STU B SSTU ZH & HY 3% 51 B 1 {iE Cas #%

. r— - ———

sgRNA3

Poly(A)

(©)

sgRNA1 sgRNA2 sgRNA3

sgRNA1 sgRNA2 sgRNA3

1. ZERERGEHEEERET - (A) ST R4 (B) BT BRI 240 (C) ERBE T EH AR -
Fig. 1. Vector construction of multiple gene edition. (A) Two-component transcriptional unit (TCTU); (B) sigle tran-
scriptional unit (STU); and (C) bidirectional promoter (BDP). Pol III promoter: RNA polymerase 11l promoter; Pol II
promoter: RNA polymerase II promoter; CS: cleavage site; T: terminator; PolyA: poly A tail (McCarty et al. 2020).
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Table 1. Comparisions of multiple gene editing strategy.
System” Advantages Disadvantages Editing efficiency References
TCTU -common system -gene silencing low Belele ez al. (2013);
-poor efficiency Peremarti et al. (2010);
-High off-target Mikami ef al. (2015)
STU -common system -Unequal distribution of Cas and low Ren et al. (2019);
-conditional gRNAC(s) expression Peremarti et al. (2010)
-simple -poor efficiency
-highly active system
BDP -equal expression of the two genes  further evaluated high Ren et al. (2019)

-avoid gene silencing

“TCTU: two-component transcriptional unit; STU: single transcriptional unit; BDP: bidirectional promoter.

BREBHEHC 1 L0 LAY gRNA(s) > FlAESEATE IR
Cas #Z R ERHL gRNA(s) SFLLBIIRE - 1EM &
FIRHE NN REECRAE (Ren et al. 2019)
FD-

) Bl Bh 1~ 258 (bidirectional promoter;
BDP)

AR E Y BDP 4% - 2 B —EL
By [F] 5 BR Bf) Cas i L EG B2 gRNA(s) HYFREL
([ 1C) » {H Cas % EE B EL gRNA(s) W # F7 51
By K2 ] (reverse direction) > B STU £ 475 A [H]
Y3 5 (E Y Cas % FE B EL gRNA(s) AT EA &
H % 77 /Y 3'UTR =, 4% 45 7 (terminator) » &Y
A BEA BRI E > AR T s
Ml ERF RIS Y ZE M (Ren et al. 2019) -
YK IR BDP (nature BDP; nBDPs) & F 24
FORMVEEGRAS AL 0BG T 2 35 B (Schwarz et al.
1981) » W& A R 4H € Fr 5 filg B A= M) & R (Y
g fHY) BDP (YR Bl S Ham % - 1F
e[ 17 {H 7% (Bondino & Valle 2009) ~&ffJ[\ (Wang
et al. 2008) ~ EEH (Shin et al. 2003) K F&
(Dhadi et al. 2013) FR#HF » EEEERER
B BDP 2 4% - Ren ef al. (2019) L@ 7K 75
4 BDP 81 A T. 4 Ak BDP 2 B[N 4R 80%
G SR BT H P BR C A2 S 1Ay R B 2 8] 35S #%
BB TP B B 4H & 2 4R B XU EY 10-20% >
B i 2 i 35S %0 BB+ %5 B 0 _F 0 58
(enhancer) 1% » {REER IR 2 52% > S
F7K#AN E OsBiP1 BLE) T BEE) 2~ B A 45 B30
ZLAIAT 2 86% o

ZE gRNA RIFF5T0

B2/ (in vivo) %2 gRNA REIHES - 7
%53k 3 fE45 S (genetic architectures) @ J& 1T
TR - JF4 CRISPR-Cas £ 4452
pre-crRNA &1 » DL R i gk 1% # 1] (post-tran-
scriptionally process) (McCarty et al. 2020) °
] FI] F #S SN 5% (in vitro transcription; IVT)
7 EECE /N R B gRNA » F B Cas
EHBEHESKZEEEE (ribonucleoprotein;
RNP) 1% % A V)4l Ml - 2 T fi€ DNA | B
(DNA-free) H ARV ER R HEEA - CEIIEH
TEYIELFEITHIATE ~FAE B ROKFE (Woo
et al. 2015) ; #% %4> (Subburaj et al. 2016) ;
/2% (Liang et al. 2017); E>£ (Svitashev et al.
2016) ; K5 (Kim et al. 2017) DL FEF (Mal-
noy et al. 2016) » /& H Al a0 € Fy ik B JE AL A
U TE ST AR R GRiE R T o B2 N AR SR 6
in vivo 28 gRNA FIH 7 = -

Feini PR (individual expression cassettes)

SR E AR T > S gRNA £
HE& B BILNEE) T4 T (8 2A) - HP
gRNA Bt /N7 BE RNA » —fi 38§52 Pol I11 B
B+ (U3 2 U6 BB +) - (HEEE R E&E
HY BB+ 2 5115 5 i BB ) T T B B8 (pro-
moter cross talk effect) » [ K ¥2 55 gRNA %=
HE - B gRNA(s) FIRBAER K EE P
FIHL 3% A4 SRR R AVERLIL S (Belele et al.
2013) o phAh - IR IR E R T E AR
BE -~ E - BREEEEERE R EEE
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(B)

crRNA1 crRNAZ  crRNA3 /_-

crRNAT crRNA2 crRNA3

S
J

2. ZE gRNARIITTH - (A) BILRF-FE : &6 gRNA HHEILHYEH) T B4 LT (B) tracerRNA/
RNase 11T &;LJ) : crRNA B tracRNA 4541% > BUE) RNaselll #E{7E; V) ;5 (C) Cas 12a/Cas 13a/Cpfl &) : A FEEE
tractrRNA Ei RNase 111 BIA[#E{7&;T)] ; (D) Ribozyme self-cleavage @ > gRNA #J I ~ g0 - HH 81 HDV ¢
B > EEEREYEI A HETTHHAEY) ¢ (E) Csy4 processing * ¥ gRNA _EJiFskat Csy4 Mg AT A 1 TEY) + (F)
tRNA cleaved by RNase : tRNA ¥4 sk =Y R: > v # EAZ YN 4 14:0T RNase P 81 RNase Z - sUAHE Y
RNase E #(V] - ™ FoREE 1 -

Fig. 2. Multiplexed gRNA expression approach (McCarty et al. 2020). (A) Individual expression cassettes: Each
gRNA consists of independent promoter and terminators; (B) tracerRNA/RNase III processing: After the cRNA
binds to the tracer RNA, RNase III is activated for truncation; (C) Cas 12a/Cas 13a/Cpfl processing: Truncation can
be performed without tracrRNA and RNase III; (D) Ribozyme self-cleavage: Self-truncation can be performed by
adding HH and HDV sequences upstream and downstream of the gRNA; (E) Csy4 processing: The Csy4 recognition
sequence can be designed upstream of the gRNA to truncate; and (F) tRNA cleaved by RNase: The tRNA may be
truncated by endogenous RNase P and RNase Z in eucaryotes, or by RNase E in bacteria. > presented the promoters.
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Ve e v SGGST

sgRNA1 sgRNA2  sgRNA3

e p—— R

1
2 2 2 @
e
Y e IR IR T, P MGEINT

sgRNA1 sgRNA2 sgRNA3

f %lﬁl £
e o ok oL o

>

2. %EH gRNA KRBT - (A) BWILRFRE & gRNA BB ILAYEE) T 8145 (7 (B) tracerRNA/
RNase 111 &;tJ) : crRNA B tracRNA 4551% > BE) RNaselll #E{7E )] 5 (C) Cas 12a/Cas 13a/Cpfl &) : FFEEE
tractrRNA B RNase 111 B A[#E{7&;T)] ; (D) Ribozyme self-cleavage : > gRNA [y I ~ g0 - HH 81 HDV &
Bl > EEREYEI A T H HEY) ¢ (E) Csy4 processing : it gRNA _[JiEat Csy4 Mk SIEI A /TR + (F)
tRNA cleaved by RNase : tRNA #J&REBEk Y ImEL - A LAY A MERY RNase P 2 RNase Z - sl iy
RNase E &) - ™ FoRE@E T - (4)

Fig. 2. Multiplexed gRNA expression approach (McCarty et al. 2020). (A) Individual expression cassettes: Each
gRNA consists of independent promoter and terminators; (B) tracerRNA/RNase III processing: After the cRNA binds
to the tracer RNA, RNase III is activated for truncation; (C) Cas 12a/Cas 13a/Cpfl processing: Truncation can be per-
formed without tractrRNA and RNase III; (D) Ribozyme self-cleavage: Self-truncation can be performed by adding HH
and HDV sequences upstream and downstream of the gRNA; (E) Csy4 processing: The Csy4 recognition sequence can
be designed upstream of the gRNA to truncate; and (F) tRNA cleaved by RNase: The tRNA may be truncated by endog-
enous RNase P and RNase Z in eucaryotes, or by RNase E in bacteria. [ presented the promoters. (contimued)
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FHEL @ BEE &R BEREE - HRE1IE

B [ 3 Al RCAE R B Y S Re - T TR

Rl A E ISR E AV (Peremarti et al.

2010) - HilH B —RIFEK A G E—E

ERS o RSB R E RIS E S E TR

RNEFFE R ET RS, - B RFIR%

F IR 45 B £ [ AY[E B 2 A (Minkenberg et al.

2017) o fr DAANAR] 15 BE — # A8 LR Th =3 2% (|

gRNA sHifGHEEE -

A /AR BT

(1) tracerRNA/RNase III processing : HJE N E
4= CRISPR-Cas F I % 4t 2 pre-crRNA &
17750 0 MBS s — A (Class 11 Type
1) Z.4%i > pre-ctRNA &) [F# » £ ctRNA
Y | T i a% 5T B tractRNA B i Y E A7 7
FI > E )4 RNA FEY)HL tractRNA 4551
B Bl N ZE 7Y RNase TIT % 2 #E 17 RNA &
Y o E4Z(E ¢gRNA F Bf (Deltcheva et al.
2011; Mikami et al. 2017) ([ 2 B) -

(2) Cas 12a/Cas 13a/Cpfl processing @ J& * &
4 CRISPR-Cas I % 4t 2 pre-crRNA #;
17750 0 HRIBEE TS TR (Class 1T Type
V) Z4i 2 pre-crRNA #( V)[R B3¢ 5f © Cas
12a/Cas 13a (2 7% Cpfl) #% B §§ 49 1,300
{lEl fe s B » B Cas9 K [ Y /2 Cpfl A7 22
tracrRNA 7 R~ 55 Z 4 4y RNase IIT [l 0]
18 77 52 ik pre-crRNA # V) - fE B Cpfl &5
&2 gRNA(EFET 42 nt > HP19nt 35
I SR 45 FE (stem-loop structure) @ 3 Ui 23
nt 5 H &Y 51 (Zetsche et al. 2015) »
1F 1 £ B 7 pre-crRNA 7 #§ U) /& 4= % (&
ctRNA F E¥ (Fonfara et al. 2016; Ding et
al. 2018) (& 2C) » FLERHS 2 R DD FEF R 7K
W% B AR 4RTE (Wang et al. 2017) -

R Y] /20

(1)Ribozyme self-cleavage : 3% 5% )7 74
e R B R > BN R R (ri-
bozyme) EIZFEN&YET > KRG E—
¥ RNA (HEFBHHELY] (self-cleavage) Iy
fE » E gRNA 89 E ~ TlE 73 A0 A $# 555iR
% EZ AR 2 (hammerhead ribozyme; HH)

Fe 51 B4 D BY B 3% 9 35 A% 8 i B B2 % (Hep-
atitis Delta Virus ribozyme; HDV) ¢ %1
ek Y O] LT B REY) > T T E
4 gRNA » Z i AMIERERNEN S E
gRNAs iy & # (Lee et al. 2016; Xu et al.
2016a; He et al. 2017) (/& 2D) -

(2) Csy4 processing * 857 /A FHE 1%

B JFH > Csy4 (Cas6f) BINE—HE=
#I (Class I Type IITI) CRISPR-Cas &4 H71%
el T DAFEER ¥ 4% RNA | 28 nt 2 HEHR
4EFE (stem-loop structure) » &Y T iE 20
nt fi7 B (Haurwitz et al. 2010) > * gRNA
FaeEt Csy4 ¥ ak Fe 51 Bl Bl fT &)
7 4 % gRNAs (B 2E) » It 735 Bk
JER R 4HE ~ BEREE K LB YY) (Nissim
et al. 2014; Ferreira et al. 2018; Kurata et
al. 2018) « FEF i ~ /INEE ~ RERJE A& B
(protoplast) J 75 & A MHEFHI L EHE
R4RiE R (Cermak et al. 2017) < {HH
Csy4 B V) R4 B Z IR EINRHY Csy4d
EHE HEzEOEXRHEEHESK  5E
SR E M - EEHG  E AR i
= (Nissim et al. 2014) -

(3) tRNA cleaved by RNase: 5% 1§55 77 {5 F

PR BV R > N4 M (RNA B V12 H Al
BEZEANEY - BIMEEEMEY—
TS - A DIT %% © t(RNA Z 4k
ek EY) 2 Ik TR B AN AR
RNase P B RNase Z > = 4 & 9 #Y RNase
E # t]] - RNase P 8 RNase Z & {7 {i7 & flI
pre-tRNA FP3ilfife » HAZHE (acceptor
stem) ~ D & (D-loop arm) K% AG &
TyC & (TyC-loop arm) & &5 % B[l A] -
tRNA ##3% 5 D) polycistronic I = HFR » H
tRNA B A 75 B A Pol 11T B &)+ 58 (LT
> WATERY (RNA B V) 24 il g oK &
A 4R sk Y (Xie et al. 2015) ([&] 2F) -
FEF A E R BEN AR (RNA BT 24 &
W R B YITER 2% B gRNA RHF & > Bl
WEZ I B 2 B OB V) SRS AHLEL » (RNA B D)
RES N A P85 > tRNA B 2% T 0]
R E Y E A R S R BB R S
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Higat [REZE S gRNA FHIREHEA 77
bp & EHY pre-tRNA [P 41 > IEF T E1E A
SRR B 4R BE ~ BHAE ~ KRG DL R 32 o 4 &
ZIERIR % AR 4REE (Xie et al. 2015; Tang
et al. 2016; Dong et al. 2017; Oliva et al.
2019; Zhang et al. 2021; Huang et al. 2022)

ZEERREMMEMBLETE
Z R

ZEENFEATIFRENR KR « Fii - /)
x> BREBRHEEFEY L EHEE - 88
Bor ~ URtE ~ DUESERE 7 KBS BR SR 52 1
FH - AR HRIIHIPT TR (F2) 0 &
AT ¢

R EEZBESE — KiaRhl

KEEEMBNKER TEHUAN AN
B EENE - RERATHE  2EEH
HEAEYMR - 2 2 B8 E MR E R
(quantitative trait loci; QTLs) H£[EFH¥E - ©F

2. (FYZEARGEENES -

B72% B3

21 {153 &7 7K R 72 2 A B 1 R B S R 49 28 T Y
A& > 4IkLAY (Grain Size 3; GS3) ~ KL (Grain
Width,; GW2 81 GW5) ~ Ffif& (Thousand-Grain
Weight 6; TGW6) ~ TR E 1T (Dense and erect
panicle 1; DEP1) S 58RI # (Grain numberla;
Gnla) &HE NGB EUR BRI I > &R
HZAFERT - EEWHEE TR OsGw2
OsGW5 ~ OsTGW6 F; OsGnla % F: A » F|
TCTU A%t Bl fig 17 R R EHY gRNA YR TT
NETHERERGE - iR - SR TiE
43 HI3E 24.21-25.32% ~ 19.79-20.46% k7 27.13—
29.84% (Xu et al. 2016b) - 41 - FEMFGE BT
P ies REZ RN HREEER - 5
R & i iR - R #2246 - Lacchini et
al. (2020) FIJF TCTU £ 4 #1 (RNA E U EHHE
4ntE JE NG OsGnla ~ OsGs3 K OsGW2 % 1
K> JEfF gnla gs3 gw2 &8 HEFHE
BEWEINT 24% o Ll TR BH% B RN 4R R
RISHE T ARCERE L AR LERITEEERE
MRz L E -

Table 2. The case of multiple gene editing in plants.

Plant species Target genes Method” Application References

rice OsGW?2, OsGW35, and OsTGW6 A yield Xu et al. (2016b)

rice OsGW?2, OsGW35, and OsTGW6 B yield Lacchini et al. (2020)
tomato SGRI1, LCY-E, Ble, LCY-B1, LCY-B2 A quality Liet al. (2018b)
tomato GABA-TP1, GABA-TP2, GABA-TP3, CATY, SSADH A quality Liet al. (2018a)
potato St16DOX B quality Nakayasu et al. (2018)
rice GBSS B quality Ma et al. (2015)
tomato SITOM1a/d, SITOM1b, SITOMI¢ A biotic stress Ishikawa et al. (2022)
rice SWEETI1, SWEETI3, SWEETI4 B biotic stress Oliva et al. (2019)
sweet orange ~ LOBI B biotic stress Huang er al. (2022)
rapeseed BnQCRS D biotic stress Zhang et al. (2021)
rapeseed BnaA.WRKY70.a, Bnad.WRKY70.b A biotic stress Sun et al. (2018)

BnaC. WRKY70.b

tomato SIHyPRP1 A abiotic stress ~ Tran et al. (2021)
rice SR B abiotic stress  Butt et al. (2019)
rapeseed EPSPS C herbicide stress Wang et al. (2021)
rice ALS A herbicide stress  Sun et al. (2016)

“Multiple gRNAs expression strategies: A: two-component transcriptional unit (TCTU) + individual expression cassettes; B: TCTU

+ tRNA cleaved by RNase; C: TCTU + Csy4 processing;

D: single transcriptional unit (STU) + tRNA cleaved by RNase.
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SEMEEN D IRERTE — DENZ
POAIZRER v -fZE T B (v -aminobutyric
acid; GABA) ~ BinE < B EY)
@ (steroidal glycoalkaloids; SGA) & 7K
2 et

4l E T CA0 BHEHEE £ > £ R E
AR AR &8 R 2 E) R B RS (R AT EE 4R
FERHIE R G B e (isopentenyl diphos-
phate; IPP) 81 H S8 — B I 79 I A FE Bk I
(dimethylallyl disphosphate; DMAPP) 2 T i 5&
V) » IPP 81 DMAPP HEAT 4 & [ & 4 il & T
HEWIE &S (geranylgeranyl pyrophosphate
synthase; GGPP) » #R31% » 2 77 T 1 GGPP #%
NG ENMLLZEE TG 1 (phytoene synthase 1,
PSYI) fEALTE R 1 7 i Ay 15-IH=0 )\ &
F4LZ (15-cis-phytoene) - FREEH J\ @& H4L
%= L& (phytoene desaturase; PDS) BI{FE H
EE C-carotene B ELEIEY) » FHAE L HIAIME
FI » & C-carotene #EHR R HALE » FEHHALE
B-E2 {E T 1 (Iycopene p-cyclase 1; LCY-B1 i
LCY-B2) Hi B-FE 4L ZER(LEG (beta-lycopene
cyclase; Blc) B4l ZIR{LAE R B-tHEEE & -
F—TEREEMALE e-IR{EEF (Iycopene e-cy-
clase; LCY-E) Bl B-3& fii 4L ZIR (LG (Ble) i
AL ZIBACAER o-SHEEE & - |8 BELEY
HrEfEBEEER - ToREE REMBEHES
# o Li et al. (2018b) F| & m] 2 4 L5 11 %
BRER gRNA FH 7 > PRACE A 5RHg > —
R E MR E PR AR RN (Stay-green 1,
SGRI) Z BN T #E(T4m iR > [ SGRI fie 5 H
PSYI tHHEAEH » EMEEMLLZNEGH - =
R LB AL R IR(ENER > f20 LCY-E
LCY-B1 ¥ LCY-B2 ~ LCY-E P} Ble % F3lt 5
EERNETRE > A4 RIRE R o-HHE
BEEB-HHEEZR > EMES 5.1 SnslEN
HE -

GABA R RISHVEEYE » vk iF4E 8
JHEG M BR (Inoue et al. 2003; Nakamura et al.
2009) > A{E BN TIEBR D RKEENZE
Al - GABA T2 & BURTE Ry b B iR B B
(glutamic acid decarboxylase; GAD) # L-glu-
tamate 2 f I B F& 55 1 7€ £ GABA - i i —

i GABA %05 (GABA transaminase; GA-
BA-T) fi (LS B 3T A% 1 B% (succinic semi-
aldehyde; SSA) » fx 1% RII 2 48 HHIE A BE 1 B AL
@l (SSA dehydrogenase; SSADH) #3531
I (L B Ry IRIABE (succinate) W A
B EER (TCA cycle) - 55— 7RI FE 3 5
— 1& [5 B+ & 5L B% 5 4 &5 1 (cationic amino
acid transporter; CAT9) & B 6 Ay GABA
U K AR RS T o AR > 28 GABA 2
FIH&E - A GABA-T ~ SSADHLi ~ CAT9 2%
B2 Z AT % it GABA 2 & pl B H R K i
BN T - H GABA-TH2 EEER &
F& 79 BH % fic #8 M (pyruvate-dependent GABA-T;
GABA-TP) Hi o- i X — % (¢ #8 M (a-ketogluta-
rate-dependent GABA-T; GABA-TK) ° A H GABA-TP
ERWEEFENEHMEY F > il GABA-TP
o] 5 4l 47 i GABA-TPI ~ GABA-TP2 [} GA-
BA-TP3% 3 ([HEPIS - BRI Li ef al. (2018a)
1 81 GABA-TP1 ~ GABA-TP2 ~ GABA-TP3 ~
SSADH F; CAT9 » F| ] TCTU % 4 Bl 48 17 %
HREA gRNA REL 7 TREE > G578
TR 2 BLEF AR RIE ML - BER GABAHY
SEAEI 19 % LE GABA TGN 4 £ -
HAY 2021 4£ 9 H B4 S GABA FHhn b
(Gramazio et al. 2020) °

E$5ZE (Solanum tuberosum) &—7fE F 5
HUKE B EY) » [ERE T 4HEREE R T SGA » i
Ak g Wit BRSSPI SGA &
2 EERELESENEZH - Nakayasu
et al. (2018) ¥ &k SGA A&l 2 St16DOX
AN 3%ET T 9 {H gRNA > apf4 fy T1-T9 > F]
H TCTU Z4t 81 tRNA & V) HE R 4 182 i1
AR GRE 2 4G A B T1/T2 ~ T3/T4 ~ TS5/
T6 K T7/T8/T9 » &H IR AR A 4Rl %2~ SGA
a8 B RNEELE > Hrp DL T/T2_#6 B
T7/T8/T9_#4 Ri{E &1L ik %%~ & SGA -
SR ZLENGEE - B EERT Sr-
16DOX FEREARE R SGA - ek E M E L -

7KAE OsWaxy B[R 2 45 5 FERLB D & R B
(granule-bound starch synthase; GBSS) & 1% H.
HH Rty FEEL A > Ma et al. (2015) g% &t 3 {H
gRNA » FI|H TCTU Z 4B tRNA &) 5 -
HELT KRG OsWaxy N GRdE > G5RBURESL 1
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{5 2 [ fir BEZE /Y T, HEAREE T HE R
W a B 14.6% TIEE] 2.6% » SRE LU E

Kentd o HEMCERRLE -
EaFITRIE R ESTE — DIENS
ERRRIR ~ IEEEMAR R HREIRAH
FHihte s 5% 5 (Tomato brown rugose
fruit virus; TOBRFV) £ Tobamovirus %558 °
PRI L AT 28 i B A0 S B R T 2 T 52 31 B P A e
ZEEENR - HRICHEYRANNEEEDE
TOBAMOVIRUS MULTIPLICATIONI (TOM1)
SHRHERE > MEHTHEA 5 @ ToOM1 EJR
FHAN R B SITOM1a ~SITOM1b ~SITOMIc ~
SITOMId Jz SITOMle > tH 7> SITOMIe 3 IR
& fix (K [f] SITOMIa ¥ SITOMI1d [E] J§ M
=+ Ishikawa er al. (2022) L TCTU % ¥ %
Sl AL R 2 gRNA £ = 0 385t 3
& sgRNA » 77 jll 1 #f SITOM1a/d ~ SITOM1b
K SITOMIc Z2RNETHREE - Fifs —EHZEEE
Sltoml1bcd ~ Sltomlabd I Sltomlabc > H T&E
% > {15 \] {5 ) E| ToBRFV > [f] Sltomlacd $%
21 d A EHEEKFEH ToBRFV > i A
TOM1 [E] )7 B K & 28 8 2 Sitomlabed T~ ¥ 18
% 21 d Se & BAEHRE] ToBRFV -
JKFEE EEFRLR (bacterial blight) 25 JH A
Xanthomona oryzae pv. oryzae (X00) 475 Fd
FE g% E{LIN T (transcription-activator-like effec-
tors; TALEs) » 41 PthXol ~ PthXo2A -~ PthXo2B -
PthXo02C ~ PthXo03 ~ TalC ~ TalF 7 AvrXa7 & »
A &5 & KRB i & B R R SWEET B
X% Wi SWEETII ~ SWEETI13 F; SWEET14 E &)
T FHYFREIR 745 & & (effector binding ele-
ment; EBE) » Bt Hfj A8 [ ik PR 22 3 1 C5c 20 6
R AR R E R ANEIE S > fl40 Oliva
et al. (2019) FJFH TCTU FIH 245 81 tRNA #
VIR 2 - 5] 45 45 7K &5 6 {[E EBEs f¢ %1 » HL
% 5 {H EBEs {ir % [7 1% 5 4 4 48 2 Z€ 8 %
IR FEH & 2 Xoo ELA BB AT LM - M
[] HY SR % A, A M A 4 R M B R (citrus
bacterial canker) HiiEFEF - MIFGHE 1B
% B X. citri subsp. citri (Xcc) F 5[ #E » Xee
Tl % E (LR PthA4 » PthA4 3 A 4HAE
%1% & BB VI R 5 RO BE R (LATERAL OR-
GAN BOUNDARIES 1, LOBI) Bl &)+ ~ EBE
5 > EME(L LOBI ET - NGRS (Citrus

rere

]
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sinensis) R B filfi T (C. maxima) Bl fH & (C.
reticulata) HYTE [ FEAT » K 25 8 5 R 40
AR 2 EARIFENFEAMER - #H Xce FEHL
M > {1401 Huang et al. (2022) $t%55 1 AYEL 55
II 2 CsLOBI £ R B8+ EBE ¢ 51 5% 51 3 {E
gRNA s Fl|F TCTU F I £ 4 81 tRNA # V) &
HUETTEI S 22 EA R - HUG CsLOBI Z[H
R G R % ZAmEGHEA BT Xee fitk -
JH 3% (Brassica napus L.) &t 5L & 311y
HEHEY) » HZ B (Sclerotinia sclerotio-
rum) BLIKER (Botrytis cinerea) s Bk & -
CLAHIEFE AR E NS ER AR S (small
secreted virulence-related protein; SsSSVP) £
B A ] B SR 47 8 2 AR B 2 b-cl
HERERSFREIT (cytochrome b-cl complex
conserved subunit) BnQCR8 454 » {# BnQCRS
#7340 R 4R RS BEAS SIARRRE - 2 EBHEY)
WERAE R A#ETT 5 TOHSE Ry SRR VUSRS - Hodp
BIOM O 3 n i ‘westra® B A 8 {il BnQCRS [F]
REN - FIFH STU R A4l & tRNA B V)
J B #E 1T BnQCRS % B EL [N 45 8 » [ K Bn-
QCRS8 &1 SsSSVP Hy & &g /) - H e 7 {iél Ba-
QCRS8 BN [FEF # dmuBta ik - BA &I IUR
M 4RiE R YU AE I BEE BnOCRS AR YRR EL
SRV INMIEY - B AR EEE (Zhang et al.
2021) = WRKY 5% R+ B 25 FHAE V4190 [ HE
Sun et al. (2018) FEF TCTU £ L4 & 18
TLREZ gRNA R FH - &it 2 EERE
BEEKES o BF 4 (EDH 2Z BnWRKY70 [E R A A
BnaA.WRKY70.a ~ BnaA.WRKY70.b ~ BnaC.
WRKY70.a . BnaC. WRKY70.b # {74588 » o
BnaA.WRKY70.a ~ BnaA.WRKY70.b . BnaC.
WRKY70.b [EII 42 4R R 1% - 4RI R Y%
& & (Sclerotinia) BH BHFHUHME
BAHEIMPIREEN 2 RBESRE — U
B ESHaEERYESEE (HyPRPhybrid
proline rich proteins; HyPRPs) E27K &1k
2ABNERMEEERE (serine/arginine-
rich proteins; SR) %3
EVIERIVIREE IR - AR - BE -
mERESBE o HINEY AT mEE A
B Hpi ROl ERH e REENRES
J# %~ — (Van Zelm et al. 2020) » FHNEE 52
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ECRFLEAR ~ Ko B WO /D B s 44 P R AR )
HtaxE- - CHEYE 2MakNEaeE
H'E (HyPRPs) RIEVIHIREBEGEEERE » H
RUEEZHSEBRVRELE > FIUHR
R s B0 5252 K5 (Goodwin et al.
1996; Otte & Barz 2000) - #Fjii SIHyPRPI T
W HE S EY RN ENERER T &5
fiti SIHyPRP1 B[RRI 2 S HI 0 > & 25
SOD #iE (L G E I S LI RIFE0Y 54 -
remie st =M (Li et al. 2016) © Tran et al.
(2021) 1 SIHyPRP1 %A I N Iié5 ik (PRD)
ELLRSFRY JCE R E B B 7 (8CM) C I 45 £ A1
F TCTU %4 & 8 11 32 51 [ gRNA £
R et S EARGHERE - BUS 8 EAHE
HEZ GRR Z 0 AR E DR T T
B SR BURTY 150 mM NaCLEE R » L
PRD 45405 >~ PRIvI B1 PR3 478 Z it
BRI AT -

SR ZE H B F Hi% £ Y+ 2 Bl pre-mRNA
BOFE KR —H B T1% - RCR IR R
RNA > S EERRAEED > RILRERE
AR ey E S - KAEA 228 SR EQE
G BRACHYESRZE > 555k 6
qaft e Hep 3 {EsnR (SR~ RSZ K SC) £ E
ZAEY P2 IRSERY - MHEREY (SCL ~ RS2Z K
RS) RHEYIE—FTAH - IEHEYH » LAERHAE
JF SR EBHE M EIZI 0 K8 SR B8
18 - ABA ~ 2R R ESBEFREYHIRER
SEBUE - RIBEFIAH TCTU 4B & tRNA &
DI 45 45 /KRS SR BN RIE » FriE £ &1E
TR s WA BN EEST SRE QB EHEYAEE
5 RS TR TR (Butt e al. 2019) -

EeYHREEMZE I BESE — 2
enolpyruvylshikimate-3-phosphate
synthase (EPSPS) B3 Z B 3 B & BS
(acetolactate synthase; ALS) ER 734
75 P A2 fh e T DA R S L
'E o Wang et al. (2021) & 7 B 5 Bl 52 £ 1Y
EPSPS KA » FI|H] TCTU Z 4Rl & Cys4 B Y
JFH > ¥ 574 R (WT) BnaCO4EPSPS KR F
ES I 2 {E sgEPSPS1t and sgEPSPS2t (1] 45 &
fir B5 > % 3% homology direct repair (HDR) [d]
RAERBERA T - BB B TIPS

5, LFGAAGMCRL @& A » i 2 B
IR AAERE 12 d KAV EEE > DL 800x Ff
T 0N 5 H ik 8 (Roundup, Monsanto, Creve
Coeur, MO, USA) {715 B » 4583 H
10 d 18450 TIPS Bl LFGAAGMCRL 25 845 4
EEAER  GHBGER - AL
RN BERFZE - HEETTA > B2EEBEX
BN 4miEry SR - i o] 313 R e AR 5 0k
BEIREBIAM 2 - 55 0 ALS B—HE &R len-
cine -~ isoleucine J valine 2 g K it & # & Bl
MRS Z - TS EE (bispyribac-sodium) [
BRSNS B R E N - N EERERSET -
A TCTU &4 81811 R B -R [ gRNA [y
FH 7 > FE B HDR [EREREHK ALS B
AL W48 HFF51 - HELRE R (Trp) EpkH
B (Leu) » [AFF 55 40— fir it S627 HY 7
FIALESE > & &L (Ser) BR R ()
R BHFTERNGEZ > 7{E 100 mM Hy%
B PR ER R T o It BE BB
BN 4R ERAY SRS - W T B A T R
Bit bR S 2 M (Sun et al. 2016) -

+=A
A afl

&ro Ll > ZEANEECEZHEYE
DR B B R N THRE R B - 1B 3B % AN 4R iR [F]
Y & 22 (1] 3 )R 22 H AR IR 2 B N > LD
EROKR N TRk~ BIREREEE
SEEHAMBESR - PUR ~ BB RIREY
HEERMERZAE - EIREZBBE B
EREEARE BeEEZIZEHEVZR
MEZ A - (EYIE R AR Yy B AR Y M
BHREEE > RELERET SR -
It > ZEENGEMEREYS R EEY R
WHIDhRE R F R EE > A ERES EREN
Gt 2 HAE © % gRNA R AR B (R
ERERSE o R BIR BRI F P > SAETR (AT
P& - sHEAC RIEVIAV RIS B E Y
PREEE & 2 GiE ORES o ARSI AR AR 2
MEAR > 4k S T R B AT > SR B
LHBBNNIEYImE > EEEEYRESNES
B LAVRIZEB P EELR - HBARKEXK
iERZE -
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Application of Multiple Gene Editing in
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Abstract

Wang, Y. W., H. W. Chen, S. C. You, J. Y. Wang, and D. G. Lin. 2023. Application of
multiple gene editing in plant precision breeding. J. Taiwan Agric. Res. 72(3):181-196.

Multiple gene editing is one of the highly efficient tools for novel precision breeding. Since two
or more different DNA sites in the genome can be edited simultaneously, it is suitable for the explora-
tion of important traits regulated by quantitative trait genes or homologous gene families. The systems
of multiplex gene editing can be roughly divided into three modes: zinc finger nucleases (ZFNs),
transcription activator-like effector nucleases (TALENs), and CRISPR/Cas. Among them, CRISPR/
Cas has become the mainstream due to its simple operation, high editing efficiency, and low cost.
Therefore, this article mainly discusses the advanced multiple gene editing system that was developed
based on CRISPR/Cas. Furthermore, the subject will focus on the editing purpose, vector construction
expression system, multiple gRNA expression methods, and successful examples in rice, wheat, corn,
rape, tomato, potato and other food and economically important crops. We hope that this article can
serve as a reference for researchers conducting related research.
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(Coleoptera: Chrysomelidae: Chrysomelinae)
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Abstract

Lee, C. F. and M. F. Geiser. 2023. Taxonomic review of the genus Phola Weise, 1890
(Coleoptera: Chrysomelidae: Chrysomelinae). J. Taiwan Agric. Res. 72(3):197-218.

The taxonomic status of Phola octodecimguttata (Fabricius, 1775) and its synonyms are
re-evaluated. Phyllophila sedecimpustulata Stal, 1857 as a junior synonym of Phola octodecimgut-
tata is supported by examining their type specimens and genitalic characters in a large number of
specimen. In addition, Chalcolampra dipa Maulik, 1926 n. syn. is herein synonymized with Phola
octodecimguttata. Phola decempustulata (Baly, 1864) n. comb., transferred from Chalcolampra, is
examined and redescribed. New data on the biology of P. octodecimguttata are provided. Its associa-
tion with the coastal plant Vitex rotundifolia helps explain its occurrence on many small islands.

Key words: Leaf beetle, Taxonomy, Lamiaceae, Vitex, Island biogeography.

INTRODUCTION

The genus Phola was established by Weise
(1890) for P. keyserlingi Weise, 1890 for a single
species, P. keyserlingi Weise, 1890. It was syn-
onymized with Chalcolampra Blanchard, 1835 by
Daccordi (1994), and this synonymy was followed
by Kippenberg (2010) and some Japanese re-
searchers (e.g., Takahashi 2012; Kamezawa 2015;
Shigetoh 2019, 2020a; Shigetoh ez al. 2019).
However, the type species of Phola and Chalcol-
ampra both occur in and were treated in a detailed
revision of the Australian Chrysomelinae genera
by Reid (2006). Based on morphological and bio-
logical differences, he regarded them both as dis-
tinct genera. Most subsequent taxonomists agreed
with his opinion (Yang ef al. 2015; Matsumura et
al. 2018; Suenaga et al. 2018; Shigetoh 2020b,
2020c). In the present study, we therefore decided
to also follow Reid (2006) by treating Phola and
Chalcolampra as distinct genera.

Phola octodecimguttata (Fabricius, 1775)
seems to be a widespread species with variable
color patterns. It is not surprised to such a spe-
cies having many synonyms. Several synonyms
have been proposed by various authors. Chal-
colampra (Phyllophila) cybele was described
from Hong Kong (China) by Stéal (1860) and
was synonymized by Gressitt & Kimoto (1963).
Chalcolampra viticis was described from Jiangxi
(China) by Fairmaire (1888) and synonymized
by Chen (1934). Phola keyserlingi was described
from Sichuan (China) by Weise (1890) and syn-
onymized by Jacoby (1896). In addition, Phyllo-
phila sedecimpustulata was described from Pulo
Penang (Malaysia) by Stal (1857). It was syn-
onymized by Baly (1867), but Kimoto & Gressitt
(1981) still regarded it as valid species based
on larger size and its distinct color pattern, and
Mohamedsaid (1993, 1997) followed their opin-
ions. None of the acts, however, provided strong
morphological or biological evidence from a
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wide geographical sampling. Consequently,
some synonymizations were not fully acknowl-
edged. In addition, there could be more potential
synonyms of P. octodecimguttata or true Phola
species remained hidden in Chalcolampra. This
study re-evaluate the taxonomic status of each
specific names by examining genitalic characters
of both sexes collected from different localities.

In addition to Phola octodecimguttata (Fa-
bricius, 1775), two species originally described
as Chalcolampra can be attributed to Phola:
these are C. decempustulata Baly, 1864 from
Becan Island (Maluku, Indonesia) and C. dipa
Maulik, 1926 from Andaman Island (India).
These two are currently treated as valid species.
The aim of our present study is to re-evaluate
the synonymy of P. octodecimguttata and its
relatives, including Chalcolampra dipa and C.
decempustulata based on a large material col-
lected throughout their geographic range, and to
give more detailed re-descriptions of all the val-
id species of the genus. Fresh material collected
in Taiwan also allows us to add some notes on
the biology of P. octodecimguttata.

MATERIALS AND METHODS

To study the biology of P. octodecimguttata
in detail, the beetles from Taiwan were collect-
ed from the field and kept for captive breeding
together with their host plant Vitex rotundifolia
for a complete generation. Females laid eggs
inside the plastic bags when they were collected
on May 7, 2008 (Fig. 5A). Hatched larvae were
placed in small glass containers (diameter 142
mm x height 50 mm) with cuttings from host
plants. When mature larvae began searching for
pupation sites, they were transferred to smaller
plastic containers (diameter 90 mm x height 57
mm) filled with moist soil, the amount about
80% of container volume.

The present study is based on morphologi-
cal examination of over 400 dry-mounted adult
specimens. For delimiting variability of diag-
nostic characters, at least one pair from each
locality was examined. Length was measured
from the anterior margin of the eye to the ely-

tral apex, and width at the greatest width of the
elytra. Type specimens available for study and
voucher specimens are deposited at The Nat-
ural History Museum, London, UK (BMNH);
Naturhistoriska Riksmuseet, Stockholm, Swe-
den (NHRS); the Laboratory for Systematic
Entomology, Hokkaido University, Sapporo,
Japan (SEHU), and the Applied Zoology Divi-
sion, Taiwan Agricultural Research Institute,
Taichung, Taiwan (TARI); Zoological Institute,
Russian Academy of Science, St. Petersburg,
Russia (ZIN).

Exact label data are cited for all type
specimens of described species; a double slash
(//) divides the data on different labels and a
single slash (/) divides the data in different
rows. Other comments and remarks are in
square brackets: [p] — preceding data are print-
ed, [h] — preceding data are handwritten, [w] —
white label, and [r] — red label.

RESULTS

Genus Phola Weise, 1890

Phola Weise, 1890:482 (type species:
Phola keyserlingi Weise, 1890, by monotypy, a
junior synonym of Chrysomela octodecimgut-
tata Fabricius, 1775).

Phyllophila Stal, 1857:59 (nec Guenée,
1852) (type species: Phyllophila sedecimpus-
tulata Stél, 1857).

Remarks. The genus Phyllophila Stal,
1857 was synonymized with Chalcolampra
Blandchard, 1853 by Baly (1867) who regarded
P. sedecimpustulata Stal, 1857 as a junior syn-
onym of C. octodecimguttata (Fabricius, 1775).
However, Phyllophila has been preoccupied
by a moth genus described by Guenée (1852).
Chen (1934) noticed that Phyllophila Stil was
a junior homonym, also a distinct genus from
Chalcolampra. He confirmed the validity of
Phola Weise, 1890 and used the name to replace
Phyllophila Stal, 1857.

A detailed generic diagnosis was provided
by Reid (2006). The genus is similar to Chal-
colampra but differs in possessing larger eyes
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and almost impunctate venters and epipleura.
Biological characteristics are based on the type
species, Phola octodecimguttata (see below).

Included species. Phola octodecimguttata
(Fabricius, 1775) and P. decempustulata (Baly,
1864), comb. nov.

Even though Reid (2006) only mentioned
a single described species in Australia (P.
octodecimguttata), Australian Faunal Direc-
tory (Australian Biological Resources Study
(ABRS) 2020) lists four additional species: P.
decemmaculata (Lea, 1903), P. delicatula (Lea,
1916), P. quadrifasciata (Lea, 1916), P. tenuis
(Lea, 1916) and P. vitticollis (Lea, 1915). We
are not able to find a published source formal-
ly transferring these species to Phola, nor are
we able to confirm their generic placement.
We are not treating these species in the present
study but acknowledge the possibility that they
may indeed be members of Phola.

Distribution. Oriental region, extending
into Japan, Australia, Solomon Islands, and
Papua New Guinea.

Phola octodecimguttata (Fabricius,
1775)

Chrysomela octodecimguttata Fabricius,
1775:100 (Nova Hollandia = Australia); Fabri-
cius 1781:123 (catalogue); Gmelin 1790:1676
(catalogue); Fabricius 1792:322 (catalogue);
Fabricius 1801:439 (catalogue).

Phyllocharis octodecimguttata: Boisduval
1835:575.

Chalcolampra octodecimguttata: Baly
1855:186 (re-examination of the type speci-
mens); Baly 1867:281 (Malaysia, Singapore,
Sri Lanka); Harold 1874:3467 (catalogue);
Jacoby 1884:27 (Indonesia: Sumatra); Jacoby
1896:254 (India: Kanara; Malaysia: Perak;
China); Weise 1916:199 (catalogue); Mau-
lik 1926:87 (redescription: India, Sri Lanka,
Myanmar); Winkler 1930:1298 (catalogue:
China); Wang & Yang 2006:66 (China: Gan-
su); Takahashi 2012:280 (Japan: Honshu:
Tottori Prefecture; Kyushu: Kagoshima Prefec-
ture; Shikoku: Kochi Prefecture); Kamezawa
2015:52 (Japan: Bosd-hantd Peninsula); Shige-

toh & Yoshitake 2018:35 (Japan: Yoro-jima
Island); Shigetoh 2019:22 (Japan: Tonaki-ji-
ma Island); Shigetoh et al. 2019:146 (Japan:
Ou-jima Island); Shigetoh 2020a:43 (Japan:
Tsuken-jima Island).

Phola octodecimguttata: Chen 1934:81
(redescription, China: Jiangsu, Jiangxi, Zhe-
jiang; Taiwan; Philippines: Luzon; Vietnam);
Chj6 1935a:81 (Japan: Ishigaki, Iriomote, and
Okinawa Islands); Chtjo 1935b:211 (distribu-
tion); Chajo 1958 (redescription; Taiwan, in-
cluding Pescadores (= Penghu Islands & i £
&) and Botel-Tobago (= Lanyu Island Fif );
Chen 1936:90 (catalogue); Nakane & Kimo-
to 1961a:75 (Japan: Nakanoshima Island
and Takara-jima Island); Nakane & Kimoto
1961b:17 (Japan: Ishigaki Island); Chiijo &
Kimoto 1961:154 (list; Japan: Okinawa, Tokara
Islands); Gressitt & Kimoto 1963:372 (China:
Anhui, Guandong, Guanxi, Fujian, Shanxi,
Hainan); Kimoto 1964a:285 (catalogue; Japan:
Kyushu); Kimoto 1964b:487 (Taiwan: Takao =
Kaohsiung); Kimoto 1966:25 (Taiwan: Takao =
Kaohsiung); Kimoto & Gressitt 1966:517 (Ja-
pan: Amami-Oshima); Kimoto 1969:22 (Taiwan:
Taoyuan: Kuanyin (#1% ); Lanyu Island); Azu-
ma & Kimoto 1978:125 (Japan: Yonaguni Is-
land); Azuma & Kimoto 1981 (Japan: Hateru-
ma Island, Tarama Island, Yakabi Island, [heya
Island); Kimoto & Gressitt 1981:390 (cata-
logue); Wang et al. 1998:51 (China: Fujian:
Wuyishan i ZE(11); Yang et al. 2015:4 (China:
Hebei, Hubei, Hunan, Guizhou); Matsumu-
ra et al. 2018:13 (Japan: Theya-jima Island);
Suenaga et al. 2018:107 (Japan: Tokunoshi-
ma Island); Yamazaki et al. 2019:33 (Japan:
Iheyajima Island); Shigetoh 2020b:48 (Japan:
Ou-jima Island); Shigetoh 2020c:151 (Japan:
Yoron-jima Island).

Phyllophila sedecimpustulata Stal, 1857:
59 (Malaysia: Pulo Penang). Synonymized by
Baly (1867).

Phola sedecimpustulata: Kimoto & Gres-
sitt 1981:390 (valid species; Thailand, Laos,
Vietnam).

Chalcolampra sedecimpustulata: Moha-
medsaid 1993:6 (East Malaysia: Sabah); Mo-
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hamedsaid 1997:122 (Peninsular Malaysia: Jo-
hor, Kedah, Melaka, Negeri Sembilan, Pahang,
Selangor, Terengganu).

Chalcolampra (Phyllophila) cybele Stal,
1860:464 (China: Hong Kong). Synonymized
by Gressitt & Kimoto (1963)

Chalcolampra viticis Fairmaire, 1888:39
(China: Jiangxi); Chen 1938:1 (list). Syn-
onymized by Chen (1934)

Phola keyserlingi Weise, 1890:482 (China:
Sichuan). Synonymized by Jacoby (1896)

Chalcolampra dipa Maulik, 1926:89 (In-
dia: Andaman Islands). syn. nov.

Types. Chrysomela octodecimguttata (Figs.
1A-D). Two syntypes in the Banks collection at
the BMNH, among them one bearing a transverse
square label: “Chrys: 18guttata [h] / Fab. En-
tom. p. [p] 100. n. sp. [h, w, with black border];
the other one damaged seriously, with one circle
label: “97 / 89 [h, w]”. Here the intact specimen
(Fig. 1A) is designated as the lectotype and the
other specimen with lost right elytron (Fig. 1B)
as the paralectotype.

Phyllophila sedecimpustulata (Figs. 1E—
H). Holotype @ (NHRS, fixed by monotypy):
“Pulo / Penang [h, w] // Westerm [p, w] // Phyl-
lophila | 16pustulata / St. [h, w] // Type. [p, W]
/I NHRS-ALJB / 000000798 [p, w]”.

Chalcolampra (Phyllophila) cybele (Figs.
11-L). Holotype @ (NHRS, fixed by monotypy):
“Hong / Kong [h, w] // Stal [h, w] // Type. [p,
w] // Typus [p, r, with black border] // Cybele /
Stal. [h, w] // NHRS-ALJB / 000000797 [p, w]”.

Phola keyserlingi. (Figs. 2A-D). Holotype
Q (ZIN, fixed by monotypy): “Sze-tchuan /
1885 / G. Patanin. [p, w] // 22/VIII [h, under-
side of the same label] // unicum [h, w, proba-
bly mening returning material] // Phola / Key-
serlingi Ws. [h, w]”. This type was supposed to
be deposited at the Museum fiir Naturkunde der
Humboldt-Universitit, Berlin, German (ZMB)
(Gressitt & Kimoto 1963) probably because it
was described by Weise. However, Bernd Jéger
(curator at the ZMB) indicated that the type
should be at the ZIN since it was collected by
Potanin during the Russian expedition to Mon-
golia and China (personal communication, June

B72% B3

16, 2023). Alexey Moseyko (curator at the ZIN)
confirmed its existence (personal communica-
tion, July 14, 2023).

Chalcolampra dipa (Figs. 2E-H). Holotype
4 (BMNH, fixed by monotypy): “Andaman /
Islands [p, w] // Roepstorff [p, w] // Type [p, W,
circle label with red border] // Chalcolampra
/ dipa Maulik [h] / Det. S. Maulik [p] / Type
1923 [h, w] // 47461 [h, w]”.

Specimens examined. AUSTRALIA. New
South Wales: 14(BMNH); Northern Territory:
24, 29 (BMNH), Darwin, 1915-381, leg. G. F.
Hill; 1 ex. (BMNH), same locality, 1909, coll.
G. Bryang; 14 (BMNH), same but with “1921-
274”; Queensland: 1 ex. (BMNH), Bundaberg,
1904, coll. R. C. L. Perkins; 1 ex. (BMNH),
Cairns, XI1.1909, leg. G. E. Bryant; 2 exs.
(BMNH), same but “I1.1909; 4, 49 (SEHU),
Lone Pine, 8.1.1973, leg. Y. Komiya; 148 exs.
(BMNH), Thursday Island, 14.1.1939; 2 exs.
(BMNH), Townsville, 11.11.1903, leg. F. P.
Dodd; 2 exs. (BMNH), same locality, 1921-
274, leg. G. F. Hill; 24, 2Q (BMNH), same but
with “1922-230”; BRUNEI. 1 ex. (BMNH),
Seira, at light, V.-VII.1978, leg. P. H. Ham-
mond & J. E. Marshall; CHINA. 14 (BMNH),
“N.China”; Fujian: 19 (BMNH), Chongan (52
%), 9.11.1969, leg. S. Q. Jiang; 19 (BMNH),
same locality, 10.VI.1960, leg. Y. R. Zhang; 9
exs. (BMNH), Foochow (= Fuzhou, &), 1935,
leg. M. S. Yang; 1 ex. (BMNH), same but
“1936”; 1 ex. (BMNH), same but “10.VI.
1936”; 14 (BMNH), Jianyang (&[5 ), 19.V1.1960,
leg. S. Q. Jiang; Gansu: 19 (BMNH), Wenxian
(£, 27.V1.1998, leg. X. K. Yang; Hong Kong:
24, 12 (BMNH), coll. Baly; Yunnan: 1 ex.
(TARI), Mocheng (E£#%), 19.111.2018, leg. Y. T.
Wang; 4 exs. (TARI), Mohan (B£EX), 19.111.2018,
leg. Y. T. Wang; 1 ex. (TARI), same locality,
1.IV.2018, leg. Y. T. Wang; 1| ex. (TARI), same
locality, 13.V.2018, leg. C. C. Chen; 1 ex.
(TARI), Nabang (Ff #£), 27.V.2016, leg. Y. T.
Wang; 1 ex. (TARI), same but with “17.
VI.20177; 1 ex. (TARI), same but with “20.
VI.20177; 1 ex. (TARI), same but with “30.
VI.2017”; INDIA. Andaman Islands: 1 ex.
(BMNH). Tamil Nadu: 14 (BMNH), Nilgiri
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Hills, 1894-89, leg. G. F. Hampson; INDONE-
SIA. Java: 1& (BMNH), 60-15, coll. Horsfield;
Kalimantan: 1 ex. (BMNH), Borneo, S. East,
German Mission, Fry Coll.; Sulawesi: 19
(BMNH), Sulawesi Utara, Dumoga-Bone N. P.,
Fog 13, BMNH Plot A, 230 m, 11.VII.1985,
Project Wallace ; Sumatra: 3 exs. (TARI), Sang-
gul, IV.2004, leg. S. Jakl; JAPAN. Amami Is-
lands: Amami-Ohshima: 34, 39 (SEHU), Ka-
tetsu, Setouchi-cho, 22.VII.1962, leg. Y.
Komiya; 19 (SEHU), Sude, Setouchi-chd,
13.VI1.1962, leg. Y. Komiya; Okinawa Islands:
Iriomote Island: 47, 99 (TARI), V.1932, leg. S.
Hirayama; 29 (SEHU), Ohara, 23.V.1977, leg.
J. Okuma; 14 (SEHU), same but with
“7.V1.19777; 19 (SEHU), Toyohara, 25.V.1977,
leg. J. Okuma; Ishigaki Island: 14, 2Q (TARI),
22.1V.1930, leg. R. Takahashi 24, 69 (TARI),
V.1933, leg. S. Hirayama; 1J, 29 (SEHU), Hir-
akubo, 1.IV.1976, leg. K. Kusama; 29 (SEHU),
Tomino, 5.V.1976, leg. M. Yagi; Okinawa Is-
land: 2 exs. (TARI), Mawashi, 12.V1.1932, leg.
H. Yashiro; 28, 42 (TARI), Naha, Loo-Choo (=
Okinawa Island), 4.V.1931, leg. S. Asahina; 1J
(TARI), Syuri, 11.IV.1937, leg. A. Morisita;
MALAYSIA. Johor: 14, 19 (BMNH), Mt.
Ophir, 23.VII1.1905; 1 ex. (BMNH), Nr. Jitra,
catchment area, 8.1V.1928, ex F.M.S. Museum;
I ex. (BMNH), West Coast, Langkawi Is., 22.
IV.1928, ex F.M.S. Museum; Kelantan: 19
(BMNH), Tebing Tinggi, VII.1920, Coll. V.
Knight, ex F.M.S. Museum; Kuala Lumpur: 19
(BMNH), 12.X1.1934; 19 (BMNH), 2.111.1919;
Melaka: 14, 12 (BMNH); 2 exs. (BMNH), coll.
H. Clark: 1 ex. (BMNH), coll. Baly; 19
(BMNH), 1901-37, coll. H. N. Ridley; 1 ex.
(BMNH), C.B.H. Hunt. 1908-194; Penang: 13
(BMNH), coll. Pascoe; Perak: 19 (BMNH),
1905-313, coll. Sharp; 14 (BMNH), 1905-100,
leg. Doherty; 4 exs. (BMNH), Fry Coll; 1 ex.
(BMNH), Perak Museum, Taiping, ex F.M.S.
Museum; | ex. (BMNH), Kuala Kangsar,
VIII.1907, R.H. Coll., ex F.M.S. Museum; Sa-
bah: 19 (SEHU), Poring, 9.1V.1979, leg. N. Ni-
shikawa; Sarawak: 2 exs. (BMNH), Bidi, 1.
11.1909, leg. C. I. Brooks; 14 (BMNH), 17"
ml., kls Rd., 17.VII1.1963, coll. S. Kueh; Se-

langor: 14 (SEHU), Templer Park, 23.XII1.1983,
leg. M. Takakuwa; MYANMAR. Bago Region:
14 (BMNH), Tharrawaddy; Chin State: 1 ex.
(TARI), Kanpetlet, 24.V.2017, leg. Y. T. Wang;
1 ex. (TARI), Mindat, 22.V.2017, leg. Y. T.
Wang; 19 (BMNH), North Chin Hills, 1894-4;
Mandalay Region: 4 exs. (TARI), Mt. Popa,
25-26.V.2017, leg. Y. T. Wang; PAPUA NEW
GUINEA. Jiwaka: 1, 12 (BMNH), Jimi Val-
ley, 20.VII.1972, leg. B. Gray; PHILIPPINES.
1 ex. (BMNH), “Phil.Isla”; SINGAPORE. 1 ex.
(BMNH), 1933-227, coll. Saunders; SOLO-
MON ISLANDS. Guadalcanal: 19 (BMNH),
Kukum, 25.V.1963, leg. P. J. M. Greenslade; 19
(BMNH), same but “10.1.1963”; 19 (BMNH),
same but with “2.1.1965”; 84, 2Q (BMNH),
same but with “11.11.1965”; Shortland: 19
(BMNH), Alu (= Shortland), I11.1884; SRI
LANKA. 14, 29 (BMNH), Ceylon (= Sri Lan-
ka); 1 ex. (BMNH), Balangoda, 1776 ft., 13—16.
IIT1.1882, coll. G. Lewis; 1 ex. (BMNH),
Dikoya, 6. XII1.1881-16.1.1882, coll. G. Lewis;
1 ex. (BMNH), Kandy, 1919-147, coll. G. Bry-
ant; 1 ex. (BMNH), same but “VI.1908”; 17,
2Q (BMNH), Peradeniya, 26.VIII.1914, leg. A.
Rutherford; TAITWAN. Hualien: 19 (TARI),
Karenko (= Hualien, {£3), 21.1V.1910, leg. 1.
Nitobe; Kaohsiung: 25 exs. (TARI), Baolai (&
), 17.1V.2016, leg. U. Ong; 14 (TARI), Rok-
ki (= Liuguei, 7~48), 2.V.1907, leg. 1. Nitobe;
19 (TARI), same locality, 23.X.1921, leg. M.
Yoshino; 14 (SEHU), 26.1V.1978, leg. Y.
Komiya; 29 (SEHU), Liuguei, Kenshan,
20.111.1978, leg. Y. Ito; 19 (TARI), Rono (=
Laonung, &), 3.V.1907, leg. I. Nitobe; Matsu:
3 exs. (TARI), Beigan Island (L% &), 11.V.2023,
leg. C. F. Lee; New Taipei City: 5 exs. (TARI),
Qianshuiwan (G27K&), 7.V.2007, H. J. Chen; 9
exs. (TARI), same but with “25.V.2007”; 3 exs.
(TARI), Linshanpi (L&), 15.1X.2007, leg. S.
F. Yu; 1Q (TARI), Sinten (= Hsindien, 75 ),
VIL1929, leg. Y. Miwa; Penghu: 19 (TARI), Boko-
to (= Penghu Island, & i & &), 25.1V.1920,
leg. T. Shirake; 4 exs. (TARI), Donji Island (38
& IE), 19.V.2023, leg. Y. C. Liao; 12 (TARI),
Hookotoo (= Penghu), V.1930, leg. S. Minowa;
Kinmen: Kinmen Island (£ 5): 8 exs. (TARI),
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Jinsha (%)), 13.1V.2022, leg. C. F. Lee; Lieyu
Island ( ZUlEL): 13 exs. (TARI), Xihu (F57H), 2.
V.2015, leg. Y. J. Chang; 6 exs. (TARI), same but
with “Chilinshan (J# i (11)”; Pingtung: 33, 19
(TARI), Heito (= Pingtung, 5 ), V.-VI.1931,
leg. Y. Miwa; 1 ex. (TARI), Junaishan ( ZZ/5L0),
28.X1.2020, leg. Y. T. Chung; 24, 29 (BMNH),
Kenting (28 7)), 2.VII1.2008, at light, leg. H.
Mendel, M. V. L. Barclay; 1 ex. (TARI), same
locality, 26.VII.2016, leg. Y. T. Chung; 2J
(TARI), Koshun (= Hengchun, [f%), 25.1V.-25.
V.1918, leg. J. Sonan; 13 (TARI), Gueishan (&
L), 3.1v.2023, leg. J. C. Chen; 7 exs. (TARI),
Lilungshan (H #E (1), 7.VIIL.2015, leg. Y. T.
Chung; 78, 29 (TARI), Liuqiu Island (3 BKiE),
22-23.111.1982, leg. K. C. Chou & C. C. Pan;
14 (TARI), Rikiriki (= Lilisheh, JjE*1t), 22.
111.1924, leg. N. Takeda; 14, 12 (SEHU), &Y
(Shihmen), 17.V.1975, leg. M. Kubota; 2 exs.
(TARI), same locality, 12.V.2012, leg. Y. L.
Lin; Taitung: 234, 329 (TARI), Kotosho (=
Lanyu Island, i), 10.111.-14.1V.1920, leg. J.
Sonan & T. Okuni; 48 (TARI), same locality,
II1.-IV.1932, S. Hirayama; 15 exs. (TARI), same
locality, 28.1.2010, leg. Y. T. Wang; 1 ex. (TARI),
same locality, 17.111.2012, leg. J. C. Chen; 2 exs.
(TARI), same locality, 1.I1V.2014, leg. Y. T.
Chung; 1 ex. (TARI), same locality, 7.1V.2015,
leg. Y. T. Wang; 3 exs. (TARI), same locality,
7.V.2015, leg. Y. T. Chung; 1 ex. (TARI), same lo-
cality, 27.VIL.2015, leg. Y. T. Wang; 1 ex. (TARI),
Shouka (£ ), 28.1V.2015, leg. Y. T. Chung;
134 (TARI), Taito (= Taitung, & ), 25.11.-27.
I11.1919, leg. S. Inamura; 4 exs. (TARI), Taren (i
{=), 17.1X.2008, leg. W. C. Wang; THAI-
LAND. 1 ex. (BMNH), “Siam, Bowring” Chi-
ang Mai: 9 exs. (BMNH), Chiang Dao res. nat.
10-23.111.2010, leg. Machalik. Kanchanaburi; 19
(SEHU), Doi Suthep, 3.V.1980, leg. Y. Komiya;
14 (SEHU), same locality, VI.1985; 19 (SEHU),
Phuping Palace, 29.1V.1980, leg. K. Ikeda; 19
(SEHU), Whuay Kaeo Falls, 1.VI.1983, leg. Y.
Komiya; Kanchanaburi: 1 ex. (BMNH), Sai Yok,
26.111.1988, leg. M. J. D. Brendell; 14 (SEHU),
Tham Than Lot N. P., 15-16.11.1981, S. Ohmomo;
Lanpang: 1J, 19 (SEHU), Mae Lung Mountain,
20.V.1985, Y. Komiya; Mae Hong Son: 247
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(BMNH), Ban Huai Po, 17-23.V.1991, leg. J.
Hordk; 14 (BMNH), Ban Si Lang, 23-31.
V.1991, leg. J. Hordk; Nan: 1J, 29 (SEHU),
15.V.1993, leg. S. Ohmomo; Nan: 2 exs.
(BMMH), Doi Phu Kha N. P., 22-26.1V.1999,
leg. D. Hauck; Phrae: 24 (SEHU), Wieng Ko
Sai N. P., 19.V.1985, leg. Y. Komiya.
Redescription. Length 5.5-8.8 mm, width
2.7-4.7 mm. General color variable (see “Color
variations™”). Antenna filiform in males (Fig.
3A), ratios of lengths of antennomeres I-XI 1.0
:06:07:07:08:08:08:08:0.9:0.9
: 1.2; ratios of length to width from antenno-
meres [-X12.1:1.6:19:2.0:2.1:1.9:1.8
: 1.8 : 1.9 : 2.1 : 2.8; shorter in females (Fig.
3B), ratios of lengths of antennomeres [-XI 1.0
:06:07:07:08:08:0.8:08:0.9:0.9
: 1.2; ratios of length to width from antenno-
meres [-XI12.1:1.6:1.8:1.9:2.0:1.8:1.7
:1.9:2.0:2.0:2.9. Pronotum 1.6-1.7 times
wider than long; disc evenly convex, glabrous
but with dense fine punctures; lateral margins
straight in small individuals but slightly round-
ed in large individuals; apical margin slightly
concave, basal margin slightly convex in small
individuals, but producing posteriorly at mid-
dle in large individuals. Elytra 1.4-1.5 times
longer than wide; parallel-sided, apices con-
vergent; disc with coarse punctures arranged
into longitudinal striae, with scarce, fine punc-
tures between strial punctures. Aedeagus (Figs.
3C, 3D) slender, 6.1 times longer than wide;
narrower in apical 1/6, apex narrowly round-
ed; moderately curved in lateral view; tectum
membranous, with a paired, longitudinally
sclerotized area; internal sac with elongate
flagellum and two pairs of slender sclerites,
one pair longitudinal, sinuous and basally con-
nected, other pair separated and curved. Gono-
coxae (Fig. 3G) separate; abdominal tergite
IX longitudinal, basally narrowed; abdominal
ventrite IX coiled, broad; coxites cylindrical,
with a ring of long setae near apex; styli cy-
lindrical, much narrower than coxites, with
several long apical setae, surrounding by short
setae. Ventrite VIII (Fig. 3F) in females wide
and spiculum reduced, with a paired longitudi-
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nally sclerotized area, dense, long setae along
apical margin, a few setae of different lengths
scattered near apex. Spermathecal receptacu-
lum (Fig. 3E) slender, narrower than pump, not
separated from pump; pump long and curved,
apex widely rounded; sclerotized spermathecal
duct slender, not coiled.

Sexual dimorphism. Apical margin of
abdominal ventrite V truncate, slightly and
medially convex in males, but widely rounded
in females.

Color variations. Adults of Phola octo-
decimguttata display great variation in color
patterns, depending on where they occur across
the species’ geographic distribution. Color pat-
terns can be categorized into four major forms
as follow:

(1) The octodecimguttata form (Figs. 4A-C):
general color yellowish-brown; antenna
black except three basal antennomeres;
vertex with one black spot; pronotum with
three black spots: one circular pair near
midline of basal 1/3, and a single spot
smaller and longitudinal at midline of api-
cal 1/3; scutellum brown; elytra dark brown
but with nine pairs of large yellow spots:
two pairs near base, basal 1/3, middle, api-
cal 1/3 respectively, one pair apically, with
yellow band along basal margin extend-
ing from base of lateral margin to middle,
sometimes connected with yellow spots;
prothoracic ventrites yellowish-brown,
meso-, and metathoracic, and abdominal
ventrites dark brown but sides of abdomi-
nal ventrites more or less yellowish-brown;
legs yellowish-brown, but apices of femora
and bases of tibiae dark brown, tarsi more
or less darker; typical of specimens from
Australia and South India. Yellow spots
enlarged and connected with other spots in
some individuals (Fig. 4D); spots smaller
in populations from Solomon Islands and
Papua New Guinea. Populations from Sri
Lanka (Fig. 4F) similar to those of Sol-
omon Islands (Fig. 4E) and Papua New
Guinea, with small yellow spots on elytra
but with one additional pair of dark brown

spots on pronotum between pair of circular
spots and single longitudinal spot.

(2) The cybele form (Figs. 3G-I): similar to
typical form of octodecimguttata, but lon-
gitudinal brown spot on pronotum more
or less reduced, mesoventrite paler, with
yellow band along base of lateral margin
to apex, typical of specimens from eastern
China, Taiwan, and Japan. Populations on
islands surrounding China (such as Hong
Kong, Kinmen Islands) (Figs. 4J, 4K) with
yellow spots on elytra extremely enlarged,
sometimes brown areas greatly reduced.

(3) The sedecimpustulata form (Figs. 1E-G):
similar to those of octodecimguttata with
small yellow spots on elytra, but general
color reddish-brown, vertex and pronotum
without black spots, paired yellow spots on
apices and yellow bands along lateral mar-
gins reduced, metathoracic ventrites darker,
legs similar typical octodecimguttata form;
typical of specimens collected from west-
ern China (Yunnan), Myanmar, Peninsular
Malaysia, Indonesia, and Thailand; black
spots on vertex and pronotum present in
few specimens. Specimens from Singapore,
Brunei, and East Malaysia with one pair of
yellow spots on apices of elytra (Fig. 4L).

(4) The dipa form (Figs. 2E-G): similar to typ-
ical octodecimguttata, but interior of lateral
and posterior yellow spots on elytra brown;
meso-, and metathoracic, and abdominal
ventrites yellowish-brown.

Diagnosis. Adults of Phola octodecim-
guttata are easily separated from those of P.
decempustulata with their characteristic col-
or patterns; in addition, there are significant
differences in female genitalic characters.
Females of P. octodecimguttata have a broad
spermathecal receptaculum (Fig. 3E), as broad
as pump, and a broad, short duct (slender sper-
mathecal receptaculum (Fig. 8C), narrower
than pump, and extremely slender and coiled
duct in P. decempustulata), and complete ven-
trite VIII with one pair of longitudinal dark
bands (Fig. 3F) (medially separated ventrite
VIII in P. decempustulata (Fig. 8B)).
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Host plants. Vitex rotundifolia L. f. (Chtjo
& Kimoto 1961; current study), Vitex negundo
L. (Hsieh 2012), V. negundo var. cannabifolia
(Siebold & Zucc.) Hand.-Mazz. (Chen 1964,
1985; Yu et al. 1996, current study); Vitex trifo-
lia L. (current study).

Biological notes. Chen (1964, 1985) sug-
gested that “Phola octodecimguttata is a prim-
itive species of Chrysomelinae, and stated that
the larvae are stem feeders on Vitex cannobi-
floia and construct tubiform nests with excre-
ment on or between the branches. The larvae
live in concealment with the anterior half of
the body in the nest and the tip of the abdomen
exposed”.

However, in the current study larvae of
this species were observed to be leaf feeders
on Vitex rotundifolia. Females laid more than
30 eggs into one layer of young leaves (Fig.
5A). Larvae (Fig. 5C) hatched in four to five
days. They produced a tube of facces fixed
to a leaf or branch as a shelter (Fig. 5B). The
whole body was concealed under the shelter.
The larval duration was 12 to 14 d. Mature lar-
vae burrowed into soil and built underground
chambers for pupation, which was surround-
ed by a few black silk fibers. Duration of
the pupal stage (Fig. 5D) was seven to eight
days (Lee & Cheng 2007). Host plants pro-
duced new leaves during early spring. Young
larvae were observed feeding on new leaves
on April 12, 2022 in Kinmen Island (Fig. 5E).
Adults and larvae were found on May 7, 2007 at
Qienshuiwan (;z7K&), northern Taiwan. Thus,
Phola octodecimguttata is presumably an
univoltine species, based on observations of
adults during spring. Larval morphology was
studied by Kimoto (1962). In the subtropical
northern parts of its range, adults appear in
spring.

Yi-Xuan Hsieh G§f{4&) observed larvae and
adults of this species feeding on leaves of
Vitex negundo in South Taiwan. Larvae did
not build tubes of faeces and were exposed
(her blog: https://blog.xuite.net/mbbrgs/
twblog1/137792188).

Distribution. Japan, China, Taiwan (Fig.

6), Thailand, Laos, Vietnam, Myanmar, South
India, Sri Lanka, Malaysia, Singapore, Brunei,
Indonesia, Papua New Guinea, Solomon Is-
land, Australia.

Phola decempustulata (Baly, 1864),
com. nov.

Chalcolampra decempustulata Baly, 1864:
619 (Batchian = Becan Island); Baly 1867:281
(redescription with illustration of habitus);
Mohamedsaid 1997:121 (Peninsular Malaysia:
Negeri Sembilan, Perak).

Types. 19 (BMNH): “Bou [h, w] // SYN-
/ TYPE [p, w; circle label with blue border] //
Type [h, w] // Type [p, w; circle label with red
border] // Chalcolampra / 10 pustulata / Baly /
Batchian [w, b] // Type / likely / Coll Wallace”;
19 (BMNH): “Bou [h, w] // SYN-/ TYPE [p, w;
circle label with blue border] // Type [h, w]”.

Specimens examined. EAST MALAY-
SIA. Sarawak: 19 (BMNH), Quop, IV.1914,
leg. G. E. Bryant; 19 (TARI), 4™ Division, Gn.
Mulu NP., V.-VIII.1978, leg. P. M. Hammond
& J. E. Marshall, at light; INDONESIA. Su-
lawesi: 1 ex. (BMNH), Sulawesi Utara, Dumo-
ga-Bone N. P., “Hog’s Back” Camp, Lowland
Forest, 492 m, 1X, 1985, Malaise trap, Proj-
ect Wallace; THAILAND. Chiang Mai: 19
(SEHU), Doi Pui, 3.V.1984, leg. M. Akiyama.

Redescription (Female). Length 4.4-5.0
mm, width 2.4 mm. General color (Figs. 7A-C)
yellowish-brown, but meso- and meta thoracic,
and abdominal ventrites blackish-brown; four
or five apical antennomeres darker; five pairs
of yellow spots on elytra, two pairs near base,
two at middle, one at apical 1/3. Antenna fili-
form (Fig. 8A), antennomeres VII-X apically
widened, ratios of lengths of antennomeres I-
XI11.0:06:07:06:07:0.7:0.7:0.8:
0.8 : 0.8 : 1.2; ratios of length to width from an-
tennomeres [-X12.2:1.9:2.3:2.0:2.1:2.0:
1.6 : 1.8 : 1.8 : 1.8 : 2.7. Pronotum 1.7 times
wider than long; disc slightly or moderately
convex, glabrous but with sparse fine punctures
mixed with tiny punctures; lateral margins
slightly rounded apical margin slightly concave,
basal margin slightly convex. Elytra 1.5 times
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longer than wide; parallel-sided, apices conver-
gent; disc with coarse punctures arranged into
longitudinal striae, with scarce fine punctures
between strial punctures. Gonocoxae (Fig. 8D):
separated; abdominal tergite IX longitudinal,
basally narrowed; abdominal ventrite IX coiled,
wide; coxites cylindrical, with one ring of long
setae near apex; styli cylindrical, much narrow-
er than coxites, with several long setae on apex.
Ventrite VIII (Fig. 8B) wide and spiculum re-
duced, with one longitudinal membranous area,
several long setae mixed few short setae along
apical margin. Spermathecal receptaculum (Fig.
8C) slender, narrower than pump, not separated
from pump; pump long and curved, apex widely
rounded; sclerotized spermathecal duct ex-
tremely slender and coiled.

Variations. Specimens from Sarawak
(Figs. 7D—F) have coarser punctures on the
pronotum.

Diagnosis. As diagnosis in Phola octodec-
imguttata (Fabricius, 1775).

Biology. Unknown.

Distribution. Indonesia (Becan Island,
Sulawesi: new record), Malaysia, Thailand
(new record).

DISCUSSION

The widespread distribution of Phola oc-
todecimguttata is likely associated with one of
its host plants- Vitex rotundifolia. This plant is
native to seashores throughout the Pacific. Its
range includes continents and islands stretch-
ing from India east to Hawaii and from Korea
south to Australia (Wikipedia n.d.). Phola
octodecimguttata has a similar distribution
except for its absence from Korea and Hawaii.
These leaf beetles were found on more than 20
small islands in Japan (Chtj6 1935a; Nakane &
Kimoto 1961a; Kimoto & Gressitt 1966; Azu-
ma & Kimoto 1978, 1981; Kamezawa 2015;
Matsumura et al. 2018; Shigetoh & Yoshitake
2018; Suenaga et al. 2018; Shigetoh 2019,
2020a, 2020b, 2020c; Shigetoh et al. 2019). In
Taiwan, Chijo (1958) recorded it from Penghu
Island (G&:#) and Lanyu Island (FgI#). It was

also found on Liuchiu Island (37 Ef 1) based
on the historical collection at the TARI. Re-
cently, it was recorded from Lieyu Island (F1iE)
and Dadan Island (KX & &) by Chang (2017).
The first author found it on Kinmen Island (&
9 &) and Beigan Island (1} 5% &) (Figs. 5F,
5G) by searching V. rotundifolia plants. In ad-
dition, this species was found on Dongji Island
(3 3EE) (Fig. 5H), a small island of the Pen-
ghu Island Archipelago. There is substantial
supportive evidence of long-distance dispersal
by drift fruits of vitex (Wikipedia n.d.). This
may explain the frequent presence of Vitex ro-
tundifolia in seashore habitats. The coloniza-
tion of P. octodecimguttata on so many islands
and coastal areas across the Pacific and Indian
Oceans is likely associated with this peculiar
features of their host plants. Even though more
data are required to determine the exact dis-
persal mechanisms for P. octodecimguttata, we
can conclude that this species is an excellent
disperser and will be recorded from additional
small islands throughout its range in the fu-
ture.

We also found that some records of P. oc-
todecimguttata are located far inland (e.g., NW
Thailand, Laos, Yunnan), outside the range of V.
rotundifolia. 1t seems likely that all these inland
populations, primarily in China and Indochina,
use other Vitex species, including but maybe
not exclusively V. negundo as their host plants.

Phola octodecimguttata shows a wide
range of geographically correlated variation in
color patterns, which has led previous authors
to treat its populations under multiple species
names. However, none of the color forms origi-
nally described as separate species show signif-
icant differences in genitalia and the size differ-
ences stated by Kimoto & Gressitt (1981) could
not be confirmed after a larger material was
examined, so we must conclude that they are
indeed forms of a single species. Aside from P.
octodecimguttata, we only confirmed P. decem-
pustulata (here transferred from Chalcolampra)
as a separate species of Phola, leaving only two
verified valid species within the genus.



206 H SRS

ACKNOWLEDGEMENTS

We are grateful to the Taiwan Chrysome-
lid Research Team (TCRT) and citizen scien-
tists, including Jung-Chang Chen (i 2% %),
Hou-Jay Chen (Ji[E;2), Yi-Ting Chung (§#2E
7%), Yi-Chang Liao (E—%i), Yu-Log Lin ($f
fi FZ ), Ui-Ka Ong (£ 1 51), Yu-Tang Wang
(EFH), and Su-Fang Yu (R Z75) for assis-
tance in collecting material. We thank Chi-
Lung Lee (2 H #E), and Hsing-Tzung Cheng
(Bl E52) for photos of specimens, Hsing-Tzu-
ng Cheng ([ 8 %), Ming-Yao Chiang (JT. B§
#), Yi-Chang Liao (B — ¥), and Su-Fang
Yu (s % %) for field photography, and Chih-
Kai Yang for identification of host plants. We

B72% B3

especially thank Jan Bezdék for studying and
taking photos of the syntypes of Chrysomela
octodecimguttata Fabrucius, Anna Jerve for
types of Phyllophila sedecimpustulata Stél
and Chalcolampra (Phyllophila) cybele Stal,
Bernd Jager and Alexey Moseyko for the type
of Phola keyserlingi Weise, Masahiro Ohara
and Takuya Takemoto for loan specimens at
the SEHU. We thank Chang-Chin Chen ([§
JHI) for assisting our study in various ways. We
thank Chris Carlton for reading the draft and
editing for American English style. This study
was supported by the Bureau of Animal and
Plant Health Inspection and Quarantine, Min-
istry of Agriculture 112AS-5.5.4-BQ-B2.



Taxonomic Review of Phola 207

Fig. 1. Type specimens and labels of Phola octodecimguttata and its synonyms. A-D: Chrysomela octodecimgut-
tata, A. lectotype, dorsal view; B. paralectotype, dorsal view; C. one label; D. the circle label pinned with damaged
syntype; E-H: Phyllophila sedecimpustulata, E. holotype, dorsal view; F. ditto, ventral view; G. ditto, lateral view; H.
labels; I-L: Chalcolampra (Phyllophila) cybele, 1. holotype, dorsal view; J. ditto, ventral view; K. ditto, lateral view; L.
labels.
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Fig. 2. Type specimens and labels of synonyms of Phola octodecimguttata. A=D: Phola keyserlingi, A. holotype,
dorsal view; B. ditto, ventral view; C. ditto, lateral view; D. labels; E-H: Chalcolampra dipa, E. holotype, dorsal
view; F. ditto, ventral view; G. ditto, lateral view; H. labels.
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A 0.5 mm

G

Fig. 3. Diagnostic characters of Phola octodecimguttata. A. antenna, male; B. antenna, female; C. aedeagus, dorsal
view; D. ditto, lateral view; E. spermatheca; F. abdominal ventrite VIII, female; G. gonocoxae.
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Fig. 4. Color variations of Phola octodecimguttata. A. from Australia, dorsal view; B. ditto, ventral view; C. ditto,
lateral view; D. from same population, dorsal view; E. from Solomon Islands, dorsal view; F. from Sri Lanka, dorsal
view; G. from Taiwan, dorsal view; H. ditto, ventral view; I. ditto, lateral view; J. from Kinmen Island, dorsal view; K.
from same population, dorsal view; L. from Brunei, dorsal view.
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Figs. 5. Field photographs of Phola octodecimguttata. A. eggs; B. fecal tunnel nest on leaf with larva concealed
inside; C. larvae and their feeding marks on the leaves of the host plant; D. pupa; E. young shoots and larvae on Kin-
men Island (4:["15); F. microhabitat on beach of Beigan Island (I5Z£E); G. adult found on beach of Beigan Island (1k
%2 E5); H. microhabitat on beach of Dongji Island (B8 F51i## ).
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Fig. 6. Distribution map of Phola octodecimguttata in Taiwan, marked with red; topographic contour lines: black:
1000 m, gray: 2000 m.
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D E F

Fig. 7. Color variations of Phola decempustulata, female. A. from Becan Island, dorsal view; B. ditto, ventral view;
C. ditto, lateral view; D. from Sarawak, dorsal view; E. ditto, ventral view; F. ditto, lateral view.
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Fig. 8. Diagnostic characters of Phola decempustulata, female. A. antenna; B. abdominal ventrite VIII, female; C.
spermatheca; D. gonocoxae.
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AREAR BRI A T B 0 REFR 2 3F Phyllophila sedecimpustulata Stal, 1857 & + N3 2L &Y RME L > @
Chalcolampra dipa Maulik, 1926 8| & #7109 Fl 4 % 4 5 W REFH +ABE SR ARHEF S DB RMR
B o sbdh o 4§38 298 B (Chalcolampra decempustulata Baly, 1863) #44% & % 276 £ 5 3t & Hr g it -

RAREE | & C I BIUEL - HTE - BULAEYE -

M HE] - 202347 H7H s #2HE 202347 H26H -
TEEER ¢ chifeng@tari.gov.tw
DL S BT E A TR E - B8 At .
e E AL MY ERE AR EE S o HE K -
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BEA 1 B EE R IYER NE 2 FHS B ARG Ky Rk e
Mk ResE ' REF

HE
AR ~ SRR - DY - 2023 o VSR L B E YRR /NG 2 H ) B AR R
ERISE o SBELEETLE 72(3):219-236 -
¥19% ¥ (Beauveria bassiana) & B 7] B 5}y 06 ek RN & (Hypothenemus hampei) & %% ¥ & dt
&l%"%ﬂéﬁ*%&T#wwé%ﬁ CHATRBEM— S EAELAAR kB AR R E B —
FEREARALGRBARK  FBSH BT RETNADKRE  HE R A G R R E ) WA R R R
HRERBT > GBHEATE v/:n"#@] AREAFZLPR  AERB SR E A RIE) > HiE R Mok
Foln e % e G 7R A VO R 5 3% 13.3% (39 3.1%) A 36 Fl B &R BATHY - S M3 70.0% e T
TEMEREEBE AREBCEHRE (HTRE) 9B AR EREBK - 51 4.9% (F35 0.6%) - &
NEHEGEE CASTT BB RATHRBEF LR ZRKE 08 thor itk - EPE 7 HRAKRIELIZZAA
42 F N3 A BRI ITS » Bloc & EF1 A 7] 5 #4852 14 zﬁ:& %) B. bassiana ° &M T B BRILBE T 14 4
Ak FBFEF RS R DN EBILEE A AL E R 0 A5k B00S » B025 & B068 AL ik A b 0 5
32CTF 38T 3 0 B3 98% » 94% & 88% > H b1 #M*%%H'J 7 30-60% © % kAt 25CF Bt ht
Bk ARG T BATR T IE 100% Bt E - A NRTHBIRE T EEHRKTR AR TR AEE%E A
AT 0k T 100% B8 & 0 {247 A 4 Atk BO05 ~ B039 & B068 kB & f: » % 8 BRI E 55 % 67% ~ 2%
B T7T% B EH RS F R ARG E > AT S #bk B06S At iR AR EATRA] 0 A AR RAER
BrramE RN EORLEIBHRAE S BB RE IR R -

RAREEE - UNYERYNEL - BREE -~ VPTG -

1,000 BN » &Y RR A E R 2 & (Food
and Agriculture Organization of the United Na-

(Rubiaceae) T (Coffea) 1% - vy o M9« RN SRR S0 6 F 00
Wit 120 GF - 5B MaoRA - Ropppy D RREEE R (ups/agrak.gov.
EERmYE (C. arabica L., arabica coffee) BLZEAf tw/afa/afa_frame jsp) - BIEMITER: 2021 FAEG
HWrigunE (C. canephora Pierre ex A. Froehner, B ZTEIE AT 1,169 ha » TFETHITE 1,142 ha >
robusta coffee) 32l AL A Bl fE gk TFUUEEEY 900 Mg > SFEENT 7 EHEH - =
(Davis et al. 2006; Guyot ef al. 2020) - ;2 ffi ~ EHIHENTE 100 ha DLEAY EREB T SR
ISR AR TR > AR RORBERA A Rk (232 ha) ~ BIRLRR (190 ha) ~ 55 (155 ha)
FHEERK (Davis et al. 2006) » HUEE SR ~  KFEFEHE (135 ha) - I+ ZERGE MR
JhEIEFR I 2 B BRI > B RTETEN - BRI B ERAHEDS 2011 4 (763 ha) i
TN R EME 27K 80 ZEBIRAVEFMHHEE  53% - BIRBIAYRE &2 B #E -

Al

[l

R Ry S B R EORHEY) > B v AR

RS HE 202342 H 18 H ;B2 HER 202344 H7H -
TEEUER © hfni@tari.gov.tw
LT R R SR O BT YR AR R - B8 ?%ﬁ?
PR SR R R R RS FTE Y fRE 2E Eﬂ%%%%%&’ B EEN -
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BV Wk A= 7 T R Y 5 22 2 DL gk 5 )N
% (Hypothenemus hampei (Ferrari)) (Coleop-
tera: Curculionidae) & iy LI IE M 2 E & E
$8 (Vega et al. 2009; Johnson et al. 2020) - 1
e SR /N A T E DAY R 0 R
D2 A Hir 8 i vk B2 Py 17 EE R min e Ry LA B AP BY
S 2 B33 F (Vega et al. 2012; Vega et al.
2019; Vega et al. 2020) - -8 H &R ES R4/
e iz 8 A R {2 1.6-1.9 mm » ffE i 5 A R0 SO
NP BERER (0.99-1.3 mm) HIZWIR(E (Vega et
al. 2015a; Vega et al. 2015b) o 01k 5L/ NEE A
PAE R IYE R E N R 0 SRR e ]
HHREFHEmYEREME T TR RAFRH
AAREEHEELS (Damon 2000; Vega et
al. 2015a; Dufour et al. 2021) - SR ITFFLF
REVZYER SR (L% 120-150 d) - J7ik
WEFL NS IE B B ZE O - T 4h 2 (LR B R &
:RA L A& (Baker et al. 1992; Ruiz-Céardenas
& Baker 2010) - [ /& E H#E R 2 Yk E =
B NEHITR - BRI EZME
Y T4 Bl (Damon 2000; Rezende & Tani-
waki 2020) o BiHES/NEE R ZE R IE N (Vega et
al. 2019) » PRaBRumE7E 3 BB - 3Z a8
W <~ s 3t - A2 B vk 2 & B H A
= WERNERFE (2010 £) ~ EAEF
Was (2017 ) K E (2020 5) S0 IR §7
EHE I AMFALSEE S (Johnson et al. 2020; Sun
et al. 2020) » &7 AIIE XL 2007 4 2 B H
B (Lin et al. 2010) » e/ NEAY B IR &
ElunEEEEE B—RITE » FlOR s AR
HERZ W (20112013 ) » RERE
£ 1,010-1,560 & E TR/ L - B
SRR i B $E 26 B v 2 2,150-3,580 &
£ 70 (Oliveira et al. 2012; Leung et al. 2014;
Johnson et al. 2020) -

2 FR7A ok SR/ N B B A ok SR A A AR
BE M (Damon 2000; Vega ef al. 2015a) » E1E
{1 P AL 22 A% @ B AP A SR A A - 1
JE& A Z 5 (Villalba-Gault et al. 1995; John-
son et al. 2020) » (Rt B B 55 81 EF A bh 50 S5
CHBE ARG EZYE M (integrated pest
management; [IPM) FAUIMEA: E - 4S8 m B

oy T

A~ AbSigE T - VIR RAHE

rere

]

2% W3

FR M ARF (T E A (Aristizabal et al.
2012; Aristizabal et al. 2016; Johnson et al.
2020) - FIHPG A RN 0 BR & H H R # e
(sanitation) fix ELEEZEA| (Aristizabal et al. 2011;
Aristizabal et al. 2017; Cure et al. 2020;
Kawabata et al. 2020) » 4EY[F 6 F EHE#
HE—IR 0 W R RAEEPE 2 BRR
% (Benavides et al. 2012) - H Fij £ %1 8 1&# #H
BEEFAEMYER N B S ERER
i (Damon 2000; Vega ef al. 2015a; Escobar-
Ramirez et al. 2019) » Hh Y DIE K EHER
((Beauveria bassiana) (Bals.-Criv.) Vuill.)
(FE T TR ) &% pE R D aumyESR /N
INEE RV L R 8% (de Faria & Wraight
2007; Aristizabal et al. 2016; Mascarin & Jar-
onski 2016; Aristizabal et al. 2017; Marifio et
al. 2017) -

H5E H B & 4 H B (entomopathogenic
fungi) > J& X T EZ HE [ (Ascomycota) » A &
H (Hypocreales) - & & £} (Cordycipita-
ceae) » LK1 3 T & [E & #5 700 fd DL | & &
4 (Insecta) B i85 4 (Acari) F &L ENY)
(Zimmermann 2007) - [t E & & i 7 15 52 00k
FNEfmERmYERE - EARFEEE - HiE -
FERBR OEE - HYER/NEE AR
L2 EFEEA (Monzon et al. 2008; Vega et
al. 2009; Wraight et al. 2018) » Gongora et al.
(2009) 5 i 1E & fw b 58 HE AY 7R B B 245
ARGR10% BEZHEEFHRE > 5RERE
B EFEE 255 (Pell ef al. 2010; Vera et
al. 2011) » # e P2 T i FH 378 &= A MR B
JaunEE /NE (Aristizabal ef al. 2016) ;
72 T 0 1 R0 I T RE 7 Mt e B iR s AR
TR AE 3 5 A _F 30-50% 0 ik 5 /N B IR 2L
HIEE o 7[R 50% DL b oingE R/ NE AR 4R
(Bustillo et al. 1999; Vera et al. 2011) ; [HfF »
it I 2 B B DT B R E R R -
HE MR NEC R E RS (RIRE 12.6%)
HigfioFE - I EE S H i HE DB E
A 8 A R I 82 2 342 (Woodill er al.
2017) - Hollingsworth et al. (2020) £ # H 7=
] i, FH R A e v SR/ N T VR B T 4
DEHEEE 7 77 & OB s B AR -
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W & B N U R S R A AR TR o IR NER
EERNTHBHRE SEBSEHEE -5
EIT i RS RO A I F R 2 LR A ER T B
LVIREEFEN - HFIHEA R R
Hohges  HBEENEUARBEAR > KEE
i AR m A B TT > 8 H AT EE L
e EHEEE R EBEZNETE - HRE
FR AR tb i F RS - BTBE A HIR
HREZIEEM - SREBE FRA L AR
BB a0/ NEE Z AR RT S - StlE R A
s EEH LIRS - DURTTEIEI RS E © A
BF 2 bk 3 A 1 R % ol R [ Y R R
2o [E] I PR AR B T & ot PR R R 0 W —
TEHEAFEDRE T & 0Btk BsrER - 8T
SF REIEER N E R R MRV R > DU
EETE T BER(E R iR G AE YRR R 2 B O 7R
B FH [T P 7 7 2 B

Mk E

MBER/ )\ EHEEARRREE L HE

AW H 2021 4 3 HEFEF 12 H » #17
HE B EE PR N E AR A RHE -
Bk EE BN EEBRCED 084 675
m) BEIEARR T GE CEH&Y 400 m) - B
u 83 Ry [ fir EL Rk (C. arabica) < FiiE S
EEAmYER NERE > CERERETE
& 22021 257 HAEEHEA 7 RACEEE
i st Al e L2 R A - R E
2 B 75022 Bustillo et al. (1998) Frzir
2 30 BRI EUAE A (30-tree sampling method) -
H R E e E 30 fRuyERS > SREEHEUE 3
T Z e S NEEfE E AR (green berry) »
REL g R NBEEZ R EN I ST
SESIETARMN (FARET) » SR AR ESE
R ANR AT 7 A TR 8 o 1+
MESR B TR T A4 8% - APFEE 2 wk #1T 1
R o SHEYIBE G KRR NESE TR T
e/ EH) B ORE R (RO ER

B -
RIEEC D REEERT
AW E G m R LE - BRI

EEBRCEN  ZEGRTER R EF iR E
IR - e R 2 B DR A TR B s e
TTEETEE - 7387 2 5R 2L 18 2288 DU IR
FiRS AR AR EEAM - S8 RRTE
2 Sy R HARTE R &7 300 mg L $EE
(streptomycin) i 50 mg L™ VU ¥& ] & (tetra-
cycline) 2 PDA (potato dextrose agar) E5& AL
(Difco, Franklin Lakes, NJ, USA) [ - i1
RO E &% 0 U HUE 4 2R I WG 5 & 7 55 —
PDA 55854 » R 25CHE&E 14 d > HREMER
AT B - P Bk A 4R 57 00 U E R 4R IR
RN IR K » B £ AT IRER 26.4% H
SHUVB IR RS -20CIKAE -

A FEFTUL R Z BRAR o 95 7 BEPR PR SR I
BRI RIS R PREE T tRehoiiE R
/INEE B ETR B oy BERR > Bk AR SR 0 Bl By
B005 (5 B R & 77 B PR ) ~ BOLS (EfkT bt
o BErR) ~ B02S (R E 400 HE) - B039 (32
FMEA 7 HE) ~ B04S (EME Tl BERR)
BO68 (%P US4 23 Bk ) B BOT0 (&t 535
& T BERR) o S0 F IR B S B0 R 2 el B P
EREEAB A RS EEM R E R EE
W5 R BOOL Btk - DA HZH K IE
Ao 2 H 7R B098 B B102 Gtk > 1E Fy
REEF E AR E ELE 2 Pk > DL R 3R 10 £
HIEEE R —OFE TN B IEEES -

HIgE < FLREEE D S35 E

HIBETHEMRIBE RN S 1% BEHHY
(yeast extract; Gibco™, Billings, MT, USA)
SDYA (Sabouraud dextrose agar with yeast ex-
tract; SDAY, NeoGen, Lansing, MI, USA) » j*
25CEmAE PR E 14 d > B REETS
ARG - Ryt /AR B TR B 451 > 5510 2%
WA (water agar) 558 FE A 1 H 22 mm x
22 mm AR/NEDHBBEZ ERR - H¥EA EH
i b PDA B3 ESE (495 mm x 5 mm) > jREH]
A PR 2 - RRF R 10 L BEfE R IE PDA 5%
BEMRE NETHEEEL | BEER (22
mm x 22 mm) > FER25CEESJE &L
FEIFREUY CERE& 10 pL 0.02 % Tween 20
(Sigma-Aldrich, Singapore) 7Kz 2 #H A F
DL 5:7= (differential interference contrast;
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DIC) #af##% (Nikon Ni, Nikon, Tokyo, Japan)
HLTEIZZ 5 1 DL Gryphax #58 (Gryphax Naos,
Jenoptik, Jena, Germany) F#% 2 fiff it K &= 0]
50 B LA B2 93 AR RN o

Ty e — 20 DAAZ B oy i e 0 A B 98 P o0
ZHBEEES BIAEREER PDA B
BE FRUEEEFR&K%Z > SV EF
B 7 50 uL Magic quick seed extract solutlon
(Bio-Genesis, Taipei, Taiwan) > L 65°C/6 min
B195°C/2 min JE¥ 1% » {E & PCR (polymerase
chain reaction) 2 DNA {57 - Azs\EpT{#FH ~2
PCR & /& f1 4 5% PCR 4% & )& (Fast-Run Taq
Master Mix) (Protech Technology Enterprise,
Taipei, Taiwan) 81 0.5 uM primer - i DA 7K
IR TR 2 25 pL - FE A 5[5 ¥ 3L 3 4
43 Al By 3 iiE ITS (internal transcribed spacer)
55122 1TS4 (5'-TCCTCCGCTTATTGATATGC-
37 Bl ITS5 (5-GGAAGTAAAAGTCGTAAC-
AAGG-3") (White et al. 1990) » I [F Bloc (B
locus intergenic region) f£%1] 2 B5-1F (5-CGA-
CCCGGCCAACTACTTTGA-3") Bi1 B3-1R (5'-GT-
CTTCCAGTACCACTACGCC-3") (Rehner et
al. 2006) > ) K7 1#1iE EF 1-q (translation elongation
factor 1-a) F£%1 2 EF1-983F (5'-GCYCCYGG-
HCAYCGTGAYTTYAT-3") Ei EF1-2218R (5'-
ATGACACCRACRGCRACRGTYTG-3") (Reh-
ner & Buckley 2005) - Erh » ITS FE5IBIE &2
JEWRME Ry 0 94CIE 4 min > 1 KAGER 5 94°C
KFE30s -54CKE30s T2CKE45 s>
33 Y& ; Hfk 72CKIE 7 min > 1 fEER -
Bloc B4 EF1-o [37 5B 0E {5k 4 B 5| T35 & (an-
nealing) [&EEFH%E Sy 36 AEIRSN » HERRE
I ] e 116 B2 B 9 AL IT'S 3 g ok (R AH ] - P /5
PCR E W)Ll 1.5% agarose gel 81 0.5x TBE 4&
ET R TT I BB Uk o3 A - TESE PCR MR V)
RE—HHERT%  EVRLEE %%ﬂ&
7\ H] (Tri-I Biotech Inc., Taipei, Taiwan) #E
ZEEEF o Bt o Bloc FPHl N R EEE i
HnfE A B22U (5-GTCGCAGCCAGAGCAACT-
37 ~ BRint (5'-AGCATATCGGGCATGACT-
GAB822L-3") Fz B822L (5'-AGATTCGCAACGT-
CAACTT-3') #/TEFE (Rehner ef al. 2006) - EFE
& 2 B Fr 51 F 25 B B o AR IR HRCE B s

(National Center for Biotechnology Information;

NCBI) B RNE R T Y AL -

RIEE DB R R BRI E R

R4 R (%M1 B 2% Khonsanit et al. (2020)
1T Beauveria T8 A5 73 B it (8 FH &6 73 Bk 2
ITS ~ Bloc f& EF1 fF 71 » ¥ & B ik 2 Fr 51l
GenBank &} T #{% » BRI Eik 2 K
FeAEATEL B (MF8%) - S AR R B StLL Clust-
alX2 48 (Larkin et al. 2007) #17HH Ll E HE
51 (alignment) {& > DL jModeltest #{T DNA &
Al (DNA substitution model) fxEALTEM
(Darriba et al. 2012) » £ H K &R £
(Bayesian information criterion) 43 #7115 & 2
DNA B s A > B R ELf 2 # - DL
SequenceMatrix v.1.8#H8 (Vaidya et al. 2011)
B R E Y - DL MrBayes v.3.2.6 (Ron-
quist et al. 2012) #f7 HIKHE (Bayesian in-
ference) Z BRI o A ITS ~ Bloc ;z EF1
#y DNA #8453 B B GTR + 1+ G ~ HKY
+ G K GTR + G » T2 R > BRY
Fr 1 x 107 {@ t# X (generation) » 4 10,000 {f
HEACHE 1 BRI > RysR o i e %%@HU 25%
AR -

ANEBEEHHEBEEEMEREBSHEE
ZE’

HhE B R 2 8 R R 39 5 B R R PDA
&2 d% LA S mm FTFLas VI HUR 445
G EFE S 55— (1 SDAY Bz g A » Rrag i
PAE AR P R RE R 0 REURE 0 s 15
20253032 34T igE14d % M=
FEAKS THREAFESEHEARKERER
(mm d") - FEHE S ER > BEE2 R B
BB AR ER A TR 228 Skt
SEFEEN PDAREER 14d7% > 2L 0.02%
Tween 20 /KB R o 4 /0 F580% > A LM ER
HHESET EA PR T EEE 1 x 10° conidia
mL" - 50 uL fET 7R DL L RISy A
’é'é?*f PDA EEA L2 KEEEEENEMR

RN R EHEORE AR 1520~ 25 -
30 32 [ 34°C - B3| 24 hig o DU BB 0ER
(Nikon SMA 1500, Nikon, Tokyo, Japan) {2
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FmMEEET D EMTHFEY  HFERE
R RER 2 BRI K%Y > WstBHEE
BHTHFR -GRE4IEE AREE2 X -

RIEEEMIPER /) Bl EE < BRI/

A B i

mnk SR/ NEE DA e R 2 6 0 GRHIC
F5£:7% Vega et al. (2011) » DL 20 mL 33EE 5
gl 258 - BN 6 mL gk} o fEEIBE AR
BB EM 27 + 1C » 85 + 5% fHENEE (relative
humidity; RH) » & 05 - ¥ 6 e R PR HE
PRER T DR R - e el AKX SR B A R M
Bk BN ALERZBEE  WEEOH
PUREMRAEZEE AR F 4 -

GRY] -y

AR PR DL PDA 853 2 wk » Kip i+
LL0.02% Tween 20 7K 7 % B 34 Ky f0 7 07 K
(1 x 107 conidia mL™)  fEEH L 6 cm BZE A
A BEAL 5.5 em fiE 5 [BJP AR - FKF 200 pL
TP RO EAR E > RS IR A
10 & A T e SR/ N g &% - 7% 25 5¢.32°C
EmAE e IR E o HallEHE  BHE
ZG O ER MR SR/ NEE SR 0 SR T 2k AS AT Y
I AE BB 1.5 mL 0 E - DI 2 iG 1%
EECEAOBEAT GEELEE -5
2L 200 pL 0.02% Tween 20 /KR AT
SR P BT -
eatsr b

SR EREE 40 4735 38 RStudio (ver. 2022.07.2
Build 576) 1T - MyaE DRE, B EE
T HEKAEREREMEFEFIZE &
el EiEE RN ERGMEBEA (generalized
linear model; GLM) » £ —IE=477 (binomial
distribution) » FH{ELIREE # € (likelihood-ratio
test) TR FEEEN: - HRFAEEEZES)
RIDAHE =g E E—RE T Hik  ’F#
F o HRREFEEEESR > 4 Tukey’s
honestly significant difference test (Tukey’s
HSD test) #1THE & M E > LLE & R E
F (Tukey’s HSD test & “emmeans” E{Fh
17) « BEE 0% e s BB s LS o i

(survival analysis) JEH » ¥ Mg & H F /G 8
#% LA Kaplan-Meier % (Kaplan-Meier method)
B E G BigE Wik, RTER
fEiE 48 > 822 7 (survival analysis AR 281
e “survival” EFITT) - B RHEBE A
AGiEt o F e E 4 R B ANE — 25 DL Tukey’s
HSD test ELER & AR F/EMiR 2 2R - bt
T E R KA ET R 0.05 (a = 0.05) -

R

HiEEHEBEARBERAS

FH e o 5/ N B 50 U 2R B (9 i i IR S o
RN HARARERNE 1 FiR o REMEHT
SR o R s SR P e SR N B £ 2 JE TR
2.2-33.3% (44 11.6%) » If &5 56 T {8 58 b L
P EE Z L 0.0-13.3% (19 3.1%) » %
B R ERESRIET R 27.1% 0 X BL3-6 H AN
TR BT (B3 3.3-13.3%) » %3RS
70.0% W&k SE T {48 B BV H 8 > B 7 A
T AEEEE R ZER ) - 8 AL 11-12 B
KRHEE > #9-10 HEZERZE 2 FE
B8 o MERCERE > YR/ NESETENT
12.2-84.4% (15 50.9%) » W &5 &L 2L (4 78 &
ELBIST 7Y 0.0-4.9% (*F35 0.6%) » f# 4-5 H B
11-12 A R/ & A EE B AR B -
HigE < D et T

K5 2 ik £ R 2 L R SR N
FH e o 98 PR TR R o B - PREH
7RG B H IR R B AR S P e 3 Ik
HiEE L EE TR REEE - SRR
AR 10 #R A TR B 77 R - BEE Y SDAY #1 &
EFERHEE  EERHEHER KO
BERED HEATHASEEREEER
EENE G (EH2) - HosarRERIPE
MBI - SEEREE DL 1,000x B 200 & 47 B ik
B015 -~ B025 ~ B039 ~ B068 ~ B070 J B102
Z T R/ 9 Al By 2.55 £ 0.05 pm x
2.19 + 0.04 pm ~ 2.64 + 0.05 pm x 2.38 + 0.04
pm ~ 2.26 + 0.03 ypm x 1.92 + 0.03 um ~ 2.47 +
0.03 um x 2.16 + 0.03 pm ~ 2.71 + 0.03 pm x
2.35+0.03 um £ 2.33 + 0.04 pm x 1.96 + 0.03
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-0- Infection caused by B. bassiana

Gukeng Township

Mar Apr May Jun

Jul Aug Sep Oct Nov  Dec

100

80 r

H. hampei motrality and infection (%)

60 r

40 |

20

0 —(@o-&oi—o—o—l—o—o—‘—o—o—o—o—o—o&&o&-o—o—

Mar Apr May Jun

1.
Fig. 1.

um o 3 AR i 1 R A 0 E AT A 2 A EGIR
B RSFIR ([ 3) -
DFEY) R EERE AR

58 & 47 B £k DLITS ~ EF1-0 & Bloc
— MG IE R - ENE R BN RIS By
593 ~ 1,000 J 1,500 bp - &I 3 {EEA 5
B HG M AEE 4 Frw o 7 Bk 5B E
WERNE R 3 tRoTEEE H R R RS RE
S - BHEREIN B. bassiana 5337 (clade) »
HE O E% %R {E (Bayesian posterior prob-
ability) £ 100% o F % Fp 51 72 2% - 10 #k 5y
BERRATER Y 3 AR/ N7 52 0 7 R B ummR SR /N
BomERE | ke H SRR B E R B

FH g vyl SR/ N RS0 T R B (o R Bl e < S

The mortality of Hypothenemus hampei and the infection rate by Beauveria bassiana in the field.

Ren-ai Township

Jul Aug Sep Oct Nov  Dec
Month

2 /NGy SZ > 5557 B B 7R S B Ik B098 Bl
B102 I A HE B E Tk -
AERE FTEMERERRERTEHIT
REDRE T AR 7 Bk B 44 R R
1 AT7R © BR T 77 Bk B025 ~ B098 Kz B102
PL25ChEsE R ERESN > HpEKRZH
GERERIELIOCHE RRERE - 12 25T
BET mAENREREHESERERENT
2.39-3.37 mm » H o 4 i £k B025 4B B R
337 mm d BEE S H T EE o W 30°CHE
BT BT 4Bk B025 B 454 & HRES Ryf%
&% 3.23 mm d"' DUR 478k B098 B B102 &
EEMEZE 1.60 mm d' BL1.51 mm d' 4p > HEp
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2. HTEESEEREERS SDAY §5EAL [ 14 d 25°C) ZEVAIFAE - (A) IEMH (B) 1A
Fig. 2. Colony morphology of the Beauveria bassiana isolates cultured on Sabouraud dextrose agar with yeast ex-
tract for 14 d. (A) top view and (B) reserve view.

NIKON801 | 100x —— 20 UM

3. EFEE R B068 Z 3 A Al By AR i (EEBIR = 20 pm) »

Fig. 3. The conidiogenous structures and the conidia of Beauveria bassiana isolate B068 (bar = 20 um).
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Table 1. Myecelial radial growth rate of Beauveria bassiana isolates.

Mycelial growth rate (mm d')

Isolate 15C 20C 30T 32C 34C
B001 1.55f* 2.08 bed 2.64 ab 2.81c 2.06 de 0.76 bc
B005 1.26 abc 1.91 ab 239a 2.52b 1.82¢ 0.93 de
BO15 1.19 ab 1.91 abe 2.51 ab 3.05d 2.13 ef 0.80 cd
B025 1.32 cd 2.09 cd 337c¢ 323e 2.06 de 0.63b
B039 1.16 a 1.86a 2.59 ab 2.99d 224 f 1.03 ¢
B045 1.19 ab 2.11d 2.65 ab 3.09d 2.14 ef 0.71 be
B068 1.32cd 2.15de 2.81b 2.99d 1.99d 097 e
B070 1.29 be 2.11d 241 a 2.78 ¢ 0.99b 0.00 a
B098 1.51 ef 2.24 de 2.50 ab 1.60 a 041 a 0.00 a
B102 1.41 de 230e 2.63 ab 1.51a 0.50 a 0.00 a

“Values within a column followed by the same letter are not significantly different by Tukey’s HSD test at 5% level.

ERRIY 30CHEE R » HEGERAEFTE 25C
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B098 & B102 4556 & i E 4 & > Hég o
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Table 2. Effect of temperature on the spore germination rate (%) of Beauveria bassiana isolates.

Spore germination rate (%)

Isolate 15C 20 25C 30C 32C 34C
B001 0.0 a’ 540a 97.0 ab 96.3 bed 80.8 f 0.0a
B005 39.8d 84.5 efg 97.8 ab 98.5d 98.0¢g 145¢
BO15 0.0a 67.8 be 95.0a 94.0 abe 48.0 cd 0.0a
B025 17.5¢ 87.51g 99.5b 98.8d 943¢g 0.0a
B039 73b 64.8 ab 953 a 90.5a 51.3 de 0.0a
B045 0.0a 76.3 cde 94.8a 93.3 ab 32.0b 0.0a
B068 10.3 be 80.5 def 99.5b 98.0 cd 87.8f 73b
B070 343d 74.3 bed 98.5 ab 96.3 bed 393 be 0.0a
B098 13.5 be 78.0 de 98.5 ab 95.8 abed 595e 0.0a
B102 69.8 ¢ 913¢g 96.8 ab 933 ab 12.8 a 0.0a

* Spore germination rate (%) = No. of germinating spores on potato dextrose agar/100 spores.
¥ Values within a column followed by the same letter are not significantly different by Tukey’s HSD test at 5% level.
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Fig. 5. Cumulative survival rate of Hypothenemus hampei females inoculated with different isolates of Beauveria
bassiana at 25°C and 32°C.
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Appendix. GenBank accession numbers for DNA sequences of Beauveria spp. used in the phylogenetic analyses.
GenBank number””
Species Isolate ITS Bloc EF1-o
Beauveria amorpha ARSEF1969 AY31998 HQ880738 AY531907
B. asiatica ARSEF4384 AY532026 HQ880716 AY531935
B. bassiana ARSEF1040 AY531972 HQ880689 AY531881
B. bassiana ARSEF1478 AY531981 HQ880695 AY531890
B. bassiana ARSEF1564 HQ880761 HQ880692 HQ880974
B. bassiana ARSEF1811 AY531992 HQ880696 AY531901
B. bassiana ARSEF1848 AY531995 HQ880696 AY531904
B. bassiana ARSEF300 AY532015 HQ880690 AY531924
B. bassiana ARSEF751 AY532045 HQ880694 AY531954
B. bassiana ARSEF7518 HQ880762 HQ880693 HQ880975
B. bassiana BCC1446 MN401671 MN401541 MN401499
B. bassiana BCC1848 MN401670 MN401540 MN401498
B. bassiana BCC21293 MN401654 MN401535 MN401482
B. bassiana BCC23823 MN401662 MN401536 MN401490
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Appendix. GenBank accession numbers for DNA sequences of Beauveria spp. used in the phylogenetic analyses.
(continued)

GenBank number””

Species Isolate ITS Bloc EFl-a

B. bassiana BCC2655 MN401668 MN401538 MN401496
B. bassiana BCC45145 MN401667 MN401537 MN401495
B. bassiana BCC79681 MN401669 MN401539 MN401497
B. bassiana B001 ON417456 ON462318 ON462329
B. bassiana B005 ON417446 ON462308 ON462319
B. bassiana B015 ON417447 ON462309 ON462320
B. bassiana B025 ON417448 ON462310 ON462321
B. bassiana B039 ON417449 ON462311 ON462322
B. bassiana B045 ON417450 ON462312 ON462323
B. bassiana B068 ON417451 ON462313 ON462324
B. bassiana B070 ON417452 ON462314 ON462325
B. bassiana B098 ON417453 ON462315 ON462326
B. bassiana B102 ON417454 ON462316 ON462327
B. brongniartii ARSEF2271 HQ880779 HQ880710 HQ880988
B. caledonica ARSEF1567 AY531986 HQ880747 AY53189%4
B. gryllotalpidicola BCC75788 MN401623 MN401505 MN401449
B. hoplocheli Bt121 KC339687 KM453968 KC339704
B. kipukae ARSEF7032 HQ880803 HQ880734 HQ881005
B. lii RCEF5500 IN689372 IJN689373 IN689371
B. majiangensis GZU12141 MG052642 MGO052639 MG052640
B. medogensis 2898 KU994837 KU994836 KU994833
B. mimosiformis BCC75812 MN401672 MN401542 MN401500
B. pseudobassiana ARSEF1855 HQ880796 HQ880727 HQ880999
B. sungii ARSEF1685 AY531990 HQ880740 AY531899
B. varroae ARSEF2694 HQ880802 HQ880733 HQ881004
B. vermiconia ARSEF2922 AY532012 HQ880753 AY531920
Isaria cicadae ARSEF7260 HQ880826 HQ880757 HQ881017

“ITS: internal transcribed spacer regions 1 and 2, including the 5.8S ribosomal RNA gene; Bloc: B locus intergenic region; EF1-a:
translation elongation factor 1-a.
¥ Isolates in boldface were obtained in this study.
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Natural Occurrence and Selection of Beauveria
bassiana Isolates in Coffee Berry Borers in Taiwan

Po-Hung Chen', Yu-Ping Liang', and Hui-Fang Ni*"

Abstract

Chen, P. H., Y. P. Liang, and H. F. Ni. 2023. Natural occurrence and selection of Beauveria
bassiana isolates in coffee berry borers in Taiwan. J. Taiwan Agric. Res. 72(3):219-236.

Beauveria bassiana (Bb) is an important microbial biocontrol agent for controlling the coffee
berry borer (CBB, Hypothenemus hamper) in many countries; however, no commercial Bb product is
currently available to the coffee industry in Taiwan. Therefore, the aims of this study were to inves-
tigate the natural infection rate of CBB in local coffee orchards, and to screen native Bb isolates as
potential control agents against CBB through isolation, identification, and laboratory tests. The results
showed that the natural prevalence of Bb varied dramatically among different orchards. In an experi-
mental orchard in Gukeng Township, Yunlin County (extensive farming), the maximum infection rate
of female CBB in infested berries was 13.3% (averaged 3.1%). The incidence peaked from March to
June, showing 70.0% of dead CBB females were infected with Bb. However, in the other orchard in
Ren-ai Township, Nantou County (conventional farming), the infection rate was very low, with a max-
imum of only 4.9% (averaged 0.6%). To screen isolates with biocontrol potential, a total of 98 isolates
were collected from the production areas, including Taichung, Nantou, Yunlin, etc. Seven isolates
were selected and identified as Bb by cultural morphology and DNA sequences of internal transcribed
spacer, B locus intergenic region, and translation elongation factor 1-o. The mycelial growth rate,
spore germination rate, and virulence to CBB varied among isolates at different temperatures. Isolates
B005, B025, and B068 were more tolerant to high temperatures, the spore germination rates of which
were 98%, 94%, and 88% at 32°C, respectively, while the germination rates of most other isolates were
30-60%. Most isolates had higher virulence to female CBB at 25°C , resulting in a mortality rate of
100% 8 days post-inoculation (dpi). All isolates failed to cause 100% mortality 8 dpi at 32°C, while
B005, B039, and B068 had better performance, which caused 67%, 72%, and 77% mortality 8 dpi,
respectively. In future research, we will continue screening isolates with biocontrol potential, and for-
mulate Bb products with B068. We hope to develop commercial Bb products that will be suitable for
managing CBB in the Taiwanese coffee cultivation system and help to improve the coffee industry.

Key words: Coffee berry borer, Beauveria bassiana, Biological control.
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Fig. 1.

‘A105° B “A108” fifi 7RE T2 SEFMHIREE R o (A) I OEE  (B) PIFHEEFEERE ¢ (C) FETIRBER R

Differences in germination traits of eggplant seeds of varieties ‘A105” and ‘A108’. (A) Germination percent-

age; (B) mean germination time; (C) water absorption after seed imbibition; and (D) leakage electrical conductivity

after seed imbibition.
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1.0 ym

2. JffiTanfE (A) ‘A105” B (B) ‘A108" HIRLHTE T 2 i iU TR s U B MAHARIR R (15 kV, 40x) B
(C) “A105” 2 (D) ‘A108" SIS 1Ml i 2 ftii sV TRV B AR A (15 kV, 70x) 5 (E) “A105” 8 (F)
‘A108” BIRLH TR T 2 U TR V) B PRSI A (15 KV, 350%) » LR (G) “A105” B (H) “‘A108” )%
R T AR U T B D) AR AR R (15 KV, 350%) -

Fig. 2. The SEM photographs (15 kV, 40x) of seed section for control check (CK) of eggplant varieties (A) ‘A105’
and (B) ‘A108 and their SEM photographs (15 kV, 70x) of seed coat (C for ‘A105” and D for ‘A108”). The SEM
photographs (15 kV, 350x) of longitudinal seed section for control check (CK) of eggplant varieties (E) ‘A105” and (F)
‘A108’ and for those photographs (G for ‘A105” and H for ‘A108°) taken after seed imbibition by scanning electron
microscope (SEM).
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3. hiTnfE A R S IR AH 1 R T R O R B O AH AR (15 KV, 150 ~ 700%) 2 (A ~ B) ‘A105” Ed (E ~ F)
‘A108’ SEM & - A EEEFEE S5 (HVEF) 0.5 kV em™ 600 s Ji FfeE 7-fif i > fr it =088 T BEA SR B MR A (15
kV, 150x ~ 700x) =z (C ~ D) ‘A105° B (G - H) ‘A108> SEM B} « [ EE55HE A R 2 By -

Fig. 3. The SEM photographs (15 kV, 150x ~ 700x) of seed coat for control check (CK) of eggplant varieties (A and
B) ‘A105” and (E and F) ‘A108’ and for those photographs (C and D for ‘A105”; G and H for ‘A108”) treated with
high-voltage electrostatic field (HVEF) at the intensity of 0.5 kV cm™ 600 s by scanning electron microscope (SEM).
The white arrows are the cracks of the seed coat.
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4. FiTE <A105" B <A108" F TAER [/ FEAFEE S (HVEF) 387% (0.5~ 1.0~ 5.0 & 100KV om”) » B
[EJHERE (0 ~ 60 ~ 300 fz 600 s) FREfl N¥ffdE 58 2F oo bh 2 28 - &9 2 A [E PR BHIGf 2 #2582 - DL Fisher’s
T/ NEEEFEHL (least significant difference; LSD) ELES ©

Fig. 4. Effects of different high-voltage electrostatic field (HVEF) intensities (0.5, 1.0, 5.0 and 10.0 kV cm™) and
time of treatments (0, 60, 300, and 600 s) on the germination percentage of eggplant varieties ‘A105” and ‘A108°. The

difference between different treatment times of each intensity is compared with Fisher’s least significant difference
(LSD).
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5. fiiFanfE <A105° B A108” fF{E A [E & BEAF &S (HVEF) 58/ (0.5~ 1.0 ~ 5.0 K& 10.0 kV em™) » KR
[EJEFE] (0 ~ 60 ~ 300 Kz 600 s) BRFH ¥ PH S8 RG] 2 5o 8 » &9 2 A [E R NG [E] 2 7252 - DL Fisher’s
T/ NEHEZ=HL (least significant difference; LSD) ELES ©

Fig. 5. Effects of different high-voltage electrostatic field (HVEF) intensities (0.5, 1.0, 5.0 and 10.0 kV cm’) and
time of treatments (0, 60, 300, and 600 s) on the mean germination time of eggplant varieties ‘A105” and ‘A108. The

difference between different treatment times of each intensity is compared with Fisher’s least significant difference
(LSD).



246 BEESENTE B2 B3

0.4
0.5kV cm™” A105 A108
0.3 ——e— os I
......... Deeeeeees B0s
—— —% ——= 300s
02 ———<———- 600s i
01F w“'wﬁ i
O_OW . . 1
0.4
1.0 kV cm”
0.3t % I
/:
/-
02} 4 i
e “
c 01F /./ i
jel = :
_.é,- I ‘—'l' \ 1 1 1
5 0.0
Re) 0.4
© -1
= 5.0 kV cm
£ o3} I
=

0.2 /{¥ r

o o I

0'0 1 1 1 1 1 1
0.4

10.0 kV cm™”

0.2 r

01} T

o o "

0.0 1 1 1 1 1 1
0 32 64 96 128 0 32 64 96 128

Treated time (h)

6. FiiFabfE <A105° B A108” flF-1EA[H & BEAF &S (HVEF) 588 (0.5~ 1.0 ~ 5.0 &2 10.0 kV em™) » FR
[EJEFE (0 ~ 60 ~ 300 Jz 600 s) FREH N ¥HEFI /KR 7 5% - CK @ HI34H (o) 3 FRRHAH 60 s (A) ~ 300 s (k)
J 600s (\)

Fig. 6. Changes in water absorption with treated time of eggplant varieties ‘“A105” and ‘A108* under different

high-voltage electrostatic field (HVEF) intensities (0.5, 1.0, 5.0 and 10.0 kV cm™) and time of treatments (0, 60, 300,
and 600 s). CK: control check (e); time of HVEF treatments: 60 s (/\), 300 s (¥ ), 600 s (V).
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7. FiTEHHE (A105 81 <A108° FET-EFE i FEAF RS (HVEF) 38/ (0.5~ 1.0~ 5.0 K 100 kV em™) » R
[FIEET (0 ~ 60 ~ 300 % 600 s) L T 365760 T35 AR 2073 B0 - CK @ S04 (o) 3 JEEBAE 60 s (A) ~ 300's (k)
2 600s (V)

Fig. 7. Changes in leakage electrical conductivity (EC) with treated time of eggplant varieties ‘A105’ and ‘A108’
under different high-voltage electrostatic field (HVEF) intensities (0.5, 1.0, 5.0 and 10.0 kV cm™) and time of treat-
ments (0, 60, 300, and 600 s). CK: control check (®); time of HVEF treatments: 60 s (/\ ), 300 s (%), 600 s (V).
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Fig. 8. Changes in soluable protein content with treated time of eggplant varieties ‘AIOS’ and ‘A108’ under differ-
ent high-voltage electrostatic field (HVEF) intensities (0.5, 1.0, 5.0 and 10.0 kV ¢m™) and time of treatments (0, 60,
300, and 600 s). CK: control check (e); time of HVEF treatments: 60 s (/\ ), 300 s (% ), 600 s (V).
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Effects of Different Intensities and Time Treatments
of High-Voltage Electrostatic Field on the Seed

Germination of Varied Varieties of Rootstock Eggplant

Yi-Jing Chen', Chwen-Ming Yang™*, and Kai-Ying Chiu™

Abstract

Chen, Y. J., C. M. Yang, and K. Y. Chiu. 2023. Effects of different intensities and time
treatments of high-voltage electrostatic field on the seed germination of varied varieties of
rootstock eggplant. J. Taiwan Agric. Res. 72(3):237-254.

The purpose of this study was to investigate the differences in germination behavior of rootstock-type
eggplant varieties ‘A105” and ‘A108” at 15°C , including germination percentage, mean germination time, wa-
ter absorption, leakage electrical conductivity and soluble protein content inside the seeds, as well as
changes caused by high-voltage electrostatic field (HVEF) treatments. The results showed that there
were differences between the two eggplant varieties in the above-mentioned traits, and the treatments
with HVEF changed the germination behavior of the seeds. After seeds were treated with HVEF at 0.5
kV cm™ for 600 s, the germination percentage of the ‘A105” variety increased from 94.67% to 100%,
and the mean germination time was significantly shortened from 7.86 d to 6.48 d after being treated
with 10.0 kV ecm™ for 600 s. The water absorption showed a second wave of rapid water absorption
after 72 h of imbibition. The leakage electrical conductivity value was significantly higher than that of
the control check (CK) after treatment at 0.5 kV ecm™ for 60-600 s. The soluble protein content in the
seeds of CK was lower than that of the HVEF treated seeds, indicating that HVEF treatments could
rapidly induce the increase of the soluble protein content to the maximum on the first day. The germi-
nation percentage of variety ‘A108” was greatly increased from 44.67% to 93.33% after being treated
at 1.0 kV cm™ for 60 s. The mean germination time was significantly shortened from 11.92 d to 10.82
d. The water absorption reached saturation 12 h after imbibition, and the second wave of rapid water
absorption occurred until 120 h. Regardless of CK or treated seeds, the leakage electrical conductiv-
ity was the highest at 6-8 h after imbibition, and then began to decrease. With 0.5 kV cm™ and 1.0
kV cm™ treatments, the leakage electrical conductivities were lower than those of CK. Increasing the
strength of HVEF did not significantly increase the conductivity. The soluble protein content in the
seeds of CK was lower than that of the treated seeds from Day 0 to Day 3, and did not increase sig-
nificantly until Day 5. Photographs taken by scanning electron microscope (SEM) revealed the differ-
ences in the thickness and microstructure of the seed coat of the two varieties. The microstructure of
the seed coat of variety ‘A105° was relatively loose with obvious cracks, while the seed coat of ‘A108’
was relatively dense with small cracks. Based on the experimental results, it is tempting to speculate
that the differences in seed coat thickness and tissue microstructure may contribute to the inconsistent
germination traits of the tested eggplant varieties, which indirectly affect the physiological processes
and germination behavior of the seeds. In the case of inferior seed germination performance such as
eggplant variety ‘A108’, using an appropriate HVEF treatment, it could effectively increase germina-
tion percentage, water absorption and leakage electrical conductivity, shorten the mean germination
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time, and promote the early induction of soluble protein content in the seed, and then greatly improves
the germination performance of the seeds.

Key words: Eggplant seed, Germination percentage, Mean germination time, Leakage conductivity,
High-voltage electrostatic field.
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B s H (day; d) > A3 1 MGT = Zfn/N = &
o f BRI SS d HEFE T8 n 0 ffER
ZH% N SR G -
W7k & (water absorption; WA)

M S5 L 20 il 1 > 3 B AR > FEH
JFAEE (WO) 1% DUBHE RIZENMEIIA
RO /KHEETTIRH - &Ei8 A [FI s ] T L 0= B R
T FEREREFE R AYE T EE (Wi) > {15
REAINE T RAERR - SEERREAN
RKEE (g) » WA FERHEZKTEE (Wn)
S beaBpihariE - A3 0 Wn=Wi-W0-

BN E S (electrical conductivity; EC)

HIERR IS 20 ffE T 0 3 B > EHE
i EC » & 20 Firfl B B LB DA 20 mL
Y RO 7K » 1 25CiR7K » &R [EHFRT (0~ 2
4~6-~8-~12~24J 48 h) LI EE = (Horiba
LAQUA DS-71, The Labware House, New Plym-
outh, New Zealand) 35 H{H EC {& (uS cm™) «

oA EEFRE (soluble protein; SP) JEIE

fE+ SP & & 7 M E 2% Bradford (1976)
Z 777 > BUS RLTE -+ DL 2 mL W % 8 4% 810
(sodium phosphate buffer, 50 mM, pH 6.8) #f}
PSS o {E 4C 2L 5,550 xg BELs 20 min o HY
20 pL 7 EIFREARE - MASmLERE
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A (dye sodium) - I E K BB
10 min » FFLLST S EET (T60 spectrophotom-
eter, PG Instruments, Lutterworth, UK) | &
595 nm 7 & 2 WG {E o RAEG 2 B (h
BUNME®E H (bovine serum albumin; BSA)
(Sigma-Aldrich, St Louis, MO, USA) | mg /&
J2 1 mL RO /KAE Bt A RE on » R ElE &
Sy RRA10 ~ 30 ~ 50 K 70 pL > K [6] & 4
AL 0 SRR EEHLALRY 595 nm B E e

Rl A TEEABE R > Bl EM %
FRMGFAEZ R 2 A5 A5 miE ‘A105
Bl ‘A108° 25 - slBRBUB Z st ot - Al
FH 420 Mrdk i Minitab 19.0 Statistical Soft-
ware (Minitab, State College, PA, USA) - 2Zf
A HENR (28 ZEBRIEE A
S5 4% B #E 1T 88 5 47 #7 (analysis of variance;
ANOVA) » ER[EEE SA jR P i 22 B A%
DL /N = (Fisher’s Least Significant
Difference; LSD) fi & /A EL# £ i #E I [ 115
BrZHE HetBEEEIP <0.05 L -
FHE st 4 [E #AG SigmaPlot 14.0 it (Systat
Software, San Jose, CA, USA) Rilff A4t
‘EE -

P S
RNESAMEEZ SHRIELHES GP
B MGT 2 &£

EETHRENEERT > AT RIREL
(EE S oF R > 0 B AR RaR eI (8D
Z) BOSFHEEYE (40 SA S EiHERE ST ) M T
BRI > DR S T GP BB R 4 A
BFFERN > EERFEESEEMEHRAR
F 97 JE I B 0 & A R 7599 BE 1 (Tbrahim 2016
Wojtyla et al. 2016; Zhang et al. 2017) 2
i B R B (i e i - 58 oF LB R T 2 0 > 8
ORI M AR R A EE T IRE
SRR EE NR FERE ) o oI R R K S IR
B4 Ei S Y 2230 (Wojtyla et al. 2016) ©

KWFFEFIH SA B HHERE AT <A105°
Bl A108° Wi fnfd 2 - 0 DA A 1 185 2
TR ERF - RiBRBER > i 7o

rere

]

2% W3

‘A105° fEi+ 7 CK #J GP 57 98.67% » & i#
& SA REIA KR > 0.01 mM RIE R
A]HE— B 0.66% - M EL CK AH #4313
FZH - ‘A108° Z CK Y GP (£ FH 74.67% » 4%
BATERNE SABEARSHAEER  GP It
SEERA > AN FREBEE  MEHAEER
(& 1) -

£ MGT gyt Badi & > “A105° fLfE 2 CK
T £y 8.78 d » &2 F R M v I M MGT >
J:LL0.01 mM EE R A A GMT £ 5.72d -
‘A108 ffE > CKFET-GMT £ 11.99 d > £0.05
mM FEH N MGT 4465 /55 8.97 d (& 1) « HIt
BUR SA 12 R B A 48 M 2 I R AR -
AR RIAF A 2L -

& AR > B EEERERET
BEE b DUREIJTE ~ R R 720 1 i T Ay
FEINERAEHEE - SARBNEY 4 &HE
iR - R — iR B LEY) > TIF a2
Y S EIEE Y IR Z8E T > AT RS
B HR 2 1 B AR TE M S R B R 7%
TER M T e 4% ~ HMRAE R R IE O]
BiEESy) M2 HEHHETTRE g A R ELGR - 17
BAREBE R T ‘A105 & fE T GP
TERR 4 B CK 2 [ S B3 A= 5 5 |f] A108°
e 2 fE TR R FR AR 81 CK 2 R 2 REAE
Al BEUNEESFEH L2 CA108 fE o EHR
SA 2R A HBRELIE - 281 > HR
REEE SA ZRIRAELE - HHPL A108
2 GP (RERREEBEN KT F o SEFKE
FE 2 SA B e 2 RIM & 1S SR (e > AR R
SRHE—HPRES -

‘A105° 2 f& T MGT 7£ 0.01 mM &} &
THRENE - HMGT BEZMEE FF R
WAL 5 ‘A108° ZfEFJRAE 0.05 mM KR
FE N EF &M MGT (& 1) - KBk 23 W hi
Fonfl 2 T R ENERRER SA F
AESEEN MGT » B fE 2 HNE KRR
TAEFATE T K G EEE R EE > (BT
DU 2% 2F T 45 50 MGT » BB KSR H
2% (osmotic potential) T [ fi 2 248 +
KD PEME S B MGT & -
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RSBl ‘A105° B <A108° flEF » {£/KIEH% (salicylic acid; SA) J2EEFEHIEEE 0.01 ~ 0.05 ~ 0.1 &£ 0.5
CK (¥HE&H) ~ /KIFEEERE 0.01 mM (S0.01) ~ 0.05 mM

(80.05) ~ 0.1 mM (S0.1) }2 0.5 mM (S0.5) - ER[EIRRAE SA R EL BN T2 R E T (ANOVA) HREE 25
k> QETMHET SA JRE Ry R NEEZ R (LSD) ARE »

Fig. 1.

Effects of osmotic treatments with different of concentrations of salicylic acid at 0.01, 0.05, 0.1 and 0.5 mM

on seed germination percentage and mean germination time of rootstock eggplant cultivars ‘A105> and ‘A108’. CK,
control check; salicylic acid concentrations, S0.01-0.01 mM, S0.05-0.05 mM, S0.1-0.1 mM, and S0.5-0.5 mM.
When there were significant differences in one-way analysis of variance (ANOVA) of different concentrations of SA solutions, the
least significant difference (LSD) test between SA treatments was then carried out.

Singh (2020) JR#5 Hi LA NaCl 2 54 iz 2 &
W R o AR IR B R ey e B T W] 3 R
TOKHR (&) - HIFERGEHNZIE R RE 1A
TETH MUY E R RLED - 2RI - B2 EEER
—ERRRERF > ARG TBOKRE ST > fEimE
HOKRF RGN - ASBRABIGER - Hall
EEWIE (A1 SA) IERET 2L ER > HE
AHEEATRE > FREARSEET RS KR
T~ PR R R AR TE T2 S B Rl - 1E
BE(LE (H,0,) It b AR AR
EeR R EEY) > EOLUEE R T
] IR R B A A R T A TR A PR R T

BEZRAETE > DB T A A B AR AL SORE - T
TR AE 18+ P & W0 8 Y A3 I 42 = T T B 38
(Zhang et al. 2017) °

RESARECBRARZEBEEEST WA B
BIRECZE2

SHEF SIS GP Y A105° SfERE T i
e TSR > BT ERKERIRET K E
£ 12 h ZF| R > W ESESHEEE CK
ZJHEIERI T2 h REBEEER 2720k 3
SR CK 2 i1 B A 5 R P K 3 52
B RBRHEEE ARSI WA - ‘A108
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rnE 2 fE - WA 152 R 8 CK 2 iR A=
B BAELI2h EF ML AEE 120 h
WA {154 B 8 O s oK ([ 2) -
8 RECH A& R L ‘A105 E+
Z CKAME R KighREFE » BrETHN
HoaERE 2 RE R AMEERR CK > &
SA %2R E > fi 72 EC [HHHZEIYEK -
‘A108 fEi T2 CK 117 7/Ki%:2 0% EC {H4 18
EFA ZohiEiE A T &8 SA B
% SfEEE 2R ECHE SR
CK - f# 0.5 mM & fE & 192 )% EC E R
CK > HE| 24 h 54 &8 (H 2) -
— M B2 R Y 18 75 A R R (R T B 7K oy
Ko RS AT T NED - LA 72

R

2% 53

FEVEHR LB E T2 B RS R KAIZ L
KEE 2 TR A A EI 3 2P R - BEoKER
BT AN B LRI 1E R0 > S0P 00T T8k
o ARKEY T EFSEE > FHEAR K & B4R
FRE - (HFRF @R o se A R A ZE ] (Weitbrecht
et al. 2011) - KKERAT ‘A105° SLfEfE F1E)R
Bk fismae S 2 HHEM > 7 AR K
212 h ZF(aEAE - BHAE 72 h HIEE R
WG KIH S 2 CA108 SiEE T WA £
BHHEMEE CK 2R AAFEEEZE > X1E12h
AT HAIEL > HZE 120 h 56 HIRE o ok
7K < 32 PEHEH > 2RI iR WA Z= 51
i AT RE SR AR A E7 1 2 A 72 2T 2L (Chen
et al. 2023) > ‘A105> 1 1Y Td f7 2 FE BL4H 45

0.16

—e— CK
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—v— 0.05mM
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48
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12+
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60
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2. BEAGITARE CAL0S? B CA108” T fE/KIGEG 2 EIRE 0.01 ~ 0.05 ~ 0.1 52 0.5 mM T - $ffdE 1
K& (WA) BUZREEE (EC) Z 2% - CK: HIRA (o) : /KGREA [EIRE ST 7 0.01 mM (¥¢) ~0.05 mM (VW) »

0.1 mM ([]) 52 0.5mM (@) °

Fig. 2. Effects of osmotic treatments with different of concentrations of salicylic acid at 0.01, 0.05, 0.1 and 0.5 mM
on water absorption (WA) and leakage electrical conductivity (EC) of rootstock eggplant cultivars ‘A105” and ‘A108°.

CK, control check; salicylic acid concentrations, S0.01-0.01

mM, S0.05-0.05 mM, S0.1-0.1 mM, and S0.5-0.5 mM.
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4 E A AR A108 fET @ FHE TS
PRI WK 7 IS 5 2F B 40 T 55 P e ]

TR S AV FE 3530 2 R T i 2
S AR T35 SR B AR AR RIS R AT Y
HE M4 (reactive oxygen species; ROS) 2
fYFEA: (Zhang et al. 2017) - fEHZ M T -
FH S 4 ) e o il 7 A B R TN EE R 0 I K
RNEEFHEBEZREIN 2R %
R EM AN EEE RS 155
FHVTE T B AWK EC { (Chowdhury et al.
2017) = Shan et al. (2021) 5 L% 2 —FE{E
Ry 288 5 E TR 1 R A B AR IR
W AR AE A > R T (o A T 2 A0 4100 AT B 2 /K
ERHIEN R YR BR - RS E T
ZRELE M A6 8 BT o Weitbrecht et al.
(2011) 5 - Fe A 0] HY W /K 2 A B =2 4l
MAEHIRE SR » SRR EET N
IV E RS SR & 2 - Al PR T KE
{E S EUF B 2 B UK - AslBBAE mid
‘A105° fET-#¥ > CK 198K EC HEREE
TS BURETANEAE B IR
&l K5 2 F R > fE 18 EC {8 HIlBH &
HIREAR - fEdnfE ‘A108 fE+ » CKIZ/KIRHY
B ECH%EE L £ 6 hFthta TR &
W SA B HE% > 2RECHEL CKE >
f# 0.5 mM JRE R H Y2 )% EC E K CK »
HEF[24 h & 1857 - LB EIHEM -
‘A108” ffH 1 F] BE H A B JE A T R B AT 2 HY
T 74 4% > [ H2 R EC (E B3 S T SR
‘A105° fEF -

1F SA REZ ZHRRIEHEST SPEE
o7

i infE ‘A105 CK ZHET SP E/R /K 1
H & BIBREE AN » 55 3 HAL SUFE8 Ay Bt
KBHmE 2T SP 2 RS | HIET
o R 2R %E L ESEESE T H - AL08
T2 CKHY SP fE/RE R | d ARt > B
ERBERETH  EBAFRE SA B REHE
& T SPIES | HANRITRERE I > 1R
PRy LA ES 7T H > LHELL0.01 mM IREAEL
S EFHIERE ([ 3) -

BrR#ENVEQE > GETEPRERET

BT 0 E R ARKETEF BT T AR
HERNEERE EMNVERERE L EhE
Sy WY AT B 4 T 88k (Tabe et al. 2002; Shaban
2013) - &Kits SA B EMNE T NEFE
e ik (P) BN - E1E 2RI E
AR o- B BE R E ML S B 2 MFE R
EWTEFERIY: (Farooq et al. 2013) o 75 /N38fE
THY SA B S R R 1.0 mM BT R
MRS SEREN 0.5 mM EE » Bl MRS
WEELG R - EOE - AR - mEE
B i T & SA BB A IARUR & 8 5
# o Farooq et al. (2013) 5t » SA &3 & &%
FrEFHRREEE LR ESL  BiEEER
(BN 7K i B8 5 1 4% SO0 FT I (R IR FHBR Y

AHEE T S CA105° fE T8RS
BTESABHEM % W CK ZSPAELE
7 HHESEHE  SHEM 2 SPERAIE
FEIHBREEA BREREBERAEERET
H o fufl ‘A108” & AN HERE SA 2
FEI% 0 DUEE 0.1 mM B10.5 mM EFEAY SP
EEREV L 2FEIHEIRKNSEE B
& BT - HER R RIS CK Al Jo Pk
EAZEEIH > RBEFEMINEE T H - Bt
oo i ER T SP EEHNAER
& SA B HRHFIE A RKIE » <A105° 2 f#
T2 0.05 mM DL F 2> SAERE R F 7 el
‘A108° ZfE - SP & EHI{E 0.01 mM {K B
SA B T HRERAE I -

fham

ERREME02FCEYE (NKGHEEE)
WA HRE 2SR ERE > Diigs GP B
R NG 4 S5 T AR I I o BB AR B A i
Vi E Y 2 AR R o AR AN
% SA AR B HHRIER T A105° Bl A108
W 2 0 TR E CA105 fEF 2 CK
19 GP E. 15 2 98.67% > R I 4% i3 K 25 SA B
ERREEE  KAEEERSEFE T - M
TE ‘A108° fEF+2 CKHY GPEA 74.67% » &
WA AN E SABERARSHFHEHR  GP
B RIERETT > AN FREEE 2 HmEE =
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¥ —o— 01mMm
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Fig. 3. Effects of osmotic treatments with different of concentrations of salicylic acid at 0.01, 0.05, 0.1 and 0.5 mM
on seed soluble protein content of rootstock eggplant cultivars ‘A105” and ‘A108’. CK, control check; salicylic acid
concentrations, S0.01-0.01 mM, S0.05-0.05 mM, S0.1-0.1 mM, and S0.5-0.5 mM.

foMGTEMMEERNE SANEBHEETN CK ZET2KECEHERKERET & &
HEELEA > A105° 7£0.01 mMUREREET  SA BEHER AIBIEAY[E(K - ‘A108° CK 7£)%
H CKHY8.78 d 4ifi fy 5.72.d > *A108” ££0.05  JKIRAVHE T2 EC {H#& 18 LT - 2 6 h &k
mM i B T iy CK #Y 11.99 d 45 %1 & 8.97 d FAG T % > 4548 SA B 1% 8% EC H%
BornmfEHEEAER - ALY EimE 2%  FESR CK- ‘Al105” CK Zf 1 SP f£/=R K
R ETERKERIREBKE R 12 h & 51 RSN - 53 HEXAES 2 1

FEEAE: - B2 CK ZH/ERT 72 h J:?LP 2R BT AR BT EES T
RAEBEEZR > HENhREFFNPBE  H - ‘Al08° CK Z SPERE®R 1 d 4 FiiaHY
WA B 52 - *A108” JRAEZY 12 h 2 S s A1 - - BEEREESETH  EAFERESABR
ASBHEHEBECK ZHAAEER HEE  REGEES | HAEIREE - BikEe
120 h WA {34 R R PRI OK - “A105° BV EAZESE 7 H - &aslladd R SA RN
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Effects of Different Concentrations of Osmotic

Treatment on the Seed Germination of Varied Varieties

of Rootstock Eggplant at Low Temperature

Yi-Jing Chen', Chwen-Ming Yang™*, and Kai-Ying Chiu™

Abstract

Chen, Y. J., C. M. Yang, and K. Y. Chiu. 2023. Effects of different concentrations of
osmotic treatment on the seed germination of varied varieties of rootstock eggplant at low
temperature. J. Taiwan Agric. Res. 72(3):255-265.

Previous studies have shown that growth regulators or some osmotic chemicals (such as salic-
ylate) can be used in the osmotic treatment of seeds to increase the percentage and uniformity of ger-
mination and shorten the time required for germination, and even induce resistance to antibiotics and
biotic stresses. This experiment was to use different concentrations of salicylic acid (SA) to osmoti-
cally treat the seeds of rootstock eggplant varieties ‘A105” and ‘A108’, at 15°C for future application.
The results showed that the seed germination percentage (GP) of the control check (CK) of variety
‘A105’ reached 98.67%, and the value did not increase significantly after being treated with solutions
of different concentrations of SA. The GP of CK seeds was only 74.67% for variety ‘A108°. After
osmosis treatment with different concentrations of SA, the GPs were greatly increased, but no signif-
icant difference was observed among different concentrations. The mean germination time (MGT) of
the two varieties was significantly shortened after SA treatment, in which ‘A105” was shortened from
8.78 d of CK to 5.72 d under the treatment of 0.01 mM concentration, and the MGT of ‘A108” was
shortened from 11.99 d of CK to 8.97 d under the treatment of 0.05 mM. showing difference between
varieties. With or without the osmosis treatment, the seeds of the variety ‘A105” quickly absorbed wa-
ter after soaking until reaching the saturation point in 12 h. There is no significant difference between
the osmosis treatments and CK in the first 72 h, and a second wave of rapid water absorption occurred
after 72 h. Seeds of the variety ‘A108” also reached the saturation point at 12 h; however, there was
no difference between the osmotic adjustment treatments and CK. No second wave of rapid water ab-
sorption appeared until 120 h. The value of leakage electrical conductivity (EC) of CK seeds of ‘A105’
increased rapidly after soaking in water, but decreased significantly after SA treatment. For CK seeds
of ‘A108’, EC value increased slowly after soaking in water, and then began to decrease after 6 h.
The soluble protein of CK seeds in ‘A105’ increased significantly after water immersion for 1 d, and
increased again at Day 3. In contrast, the protein content of SA-treated seeds slowly increased until
the seventh day. Without SA treatment, the protein content in seeds of ‘A108’ began to increase on the
1*" day after soaking, and did not increase until 7 d after immersion. In summary, osmosis treatment
with SA solutions has a positive effect on the germination of the tested eggplant varieties, including
increasing the GP, shortening the MGT, accelerating water absorption, reducing the value of leakage
EC and increasing soluble protein of seeds. The varietal differences were found in these traits.

Key words: Osmotic treatment, Salicylic acid, Rootstock eggplant, Seed germination, Low tempera-
ture.
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F 1. /NEEFEAETE - @k
Table 1.

B72% B3

~ SRtk KRR RE A ERER B R HOR B B DU FETE AT -
Pathogen isolation rates of plantlets and disease incidence of replanted Oriental cymbidiums which were
infected by Fusarium oxysporum causing pseudobulb rot.

Experiment 1

Experiment 2

Isolation rate (%) Disease incidence
of pathogen from (%) of replanted

Isolation rate (%) Disease incidence
of pathogen from (%) of replanted

Plant source plantlet” plants” plantlet plants
Tissue culture plantlet 0.0¢" 0.0e 0.0d 0.0d
Healthy plantlet 9.3d 16.7d 33d 10.0d
Disease plantlet 100.0 a 100.0 a 100.0 a 100.0 a
The 1* generation shoot from the diseased plant 933a 100.0 a 953 a 100.0 a
The 2™ generation shoot from the diseased plant 54.7b 733b 493D 76.7b
The 3" generation shoot from the diseased plant 313¢ 46.7 ¢ 247 ¢ 433¢

“ Isolation rate (%) = (Number of pseudobulbs or root colonized by Fusarium oxysporum/Total number of plantlets) x 100%.
¥ Disease incidence (%) = (Number of plants which showed symptom of pseudobulb rot/Total number of plants) x 100%.
* Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.

A Es 73.3% $176.7% ; FHRFFEE 2 5 =Rk
M TEAE 1% 0 W B 58 R 4y Bl By 46.7% B
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L AR SR MEE R RPRERHOR B (Fusarium oxysporum) ZJRIFIEHIE - (A ~ B) (EHLHH
{ERERZEHL (C ~ D) BPEERZEE - $E7E F. oxysporum Fo-50 2 (A ~ C) 3 wk B (B ~ D) 5 wk 1% 2 i f#H -

Fig. 1. Pathogenicity tests of Fusarium oxysporum on Oriental cymbidiums. Symptoms of (A, B) young and (C, D)
mature pseudobulbs by inoculation with F. oxysporum Fo-50 on the wounded pseudobulbs (A, C) 3 wk and (B, D) 5
wk after inoculation.

2. GOUE/MEEREERE B RMURS E 2o
Table 2. Effect of wounds on the disease incidences of Oriental cymbidiums pseudobulb rot inoculated with Fusar-
ium oxysporum Fo-50 and Fo-51 isolates for 12 wk.

Disease incidence (%)

C. sinense ‘Bao-shan’ C. ensifolium ‘Yu-hua’
Treatment Fo-50 Fo-51 Fo-50 Fo-51
no-wound 25.0b" 25.0b 12.5b 25.0b
roots-wounded 100.0 a 100.0 a 100.0 a 100.0 a
pseudobulbs-wounded 100.0 a 100.0 a 100.0 a 100.0 a
seedlings-wounded 100.0 a 100.0 a 100.0 a 100.0 a

“ Disease incidence (%) = (Number of plants which showed symptom of pseudobulb rot/Total number of plants) x 100%.
¥ Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.

By Rtk 3 d By 53 PR 5 T RETE A i PRI ’5”* HAREREE R AU 295 % 53 75l By 62.5% ~ 50.0%
TR B 100% M2 AHE R T & 25.0% ; F#fdE Fo-51 53 BEpRAIIE fs”‘f‘f_%ﬁ/”zﬂ
ke 28 d HY53 PREE 15 L F2  Fo-50 %%ﬁffﬁiﬁf ’ F575.0% ~ 37.5% K 12.5% > HEHE K57
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Table 3. Effect of inoculation timing of Fusarium oxysporum Fo-50 and Fo-51 to the pseudobulbs separated from
the mother plants on disease incidence of pseudobulb rot of Oriental cymbidiums 12 wk after inoculation.

Disease incidence (%)

C. sinense ‘Bao-shan’

C. ensifolium “Yu-hua’

Days after pseudobulbs were sepatated Fo-50 Fo-51 Fo-50 Fo-51

0 100.0 100.0 a 100.0 a 100.0 a
3 100.0 a 75.0a 100.0 a 100.0 a
7 50.0b 50.0b 62.5b 75.0b
14 50.0b 25.0 be 50.0b 375¢
28 25.0¢ 125¢ 25.0c¢ 12.5d

“ Disease incidence (%) = (Number of plants which showed symptom of pseudobulb rot/Total number of plants) x 100%.
¥ Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.

SRRE ST 100% 35K - [WE 2 i E B
MR .

R

INEEE RGBS = RINEIES > B
SCOR B S R Hoh — B {EfEY) (Hung et al.
2015) » FE WA 2 HEREHEBUR > H
Fusarium oxysporum 5[ L0/ NfE B B R ER EE )58
M (pseudobulb rot) & i % A Y [ &
B BB 1% 2595 22 50% © Yao et al. (2018) 45
£ 2016 FFHEI R EE H F. oxysporum 5] LY
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Rt 2 BIR LG HOR & Tl - 7 hlE
93.0-95.0% ~ 49.0-54.0% Kz 24.0-31.0% > &
PR E— B AR =R 77 A E
HEREAEWAREAN - HEREKEE R &%
Ay R 100.0% ~ 75.0% K 45.0% » FHE S
kbR e R AR IR S B SR T8
HOm 2R R AR - EYE 4 B B3 s
RURNENE 2R 3 Mt bk 2 o bRin » R S E
FA B EEROFNER I E S - BB
BR4C$EFY)Z 9 (Fusarium diseases) » 11
ZAZFE R (cyclamen wilt) Bl J5% « BREE
EWY) R 4 RIZE 8% (Tompkins & Snyder 1972;
Gullino et al. 2015; Garibaldi & Gullino 2017)
% BHEIEIBET (seeds, seed debris) ZESH
#4#} (propagation material) #7795 3 E % > #
R ERE/ NCE R - R AR
SRR R o AR SR RL
B Fo-50 fil R0k - BN 4B
AERIKEE b &S R 2 R Y R
KN ERARAR - B S RS T A e A
ARERES > (B EEAVEER B B SR
BUR R B E G HOR E AR RERE A ES -
fit e N R RV RER - B g 2R
PR G RUR HIR L -

B il & & EtE/NEER DUETTHY 3 2P 2
HART sHiEgERIHREEEGO
AR HEBmmET L 14 R & - RIRE SR
ORIy R PR e A e £ 2 15 Sk B
P21 R 3K S8 B B8 (Fo-50 ~ Fo-51) 12 wk
%> "EHpiE, 9 TRENER, 2 8RR
B By 100.0% » [ 5 15 1 s B 2 AE PR 3695 R (2
12.5-25.0% » H&# AR BrRiEES
G R AR - B CUE R gk plobk
By o SR [EI I B S PR (5 O B A
BEREEHMEE (Fo-50 ~ Fo-51) B% » 12 wk &
HWE R e 1% 3 d Z PR -
fsme "EILERE, B TREUER, o HE
R AE 75.0-100% 2 f - #E 0 AT AE R A Ky
BRI HREREFREGORMEE TR M
B 5 2 R R R H LR 3 d ARV Sy

PRE RS ERIEE © T Irk 7 d iyt
U5 5 A 389w 2810 > 3 9F 1% 28 d 2 T
e i, 62 TEHEDURE, 2 Al R o
SRR E /N 20% > BURSIFE RS IERR
B R - BRGSO - HAA
e HATE B/ NMUE M E R A RS -
It o ARARNE R A AT (5 T i B 6O = B AT A
e kB - DAMESE PR (5 I i IR 004 > fF
REREHE T RENSE R -
SREARPTFREGERBUR - KEBRERZ
PRES > R/ NMECEERE (ROER LI Mo (R A £ 22k
TR ORI 5 M R A N B e (R AR AR
By tREE TR - o PR PR e e R Ry 22
55 BORZEEES  BHZEFEERNMESD
WREEE - LHDR 3 d Ao RE RS
B IR - RN RFF T bR (5 IR
o TH M B EL A5 06 0505 (OWIEE GG ~ {RERDS
BRAEYIGEE) FMHEEZER  RHEEED
JETRHE > TR S A A P R SR -

5| Rk

Armstrong, G. M. and J. K. Armstrong. 1981. Formae
speciales and races of Fusarium oxysporum causing
wilt diseases. p.391-399. in: Fusarium: Disease,
Biology, and Taxonomy. (Nelson, P. E., T. A. Touss-
soun, and R. J. Cook, eds.) Pennsylvania State Uni-
versity Press. University Park, PA. 457 pp.

Barrera-Necha, L. L., Garduno-Pizana, C., Garcia-Barre-
ra, L. J. 2009. In vitro antifungal activity of essential
oils and their compounds on mycelial growth of Fu-
sarium oxysporum f. sp. gladioli (Massey) Snyder
and Hansen. Plant Pathol. J. 8:17-21. doi:10.3923/
ppj-2009.17.21

Du Puy, D. and P. Cribb. 2007. The Genus Cymbidium.
Kew publishing. Royal botanic gardens, London,
UK. 369 pp.

Garibaldi, A. and M. L. Gullino. 2017. Fusarium wilts of
some ornamental compositae. p.205-211. in: Fusar-
ium Wilts of Greenhouse Vegetable and Ornamental
Crops. (Gullino, M. L., J. Katan, and A. Garibaldi,
eds.) American Phytopathological Society. St. Paul,
MN. 256 pp. doi:10.1094/9780890544822.024

Geiser D. M., M. del Mar Jiménez-Gasco, S. Kang, I.
Makalowska, N. Veeraraghavan, T. J. Ward, N.
Zhang, G. A. Kuldau, and K. O’Donnell. 2004. FU-
SARIUM-ID v.1.0: A DNA sequence database for
identifying Fusarium. Eur. J. Plant Pathol. 110:473—



274 Ei 2= S0

479. doi:10.1023/B:EJPP.0000032386.75915.a0

Gullino M. L., M. L. Daughtrey, A. Garibaldi, and W.
H. Elmer. 2015. Fusarium wilts of ornamental
crops and their management. Crop Prot. 73:50-59.
doi:10.1016/j.cropro.2015.01.003

Hsu, J. H. 2010. The role of pseudobulb in the birth of
orchids. p.154-162. in: 99 Years Special Discussion
Collection. (Tsai, Y. F., ed.) Taichung Dist. Agric.
Res. Ext. Sta. Taichung, Taiwan. 248 pp. (in Chi-
nese)

Huang, C. W., J. H. Huang, Y. C. Li, C. W. Chen, and
T. F. Hsieh. 2020. Pseudobulb rot of Cymbidium
caused by Fusarium oxysporum. J. Taiwan Agric.
Res. 69:65-76. (in Chinese with English abstract)
doi:10.6156/JTAR.202003 69(1).0005

Hung, H. C., F. M. Wei, and C. S. Chang. 2010. Chinese
Orchids Production Operations Manual. Taichung
Dist. Agric. Res. Ext. Sta. Taichung, Taiwan. 135
pp. (in Chinese)

Hung, H. C., M. L. Chen, and Y. F. Tsai. 2015. Chinese
Cymbidium Industry Conference. Taichung Dist.
Agric. Res. Ext. Sta. Taichung, Taiwan. 168 pp. (in
Chinese)

Lin, C. L. 2015. Taiwan cymbidium industry overview.
p.3-20. in: Proceeding of Chinese Cymbidium
Industry Conference. November 17, 2015. Nantou,
Taiwan. Taichung Dist. Agric. Res. Ext. Sta. Taic-
hung, Taiwan. 168 pp. (in Chinese)

Lo, Y. F. 2006. Guidelines for cymbidium cultivation and
management. p.43-55. in: Handbook of Cultivation
and Management of Cymbidium. (Wang, C. L., F.
Z. Li, and J. Y. Wong, eds.) Bureau of Animal and

2% 53

Plant Health Inspection and Quarantine, Council of
Agriculture, Executive Yuan. Taipei, Taiwan. 121
pp. (in Chinese)

Lecomte C., C. Alabouvette, V. Edel-Hermann, F. Rob-
ert, and C. Steinberg. 2016. Biological control of
ornamental plant diseases caused by Fusarium
oxysporum: A review. Biol. Control. 101:17-30.
doi:10.1016/j.biocontrol.2016.06.004

Lee, B. D., W. G. Kim, W. D. Cho, and J. M. Sung. 2002.
Occurrence of dry rot on Cymbidium orchids caused
by Fusarium spp. in Korea. Plant Pathol. J. 18:156—
160. doi:10.5423/PPJ.2002.18.3.156

Leslie, J. F., B. A. Summerell, and S. Bullock. 2006. The
Fusarium Laboratory Manual. lowa State Universi-
ty Press. Ames, IA. 388 pp.

Srivastava, S., C. Kadooka, and J. Y. Uchida. 2018.
Fusarium species as pathogen on orchids. Mi-
crobiol. Res. 207:188-195. doi:10.1016/j.mi-
cres.2017.12.002

Tompkins, C. M. and W. C. Snyder. 1972. Cyclamen
wilt in California and its control. Plant Dis. Rep.
56:493-497.

Tzean, S. S., K. C. Tzeng, C. A. Chang, T. T. Tsai, and H. F.
Yen. 2019. List of Plant Diseases in Taiwan. 5" ed.
Taiwan Phytopathology Society. Taichung, Taiwan.
329 pp. (in Chinese)

Yao, J. A., P. Huang, C. Z. Lan, and Y. D. Yi. 2018. Stem
rot on Cymbidium ensifolium (Orchidaceae) caused
by Fusarium oxysporum in China. Can. J. Plant
Pathol. 40:105-108. doi:10.1080/07060661.2017.14
11976



TBER B i R JRk e 8 275

Study on the Pathway of Infection by Pathogen of
Oriental Cymbidiums Pseudobulb Rot

Chiao-Wen Huang', Jin-Hsing Huangz’*, Yi-Ching Li®, Chun-Wei Chen®, Szu-Lun Lai’, and
Ting-Fang Hsieh®

Abstract

Huang, C. W., J. H. Huang, Y. C. Li, C. W. Chen, S. L. Lai, and T. F. Hsich. 2023. Study
on the pathway of infection by pathogen of Oriental cymbidiums pseudobulb rot. J. Taiwan
Agric. Res. 72(3):267-275.

Pseudobulb rot disease caused by Fusarium oxysporum is a major limiting factor of Oriental
cymbidiums cultivation in Taiwan. In order to shorten the growth period, farmers usually use a shoot
diving method for propagation instead of using tissue culture plantlets. However, the disease incidence
of pseudobulb rot was up to 100% when the 1% generation shoot from the diseased mother plant were
replanted in pots. Furthermore, the replanted plants of the 2™ and 3" generation shoots from the diseased
mother plants showed moderate high disease incidences, suggesting that the disease plantlets or gener-
ation shoots come from the disease plant were the major inoculum source. In the artificial inoculation
tests, both the young and mature Oriental cymbidiums pseudobulbs showed similar disease incidence
after individual inoculation with wound treatment. In another inoculation test, with wound treatment,
including on roots, pseudobulbs, and seedlings, the inoculated plants showed 100% disease incidences,
significantly higher than the no wound treatment (25% or less), indicating that wound was an important
factor to promote the disease development. In the further inoculation tests, both of the most popular
cultivars (C. sinense ‘Bao-shan’ cultivar and C. ensifolium ‘Yu-hua’ cultivar) showed high (75.0-100%),
moderate (50-75%) and low (12.5-25%) disease incidence on the replanted plantlets 3, 7 and 28 days
after pseudobulbs were separated, respectively. The results of this study provides an important reference
for developing the further control measures of pseudobulb rot disease in Taiwan.

Key words: Cymbidium, Pseudobulb rot, Fusarium oxysporum, Disease ecology.
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