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PP ERMY

HE
R~ TARE - 2020 - BIEHHIE YRR/ NG (Hypothenemus hampei) 5YEEZ Isaria javanica
CAES] 7 BIEUR MR - BB R 69(2):132-146 -

KRR B & ook wm MR A< eyl R & (Hypothenemus hampei) Y > 5 # %) & & AW
CAESI » ZHHI WA LGEERRERRE  10-30CHTAK 25CH4 A RERRNE - ALFRME
AR A M Ao AR TR AR E A 14 EHAE - AR ik 49 3.7-5.0-6.4 pm x 1.9-3.0-3.5
um: S AT E A BREMEAY EZRMBEANY 0 K425 2.7-3.8-54 um x 1.2-1.6-2.1 pm ° AMHERE N
%k [= M (internal transcribed spacer; ITS) * translation elongation factor-1a gene (TEF1) & S-tubulin 64 ¥ B2 - 7
VAR RAA AR % (maximum likelihood; ML) i /T #LE M A #tey T AT - B RBTRE A 3 MEAR T EEZ
LB AR A 3G 5F 280 Isaria javanica ¥ ¥ % o B b ARIFH B R FAT » AERIEE? L javanica » VA I
Jjavanica CAES1 Z o 430 F R ok RovE: > Td BZ BT HE L 100% » MR & B2 F b i42 8]
R LEAAER NERTHEYG2T7TdE017Td P TALMA@ELS AT T - KAAREERKAEH Zow
WER N BB L javanica ZHRAE - AR Eome RN E BB 7 0 RAREAFERAE M B G R &L
A

RASREA © UIWER/ N ~ Isaria javanica ~ 57 ~ EYIIGE ©

BE a5 A E B HHED G - BN H R EE
B N EERSEE R LEE - BIE M
BT E M R - RS i b B R B A i
#2715 (Aristizabal ef al. 2012; Aristizabal et
al. 2016) - &8 H Al v KA (ETuinyE R/ N2
MRS EER R v L IR VA 2 KL > (EREE B
B B S R e SR N A s 2 07 AR B

MYES NgE [Hypothenemus hampei (Ferrari)]
(Coleoptera: Curculionidae) £ 4 Bk ujn vk 2 [&
HYEE B w2 — » M AR 7 nhn R SR T
LIz EEFEAECENEHE - 2 bR H
B EEREERAE - ZFMYERP R
HEHBERIFEEAE - HimyeR/ NEE Ak

FEYHEE > FR AR AT
i R YR A2 5L E B B2 T % (Damon 2000;
Vega et al. 2009) o 401482 3= [ 6 Il € 4 B &
BIEL - BT ESEREEREE S E
ETTHIEL (Vega et al. 2002) -
BRI/ EE R AR AT /&L (integrated

pest management) [ 501 HE S/ NEE > HE S

e N 2E L - E MR T
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B R AU (Brun ef al. 1990,
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RISy FL T (B
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LV EM Z EEME -

BT SR/NEE b SO S BT 2 ER AR
HEH » B+ HJEE Beauveria bassiana ~ B IE
Metarhizium anisopliae ~ Nomuraea rileyi
Isaria amoenerosea (= Paecilomyces amoener-
oseus) ~ Isaria farinosa (= Paecilomyces fari-
nosus) ~ Isaria fumosorosea (= Paecilomyces
fumosoroseus) ~ Isaria javanica (= Paecilomyces
Jjavanicus) ~ Purpureocillium lilacinum (= Paeci-
lomyces lilacinus) ~ Lecanicillium lecanii (= Ver-
ticillium lecanii) ¢ Hirsutella eleutheratorum %
(Samson 1974; Vega et al. 1999; Bustillo et
al. 2002; Wraight et al. 2018a; Wraight et al.
2018b) » Horfr - DLE TR R IE R 2 B B Ry
i - HATESNE A #r # H B E N B R R
e P A IR Ve Z B ST ELEH] (De La Ro-
sa-Reyes et al. 1995; De La Rosa et al. 1997;
De La Rosa et al. 2000; Samuels et al. 2002;
Vera et al. 2011; Balakrishnan & Prakash
2014) - BN - (EEERE B AR G & 2
WESR/NEE FIEA D EESI QJER 2 408% (Liang &
Wang 2018) » H i i > H ] B P45 23 AR i
&= T EMYER /NG Z HTT © AHSE E R
Hh 4R 2 iR EE BR AR B AN R e A E R TSR T
ZWMYER /NG > R HE B R — Isaria B2 E
© HINES M ik 608 2 e SR/ NEE b o
B Isaria EEE 2 8% » BURWTFEHA I 50 8%
LR 2 BYRE ST oy T - DARS i EL AR S
BRI MBS LR R R NEE A
HIE o DMERARARA L EE R IiE <

8% .

M A

fRelaRREEEE DB

AGERFR A 2 e RN e R g b E
B PREE H N P AT A (B R R AR
RS E o e/ NEERYE Chu er al. (2017)
Friat 2 N TE& G UETT KRB EE - SR
BEHUSB) i 2 ek s AF RatBaa i - &k
HB PR AR B 0 SR B A D A 8 R ok SR/
MRS o FrERRLURE T B RE LB
& > DUEETE B R I RS 2R RS 8% 2 W & MR S AR

5% & B [potato dextrose agar medium (PDA),
Difco Inc., Detroit, MI, USA] Z ¥Rz
ERNM - @i b AR TFERE T EEE
b HEHEENZE%ZHT PDA » g
k4R 5% Fs CAEST -

BRFEREMRADREEIEEEN
LERRE

Koy HEfk CAEST B9 1A PDA | » fFHE
1% > Ko A 3 BUR 0.1% Triton X-100
(Sigma-Aldrich, St. Louis, MO, USA) 1 » |
FA I BR T s st B0 B 7 TR E % 107 co-
nidia mL" - G EE 6 mm 2 MEEEALH (Ad-
vantec Toyo Ltd., Tokyo, Japan) & i /D K &%
i 28 HS % R 1% %% KL [Sabouraud dextrose agar
medium with yeast extract (SDAY) ; & 40 g L'
dextrose ~ 10 g L™ peptone ~ 10 g L™ yeast ex-
tract ¢ 15 g L™ agar] ~ 28 5F i ) 388 i 5 &
£ [malt extract agar medium (MEA) ; & 20
g L' malt extract ~ 1 g L' peptone ~ 20 g L'
dextrose 7 15 g L' agar] F PDA i » S0
5 uL CAES! 7y 4+ R & b HRRs
BREFF 101520~ 2530 } 35C AR
BHEEEAT > 4dBRNEFRREK - GEH
It 6 EHE -

ERES

i o7 B £k CAES1 5% & 2 PDA L
25C BB Z AR R R 14 4% PRHUE
I 45 B8 2 0.1% Triton X-100 H - E AT
H o DI fH7 [differential interference
contrast (DIC), Nikon, Tokyo, Japan] % il $%
#2Z > I A NIS-ElementsBR 3.0 #(#% (Nikon,
Tokyo, Japan) # %1% DL Image] #1 #5 J & 50
{8 DA b 2 A B oy AR - KD
DFEVBEE

LA 7 NaOH ZEHU (Al CAES] .2 DNA
(Wang et al. 1993) » {5 % £ B 5840 E (poly-
merase chain reaction; PCR) ~ [z » 3 Il FH 5
F-¥F ITS4/ITSS B4 A% 1 AG A B 8% (& [ (internal
transcribed spacer; ITS) (600 bp) ~ 983F/2218R %
IiE translation elongation factor-l1a gene (TEFI)
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(1,000 bp) » LUK T1/T2 ~ Btla/Btlb ~ Bt2a/T222
1 T12/T22 B4 i p-tubulin 5 A F By (Glass &
Donaldson 1995; O’Donnell & Cigelnik 1997;
Rehner & Buckley 2005) (3% 1) - PCR [ JE& { A
Fast-Run™ Taq Master kit (7 H 45 4= ¥ RHE B
mARAE & alLm)  RNNYEHE Sx
Taq Master Mix 5 pL ~ 5] F (10 pmole pL™)
% 0.5 uL ~ ddH,0 18 pL % DNA f5fi 1 uL »
Ha 3L 25 uL - 3% §E ITS 7 5] Z PCR {5& 4 HIf
E94°C 1 min> 1 {H7E¥ 5 94°C 1 min~ 55TC
1 min ~ 72°C 2 min > 35 {@{&§¥% ;> 72°C 5 min >
1 {8 & ¥8 - TEF1 K B-tubulin Q1] % % I8 & =
(touchdown) PCR J7{(I§1E - SZFERR{: s 94TC
2min> 1 {# G5 5 94°C 30 s~ 66°C 30 s (&
— {lE 75 BR M K 1°C) ~ 72°C 60 s 0 9 {E F IR
94C 30 s~56C30s~72C 60 s> 33 {E{EH
72°C 10 min » 1 {E{EEE (Shimazu & Takatsuka
2010; Gallou et al. 2016) - PCR & ¥ Z 5t 7
BEYRR AT (BBGILT) BT EF
TAE > B e 2 7 B 25 B B R YR
& & o0y (National Center for Biotechnology
Information; NCBI) %k [R e H i 6 8% 2 J 51| #E
FEL -

IR RIS < EE
FH 7% LA NCBI & e BB 8 2 &5 SR B

Eeo# 2

CAES1 7 ITS 5 Isaria fH LS & S
BEAR W FT IR 4 Bl (18 2 275 Gallou et al.
(2016) #EAT Isaria T BT 6 2 HEH
ITS ~ TEF1 J f-tubulin F¢ 51 (K $%) - & H K
¥ %1 BL Clustal X2 (Larkin er al. 2007) ¥t {7
Fr 5 EL ¥ o FF 48 i Genedoc 2.7 1 PR LE ¥ 12
Fe B 22 b (gap) » 2 1% L jModelTest 2.1.10
(Darriba et al. 2012) JHIGA ¥ A 852 (£ 2 B85 23
G R REHE A  36 DU K PUZAE (maximum
likelihood; ML) #E1TH &% Bl (fef 2 AV EE 22 -

Hrf > ITS K B-tubulin L) General Time Revers-
ible model £ Gamma Distributed with Invariant
Sites » TEF1 HIJLL Tamura 3-parameter model &
fic Gamma Distributed » i fl] F§ Mega X (Kumar
et al. 2018) #FT 1,000 ZX 1Y bootstrap DL &
TG RA A5t -

I. javanica CAES1 IRMBFR/NERER
JLEEES

LI javanica CAES1 43 4= 7 1 J&l % ujn 1k
RGN ITEEBEE Vega et al. (2008) 2 &:tEs
772 0 # 1. javanica CAES]1 B2 X PDA I >
FFHEMER (8914 d) K H 3 £ 85 HOR
0.1% Triton X-100 & » 3 Fl| FH M EkET #7252
BT TR S 10° conidia mL o jE E
£ 6 mm ZHEEALR A 2 mL fEEHEOE

# 1. A& polymerase chain reaction (PCR) K g P 2 5 [ T3 R HAZERY A »

Table 1. Primer sets and corresponding amplification targets.

Target gene” Primer Primer DNA sequence Size (bp) Reference

ITS ITS4 5’-TCCTCCGCTTATTGATATGC-3’ 613 Rehner & Buckley (2005)
ITS5 5’-GGAAGTAAAAGTCGTAACAAGG-3’

TEF1 983F 5’-GCYCCYGGHCAYCGTGAYTTYAT-3" 1,034 Rehner & Buckley (2005)
2218R 5’-ATGACACCRACRGCRACRGTYTG-3’

B-tubulin Tl 5" AACATGCGTGAGATTGTAAGT-3’ 647  O’Donnell & Cigelnik (1997)
T2 5-TAGTGACCCTTGGCCCAGTTG-3’
Btla 5-TTCCCCCGTCTCCACTTCTTCATG-3” 530 Glass & Donaldson (1995)
Btlb 5’-GACGAGATCGTTCATGTTGAACTC-3’
Bt2a 5-GGTAACCAAATCGGTGCTGCTTTC-3 762 Glass & Donaldson (1995)
T222 5-GACCGGGGAAACGGAGACAGG-3’ O’Donnell & Cigelnik (1997)
TI12 5-AACAACTGGGCCAAGGGTCAC-3’ 807 O’Donnell & Cigelnik (1997)
T22 5-TCTGGATGTTGTTGGGAATCC-3’

“ITS: internal transcribed spacer; TEF1: translation elongation factor-1o gene.
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) 1 TN O s SE (O s DR L A+l i
B IR DL B /K (& 0.1% Triton X-100) HY
RALTFIE - A A T Z minR SR/ B M i e B
ERABELET  HENR 2 CTEBZERMA
o B HIHHEET R - KBz sBH
FOHHRAH & BRI 40 & - 5540 BEREER
By 78 FRLRR ] > DA_EICRH [5) 07 =CRE 2 40 Sz ik
FoNEE o Hp o SEHNAIEELSE I javanica
CAEST ke R/ Nek & 2 B & A4 & R E i
HAE - Hek 35 SRR ECskER/NESET
% I. javanica CAES1 > &3 B8 2% 1 & £ R %%
AT AR 25 - ERA RN TR MR
(S8APO steromicrscope, Lecia, Wetzlar, Ger-
many) #{2< > #£ i EOS 700D (Canon, Tokyo,
Japan) B {iz fHH#% K EOSsight B 52 (5 M & 4
HA#E (KLO. Co. Ltd, Taipei, Taiwan) » 1% 1.
javanica CAEST R Uil W5 /NG AL T 1% 2 B 4
AR NEAIBRE -

ER
BRNERBSERE

CAES1 jA SDAY - MEA J PDA = & k%
BEALZEEERAG  Hf MEA FE%
g E K > PDA ERIR RS - SDAY LE%
BGNE ERORMR - HHEEGEG 0 PDA & MEA
FRIEEBG RELR > SHAES (E1) -
3R EAT HAE REE SDAY Ltk
fiAE 6 HHENARE § - CAEST A 10-30CH5
AR R 25CERERRKT - SDAY - MEA
J PDA B23%& 14 d & 2 B % HI8 7 Al By 57.1
mm + 2.6 mm > 46.2 mm + 1.2 mm ;% 47.6 mm
+ 1.0 mm - [fifE 35°C NHI 3 flkrait gk
B E ] BB (1B 2) -

DR shfe il CAES] 553& » PDA 2
mEEEEL H2aE& s ZH-F
P& > 49 1.9-3.3 um ° 534 1 1 & 4 2.0-3.0
pm > 3P R BRI AR 1-3 {[E 3 F% o iR

1. Isaria javanica CAES] Ji* (A ~ D) YVIR A& MEHIRERE A AL © (B ~ B) 2Pt Aa sk f (C»
F) B8 B AR s A g 14 d 25°C) (R Z %N (A-C > 1R < D-F > &) °

Fig. 1. Colony morphology of I. javanica CAESI after 14 d at 25°C. Colonies on (A, D) Sabouraud dextrose agar
medium with yeast extract; (B, E) malt extract agar; or (C, F) potato dextrose agar (A—C, top view; D-F, reverse

view).
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2. Isaria javanica CAES1 fER[EEE > SDAY ~ MEA [ PDA B5& 14 d B2 F % HIK -

Fig. 2. Growth of I. javanica CAES]1 at 14 d after culture on Sabouraud dextrose agar medium with yeast extract
(SDAY), malt extract agar medium (MEA) and potato dextrose agar medium (PDA) at various temperatures.

U A 14 (B - SOREE BB A
TFREAR G MRS 3.7-5.0-6.4 pm >
&71.9-3.0-3.5 um » ELEHEET - THIRHRLH (&
3A) - YT RE AT ERERZE
MEETE - B~ EH - SPEENIE » KNG Ky
2.7-3.8-5.4 ym x 1.2-1.6-2.1 pm ([& 3B) -

RGRARECER

KFEAIH ITS ~ TEFL & B-tubulin DL
KRR EETR G G 2 5 SGRER
CAES1 Jf* 3 ek K] iy 7 8 1 35 4% oA (4 B '
BREANN 1. javanica K572 (clade) [N ([E 4-6) >
bootstrap {E 77 7l F5 99 ~ 98 k2 99 » H & B ufl
WS N 1. javanica CBS134.22 HkkER:
B’Q\ﬁ_‘{ﬁi ’ gﬁfl:\‘ CAESI1 KEJ%B/;\ 1. javani-
ca N EEBITHERE -

I. javanica CAES1 IRINBER/NERIER
EE

PL 1. javanica CAES1 gz BR uji gk 5 /N8 -
G REURINYESR /NGNS 3 KRBT T
EHTRZEREFIETERE 100.0% > B A Al
SR o B HER/NESE TR 1. javanica
CAES1 Wy fil a2 ([ 7) - B kR /N aE
SET-0.83 d + 0.15 d 7% CAES1 Bl o] i g5 e =
£ 4/ NE 4 (B 7B-7C) » I HE % F P
AR E SR > FER R4 1.94 d +
0.14 d Bi A 4% HBEE 5] oy A+ 4 ([
7D-TE) - BE M T » kR /NEEZ L E
LB T B b 1 17 o A 2% [ 2 4 7 2B A0 AU IR
AE277d+0.17d -

& 3.
Fig. 3.

Isaria javanica CAES1 7 (A) EfERESE K (B) 53T (LB = 10 um) °
(A) Conidiogenous structures and (B) conidia of /. javanica CAESI (bar = 10 um).
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Isaria farinosa CBS 240.32
100- /Isaria farinosa CBS 262.58
Isaria javanica BCC 28596
W Isaria javanica CBS 174.25
Isaria javanica CBS 134.22
99|| Isaria javanica BCC 28597
Isaria javanica BCC 26304
Isaria javanica CAES1 €—
99 Isaria cateniobliqua ARSEF 6283
Isaria amoenerosea CBS 107.73
Evlachovaea kintrischica ARSEF 8058
100| Paecilomyces cateniobliquus CBS 153.83
Isaria amoenerosea ARSEF 744
Evilachovaea kintrischica ARSEF 7218

Isaria farinosa CBS 541.81
Hirsutella sp. OSC 128575

....._‘ | Paecilomy marquandii CBS 182.27
100 \—j Metarhizium flavovirida BCC 7672
75 Metarhizium robertsii ARSEF 727

e

0.10

4. [ERZEERANE &R ATS) Y L RLAE 2T Isaria javanica CAES1 HYRH & Bl (% - HikE 2
FFFR RS 1,000 KB 2 bootstrap {H  LLFI RAFRIL EF I 7Y EHIERE « Hirsutella sp. OSC 28575 »
Paecilomyces marquandii CBS 182.27 ~ Metarhizium flavoviruda BCC 7672 ;. Metarhizium robertsii ARSEF 727
ZFPBIERIE R o et

Fig. 4. The phylogenetic analysis of Isaria javanica CAES] using internal transcribed spacer (ITS) sequence by
maximum likelihood method. The numbers at nodes indicate consensus bootstrap values based on 1,000 replications.
Scale bar = 0.10 substitution per nucleotide position. Sequences from Hirsutella sp. OSC 28575, Paecilomyces mar-
quandii CBS 182.27, Metarhizium flavoviruda BCC 7672 and Metarhizium robertsii ARSEF 727 were used as out-
groups.

=4zA
CRL L zu & Takatsuka (2010) ~ Kang ef al. (2018)
B E B AN E 2 1L javanica 7y BERR 2 K Mongkolsamrit et al. (2018) #ifi#it 7 i 1H
RUREH A0 > HRAE A/ Z f iR L RIS 2B AH A W E > EE S P A 814 um~ 5.2-11.1
Samson (1974) ~ Tzean et al. (1997) ~ Shima- pm ~4.6-13.5 um ~ 7.98 um + 2.81 um & 6-10
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55 Paecilomyces cateniobliquus CBS 153.83
| Isaria amoenerosea CBS 107.73
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lla sp. OSC 128575

—

— Metarhizium robertsii ARSEF 727
Y] — Paecilomyces marquandii CBS 182.27

0.020

5. {3 TEF1 DL RLERE ST W7 Isaria javanica CAES H¥R 4% R (4 - 185 BUF 2R 9087 1,000 X E
2 bootstrap {H o Lb I R AT 75 B R L3 o Paecilomyces marquandii CBS 182.27 ~ Metarhizium
Sfavoviruda BCC 7672 . Metarhizium robertsii ARSEF 727 7 Fp5I[{t F{F B9 NEE -

Fig. 5. The phylogenetic analysis of Isaria javanica CAES] using translation elongation factor-1o gene (TEF1) by
maximum likelihood method. The numbers at nodes indicate consensus bootstrap values based on 1,000 replications.

Scale bar = 0.05 substitution per nucleotide position. Sequences from Paecilomyces marquandii CBS 182.27, Metar-
hizium flavovirida BCC 7672 and Metarhizium flavovirida ARSEF 727 were used as outgroups.

um > 7 Cabanillas ef al. (2013) } Gallou et
al. (2016) ## it = JAH = & A8 56 & 57 B
PRF 1 2 & 8 9 Bl By 4.72-5.64 pm J¢
4.81-5.73 um > BUAWSE 2 1. javanica CAES]
T BERRER AR AT o SURREC 8% 2 o0 A f - R/ INBZ I
[ 7R A 2 2 > f§l 41 Samson (1974) ~ Tzean
et al. (1997) ~ Shimazu & Takatsuka (2010)

il TR A AR 5.0-7.4 pm x 1.4-1.7
pm ~ 3.2-5.6 pm x 1.6-2.8um ~ 3.0-6.3 pum x
1.4-3.2 pm - JERAN G 47§52 2 M6 EE - At
72 i CAES] 43 4 7l 7 £ 2 5 2.7-3.8-5.4 um
x 1.2-1.6-2.1 pm » BIZESCRAETT & » TR
AR BT B - A ESURRRAT 1. javanica
T R oy A i 2 R/ R FAHE] - HRER ]
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Isaria coleopterora CBS 102.73
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Isaria amoe
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Isaria javanica CBS 134.22
Isaria javanica CAES1 €—
__ Isaria javanica CBS 174.25
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61
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nerosea CBS 107.73

Isaria amoenerosea CBS 729.73
L Paecilomyces cateniobliquus CBS 153.83

Paecilomyces marq

139

dii CBS 182.27

|

Metarhizium flavovirida BCC 7672

0.050

& 6.

1001

Metarhizium flavovirida BCC 11959

S p-tubulin FER DU KANSRIE AT Isaria javanica CAES1 W% RE 4 - BB B For 4T 1,000

KEEW ~ bootstrap H o LLB RACFALEIE FF I EHRLEE o Paecilomyces marquandii CBS 182.27 ~ Metarhizium
Sflavoviruda BCC7672 F; Metarhizium robertsii ARSEF727 2 Fp4I| (i FE B4 o

Fig. 6. The phylogenetic analysis of Isaria javanica CAES] using f-tubulin by maximum likelihood method. The
numbers at nodes indicate consensus bootstrap values based on 1,000 replications. Scale bar = 0.05 substitution per
nucleotide position. Sequences from Paecilomyces marquandii CBS 182.27, Metarhizium flavovirida BCC 7672 and
Metarhizium flavovirida ARSEF 727 were used as outgroups.

REAKEHERESR

{5140 Kang et al. (2018) ##

javanica ¥EFEA/N PDA F 9.0 pm x 2.0-2.5

o 2 {8 A [E 2 1. javanica 53 BEPR > Hoy 41
T RS RI B 492 pm £ 1.76 pm 1 7.16 pm
+ 141 pm> HEPLEA#BZEER - [H4h > R
[E] 5 B R IR AT RE Ry i O e S R 7 IR
» 5141 Mongkolsamrit et al. (2018) f#ilt 7 1.

um > MEA FHAIE 5-8 uym x 2-3 um > 774 {1
FAUINF PDA F 5 4.0 um x 2.0-2.5 um » MEA
R 5.0-6.5 um x 2.5 pm © 40 0 1 javan-
ica 7 H MR Cordyceps javanica > & i

e ek
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Fig. 7. Outgrowth and sporulation of Isaria javanica CAESI1 on coffee berry borers. (A-D) are cadavers on 0, 1, 2,
and 3 d after the coffee berry borer was found dead, and (E) is conidiogenous structures and conidia on the cadaver.

B8 FEABEE - AL/ (stroma) > |
H T 575 (perithecium) (Mongkolsamrit et al.
2018) » {H AT o e A 58 B IbE B 2 0 SR /N
Hinds DEAFEEA -

Isaria |& 2 W REF B Ry i A2 AR » HEAE
BB R - THNmZEPAE %S - R — R - 734
oo o B - EIHEE I ERP BRI
o PR H A A AT S B A
R 28 25 23 J8 1+ 7> Z2 8L (Mongkolsamrit et al.
2018) o HHHA H DASE TE Isaria W RIRERF R
A5 CLHEMME AT - BieEsHE
SRS HERE (Luangsa-Ard et al. 2005) » {7 DNA
Fr3 B H RIS E Isaria spp. FVEEEARYE - H M

2 FE R JE (locus) £ #5 ITS ~ nuc 28S rDNA -
TEFI ~ B-tubulin 55K Fz RNA polymerase II sub-
unit (RPBI K RPB2) % (Shimazu & Takatsuka
2010; Gallou et al. 2016; Mongkolsamrit et al.
2018) o AHFZL(HE [ ITS ~ TEF1 . f-tubulin R
AT G R BIAY E A 1E ITS B p-rubulin
AN FTESR AR G RE ke - S BUR AN ZERT
Sy EEFIHY 1. javanica CAES1 #E EF A . javan-
ica 732 ([ 4 ~ [ 6) - Hrf > TEF1 fTEE
AV G R > 878 1. javanica CAES]
Ty ARBEERIE RS L javanica » BAS ZHER
— ¥ Isaria fumorsorosea CBS 337.52 ([&] 5) -
& 81 Kepler ef al. (2017) F F /I 5 fir 12 1 8
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(small subunit; SSU) DNA ~ KB A7 /% [EHEE (large
subunit; LSU) DNA ~ TEF ~ RBP1 Z RBP 2 fi
TEELH G R G > K 1. fumorsorosea CBS
337.52 f1E At I. fumorsorosea & Ik i > K [E]
G321 javanica CBS 134.22 57 & A [E
— @ I EFRME - B L fumorsorosea
CBS 337.52 H &[4y P 5 AT BE B 1. javanica ¥
FHEL -

I javanica ¥ %5 GBS £ o EET
EIESEE H (Lepidoptera) 7 &5 & ZEFR Ik (Ly-
mantria dispar) ~ F{CIRH (Spodoptera littora-
lis) » 3 H (Hemiptera) 7 FAE &% (Bemisia
tabaci) ~ R TE W) T (Bemisia argentifolii) ~ B
E 1y & (Trialeurodes vaporariorum) ~ fH &5 7R
#% (Diaphorina citri) » DL RIS 4R 2 Gk B0
% (Scorsetti et al. 2007; Shimazu & Takatsuka
2010; Chen 2016; Gallou et al. 2016; Mongkol-
samrit et al. 2018) - &/& L WA IR EEN &
TEER) 1. javanica 2 % $% (Chen 2016) > H H
HIBENS 1. javanica Z W55 By FE R &G
W - AR EER 8 kR /N by
HER(BEE - DA A Ao B B sk R /N B

AR ELER o AT SRS R A A AR KB S A A
T (8 7) - BURELE R N B2
HATFE R B B aumyeR e - =75 i
RELFENR - ARG HEERERRZR
17> A ERERZ T AR A EE—F
W5 o AL > R HE #2554 1 javan-
ica CAES1 AR [EIf TR R ER SR 14 T S i
WESRNEZ DA - TR HREAETAR
PR TR BOR S o DR R RS —38
BREZIRTTE -

AW FE IR PR S NME R B RER N ERAY
A M a A HE BN 158 > a E R/ NI
REMGH GBI ER - FEBLER
BOMETT oy 3 A SR/ INE R B2 R 5T
LB S RERGER > B e BB RS
BRRE R AR ERE G EZIHEEER
150 B RR 45 R (e o3 A > IR Rl o I R A R
HRE NERE AR R EE TR/ NG
PR RGRE -
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Appendix Reference isolate sequences obtained from GenBank for phylogenetic analyses.

2

GenBank accession number”

Species and isolate number ITS TEF1 [-tubulin
Isaria japonica BCC 2821 EU828662 - AY 624242
Isaria japonica BCC 2808 AY 624199 - AY 624241
Cordyceps cf. Takaomontana BCC 1409 AY 624198 - AY 624240
Isaria tenuipes ARSEF 5135 AY 624196 JF416020 AY 624234
Isaria tenuipes CBS 994.73 AY 624187

Isaria tenuipes CBS 997.73 AY 624195 HM161731 AY 624233
Isaria tenuipes OSC 111007 - DQ522349 -
Isaria coleopterora CBS 102.73 AY 624176 - AY 624215
Isaria coleopterora CBS 110.73 AY 624177 JQ425689 AY 624216
Isaria ghanensis CBS 105.73 AY 624185 - AY 624223
Cordyceps cicadae BCMU CS03 ABO085888 - -
Paecilomyces cicadae BCC 2574 AY 624175 - -
Isaria cicadae MRCIF4 EUS573331 - EU604136
Isaria cicadae MRCIF45 EU573332 - EU604138
Isaria cicadae MRCIF8 EUS573333 - EU604137
Isaria cicadae ARSEF 7260 HQ880826 HQ881017 -
Isaria cateniannulata ARSEF 6242 GU734760 GU734759 -
Isaria cateniannulata IP 67 - GU734753 -
Isaria cateniannulata ARSEF 6240 GU734761 GU734758 -
Paecilomyces cateniannulata CBS 152.83 AY 624172 JQ425687 AY624211
Isaria fumosorosea ARSEF 322 - - EF585301
Isaria fumosorosea CBS 375.70 AY 624183 HM161736 AY 624221
Isaria fumosorosea CBS 244.31 AY 624182 JQ425690 AY 624220
Isaria fumosorosea CBS 107.10 AY 624184 HM161735 AY 624222
Isaria fumosorosea CBS 337.52 EF411219 MF416500 EF411239
Isaria fumosorosea BCC 20180 JQ425655 JQ425669 -
Isaria javanica BCC 19523 - JQ425670 -
Isaria javanica BCC 28596 JQ425661 JQ425679 -
Isaria javanica BCC 28597 JQ425662 JQ425680 -
Isaria javanica BCC 26304 JQ425660 JQ425677 -
Isaria javanica CBS 134.22 DQ403723 JQ425683 EF585304
Isaria javanica CBS 174.25 MH854836 EF585302
Isaria javanica ARSEF 5321 FI899919
Isaria javanica ARSEF 3577 FJ899914
Isaria javanica ARSEF 3776 FJ899916
Isaria javanica ARSEF 5259 - - FJ899918
Isaria javanica ARSEF 3778 - - FJ899917
Isaria javanica ARSEF 5806 - - EF585306
Isaria javanica ARSEF 3593 - - FJ899915
Isaria javanica ARSEF 3573 - - FJ899913
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GenBank accession number”

Species and isolate number ITS TEF1 [-tubulin
Isaria javanica CAES] (This study) MN094459 MN215883 MN215882
Isaria cateniobligua ARSEF 6283 GU734763 GU734749 -
Paecilomyces cateniobliquus CBS 153.83 AY624173 JQ425688 AY624212
Isaria amoenerosea CBS 107.73 AY 624168 MF416494 AY 624207
Isaria amoenerosea CBS 729.73 HM161732 AY 624208
Isaria amoenerosea ARSEF 744 EU553281 - -
Isaria farinosa CBS 111113 AY 624181 MF416499 AY 624219
Isaria farinosa CBS 541.81 AY 624180 JQ425686 AY 624218
Isaria farinosa CBS 240.32 AY 624178 JQ425684 -
Isaria farinosa CBS 262.58 AY 624179 JQ425685 AY 624217
Evlachovaea kintrischica ARSEF 8058 GU734764 GU734750 -
Evlachovaea kintrischica ARSEF 7218 EU553278 GU734751 -
Evlachovaea sp. ARSEF 1576 - GU734746 -
Hirsutella sp. OSC 128575 IN049845 EF469064 -
Paecilomyces marquandii CBS 182.27 AY624193 EF468793 AY 624229
Metarhizium flavoviride BCC 7672 AY 624203 - AY 624248
Metarhizium flavoviride BCC 11959 - - AY 624249
Metarhizium robertsii ARSEF 727 HQ331453 DQ463994 -

“ITS: internal transcribed spacer; TEF1: translation elongation factor-1a gene. Boldface type indicates ex-type specimens.
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Identification and Pathogenicity of Isaria javanica
CAESI1 Isolated from the Coffee Berry Borer
(Hypothenemus hampei) in Taiwan

Yu-Ping Liang' and Tai-Chuan Wang"”"

Abstract

Liang, Y. P. and T. C. Wang. 2020. Identification and pathogenicity of Isaria javanica
CAES] isolated from the coffee berry borer (Hypothenemus hampei) in Taiwan. J. Taiwan
Agric. Res. 69(2):132-146.

An isolate of entomopathogenic fungi, CAES1, was isolated from a naturally infected coffee
berry borer (Hypothenemus hampei; CBB) in a coffee field in Taiwan. Colonies of CAES1 were white
to pale-yellow or grey. Mycelia could grow in range of 10°C to 30°C, with the optimal temperature
at 25°C, ranging from 10°C to 30°C. The conidiophores formed branches with phialides in whorls of
1 to 4, with phialides 3.7-5.0-6.4 um x 1.9-3.0-3.5 um, and conidia forming in chain, 2.7-3.8-5.4
pm x 1.2-1.6-2.1 um. CAESI was identified as Isaria javanica based on morphology and phyloge-
netic analysis of the sequences of ribosomal internal transcribed spacer (ITS), translation elongation
factor-1a (TEF1) and f-tubulin. The cumulative mortality rate of CBB was 100% on the 7th day after
treated with conidia of /. javanica CAES]1. I. javanica CAES]1 sporulated on the surface of CBB 2.77
d £+ 0.17 d after CBB died. This is the first record of /. javanica from CBB in Taiwan. It is suggested
that 1. javanica CAES] is pathogenetic to the CBB and could be a potential biocontrol agent against
CBB in the future.

Key words: Coffee berry borer (Hypothenemus hampei), Isaria javanica, Taiwan, Biological control.
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