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Comparison of scanning electron microscopic structures and nucleotide
sequences variation of ITS1, 5.8S ribosomal RNA gene and ITS2 region
in three Peruvian entomopathogenic fungal isolates
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ABSTRACT

In this study, nucleotide sequence structures of intergenic transcribed spacer (ITS) 1, complete 5.8S ribosomal RNA
gene and ITS 2 region were analyzed to identify three Peruvian entomopathogenic fungal isolates. The isolates had
highly conserved sequence region in 5.8S rRNA gene and unique sequences in ITS 1 and 2 region among them. 5.8S
rRNA gene regions were highly conserved and showed high homoloies among tested isolates. In contrast, ITS region
showed species-specific sequence region, resulting in inter-genus differencies. Scanning electron microscopic images of
these isolates supported the result of ITS-based identification. From these result, Peruvian entomopathogenic fungal iso-
late J270, J278, were identified as Beauveria bassiana and J271 was identified as Lecanicillium attenuatum.
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18S, 5.8S, 28S ribosomal RNA gened] Ale]el| Z=xz) 3}
% intergenic transcribed spacer (ITS) 13} 22] 97144 A
B v 2 F2 ek ez Qs AdRe A4S
TAHEH o7 padted qle] AT o] 8Ee] Sttt
(Lee et al. 1995, Meyer et al. 2010). Genome Atol] HHE-
Ao 2 ZEA)3}= multicopy region®] =2 PCRE o] &3
73 wi-¢ 22 ¢k genomic DNAZE FFo] o]t
AHE 7HA AL olet. o3t A vl 2011 =] ITS
Hoj= Fsgo]Fol o3 DNA barcode marker®2 A4 = ¢l
t} (Fungal Barcoding Consortium, www.fungalbarcoding.org).
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AR A2 2 L2 2 B3}l B bassiana= 7AA|
Aoz 71 Es HAEHE SFHAA AdFoldt
(Lee et al. 2010a). B. bassiana= 18381 Bassiol] 2]l =
STHYEA A F 22 WA (Lee et al. 2010b),
R 5 230 15, W), Al 718 4 A
A} B2l beauvericing 5H|3le] £F-2 FAA]ZI5F (Min
and Han 2002). == o2 3 AA AFd72 3 £
Lecanicillium attenuatum= =W o)A H3} 215 A A
ZAE] HLof g A7Vt $YHAUL™ (Kim and Kim
2007) oA B-golE L& vAl #AH Bt &
3k (Kwon et al. 2007). +FHUAA AFHE o83
3|5-2] kA= sst AbgAlel] vlsl whAlAzke] 22 A
3, 25 % 2 33 9¢lo) ofsf o¥kS whow,
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Table 1. List of reference species for comparison of Peruvian entomopathogenic fungal isolates in ITS1-5.8S rDNA-ITS2 sequence

diversities

Strain

GenBank accession number

pecies (isolate) ITS1-5.88 rDNA-ITS2 Country
Beauveria bassiana (A117) KC461113 Mexico
Beauveria bassiana MTCC 2028 JQ266095 India
Beauveria bassiana SD 15 KC551951 South Korea
Beauveria bassiana (EABbBOS 05Rf) KC753386 Spain
Beauveria brongniartii (SASRI SCHA2) JX110388 South Africa
Beauveria brongniartii ARSEF 8153 JF947191 Canada
Beauveria brongniartii 2753 GU373837 Switzerland
Beauveria brongniartii IMBST 291 FJ973055 Greece
Beauveria brongniartii (KH-II) KC879271 India
Cordyceps confragosa IFO 8579 AB079127 Japan
Cordyceps confragosa (LeLel) JQ387576 Japan
Cordyceps confragosa (LeLe2) JQ387577 Japan
Lecanicillium attenuatum CGMCC 5328 JQ901939 China
Lecanicillium attenuatum (KYK 00324) AB378513 Japan
Lecanicillium attenuatum NBRC 103235 AB378510 Japan
Lecanicillium attenuatum NBRC 103237 AB360369 Japan
Lecanicillium attenuatum KYK 00034 AB378507 Japan
Lecanicillium lecanii (ICAL-6) FJ515770 Spain

H|-g-o] Bl Erhe S 7MY (Khan et al. 2012).
Jeg S5 TFE TRlERe 713 Selds 7, &
o] AR Ake] folalar, 37 I Abgtelu} 715l High
FAe] 719 §laL, vk AR S /A EE A3 A 5
FHAIE $13 A77F &3] o] FoA Skt (Bang et al.

2010, Lomer et al. 2001, Yoon et al. 1998, Rassette et al. 2011).
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1. A EaF  Hief

Aol AHEE FFE #FellA A= PI270, PI271,
PJ278 Al TFo]t}. 27} Potato Dextrose agar (PDA) At
of| Al 24°C, 1447t ekt F A= AR ampicillin
o] 100 ug/ml =2 A7} PD broth 30 mlol] HE3l32
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24°C 180 rpmel|A] 4 ~ 547k F-37-3] wljoF8t ¥ homogenizer
(Nissei, Japan)Z ©]8-3}o] 10,000 rppmel| A 3E7F FFARA
= FAskar 12,000 g2 AAEE] st FAA] RS Eof
o] 72| Algef| ARS8}l Sequence B A e ARE-E
reference @52 NCBI (National Center for Biotechnology
Information)®] GenBank database (http:/www.ncbi.nlm.gov)ell
ITS1-5.88-ITS2 DNA 947 Q ] A== strainE-S T2
Eaje] ARg3It. o Foll tigt AE Table 191 AlA 3.
2. DNA #& % PCR
PCRel] A2 DNA templateZ A8-3}7] 98] &4+ #5
= 83kt gDNA &5

= AR F ASAE AT A dAK 0.1 g&
ZR Fungal/ Bacterial DNA MiniPrep Kit(Zymo
Research, USA)E o]&3lglom Aq HA= A 24}
A A& wWgtth %% DNAE spectrophotomers ©] 8-}
o] A=kelal 10 ng¥ S PCRe)| AH-4-31¢ic}h. PCRel AR&
%l ITS1-5.8S tDNA gene-ITS2 primer®< White 5-°]
(1990) ¥.318}F ITSI-F (5’-TCCGTAGGTGAACCTGCC-3")
9} ITS4-R (5°-TCCTCCGCTTATTGATATGC- 3°)& A&
3}aic}. PCR HH5-2 2X HS PrimeTaq Premix (GeNet Bio,
South Korea)Z ©]€3}lo] Verti 96-well thermal cycler

=9 genomic DN
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(ABI, USA)lA 333} PCR £ 2%71-2 95°C, 5%
“Z2) Predenaturations 33}, 95°C/15%, 55°C/15%,
72°C20%8] ZALE 35 cycle MBI -, 72°C/55-0.
2 postextensions =33}t PCRo| k5.8 Z47ke] A|&
= 1.5% agarose gel?} 1x TAE buffers ARE-3le] A7]od5-S
=33} 1x SYBR safe DNA gel stain(invitrogen, USA)el|
A3l Y product A S I F Macrogen(South
Korea)ell 253} sequencings 2] F 3ttt
3. d7|IMd 24 3 neighbor joining tree2| X|Z}

Zr #FHEE ZAAE d7IMYEE MEGAS2
(www.megasoftware.net)S A3l multiple alignmentS- 4~3Y
3} maximum likelihood analysisS- $]3ll nucleotide substitution
model tests- 4=3Y3}3L %% model= A4 Kimura-2 parameter
model&- ©]8-3}o] maximum likelihood analysisS- <=3} 5}
neighbor-joining treeS- #2181} Bootstrapping< 1,0003]
4331913 Gaps/Missing Data Treatment option= Complete
Deletiong AR8-8Fe] #4319}
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1. ITS F¢l2] Y¥7|IMY v|nEY

ITS1, 2 ¥ 5.8S rDNA €7]4 492> HAlF, &5 2
EHATE R gt AN ETH FAAEE o] &3 EF
ez 5d S 0 9 &2 FA3A el '
o] Alg-=lo] gk} (Ito and Hirano 1996, Nam et al. 1999,
Kim et al. 2003). ITS1/ITS4 primer %< o] &3lo] £
¥ PCR product®] §71Md ¥4 Z3}= vlek2 2 GenBank
oA AF3H= BLASTE 33 A3} PI2703} PI2782
R B. bassiana®t 100%2] A7144 AFEAE e
Ao 2 yelwtew PJ271-S Lecanicillium attenuatum=t
100%2] A71MQ S Holx Aoz #MHAH.

Algol] Alg-5 3 FAF 3529] ITS1-5.8S-ITS2 F71A <
Z] B 9} GenBankel| A A 3-F+= Reference 52| ITSI-
5.8S-ITS2 G711 EE& o] &3}e] Megas2 TR 7
sequence alignment ¥4 =3js}gict. ITS1, 29 F7|A
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Fig. 1. ITS1, complete 5.8S rDNA and ITS2 DNA sequence
alignments of Peruvian entomopathogenic fungi isolates with
reference strain sequences. Reference sequences were chosen by
results of BLAST alignment of each isolate. This result was
directly used to construct neighbor-joining tree. The ITS1 region
shows higher diversity comparison with others (a). Region of
5.8S rRNA gene shows high conservation over a genus level (b).
The highlighted box of 5.8S rRNA region indicates EcoRI
endonuclease which members of Beaveria do not have (b).

gL A3} uf$- w2 FEoF 185 rDNALF 5.8S
tDNA, 26S tDNA®] Afolof Ex|3l22 ITS1-5.8S rDNA-
ITS2 §-91¢] 971 d B4 & A7IMd g8+ &
< G7IME EEAS 7 Sl TS E Al vl
Aoz o] el el AT o] gH XL gl
2 A ARE i EelAE o] F 90 d7IM e
ITS §-919] w9~ 322 ¥4I =} 5.88 1DNAS] vll-¢- -2 B
249 EAS ad2 HoyFg} (Fig. 1b). £3] ITS1¢]
Mo kel 7 ERee /M 2 Abel2 #aEE
(Fig. la). o]2Igt A= F FAel e o5 919 47]
Alde] DNA barcodeZ A8 A= T BRI 4= )3T}

Alignment Z3}5 ¥}8} S 2 neighbor-joining treeS Al
2rgt A3KFig. 2), 127834 1270 T3 B. bassiana2}, 1271 T
= L atteruatum®t 100%2] 97144 4544 vkedshdA
TY TTHeS YA S ZAT 5 oldde o] &2
bootstrap replication value®] XX == B. bassiana group®l| A1
100%, L. attenuatum groupell Al 70%S B35k A= 1TS1
2 IST2E 7|k 2 3 FARY B3P F5AellA] 12787} 1270
T B bassianaZ-, Q105 L attermatumS-2- 3=}



Beawveria bassiana isolate A117 (KC461113)
Beauveria bassiana strain MTCC 2028 (JO266095)
Beauveria bassiana strain SD15 (KC551951)
Beauveria bassiana isolate EABDO8 05Rf (KC753386)
J274TS
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Beauwveria brongniartii isolate SASRI SCHA2 (JX110388)

Beauveria brongniartii strain ARSEF8153 (JF947191)

Beauveria brongniartii strain 2753 (GU373837)

72| Beawveria brongniartii strain IMBST 291 (FJ973055)

Beauveria brongniartii isolate KH-Il (KC879271)

Cordyceps confragosa (AB079127)
8 | Lecanicillium lecanii isolate ICAL-6 (FJ515770)
Cordyceps confragosa isolate LeLe2 (JQ387577)

100

sl Cordyceps confragosa isolate LeLe1 (JQ387576)
poo J2ZTHTS
Lecanicillium attenuatum OGM CQC5328 (JQ901939)
Lecanicillium attenuatum KYK00324 (AB378513)
70 | Lecanicillium attenuatum NBRC 103235 (AB378510)
Lecanicillium attenuatum NBRC 103237 (AB360369)
Lecanicillium attenuatum KYK00034 (AB378507)
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Fig. 2. Construction of neighbor-joining tree of entomopathogenic
fungal isolates, which were collected in Peru, based on nucleotide
sequences of ITS1, 5.8S rDNA and ITS2 regions. Reference
sequences are taken from GenBank and the accession numbers
are presented. Statistical method for tree construction was
maximum likelihood and neighbor-joining method. Tree support
values are taken by using bootstrap method and number of
bootstrap replication was 1,000. Substitution model was Kimura
2-parameter. Gaps/missing data treatment was complete deletion.
The Scale bar and 0.01 at the left bottom means analytical
genetic distance of 1%. Construction of neighbor-joining tree of
entomopathogenic fungal isolates, which were collected in Peru,
based on nucleotide sequences of ITS1, 5.8S rDNA and ITS2
regions. Reference sequences are taken from GenBank and the
accession numbers are presented. Statistical method for tree
construction was maximum likelihood and neighbor-joining
method. Tree support values are taken by using bootstrap method
and number of bootstrap replication was 1,000. Substitution
model was Kimura 2-parameter. Gaps/missing data treatment
was complete deletion. The Scale bar and 0.01 at the left bottom
means analytical genetic distance of 1%.

(=)

2. FAXXIE0|EE S5 HE Y SH HF

DNA 97|44 XAl wk2, PJ2703} PJ2782 B.
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Fig. 3. Scanning electronmicroscope (SAM) images of Peruvian
entomopathogenic fungal isolates; PJ270, PJ271 and PJ278. All isolates
were grown up on 2% water agar media for 14 days at 24°C.

Fig. 4. Conidia and phialides of Peruvian entomopathogenic
fungal isolate PJ271. DIC. X1000S.

phialide®] F& 3 TAEA YAk e I o] Fof
A7 ksket. wheba FEHein] slell A phialide®] T3
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¥H F25 AT 5 AL (Fig. 4) ITS 97144
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