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wenidesn B. bassiana MnuuAsTianTeTMaAuUTMUagnivvasnunIns Tag
3% bating technique 31u2u 15 lalaan Tudsuuszuas 2561 L%aiﬂunzjuﬁqmﬁ%a
Alassaisduguinervedalatuazlaliifemiiouiulsliausadnduunaieanenzaigusn
1§ seduldinmedafidueusldauszgndldlumanmassuuaziaduunienlungudsns
TuuSiam 3 Bude ITS, Bt uazO-1factor Inald primer ITSF1-ITSF2, Bt2a-Bt2b way EF1F-
ERIR WialUSsuifisumuiinntudiuvesduiimungaunisdasuunuazasasey  Tuufasen

Polymerase chain reaction $2UNUNISNARINATSIATIZH Automatic barcode gap discovery
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wudnanunuiduliivas ITS gene #131130U8N Beauveria spp. 89NANLABIILIAUUAILALLYE
a y o & & v v & o o & A
519uqld AsuuUaiuausaldilu DNA marker Tun1snsaasay wazdnduwunidasiiungudn
¢ a 11 a ¢ o & v A a4 X = o
195158 wazganusauszenaldlunisasiangadiusnssueslunguilinedunsideuiunsy
Junsinensld  dusunisiivudSuiafidulausione beta-tubulin wag elongation factor

esmnluuiinuduianadafiviinm 6-C content fige ¥ililignnsaiiuiuafibuedon
unsleletan way barcode gaps Ustauardudaadlalnduu ITS waz Bt Hiafiduddausiv
Tnddeeiy dauudiaady d-1factor Feiidn distribute overlap 5¥%314 intra- was
interspecific genetic variation ﬂ'auLmnsifmf'fuwamé'aaﬂﬂé'mﬁ'uLqugﬁﬁuiﬁwudu%aﬁ

fanaEdsauenngudasluszdu B. bassiana species complex

Abstract

Isolation of B. bassiana from infected insects and soil at agricultural farm by using
bating techniques about 15 isolates during 2561. This fungi was similar complexes structures
such as characteristic of colonies and conidia that could not be able to distinguishes them

by using morpholosical structure. Therefore, DNA barcoding techniques would be applied

for detection and classification by using the data from 3 gene regions on ITS, ,Bt and A-
1factor for comparison of nucleotide data which genes has to be potential of dna marker of

this fungi by PCR techniques and Automatic barcode gap discovery. The phylogenetic

inferences of ITS and ,Bt showed Beauveria spp. were be able to be on corrected position

on clade with supported by high bootraps and also the rage of distribute overlap was not
high as much Q-1factor. However, ITS was good for DNA barcode of this fungi which
according to easy to amplify and phylogenetic inferences accurated. The ,Bt and @-1factor

were perfected but it was difficult to work out on amplification. In O-1factor gene was fit to
be DNA marker for classification in B. bassiana species complex according to the distribute
overlap between intra-and interspecific genetic variation were high gaps which could be

seen on phylogenetic tree of B.bassiana species complex level.
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gunsal

1 yaddmsuanniou (Pepman Ultra DNA extraction)
ANFAATIZAINGUOT TIUIU 6 7
Amaealilasny 0.2 ml wag 1.5 ml

AU (Tip) geansiadl (10 pl, 200 pl,1000u1)

2
3
q
5 1en13lsalaa (agarose gel) 100 N3
6 LOue 1ANes (DNA marker 100 base pair) 75 UG
7 geadnfidueainiiderslusen (High pure PCR product Purification kit) 50 rxns
8 YnALIWE NTIVEAOU Red gel
9 HAdouansiugnysy

10 @15s@3 (5ﬂﬂ§uﬁ7M§Uﬁ1U§ﬁ§81 %015, 91vNS1aETo PDA, MEA

Tris-HCL, EDTA, NaCl, Na2SO3, Isomyl alcohol, Isopropanol)

11 . Wge15, woulwsl wag walndiwesisa PCR & enzyme &Tag polymerase

12. L%@i’] B .bassiana
35n19
1. Msfiuiegauasieniden B .bassiana Mnuaeilidulsemasssuwi fu wavansTadost

Aufegsuasiiiulsa fuainuvasgniivulainuning luwedminnamile @min

Wease Wwedlud d1U19 kavgnsing ) N1AdaIu (188 MUBIA1Y LAY JUATIYSIH) A1ANais
(unysysal Angs ) A1AngTuan (I9U3 NYsYS wasmyauys) Mangiueen (A1 S804 Wag

(% s

FUNTYT) uaznAls (UASATTITUIIY @9A1 UALYUNT) UazansTIiuel uuendenaing1ilueims

Ho9T091 MEA (malt extract agan) nauasufiusiiledestunisuuidouuuaiife 10633 wonan
Tnssadrveadeslaonss uazdmduiodsnuasinnsuenideslngda insect - baiting technique
vudeslifonmgiiviodluaninUasauastszana 2-3 Yu ndmintunenidosuians 1as3s hypal
trip isolation atluewns MEA uazasraaeumsUuitiouvesdierwiindus egnsauden fewfude
118U stock culture uaziitodnsuun (dentification) Meduduguinendosiu wastufinuanis
ZG0N

2. NINTIVFDULALZINIUNYD Beauveria spp. Tuszaudialuiana

\FuaLT051 Beauveria spp. UUBMNT MEA (Malt extract Agar) igaunafiviasuszanal 7-10

Y

Ju nntuainfduelagldyninendsagy Prep man ultra (Applied Biosystems) Ing3n1symaidu

loUSunananios adlu Eppendorf tube wuna 100 pl NEunseiae anduviinisuadulowairly

a

YUNaUnAdl 95 aaAaLted ﬁué’wLﬂ%ﬁlum%mmmL%aqmﬁmmL%’Jiau 12,000 S9UABUNT

9 Y

(rpm) Uszanas 10 Wil iivasuvivassfidued 4 esrwaided iensivdeununnsduesely

[

a a o’ A o a o’ a a a
@ﬂmﬂWWLLagﬂiﬂﬂmﬂL@u@ I@ULﬂi@ﬂ'ﬂ@ﬂmﬂ']W@ UL Nano Drop spectrophotometer NUTUUALDU

18laeI5n13 PCR (polymerase chain reaction) finLdean primer wazmaamnnilun13vinujisen


https://www.google.co.th/search?biw=1024&bih=667&q=%E0%B8%AD%E0%B8%B8%E0%B8%9A%E0%B8%A5%E0%B8%A3%E0%B8%B2%E0%B8%8A%E0%B8%98%E0%B8%B2%E0%B8%99%E0%B8%B5&spell=1&sa=X&ved=0ahUKEwiF28GtgITNAhXGM48KHXzLA6wQvwUIFygA

Finunzan Taeld primer Tugauaas rDNA (ITS1, ITS2, waz 5.8 S rRNA Gene) A@ primer
ITS F1(5-CTTGGTCATTTAGAGGAAGTAA-3)-TSA (5-TCCTCCGCTTATTGATATGC-3) (Gardes and Brun
1993, White et al,, 1990) i & ¢ protein-code gene 16 wn partial of B-tubulin ; Bt2a (5-
GGTAACCAAATCGGTGCTGCT-3)-Bt2b(5'-ACCCTCAGTGTAGTG ~ ACCCTTGGC-3)  (Glass  and
Donaldson 1995) wag translation elongation factor 1Q lgA primer EF1F(5-TGCGGTGGTATCGA
CAAGCGT-3 agEF1R (5- AGCATGTTGTCGCCGTTG AAG-3) (Linnakoski et al., 2010)

dunanu)isen PCR 25 pl WuUSamidu szneuluseansedineluil (Mytag buffer,
Bioline,USA) (Linnakoski et al., 2010)

PCR grade water 16.5 pl

PCR buffer 5 Ml
Forward primer 0.5 pt
Reverse primer 0.5 pl
Tag polymerase 0.5 ul
DNA template 2 ul

[

ndudlUfinySnafowelueies thermocycle luan1zufiisendail

Primer hot start denature annealing Extension final extension
[TSF1-ITSF4 95°C 4 95 °C 1 W19 50-52°C 30 3u¥ 72°C1 72 °C 4 Y19
U Y9 -
35 59U
Bt2a-Bt2b 95°C4 95 °C 1 Wil 54-57°C 30 3U¥ 72°C1 72 °C 4 Y19
U Y9
35 58U
EF1F-ER1R 95 °C 4 95 °C 1 Wil 55-60°C 30 U9 72°C 1 72 °C 4 w1l
U Y9
35 58U
UUNNHANISNAADY

nsIvdBUNaNanALOWe N1l UV light Ul 1% agarose gel luansavane 0.5 x TAE buffer
(40 mM Tris, 4mM sodium acetate, 1mM EDTA, pH 8)uazdandmidutenie Gelred ™ nucleic

acid (Biotiurn) a1nuwiAdueltiauusansineldynd5agu DNA Clean and Concentrator




™M—05 Kit, (Zumo Research) @3§0813 PCR product Ailglumaduinedlolvs (DNA
sequencing)
PATIEANANITNAADY

1.1 insgidoyadldainnis nidrduiandlolnd neldlusunsu Bioinformatics

s

Wisuiflgudrduiiamalelnd Tagld Basic local alignment search tool (BLAST) Wilelvmsuaneiug
190885115V Gene bank 299 NCBI (National central for biotechnology information)
ﬁ“fmm%'smsﬁayja DNA consensus Laglaglusunsy MEGA 6.5 (Molecular Evolutionary Genetics
Analysis) (Tamura et al, 2013) wag MAFFT V7. (a multiple sequences alignment program)
(Katoh, 2013) T1AS18%9Aa10 UTTMUINITIAEAT Maximum likelihood phylogentic tree way
awmﬁam‘ﬁa‘sﬂu NCBI (national central for biotechnology information) Lﬁalﬁuﬁi’fagaé]’mﬁﬂu

UUAING

1.2 WA UnUsiouUsIAALAY (DNA barcoding gap) UUAILAUSEUTUg UL intra-

A A

wag interspecific genetic variation lagldAuuanaeseniInedudiuvesarduiandlelneg wied

138171 Automatic barcode gap Lﬁ@@ﬁﬂwmsmaﬁ Distribute overlap 14 3 gene @8 ITS Bt ey EF

(http://wwwabi.snv.jussieu fr/public/abgd/temp/index.html) (Puillandre at al.,, 2012) Inel4luina

Jukes-Cantor(JC69) waztand phylogenetic tree Ingld maximum likelihood

LaMazEnIUil - Aa1Au 2559 dudn WeuunI1AY 2561

€

LY

LviesljuRnselsauiay, Nguanuidenisusiudngiteniadinim,

Y v Y

NIWAIUINITDIS VI

Mo

v av o

2. vipauURnstaliana drinmideiauineluladdinin


https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.megasoftware.net%2F&ei=RlCTVcOoFMG1uQTOiI-wBA&usg=AFQjCNHQf892EopQWs-1WiulLETzK18AkQ&sig2=_bP88jEwWJBa7bkDzh7tWw
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.megasoftware.net%2F&ei=RlCTVcOoFMG1uQTOiI-wBA&usg=AFQjCNHQf892EopQWs-1WiulLETzK18AkQ&sig2=_bP88jEwWJBa7bkDzh7tWw
http://wwwabi.snv.jussieu.fr/public/abgd/temp/index.html
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a
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wenLRILIALNAY B. bassiana Nl

o

nennlunsmuauuias ludesiunuindoslufud
Aunnuinaulanlgniivvesnuasnshuwadminnamile fwin Weese @edlnd a1 uae
AARZTUAN SIYYT INTIYT waNIYIUYS wazneld J9vin guns 1ae3s bating technique uonla
119w 20 lelwan fiulilu (8 bassiana anewiug DOA) (fig 1) vudesliusandlass single
spore Wag hyphal trip wadnngumusnwazdugineinieuen (fig2) lunsnsraaeulagise
Tuanadiely dsadieruuenaidisndes PDA Wunan 7 5u vsnifunafafidwe wuild
USinniiSueiinemmnzuasisomaifintiinalunisihuiisen PR warlinsiadesdna
Tiiogiiu 10 Tu iosnnsandafdueiliuzinuayi  lnsdunmaniaiesiaUiinadidue vie
AUU gel electrophoresis

naanMainUsIafBweluduusinn The intermal transcribed spacer (TS) Tneld

primer ITSF1-TSF2 TuUfjien Polymerase chain reaction (PCR) @sildnduiuannueniuszanm

750-800 bp @snsatfinusinumduelan 100 % warannnsaeaseiaanuianalelnailaainnis

(%
=1

" DNA sequencing Wag Blast LWSsuiisuiuteyaiugiuul Gene Bank Tu NCBI wui
B. bassiana @81 DOA wazaneiug anuisniivundunadeu  fawuuiedlelndfindeudy
(query cover) B.bassiana 41ANI1 99.8-100 Weskdus sntiu B bassiana DOA-NP %agﬂumju
Y3 Nomuraea rilei %Q{]ﬁ]ﬁ;ﬂ’ﬂﬁmgﬂu%mﬂu Metarhzium rilei (Kepler et al., 2014) B bassiana
DOA-B12, DOA-B16, DOA-B17 @8 Cordyceps cicadae , Isaria tenuipes Wag Ophiocordyceps
sobolifera MAUFINY  NAIINNTIATIZY DNA barcode gap lnggainanuuani1svesdiuilingle
Inalu intra- wag interspecific genetic (Puillandre at al, 2012) wuannsudadiiosius
douviu(Distribute overlap)agszning species usiUosinudfananligann uazillenSouiioui
WA phylogenetic tree a7 ‘Tjda@mﬂﬁmﬁmmugﬁﬁﬂﬁ (phylogenetic tree) &1 species fanam
wianduiuagnedmay warludoswiunudt ITS gene anunsalifu DNA barcode Tunisdnsuun
Lﬁ'g@i’ﬂumju Beauveria species complex #3® B. bassiana sensu lato 16 ( Akmal et al, 2013,

Seiffert 2009 ) lunsdififesnisiigauanvaenisiugnssuweslunquilnihundunsideu

ASHIBINITLN WA



MIANUTINABWEUSIIA beta-tubulin genes U3 primer Bt2a-Btb Tuufizen PCR &l
S1AUUARNEIUTEIIM 450-500 bp WU B.bassiana @neug DOA-B4 way DOA-BL7 ity
USunallaud wavesdduiiandlelvdldauysel uaslvayaiiesmenazinauninsizils ewinlu

Y

a A W P A A a o9 v . ! a v o co v a =~
UILIEUnINalUINn G-C content ‘Vlfﬂ\‘i ‘Vl'ﬂfVi primer 13Ja']3J'1§ﬂL§3JC°']anLﬂﬁqg'via']@‘Uu’JﬂaI@

v

il wasidlefiuiinafidue Tudesnguiindnanuindug fihutunadeutunsisnms
\NYAT Wudnmmiaﬁqﬁ]ﬁﬁamﬁaﬂm'ﬂéﬁ,ujué’] Foudes B. bassiana TvaenndosiuNaTaINS
A58 DNA barcode gap lnggainanuunnssvesdduiiandlotndlu intra- uag interspecific
genetic (Puillandre at al., 2012) wuinannsniilesiduddeusiu (Distribute overlap) TnalAgsiu
FWMaEu ITS ag5eWing species watUasiwuansnandligenn (Fig.3)

Me USRI SueUSI0 Eloneation Factor 1 (eEF1) Wuin primer EF1F-ERIR @l
SduvaauenUszing 750 bp wuin msifinuSinaduiumiaduding Stywides GC
content 11nune leleanlyianunsarvinle wWesan primer LifufufBueduwu wie msdaunsizi
lalanysol usegrslsfinuBudindnfvngiitsinnuszgndlilunisigaiidendinedBelungy
species complex I@EJLQW’]ﬂuﬂEjNEJ'E)EJ B. bassiana sensu stricto %ﬂmmm@léjﬂmm Distribute
overlap %114 intra- Wag interspecific genetic variation (Puillandre at el,, 2012, Silva et al,,

2015) (Fig.5) Hananlagonndaeiu phylogenetic tree FINUIN @1U15OLENNENEDEDBNNIIN B,

bassiana Fadimudululsluaneiudifertuamvaiinenclade in haplotype gene fisinsfiu

9. ﬁ’a;‘ﬂNﬁﬂ'ﬁ‘Vlﬂﬁi’)\iLLﬁ%‘l’JI’e)Lﬁu’e]LL‘NL’

mﬂmim‘%auL‘ﬁwsﬁa%ammﬁﬁuﬁmﬁialmﬁﬁg@ 3 gene A® The internal transcribed
spacer (ITS) beta-tubulin genes Wag Elongation Factor 1 (eEF1) Wu7in o auneiiane iy
thunsaeudeslungy B.bassiana Ssfiaududoumetugnsssutiu Ae TS uaz BT gene Tu
nsdifinsivaousziiu species Inslanzaunstunsdsurensuivinsinens &1 TS gene 3414
Huleesnedana1dnsld primer TSF1-TSE msnglidoyadiduianlelndldazidoandn Imsi-
TS4 171'2‘1"1é'fzyLﬁm%mmﬁLSuLasLuUQﬁ%sJﬂuﬁumums PCR 41 @71 BT gene fnaziidgmides GC-
content dwiiulunsdifiosnisnnaeuseRunaugoevieaumnIedu taxonomy Litedsie nie
identify Weas1nquiaasléiadesmunadinaaifiufinludiunes RPB2 (encoding the second

largest subunit of RNA polymerase II) liion153ndHunignAes
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13. AMANUIN

Fig 1. The structure of conidia and conidiophore showed on insects body and

appeared on the ground (a,b,c)



Fig2. The colony of B. bassiana strain DOA-B4 on MEA and structure of

conidiophore and conidia on microscope which representative of complex

species
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gene for detected barcode gaps .



B.bassiana DOA B4
B.bassiana DOA B11
B.bassiana DOA IA \

B.bassiana DOA BA
B.bassiana DOA BE
B.bassiana DOA BP
B.bassiana B2650
B.bassiana DOA BC
|- B.bassiana DOA C6 B.bassiana
B.bassiana AF291872
B.bassiana DOA C1
8af> B.bassiana DOA B6
B.bassiana DOA B7
B.bassiana DOA C2
B.bassiana ARSEF1564 T

L B.lii ARSEF11741 T )
B.australis ARSEF4598 T
B.varroae ARSEF8257 T

- B.pseudobassiana ARSEF3405 T
- B.asiatica ARSEF4850 T
B.kipukae ARSEF7032 T
C.brongniartii AY245628
C.brongniartii ARSEF617 T
C.brongniartii NR111595 ARSEF617 T
A B.amorpha ARSEF2641 T
B.caledonica BCRC T
100! B.caledonica NRO77147 T
B.sungii ARSEF1685 T
m:l C.scarabaeicola AY245639

C.confragosa JN049836

C.nutans AF224274
100 L Lecanicillium psalliotae JN049846
C.militaris EU825995

C.militaris KP721251
C.militaris AF153264
Cordyceps sp.CMU
Cordyceps sp.CMU2
Cordyceps sp.CMU3
B.bassiana DOA B10
C.ningxiaensis NR137117 T
100 | B-bassiana DOA B13

Isaria fumosorosea B13
P.ninchukispora AY245642
C.sphingum AY245641

B.bassiana DOA B16
C.bifusispora AY245627

100 | C.ochraceostromata AY245646
B.bassiana DOA B12
I.tenuipes KJ004029 ASPPHP1
P.farinosus AF237664

Isaria japonica AF200370
Paecilomyces tenuipes AF224689

Hirsutella longicolla FJ973071

Ophiocordyceps myrmecophila AY245646
prvs C.japonica AY245645
100 L Metacordyceps taii GZUH2012HK6
B.bassiana DOA NP
Ljaponica AF200370
Cephalosporium curtipes AJ292404

4 M.atrovirens JN049882

L——————————— M.martialis JN049871
% . .
100 | C-ophioglossoides AF208524

dyceps opt
C.sinensis AF291749
Tolypocladium parasiticum FJ973068
Drechmeria coniospora AF106018
O.heteropoda FJ973068

B DOA B17
C.agriota AY245626

O.stylophora FJ973068

O.sinensis FJ973068
M.liangshanensis KJ021176
100 | Metacordyceps liangshanensis
C.memorabilis AY245632

C.militaris AY245634 CCRC
Podostroma cordyceps AY245647

C.dipterigena AY245629

c oides AY245636
| P.variotii AF291869
00— p.variotii AF291870 Out grOU p
—
0.1

Fig 6. Maximum likelihood phylogentic tree of the internal transcribed spacer (ITS) in

entomopathogenic fungi group. Bootstrap value (1,000 replication) are indicated above the node.
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Fig 7. Maximum likelihood phylogentic tree of B t gene in B bassiana complex species

Bootstrap value (1,000 replication) are indicated above the node.
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