
Metarhizium 

Nilaparvata lugens  
of rice in Asia. The use of Metarhizium spp., entomopathogenic fungi, is one of the highly effective  
tools to control BPH. The total of 15 highly potential Metarhizium spp. isolates to control BPH was 
discovered from forest soils in Phetchabun area. This study aimed to identify and reconstruct  
phylogenetic relationships of those Metarhizium spp. isolates based on morphological characters  

 
were analyzed by cluster analysis together with those of M. anisopliae M. anisopliae,  
M. album, M. majus and M. granulomatis and a dendrogram of their relationships was constructed. 
Whereas, molecular identification was done by submitting ITS sequences of all isolates to GenBank 
using BLAST program. Then, phylogenetic analysis using neighbor-joining method was performed 
with the closely related Metarhizium spp. retrieved from GenBank and M. frigidum and M. minus  
were designated as the outgroups. The morphological identification results presented that all  
isolates were potentially identified as Metarhizium anisopliae based on the length of conidia less  
than 9 m as well as a dendrogram constructed from cluster analysis that all isolates were grouped 
with M. anisopliae. Meanwhile, BLAST results showed that ITS region of 18S rDNA of those isolates 
were closely related to M. anisopliae
clustered all 15 isolates with the group of M. anisopliae and clearly separated from outgroup species.

 Metarhizium anisopliae, brown planthopper, Nilaparvata lugens, identification, phylogenetic 
analysis
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 Morphology of colonies and conidia of 15 Metarhizium isolates, screened and selected based on their highly 
potential to kill brown planthopper and those of Metarhizium anisopliae, M. album, M. majus and M. granulomatis  
were added for cluster analysis.

Isolates
Colony morphology Conidia morphology

LT
50

Shape Color μm)
Shape

PB-01 circle dark green cylindrical 3.7

PB-02 circle dark green cylindrical 3.1

PB-10 circle dark green cylindrical 3.8
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Isolates
Colony morphology Conidia morphology

LT
50

Shape Color μm)
Shape

PB-19 circle olivaceous green cylindrical 3.7

PB-28 circle olivaceous green cylindrical 3.2

PB-47 circle dark green cylindrical 3.7

PB-51 circle dark green cylindrical 4.0

PB-71 circle dark green cylindrical 3.2

PB-76 circle dark green cylindrical 3.5

PB-95 circle olivaceous green cylindrical 3.9

PB-101 circle dark green cylindrical 3.6

PB-114 circle olivaceous green cylindrical 3.9

PB-117 circle olivaceous green cylindrical 3.3

PB-123 circle olivaceous green cylindrical 3.4

PB-125 circle dark green cylindrical 4.2

PB-751 circle olivaceous green cylindrical 2.9

M. anisopliae2 circle dark green cylindrical

M. granulomatis3 circle brown-gray cval

M. majus4 circle olivaceous green cylindrical

M. album5 circle pale brown ellipsoid

et al et al. et al.  
 et al. et al et al.
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et al., 2020) 

et al

Dendrogram presents the relationship based on morphological data of colonies and conidia of the 16 highly 
Metarhizium anisopliae 

Metarhizium album Metarhizium majus Metarhizium granulomatis
were added for cluster analysis.
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distance calculated by P-distance based on the alignment of 18S rDNA of 15 Metarhizium isolates and other 16 closely 
related M. anisopliae and 2 outgroup species M. frigidum HM055448.1 and M. minus HM055453.1 The confidence 
supporting number on tree branch calculated from bootstraps method with 1000 replications.

M. anisopliae

M. anisopliae
et al

et al
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 et al
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-

Coptotermes curvignathus

et al
M. anisopliae et al

M. anisopliae

M. anisopliae

Research and Training, Barani Agricultural 
Research Institute, Chakwal, Punjab, Pakistan
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University of Costa Rica, Ciudad de la  
investigacion, San Pedro, San Jose, Costa Rica 

 
M. an isop l iae 

M. anisopliae
et al. 

 

50
 
 

PB-10, PB-19, PB-28, PB-47, PB-51, PB-71,  
PB-76, PB-95, PB-101, PB-114, PB-117, PB-123 

 

 M. anisopliae  
 

M. anisopliae 
M. anisopliae
M .  a l bum ,  M .  ma j us  

M. granulomatis  
M. anisopliae  

 

 

M. anisopliae  
 
 

Metarhizium) 

 M. anisopliae
 
 

M. anisopliae  
M. frigidum M. minus

 

M. anisopliae
 

M. anisopliae 
 
 

M. an isop l i ae  
M. anisopliae M. anisopliae 

 
Coptotermes curvignathus 

 
 
 
 
 

 
 

 
 
 
 

 77-94.

124



 

 
Metarhizium anisopliae  

  
 

 

 
 
 
 
 
 

Altschul, S.F., W. Gish, W. Miller, E.W. Myers  
 and D.J. Lipman. 1990. Basic local  
 alignment search tool. Journal of  

Anderson, D.L. and J. W.H. Trueman. 2000.  
 Varroa jacobsoni  
 more than one species. Experimental  

Bich, G.A., M.L. Castrillo, F.L. Kramer, L.L. Villalba  
 and P.D. Zapata. 2021. Morphological  
 and molecular  ident i f icat ion of  
 e n t o m o p a t h o g e n i c  f u n g i  f r o m  
 agr icul tural  and forestry crops.  

 

Bischoff, J.F., S.A. Rehner and R.A. Humber.  
 2009. A multilocus phylogeny of the  
 Metarhiz ium anisopl iae  l ineage.  

Bridge, P.D., M.A.J. Williams, C. Prior and  
 R.R.M. Paterson. 1993. Morphological,  
 b i o c h e m i c a l  a n d  m o l e c u l a r  
 character is t ics  o f  Meta rh i z i um  
 anisopliae and M. flavoviride. Journal  
 of General Microbiology 139: 1163-1169.

Bunsak, A., W. Homhaul, W. Pongprasert, K.  
 Ruangr i t  and S.  Intanon. 2023.  

 
 fungi from natural ecosystems in  
 Phetchabun, Thai land and their  
 virulence against brown planthopper.  
 Cu r ren t  App l i ed  Sc ience  and  

 
 cast.2023.04.23.013
Castro-Vasquez, R., M. Montero-Astua, S.  
 Hernandez-Villalobos, A. Vargas- 
 Martinez and R. Molina-Bravo. 2018.  
 I d e n t i f i c a t i o n  a n d  m o l e c u l a r  
 characterization of Metarhizium spp.  

 
 
 
 
 

 30, 2023)
Chen, W.-H., Y.-F. Han, J.-D. Liang and Z.-Q.  
 Liang. 2019. Morphological and  
 phylogenetic characterization of novel  
 Metarhizium  species in Guizhou,  

Chinniah, C., A. Ravikumar, M. Kalyanasundaram  
 and P. Parthiban. 2016. Management  
 of sucking pests, by integration of  
 organic sources of amendments and  
 foliar application of entomopathogenic  
 fungi on chilli. Journal of Biopesticide  

Dentinger, B.T.M., M.Y. Didukh and J.-M.  
 

 ITS as DNA barcode markers for  
Agaricomycotina). 

 
 journal.pone.0025081.

125



Driver, F., R.J. Millner and J.W.H. Trueman.  
 2000.  A taxonomic rev is ion  o f  
 Metarhizium based on a phylogenetic  
 analysis of rDNA sequence data.  

 

Dugan, F.M. 2017. The Identification of Fungi:  
 An Illustrated Introduction with Keys,  
 Glossary, and Guide to Literature. The  
 American Phytopathological Society  
 Press. St. Paul, Minnesota. 176 p.
Epp, L.S., S. Boessenkool, E.P. Bellemain,  
 J. Haile, A. Esposito, T. Riaz, C. Erséus,  
 V.I. Gusarov, M.E. Edwards, A. Johnsen,  
 H.K. Stenøien, K. Hassel, H. Kauserud,  

 
 P. Taberlet, E. Coissac and C. Broch- 
 mann. 2012. New environmental  
 metabarcodes for analysing soil DNA:  
 potential for studying past and present  

 
 1821-1833.
Felsenstein, J., 1985. Confidence limits on  
 phylogenies: An approach using the  

Hall, B.G. 2013. Building phylogenetic trees  
 from molecular data with MEGA.  

 
 1229-1235.
Hall, T.A. 1999. BioEdit: a user-friendly biological  
 sequence al ignment edi tor  and  

 
 Nucleic Acids Symposium Series 41:  
 95-98.
Helina, S., S. Sulandari, S. Hartono and Y.A.  
 Trisyono. 2019. Detection and analysis  
 of protein profile on stunt virus-infected  
 rice plant with different severity level on  
 Ciherang and Situ Bagendit varieties.  

 Journal  Per l indungan Tanaman  

Henry, T., P.C. Iwen and S.H. Hinrichs. 2000.  
 Identification of Aspergillus species  
 using internal transcribed spacer  
 regions 1 and 2. Journal of Clinical  

H ibbet t ,  D.S .  and J .W.  Tay lor .  2013.  
 Fungal systematics: is a new age of  
 enl ightenment at hand?. Nature  

Latch, G.C.M. 1965. Metarrhizium anisopliae  
  
 Zealand and their possible use for  
 controlling pasture-inhabiting insects.  
 New Zealand Journal of Agricultural  

Luangsa-ard, J., K. Tasanathai, S. Mongkolsamrit  
 and N. Hywel-Jones. 2007. Atlas of  
 Invertebrate-Pathogenic Fungi of  
 Thailand, Volume. 1. National Science  
 and  Techno logy  Deve lopmen t  
 Agency, Pathum Thani. 82 p.
Luangsa-a rd ,  J .J . ,  K .  Tasana tha i ,  S .  
 Mongkolsamrit and N. Hywel-Jones.  
 2009. Atlas of Invertebrate-Pathogenic  
 Fungi of Thailand, Volume. 2. Bangkok,  
 Thai land: Nat ional  Science and  
 Technology Development Agency,  
 Pathum Thani. 88 p.
Mongko lsamr i t ,  S . ,  A .  Khonsan i t ,  D .  
 Thanakitpipattana, K. Tasanathai,  
 W. Noisripoom, S. Lamlertthon, W.  
 Himaman, J. Houbraken, R.A. Samson  
 and J. Luangsa-ard. 2020. Revisiting  
 Metarhizium and the description of  
 new species from Thailand. Studies  

126



Nawaz, H. 2021. Metarhizium anisopliae strain  
 Ma01 small subunit ribosomal RNA  

 
 transcribed spacer 1, 5.8S ribosomal  
 RNA gene, and internal transcribed  

 
 large subunit ribosomal RNA gene,  

 
 
 

 
 30, 2023).
Nei, M. and Kumar, S., 2000. Molecular Evolution  

 
 University Press. 348 p.
Nilsson, R.H., L. Tedersoo, K. Abarenkov, M.  
 Ryberg, E. Kristiansson, M. Hartmann,  
 C.L. Schoch, J.A.A. Nylander, J.  
 Bergsten, T.M. Porter, A. Jumpponen,  

 
 Hallenberg, J. Bengtsson-Palme, K.M.  
 Eriksson, K.-H. Larsson, E. Larsson  
 and U. Koljalg. 2012. Five simple  
 guidelines for establishing basic  
 authenticity and reliability of newly  
 generated fungal ITS sequences.  
 MycoKeys 4: 37-63.

 
 Aoki and S. Shimizu. 2011. Phylogenetic  
 analysis of Metarhizium spp. isolated  
 from soil in Japan. Applied Entomology  

Petch, T. 1931. Notes on entomogenous fungi.  
 Transactions of the British Mycological  

Petch, T. 1935. Notes on entomogenous fungi.  
 Transactions of the British Mycological  

Raja, H.A., A.N. Miller, C.J. Pearce and N.H.  
 

 using molecular tools: A primer for the  
 natural products research community.  

 
 770.
Rombach, M.C., R.A. Humber and H.C. Evans.  
 1987. Metarhizium album, a fungal  
 pathogen of leaf-and planthoppers of  
 r ice. Transactions of the Brit ish  

Saitou, N. and M. Nei. 1987. The neighbor- 
 joining method: a new method for  
 reconstructing phylogenetic trees.  

 
 406-425.
Savary, S., F. Horgan, L. Willocquet and K.L.  
 Heong. 2012. A review of principles  
 for sustainable pest management in  
 rice. Crop Protection 32: 54-63.
Schmidt, V., L. Klasen, J. Schneider, J. Hübel  
 and M. Pees. 2017. Fungal dermatitis,  
 glossitis and disseminated visceral  
 m y c o s i s  c a u s e d  b y  d i f f e r e n t  
 Metarhizium granulomatis genotypes  

Chamaeleo  
 calyptratus) and first isolation in  
 healthy lizards. Veterinary Microbiology  
 207: 74-82.
Sinchayakul, P., W. Pongprasert, R. Masmeatathip, 
 W. Sorapongpaisal, W. Homhaul  
 and P. Thepkusol. 2022. Development  
 of Metarhizium fungi for controlling  
 insect pests in organic farming system.  

 
 
 
 

127



Suzuki, K., K. Takahashi and N. Harada. 2020.  
 Evaluation of primer pairs for studying  
 a rbuscu la r  mycor rh i za l  f unga l  
 community compositions using a  
 MiSeq platform. Biology and Fertility of  

Syazwan, S., A. Sajap and R. Mohamed. 2015.  
 Metarhizium anisopliae of Peninsular  
 Malaysia origin poses high pathogenicity  
 towards Coptotermes curvignathus, a  
 major wood and tree pest. Malaysian  
 Forester 78: 41-48.
Tamura, K., G. Stecher and S. Kumar. 2021.  
 MEGA11: molecular evolutionary  
 genetics analysis version 11. Molecular  

Tangthirasunun, N., S. Poeaim, K. Soytong,  
 P. Sommartya and S. Popoonsak.  
 2010. Variation in morphology and  
 ribosomal DNA among isolates of  
 Metarhizium anisopliae from Thailand.  
 Journal of Agricultural Technology  

Thaochan, N. and W. Suasa-ard. 2017.  
 

 indigenous Metarhizium anisopliae  
 against adults Zeugodacus cucurbitae  

 
 Southern Thailand. Songklanakarin  
 Journal of Science and Technology  

Thompson, J.D., T.J. Gibson, F. Plewniak, F.  

 Jeanmougin and D.G. Higgins. 1997.  
 

 f lex ib le  s t ra teg ies  fo r  mul t ip le  
 sequence alignment aided by quality  
 analysis tools. Nucleic Acids Research  

Tulloch, M. 1976. The genus Metarhizium.  
 Transactions of the British Mycological  

White, T.J., T. Bruns, S. Lee and J. Taylor. 1990.  
 Amplification and direct sequencing  
 of fungal ribosomal RNA genes for  

In: M.A.  
 Innis, D.H. Gelfand, J.J. Sninsky and  

 
 guide to methods and applications.  
 Academic Press, San Diego.

 
 J. Zhu. 2012. Diversity and distribution  
 of culturable fungi in mangrove soil in  

 
 
 
 

128


