
Baeshen et al.: Metagenomic analysis of the gut bacteriome of usherhopper, Poekilocerus bufonius (Klug) from Hadda, Saudi 

Arabia 
- 1425 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1425-1433. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2002_14251433 

© 2022, ALÖKI Kft., Budapest, Hungary 

METAGENOMIC ANALYSIS OF THE GUT BACTERIOME OF 

USHERHOPPER, POEKILOCERUS BUFONIUS (KLUG) FROM 

HADDA, SAUDI ARABIA 

BAESHEN, N. A.1 – MAJEED, M. A.2 – ALOTAIBI, M. A.1 – ALNEFAI, M. H.2 – ABULFARAJ, A. A.3 

– BAESHEN, N. N.4 – EMRADIRI, A.5 – BAESHEN, M. N.2* 

1Department of Biology, Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia 

2Department of Biology, College of Science, University of Jeddah, Jeddah, Saudi Arabia 

3Department of Biological Sciences, Sciences and Arts College, Rabigh Campus, King 

Abdulaziz University, Jeddah, Saudi Arabia 

4Department of Biology, College of Science and Art, Khulais Campus, University of Jeddah, 

Jeddah, Saudi Arabia 

5Department of Environmental Health, College of Medicine and Health Sciences, Wollo 

University, P.O. Box 1145, Dessie, Ethiopia 

(phone: +91-894-375-8782) 

*Corresponding author 

e-mail: mnbaeshen@uj.edu.sa 

(Received 16th Oct 2021; accepted 22nd Dec 2021) 

Abstract. Microbial communities that colonize insect guts contribute positively to the absorption of 

nutrients, immunity, and the overall health of the host. Recent studies have been tapered towards only 

economically important arthropods, particularly honeybees. On the other hand, arthropods such as 

grasshoppers are considered pests because they create havoc leading to economic losses. Grasshoppers 

are considered phytophagous pests that have a large appetite for plant fibers, and digestion depends 

largely on the bacterial communities in their guts. This study characterizes the gut microbiome in 

Usherhopper, Poekilocerus bufonius using metagenomics methods through next generation sequencing 

(NGS). A total of 59,072,222 bacterial reads were recorded which were classified at the phylum and 

genus levels. Proteobacteria were the most common at the phylum level whereas Wolbachia was the 

most dominant genus based on the total reads. The host-microbiome interactions and their perceived 

influence on the ecosystem are yet to be fully explained, therefore a detailed study is pivotal in order to 

enforce effective conservation and pest management. 

Keywords: gut microbiome, NGS, 16s rRNA, bacteria, archaea 

Abbreviations: RNA, ribonucleic acid; DNA, deoxyribonucleic acid; OUT, operational taxonomic unit 

Introduction 

Insects are considered as the largest class of the Arthropoda phylum, which is the 

largest in the animal phyla in diversity, ecological adaptations and biomass (Muratore et 

al., 2020). Their diversity and evolutionary success are partly attributed to their 

interaction with the beneficial bacteria that colonize their digestive tracts (Engel and 

Moran, 2013; Jing et al., 2020). They assist host digestion and protect them from 

parasites and pathogenic bacteria by producing antimicrobial peptides (Chen et al., 

2016) and influence host behaviors like aggregation into large groups (Dillon and 

Charnley, 2002). Interactions between insect hosts and their microbiomes show 
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comprehensive effects on the host, and by extension, the ecosystem (Lü et al., 2019). 

The contribution of gut bacteria to insects’ function is highly important from a 

medicinal, agricultural and ecological perspective. In the order Orthoptera, which 

includes grasshoppers, katydids, and crickets although relatively abundant in the 

ecosystem, their microbiomes are yet to be extensively characterized unlike other more 

charismatic insect species such as butterflies, moths, caterpillars, and Hymenopterans 

like bees (Muratore et al., 2020; Ojha and Zhang, 2019). 

Grasshoppers are an important herbivore in grassland ecosystems that provide crucial 

ecosystem services like nutrient cycling. In contrast, they are considered as pests that 

require effective management and control strategies (Wang et al., 2020). Studies have 

generalized that the gut microbiome of most insect herbivores is comprised 

predominantly of Proteobacteria, Firmicutes, and Actinobacteria (Wielkopolan and 

Obrępalska-Stęplowska, 2016). Whether this generalization holds true across all insect 

herbivores has not been fully investigated. Compared with termites and cockroaches, 

grasshoppers have a very sparse microbiome (Dillon and Dillon, 2004). 

Research had shown that any alteration in the gut microflora constitution influences 

the survival rate of grasshoppers (Tan et al., 2020). The polyphagous Usherhopper 

Poekilocerus bufonius (Orthoptera: Pyrgomorphidae) has been typically recorded in 

different regions in Saudi Arabia with a particular higher presence in the western region 

(Alghamdi et al., 2017; Noor et al., 2020; Sayyed and Patel, 2011). This is where the 

Rhazya stricta plant is widely distributed in the rangeland of Hadda, Saudi Arabia. This 

plant is well known for its allelopathic effects and has been explored in traditional 

medicine (Baeshen et al., 2014; Noor et al., 2020). Thus, the present study aimed to 

determine the microbiota bacterial communities of P. bufonius that habituates the 

western region of Saudi Arabia and harvest R. stricta plant with all its life cycle forms, 

which inspired us to investigate the microbiome of this insect that lives on this toxic 

shrub which is avoided by many herbivores (Baeshen et al., 2015). 

Metagenomics based molecular techniques based on 16S rRNA sequencing have proven 

efficient in the characterization of insect’s gut microbiome (Ahn et al., 2012; Prabhakar et 

al., 2013). The characterization of grasshopper gut microbiome communities in conjunction 

with information on host-associated variation in bacteria composition is obligatory for a 

total perception of insect ecology and the improvement of pest management action plan. 

The aim of the study is to point out the bacterial and archaeal communities living 

inside the gut of the usherhooper that consumes toxic plants and lives in harsh 

environmental conditions. 

Materials and methods 

Sample collection 

Usherhoppers were collected from the leaves of R. stricta plants, from Hadda 

(Coordinates: Lat: 21.444271 – Lon: 39.5316938), Saudi Arabia, in August 2014 at 

11:00 am while the temperature was 40 °C and transported to the laboratory according 

to standard protocol (Mancini et al., 2018; Muratore et al., 2020). 

 

Sample treatment 

Usherhoppers were dissected in aseptic conditions. The entire intestinal tract was 

removed. Gut parts were separated, stored at -20 °C till further use. 
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Extraction of genomic DNA, metagenomics and bioinformatics analysis 

The stored gut parts were crushed and powdered in liquid nitrogen. Total genomic 

DNA was extracted using the Wizard® Genomic DNA Purification kit 

(www.promega.com) and shipped to Beijing Genomics Institute, China for next 

generation sequencing. 

Based on the PCR results, a high-quality original library was prepared by Illumina 

kit by removing short fragments. Illumina (USA) HiSeq/MiSeq 2000 encoded 16S 

rRNA gene amplicons were used to observe the gut microbiome diversity (Moussa et 

al., 2017). The quality of the raw data sequences was checked using FastQC v0.11.9. 

Filtration of the raw data was done to obtain clean reads, and tags were clustered at 97% 

sequence identity to an operational taxonomic unit (OTU), which assigned its 

taxonomy. 

Results 

Sequence analysis 

Sequence analysis was performed by EDGE bioinformatics 

(https://edgebioinformatics.org/). A total of 6,000,838 paired-end reads were obtained 

by sequencing and 5,907,222 clean tags were generated after splicing and filtering the 

paired-end reads with a covered percentage of 98.44%, and the unpaired reads were 

83,418 with a percentage of 1.41% (Table 1). 

 
Table 1. Assembly’s result of the P. bufonius sample 

Sample name 
Before trimming After trimming Unpaired 

reads 

Paired 

reads 
GC (%) 

Total bases Read count Total bases Read count 

Poekilocerus 

bufonius gut 

bacteriome 

600083800 6000838 
582766134 

(97.11%) 

5907222 

(98.44%) 

83418 

(1.41%) 

5823804 

(98.59%) 
58.93% 

 

 

The results of the bacterial communities in the samples at phylum-level taxonomic 

distribution show that they belong to eight phyla based on the total reads. 

Proteobacteria were the most shared at the phylum-level and followed by; 

Actinobacteria, Firmicutes, Nitrospirae, Bacteroidetes, Tenericutes, Cyanobacteria, 

and Acidobacteria (Fig. 1). 

At the genus-level, the taxonomic distribution showed that they belong to eighty-nine 

(89) genera. Wolbachia were the most abounds at the genus-level and followed by, 

Acinetobacter, Pseudomonas, Azospira, Enterobacter, Shewanella, Vibrio, 

Photobacterium, Serratia, Acidovorax, Sphingobium, Nitrospira, Sphingomonas, 

Rhodoferax, Stenotrophomonas, and Bacillus (Fig. 2). 

At the species-level, the taxonomic distribution showed that they belong to one 

hundred eighty-two (182) species. Wolbachia sp. wRi, Wolbachia endosymbiont of 

Drosophila simulans, Acinetobacter oleivorans, Acinetobacter pittii, Azospira oryzae, 

Pseudomonas putida, Pseudomonas fluorescens, Enterobacter lignolyticus, 

Pseudomonas sp. UW4, Pseudomonas stutzeri, Pseudomonas brassicacearum, 

Pseudomonas savastanoi, Pseudomonas syringae, Photobacterium profundum were the 

most abundant based on the total reads (Fig. 3). A heatmap was generated at the genus 
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and species level to explain the diversity in the composition of the taxonomy based on 

all the total reads (Fig. 4) while the bacterial communities that are present in the sample 

are attached (see Appendix). 

 

 

Figure 1. The bacterial communities at the phylum-level 

 

 

 

Figure 2. The bacterial communities at the genus level 
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Figure 3. The bacterial communities at the species level 

 

 

 

Figure 4. The heatmap of the bacterial community at; (A) genus level, (B) species level 
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Discussion 

The microbiomes present in the guts of insects serve as major contributors to nutrient 

absorption, enhancing immunity and ecological fitness (Morimoto et al., 2019; 

Muratore et al., 2020). The evolutionary powers of P. bufonius in terms of their high 

tolerance to varying environmental conditions are evidenced by the bacterial 

community presented in their guts (Griffith et al., 2018). Metagenomic analysis used to 

study the bacterial diversity in the gut of P. bufonius resulted in 59072222 sequences 

which were classified into phylum and genus levels. A total of 182 bacterial taxa at the 

species level were present with Wolbachia sp. were having high relative abundance. 

Meanwhile, results of sequencing showed that the taxonomic distribution of the 

bacterial communities at the phylum-level indicated eight phyla, indicating that 

Proteobacteria were the most shared at the phylum-level and followed by: 

Actinobacteria, Firmicutes, Nitrospirae, Bacteroidetes, Tenericutes, Cyanobacteria, 

and Acidobacteria. Several studies have shown that Proteobacteria, Firmicutes, and 

Actinobacteria have been found in the intestinal bacteria of locusts, orthopterans and the 

well-characterized microbiota of honeybees (Anjum et al., 2018; Engel et al., 2012; 

Stoops et al., 2016). 

On the other hand, Cyanobacteria appeared remarkably in the sample because it is 

part of the diet of some insects such as mosquito Larvae (Berry, 2014), In other studies, 

(Meng et al., 2019) high abundance of cyanobacteria family was found present in 

dessert soils of Israel, while (Wynn-Williams, 2000) observed that Cyanobacteria 

constitute a large population of microalgae in hot desert rocks as a result of their ability 

to withstand high temperatures. 

At the genus-level, the taxonomic distribution showed eighty-nine (89) genera. This 

diversity is attributed to a combination of factors such as nutrition, environmental 

conditions, and the gut environment (Brune and Dietrich, 2015; Wang et al., 2020; Yun 

et al., 2014). Wolbachia were the most abounds at the genus-level and followed by, 

Acinetobacter, Pseudomonas, Azospira, Enterobacter, Shewanella, Vibrio, 

Photobacterium, Serratia, Acidovorax, Sphingobium, Nitrospira, Sphingomonas, 

Rhodoferax, Stenotrophomonas, and Bacillus based on the total reads. Many studies 

demonstrated that Wolbachia has a role in controlling the reproductive characteristics of 

host insects (Hancock et al., 2011; Saridaki and Bourtzis, 2010). In addition, 

grasshopper gut bacteria, such as Acinetobacter, Pseudomonas and Klebsiella, have the 

ability to produce siderophore (Sonawane et al., 2018). The bacteria that produce 

siderophore have an effective role in promoting plant growth and are considered 

effective in insecticides, which are environmentally friendly and can be a valuable 

alternative solution to chemical insecticides (Kramer et al., 2020; Rungin et al., 2012; 

Sepehri and Khatabi, 2021). Microorganisms colonizing the gut of P. bufonius are 

capable of degrading cellulose, which is the functional role of Bacillus sp and 

Pseudomonas sp in the gut (Wang et al., 2020). The study of the gut bacteria in P. 

bufonius carried out by (Alghamdi et al., 2017) was done through traditional methods 

by isolation. Their work showed four bacteria: Bacillus subtilis, Staphylococcus aureus, 

Klebsiella sp. and Streptococcus sp. However, the results of this study revealed ninety-

two species that describe the whole bacterial community using metagenomic methods. 

Metagenomics is considered as a powerful technique and future feature that can open 

the space to understand the diversities and the functions of the bacterial community in 

their environment (Baeshen et al., 2020). 
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Conclusion 

In this study, we demonstrated the conservation of one dominant phylum, 

Proteobacteria present in P. bufonius. Differences in the bacterial community 

compositions are likely influenced by their dietary preferences including R. stricta plant 

as compared to other studies on grasshoppers. The host-microbiome interactions and 

their subsequent impact on the ecosystem are yet to be fully established, therefore a 

detailed study is needed to ensure effective conservation, pest management, and other 

biotechnological applications in industry and environment. 

Acknowledgment. The authors would like to acknowledge the Department of Biology, Faculty of 

Science, King Abdulaziz University and Prof. Sherif Edris Ahmed for their technical support. 

REFERENCES 

[1] Ahn, J. H., Hong, I. P., Bok, J. I., Kim, B. Y., Song, J., Weon, H. Y. (2012): 

Pyrosequencing analysis of the bacterial communities in the guts of honey bees Apis 

cerana and Apis mellifera in Korea. – Journal of Microbiology 50(5): 735-745. 

[2] Alghamdi, A., Alzahrani, O., Sayed, S. (2017): Symbiont bacteria in usher hopper, 

Poekilocerus bufonius (Orthoptera: Pyrgomorphidae) gut. – Journal of Global 

Biosciences 6: 4823-4827. 

[3] Anjum, S. I., Shah, A. H., Aurongzeb, M., Kori, J., Azim, M. K., Ansari, M. J., Bin, L. 

(2018): Characterization of gut bacterial flora of Apis mellifera from north-west Pakistan. 

– Saudi Journal of Biological Sciences 25(2): 388-392. 

[4] Baeshen, N. A., Sabir, J. S., Zainy, M. M., Baeshen, M. N., Abo-Aba, S. E. M., Moussa, 

T. A. A., Ramadan, H. A. I. (2014): Biodiversity and DNA barcoding of soil fungal flora 

associated with Rhazya stricta in Saudi Arabia. – Bothalia 44(5): 301-314. 

[5] Baeshen M. N., Khan R., Bora R. S., Baeshen N. A. (2015): Therapeutic potential of the 

folkloric medicinal plant Rhazya stricta. – Journal of Biological Systems. 5(1): 1000151. 

[6] Baeshen, M. N., Moussa, T. A. A., Ahmed, F., Abulfaraj, A. A., Jalal, R. S., Majeed, M. 

A., Huelsenbeck, J. P. (2020): Diversity profiling of associated bacteria from the soils of 

stress tolerant plants from seacoast of Jeddah, Saudi Arabia. – Applied Ecology and 

Environmental Research 18(6): 8217-8231. 

[7] Berry, G. A. (2014): Mosquito larvicides from cyanobacteria. – FIU Electronic Theses 

and Dissertations 1449. 

[8] Brune, A., Dietrich, C. (2015): The gut microbiota of termites: digesting the diversity in 

the light of ecology and evolution. – Annual Review of Microbiology 69(145-166). 

[9] Chen, B., Teh, B. S., Sun, C., Hu, S., Lu, X., Boland, W., Shao, Y. (2016): Biodiversity 

and activity of the gut microbiota across the life history of the insect herbivore 

Spodoptera littoralis. – Scientific Reports 6(1): 1-14. 

[10] Dillon, R., Charnley, K. (2002): Mutualism between the desert locust Schistocerca 

gregaria and its gut microbiota. – Research in Microbiology 153(8): 503-509. 

[11] Dillon, R. J., Dillon, V. M. (2004): The gut bacteria of insects: nonpathogenic 

interactions. – Annual Reviews in Entomology 49(1): 71-92. 

[12] Engel, P., Moran, N. A. (2013): The gut microbiota of insects–diversity in structure and 

function. – FEMS Microbiology Reviews 37(5): 699-735. 

[13] Engel, P., Martinson, V. G., Moran, N. A. (2012): Functional diversity within the simple 

gut microbiota of the honey bee. – Proceedings of the National Academy of Sciences 

109(27): 11002-11007. 

[14] Griffith, B. C., Weiss, B. L., Aksoy, E., Mireji, P. O., Auma, J. E., Wamwiri, F. N., ... 

Aksoy, S. (2018): Analysis of the gut-specific microbiome from field-captured tsetse 



Baeshen et al.: Metagenomic analysis of the gut bacteriome of usherhopper, Poekilocerus bufonius (Klug) from Hadda, Saudi 

Arabia 
- 1432 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1425-1433. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2002_14251433 

© 2022, ALÖKI Kft., Budapest, Hungary 

flies, and its potential relevance to host trypanosome vector competence. – BMC 

Microbiology 18(1): 55-67. 

[15] Hancock, P. A., Sinkins, S. P., Godfray, H. C. J. (2011): Strategies for introducing 

Wolbachia to reduce transmission of mosquito-borne diseases. – PLOS Neglected 

Tropical Diseases 5(4): p.e1024. 

[16] Jing, T. Z., Qi, F. H., Wang, Z. Y. (2020): Most dominant roles of insect gut bacteria: 

digestion, detoxification, or essential nutrient provision. – Microbiome 8(1): 1-20. 

[17] Kramer, J., Özkaya, Ö., Kümmerli, R. (2020): Bacterial siderophores in community and 

host interactions. – Nature Reviews Microbiology 18(3): 152-163. 

[18] Lü, J., Guo, W., Chen, S., Guo, M., Qiu, B., Yang, C., ... Pan, H. (2019): Host plants 

influence the composition of the gut bacteria in Henosepilachna vigintioctopunctata. – 

PLoS One 14(10): p.e0224213. 

[19] Mancini, M. V., Damiani, C., Accoti, A., Tallarita, M., Nunzi, E., Cappelli, A., ... Serrao, 

A. (2018): Estimating bacteria diversity in different organs of nine species of mosquito by 

next generation sequencing. – BMC Microbiology 18(1): 1-10. 

[20] Meng, F., Bar-Shmuel, N., Shavit, R., Behar, A., Segoli, M. (2019): Gut bacteria of 

weevils developing on plant roots under extreme desert conditions. – BMC Microbiology 

19(1): 1-13. 

[21] Morimoto, J., Nguyen, B., Tabrizi, S. T., Lundbäck, I., Taylor, P. W., Ponton, F., 

Chapman, T. A. (2019): Commensal microbiota modulates larval foraging behaviour, 

development rate and pupal production in Bactrocera tryoni. – BMC Microbiology 19(1): 

1-8. 

[22] Moussa, T. A., Al-Zahrani, H. S., Almaghrabi, O. A., Abdelmoneim, T. S., Fuller, M. P. 

(2017): Comparative metagenomics approaches to characterize the soil fungal 

communities of western coastal region, Saudi Arabia. – Plos One 12(9): p.e0185096. 

[23] Muratore, M., Prather, C., Sun, Y. (2020): The gut bacterial communities across six 

grasshopper species from a coastal tallgrass prairie. – PLoS One. 

https://doi.org/10.1371/journal.pone.0228406. 

[24] Noor, S. O., Al-Zahrani, D. A., Hussein, R. M., Jalal, R. S., Abulfaraj, A. A., Majeed, M. 

A., ... Huelsenbeck, J. P. (2020): Biodiversity in bacterial phyla composite in arid soils of 

the community of desert medicinal plant Rhazya stricta. – Journal of Pharmaceutical 

Research International. DOI: 10.9734/jpri/2020/v32i3130923. 

[25] Ojha, A., Zhang, W. (2019): A comparative study of microbial community and dynamics 

of Asaia in the brown planthopper from susceptible and resistant rice varieties. – BMC 

Microbiology 19(1): 1-12. 

[26] Prabhakar, C. S., Sood, P., Kanwar, S. S., Sharma, P. N., Kumar, A., Mehta, P. K. (2013): 

Isolation and characterization of gut bacteria of fruit fly, Bactrocera tau (Walker). – 

Phytoparasitica 41(2): 193-201. 

[27] Rungin, S., Indananda, C., Suttiviriya, P., Kruasuwan, W., Jaemsaeng, R., 

Thamchaipenet, A. (2012): Plant growth enhancing effects by a siderophore-producing 

endophytic streptomycete isolated from a Thai jasmine rice plant (Oryza sativa L. cv. 

KDML105). – Antonie van Leeuwenhoek 102(3): 463-472. 

[28] Saridaki, A., Bourtzis, K. (2010): Wolbachia: more than just a bug in insects genitals. – 

Current Opinion in Microbiology 13(1): 67-72. 

[29] Sayyed, R. Z., Patel, P. R. (2011): Biocontrol potential of siderophore producing heavy 

metal resistant Alcaligenes sp. and Pseudomonas aeruginosa RZS3 vis-a-vis 

organophosphorus fungicide. – Indian Journal of Microbiology 51(3): 266-272. 

[30] Sepehri, M., Khatabi, B. (2021): Combination of siderophore-producing bacteria and 

Piriformospora indica provides an efficient approach to improve cadmium tolerance in 

alfalfa. – Microbial Ecology 81(3): 717-730. 

[31] Sonawane, M. S., Chaudhary, R. D., Shouche, Y. S., Sayyed, R. Z. (2018): Insect gut 

bacteria: a novel source for siderophore production. – Proceedings of the National 

Academy of Sciences, India Section B: Biological Sciences 88(2): 567-572. 



Baeshen et al.: Metagenomic analysis of the gut bacteriome of usherhopper, Poekilocerus bufonius (Klug) from Hadda, Saudi 

Arabia 
- 1433 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2): 1425-1433. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/2002_14251433 

© 2022, ALÖKI Kft., Budapest, Hungary 

[32] Stoops, J., Crauwels, S., Waud, M., Claes, J., Lievens, B., Van Campenhout, L. (2016): 

Microbial community assessment of mealworm larvae (Tenebrio molitor) and 

grasshoppers (Locusta migratoria migratorioides) sold for human consumption. – Food 

Microbiology 53: 122-127. 

[33] Tan, S. Q., Yin, Y., Cao, K. L., Zhao, X. X., Wang, X. Y., Zhang, Y. X., Shi, W. P. 

(2020): Effects of a combined infection with Paranosema locustae and Beauveria bassiana 

on Locusta migratoria and its gut microflora. – Journal of Insect Science. DOI: 

10.1111/1744-7917.12776. 

[34] Wang, J. M., Bai, J., Zheng, F. Y., Ling, Y., Li, X., Wang, J., ... Li, X. J. (2020): 

Diversity of the gut microbiome in three grasshopper species using 16S rRNA and 

determination of cellulose digestibility. – PeerJ 8: p.e10194. 

[35] Wielkopolan, B., Obrępalska-Stęplowska, A. (2016): Three-way interaction among 

plants, bacteria, and coleopteran insects. – Planta 24(2): 313-332. 

[36] Wynn-Williams, D. D. (2000): Cyanobacteria in Deserts—Life at the Limit? – In: 

Whitton, B. A., Potts, M. (eds.) The Ecology of Cyanobacteria. Springer, Dordrecht, pp. 

341-366. 

[37] Yun, J. H., Roh, S. W., Whon, T. W., Jung, M. J., Kim, M. S., Park, D. S., ... Kim, J. Y. 

(2014): Insect gut bacterial diversity determined by environmental habitat, diet, 

developmental stage, and phylogeny of host. – Applied and Environmental Microbiology 

80(17): 5254-5264. 

ELECTRONIC APPENDIX 

This manuscript has an electronic appendix. 

 

 

 


