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ABSTRACT

The excessive use of chemical pesticides has caused various negative impacts on
the environment and human health, highlighting the need for sustainable biological
control alternatives. This study aimed to molecularly identify symbiotic bacteria
associated with Heterorhabditis sp. using the 16S rRNA gene approach.
Entomopathogenic nematodes were explored from sugarcane plantation soils in
Kediri Regency, East Java, using the baiting method, followed by nematode
propagation and molecular identification of the symbiotic bacteria. The results
showed that the isolated nematodes were identified as Heterorhabditis sp., while
the symbiotic bacteria were identified as Chromobacterium rhizoryzae. This
bacterium exhibited morphological and physiological characteristics similar to
those of the genus Photorhabdus; however, molecular analysis revealed a distant
genetic relationship. These findings indicate that Heterorhabditis sp. is not strictly
monoxenic but can associate with multiple bacterial species (polyxenic)..

Keywords: 16S rRNA; Chromobacterium rhizoryzae; symbiotic bacteria.
ABSTRAK

Penggunaan pestisida kimia yang berlebihan menimbulkan berbagai dampak
negatif terhadap lingkungan dan kesehatan, sehingga diperlukan alternatif
pengendalian hayati yang berkelanjutan. Penelitian ini bertujuan untuk
mengidentifikasi secara molekuler bakteri simbion yang berasosiasi dengan
Heterorhabditis sp. menggunakan pendekatan gen 16S rRNA. Nematoda
dieksplorasi dari tanah pertanaman tebu di Kabupaten Kediri, Jawa Timur,
menggunakan metode baiting, dilanjutkan perbanyakan NEP dan identifikasi
Molekuler Bakteri simbion. Hasil penelitian menunjukkan bahwa nematoda yang
diperoleh teridentifikasi sebagai Heterorhabditis sp., sedangkan bakteri simbion
berasal dari spesies Chromobacterium rhizoryzae. Bakteri ini  memiliki
karakteristik morfologi dan fisiologi yang mirip dengan genus Photorhabdus,
namun secara molekuler memiliki kekerabatan yang jauh. Temuan ini menegaskan
Nematoda Heterorhabditis sp.tidak hanya dapat bersimbion dengan satu jenis
bakteri (Monoxenic), melainkan bersifat dapat bersimbion dengan beberapa jenis
bakteri (Polyxenic).

Kata kunci: 16S rRNA; Chromobacterium rhizoryzae; Bakteri simbion.
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PREFACE

Praise and gratitude are due to God Almighty, for by His grace and blessings
the author was able to complete this undergraduate thesis entitled “Molecular
Identification of Symbiotic Bacteria Associated with the Entomopathogenic
Nematode Heterorhabditis sp.”. This thesis was prepared to fulfill the academic
requirements of the Agrotechnology Study Program, Faculty of Agriculture,
Universitas Pembangunan Nasional “Veteran” Jawa Timur.

This research represents an effort to gain a deeper understanding of
symbiotic bacteria that play a crucial role in the effectiveness of the
entomopathogenic nematode Heterorhabditis sp. as a biological control agent.
Through exploratory methods and molecular identification, this study is expected
to contribute scientifically to the development of environmentally friendly pest
management strategies.

The author welcomes constructive criticism and suggestions as valuable
input for evaluation and improvement in future research. It is also hoped that this
thesis will receive positive responses from the supervisors and examiners and
provide useful information for readers and other parties who require references

related to this study.

Surabaya, February 4™ 2026

Author

William Fernando Simanjuntak



ACKNOWLEDGEMENTS

The successful completion of this undergraduate thesis would not have been
possible without the guidance, assistance, and encouragement—both material and
spiritual—from various parties. Therefore, with sincere gratitude and humility, the
author would like to express appreciation to all those who have contributed to the
completion of this thesis. The author would like to extend heartfelt thanks to:

1. Jesus Christ, for His endless blessings and for being the author’s sole source
of strength and guidance in every step of life.

2. My father, mother, and sisters (Kak Ayu, Kak Lia, and Kak Mega), for their
continuous love, support, and motivation throughout the thesis preparation,
both emotionally, materially, and spiritually.

3. Ramadhani Mahendra Kusuma, S.P., M.P., M.Sc., as the supervisor, for
serving as a role model and for his valuable guidance, supervision, and
constructive suggestions during the completion of this thesis.

4. Dr. Ir. Sri Wiyatiningsih, M.P., as the co-supervisor, for her guidance,
advice, and support throughout the research and writing process.,

5. Arman Adrian Maulana and Rafi Dwi Nugraha, as mentors during the
implementation of this research, for their continuous guidance, suggestions,
and insightful input.

6. My friends from Varietas Kerjabakti Nauvaldi Aji Fernandi, Aril Rada
Candra, Rafi Zharfan Maulana, Vito Nanda Pratama, Muhammad Nur
Madani, Muhammad Syahrul Ramadani, and Joe Satria for their
companionship, encouragement, and moments of joy throughout this
journey,

7. All individuals and institutions who provided assistance, either physically
or financially, in supporting the completion of this thesis, whom the author
cannot mention individually.

8. Sitiktik ma sigompa, golang-golang pangarahutna Tung so sadia pe na

tupa, sai godang ma pinasuna.



TABEL OF CONTENTS

PREFACE ...ttt e et e et e et e e e nae e e nee e I
ACKNOWLEDGEMENTS ... .ottt I
TABEL OF CONTENTS ...ttt i
LIST OF TABELS ...ttt v
LIST OF FIGURES ...ttt vi
I. INTRODUCTION ..ottt ettt sae e e e nnae e e neeas 1
1.1, BaCKQrOUNG ........coviieiiiie ettt 1
1.2. Problem FOrmMUIALION ......ccooeiuiiiiiiicceee e 3
1.3. RESEArCh ODJECHIVES ......cviiiieciecie et 3
1.4, ReSearch BenefitS.......ccuiiiiiiiiiiiieee e 3
1. LITERATUR REVIEW ....cooiiiiiiciseee e 4
2.1. Entomopathogenic Nematodes..........ccvevveiieiieieciie e 4
2.2. Heterorhabditis SP.......ccccoviiiiiiccece e 5
2.2.1. Morphology of Heterorhabditis Sp. .......cccccveveiiieiieieic e 5
2.2.2. Life Cycle of Heterorhabditis Sp. ........cccovveviiiciieiece e 6
2.2.3. Infection Mechanism of Heterorhabditis Sp. ........ccccccovevveiciicinenne 8

2.3. Symbiotic Bacteria of Entomopathogenic Nematodes .............cccccovrennene. 9
2.4, PhotorhabaUsS SP. ..cveveiieiiiiieiiiiiieei et 9
2.5. Moleculer 1dentifiCation...........ccoviiereiieiiee s 11
2.6. HYPOTNESES ... 13
I1l. RESEARCH METHODOLOGY .....oooiiiiiiiee e 14
3.1. Research Time and LOCAtiON.........ccevviiriieiiiie e 14
3.2, ToOIS and MaterialS..........ceiiveiueiieiiee e 15
3.3, RESEAICN DESIGN.....eiiiiiieiiie ittt 16
3.4. Research Implementation..........c.cooviriiiine i 16
3.4.1. Entomopathogenic Nematode EXploration ............ccccceveveveivernennnne. 16
3.4.2. Baiting of Entomopathogenic Nematode .............ccocvrerenenenenennnns 17
3.4.3. WHIE TraD..ei et 18
3.4.4. INVIVO Propagation..........cccueueiieiinie e 19
3.4.5. Morphology Identification of EPNS.........cccooiiiiiiiniinniie e 20



3.4.6. Isolation of Entomopathogenic Nematode Symbiotic Bacteria........ 21

3.4.7. Biochemical Test of Symbiotic Bacteria ...........cccccevvevviveneeinennnnn, 23
3.4.8. Postulat KOCh TSt ......coiiiiiiiiiiiieee e 24
3.4.9. Moleculer Identification of Symbiotic Bacteria...........c.ccccoevrvrnnnnns 24

3.5, Observation Parameters .........cccoceiierenieieeie e 25
3.5.1. Bacterial Morphology ..o 25
3.5.2. Bacterial Colony CharaCteristiCs...........ccovreriiinininieienese e 26
3.5.3. DNA Amplification RESUILS.........cceoveiiiiiineiiieeeee e 26
3.5.4. PhylogenetiC ANalYSIS........cccoriiiriiiiiieiese e 26

3.6, Data ANAIYSIS ....eeiiieiieieiee et 26
IV. RESULTS AND DISCUSSION ......ooiiiicie e 27
4.1.  Entomopathogenic Nematode Heterorhabditis sp. ........cccccooevvririennnne 27
4.2.  Symbiotic Bacteria of Heterorhabditis Sp..........c.ccoovviiiiiinencninienen, 31
4.2.1. Isolation of SymbiotiC BaCteria..........ccccoveriiiriiiiiiiiiec s 31
4.2.2. Biochemical Tests of Symbiotic Bacteria.............cccoovevvivieieeinennnnn, 34
4.2.3. Postulat KOCh TeSE......coiiiiiiiiieeee e 35

4.3.  Molecular 1dentifiCation...........cccoveirieiini e 37
4.3.1. DNA Quantification (NanoDIrop) .......cccccvevveiiieieeiieieece e 37
4.3.2. rRNA Visualization (Electrophoresis) .........cccccvveveieeieiviesecseean, 38
4.3.3. DNA Sequencing ReSUILS...........ccovcieiieiice e 39
4.3.4. BLASTN Results of Bacterial IRNA...........cccoiiiiiiniinee s 41
4.3.5. DNA Phylogenetic RESUILS .........ccccoeiieiiiiiiececc e 42

V. CONCLUSIONS AND RECOMMENDATIONS .....cccoeiviiiiienseieeeieen, 45
5.1, CONCIUSIONS ...ttt ettt 45
5.2, ReCOMMENTAIONS ......ocveiireieiieseee e eas 45
BIBLIOGRAPHY ...ttt ettt e e e nnee e 46
APPENDICES ...ttt nae e 52



LIST OF TABELS

No. Page
Text

4.1. Results of Morphological Identification of Entomopathogenic..................... 29

4.2. Morphometric of infective juveniles (1J) of Heterorhabditis sp.................... 30

4.3. Morphology colony of Symbiotic Bacteria...........cccccovvevviiieieeresiie e 32

4.4. Result of DNA quantification ...........cccccveve i 38

4.5. Result of BLAST rRNA BaCteria .......cccevviiereiieiie e enie e 41

Appendices
1. RESEAICH tiME N0 FIOW ..o eeeeenennnnne 52



LIST OF FIGURES

No Page
Text
2.1. Evolution of nematodes associated and iNSECL..........ccocvvvrerreeieeneniesierieeene 4
2.2. Morphology of Heterorhabditis SP. ........ccccoveieiiiiieiiieeceeee e 6
2.3. The life cycle of entomopathogenic nematodes (EPNS) in infecting............... 6
2.4. Life cycle of Heterorhabditis SP. ......cccvovveiiiiiiiciece e 7
2.5. Mechanism of infection by Heterorhabditis Sp. .......cccccooviiiiiiiiciiicice 8
2.6. Photorhabdus sp. on NBTA MediUm .......ccccooiiiiiiiiinieieee e 10
3.1. Map of Soil Sampling LOCAtioN. .........ccceevveiieiiceiec e 15
3.2. S0il SamPliNg POINES. .....coviiiiiicce e e 17
4.1. White trap Heterorhabditis from cadaver Tenebrio molitor...............c.c........ 27
4.2. Microscopic observation of entomopathogenic nematodes.............cc.cccvvvenee. 28
4.3. Symbiotic bacterial COIONIES .........ccoveiiiiiiiece e 33
4.4, BIOIUMINESCENCE TEST......veuieieieiteiti ettt 34
4.5. Biochemical tests of symbiotic bacteria............c.ccoovviiiiiniiiiii 35
4.6. Cuticle symptoms of Tenebrio MOITOr ..........cccooeiiiiniiiiniece e 36
4.7. Re-isolation of symbiotic bacteria. ..........ccccoevveieiiiiic e 37
4.8. PCR rRNA electrophoresis results of bacterial DNA on 1% agarose ........... 39
4.9. Sequencing results of symbiotic bacterial IRNA ... 40
4.10. Phylogenetic tree of the symbiotic bacterium. ...........ccoovvvieniniieiiicie 43

Appendices

2. SOIl SAMPING LOCAIION .....oviiiiiiiiicieiieiee e 52
3. Rejuvenation of Symbiotic Bacteria on NBTA Medium.........ccccccvvvvvveiieennnne. 53
4. Identification of Bacterial Colony ColOr ..........ccccoevviiii i 54
5. BIOIUMINESCENS TESE .....viiiiiiieiiieieeie et 54
6. Bacteria Moleculer IdentifiCation ...........cccccevvveviiieiiene e 55
7. BLAST Sequence Alignment in FASTA FOrmat ........ccccoovviienenenenesesenns 56

Vi



