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Abstract

Aphids are important agricultural pests that feed on plant sap and can reach high population densities in short time,
causing plant quality and yield losses. Almost all aphids host symbiont bacteria that allow them to easily adapt to
their environment. It is known that the primary symbiont Buchnera aphidicola synthesizes some essential amino
acids and vitamins that its host needs, while the secondary symbiont bacteria have a wide range of effects,
including protecting the host under stress conditions and resistance against natural enemies. Aphids have become
a model system for studying insect-bacteria interactions. To date, secondary bacterial symbionts have been
identified in many aphid species, and a significant literature bank has been provided on this interaction in natural
populations. Knowing the role and importance of symbiont bacteria in aphid metabolism is very important in the
control of these pests. This study reports that secondary symbionts hosted on aphids play important roles in aphid
metabolism, therefore bacterial symbionts can be used effectively in controlling the aphids.
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Afitlerde ikincil Bakteriyel Simbiyontlar
Ozet

Afitler, bitki 6zsuyu ile beslenen, kisa siire i¢erisinde yiiksek popiilasyon yogunluklarina ulasarak bitkide kalite ve
verim diisiislerine sebep olan 6nemli bir tarim zararlisidir. Hemen hemen biitiin afitler bulunduklar1 ortam
kosullarina kolayca adapte olmalarini1 saglayan simbiyont bakterilere ev sahipligi yapar. Bunlardan birincil
simbiyont Buchnera aphidicola nin konaginin ihtiyaci olan bazi temel amino asitleri ve vitaminleri sentezledigi,
ikincil simbiyont bakterilerin ise stres kosullar1 altinda konagini koruma ve dogal diismanlara kars1 dirence kadar
¢ok genis kapsamli etkileri oldugu bilinmektedir. Afitler, bocek-bakteri etkilesimlerinin ¢alisiimasinda model bir
sistem haline gelmistir. Bugiine kadar bir¢ok afit tiirinde sekonder bakteriyel simbiyontlar belirlenmis ve dogal
popiilasyonlardaki bu etkilesim hakkinda 6nemli literatiir bankasi saglanmistir. Afit metabolizmasinda simbiyont
bakterilerin rolii ve 6neminin bilinmesi bu zararlilarla miicadelede olduk¢a 6nemlidir. Bu ¢alismayla afitlerde
konaklayan sekonder simbiyontlarin afit metabolizmasinda 6nemli roller iistlendigi dolayisiyla afitlerle
miicadelede bakteriyel simbiyontlarin etkin olarak kullanilabilecegi bildirilmektedir.

Anahtar Kelimeler: Afit, Biyolojik miicadele, Hamiltonella, Serratia, Simbiyont
Introduction

It has long been known that the majority of insect species form symbioatic relationships with microorganisms that
undertake various functions, including nutrition, protection from pathogens, protection against stress conditions
and development of resistance (Buchner, 1965; Gonzalez-Gonzalez et al. 2024). Among insect groups, the most
studied group in insect symbiosis are the phloem-feeding aphids (Hemiptera: Aphididae), which have a high ability
to adapt to a wide range of environmental conditions, including stress conditions. There is more interest in a few
species among aphids, and studies on these species are more common in the literature. Research has mostly focused
on Acyrthosiphon pisum (Harris), Sitobion avenae (Fabricius) and Aphis fabae (Scopoli) species from the
Aphidinae subfamily, which reveals the need for research on more aphid species (Zytynska et al. 2021; Manzano-
Marin et al. 2023; Zepeda-Paulo et al. 2024). Recent studies have revealed the role of symbiotic bacteria in the
survival of aphids in harsh conditions (Csorba et al. 2024). Bacterial symbionts may play a role in ecological
speciation by directly affecting how aphids use different plant species (Ferrari et al. 2011). All aphids harbour the
obligate (primary) symbiont bacterium Buchnera aphidicola, which increases its host’s chances of survival by
synthesizing certain essential amino acids and vitamins that they cannot get in sufficient quantities from the phloem
sap. In addition, some aphids also harbor facultative (secondary) symbionts that are not essential for the survival
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and reproduction of their host but provide various ecological advantages to the host against biotic and abiotic
environmental conditions (Heyworth & Ferrari, 2015; Shih et al. 2023).

Secondary symbiotic bacteria of aphids

Insects (Arthropoda: Insecta) owe their being the most diverse and highly successful animals on Earth to their
long-term and stable ecological relationships with bacteria. Like other insects, aphids can quickly increase their
population density by adapting to almost any environment in a very short time, thanks to the symbionts they
contain.There are two types of bacterial endosymbionts that are present in insects: (1) facultative or secondary
symbionts and (2) obligate or primary symbionts. Buchnera aphidicola is the primary endosymbiont present in
almost all aphid species. Facultative bacteria are not essential for aphids, but they perform very important
functions. The ecological relationship between these bacteria and aphids is mostly based on defense and immune
behaviors. Secondary bacteria identified in aphids; Serratia symbiotica, Hamiltonella defensa, Regiella
insecticola, Erwinia aphidicola, Pseudomonas aeruginosa, Wolbachia pipientis, Rickettsiella sp., Rickettsia sp.,
Spiroplasma sp., Arsenophonus sp., Photorhabdus sp., Xenorhabdus sp., Candidatus sp., Fukatsuia, Sodalis,
Erwinia haradaeae and Bacteroidota (Oliver et al. 2010; Csorba et al. 2022; Manzano-Marin et al. 2023). In
recent years, studies - especially Next Generation Sequencing (NGS) - have shown that the diversity of secondary
symbiont bacteria is gradually increasing. For example, a new symbiotic relationship with a bacterium related to
Erwinia and Sodalis was reported by Jousselin et al. (2016). Then, the secondary symbiotic bacteria
Pectobacterium was initially described in aphids by Liu et al. (2023) based on the findings of genetic distance
analysis. Zepeda-Paulo et al. (2024) studied the microbiome of the woolly apple aphid Eriosoma lanigerum
(Hausmann) a serious pest of apple orchards that has not been studied much in aphid-facultative symbiont research.
In 16S rRNA gene Illumina sequencing-based taxonomic assignment showed a high representation of reads
assigned to a recently recognized bacterial taxon -not previously described in aphids- identified as
Symbiopectobacterium purcellii (Zepeda-Paulo et al. 2024).

Facultative bacteria are present in different proportions in natural aphid populations, and although they are mostly
transmitted vertically from mother to offspring, they can occasionally be transmitted horizontally (Russel et al.
2003; Baumman et al. 2006; Zepeda-Paulo et al. 2024). According to some researchers, temperature can have an
impact on symbionts’ vertical and horizontal transmission frequencies (Anbutsu et al. 2008; Osaka et al. 2008; Liu
et al. 2019).

Bacterial secondary symbionts are known to facultatively colonize their hosts. They do not live there permanently
but occur less frequently inside the body of the host (Oliver et al. 2010; Dion et al. 2011). Unlike B. aphidicola,
which is found in specialized cell groups called bacteriocytes or mycetocytes located adjacent to the ovaries
(Braendle et al. 2003), secondary symbionts generally settle freely in secondary bacteriocyte cells, sheath cells
around primary bacteriocyte cells (Burke & Moran, 2011) and hemolymph. (Oliver et al. 2010; Dion et al. 2011).
For example, Hamiltonella defensa, Serratia symbiotica, Regiella insecticola and Rickettsiella are found in the
cytoplasm of secondary bacteriocytes and sheath cells and in the hemolymph (in pea aphid) (Fukatsu et al. 2000;
Moran et al. 2005). As an another example, earlier research has shown that the endosymbiont Serratia symbiotica
may colonise the gut (Renoz et al. 2019), bacteriocytes, and hemolymph of A. pisum (Harris), among other tissues
(Skaljac et al. 2018). According to Skaljac et al. (2019), the movement of S. symbiotica into its host plant is
facilitated by the colonisation of the aphid’s mouthparts, especially the stylets. Sometimes, symbionts can replace
each other within the host. For example, after the obligatory symbiont Buchnera is eliminated with antibiotics at
benign temperatures, Serratia in pea aphids moved into the bacteriocytes that Buchnera had left behind, allowing
the stressed aphid to live and reproduce. However, it has been noted that Serratia suppresses Buchnera and affects
the aphid’s performs when these two symbiotic bacteria are present together (Koga et al. 2003). As this example
shows, interspecies interactions (competition, mutualism, etc.) between different symbiont bacteria in the same
host affect the host quality of life in different ways.

The role of secondary symbionts in aphid metabolism

It is stated that facultative symbionts play important roles such as protecting the host against predators, developing
host resistance against biotic and abiotic factors, and varying body color (Koga et al. 2003; Brinza et al. 2009;
Zhang et al. 2015). In addition, although it may not be able to synthesize some essential amino acids and vitamins
like Buchnera, it is reported that it potentially plays a role in aphid nutrition by assisting Buchnera (Pérez-Brocal
et al. 2006; Burke et al. 2009).For instance, the bacterial community of the Bamboo woolly aphid Psudoregma
bambucicola (Takahashi) was evaluated in a study by Liu et al. (2023). The three species that dominated the
symbiotic community, according to these investigators, were Wolbachia, Pectobacterium, and Buchnera. The
capacity of Pectobacterium to facilitate P. bambucicola’s feeding on hard bamboo stems implies that the two
organisms have a symbiotic connection.
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Aphids are among the poikilothermic insects that are most susceptible to the negative effects of high temperatures.
Genetic diversity among aphids and the specificity of the symbiotic bacterial species they host may contribute to
differences in adaptive capacity and tolerance to heat stress (Burke et al. 2010; Brisson et al. 2010; Montllor et al.
2002).As temperatures rise, aphids face numerous challenges that can disrupt their normal functioning and threaten
their survival. For example; disruption of aphid metabolism, cellular damage in aphids, protein denaturation,
oxidative stress, and disruption of cellular membranes and indirectly negatively impacts upon aphid physiology,
compromising key functions such as feeding, reproduction, and immune responses (Csorba et al. 2024). Bacterial
symbionts play important roles in the ability of aphids to cope with heat stress. Majeed et al. (2022) have reported
that Buchnera aphidicola, the primary symbiont of aphids, contributes to the synthesis of heat shock proteins
(HSPs). Symbionts increase the resilience of insects to heat stress by promoting the synthesis of HSPs.

Many studies have emphasized that the most common endosymbiont bacterium, Serratia symbiotica (Jousselin et
al. 2016), after the obligate symbiont B. aphidicola, increases the success of its host under heat stress and
contributes to aphid defense (Burke et al. 2009). Serratia may also affect other trophic relationships, as
demonstrated by Wang et al. 2024, by influencing the physiology and behaviour of major predators in order to
promote host aphid defence. The results of their study demonstrate that the facultative symbiont Serratia enhances
aphid fitness by disrupting with ladybeetle larvae’s predation approach.

Studies have emphasized that symbiont bacteria are directly involved in the symbiont-aphid-parasitoid/predator
interaction. For example, in the presence of facultative symbionts, the primary wasp parasitoid Aphidius ervi
Haliday is less effective on the pea aphid A. pisum (Harris) (in the presence of predators) (Purkiss et al. 2022). On
the other hand, according to Inchauregui et al. (2023), the facultative symbiont R. insecticola in the body of A.
pisum (Harris) does not provide defense against the pathogenic fungus Batkoa apiculate.

Facultative symbionts protect aphids against pathogen attacks. It has been reported that an X-type facultative
bacterium, a member of Enterobacteriaceae, protects aphids against the fungal pathogen Pandora neoaphidis and
increases their resistance to the parasitoid Aphidius ervi Haliday (Heyworth and Ferrari, 2015). It is reported in the
literature that Hamiltonella defensa, one of the secondary symbionts, contains a lysogenic bacteriophage that
protects its host against the parasitic wasp Aphidius ervi Haliday, and Regiella insecticola provides resistance to
some fungal pathogens (Jousselin et al. 2016). Additionally, it has been demonstrated, also in a lab setting, that
when R.insecticola is present in the body of Aphis fabae Scopoli, the percentage of nymphs parasitized by the
main wasp parasitoid Aphidius colemani (Dalman) is significantly lower than when the bacterium is absent from
the aphid control group (Vorburger et al. 2010). Various abiotic factors such as temperature and drought can alter
the course of the symbiont-aphid-parasitoid/predator interaction. Studies conducted under field conditions indicate
that the resistance of H. defensa to primary wasp parasitoids in the Black Bean aphid, Aphis fabae Scopoli, may
vary depending on the temperature regime to which the previous aphid generation was exposed. It has been
reported by Gimmi et al. (2023) that the symbiont H. defensa increases the resistance of aphids to heat;
furthermore, under such stress conditions, the defense capacity of the aphid against parasitoids may decrease. The
English grain aphid Sitobion avenae (Fabricius) possesses the facultative symbiotic bacteria H. defensa and R.
insecticola, which have been shown to delay the infection process with pathogenic fungal species Beauveria
bassiana and Metarhizium bruneum. However, it has been reported that the absence of these symbionts causes a
decrease in the fecundity of aphids infected with pathogenic fungi (Ali et al. 2022).

Result

The facultative symbionts play a major role in increasing the fitness of the host aphid by controlling physiological
responses in the host as well as by disturbing the predators' strategies of predation. In order to get a deeper
understanding of the diversity and function of endosymbionts across a variety of host plant species, this work
highlights the need of investigating symbionts using the entire microbiome of insect hosts as well as numerous
aphid samples. Also, there may be opportunities to develop strategies for integrated pest management based on
the biological control of aphids by focusing on their symbionts.

References

Ali, S., Sajjad, A., Shakeel, Q., Faroogi, M. A., Aqueel, M. A, Tariq, K., ... & Manachini, B. (2022). Influence of
bacterial secondary symbionts in Sitobion avenae on its survival fitness against entomopathogenic
fungi, Beauveria bassiana and Metarhizium brunneum. Insects, 13(11), 1037.

Anbutsu, H., Goto, S., & Fukatsu, T. (2008). High and low temperatures differently affect infection density and
vertical transmission of male-killing Spiroplasma symbionts in Drosophila hosts. Applied and
environmental microbiology, 74(19), 6053-6059.

Baumann, P. (2006). Diversity of prokaryote—insect associations within the Sternorrhyncha (psyllids, whiteflies,
aphids, mealybugs). Insect symbiosis, vol 2. CRC, pp 23-46.

238

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



7™ International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2024

Braendle, C., Miura, T., Bickel, R., Shingleton, A. W., Kambhampati, S., & Stern, D. L. (2003). Developmental
origin and evolution of bacteriocytes in the aphid—Buchnera symbiosis. PLoS biology, 1(1), e21.

Brinza, L., Vidiuelas, J., Cottret, L., Calevro, F., Rahbé, Y., Febvay, G., ... & Charles, H. (2009). Systemic analysis
of the symbiotic function of Buchnera aphidicola, the primary endosymbiont of the pea aphid
Acyrthosiphon pisum. Comptes Rendus Biologies, 332(11), 1034-1049.

Brisson, J. A., Ishikawa, A., & Miura, T. (2010). Wing development genes of the pea aphid and differential gene
expression between winged and unwinged morphs. Insect Molecular Biology, 19, 63-73.

Buchner, P. (1965). Endosymbiosis of animals with plant microorganisms. New York: John Wiley & Sons, U.K.

Burke, G. R., & Moran, N. A. (2011). Massive genomic decay in Serratia symbiotica, a recently evolved symbiont
of aphids. Genome biology and evolution, 3, 195-208.

Burke, G. R., Normark, B. B., Favret, C., & Moran, N. A. (2009). Evolution and diversity of facultative symbionts
from the aphid subfamily Lachninae. Applied and Environmental Microbiology, 75(16), 5328-5335.

Burke, G., Fiehn, O., & Moran, N. (2010). Effects of facultative symbionts and heat stress on the metabolome of
pea aphids. The ISME journal, 4(2), 242-252.

Csorba, A. B., Dinescu, S., Pircalabioru, G. G., Fora, C. G., Balint, J., Loxdale, H. D., & Balog, A. (2024). Aphid
adaptation in a changing environment through their bacterial endosymbionts: an overview, including a
new major cereal pest (Rhopalosiphum maidis (Fitch) scenario. Symbiosis, 1-14.

Csorba, A. B., Fora, C. G., Balint, J., Felfoldi, T., Szabo, A., Mathé, L., ... & Balog, A. (2022). Endosymbiotic
bacterial diversity of corn leaf aphid, Rhopalosiphum maidis Fitch (Hemiptera: Aphididae) associated
with maize management systems. Microorganisms, 10(5), 939.

Dion, E., Polin, S. E., Simon, J. C., & Outreman, Y. (2011). Symbiont infection affects aphid defensive behaviours.
Biology letters, 7(5), 743-746.

Ferrari, J., West, J. A., Via, S., & Godfray, H. C. J. (2012). Population genetic structure and secondary symbionts
in host-associated populations of the pea aphid complex. Evolution, 66(2), 375-390.

Fukatsu, T., Nikoh, N., Kawali, R., & Koga, R. (2000). The secondary endosymbiotic bacterium of the pea aphid
Acyrthosiphon pisum (Insecta: Homoptera). Applied and environmental microbiology, 66(7), 2748-
2758.

Gimmi, E., Wallisch, J., & Vorburger, C. (2023). Defensive symbiosis in the wild: Seasonal dynamics of parasitism
risk and symbiont-conferred resistance. Molecular Ecology, 32(14), 4063-4077.

Gonzalez-Gonzalez, A., Cabrera, N., Rubio-Meléndez, M. E., Septilveda, D. A., Ceballos, R., Fernandez, N., ... &
Ramirez, C. C. (2024). Facultative endosymbionts modulate the aphid reproductive performance on
wheat cultivars differing in contents of benzoxazinoids. Pest Management Science, 80(4), 1949-1956.

Heyworth, E. R., & Ferrari, J. (2015). A facultative endosymbiont in aphids can provide diverse ecological
benefits. Journal of Evolutionary Biology, 28(10), 1753-1760.

Inchauregui, R. A., Tallapragada, K., & Parker, B. J. (2023). Aphid facultative symbionts confer no protection
against the fungal entomopathogen Batkoa apiculata. Plos one, 18(5), €0286095.

Jousselin, E., Clamens, A. L., Galan, M., Bernard, M., Maman, S., Gschloessl, B., ... & Coeur D'Acier, A. (2016).
Assessment of a 16S rRNA amplicon Illumina sequencing procedure for studying the microbiome of a
symbiont-rich aphid genus. Molecular Ecology Resources, 16(3), 628-640.

Koga, R., Tsuchida, T., & Fukatsu, T. (2003). Changing partners in an obligate symbiosis: a facultative
endosymbiont can compensate for loss of the essential endosymbiont Buchnera in an aphid. Proceedings
of The Royal Society, 270 (1533), 2543-2550.

Liu, S., Liu, X., Zhang, T., Bai, S., He, K., Zhang, Y., ... & Wang, Z. (2023). Secondary symbionts affect aphid
fitness and the titer of primary symbiont. Frontiers in Plant Science, 14, 1096750.

Liu, X. D., Lei, H. X., & Chen, F. F. (2019). Infection pattern and negative effects of a facultative endosymbiont
on its insect host are environment-dependent. Scientific reports, 9(1), 4013.

Majeed, M. Z., Sayed, S., Bo, Z., Raza, A., & Ma, C. S. (2022). Bacterial symbionts confer thermal tolerance to
cereal aphids Rhopalosiphum padi and Sitobion avenae. Insects, 13(3), 231.

Manzano-Marin, A., Coeur d’acier, A., Clamens, A. L., Cruaud, C., Barbe, V., & Jousselin, E. (2023). Co-obligate
symbioses have repeatedly evolved across aphids, but partner identity and nutritional contributions vary
across lineages. Peer Community Journal, 3.

Montllor, C. B., Maxmen, A., & Purcell, A. H. (2002). Facultative bacterial endosymbionts benefit pea aphids
Acyrthosiphon pisum under heat stress. Ecological Entomology, 27(2), 189-195.

Moran, N. A, Tran, P., & Gerardo, N. M. (2005). Symbiosis and insect diversification: an ancient symbiont of
sap-feeding insects from the bacterial phylum Bacteroidetes. Applied and Environmental Microbiology,
71(12), 8802-8810.

Oliver, K. M., Degnan, P. H., Burke, G. R., & Moran, N. A. (2010). Facultative symbionts in aphids and the
horizontal transfer of ecologically important traits. Annual review of entomology, 55(1), 247-266.

239

TURSTEP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



e

7™ International Anatolian Agriculture, Food, Environment and Biology Congress
TARGID 2024

Osaka, R., Nomura, M., Watada, M., & Kageyama, D. (2008). Negative effects of low temperatures on the vertical
transmission and infection density of a Spiroplasma endosymbiont in Drosophila hydei. Current
Microbiology, 57, 335-339.

Pérez-Brocal, V., Gil, R., Ramos, S., Lamelas, A., Postigo, M., Michelena, J. M., ... & Latorre, A. (2006). A small
microbial genome: the end of a long symbiotic relationship?. Science, 314(5797), 312-313.

Purkiss, S. A., Khudr, M. S., Aguinaga, O. E., & Hager, R. (2022). Symbiont-conferred immunity interacts with
effects of parasitoid genotype and intraguild predation to affect aphid immunity in a clone-specific
fashion. BMC Ecology and Evolution, 22(1), 33.

Renoz, F., Pons, 1., Vanderpoorten, A., Bataille, G., Noél, C., Foray, V., ... & Hance, T. (2019). Evidence for gut-
associated Serratia symbiotica in wild aphids and ants provides new perspectives on the evolution of
bacterial mutualism in insects. Microbial Ecology, 78, 159-169.

Russell, J. A., Latorre, A., Sabater-Mufioz, B., Moya, A., & Moran, N. A. (2003). Side-stepping secondary
symbionts: widespread horizontal transfer across and beyond the Aphidoidea. Molecular ecology, 12(4),
1061-1075.

Shih, P. Y., Sugio, A., & Simon, J. C. (2023). Molecular mechanisms underlying host plant specificity in
aphids. Annual Review of Entomology, 68(1), 431-450.

Skaljac, M., Kirfel, P., Grotmann, J., & Vilcinskas, A. (2018). Fitness costs of infection with Serratia symbiotica
are associated with greater susceptibility to insecticides in the pea aphid Acyrthosiphon pisum. Pest
management science, 74(8), 1829-1836.

Skaljac, M., Vogel, H., Wielsch, N., Mihajlovic, S., & Vilcinskas, A. (2019). Transmission of a protease-secreting
bacterial symbiont among pea aphids via host plants. Frontiers in physiology, 10, 438.

Vorburger, C., Gehrer, L., & Rodriguez, P. (2010). A strain of the bacterial symbiont Regiella insecticola protects
aphids against parasitoids. Biology letters, 6(1), 109-111.

Wang, Z. W., Zhao, J., Li, G. Y., Hu, D., Wang, Z. G,, Ye, C., & Wang, J. J. (2024). The endosymbiont Serratia
symbiotica improves aphid fitness by disrupting the predation strategy of ladybeetle larvae. Insect
Science.

Zepeda-Paulo, F., Romero, V., Celis-Diez, J. L., & Lavandero, B. (2024). A newly discovered bacterial symbiont
in the aphid microbiome identified through 16S rRNA sequencing. Symbiosis, 93(2), 223-228.

Zhang, F., Li, X., Zhang, Y., Coates, B., Zhou, X. J., & Cheng, D. (2015). Bacterial symbionts, Buchnera, and
starvation on wing dimorphism in English grain aphid, Sitobion avenae (F.)(Homoptera: Aphididae).
Frontiers in Physiology, 6, 155.

Zytynska, S. E., Tighiouart, K., & Frago, E. (2021). Benefits and costs of hosting facultative symbionts in plant-
sucking insects: A meta-analysis. Molecular Ecology, 30(11), 2483-2494.

240

TURSTEFP

Turkish Science and Technology Publishing (TURSTEP)
www.turstep.com.tr



