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Review / Derleme

Evaluation of Interactions Among 
Aphids, Endosymbionts, and Host 
Plants: A Foresight for the Future

Afitler, Endosimbiyontlar ve Konukçu Bitkiler 
Arasındaki İlişkilerin Değerlendirilmesi: Gelecek için 
Bir Öngörü

ABSTRACT

Insects, the most common and most successful animals on earth, establish long-term and stable 
ecological relationships with bacteria. Aphids (Hemiptera: Aphididae) are an insect group of agri-
cultural importance that can feed on many herbaceous, shrubs, and woody plants as hosts and 
are also in close relationship with endosymbiont bacteria. It is seen that aphid is going to further 
increase their current pest potential in the near future due to their high adaptability and rapid 
reproduction ability. In order to be effective and successful in the biological control of aphids, many 
features of aphids are required to be known and clarified. Therefore, determining the interactions 
among aphid, host plant, and endosymbiont in this relationship might make biological control 
of aphids more effective. In this review, what is known about the relationship among aphids, the 
primary endosymbiotic bacterium Buchnera aphidicola, and the host plant is examined, and the 
possibilities of using symbiont bacteria in the biological control of aphids are discussed.
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ÖZ

Yeryüzündeki en yaygın ve en başarılı hayvanlar olan böcekler, bakterilerle uzun vadeli ve istikrarlı 
ekolojik ilişkiler kurarlar. Afitler (Yaprak bitleri), konak olarak birçok otsu bitki, çalı ve odunsu bitki 
ile beslenen, aynı zamanda endosimbiyont bakterilerle de yakın ilişki içinde olan, tarımsal öneme 
sahip bir böcek grubudur. Yaprak bitlerinin yüksek adaptasyon ve hızlı üreme yetenekleri nedeniyle 
yakın gelecekte mevcut zararlı potansiyellerini daha da artıracağı görülmektedir. Yaprak bitlerinin 
biyolojik mücadelesinde etkili ve başarılı olabilmek için yaprak bitlerinin birçok özelliğinin bilin-
mesi ve netleştirilmesi gerekmektedir. Bu nedenle, bu ilişkide yaprak biti, konak bitki ve endo-
simbiyont arasındaki etkileşimlerin belirlenmesi, yaprak bitleri ile biyolojik mücadeleyi daha etkin 
kılabilir. Bu derlemede, yaprak biti, birincil endosimbiyotik bakteri Buchnera aphidicola ve konak 
bitki arasındaki ilişki hakkında bilinenler incelenmekte ve yaprak bitlerinin bisyolojik kontrolünde 
simbiyotik bakterilerin kullanım olanakları tartışılmaktadır.

Anahtar Kelimeler: Afit, biyolojik mücadele, Buchnera aphidicola, stres

Introduction
Aphids (Hemiptera: Aphididae) are insects of agricultural importance that feed on plant sap and can 
choose many plants as hosts. Since 2012, the studies about Turkey aphid fauna gradually increased 
and the number of aphid species in Turkey aphid fauna reached 604 species (Görür et al., 2022; Kök, 
2021; Kök & Özdemir, 2021). Aphids seem to have the potential to become one of the most important 
pests of plants in the near future, due to their rapid growth characteristics and their high adaptability 
to survive in any environment where environmental conditions are suitable. For this reason, in order to 
be effective in the biological control against aphids, the physiological characteristics of aphids should 
be clarified in more detail. In addition, since knowing only the characteristics of aphids may be insuf-
ficient in effective control, it is necessary to know the effect on the food chain with the change of 
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all living relationships and ecological characteristics related to 
aphids on the food chain. Most aphids harbor primary and sec-
ondary symbionts in specialized cells or body cavities. It has been 
reported by many studies that the basis of this association is 
nutrition, increasing the quality of host life under stress condi-
tions and providing protection against predators and parasites 
(Dale & Moran, 2006; Dunbar et al., 2007; Tsuchida et al., 2011). 
Recent research, which will bridge the gap between mechani-
cal and ecological approaches, shows that herbivores and their 
natural enemies interact with the environment and other living 
things (Coppola et al., 2018; Smith & Chuang, 2014). In such inter-
actions, human intervention and genetic changes can result in 
the production of certain traits (such as nutritional quality and 
physical structure) and defense-related products in plants, such 
as primary, secondary chemicals, and plant volatiles. Therefore, it 
is possible for pests to be affected by changes in host plants in 
various ways and levels.

Aphid Endosymbiont Relationship
Almost all aphid species engage in mutualistic relationships 
with endosymbiotic bacteria. These symbiotic relationships 
may be obligatory or facultative, depending on the evolution-
ary process. Commonly, it has been reported that in these rela-
tionships, symbionts provide some amino acids and vitamins to 
their hosts, protect them against predators and parasites, and 
increase their host’s quality of life under stress conditions. Most 
of the bacterial endosymbionts cannot be cultured indepen-
dently and can be found in the host as obligate endosymbionts 
(Oliver et al., 2010). Culturing endosymbionts can be difficult due 
to their slow growth, lifestyle, and requirement for certain host 
metabolites (Pontes & Dale, 2006). Although some bacteria are 
parasitic and reduce their host’s quality of life, most symbiotic 
bacteria benefit their host in different ways. In general, it is effec-
tive for the host’s development, nutrition, reproduction, thermal 
tolerance, defense, and immune behavior (Dale & Moran, 2006; 
Dunbar et al., 2007; Tsuchida et al., 2011). It is stated that bacte-
rial symbionts can increase the chance of survival of their host, 
as well as manipulate the reproduction of their host to benefit its 
own transmission (Skaljac, 2016). The most popular and known 
endosymbiont of the aphids is Buchnera aphidicola. 

Aphid–Buchnera Relationship
Most of the aphids are in a mutualistic relationship with the 
primary-obligate endosymbiont bacterium B. aphidicola (Oli-
ver et al., 2010). Douglas (1996), in one of their studies, expressed 
that endosymbionts in aphids are not related to nitrogen fixa-
tion; however, Buchnera contributes to the reproduction of the 
host by synthesizing some essential amino acids and vitamins 
that the aphids cannot adequately provide from the plant sap. 
It is thought that aphids provide a safe environment and food 
for endosymbiont bacteria (Güz  et  al., 2015). Aphids overcome 
amino acid deficiency with the help of the endosymbiont Buch-
nera, which can produce riboflavin with some amino acids (Naka-
bachi & Ishikawa 1999, Shigenobu et al., 2000). It is pointed out 
that Buchnera uses some non-essential amino acids which were 
taken from the sap by the aphid and converts them into essen-
tial amino acids that its host needs, and for this reason, it is of 
vital importance for its host (Douglas, 1996). Various studies have 
been conducted on what type of function endosymbionts have 
for their hosts. In one of these studies, when the amino acid pro-
files of aposymbiotic (symbiont free) Acyrthosiphon pisum Har-
ris, 1776 obtained by the application of rifampicin were examined, 
it was stated that the concentrations of aromatic amino acids 

phenylalanine and tryptophan in the embryos of aposymbiotics 
were very low and that these amino acid amounts could limit the 
embryo development of aposymbiotics (Douglas, 1996). Accord-
ing to Douglas and Prosser (1992), aposymbiotic aphids cannot 
synthesize many amino acids such as tryptophan. It has also been 
shown that aphids fed on a diet that does not contain tryptophan 
are unable to sustain their growth. It has been determined that 
the riboflavin (vitamin B2) synthase complex of Buchnera works 
actively only when the symbiotic relationship is continuous and 
this relationship is well established in the young host. It has 
been reported that dietary riboflavin increases the performance 
of aposymbiotics. According to these results, it was stated that 
young aphids containing endosymbionts met their riboflavin 
needs from Buchnera (Güz  et  al., 2015; Nakabachi & Ishikawa, 
1999). Machado-Assefh et al. (2015), in their study with aposym-
biotic Myzus persicae Sulzer, 1776 individuals, tried to determine 
the effect of antibiotic administration on the feeding behavior 
of aphids and the expression of genes in salivary secretion. They 
reported that besides synthesizing essential amino acids and 
vitamins, B. aphidicola also contributes to plant–insect interac-
tion. In addition, some bacterial proteins involved in the metab-
olism of the host plant were found in the saliva of M. persicae. 
Differences in the feeding behavior of aposymbiotic aphids, some 
problems during the penetration of the stylets of the aphids into 
the host plant, and delays in the recognition of the host plant by 
the aphids were observed (Machado-Assefh et al., 2015).

B. aphidicola, known to be related to Enterobacteriaceae, is a bac-
terium with a gram-negative cell wall of 2.5–4 μm in diameter. 
However, unlike most other gram-negative bacteria, Buchnera 
lacks the genes responsible for the production of lipopolysaccha-
rides found in the outer membrane structure. During this sym-
biotic relationship dating back 160–280 million years, Buchnera 
lost some genes required for anaerobic respiration and genes 
responsible for the synthesis of amino sugars, fatty acids, phos-
pholipids, and complex carbohydrates. It has also lost some regu-
latory factors that allow the continuous overproduction of certain 
amino acids, such as tryptophan (Skaljac, 2016). It has been 
stated that Buchnera has a 641 kb long genome rich in Adenin-
Timin nucleotide pairs of genes responsible for the biosynthesis 
of many essential amino acids but lacks genes responsible for 
the biosynthesis of cell surface components of its genome and 
genes involved in cellular defense and regulatory genes (Shig-
enobu et al., 2000). The genome of Buchnera, the endosymbiont 
of the A. pisum, has been characterized as a 657 kb circular DNA 
molecule. In addition, when the genome map of Buchnera was 
compared with the genome map of Escherichia coli and Hae-
mophilus influenzae, it was stated that Buchnera was more simi-
lar to E. coli (Charles & Ishikawa, 1999). The genome size varies 
in Buchnera species and even decreases to 450 kb in some spe-
cies (Gill et al., 2002). Genome studies with insects indicate that 
during the evolutionary process, the host organism lost these 
genes by establishing symbiotic relationships with the bacteria 
responsible for arginine biosynthesis (Luan  et  al., 2015). It has 
been reported that aphids and endosymbionts evolve in parallel 
and endosymbionts are transferred vertically from female adult 
aphids to offspring (Martinez-Torres et al., 2001).

The primary symbiont Buchnera is typically found in specialized 
cell groups called mycetocytes or bacteriocytes in the body cav-
ity of its host (Sasaki & Ishikawa, 1995). An adult aphid may carry 
an estimated 5.6 × 106 Buchnera cells (Baumann & Baumann, 
1994). However, the number of endosymbiont bacteria can be 
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affected by many factors such as the performance of the host, 
seasonal changes, temperature changes, and the quality of the 
host plant on which the aphid feeds (Yao, 2019). Numerous stud-
ies have been conducted to determine the effect of temperature 
on this symbiotic relationship. For example, it was determined 
that the bacterial density of aphids increased from 1.3 × 107 to 
2.0 × 107 at temperatures between 15oC and 25oC, and the endo-
symbiotic relationship was disrupted at 37oC and −10oC. It has 
also been stated that the density of endosymbiotic bacteria in 
aphids may vary according to the developmental stage of the 
insect (Humphreys & Douglas, 1997). There are many studies 
on the role of endosymbionts in the nutrition of aphids. These 
studies have been facilitated by the development of synthetic 
media, the use of antibiotics, and the application of heat shock 
to produce aposymbiotic aphids (Dixon, 1998). In order to study 
the effect of bacteria on the aphid-endosymbiont relationship, it 
is tried to make aphids aposymbiotic by applying antibiotics at 
different doses and in different ways. It is known that antibiotic 
application has different effects on the amount and structure of 
honeydew in aphids. It was concluded that the honeydew particle 
size of aposymbiotic A. pisum is smaller than that of symbionts 
(Wilkinson & Douglas, 1995).

There are also many studies investigating the effects of Buch-
nera presence on aphid morphology. It has been observed that 
there are limitations in the growth and development of aphids 
treated with chlortetracycline, and their fertility decreased. In 
addition, it was observed that A. pisum and Megoura viciae Buck-
ton, 1876, had similar effects on their size and fertility but did not 
affect wing development (Hardie & Leckstein, 2007). In the study 
examining the effects of starvation and symbiont Buchnera on 
the wing dimorphism of the Sitobion avenae Fabricius, 1775 aphid 
species, it was determined that the fertility, body weight, and the 
number of winged individuals decreased in the aposymbiotics 
and that starvation also reduced the winged individual percent-
age and the survival rate (Zhang et al., 2015). They discussed the 
potential importance of reduced winged formation in integrated 
management of aphids.

Besides primary symbionts, aphids can also contain facultative 
symbionts known as secondary symbionts (Guo  et  al., 2022; 
Sharma et al., 2021). As facultative symbionts may be non-essen-
tial for aphid species survival, aphids obtain some ecological ben-
efits, such as host plant use, defense against natural enemies, 
body color modifications, temperature tolerance, and manipu-
lation of their reproduction (Guo  et  al., 2017). Particular atten-
tion should be given to facultative symbionts’ effect on natural 
enemies in aphid management applications. Secondary symbi-
otic bacteria associated with aphids are Hamiltonella defensa, 
Regiella insecticola, Erwinia aphidicola, Serratia symbiotica, 
Pseudomonas aeruginosa, Wolbachia pipientis, Rickettsiella sp., 
Rickettsia sp., Spiroplasma sp., Arsenophonus sp., Photorhab-
dus sp., Xenorhabdus sp., and X-type (Oliver et al., 2010, Zepeda-
Paulo & Lavandero, 2021). Jousselin  et  al. (2016) stated that S. 
symbiotica is the most common endosymbiont bacteria after B. 
aphidicola in Cinara aphid species. They reported that H. defensa 
contains a lysogenic bacteriophage that protects its host against 
parasitic Aphidius ervi, while R. insecticola provides resistance 
against the fungal pathogen (Jousselin  et  al., 2016). Secondary 
symbionts are not found in specialized cell groups like primary 
symbionts. Instead, they are usually localized in secondary bacte-
riocyte cells, sheath cells, which are small flat cells found around 
primary bacteriocyte cells and hemolymph (Moran et al., 2005). 

For example, while H. defensa, S. symbiotica, R. insecticola, and 
Rickettsiella are located in the cytoplasm of secondary bacterio-
cytes and sheath cells, they are also found in the hemolymph of 
A. pisum (Fukatsu et al., 2000; Moran et al., 2005; Tsuchida et al., 
2005). Secondary symbionts can be transmitted vertically 
between individuals and between species, as well as horizontally 
(Guo et al., 2022; Russell et al., 2003, Sharma et al., 2021). Facul-
tative symbionts are not obligatory, but they are reported to take 
on very important tasks. It is stated that secondary symbionts 
have important roles such as protecting their host against preda-
tors, improving host resistance against biotic and abiotic factors, 
nutrition, and differentiation of body color (Brinza  et  al., 2009; 
Koga et al., 2003; Sharma et al., 2021; Zepeda-Paulo & Lavandero, 
2021; Zhang et al., 2015). It is also reported that some second-
ary symbionts provide the necessary cofactors for the synthesis 
of some amino acids (Gosalbes  et  al., 2008). Koga  et  al. (2003) 
studied the interactions of Buchnera and pea aphid secondary 
symbiont (PASS) with each other and their effect on aphid repro-
duction–development in members of A. pisum. As a result of the 
elimination of Buchnera, it was determined that PASS replaced 
Buchnera, allowing its host to survive and reproduce. On the 
other hand, it has been reported that PASS suppresses Buchnera 
and adversely affects the performance of aphid. In the symbiotic 
relationship of Regiella insecticola and A. pisum, it is stated that 
Regiella reduces the amount of spores produced by entomo-
pathogenic fungi such as Pandora neoaphidis and Zoophthora 
occidentalis (Parker et al., 2013; Scarborough et al., 2005). Some 
secondary symbionts such as X-type bacterium (Heyworth & Fer-
rari, 2015) protected aphids against the fungal pathogens (e.g., 
Pandora neoaphidis), increased the resistance to the parasitoids 
(e.g., Aphidius ervi (Haliday, 1834), and also affected the response 
of aphid to heat stress (Guo et al., 2022; Heyworth & Ferrari, 2015). 
In general, phylogenetic analyses in S. symbiotica show that there 
are some differences in the distribution, morphology, and func-
tions of symbionts, which potentially play a role in aphid feeding 
(Burke et al., 2009), and such secondary symbionts provide ben-
efits by supporting their host under different conditions such as 
heat stress (Koga et al., 2003, Montllor et al., 2002; Zepeda-Paulo 
& Lavandero, 2021). It was stated that the number of PASS in 
aphids increased in hot weather, aphids without PASS could not 
reproduce under heat stress, and 80%–100% of aphids contain-
ing PASS gave offspring. It has been reported that temperature 
changes affect some vital parameters of aphids such as survival 
rate, offspring development, development time, and age-related 
fertility rate (Morgan et al., 2001).

Aphid–Host Plant Relationship
Insect–plant interaction is a complex relationship influenced 
by biotic and abiotic factors. Plants produce a range of chemi-
cal compounds to cope with insect infestations (Sharma  et  al., 
2021). Structural chemicals are produced even when the plant 
is under no stress (Wittstock & Gershenzon, 2002). Herbivorous 
insects use these chemicals as a cue to recognize host plants (Ali 
& Agrawal, 2012; Karban  et  al., 2014). Most herbivorous insects 
have developed various mechanisms to overcome these changes 
in the host plant. Thus, both parties develop different mecha-
nisms to overcome the defense response of the other and enter 
the process of co-evolution (Sharma et al., 2021). However, both 
insects and plants are associated with many organisms and 
determine the outcome of insect feeding on a plant. Microbiome 
studies associated with plants and insects provide a new per-
spective on this issue and show that these interactions are more 
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complex than they seem (Bultman & Bell, 2003; Frago et al., 2012; 
Sharma et al., 2021).

Aphids are insects with different adaptation mechanisms that 
can adapt to changing environmental conditions in a short time. 
Some factors such as crowding, host plant quality, and temper-
ature may cause stress in aphids. The nutritional quality of the 
host plant is a very important factor in determining the size, dis-
tribution, survival, and reproduction rate of aphids. Some factors, 
such as the aging of the plant, can lower the plant’s nutrient con-
tent. These changes in host plant quality trigger the formation 
of winged individuals in aphids. In addition, they can increase the 
number of winged individuals very quickly in a short time on the 
host plant they live on. The increase in the number of individu-
als causes the aphids to not benefit enough from the host plant. 
For example, while A. pisum reacts to crowding during the feed-
ing process from mature leaves, Dysaphis devecta (Walker, 1849) 
only increases the number of winged individuals in response to 
changes in host plant quality (Dixon, 1998). Not only endosymbi-
onts activate the resistance and adaptation of aphids to the envi-
ronment but also aphids activate the resistance mechanisms of 
their host plant against stress conditions. A wide variety of biotic 
and abiotic environmental factors in nature cause stress in plants. 
Plants have many defense mechanisms to protect themselves 
from pathogen attacks. Although these defense mechanisms 
play a deterrent role for some pathogens, they are ineffective for 
some pathogens (Koç & Üstün, 2008).

Plants, which are food sources for many organisms, cannot be 
isolated from pathogens, but they have evolved appropriate 
defense strategies to detect and counter the inevitable pathogen 
attacks. In order to prevent pathogen invasion, plants use induc-
ible defense responses activated by pathogen attack as well as 
physical and chemical barriers existing in their structures (Koç & 
Üstün, 2008). In some studies, it has been determined that aphid 
infestation increases the insect resistance of the plant and cre-
ates a vaccine effect on the plant (Coppola et al., 2018; Smith & 
Chuang, 2014). Plants can either cope with stress or move away 
from that stress factor. Various studies have shown that some 
aphids can stimulate plant resistance, as well as plants resistant 
to aphid attack. It has been determined that aphid infestation 
increases the plant’s defense against secondary invasions by cre-
ating various metabolic changes such as triggering the synthesis 
of stress hormones salicylic acid and jasmonic acid in plants (Cop-
pola et al., 2018; Jaouannet et al., 2014; Smith & Chuang, 2014). 
It has been stated that insect and pathogen invasion increases 
the production of various secondary metabolites in plants as well 
as stress hormones and these secondary metabolites are associ-
ated with the plant’s defense system. On the other hand, it has 
been demonstrated in different studies that aphids try to attenu-
ate the defense responses of plants with various chemicals and 
enzymes found in their salivary glands (Cheynier et al., 2013; Mug-
ford et al., 2016; Thorpe et al., 2016; Wang et al., 2016).

Aphid Endosymbiont–Host Plant Tritrophic Interaction
The relationship between aphid endosymbiont–host plants is 
quite complex. Insects choose hosts according to the nutrient 
biosynthesis capacity of their endosymbionts. Endosymbiont 
bacteria synthesize essential amino acids and vitamins to their 
host by using some non-essential amino acids found in the plant 
sap of their host. Endosymbiont bacteria have a very important 
role in the synthesis of these compounds and in choosing the 

right host for aphids. However, some endosymbionts have lost 
the ability to produce different compounds in the evolutionary 
process. For example, it has been reported in various studies that 
B. aphidicola lost genes responsible for tryptophan and ribofla-
vin synthesis in Cinara cedri Mimeur,1936 biotin biosynthesis in 
A. pisum and arginine biosynthesis in Baizongia pistaceae Lin-
naeus, 1767 (Pérez-Brocal  et  al., 2006; Shigenobu  et  al., 2000; 
van Ham  et  al., 2003). Such loss of biosynthetic capacity may 
put pressure on the selection of the right host that can provide 
the insect with the food it needs (Clark et al., 2010; Sharma et al., 
2021). In addition, there is information that some symbionts 
change the behavior of their hosts for their own evolutionary ben-
efit (Giordanengo et al., 2010; Thomas et al., 2005). 

Understanding how and why the host plant–aphid-endosym-
biont relationship is affected by the environment and other 
factors are important not only for effective biological control 
against aphids but also for the continuity of plant productivity. 
Therefore, examining the relationship between aphid-Buchnera 
and aphid-host plant alone will not be sufficient to clarify these 
relations from all aspects. At the same time, all the parameters 
of the tritrophic relationship should be examined without over-
looking as there are contrast findings (McLean et al., 2010). Such 
interactions also raise the following questions. Why are the plant 
species used as hosts by aphid species different? What are the 
effective parameters on the host plant and feeding preferences 
in aphids? What is the importance of Buchnera in the aphid–host 
relationship? In order to answer these and similar questions, the 
internal (characteristics of the living thing) and external (such 
as the temperature, water, humidity, and CO2 ratio of the living 
thing’s environment) variables in the food chain and their inter-
actions with each other should be investigated in more detail. In 
terrestrial environments, strong trophic interactions are modi-
fied by the chemistry, morphology, and behavior of the organisms 
in question. It has been observed that plants attract the natu-
ral enemies of herbivores by using volatile substances (Agrawal, 
2000; Birch et al., 1999). Examining such tri-trophic interactions 
is important to understand the interactions of natural species 
and to be able to use these interactions in pest control. It is seen 
that the common denominator in the plant–Buchnera–aphid 
relationship is nitrogen compounds and nutritional needs. There-
fore, the host plant is very important in the evolution and ecol-
ogy of phytophages such as aphids. As it is known, nitrogen is a 
limiting element for living things. It has been determined that 
changes in nitrogen availability affect the nutritional and defense 
properties of the plant (Mattson, 1980), the quality of host plant 
components (such as C, N, and defense metabolites), herbivore 
productivity and reproductive strategies (Awmack & Leather, 
2002). Since host selection also causes various mating prefer-
ences, it has been argued that the mechanisms underlying these 
preferences will contribute directly to the understanding of spe-
ciation, and the functions of chemosensory genes that have an 
effect on smell and taste in speciation and host selection are 
sought to be investigated (Eyres et al., 2017). Many herbivorous 
insects change the quality of the host plant by affecting its inter-
nal and external relations. It has been observed that the quality of 
the host plant affects the higher trophic relationships of preda-
tors and parasites and that it affects insect productivity at both 
individual and population scales (Awmack & Leather, 2002). In 
addition, the salivary secretion of aphids has a key role in aphid–
plant relationship. Saliva content is affected by the environment 
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the stylet tip encounters. Enzymes and proteins such as vari-
ous pectinases and cellulases in saliva break plant defenses and 
increase the availability of organic nitrogenous compounds. It has 
been suggested that some enzymes detoxify plant phenols and 
that some salivary proteins may act as effectors, suppressing or 
promoting plant defense (Giordanengo  et  al., 2010). It has also 
been pointed out that some salivary proteins such as GroEL are 
produced from Buchnera origin and that this protein is an excre-
tory product that induces defense reactions of the plant. It has 
also been suggested that chitin fragments in saliva may trigger 
the plant’s defense reactions (van Bel & Will, 2016). In various 
studies in which endosymbionts were removed from aphids, it 
was clearly determined that the growth of aphids decreased. It is 
stated that the associations formed by microorganisms living in 
common with plants and insects affect plant and insect relation-
ship. It has been shown that insect–microorganism associations 
suppress the plant’s defenses and support the development of 
insects in the plant by detoxifying protective phytochemicals. 
Phytopathogens can change the effectiveness and behavior of 
insects by changing plant quality and defense. The plant–ben-
eficial microorganism relationship can promote plant growth by 
affecting the plant nutrient and phytochemical composition and 
may positively or negatively affect the effectiveness of insects. 
From the results obtained, it was stated that the protein con-
tents of the aphids were affected by the host plant and the sym-
bionts contributed to the adaptation of the aphids (Francis et al., 
2006, 2010).

Conclusion and Recommendations
Since it is predicted that insects such as aphids, which are plant 
pests, will feel their negative effects more with the increase in 
global warming, some unknowns need to be revealed in the bio-
logical control of these pests. In order to carry out an effective 
biological control, it is necessary to determine exactly what the 
functions of the obligate endosymbiont bacteria Buchnera will 
play a very important role in the metabolism of aphids and other 
facultative endosymbionts. In the studies carried out so far, dif-
ferent parameters have been studied in aposymbiont aphids. 
However, in these studies, the aphid–Buchnera relationship was 
generally considered, while the host plant effect was ignored. 
For this reason, in order to be more effective in the biological 
control of aphids, it is necessary to consider not only the aphid–
Buchnera relationship but also the aphid–Buchnera–host plant 
relationship together. In many studies, it is stated that the pres-
ence of plant pest herbivores such as aphids causes stress in the 
plant and triggers the production of some special chemicals in 
the plant. It was concluded that aphids fed with plant sap may 
also undergo some morphological and physiological changes 
by being affected by the plant composition, and therefore, dif-
ferences may be observed in Buchnera function. Based on this, 
it was emphasized in the aphid–Buchnera relationship that 
host plant can cause various changes in the metabolism of both 
aphids and endosymbionts and host plant metabolism should 
not be ignored in these relationships. It is thought that revealing 
the aphid–Buchnera–host plant relationship will lead to signifi-
cant progress in the biological control of aphids in the long term. 
It has also been observed that there are important trends in this 
field recently. In this review, it was emphasized that aphids can be 
controlled more effectively by considering the aphid–Buchnera–
host plant tritrophic interaction together, and it was revealed 

that more studies should be done on this subject. In this con-
text, researchers should focus on finding out the answers to the 
following questions which are: How did aphid obtain Buchnera? 
Why was Buchnera compelled into the aphid? How Buchnera 
became an endosymbiont?
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