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Abstract Article Info

The pomegranate aphid, Aphis punicae (Hemiptera: Aphididae), is an important pest Received:01.09.2025
affecting pomegranate trees in various regions. Although its ecological impact is well Accepted:11.09.2025
documented, no previous studies have been conducted on its association with secondary

bacterial endosymbionts. The study is the first report on the distribution and presence of

four important secondary endosymbionts, Wolbachia, Arsenophonus, Rickettsia and

Hamiltonella defensa, in field populations of A. punicae collected from Antalya, Turkey.

Using species-specific primers and a descriptive Touchdown PCR protocol, endosymbiont

infection was detected in all sampled individuals (n = 50) individually. Arsenophonus was

the most common (74%), while Wolbachia was the least common (52%) endosymbiont. No

aphid individual was infected with Wolbachia or Rickettsia alone; most individuals hosted Keywords
co-infections and multiple infections. Our results suggest complex infection patterns with ~“Phis punicae

implications for aphid fitness, resistance and potential biological control strategies. These “Arsenophonus
. . . . . . . . Hamiltonella

results will contribute to the figuring out of the microbial ecology of A. punicae and provide Rickettsia

a foundation for future research into symbiont-mediated pest control. Wolbachia

Nar Afidi Aphis punicae Passerini, 1863 (Hemiptera: Aphididae)’'nin Sekonder
Endosimbiyont Bakterileri Uzerine ilk Rapor

Oz Anahtar Kelimeler
Nar yaprakbiti, Aphis punicae (Hemiptera: Aphididae), ¢esitli bolgelerdeki nar agaglarini  Aphis punicae
etkileyen 6nemli bir zararlidir. Ekolojik etkisi iyi belgelenmis olmasina ragmen, daha 6nce Arsenophonus
ikincil bakteriyel endosimbiyontlarla iliskisi hakkinda hicbir calisma yapilmamistir. Bu Hamiltonella
calisma, Tirkiye, Antalya'dan toplanan A. punicae popllasyonlarinda dért 6nemli ikincil Rickettsia
endosimbiyont olan Wolbachia, Arsenophonus, Rickettsia ve Hamiltonella defensa'nin  Wetbachia
varligini ve dagilimini bildiren ilk calismadir. Tirlere 6zgl primerler ve tanimlayici bir
Touchdown PCR protokoli kullanilarak, endosimbiyont enfeksiyonu érneklenen tuim
bireylerde (n = 50) ayri ayri tespit edilmistir. Arsenophonus en yaygin (%74), Wolbachia ise
en az yaygin (%52) endosimbiyont olmustur. Higbir yaprakbiti bireyi yalnizca Wolbachia
veya Rickettsia ile enfekteli olmazken; gogu birey ikili veya ¢oklu enfeksiyonlara konukguluk
yapmistir. Sonuglarimiz, yaprakbitinin konukguya uyumu, direnci ve potansiyel biyolojik
mdicadele stratejileri icin ¢ikarimlari olan karmasik enfeksiyon ortntileri oldugunu
gostermektedir. Bu bulgular, A. punicae'nin mikrobiyal ekolojisinin anlasilmasina katkida
bulunarak simbiyont aracili zararli mticadelesi konusunda gelecekte yapilacak arastirmalar -,,,é

o9 . Corresponding Author
icin bir temel olusturacaktir.
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Introduction

The pomegranate (Punica granatum L., Myrtales: Punicaceae) native to Central Asia has been cultivated
throughout Middle Asia and North Africa, and then in all continents. It is a suitable host for a lot of aphid
species, which can negatively impact both its production quality and yield (Kahramanoglu and Usanmaz,
2016). The pomegranate aphid Aphis punicae (Passerini; Hemiptera: Aphididae) is an exclusive example,
which cause economically significant damage to pomegranate in the Mediterranean area, Asia, Africa,
India, Japan, and Korea. This species has also been determined on henna tree (Lythraceae), golden
dewdrop, lantana (Verbenaceae), cross vine, trumpet vine (Bignoniaceae), and cape leadwort
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(Plumbaginaceae). As in many aphid species, its colour and morphology may differentiate with
environmental conditions. (Cocuzza et al., 2016; Gulmez et al., 2022).

While all aphids carry the primary symbiont Buchnera (Munson et al., 1991), almost all aphid species
may contain a secondary symbiont (Buchner, 1965). Multiple secondary bacterial symbionts in aphids
reside in sheath cells, bacteriome, or hemocoel and are transmitted horizontally and maternally. Secondary
symbionts are not essential for host survival, but they have several positive effects on host aphids, including
protecting against parasitic wasps and fungal pathogens, increasing heat tolerance, influencing fitness on
host plants, modifying body color, and affecting reproduction. Some, such as Arsenophonus and
Hamiltonella defensa from the Gammaproteobacteria, and Rickettsia and Wolbachia from the
Alphaproteobacteria, were commonly studied (Xu et al., 2020).

While H. defensa specify to aphids, Arsenophonus, Ricketsia and Wolbachia have been found in many
insects including aphids (Perlman et al., 2006; Wilkes et al., 2011; Elston, 2022). Russell et al. (2003)
published the first record of Arsenophonus on aphids. In spite of numerous studies on aphid
endosymbionts, Arsenophonus has rarely detected in aphids. Arsenophonus has a worldwide distribution,
but it infects especially Aphis genus (Zytynska and Weisser, 2016). Impact on aphids of Arsenophonus is
specialization to host plant (Wagner et al., 2015) by providing general fitness regardless of host plant
resistance (Wulff and White, 2015). Rickettsia was first described in Acyrthosiphon pisum by Chen et al.
(1996). While it has positive effect on heat shock resistance (Chen et al., 2000) and fungi resistance (Lukasik
et al., 2013), it has negative effect on host plant fitness as reduced fecundity and weight (Chen et al., 1996;
Sakurai et al., 2005). Aphids were thought to be free of Wolbachia until Jeyaprakash and Hoy (2000)
identified Wolbachia in the aphids based on the sequencing of the wsp gene. Reported impacts on aphids
of Wolbachia are parthonogenetic reproduction (De Clerck et al., 2014) and nutrition supply (De Clerck et
al., 2015). It also supplies with hosts resistance to viruses, bacteria, fungi, eukaryotic microbes, and even
nematodes (Higashi et al., 2024). Wolbachia, Rickettsia and Arsenophonus can act as reproductive
manipulators to improve their transmission to the next generation, H. defensa plays a role in host defense
against parasitic wasps with toxin produced by bacteriophage (Oliver et al., 2003; Hurst and Frost, 2015;
Nadal-Jimenez et al., 2019), heat shock resistance and increasing the body mass and fecundity of the host
insect (Guo et al., 2017). However, Hamiltonella caused reducing fitness in Acyrtosiphon pisum (Weldon et
al., 2013) and increased the virus transmission efficiency of vectors via GroEL protein (Hussain et al., 2025).

There is increasing interest in the use of the endosymbiont transfections in pest control. A promising
method for biological control of pests is the use of endosymbiotic bacteria that live in insect hosts.
Wolbachia-based studies have been carried out to control the transmission of arboviruses and insect pests
(Bourtzis, 2008). Also, introducing Wolbachia into mosquitoes to control dengue virus has been quite
successful. So, they can be alternative against pesticides (Slavenko et al., 2024). On the other hand,
Arsenophonus and Wolbachia, in co-infection and both individually, provide protection againstinsecticides
in Nilapavata lugens (Liu et al., 2025). We should know the aphid-endosymbiont relationships to develop
and apply aphid management techniques based on endosymbiotic bacteria.

No studies on the bacterial symbionts of pomegrane aphid has been not conducted to date. Here we
report first the detection of some secondary endosymbiont bacteria (Wolbachia, Arsenophonus, Rickettsia
and Hamiltonella) composition in field populations of pomegranate aphid from Antalya-Turkiye.

Material and Method

A total of 50 individuals from A. punicae wingless adults were collected from pomegranate trees in ten
localities of Antalya province in 2023. DNA extraction was realized to the alcohole (96%)-preserved aphid
individuals. GeneJET Genomik DNA Purification Kit (Protocole K0721) was used for DNA extraction from
each aphid individually. DNA from each aphid individual was used separately for four endosymbionts
(Wolbachia, Arsenophonus, Hamiltonella defensa and Rickettsia) four times in order to determine the
single infection, co-infection and multiple infections. After that, for detection of four endosymbiotic
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bacteria, diagnostic Touchdown PCR protocol was followed; Initial denaturation for 3 min at 94°C;
denaturation for 1 min at 90°C; annealing for 1 min at 60°C (11x: -1°C) (60°C-50°C); extension for 1 min at
72°C, 11x; denaturation 1 min at 94°C; annealing for 1 min at 55°C; extension 1 min at 72°C, 25x; final
extension for 10 min at 72°C. The specific primer sets were listed in Table 1. PCR samples screened for H.
defensa and Wolbachia were run in a gel electrophoresis device at 90 Volt, 150 mA for 60 minutes, and for
Rickettsia and Arsenophonus in at 60 Volt, 100 mA and 40 minutes.

Table 1. List of primers used for PCR amplification of endosymbionts.

Target Gene Primer Sequence Reference
wovacna (SBT THRCTACCAACAT ™ wangaat. v
ot 1o SACTICHOHIECCTONS ™ smura vt oo

Hamiltonella ?22;_'1: Tﬁggg%@giﬁggﬁgglgﬁr Douglas et al. (2006)

Arsenophonus Ars23S-1 CGTTTGATGAATTCATAGTCAAA Thao and Bauman (2004)

Ars23S-2  GGTCCTCCAGTTAGTGTTACCCAAC

Results and Discussion

All four endosymbionts were found in A. punicae populations. While Arsenophonus was the most
common endosymbiont, Wolbachia was detected at the lowest rate (Figure 1). No uninfected individuals
were encountered in the study. Endosymbionts from totally 50 A. punicae individuals are shown for per
endosymbiont and also for as single, double and multiple in the localities in Figure 2. Two different single
infections were observed in five individuals, six different double infections in 21 individuals, four different
triple infections in 15 individuals, and quadruple infection in nine individuals. When we look at the infection
ratios, no single infections have not been for Wolbachia (W) and Rickettsia (R). The infections dedected are
as follows: Single infections, Hamiltonella (H) 4% and Arsenophonus 6%; double infections, Wolbachia +
Hamiltonella (WH) 2%, Wolbachia + Rickettsia (WR) 6%, Wolbachia + Arsenophonus (WA) 6%, Hamiltonella
+ Rickettsia (HR) 8%, Hamiltonella + Arsenophonus (HA) 10% and Rickettsia + Arsenophonus (RA) 10%;
triple infections, Wolbachia + Hamiltonella + Arsenophonus (WHA) 4%, Wolbachia + Hamiltonella +
Rickettsia (WHR) 6%, Wolbachia + Rickettsia + Arsenophonus (WRA) 10%, and also Hamiltonella +
Rickettsia + Arsenophonus (HRA) 10%; and quadruple infection with all endosymbionts (WHRA) 18%
(Figure 3).
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Figure 1. Total infection ratios (%) by secondary bacterial symbionts in Pomegranate aphid Aphis punicae
populations.
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Figure 2. Single and multiple infections in one individual by secondary bacterial symbionts from total 50 individuals,
which five individuals from each population of Aphis punicae. Each horizontal row represents one
individual, and each column represents one type of symbiont. Gray fields indicate positive infection for the
symbiont.
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W, Wolbachia; H: Hamiltonella; R, Rickettsia; A, Arsenophonus.

Figure 3. Occurence rate (%) of secondary symbiont combinations within the individuals of Aphis
punicae.

Endosymbiont compositions are highly different in different aphid species. The composition within an
aphid species can also vary among populations. Feldhaar (2011) suggested that host benefits may increase
aphid invasiveness or host switching abilities. Rickettsia infection has been detected in A. pisum
populations as 48% in California; 22% in another survey in California; 4% in Japan; 30 - 37% on peaand O -
10% on alfalfa in France (Sakurai et al., 2005). Interestingly, Rickettsia has only been found in aphids
carrying more than one facultative endosymbiont (Oliver et al., 2006). Consistent with this result, Rickettsia
was not found alone in any aphid individual in our study, either. Jousselin et al. (2013) found that
Arsenophonus infects only five species (4 Aphis spp. and 1 Melanaphis sp.) from more than 80 aphid
species. They said that Arsenophonus to be the most prevalent (31%) in the genus Aphis. Wulff and White
(2015) also stated that Arsenophonus is common in Aphis glycines because it is beneficial to this species.
Our study also showed that Arsenophonus was the most dominant symbiont in A. punicae, followed by
Rickettsia, Hamiltonella and Wolbachia, respectively. In Aphis gossypii’n case, Hamiltonella defensa was
shown to be low in both infection rate and abundance. This order was Arsenophonus, Wolbachia, Rickettsia
and Hamiltonella (Xu et al., 2020), and Arsenophonus and Hamiltonella (Zhang et al., 2019). In Turkiye,
While Arsenophonus is common on A. craccivora collected from Robinia sp. host plants, Hamiltonella is
common on A. craccivora on alfalfa (Satar, 2020), and these facultative symbionts have been reported to
be efficient in the development of possible haplotypes of A. craccivora specialized for these plants (Brady
and White, 2013). These findings and the role of Arsenophonus in host specificity, as stated by Wagner et
al. (2015), make sense as this symbiont is found at the highest rate in A. punicae, an aphid species that can
be considered specific to pomegranate. In addition, it is stated by Wulff and White (2015) that
Arsenophonus may be effective in expanding the population and increasing the damage level of aphids.
Wolbachia infection was found in 37 of 425 samples (8.7%) obtained from different aphid populations from
Spain, Portugal, Greece, Israel and Iran (Augustinos et al., 2011). Xu et al. (2020) studied the endosymbionts
(Arsenophonus, Hamiltonella, Rickettsia, Serratia, Wolbachia, Regiella and Spiroplasma) in 110 individuals
of Aphis gossypii. No infection determined in six individuals (5.45%). When we consider the endosymbionts
in our study, single infections in Xu et al (2020) were 17.27%, 10.0% and 0.9% for Arsenophonus, Wolbachia
and H. defensa, respectively. According to Xu et al. (2020), in 110 individuals of Aphis gossypii, co-infection
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with Arsenophonus and Wolbachia was the most common type (30/110). In A. gossypii, it is hypothesized
that Arsenophonus may exhibit a similar role in providing resistance against parasitoids, especially in the
case of rare Hamiltonella infection. They indicated that further experiments are needed to understand the
function of Arsenophonus in aphids. In our study, it was seen that Arsenophonus was present in almost all
combinations, parallel to study of Xu et al. (2020). Chandler et al. (2007) found no co-infections in Aphis
fabae, Henry et al. (2015) said that these aphids rarely host more than one symbiont, and Zytynska et al.
(2016) found that A. fabae hosts up to four symbionts. Donner et al. (2024) determined six different
facultative endosymbiont species with low rates including Arsenophonus, Rickettsia and H. defensa in
Aphis fabae, but only H. defensa in Myzus persicae. Henry et al. (2015) also found that multiple infections
with three symbionts (Hamiltonella, Regiella and Serratia) occur frequently in Macrosiphum species.

Wolbachia, Rickettsia and Hamiltonella were positively correlated with each other, but neutrally
correlated with Arsenophus according to the Spearman correlation coefficients (Xu et al., 2020). Our results
may indicate no competition between the symbionts within A. punicae. However, these correlations can be
change synergistically or antagonistically. For example, Ayoubi et al. (2020) found that the
Hamiltonella+Arsenophonus combination contributed to the fitness of A. gossypii but did not confer any
resistance to Aphidius matricariae parasitism. Interestingly, endosymbiont Rickettsia was found only in
aphids keeping multiple infections (i.e., when more than one facultative seconder endosymbiont is
available), suggesting these occurrences are unstable, just persisting a few generations, at low frequencies
in aphid populations (Oliver et al., 2006).

Conclusion

The symbionts can be used by symbiont-mediated RNAI in insects, which it was effective at knocking
down gene expression in kissing bugs, thrips, and honey bees (Whitten et al., 2016; Leonard et al., 2020),
and also for the man-agement of several devastating plant viral diseases (Hussain et al., 2025). Multiple
infections may have non-additive effects on the host or interactions between different symbionts may
further modify their individual effects synergistically or antagonistically. Also, the complexity of factors
driving differences in symbiont community among different aphid populations in the field is likely
dependent on both the insect and external factors (e.g. temperature, parasitism rate and host plant species
(Zytynska and Weisser, 2016). Resistance to natural enemies, entomopathogens and heat shock, and
adaptation to the host plant may also have led to a symbiont community for the species. Further
investigation of tritrophic relationships between symbiotic bacteria, aphids and host plants is needed.
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