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Adaptation to different host plants is considered to be an important driver of the
divergence and speciation of herbivorous insects. The application of molecular data and
integrated taxonomic practices in recent years may contribute to our understanding of
population divergence and speciation, especially for herbivorous insects considered to
be polyphagous. Aphis aurantii is an important agricultural and forestry pest with a broad
range of host plants. In this study, samples of A. aurantii feeding on different host plants
in the same geographical area were collected, and their population genetic divergence
and morphological difference were analyzed. Phylogenetic analysis and haplotype
network analysis based on five genes revealed that the population on Ficus exhibited
significantly genetic divergence from populations on other host plants, which was also
supported by the statistical analysis based on measurements of 38 morphological
characters. Our results suggest that A. aurantii has undergone specialized evolution
on Ficus, and the Ficus population may represent a lineage that is experiencing ongoing
sympatric speciation.

Keywords: adaptation, host plant, population divergence, phylogeny, speciation

INTRODUCTION

The mechanism of speciation has been a hot research topic in biology from Darwin’s time to
present day (Darwin, 1859; Futuyma and Mayer, 1980; McKinnon et al., 2004; Li et al., 2015;
Taylor and Friesen, 2017). Whether speciation can occur without geographical barriers, i.e.,
sympatric speciation, is one of the core points of the debate. During much of the twentieth
century, sympatric speciation was considered to be more unreliable when compared with allopatric
speciation (Futuyma and Mayer, 1980). However, due to the in-depth research on biogeography and
phylogeny in recent years, the concept of sympatric speciation has been accepted gradually (Via,
2001; Berlocher and Feder, 2002; Drès and Mallet, 2002; Bolnick and Fitzpatrick, 2007; Li et al.,
2015). The growing acceptance of sympatric divergence and speciation has crucial implications
for the interpretation of high biodiversity on Earth and the optimization of systematic theory and
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practice (Berlocher and Feder, 2002). Compared with allopatric
speciation, complete sympatric speciation events in nature
may take a long time (Mallet, 2008), and much fewer
empirical studies have been reported (Savolainen et al.,
2006; Bolnick and Fitzpatrick, 2007). However, exploring
divergence among sympatric populations, which may indicate
ongoing sympatric speciation, can be helpful for understanding
mechanisms of sympatric speciation (Drès and Mallet, 2002;
Peccoud et al., 2009).

Phytophagous insects are considered as ideal candidates for
the study of sympatric divergence due to intimate and specialized
relationship with their host plants (Berlocher and Feder, 2002;
Bolnick and Fitzpatrick, 2007; Peccoud et al., 2009; Lee et al.,
2015). Differences in physical structure, nutritional composition,
and chemical defense of different host plants may generate
variant selection pressures on phytophagous insects that feeding
on them (Egan and Ott, 2007). Moreover, the microenvironments
provided by different host plants vary greatly, which may
lead to different exposure probabilities to natural predators for
phytophagous insects (Nosil, 2004; Nosil and Crespi, 2006; Rull
et al., 2009). Therefore, for phytophagous insect populations
in a sympatric area, long-term specialization on certain host
plants may lead to adaptive evolution and reproductive isolation
(Malausa et al., 2005; Xue et al., 2014; Lee et al., 2015). Host races
of phytophagous insects are important evidence of sympatric
genetic divergence driven by host plant (Peccoud et al., 2009).

Aphids exhibit varying degrees of host specialization. About
half of all aphid species are specific to a single plant species,
and at higher taxonomic levels, some aphid genera or families
are strictly to a single plant genus or family (Eastop, 1973;
Peccoud et al., 2010). There are also polyphagous aphid species
in ecosystems, including many important agricultural pests such
as Aphis gossypii, Myzus persicae and Acyrthosiphon pisum,
having very high diversity of host plants (Blackman and
Eastop, 2021). Host races or host-specialized populations with a
relatively narrow host range are also frequently present in these
polyphagous species (Via et al., 2000; Margaritopoulos et al.,
2005; Carletto et al., 2009). This phenomenon indicates that these
polyphagous species may have undergone population divergence
or speciation events due to specialization on specific host plants
(Peccoud et al., 2010).

Aphis aurantii (Hemiptera: Aphididae), known as the black
citrus aphid or camellia aphid, is one of the most destructive
pests of citrus and tea plants, mainly distributed in tropical
and subtropical regions (Carver, 1978; Sevim et al., 2012;
Blackman and Eastop, 2021). It is also a polyphagous species,
which can feed on more than 120 plant species belonging to
various families such as Rutaceae, Theaceae, Moraceae, Rosaceae,
and Asteraceae (Blackman and Eastop, 2021). Although this
aphid species can feed on phylogenetically and physiologically
different host plants, at present there has been no report on host
specificity or host races in it. However, previous studies discussed
that the A. aurantii population on Ficus (Moraceae) exhibits
some special features. Tao (1961) described Toxoptera schlingeri
from Ficus, which was later considered as a synonym of Aphis
(Toxoptera) aurantii by Raychaudhuri (1980) and Remaudière
and Remaudiere (1997). Martin (1989) ever discussed that

the validity of T. schlingeri might be supported by more in-
depth study on the numbers and distribution of antennal
rhinaria in more alatae samples. Qiao et al. (2008) found some
morphological difference between T. schlingeri and A. aurantii
specimens, but they suggested that morphological overlap would
be found if more materials can be examined, and T. schlingeri
was also regarded as a synonymy of A. aurantii in their paper. In
subtropical and tropical areas of southern China, we observe that
the morphology of A. aurantii varies across populations feeding
on Ficus and other host plants, implying the Ficus population
of A. aurantii may have undergone divergent evolution. Given
the rapid advances in sequencing technology and new research
methods such as DNA barcoding (Hebert et al., 2003; Foottit
et al., 2008; Li et al., 2020) over the years, we think exploring
the divergence of host-related populations of A. aurantii by
integrating genetic evidence should be a worthwhile effort.

Considering A. aurantii and its host plants (especially Ficus)
mainly distributed in subtropical and tropical areas (Volf et al.,
2018; Blackman and Eastop, 2021), and with the aim to test
sympatric population divergence of this species, our study
took the subtropical Fujian province in southeastern China
as target area. The specimens of A. aurantii were collected
extensively to cover as many host plants as possible. Several
molecular markers, including two mitochondrial genes (COI,
cytochrome c oxidase subunit I; Cytb, cytochrome b), one
nuclear gene (EF-1α, elongation factor-1α) and two genes (gnd,
gluconate-6-phosphate dehydrogenase; 16S rDNA) of Buchnera,
the primary endosymbiont of aphids, were analyzed to explore
the genetic structure of A. aurantii sympatric host-populations.
We also undertook morphometrics of A. aurantii samples
feeding on Ficus and other host plants to test population
divergence in morphology.

MATERIALS AND METHODS

Specimen Sampling
A total of 48 A. aurantii specimens were collected from host
plants of 11 families. The live morphology and habitats of
A. aurantii in the field were photographed with digital cameras
(Cannon EOS 7D plus Canon EF 100 mm f/2.8LMacro IS USM
Lens). After recording the ecological information, aphid clones
were stored in 95% ethanol and kept at −20◦C for further
morphological measurement and molecular experiments. All
samples and voucher specimens were deposited in the Insect
Systematics and Diversity Lab at Fujian Agriculture and Forestry
University. Detailed information (host plant, voucher number,
and GenBank accession number) of the specimens were listed in
Supplementary Table 1.

DNA Extraction, PCR, and Sequencing
The genomic DNA of both aphids and Buchnera symbionts was
extracted from each single specimen with the DNeasy Blood
and Tissue Kit (QIAGEN, GERMANY). In order to obtain
more accurate and comprehensive phylogenetic information,
two mitochondrial genes (COI, Cytb), one nuclear gene
(EF-1α) and two Buchnera genes (gnd and 16S rDNA) were
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amplified in this study. The primers for amplification of COI
were LepF (5′-ATTCAACCAATCATAAAGATATTGG-3′)
and LepR (5′-TAAACTTCTGGATGTCCAAAAAATCA-
3′) (Foottit et al., 2008). Cytb sequences were amplified
based on CP1 (5′-GATGATGAAATTGGATC-3′) and CP2
(5′-CTAATGCAATAACTCCTCC-3′) (Harry et al., 1998).
The primers EF3 (5′-GAACGTGAACGTGGTATCAC-
3′) and EF2 (5′-ATGTGAGCAGTGTGGCAATCCAA-3′)
(von Dohlen et al., 2002) were used to amplify EF-1α

sequences. gnd sequences were amplified based on BamHI (5′-
CGCGGATCCGGWCCWWSWATWATGCCWGGWGG-3′)
and ApaI (5′-CGCGGGCCCGTATGWGCWCCAAAATAATCW
CKTTGWGCTTG-3′) (Clark et al., 1999). The primers 16SA1
(5’-AGAGTTTGATCMTGGCTCAG-3′) and 16SB1 (5′-
TACGGYTACCTTGTTACGACTT-3′) were used to amplify 16S
rDNA sequences (Weisburg et al., 1991).

PCR were performed in a final volume of 50 µl reaction
mixture containing 28.5 µl dd H2O, 8 µl dNTPs, 5 µl 10Xbuffer,
4 µl of template DNA, 2 µl of both forward and reverse primers
(10 µM) and 0.5 µl of Taq DNA polymerase (5 U/µl). An initial
denaturation step (95◦C, 5 min) and final extension step (72◦C,
10 min) were included in all polymerase chain reactions. The
cycling conditions for COI were 35 cycles of 20 s at 94◦C, 30 s
at 50◦C and 2 min at 72◦C. The thermal setup for Cytb was 35
cycles of 1 min at 92◦C, 1.5 min at 48◦C and 1 min at 72◦C. The
cycling conditions of EF-1α included 35 cycles of denaturation at
95◦C for 30 s, annealing at 51◦C for 30 s and extension at 72◦C
for 1 min. The conditions for 35 cycles of gnd were 95◦C for 20 s,
53◦C for 30 s, and 72◦C for 2 min. The PCR conditions for 16S
rDNA were according to the following procedure: 30 cycles at
94◦C for 1 min; an annealing temperature of 50◦C for 1 min; an
extension at 72◦C for 2 min. The PCR products were visualized
by electrophoresis on a 1.5% agarose gel and then bidirectionally
sequenced by Sangon Biotech (Shanghai). All sequences obtained
in this study were uploaded to the GenBank, and the accession
numbers were shown in Supplementary Table 1.

Based on the chromatograms, the raw sequences were
corrected and assembled using BioEdit software (Hall, 1999).
All sequences for each gene fragment were aligned using
MAFFT (Kazutaka and Standley, 2013) and then verified
manually. The introns of EF-1α sequences were removed
based on GT-AG rule and the cDNA region of a reference
sequence of Schizaphis graminum (GenBank accession number
AF068479), and the coding regions of EF-1α were used in further
phylogenetic analyses.

Genetic Distance and Phylogenetic
Analysis
On the basis of current knowledge of the phylogenetic
relationships within Aphididae, A. gossypii and A. spiraecola were
chosen as outgroups for subsequent phylogenetic analyses. The
COI, Cytb, EF-1α and gnd sequences of the outgroups were
sequenced in our study, and the 16S rDNA for their Buchnera
symbionts were downloaded from the GenBank (A. gossypii:
KC897373, KC897372; A. spiraecola: KC897427, KT175934). The
MEGA 7.0 software (Kumar et al., 2016) was used to calculate

pairwise distance among nucleotide sequences based on the
Kimura 2-parameter (K2P) model (Kimura, 1980). We also
downloaded the COI sequences of Aphis species from the BOLD
database,1 and then used SpeciesIdentifier software (Meier et al.,
2006) to explore the distribution of intraspecific and interspecific
genetic distances among Aphis species.

Phylogenetic analyses (Maximum likelihood, ML; Bayesian
inference, BI) were performed based on three types of genes
(mitochondrial: COI and Cytb; nuclear: EF-1α; Buchnera: gnd and
16S rDNA), respectively. The appropriate nucleotide substitution
models were selected based on Akaike Information Criterion
(AIC) by using PartitionFinder 2 (Lanfear et al., 2016) and
ModelFinder (Kalyaanamoorthy et al., 2017). The best-fit model
for COI was GTR + I, for Cytb was GTR + I, for EF-1α was
GTR+ F, for gnd was GTR+G, for 16S rDNA was GTR+ I+G.
RAxML (Stamatakis, 2014) was used to build the ML trees based
on random starting trees with the GTRGAMMA substitution
model and topological robustness was investigated using 1,000
non-parametric bootstrap replicates. Bayesian analyses were
performed on all datasets using MrBayes 3.2.6 (Drummond et al.,
2012). The combined dataset was divided into different gene
partitions, and the best fitting models were assigned, respectively.
For each dataset, two million generations MCMC (Markov Chain
Monte Carlo) chains were run, with trees sampled every 100
generations. The first 5,000 trees (25%) for each dataset were
discarded as burn-in to acquire posterior probability values (PP).
The remaining trees were used to construct Bayesian consensus
trees and viewed in iTOL (Letunic and Bork, 2016). In addition,
the haplotypes based on the three gene datasets of different host-
populations were analyzed using DnaSP 5.0 (Librado and Rozas,
2009). A median-joining network (MJ) was constructed using
NETWORK 5.0.0.3 based on default setting (Bandelt et al., 1999).

Morphometry and Statistical Analysis
The samples used for morphometrics were collected from
populations on eight genera of main host plants, including Ficus,
Calliandra, Camellia, Citrus, Loropetalum, Michelia, Morinda,
Xylosma. In principle, 3 clones of A. aurantii were selected
from each genus of host plant, and then 10 adult apterous
viviparous females were randomly selected from each aphid clone
for morphological measurement. For some aphid clones with an
insufficient number of adults, only those meeting above criteria
were measured (Supplementary Table 2). All specimens were
examined using Nikon SMZ18 stereomicroscope. A total of 20
morphological features were measured: body length (BL), body
width (BW), length of 1st antennal segment (Ant1), length of
2nd antennal segment (Ant2), length of 3rd antennal segment
(Ant3), hair length of 3rd antennal segment (Ant3_HL), width
of 3rd antennal segment (Ant3_W), length of 4rth antennal
segment (Ant4), length of 5th antennal segment (Ant5), base
length of 6th antennal segment (Ant6_BL), processus terminalis
of 6th antennal segment (Ant6_PT), whole antennal length
(WA), hind femur (HF), siphunculi length (SIPH), basal width of
siphunculi (SIPH_BW), distal width of siphunculi (SIPH_DW),
cauda length (Cauda), basal width of cauda (Cauda_BW),

1www.boldsystems.org
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length of dorsal hairs of tergite 1 (T1_DHL), hair length of
tergite 8 (T8_HL).

We also calculated the ratios of WA/BL, Ant1/WA, Ant2/WA,
Ant3/WA, Ant3_HL/WA, Ant3_W/WA, Ant4/WA, Ant5/WA,
Ant6_BL/WA, Ant6_PT/WA, Ant3_HL/BL, Ant3_HL/Ant3,
Ant3_HL/Ant3_W, Ant3_W/T1_DHL, Ant6_BL/Ant6_PT,
T1_DHL/BL, SIPH/BL, SIPH/Cauda as supplementary
morphological characters. The average as well as the minimum
and maximum values of each morphological character for
A. aurantii from different host plants were calculated separately
(Supplementary Table 2). A one-way analysis of variance
(ANOVA) was performed for 38 morphological characters to
determine whether significant morphological difference among
A. aurantii different host-populations can be found. In addition,
post hoc multiple comparisons were performed based on LSD
to detect the pairwise differences of each morphological feature
between taxa. All statistical analyses were performed in SPSS ver.
24 (IBM, Chicago, IL, United States).

RESULTS

Sequence Features and Genetic
Variation
Five gene fragments of most samples were successfully amplified.
The 610 bp long COI alignment with 48 sequences included 595
conserved sites, 15 variable sites, and 15 parsimony-informative
sites. The 45 Cytb sequences were trimmed to a 732 bp long
alignment with 681 conserved sites, 51 variable sites, and 22
parsimony-informative sites. The 44 exon sequences of EF-1α

were aligned to a final length of 712 bp, which included 703
conserved sites, 9 variable sites, and 5 parsimony-informative
sites. A total of 45 gnd sequences (821 bp, conserved sites: 765;
variable sites: 56; parsimony-informative sites: 54) and 46 16S
rDNA sequences (337 bp, conserved sites: 329; variable sites: 8;
parsimony-informative sites: 4) were successfully generated. The
nucleotide composition of mitochondrial gene (COI and Cytb)
and gnd fragments showed a strong bias toward A + T content
(76, 77.5, and 75.3%, respectively), while EF-1α and 16S have no
similar bias (Supplementary Table 3).

The sequences of each gene were divided into two groups,
group 1 feeding on nearly 20 other host plants and group
2 feeding on Ficus, then the genetic distances within and
between groups of different genes were calculated, respectively
(Supplementary Table 3). Using the COI gene as an example,
we found that the genetic distance of samples between groups
was much larger than that within groups. The genetic distance
range of samples on Ficus was 0–0%, and that of samples feeding
on other host plant was 0–0.8%. However, the genetic distances
between samples from Ficus and other host plants could reach
as high as 1.8%. Within group 1, the Theaceae population
contributed the largest genetic distance (0.8%) with other host-
populations (Supplementary Table 3).

The COI sequences of Aphis downloaded from BOLD
database were collated and corrected, and 3,429 sequences of
99 species were obtained. The analysis of distribution of the
intraspecific and interspecific genetic distances of Aphis species

showed an obvious barcoding gap (Supplementary Figure 1).
For the intraspecific distances, 97.56% of them were less than 1%,
98.04% less than 1.5, and 99.1% less than 2%. Besides, 99.18 and
98.68% of the interspecific distances were greater than 2 and 2.5%
(Supplementary Table 4).

Phylogeny and Haplotype Network
The phylogenetic trees that inferred from mitochondrial (COI
and Cytb) and Buchnera (gnd and 16S) genes showed that
sympatric host-populations of A. aurantii were divided into
two well-supported clades (Figures 1A,B), corresponding to the
populations feeding on Ficus (G2) and the other plants (G1),
respectively. All the samples feeding on Ficus were clustered into
a separate clade at the base of the phylogenetic tree. In addition,
some populations of A. aurantii feeding on Theaceae in the G1
clade also showed relatively obvious divergence (Figures 1A,B).
The nuclear gene (EF-1α), which was most conserved among
the five gene markers, however, showed a less unambiguous
phylogenetic pattern (Figure 1C).

A total of 16 haplotypes were identified among the 45
mitochondrial (COI and Cytb) sequences (Figure 2A). Haplotype
H1 contains the most samples and host plant families. The most
frequently observed host plant was Theaceae and appeared in
several haplotypes (H1, H5, H6, H8, H12, H13, H14, H15). All the
samples feeding on Ficus were assigned as haplotype H4, which
showed greatest differentiation from other haplotypes. Similarly,
in the haplotype network analyses of nuclear and Buchnera genes,
there were significant genetic differences among the populations
feeding on Ficus and other host plants (Figures 2B,C).

Morphology and Statistics
The results of the ANOVA showed that most morphological
characters exhibited significant difference between different
host plant genera (P < 0.05), except for the length of Ant1,
Ant2, Ant4, T8_HL and ratio of WA/BL, Ant6_BL/WA,
Ant6_BL/Ant6_PT (Supplementary Table 5). With integration
of the results of post hoc analysis by LSD, morphological
characters having significant difference between populations on
Ficus and other host plant genera were determined according
to a rule that there should have samples from more than
four different plant genera showing significant difference
with the Ficus samples. Our results indicated that there were
significant difference in eighteen morphological characters
between A. aurantii populations on Ficus and other plant
genera, including length of Ant3_HL, Ant5, Ant6_PT, WA,
SIPH_DW, Cauda, T1_DHL; ratio of WA/BL, Ant3/WA,
Ant3_HL/WA, Ant3_W/WA, Ant5/WA, Ant3_HL/Ant3,
Ant3_HL/Ant3_W, Ant3_HL/BL, Ant3_W/T1_DHL,
SIPH/Cauda, T1_DHL/BL (Figure 3 and Supplementary
Table 5). Among these morphological characters, Ant3_HL,
T1_DHL, Ant3_HL/WA, Ant3_HL/Ant3_W, Ant3_HL/BL,
Ant3_W/T1_DHL, T1_DHL/BL of the Ficus population showed
significant difference with samples from all other plant genera.
That is to say, at least seven morphological characters can be
used to distinguish the A. aurantii population feeding on Ficus
from those feeding on other host plants.
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FIGURE 1 | Phylogeny of Aphis aurantii populations inferred from Bayesian analyses (BI) based on COI + Cytb (A), gnd and 16S (B) and EF-1α (C). Different color
represent samples from different host plant families. The bootstrap values (>80) and posterior probabilities (>0.9) are shown for main nodes.

DISCUSSION

Host plants are considerable source of selective pressure for
their associated aphids, constituting their only food resource,
habitat, mating and oviposition sites (Peccoud and Simon, 2010;
Peccoud et al., 2010; Blackman and Eastop, 2021). In the past
three decades, the pea aphid A. pisum has been considered as
a good model to investigate host specialization and sympatric
speciation (Via, 1991a,b). In Western Europe, at least eight
conspecific host races were found on different host plants,
which showed that adaptation to different host plants could
indeed play a very important role in sympatric speciation of
insects (Peccoud et al., 2009). In the present study, by using
the polyphagous A. aurantii as a model, we tested whether
host-related divergence exist among sympatric populations. Our
results based on mitochondrial (COI and Cytb) and Buchnera
(gnd and 16S) genes clearly showed that all samples feeding
on Ficus were clustered in a separate clade with relatively
high divergence (Figure 1) and formed a unique haplotype
(Figure 2), indicating that the Ficus population of A. aurantii
have experienced a host specialization process. In addition,
we also noted that the nuclear gene (EF-1α) did not show a
clear evolutionary relationship. Considering EF-1α is a relatively
conserved nuclear gene (Cho et al., 1995), we think the lack of
accumulation of sufficient genetic variation at the early stage of
species divergence may be an important factor leading to unclear
phylogenetic pattern of this gene. The conflict of phylogenetic
signals between different types of genes, in fact, indicates they

these genes may undergo different histories of lineage sorting in
the process of species divergence.

In previous DNA barcoding studies, COI genetic distance
thresholds were used to determine different animal species
(Hajibabaei et al., 2006; Zhou et al., 2010; Schmidt et al., 2015).
Although the genetic distance thresholds vary slightly among
different taxonomic groups, a threshold of 2–2.5% is generally
accepted by aphid taxonomists (Liu et al., 2013; Zhu et al., 2017; Li
et al., 2020). Our analysis of distribution of the intraspecific and
interspecific genetic distances of Aphis species (Supplementary
Figure 1 and Supplementary Table 4) also confirmed this
threshold. For most Aphis species, 2–2.5% can be used as a
reasonable genetic distance threshold to distinguish different
species. In the present study, the maximum COI genetic distance
between the G1 and G2 clades (Supplementary Table 3) reached
1.8%, which exceeds about 99% of the intraspecific genetic
difference of the Aphis species dataset, indicating a relatively deep
divergence of the Aphis aurantii lineage on Ficus.

The ecological adaptation of phytophagous insects may
first occur at the physiological and genetic levels, and is
sometimes relatively unobvious in phenotype (Doolittle
and Sapienza, 1980; Kearney and Porter, 2009). Since
identification of species in traditional taxonomy is mainly
based on morphological characters, this phenomenon of
insignificant phenotypic information might cause troubles
for taxonomy, especially when specimens and characters
are insufficiently sampled. Morphological comparison of
different host-populations of A. aurantii showed that among
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FIGURE 2 | Haplotype network of Aphis aurantii populations based on COI + Cytb (A), EF-1α (B) and gnd and 16S (C). Numbers near the circle indicate haplotype
numbers. Sample numbers and host plants (in different color) of haplotypes are annotated in the circles. The numbers in the black square indicate number of
mutations. The red shading on the haplotype network represents Ficus samples.

the 38 characters, more characters were relatively similar.
For instances, the body length, body width, hind femur and
siphunculi did not show significant difference. Tao (1961)
described T. schlingeri just based on a single sample collected
from Ficus in Hong Kong. Qiao et al. (2008) compared the
morphology of T. schlingeri and A. aurantii with more apterous
viviparous female specimens, and found only the length of
marginal hairs on abdominal tergite I and the widest diameter
of antennal segment III were different. They suggested that
further examination and thorough research were needed to
determine the validity of T. schlingeri. Our measurement
results of the length of Ant3_HL and T1_DHL were similar
to those of Qiao et al. (2008), in addition, we also found that
ratios of Ant3_HL/WA, Ant3_HL/Ant3_W, Ant3_HL/BL,
Ant3_W/T1_DHL, T1_DHL/BL of the Ficus population
of A. aurantii were significantly different from that of the
populations on other host plants. By integrating the genetic
divergence and morphological difference of A. aurantii on Ficus
and other plants, and our field observations on this species, we

think a reasonable explanation is that the specimen used to define
T. schlingeri might be actually an individual from the population
of A. aurantii specialized on Ficus. And the Ficus population of
A. aurantii may represent a lineage that is experiencing ongoing
sympatric speciation.

The physical and chemical characters of host plants are
important factors that lead to the specialization of phytophagous
insects. For example, the tobacco biotype of M. persicae can
respond specifically to the volatile released by tobacco, whereas
other biotypes do not, suggesting that difference in olfactory
perception exists among different biotypes (Vargas et al., 2005).
Furthermore, gustatory reception also affects the aphids’ selection
of host plants, as aphids probe the phloem for nutritional
composition and chemical information before deciding whether
to feed (Caillaud and Via, 2000; Powell et al., 2006). Ficus
is a special plant group. It can produce a broad range of
chemical and physical defenses to against phytophagous insects
(Cruaud et al., 2012). These include the production of latex,
polyphenols and terpenoids. Ficus can produce some special
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FIGURE 3 | Eighteen morphological characters with significant difference between A. aurantii populations feeding on Ficus and other plant genera, including
Ant3_HL (A), Ant5 (B), Ant6_PT (C), WA (D), SIPH_DW (E), Cauda (F), T1_DHL (G); ratios of WA/BL (H), Ant3/WA (I), Ant3_HL/WA (J), Ant3_W/WA (K), Ant5/WA
(L), Ant3_HL/Ant3 (M), Ant3_HL/Ant3_W (N), Ant3_HL/BL (O), Ant3_W/T1_DHL (P), SIPH/Cauda (Q), T1_DHL/BL (R). Different color bars represent samples from
different host plant genera. *Represents host-populations significantly different with the Ficus population.
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chemical substances, including phenanthroindolizidine alkaloids
(Damu et al., 2005) and cysteine proteases, which can interfere
the digestive function of insects and increase the mortality
of them (Konno et al., 2004). Considering A. aurantii shows
obvious host specialization on Ficus, it can be a good model
for investigating the mechanism of host specialization. Further
studies on comparative transcriptomics among different host
populations and detailed screening of symbiotic bacteria are
extremely needed.
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