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Abstract: Hyles lineata (Fabricius, 1775) is a common moth and native pollinator whose
habitat is dispersed throughout Central and North America. The local habitat, the Northern
region of the Chihuahuan Desert, experienced an explosive, synchronous emergence of the
moth during the first two weeks of July, 2022. One-hundred nine Hyles lineata moths were
captured in a five-hectare area at the base of the Florida Mountains. The moths are important
for several reasons. First, they are edible biomass for many species. Secondly, Hyles lineata
with short proboscis can be effective native pollinators while those with long proboscis are less
effective. Interestingly, eight of moths had forked proboscis. Ninety specimens were tested for
Wolbachia pipientis (Hertig, 1936). Wolbachia is an endosymbiont that manipulates the DNA
of arthropods and filarial nematodes. Wolbachia DNA was identified by the 16S rDNA gene of
the bacterial ribosome. Insect DNA was identified by the cytochrome C oxidase gene.
Keywords: Hyles lineata, White-lined Sphinx moths, Wolbachia pipientis, Proboscis length.

INTRODUCTION

Thirty-five percent of the world’s crops rely on animal pollinators (Klein, et al., 2007).
Traditionally, farmers have depended on domesticated honeybees, Apis mellifera, for
pollination. However, 40% of domestic honeybee colonies in the United States are lost each
year to Colony Collapse Disorder (CCD) (Evison, et al., 2012). Domesticated honeybees are
not native to North America, and have been constantly inbred reducing their resistance to
diseases. Thus, the importance of native pollinators cannot be overstated (Rech, et al, 2020).
Studies have shown that an increased number of pollinators increase the production of the crop
(Hoehn, Tscharntke, Tylianakis, & Steffan-Dewenter, 2008). Lepidoptera are native pollinators
and important to ecosystems. There are approximately 11,500 species in North America.
Lepidopterans also have considerable economic impact. Besides being native pollinators, most
of the larvae are phytophagous and are a huge pest of cultivated crops. However, they also add
a lot of biomass to an ecosystem (Triplehorn & Johnson, 2005). Hyles lineata, the white-lined
sphinx moth (National Center for Biological Information, 2022) is a common moth in the

family Sphingidae. Its geographic range extends from Central America to Canada (Miller,
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1981). Hyles lineata, are acclimated to their regional climates and, for the most part, resistant
to diseases due to out breeding. Being polyphagous, they pollinate a huge diversity of plants,
usually at night. Hyles lineata are moderately large moths, many having a wing span at, or
above 160 mm (Johnson, et al., 2017; Triplehorn & Johnson, 2005). Proboscis length is one
variation of the species. Short proboscis H. lineata are efficient pollinators due to the density
of their setae. The short length of their proboscis requires them to bury themselves in the flower
to acquire nectar (Miller, 1997). Moths with a long proboscis are less efficient pollinators. The
immature stages of H. lineata add a significant amount of biomass to an area supplying ample
food for many organisms, especially during explosive outbreaks (Miller, 1981). However, they
are veracious herbivores and can decimate crops. During an explosive, synchronous
emergence, large tracks of crops can be lost. The pupa over-winter in the ground, and emerge
in the spring (Triplehorn & Johnson, 2005). Lepidoptera serves as host for Wolbachia. Also,
there is evidence of horizontal transfer in this insect order (Ahmed, Brinholt & Kawahara,
2016).

Wolbachia pipientis is known as a master manipulator of insect reproductive systems in order
to enhance its own spread and survival (Werren, 1997; Weeks & Breeuwer, 2001). It is a Gram-
negative alpha-proteobacterium endosymbiont that causes cytoplasmic incompatibility,
parthenogenesis, male-killing, and feminization (Werren, 1997). Collectively, these methods of
manipulation are known are reproductive parasitism (Perimutter, et al., 2019). These strategies
benefit Wolbachia in several ways; (1) reducing male and female offspring competition for
limited resources, (2) reducing inbreeding, and (3) providing nutrients in cases where infected
females cannibalize embryos of the dead males (Perimutter, et al., 2019). However, there are
also disadvantages to male-killing; (1) it decreases the genome of the species facilitating less
variation in the population which affects a species ability to adapt to a changing environment,
and (2) it can cause a shift in male-attracting behaviors (Jiggins, Hurst, & Majerus, 2000).
Obviously, Wolbachia impacts the evolution of insects (Landmann, 2019). Previously, it was
only described as parasitic in insects, but more recently it has been shown to be mutualistic in
some insect species (Pimentel, Cesar, Martins, & Cogni, 2021). Hedges, Brownlie., O’Neill
and Johnson (2008) determined that two strains of Wolbachia, wMelCS and wmelPop, have an
antiviral effect in Drosophila making them resistant to some RNA viruses (Hedges, Brownlie,
O’Neill, & Johnson, 2008). Wolbachia is wide spread in the phylum Arthropoda, and infect up
to 66% of insect species (Landmann, 2019). This percentage differs slightly per research paper.
Wolbachia strains are divided into supergroups A through U, but only supergroups A and B
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infect insects (Tiago, et al., 2022). Wolbachia is typically transferred vertically from mother to
offspring, but horizontal transfer from predator to prey does happen (Ahmed, Brinholt &
Kawahara, 2016). Actually, horizontal transfer is much more common than previously thought
(LePage, et al., 2017). Wolbachia infections are also associated with increased mtDNA
polymorphism in some moths, suggesting that Wolbachia facilitates horizontal transfer in
mitochondrial DNA in some species (Zhu, et al., 2023). Several species of bacterial symbionts,
including Wolbachia, induce male-killing. In Wolbachia, male-killing is induced by
cytoplasmic incompatibility (CI). Multiple models for CI exist and are currently being
researched. Basically, infected males’ sperm are lethal to the embryos unless the embryos are
rescued by the same strain of Wolbachia (Namias, Sicard, Weill, & Charlat, 2022). CI is
complex, and differs with both the insect species and the Wolbachia strain. Currently, research
on CI is ongoing (He, et al., 2019; Namias, Sicard, Weill, & Charlat, 2022). Basically, with CI,
there is a disruption of the male pronucleus which mutates the paternal chromosomes. If the
oogonia is infected with the same strain of Wolbachia, it can repair the damage to the paternal
DNA to facilitate fertilization and propagation (Reed & Werren, 1995). Entire populations of
the Asian Corn Borer moth, Ostrinia furnacalis, have been feminized by Wolbachia (Katsuma,
et al., 2022). Parthenogenesis is procreation without the direct involvement of a male (Singh,
Mal, Gautam & Mukesh, 2019). Parthenogenesis causing Wolbachia, facilitates females in
some haplodiploid species to produce females from both fertilized and unfertilized eggs, further
skewing the sex-ratio of the insect population (Stouthamer, Russell, Vavre & Nunney, 2010).
CAPTURE SITE

The specimens were collected from a 5-hectare area (~32.17°N, 107.63°W) at an elevation of
~1400m from the bajada of the north side of the Floridian Mountains in the Northern
Chihuahuan Desert (Rech, 2021). The mountains are an inactive fault-block range comprised
of Paleozoic limestone and dolomite rocks (Clemons, 1998). The area receives ~23.37 cm of
precipitation each year. The high temperature is 35.5°C, and the low is ~18.3°C. The florae
include creosote bushes Larrea tridentate, Joshua trees, Yucca brevifolia, mesquite trees,
Prosopis glandulosa, and several species of the genus Opuntia, prickly pear cacti (Salisbury &
Ross, 1992).

METHODS

Specimen Capture: One-hundred nine moths were captured using insect nets, then transferred

to 50 mL centrifuge tubes. The tubes were identified with the date and location. The specimens

were stored at 15.5°C until DNA extraction.
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Specimen Identification: The species of the moths was determined using the taxonomic key of

the National Center for Biological Information (NCBI, 2022). The gender was determined by
measuring the width of the abdomen. Male abdomens are approximately 20% thinner than
females. Also, the females are slightly larger.

DNA extraction and PCR protocols: Two millimeters (mm) were removed from the posterior

of specimen’s abdomen. The abdominal segment was then placed in a 1.5 milliliters (mL)
microfuge tube with 200 microliters (uL) of lysis buffer. The abdominal segment was
macerated for 1 minute. Eight-hundred pL of lysis buffer was added to the microfuge tube then
vortexed. The tube was placed in a 99°C water bath for 5 minutes. After heating, the tube was
opened briefly to release pressure then centrifuged for 8 minutes at 10,000 rpm. Another
microfuge tube was obtained and 400 pL of the supernatant and put into the new tube. Forty
puL of 5.0 M NaCl was added and placed on ice for 5 minutes. Tubes were placed in the
centrifuge at the same speed and time as previously stated. Another clean microfuge tube was
obtained and 300uL of supernatant was transferred. Four-hundred microliters of 6.5 °© C
isopropanol was added and then centrifuged at 10,000 rpm to remove most of the liquid. The
tube was centrifuged for 1 minute and the rest of the liquid was pipetted out. The pellet was air
dried for 10 minutes. Two-hundred pL of TE/RNase was added. The pellet was disturbed by
pipetting then tube was centrifuged at 10,000 rpm for 1 minute. The DNA was frozen until PCR
amplification. PCR amplification was done with a Biorad thermocycler t100. PuReTaq™
Ready-To-Go™ PCR beads were used. The DNA was thawed. Ten microliters of primer was
added to the PCR bead along with 10 pL of extracted DNA. PCR cycles included 95 degrees
for 2 minutes, 30 cycles of: 94 degrees for 30 seconds, 55 degrees for 45 seconds, 72 degrees
for 1 minute, then 72 degrees for 10 minutes, and finally left at 4 degrees for the rest of the
allotted time. Two percent agarose electrophoresis gels were run at 150 V for 30 minutes. Five
pL of SYBR safe green was added to each gel. Lithium bromide buffer was used. An Edvotek
TruBlu 2 Transilluminator was used to view the DNA.

Proboscis Measurement: Each proboscis was gently straightened with a pin. The moth and the

distal end of the proboscis were adhered to the paper with a fast-drying adhesive. Specimens
were allowed to dry overnight, and then measured with a SI unit ruler.

RESULTS

Ninety Hyles lineata moths were tested for Wolbachia pipientis, and 110 were measured for
proboscis length. Wolbachia infection rate showed 30 female specimens tested positive, while

only 17 male specimens tested positive. One hundred ten moths were measured for proboscis
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length. Forty-nine of the moths were male and 61 were female. Fifteen of the specimens had
short proboscides, 59 had medium proboscides, and 28 had long proboscides. Three male and
five females had forked proboscides. There seemed to be no correlation between gender and

proboscis length.
Table 1. Proboscis Length

Specimens Male Female Total Percentages
Short 27-30 mm 7 8 15 15%
Medium 31-36 mm 31 28 59 58%
Long 37-42 mm 8 20 28 27%
Total 46 56 102 100%
Forked Proboscis 3 5 8 7.8%

Figure 1. (L to R) Specimen 72 with a short proboscis, specimen 58 with a long
proboscis, and specimen 100 with a forked proboscis.

Table 2. Wolbachia pipientis infection rate

Specimens Number Tested Number Infected Percentage of Infection
Rate
Total 90 47 52%
Male 44 17 39%
Female 46 30 65%

Wolbachia pipientis 16S rDNA bacteria ribosomal gene is identified at 438 base pairs (bp) and
insect cytochrome C oxidase DNA is identified at 709 bp. The banding in the electrophoresis
gel to the left shows specimen 108, a female H. lineata is infected with W. pipientis. Sixty-five

percents of the females were infected, while only 39% of the males were infected.
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Figure 2. Specimen 108, lane 5,
is infected with W. pipientis

DISCUSSION

Hyles lineata, the white-lined sphinx, is a common pollinator in the Northern Chihuahuan
Desert. In the first two weeks of July, there was an explosive, synchronous emergence of the
moth. One-hundred nine moths were captured in a 5-hectare area at the northern base of the
Florida Mountain to the East of Deming, New Mexico. All of the moths were measured for
proboscis length, and ninety of the moths were tested for Wolbachia pipientis infection. The
sex ratio of the specimens was 1:1.22 which is almost 1:1. A normal sex ratio in insect
population is normally close to 1:1 (Compton & Tu, 2022). This did not indicate a high W,
pipientis infection rate, but the infection rate was 52%, a lot higher than we anticipated. The
females had a much higher infection rate than the males, 65%. The males had an infection rate
of 39%. Our findings align with other researchers for the percentage of Wolbachia infection.
Of course, the infection rates vary from species to species, but generally the average infection
rate of insect populations has been approximately 50%. Presently, Wolbachia is the fastest
spreading endosymbiont on the planet.

Proboscis length is an important factor in pollination. North American H. lineata stigma tube
lengths range from 0 to 175 mm, whereas the average proboscis length of sphinx moths in
North America is between 53 to 60 mm (Grant, 1983). However, comparing our proboscis
lengths to Grant’s measurements, all of our lengths are much shorter. But, when our lengths
are compared to more recent findings (Ahmed, Araugo-Jnr, Welch & Kawahara, 2015) our
measurement align with current research. Possibly there has been a change in proboscis lengths
of H. lineata in the last 40 years. Shorter proboscides facilitate pollination because the moth

has to bury itself in the flower to obtain the nectar. The numerous setae on the moth’s body
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pick up the pollen which is easily transferred when the insect moves to another flower. The
opposite is true of longer proboscides.

Eight of the specimens had forked proboscis. One possible explanation for this is desiccation.
Perhaps, the structure dried extensively while being frozen. The proboscis consists of two
extended concave maxillary galeae and a hollow food tube, which are joined by dorsal and
ventral cuticular projections (Zhang, Niu, Hu, & Lu, 2021). In the event of desiccation, the
structure might have separated. The freezing process may have facilitated the separation.

Our findings are a data point into the ever-evolving infection rates of Wolbachia pipientis and
the changing proboscis length of H. /ineata. The white-lined sphinx moth is an important native
pollinator of the Northern Chihuahuan Desert in New Mexico, which is an agricultural state.
Presently, farmers rely on Apis mellifera, the domesticated honeybee which is not native to
Northern America. But the efficiency of the species is limited. It is prone to viral infections
mostly due to the vector mite, Varroa destructor (Rech, et al., 2020). Native pollinators will
and should be promoted to sustain the viability of agricultural.
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