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Abstract: 
 

 Drosophila arizonae and Drosophila aldrichi are cactophilic, desert-dwelling 

insects.  In this study, the composition of the bacterial communities associated with these 

host species was determined.  One sample female from each host species was collected 

from the Sonoran Desert and the associated microbial DNA was isolated and sequenced.  

Using these data, bacterial genera and species were determined to classify the diversity 

and nature of the host�s associated bacterial communities.  The bacterial sequences of 

both D. arizonae and D. aldrichi were dominated by operational taxonomic units (OTUs) 

of the gram-positive phylum Firmicutes.   

 The goal of this study was to observe not only the type of bacteria associated with 

each host alone, but also to compare the associated microbial communities between the 

two closely related host organisms.  As a result of the analysis, the D. arizonae and D. 

aldrichi specimens shared four common bacterial genera, Lactobacillus, Leuconostoc, 

Enterococcus, and Weissella, and one common bacterial species, Leuconostoc 

pseudomesenteroides.  Information in this study can help to shed light on the unique 

ecology of these cactophilic hosts and their microbe interactions. 
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Statement of Purpose: 

 

 Over the past year I participated in the design and execution of experimental 

research involving two species of cactophilic Drosophila and the bacterial communities 

that associate with the insects in nature.  There is much to discover in terms of the study 

organisms, Drosophila arizonae and Drosophila aldrichi.  I believe that gaining 

knowledge on the host�s associated bacteria could reveal information on some of the 

unique aspects of these distinct cactophilic species.  Therefore, I sought to survey and 

determine the composition of the bacterial communities associating with D. arizonae and 

D. aldrichi. 

 My project served a number of purposes.  Primarily, and most personally exciting 

for me, was the direct and practical application of knowledge I acquired over the past 

four years.  During my work for this study, for the first time, I practiced in-depth 

laboratory techniques.  My thesis required the knowledge and desire to learn that I gained 

in previous classes.  My mentor, Dr. Vanessa Corby-Harris, conducted a similar study (5) 

on the distribution and diversity of bacteria associated with Drosophila melanogaster that 

served as a guide for my own work. 

 Even within the constraints of my small research project there were many 

questions to be asked.  How many different species of bacteria do Drosophila arizonae 

and D. aldrichi associate with?  What is the relationship between these bacteria and their 

host, positive, negative, etc?  How would the bacterial communities differ between 

closely related hosts?  I hoped to reveal the answers to some of these questions with the 
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determination of the diversity of the bacteria associated with my two study species as 

well as any similarities and differences between the species.   

 Research on insects and the bacteria that associate with them can lay the 

groundwork for further discovery in the relationship between numerous organisms and 

their microbial inhabitants; it was this that inspired my study. 
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Statement of Relevance: 

 

 Insect-microbe interactions hold much potential in their experimental viability, 

and yet, they remain inadequately explored.  The associations of a Drosophila species, a 

eukaryote, and bacteria, prokaryotic organisms, are important in understanding host-

microbe relationships.  There is also a need to understand associated bacterial 

communities and the diversity of the communities between closely related species.  As of 

yet, there has been little study of the specific bacterial communities of the species D. 

arizonae and D. aldrichi.  These cactophilic species provide a unique opportunity to 

address the insect-microbe relationship as well as offering an important system for 

studies in diversification and speciation (11). 

 In my study, I observed differences among the separate host specimens in 

bacterial composition.  The interaction between organisms and their associated bacteria, 

whether symbiotic, parasitic, or indifferent, is crucial in nature.  Many interesting 

questions can be asked about the insect-microbe relationship but I chose to focus 

specifically on native Sonoran Desert flies and their bacteria.  While both native to the 

desert, the closely-related flies in my study have differing ecological niches.   As I 

hypothesized, they also have differing microbial environments.  This becomes essential, 

because these microorganisms can and do effect the species they live with.  Accordingly, 

there have been increasing studies of screens of the microbial communities or various 

insects (5).  As a result, more information will emerge on the insect-microbe associations 

and it is necessary to further evaluate the role of bacteria in the host organisms.   
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 This is an exciting new field of study that can only be slightly revealed in a year-

long project.  The role that bacteria play in animal development, ecology, and evolution 

is not yet fully understand.  And even before the insect-microbe relationships can be 

further explored and classified it is necessary to define the types of bacteria present.  

Drosophila arizonae and D. aldrichi can be important model organisms so and there is no 

doubt that knowing as much about the organism as possible would be beneficial to both 

current and future work.  It is necessary to study all aspects of the species.  As discussed, 

little is known about the bacteria associated these host species so my research is 

pertinent.  Moreover, when species are collected from their natural environments they are 

much more likely to contain the organism�s naturally-occurring bacteria.  There can be no 

way of knowing fully about a species unless studied from their natural environment as 

done in this study.  The ability to study species in this manner is an important aspect of 

future research.    

 The techniques involved in this study, the sequencing and screening of 16S 

rRNAs, are essential to bacterial screens of many species, because they allow high 

species-specificity.  The 16S rRNA is a component of the small prokaryotic ribosomal 

subunit (1).  In addition to highly conserved primer binding sites, 16S rRNA sequences 

contain hypervariable regions that can be used to provide species-specific sequences in 

bacterial identification to (1).  In sum, this study seeks to use pertinent research and 

technology to define the bacterial communities of two Drosophila species as a step in 

further classifying the insect-microbe relationship. 
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Introduction: 

 

D. arizonae and D. aldrichi are members of the Drosophila mulleri species 

complex of the repleta group (12).  They make their home on several species of cacti in 

North and South America.  The species have unique morphology and ecology.  As a part 

of the repleta group, D. arizonae and D. aldrichi use cactus as a main resource (7) for 

ovipositing and feeding.  Additionally, as an identifying feature of the repleta group, each 

seta, on the mesonotum section of the mesothorax on these species, arises from a single 

dark-brown/black spot (8).   

 
Image 1 � Drosophila arizonae female (9) 

 

 

Image 2 - Drosophila aldrichi female (9) 
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The repleta group is divided into five subgroups: mulleri, hydei, mercatorum, 

repleta, and fasciolo (15).  D. arizonae and D. aldrichi are in the mulleri subgroup and 

mulleri complex.  They are, however, in different species complexes.  They two species 

of fly are classified in the following way:  

Table 1 � Classification of D. arizonae (15) 
Family Drosophilidae 
Subfamily Drosophilinae 
Tribe Drosophilini 
Subtribe Drosophilina 
Infratribe Drosophilini 
Genus Drosophila 
Subgenus Drosophila 
Species group repleta 
Species subgroup mulleri 
Species complex mojaensis 
Subspecies     -    
Valid name arizonae 

 
 
Table 2 � Classification of D. aldrichi (15) 

Family Drosophilidae 
Subfamily Drosophilinae 
Tribe Drosophilini 
Subtribe Drosophilina 
Infratribe Drosophilini 
Genus Drosophila 
Subgenus Drosophila 
Species group repleta 
Species subgroup mulleri 
Species complex mulleri 
Subspecies     -  
Valid name aldrichi 
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Figure 1.  Phylogeny of Mulleri Complex (10, 13) 
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In Figure 1, the two pointed-out species, Drosophila arizonae and Drosophila aldrichi, 

represent the hosts in this study for which the associated microbial communities were 

analyzed. 

 Drosophila arizonae is a sister species of Drosohila mojavensis and is endemic to 

the deserts and dry tropical environments of the southwestern United States and 

northwestern Mexico (11) and thus has a widespread distribution.  Drosophila aldrichi 

also has a distribution in the southwestern United States, from Texas to Arizona (8).  

Additionally, D. aldrichi is widespread in Mexico and parts of South America.  Its closest 

relative is D. wheeleri and has recently moved north from Sonora and into Baja 

California (8).    

The distribution of the D. arizonae and D. aldrichi species is as shown below: 

 

  

 

D. arizonae distribution = Gray 

D. aldrichi distribution = Blue 

 

 
 

 Figure 2 � Map of the Distribution of D. arizonae and D. aldrichi. Distribution 
 information (6).   
 

The two cactophilic Drosophila species are associated primarily with the decaying tissues 

of cacti.  Being a cactaophilic species could certainly have influence on the need or lack 

of need for particular bacterial communities.  The Drosophila larvae feed on the rotting 

cactus pulp and the adult members of the species feed on the yeast and exudate juice (12).  
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Each species, however, has its own ovipoisition and feeding strategies on their cactus 

hosts.   

 D. arizonae have the Stenocereus alamosensis (columnar cacti) as their primary 

host in their niches of the Sonoran Desert and Northern Sinaloa, MX (12).  However, 

Drosophila arizonae can be considered a host generalist because it is capable of using 

both columnar and other cacti hosts under particular conditions (12).  D. aldrichi are 

Opuntia (prickly pear) cacti-breeders (12).  It is clear that each host species has 

developed its own niche and that there is clear separation between the species in this 

study that breed on Stenocereus (D. arizonae) and those that breed on Opuntia (D. 

aldrichi).  The individual ecologies of the host Drosophila may play an important role in 

the differences between the bacterial communities associated with the hosts.   

  In this study I hope to identify the bacteria that associate with Drosophila 

arizonae and D. aldrichi and to use the information to allow for future discussion and 

postulation on the unique ecology of the cactophilic host species and their microbial 

communities.  Both of the species of Drosophila, along with other insects, have diverse 

bacterial communities associated with them.  By obtaining this bacterial DNA from host 

specimens, cloning and sequencing the DNA, sequence divergence among the individual 

bacterial rRNAs can be used to classify and identify the microorganisms.  I use an 

analysis of cloned and polymerase chain reaction�amplified bacterial 16S rRNA genes 

obtained from the samples of D. arizonae and D. aldrichi to compare the abundance and 

distribution of the genera and species between the flies.   

With the results I describe the differences in bacterial community structure 

between the hosts analyzed in this study.  I provisionally identified nine bacterial genera 
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between natural host specimens of D. arizonae and D. aldrichi and fifteen unique 

bacterial species were obtained and identified.  The information gathered from the study 

of the 16S rRNA-based data can perhaps allow significant differences between the 

species to be identified. 

Assessments of bacterial diversity can provide important clues to their hosts.  

Additionally, a look into the insect-microbe interaction may reveal important information 

about the microbial community and the host community due to the effects microbes 

might have on their host species.  Of course, in this study, only one female of each host 

species was used, which is not enough to establish the organisms which constitute the 

normal and constant associated bacteria of the given Drosophila species.  Perhaps, 

though, it is a start in the identification of cactophilic associated bacteria.   

The University of Arizona is situated in the southwestern United States, within 

the Sonoran Desert.  This location allows for a specific focus on cactophilic genus of 

Drosophila.  Therefore, any information, as such in this study, to further divulge D. 

arizonae and D. aldrichi can assist future endeavors, specifically at the University of 

Arizona.   
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Materials and Methods:   

 

 The diversity of bacteria associated with the Drosophila arizonae and D. aldrichi 

was assessed using PCR amplification, cloning, and sequencing of DNA originating from 

flies collected in Tucson, Arizona.  Genomic DNA was isolated from one female fly per 

species and was subjected to PCR with bacteria-specific 16S rDNA gene sequence 

primers.   

Overall methodology: 

• Fly collection 
• DNA isolation  
• PCR amplification 
• Construction of clone libraries  
• Sequencing of 16S rRNA genes 
• Determination of OTUs 
• Analysis of 16S rRNA sequences 
 
 

Fly collection: 

 Flies were collected using Opuntia fruit in Tucson, AZ.  Flies were aspirated off 

the fruit and separated by species and sex.  

DNA isolation: 

 DNA was extracted from specimens.  DNA can be extracted by various methods 

that result in varying yields and degrees of purity.  Three separate protocols of DNA 

isolation, Squish, Chelex, and PCI, were used in the study. 

Trouble-shooting: 

 After each of the DNA extraction protocols was performed, a gel of only the 

DNA sample was run to confirm that DNA was in fact present.  Also, the NanoDrop 

Spectrophotometer was used to check for DNA purity, looking at the 260-280 ratio.  The 
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concentrations of the nucleic acid samples were determined utilizing the 0.2mm 

pathlength to calculate the absorbance.  After testing each of the DNA isolation 

techniques, it was determined that the PCI protocol worked the best for my purposes.  

Both the Squish protocol and the Chelex protocol did not isolate a high enough 

concentration or pure enough sample to easily work with.  Therefore, the method of DNA 

extraction used for each of the samples in the study was the Phenol/Chloroform 

Extraction of DNA.   

Phenol/Chloroform Exaction Protocol: 

 Flies were homogenized in buffer solution with a pestle.  Buffer was removed 

from the sample and fresh STE buffer and lysozyme solution was made.  100 µL of STE 

and lysozyme solution was added, and mixture was homogenized.  Mixture was 

incubated for thirty minutes at 37 degrees Celsius.  10 µL sds and 1.1 µL proteinase K 

was added.  Mixture was incubated at 56 degrees Celsius for one hour.  RNase A was 

added to a final concentration of 0.03 mg/ml.  Mixture was incubated at 37 degrees 

Celsius for one hour.  An equal volume of TE-saturated phenol was added to the aqueous 

DNA sample in a microcentrifuge tube and digest was inverted to mix.  The mixture was 

centrifuged for two minutes to enact phase separation. The upper, aqueous layer was 

removed carefully and placed in a new tube.  The previous three steps were repeated.  An 

equal volume of chloroform:isoamyl (24:1) was added and the mixture was inverted to 

mix.  The mixture was centrifuged for two minutes to enact phase separation.  The upper, 

aqueous layer was removed carefully and placed in a new tube.  The previous three steps 

were repeated.  One tenth of the total recovered volume of NaOAc 3M was added to the 

mixture.  Two to three times the total recovered volume of ice-cold 90-100% ethanol was 
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added to the mixture.  Mixture was well vortexed and incubated for two or more hours at 

-20 degrees Celsius.  The mixture was centrifuged to fifteen minutes.  Supernatant was 

removed, leaving only the DNA pellet.  DNA pellet was ethanol precipitated with 50 µL 

of 70% ethanol.  This was centrifuged for fifteen minutes and supernatant was removed.  

The DNA pellet was dried on the bench and suspended overnight on bench in 50 µL of 

TE buffer. 

PCR amplification: 

 Bacterial 16S rRNA gene sequences were selectively PCR-amplified from the 

isolated DNA samples for the construction of clone libraries.  Polymerase chain reaction 

is a widely used technique to amplify a piece of DNA by enzymatic replication.  With 

PCR it is possible to amplify a single piece of DNA over many cycles, generating many 

of copies of the original DNA molecule.  The amplified unit is the 16S rRNA.  16s rRNA 

is a component of the small prokaryotic ribosomal subunit (30S) and is known to interact 

with the 50S subunit in both P and A site (1).  The 16S rDNA sequences contain 

hypervariable regions and highly conserved primer binding sites (1).  The variable 

regions allow for specificity (1).  This specificity is necessary for species microbial 

identification.  
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To set up the PCR reaction the following procedure was used: 

Sample Volume DNA  

(in µL) 

Concentration 

DNA (in ng/ µL) 

D. aldrichi female  5 µL 66.50 

D. arizonae female 2 µL 59.80 

Positive Control  2.5 µL 50.33 

Negative control N/A N/A 

 

Mastermix for PRC reaction: 

• 2.5 µL dNTP 

• 2.5 µL Thermal buffer 

• 2 µL forward primer (27F) - (5�-AGA GTT TGA TCM TGG CTC AG-3�) 

• 2 µL reverse primer (1522R) - (5�-AAG GAG GTG ATC CAG CCG CA-3�) 

• 0.2 µL Taq polymerase 

• Water to a final volume of 25 µL 

PCR products were resolved on a 1% agarose gel, and the gel was visualized with UV 

light.  The approximately 1.5-kb 16S rRNA gene fragment was extracted from the 

agarose gel by using a QiaQuick gel extraction kit (QIAGEN) according to the 

manufacturer�s directions and was eluted in 30 µl of sterile distilled water.   

Construction of clone libraries: 

 A 1.5-kb DNA band, representing almost the entire length of the 16S rRNA gene, 

was amplified from all species and cloned.  The TOPO TA Cloning Kit for Sequencing 

by Invitrogen was used for the direct insertion of Taq polymerase-amplified PCR 



Wager 16 

products into a plasmid vector with TOPO One Shot chemically competent cells and the 

directions according to the manufacturer were followed.   

Cloning Reaction:  

The cloning reaction was set up by 0.5 � 4 µL of PCR product being added to a 

microcentrifuge tube.  1 µL of salt solution was added to tube.  Water to a final volume of 

5 µL was added.  And 1 µL TOPO vector was added.  Reaction was gently mixed and 

incubated for thirty minutes at room temperature.  Reaction was then placed on ice.   

Transforming Reaction: 

Once the cloning reaction was performed, the reaction must be transformed into the 

competent E. coli cells.  One vial of E. coli competent cells and two selective plates was 

used per each reaction.  A water bath was equilibrated to 42 degrees Celsius.  A vial of 

S.O.C medium was warmed to room temperature.  The selective plates were warmed to 

room temperature before the reaction.  The vials of E. coil cells were thawed on ice for 

each transformation.  2 µL of the cloning reaction was added to the vial of chemically 

competent E. coli and mixed gently.  The reaction was incubated on ice for thirty 

minutes.  The cells were then heat-shocked for thirty seconds at 42 degrees without 

shaking.  Tubes were immediately transferred to ice.  250 µL of room temp S.O.C. 

medium was added to each vial and the tube was tightly capped.  Each vial was shaken 

horizontally at 37 degrees Celsius for 1 hour.  Between 20 µL and 50 µL (2 different 

volumes to ensure at least one plate of well-spaced colonies) was spread from each 

transformation on a prewarmed, Luria-Bertani plates containing kanamycin.  The plates 

were incubated overnight at 38 degrees Celsius.  The colonies were picked for analysis.   
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Sequencing of 16S rRNA genes: 

Partial-length 16S rRNA gene fragments were sequenced in one direction.  Using 

Sequencer all ABI files were opened and visualized.  For each of the ABI files the 

primers were found to determine where the PCR reaction began.  The sequences were 

clipped, including the removal of the vector.  

Determination of OTUs: 

All clones were checked for chimeras (4).  Then all the retrieved sequences were aligned 

separately for each clone library by using ClustalW (16) in BioEdit, with the default 

settings.  Operational taxonomic units (OTUs) were determined using DOTUR (14).  

Sequences falling into the same OTU were grouped and a consensus sequence was 

generated for each OTU using 99% identical groupings. 

Analysis of 16S rRNA sequences: 

Each of the OTU consensus sequences were analyzed using the BLAST (2) and 

Seqmatch (3) tools.  The GenBank sequence databases were screened for published 

sequences that most closely matched the consensus sequences generated to represent each 

of the OTUs isolated from the host populations.  The top two hits of each sequence were 

recorded and similarities and differences were noted.   
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Results: 

 

 The goal of this study was to provide an overview of the diversity of bacteria 

associated with cactophilic flies.  My methods isolated seventy-nine non-chimeric 

sequences from D. aldrichi and twenty-eight from D. arizonae.  These sequences were 

then grouped into twelve OTUs for D. aldrichi OTUs and nine for D. arizonae.  Pre-

determined bacterial sequences were used to compare the data and to identity the study 

bacterial sequences.   

If a sequence was 99% identical to a sequence found on Blastn on GenBank, it 

was assigned to that bacterial species.  The operational taxonomic units were assigned 

after the bacterial genes were cloned and sequenced.  In the following OTU groups the 

common species between the two hosts have been underlined: 

 
D. arizonae female OTUs and Sequence Species Identity 

 
OTU 1 - Leuconostoc pseudomesenteroides  
OTU 2 - Lactobacillus plantarum  
OTU 3 - Lactobacillus plantarum  
OTU 4 - Weissella ghanensis  
OTU 5 - Enterococcus termitis  
OTU 6 - Lactobacillus pentosus  
OTU 7 - Lactobacillus plantarum  
OTU 8 - Bilophila wadsworthia  
 - Pantoea agglomerans strain  
OTU 9 - Lactobacillus casei  
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D. aldrichi Female OTUs and Sequence Species Identity 
 

OTU 1 - Leuconostoc pseudomesenteroides  
OTU 2 - Leuconostoc citreum  
OTU 3 - Lactobacillus sp.  
OTU 4 - Weissella cibaria  
OTU 5 - Gluconacetobacter diazotrophicus  
OTU 6 - Bacillus subtilis  
OTU 7 - Lactobacillus sp.  
OTU 8 - Paenibacillus polymyxa  
OTU 9 - Lactobacillus sp.  
OTU 10 - Enterococcus phoeniculicola  
OTU 11 - Leuconostoc pseudomesenteroides  
OTU 12 - Lactobacillus brevis  
 

The differences and similarities of the sequence matches between the two species were 

compared (Figure 3 & 4).   One bacterial species, Leuconostoc pseudomesenteroides, was 

common between the two host species.  Additionally, seven of the OTUs were not able to 

be placed as they did not closely match any pre-determined sequence to allow for 

identification. 

These results provide a sample view of the diversity of bacteria associated with D. 

arizonae and D. aldrichi in their natural environment.  Overall, results provide a brief 

overview of the complex microbial communities associated with two of the cactophilic 

flies in the Sonoran desert. 
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Figure 3. Diagram of bacterial genera associated with Drosophila arizonae and D. 

aldrichi females. 
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Figure 4. Diagram of bacterial species associated with Drosophila arizonae and D. 

aldrichi females. 
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Analysis and Conclusions: 

 

 The analysis of the 16S rRNA genes recovered from the D. arizonae and D. 

aldrichi samples revealed the diversity of bacteria in each of the fly species.  Of the 

sequences isolated, fifteen different bacterial species across nine genera were identified.  

The two host species shared four common bacterial genera, Lactobacillus, Leuconostoc, 

Enterococcus, and Weissella, and one common bacterial species, Leuconostoc 

pseudomesenteroides. 

 While I sought out to determine the microbial communities in association with D. 

aldrichi and D. arizonae and I also hoped to explore the differences between the 

communities from the two cactophilic Drosophila species that were surveyed.  While the 

two species are closely related, they also reside in distinct ecological niches.  Hence, it 

seems clear the different species would not have the exact same bacterial communities.  

The differences between the bacterial communities might reflect important differences 

not only the within the host fly but perhaps also within the host cacti or even overall 

ecological niche.   

 The results of the study verified that the female specimens did have both similar 

and dissimilar bacterial communities associated between them.  Additionally, both 

species contained a significantly high number of OTUs from the phylum Firmicutes.  

Perhaps, these gram-positive organisms are of a particular benefit to the cactophilic flies.  

The far majority of Firmicutes in the two tested species raises questions as to the 

advantage these types of bacteria could allow.  Only one of the OTUs was of the 

Proteobacteria phylum.  In contrast, past studies on the bacterial communities associated 
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with another species of Drosophila, D. melanogaster, reveal a predominance of 

Proteobacteria (5).   

 The goal of this project was to determine the bacterial communities of two species 

of cactophilic Drosophila.  This project is only a small collection of one sample fly per 

species.  Many more flies would be needed to determine the true nature of the associated 

microbial communities.  Also, only female specimens were used.  An interesting 

development in the future would be to sequence the bacteria from large numbers of flies 

and to test the male populations as well.  Nonetheless, these observations can be used to 

further the study of Sonoran Desert Drosophila, undoubtedly a focus at the University of 

Arizona, located in the natural environment of these cactophilic species.  There is no 

question that additional study and screens are needed to wholly identify the bacterial 

communities of cactophilic Drosophila.  Certainly, further research is necessary to 

comprehend the complex insect-microbe relationship. 
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