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ABSTRACT:
Mitochondria and their role in ATP production are the backbone of energetic demands in
living organisms. This demand is especially seen in neurons, brain cells with specialized
processes like action potential propagation and neurotransmitter release. Neuronal high-energy
demands make mitochondrial transport essential for neuronal function and survival. Although
the importance of mitochondrial atypical Rho-like GTPase (Miro) for mitochondrial transport is
known, many questions remain. The following genomic screen aimed to identify other proteins
involved in the Miro pathway, testing for genetic interactions between heterozygous dmiro null
mutations and heterozygous deficiencies (deletions) covering approximately 85% of the
Drosophila genome. Using live time-lapse imaging of GFP-labeled mitochondria in motor
axons of larval Drosophila nerves, mitochondrial flux, the number of mitochondria moving per
minute, was examined for deficiencies either enhancing or suppressing the mitochondrial flux
phenotype of heterozygous dmiro null mutations, suggesting interaction with the Miro signaling
pathway. Significant differences from control were defined as “candidate deficiencies” and
subjected to retests; these regions were narrowed down to “map” the modifier mutations to
individual genes. A total of 38 deficiencies were identified to interact with Miro. Of these, 7
deficiencies were further mapped and 14 genes were identified as strong candidates for Mirointeracting genes.
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INTRODUCTION:
Mitochondria are critical to sustain life of most eukaryotic cells. These cellular
organelles are responsible for satisfying the ever-changing energy demands of the cell through
the production of the high-energy molecule adenosine triphosphate, or ATP. ATP production is
achieved though the transfer of electrons through a system of carriers (the electron transport
chain) in order to establish a hydrogen ion gradient. This gradient is then used by the protein
ATP synthase to synthesis ATP from ADP and inorganic phosphate (MacAskill and Kittler
2010). Although known for being the primary generator ATP, these ubiquitous organelles have
also important roles in Ca2+ buffering, steroid synthesis, free radical generation, and apoptosis
(Zinsmaier et al. 2009).
Although all cells require ATP from mitochondria, mitochondrial ATP production is
most critical for neurons. The brain has immense energetic demands, using 20% of the body’s
energy produced while only accounting for 2% of its body weight (MacAskill and Kittler 2010).
Looking at the activity within the neuron, the energy demand becomes more recognizable.
While maintaining many of the common cellular processes within its cell body, the specialized
function of the neuron in conducting action potentials and facilitating neurotransmitter release at
distant synapses generates its own series of energetic demands. To conduct action potentials,
neurons rely heavily on cellular pumps that are needed for the establishment of electrochemical
gradients, which all need ATP to operate (MacAskill and Kittler 2010). The challenge of
fulfilling these demands rests on the polar and complex structure of the neuron itself.
The neuron is characterized by a cell body surrounded by an arbor made of thin, spinelike projections known as dendrites and a long projection known as the axon, which is necessary
for the conduction of an action potential. When compared to other cells, the unusual
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morphology of the neuron provides a significant challenge of fulfilling its energetic demands.
The length of neurons poses an issue for mitochondria and energy supply; some motor neurons
in humans are as large as a meter long (MacAskill and Kittler 2010). Supplying ATP across
such distances by diffusion is not effective. Hence, neurons rely on mitochondrial transport like
no other cell to distribute mitochondria to distal regions in axons and dendrites for local ATP
production. By any means, this is a daunting task for the cellular transport machinery. Thus, a
mitochondrial transport system with high fidelity is essential to ensure proper functioning
neurons (Zinsmaier et al. 2009).
The long distance transportation of mitochondria in neuronal axons and dendrites
exclusively uses microtubule tracks; although actin filaments are found within the cell body, no
actin is found along the length of the axon, requiring the neuron to rely on microtubules for long
distance transport and making microtubule transport defects especially deleterious.
Examining mitochondrial transport reveals a complex and to some degree puzzling
pattern of movements. Mitochondrial movement is characteristically saltatory (step-wise) and
bidirectional. Motile mitochondria exhibit a general “net” direction of transport but show
movements in both directions as well as periodic stops. Motion is facilitated by specific motor
proteins that interact with the microtubule tracks and couple through adaptor proteins to
mitochondria. The primary plus-end directed motor protein is kinesin while the primary minusend motor is dynein. Since microtubule in axons are uniformly organized in axons, all facing
plus end out, the kinesin motor directs mitochondria away from the neuronal cell body and
facilitates anterograde movement (AM). Consequently, dynein moves mitochondria toward the
cell body and facilitates retrograde movement (RM). Although the basic mechanisms of
microtubule transport are known, the molecular machineries controlling the action of the
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opposing motors and net motion of mitochondria interact are still not well understood (Zinsmaier
et al. 2009). However, recent developments have begun to clarify these interactions.
The mitochondrial atypical Rho-like GTPase (Miro) has been indentified as a critical
component of the mitochondrial transport machinery. Containing two GTPase domains, two EF
hands (Ca2+ binding domains), and a mitochondrial transmembrane anchoring domain, Miro has
been shown to disrupt mitochondrial localization in cases of Miro overexpression and dominantnegative Miro mutations. A null mutation of Drosophila Miro disrupts a normal mitochondrial
distribution, and restricts mitochondria to the cell body by disabling transport into dendrites and
axons (Guo et al 2005; Zinsmaier et al. 2009). Miro containing mutations in its EF hand Ca2+
binding domains is unable to facilitate the typical arrest of mitochondrial transport seen at
elevated Ca2+ concentrations, which is thought to be a regulatory mechanism to localize
mitochondria to specific subcellular regions (Wang and Schwarz 2009).
The effectiveness of mitochondrial transport can be analyzed by live imaging of
fluorescently tagged mitochondria in motor axons of Drosophila larvae. Null mutations in
dMiro impair anterograde and retrograde mitochondrial transport by disrupting the coordination
control of kinesin and dynein motors. Anterograde moving mitochondria showed a reduced
distance of kinesin movements with no change in dynein activity, whereas retrograde-bound
mitochondria showed a reduced distance of dynein movements with small changes in the
opposing kinesin activity (Russo et. al 2009). This suggests that a lack of dMiro causes
mitochondria to be ineffectively transported in the direction intended. The genetic data suggest
that dMiro regulates the coordination of the opposing motors and their efficiency.
A second protein critical to mitochondrial transport is Milton, a Drosophila homolog of
γ-aminobutyricacid A receptor-interacting factor-1 (GRIF-1) and O-linked N-acetylglucosamine-
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interacting protein 106 (OIP106). Milton is necessary for mitochondrial transport and couples
mitochondria to the kinesin heavy chain. Cell lines that were not transfected with Milton showed
no strong association between mitochondria and kinesin heavy chain; however, cells transfected
with Milton showed distinct aggregates of kinesin heavy chain, mitochondria, and Milton,
suggesting that Milton may recruit Kinesin to mitochondria (Glater et al. 2006). The MiltonKIF5 complex also associates with Miro to attach mitochondria to the motor protein kinesin
(Zinsmaier et al 2009). Milton was shown to coimmunoprecipitate with Miro suggesting this
binding between Milton and Miro (Glater et al. 2006). Furthermore, Miro has been shown to
actively recruit GRIF-1 (Milton) to the mitochondria when Miro levels are raised, resulting in
increased mitochondrial transport (MacAskill et al. 2009). Together these findings suggest that
the interaction between Miro and Milton are a critical part of the current model of mitochondrial
transport.
A current model of mitochondrial transport summarizes the interactions between Miro,
mitochondria, motor proteins, and other key proteins (Figure 1). Miro is known to interact with
Milton A and the mitochondrial matrix protein HUMMR. The Milton-A interactions anchors
Kinesin to the mitochondrial membrane. In fact, kinesin-1 was shown to be always attached to
mitochrondria regardless of direction of movement, stopping periods, and Ca2+ concentrations
(Wang and Schwarz 2009). Miro also interacts with PINK1, which is a kinase that has been
associated with Parkinson’s Disease and may play a role in mitochondrial fusion and fission,
particularly interacting with Mfn, Fis1, and Parkin.
Although strides have been made understanding the regulation of mitochondrial
transport, such as the roles of Miro and Milton, many questions still remain. Does Miro have a
role with Milton B? Does Milton B interact with the dynactin/dynein complex? Does Miro
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interact with the dynactin/dynein complex? What is governing the net directionality of
mitochondrial transport? What controls the machinery to move predominantly either
anterograde or retrograde? What is activating this control?

Figure 1. Mitochondrial Transport Model: Illustration showing the current model of the
mitochondrial transport machinery. Note the unknown interactions (“?”) that are still not
understood.

Understanding Miro’s role in transport mechanics is an important part of understanding
the machinery of mitochondrial transport. In this context, it is particularly important to identify
all proteins that are required for Miro’s signaling pathway. One method of uncovering such
interacting proteins is through a systematic genetic analysis of the Drosophila genome, using
large deficiencies to identify mutant genes that genetically interact with a heterozygous null
mutation in dMiro (dMirosd32/+). By introducing a deficiency into the sd32/+ mutant background,
a heterozygous double mutant is generated (+, sd32/Df,+). The goal is to observe a transport
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phenotype from these heterozygous double mutants that either is reduced or enhanced from the
heterozygous mutant of dMirosd32/+ phenotype—the most dramatic being considered candidate
regions with possible proteins involved in the dMiro pathway (Figure 2A)
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METHODS:
Fly Stocks and Crosses:
The stocks used were raised in an incubator at 25°C. The deficiency strains covering
~85% of the Drosophila genome were obtained from the Bloomington Stock center, Indiana.
“The strain w1118, P[w_; UAS::mito-GFP] (mitoGFP) expressing green fluorescent protein
(GFP) tagged by an N-terminal mitochondrial localization signal was obtained from W. Saxton
(Indiana University, Bloomington, IN)”. “To express mitoGFP and dMiro, we used the enhancer
trap strain w1118; P[w_, OK6::Gal4], which drives expression in motor neurons” (Russo et. al
2009).
Generating the proper genotype for imaging required a two-stage fly crossing technique.
The first stage requires a pre-cross that associates the deficiency region with the appropriate
balancer chromosomes. The second stage created the imaging cross, which contained the
deficiency of interest with the fluorescently tagged mitochondria (Figure 2B).
The first stage associates the deleted region of interest with the proper balancer regions
that make recombination highly improbable. These balancer regions will be helpful in the next
set of crosses. The flies that are selected contain both the balancer and the deficiency of interest.
In the third chromosome pre-cross, Df/Balancer x TM6Tb, e/TM3Sb, e generated the
Df/TM6TbSb (Figure 2B). For the second chromosome pre-cross, Df/Cyo x Cyo/1n(2LR) Gla,
wg, Bc generated Df/1n(2LR) Gla, wg, Bc. These flies are used in the second cross, which
crosses the deficiency/balancer with the fluorescently tagged mitochondrial line equipped with
its own balancers. Thus, the final cross will produce larvae with both the deficiency of interest
and the fluorescently tagged mitochondria and exclude the others, which contain either or both
balancers. In the third chromosome imaging cross, Df/TM6TbSb x OK6-Gal4; sd32
mitoGFP/TM6Tb generated the OK6-Gal4/+; sd32, e, mitoGFP/Df (Figure 2B). For the second
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chromosome imaging cross, Df/1n(2LR) Gla, wg, Bc x OK6-Gal4/+; sd32, e, mitoGFP/TM6Tb
to generate the OK6-Gal4/+; sd32, e, mitoGFP/Df.

Imaging Techniques
The imaging of mitochondrial transport was accomplished using a live dissection of the
Drosophila third instar larvae. The dissection was performed in HL6 (haemolymph-like)
solution containing an additional 7 mM L-glutamate and 0.6 mM calcium. After making a dorsal
incision along the length of larvae, the superficial layers of the larvae were pulled back and
pinned to expose the body cavity. The digestive system and surrounding viscera were carefully
removed to expose the brain, ventral ganglion, and attached nerves. These exposed nerves were
the region of interest for imaging mitochondrial transport and oriented with brain and ventral
ganglion on the left side upon the stage.
Imaging was performed with a confocal microscope (Olympus BX50WI equipped with a
confocal laser scanner). The ventral ganglion and attached nerves was located and identified
using the 60x water immersion objective and regular light with adjustable brightness dial. The
fluorescently tagged mitochondria are initially observed using a mercury lamp; the nerve to be
imaged is identified and focused on for the confocal microscope (Russo et al. 2009).
Images of 1024 X 280 pixels (58.868 X 16.065 µm) were acquired from individual
segmental nerves just next to the ventral ganglion. A centered 872 X 278 pixel (40 or 50 X 16
µm) region of interest (ROI) was photobleached for 180 s at 100% intensity of the multiargon
laser, such that the bleached area was always flanked by nonbleached stationary mitoGFP
positive signals. Immediately after bleaching, 200 images were acquired at a rate of one frame
per 1.006 s (zoom factor 2X) at 2-4% laser intensity and saved as 8-bit multitiff files. Time-lapse

11

images were acquired only from one nerve per animal within 30 min of dissection (Russo et al.
2009).

Flux Analysis of Deficiency Mutants
The single, 8-bit TIF files can collectively be opened up using image analysis software,
ImageJ, and can be viewed as a continuous series of images. Determining the AM and RM flux
of the region is accomplished by counting the number of mitochondria moving into the
photobleached area from the left (RM) or right (AM). The stationary mitochondria was used a
guide to indicate where the photobleaching occurred. This requires careful observation of the
mitochondria entering the photobleached region and repeating the count until a consensus is
reached.
For the genomic screen, time-lapse videos (200-seconds in length) were made for each
genotype, using three different preparations. The AM and RM flux rates for each of these videos
were averaged to get an Average AM and RM flux rate for the deficiency. Further analysis
involved using these average AM and RM flux rates to develop an AM/RM ratio, which could
reveal different mitochondrial transport phenotypes.
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RESULTS:
The basic approach to identify proteins acting in the dMiro signaling pathway has been to
analyze AM and RM mitochondrial flux in trans-heterozygous double mutants containing a
heterozygous deficiency X (on the 2nd or 3rd chromosome) and a heterozygous dmiro null
mutation (sd32). Deficiencies that significantly enhance or suppress the mitochondrial flux of the
heterozygous dmiro null mutation are then considered candidates that may define a dMIrointeracting gene.
Mitochondrial flux measures the rate of mitochondria moving away from (AM), or
toward (RM) the cell body. If deficiencies significantly alter mitochondrial flux values when
compared to the heterozygous control, then this provides strong evidence that the deficiency
contains a gene that is not only required for mitochondrial transport but may also act through the
dMiro signaling pathway (Figure 2A). The deficiencies with significant differences from
control were considered to define regions of interest, containing potentially interacting genes.
Once a candidate region was identified, smaller deficiencies covering the region were analyzed
to limit to the number of genes and identify a single candidate gene.

3rd and 2nd Chromosome Screen Candidates Identified
Although some deficiencies had visually apparent differences in flux when compared to
the dMiro (sd32/+) control (Figure 3A-C), a method was devised to interpret the flux data. To
determine which deficiencies caused particularly interesting phenotypes, the top 5% percentile
and bottom 5% percentile of the total AM and RM flux data were considered interesting enough
for retesting. The 5% upper and lower cutoffs narrowly tailored the results to isolate the most
interesting regions from many other deficiencies that exhibited weaker flux differences.
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Comparing the screen average flux to the heterozygous control flux (Table 1 & 2), the lower
value of the screen average flux reflects a common “sickness” effect of increasing “mutational
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load” of sd32/+ mutants. The “sickness effect” implies that most of the deficiency lines
unspecifically caused a lower flux. The 5% limits increased the selectivity of identifying truly
interesting regions. Thus, those deficiencies which had flux values that were in the upper or
lower 5% range were subjected to a retest.
The first chromosome screened was the third chromosome, covering both arms of the
chromosome, 3L and 3R. 135 distinct deficiencies covering the 3rd Chromosome were screened
and analyzed for flux. The upper and lower 5% range of the 3rd chromosome included three
deficiencies: Df(3R)BSC124, Df(3R)BSC673, Df(3R)BSC491. As seen in Table 1, all
deficiencies decreased RM flux (average 2.5 min-1) when compared to that of the heterozygous
control, sd32/+ (4.5 min-1), and the screen average (4.5 min-1). Df(3R)BSC673 had a notably
lower AM flux (2.6 min-1) than the heterozygous control and screen average as well (6.3 min-1
and 5.9 min-1, respectively).

Table 1: 3rd Chromosome Screen Candidates: 3rd chromosome candidate deficiencies
shown with heterozygous control (dmirosd32/+) and screen average

A similar method was employed to analyze the second chromosome. 109 distinct lines
were imaged and characterized based on flux. The upper and lower 5% of the second
chromosome revealed candidate deficiencies that once retested, resulted in the identification of
Df(2R)Jp8, Df(2R)BSC11, Df(2R)BSC160, Df(2R)BSC25; all had lower AM (average 4.1 min1

) and RM (average 2.8 min-1) flux values. These values all were lower than the screen average
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(AM: 5.9 min-1; RM: 5 min-1) and heterozygous control (AM 6.3 min-1, RM 4.5 min-1) flux
values (Table 2).

Table 2: 2nd Chromosome Screen Candidates: 2nd chromosome candidate deficiencies
shown with heterozygous control (dmirosd32/+) and screen average

In addition, regions of the second chromosome that harbored potential dMiro-interacting
candidate genes, such as those coding for the motor protein dynein and the adaptor protein
Milton, were also characterized. The Df(2L)ast2, a deficiency covering dynein, had similar flux
values to the other deficiencies (AM 4.2 min-1, RM 3.2 min-1). The flux rates of the other dynein
deficiency, Df(2L)cact-255rv64, (AM 6.6 min-1, RM 5.3 min-1) and deficiency covering Milton
(AM 5.8 min-1, RM 5.4 min-1) were not notably different from control.

Statistical Analysis of Screen Candidates
The initial candidates from the second and third chromosome were then further analyzed
for statistical differences to the heterozygous control (sd32/+). The heterozygous control is the
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benchmark to show if a deficiency is indeed affecting the efficiency of the dMiro pathway by
enhancing or suppressing the heterozygous dmiro phenotype in the mitochondrial flux rate. For
ease in comparison, the flux values for all the deficiencies were normalized to percent of flux of
the heterozygous control. Although the third chromosome had deficiencies with lower flux
values than the control, only Df(3R)BSC673 and Df(3R)BSC491 were statistical significant
against the control using ANOVA testing and the Dunn’s Multiple Comparison post-hoc test
(P<0.05). For the third chromosome AM flux, Df(3R)BSC673 was only significantly different—
approximately 40% of the control (Figure 3F). Both Df(3R)BSC673 and Df(3R)BSC491 were
significantly different for RM flux, having flux values approximately 50% or less than 50% of
the heterozygous control (Figure 3G). For the second chromosome AM flux, Df(2R)BSC25
was statistically significant from the control; the averaged flux value was approximately 50% of
the heterozygous control (Figure 3D).

Identification of Genes within Candidate Regions:
By examining smaller deficiencies within the previously identified candidate region, the
actual region harboring genetically interacting genes was further limited. As seen in Table 2, the
genes identified for the third chromosome deficiencies are listed. Limiting the region of
Df(3R)BSC124 identified 9 genes, including some unknown genes, endopeptidase related genes
(CG31200 and Pros28.1A) , and a map kinase kinase kinase related gene (Takl1).
Further mapping of Df(3R)BSC673 limited the region of interest to several 6 unknown genes and
transporter-related genes (CG32053, CG32054, CG6640) (Table 3).
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Limiting the region of Df(3R)BSC491 revealed five major genes of varied functions,
including genes related to glucosylceramide activity related (CG31414), vitamin E binding
(CG10300), DNA binding (nau), and endopeptidase activity (CG10232) (Table 3).
Table 3. 3rd Chromosome Candidates Deficiencies: Genes of Interest: Known genes
located within the narrowed deficiency regions found from the 3rd Chromosome
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Table 4. 2nd Chromosome Candidates Deficiencies: Genes of Interest: Known genes
located within the narrowed deficiency regions found from the 2nd Chromosome
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Some candidate deletions on the 2nd chromosome were also further mapped to identify
separate genes. As seen in Table 4, limiting the interval of Df(2R)Jp8 revealed 8 different genes
including a microtubule binding gene. Further mapping of the Df(2R)BSC11 region limited the
candidate to several genes, including several electron carrier related genes as well as several
unknown genes; it also contained a kinase related gene and a Ras GTP binding related gene.
Df(2R)BSC160 contained a tyrosine phosphotase gene, two G-protein coupled receptor genes,
and an ATPase gene. Df(2R)BSC25 contained several interesting genes, including two different
kinase related genes, GTPase activity gene, and a GTP binding gene related to the cytoskeleton
(Table 4).
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DISCUSSION:
Focusing on the statistically significant deficiencies
The data analysis suggests some interesting findings from the genomic screen. As seen
in Figure 3, the only statistically significant deficiencies were Df(3R)BSC673, Df(3R)BSC491,
Df(2R)BSC25. This suggests that these regions should be the primary focus of further analysis.

Targeting possible genes of interest
Based on these statistically significant deficiencies and the compilation of genes within
each region, interesting and relevant genes should be identified so that they can be selectively
knocked out. This will begin the final stages in attributing a mitochondrial flux phenotype to a
specific gene in the Drosophila genome that interacts with dMiro. This involves analysis of the
regions searching gene by gene.
Df(2R)BSC25 was a deficiency with a statistically significant AM flux of the 2nd
chromosome. Some interesting genes located in this deficiency are par-1 and fak56D, which
code for tyrosine and tau-protein kinases, respectively. In general, kinases play important
regulatory roles in biological processes; a possible role of a kinase in the dMiro pathway would
provide a critical piece in understanding how dMiro itself is regulated, or how dMiro regulates
motors. However, this flux phenotype seen in Df(2R)BSC25 could be result betaTub56D, which
forms a part of the cytoskeleton. Since betaTub56D has connections to the cytoskeleton and the
microtubule track, the Df(2R)BSC25 deficiency could actually be just affecting a cytoskeleton
component of the microtubule track that would have indirect connections to dMiro.
A region that showed pronounced deviation from the sd32/+ control was
Df(3R)BSC673, containing statistically significant differences both in AM and RM flux. The
region contains several transporter related genes, including CG32053, CG32054, CG6640.
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These genes are all associated with transmembrane transport. Investigating these genes further
could strengthen a case linking mitochondrial transport with transmembrane transport. The
energy demands of a cell undergoing transmembrane transport processes (endocytosis and
exocytosis) would be substantial and a connection between transmembrane transport and
mitochondria is plausible. However, the region contains six unknown genes that may explain
these significant differences in AM and RM flux from the control.
Differing significantly in RM flux from the control, Df(3R)BSC491 contains five genes
of possible interest. The gene that is most striking is CG31414, which has roles related to
glucosylceramidase activity. There are two known glucosylceramidase in the Drosophila
genome. One is responsible for lysosomal activity and the other is responsible for mitochondrial
activity. The possibility of CG31414 being the gene that is responsible for this flux phenotype
could be the result of mitochondrial-based glucosylceramidase activity. Given that the decrease
in RM flux was statistically significant while the AM flux was not, a case could be made that
that the mitochondrial health may be impaired by the lack of a glucosylceramidase activity; this
mitochondrial health defect would then be seen in a transport phenotype where unhealthy
mitochondria do not make it back to the cell body/have decreased RM flux.
Df(2R)BSC160 was a candidate region with lower AM and RM flux from the control.
The egg-derived tyrosine phosphatase (EDTP) gene is a protein tyrosine phosphatase; just as its
important controlling a system by turning it on, the possible role of phosphatase in the dMiro
pathway would be critical component to determining how the system functioned. Two other
genes, mth14 and mth13, are G-protein coupled receptors; by knocking these genes out and
observing the same phenotype, a dMiro/GPCR pathway connection could explain how
mitochondrial transport is controlled by external cues from neighboring cells.
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The deletion Df(2R)BSC11 showed a reduction in AM and RM flux from the
control(sd32/+). Although the region covered by the deletion is expansive, it contains a protein
kinase gene, CG33467, which could have importance in regulating the dMiro pathway. In
addition, parcas (pcs) codes for a protein kinase inhibitor. The Lap1 gene may have a dMiro
pathway role considering that it its connection to RasGTPase binding, another critical signaling
regulatory approach. Ras GTPases function as molecular switches so a protein that could bind a
Ras GTPase may be able to initiate a mitochondrial transport-specific signaling cascade that
involves dMiro. Thus this deficiency region contains many regulatory genes that need to be
isolated to determine if they are contributing to the phenotype and dMiro pathway.
The Df(2R)Jp8 region was another candidate region with interesting genes. The Khc,
kinesin heavy chain, is likely candidate gene to explain the flux of this deficiency region because
of its kinesin’s extensive role as one of the two main motor proteins involved in mitochondrial
transport. Knocking out this microtubule motor so critical to transport would explain the lower
AM flux. Investigating Khc could confirm that the region was affected because of this
component of the motor protein.
The final candidate region was Df(3R)BSC124 which had a higher AM flux and lower
RM flux from the control. This is flux phenotype is especially interesting because it suggests
that mitochondria able about to get to the synapse but have difficulty returning to the cell body.
This result seems to suggest a mitochondrial health based phenotype that is occurring in this
region. A gene of particular interest in this is region is Takl1 (Tak1-like) which is associated
with the well known MAP kinase kinase kinase pathway. If Takl1 responsible for this flux
phenotype, then a convincing case could be made for a phosphorylation-based regulation of
mitochondrial transport through the MAP kinase pathway.
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