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Introduction
Parkinson's disease (PD)
         Parkinson's disease is the second most common neurodegenerative disorder with a heterogeneous pathology (5), and a prevalence of 1 to 2 percent among the population aged over 65 years (1, 3). Motor symptoms are associated with the profound neuronal loss in the substantia nigra pars compacta (SNpc), (20). Striatal dopaminergic innervation and nigral neurons are progressively lost with associated Lewy pathology readily apparent on autopsy. The condition also has prominent autonomic, cognitive, psychiatric, sensory and sleep components. It is estimated that within the world`s ten most populated countries alone, more than 4 million individuals are affected by PD. Within the next 20 years, the number of PD patients is predicted to reach 10 million (2). Approximately 90% of PD cases are idiopathic and are characterized by late-onset Parkinsonism. The causes of idiopathic PD are unknown but are considered to result from a combination of environmental factors and genetic predisposition. For example, living in a rural environment appears to confer an increased risk of PD perhaps due to increased exposure to pesticides, consuming coffee and smoking cigarette are inversely associated with risk of developing PD (2). Five to ten percent of PD cases are associated with mutations in a range of genes inherited in an autosomal dominant, autosomal recessive or apparently sporadic pattern (1). Several PD genes such as Parkin, DJ-1, Pink 1 and ATP13A2 contribute to an early-onset autosomal recessive form of Parkinsonism. Other genes like alpha-synuclein are linked to Parkinsonism in an autosomal dominant fashion and are responsible for early-onset forms of PD (5, 6) as well as the more common late-onset forms of PD (tau, LRRK2, VPS35) (5). In early-onset and more atypical PD, deficits in mitophagy pathways and lysosomal function, as well as cellular bioenergetics appear to be prominent. By contrast, in more typical late-onset PD, chronic, albeit subtle, dysfunction in synaptic transmission, early endosomal trafficking and receptor recycling and chaperone-mediated autophagy, provide a unifying hypothesis of the molecular pathways involved (20).
        As per statistics, 30% of patients develop mild cognitive impairment within 5 years of motor symptoms and may develop dementia (5). PD is clinically or pathologically distinct from other forms of Parkinsonism. A definitive diagnosis of PD requires the presence of Lewy bodies and Lewy neurites (proteinaceous intracellular inclusions) in the brain stem (midbrain), although these lesions are often more widespread (6, 7).
        Clinically, the disease presents with classic motor symptoms such as resting tremor, rigidity, muscle tone rigidity, bradykinesia, postural instability, and slowness of movement that develop over time and becomes debilitating (3, 2, 4). These motor symptoms are often accompanied by non-motor symptoms, including cognitive impairment, sleep disturbance, olfactory dysfunction, obsessive-compulsive behavior, depression, constipation and urinary difficulty (2). PD, but not parkinsonism, is often associated with a variety of autonomic problems (constipation, bowel, bladder incontinence and drooling), cognitive dysfunctions (from mild impairments in executive function to dementia), motor problems (from dystonia to dyskinesia), neuropsychiatric symptoms (mood disorders, such as depression to impulse control), sensory problems (from unexplained pain syndromes to hyposmia or anosmia) and sleep disorders (daytime sleepiness to REM sleep behavior disorder). Several of these problems, including dyskinesia, mood disorders, and daytime sleepiness, may be associated with levodopa therapy or the use of dopamine agonists (20).
Dopaminergic Neuronal Degeneration
         The main pathological hallmark of PD is the progressive degeneration of dopaminergic neurons in the SNpc which leads to a severe dopamine depletion in the striatum and the motor symptoms observed in the disease. In particular, SNpc is subdivided into ventral and dorsal tiers and neuronal death in PD mainly occur in the ventral tier, in this regard, studies on post-mortem PD brains reported that the degeneration affecting the ventral tier accounts for 80-95% of the neuronal loss. The pattern of cell loss and the selective vulnerability of DA neuron seen in PD don't occur in other neurodegenerative diseases or in normal aging, suggesting that these neurons possess distinct features that render them more susceptible to degeneration (3).
Pathology of PD
         PD is a complex multifactorial disorder marked by extensive system-wide pathology including a substantial loss of nigrostriatal dopaminergic neurons. Motor dysfunction is due to the loss of dopamine-producing neurons within the SNpc. The loss of SNpc dopaminergic neurons results in a concomitant depletion of dopamine in the striatum impairing the nigrostriatal system in such a way that the execution of coordinated movement is prevented. The cellular pathology also includes the formation of fibrillary cytoplasmic inclusions, known as Lewy bodies, which contain ubiquitin and alpha-synuclein (3, 2). The etiology of PD remains elusive but there is considerable evidence that in addition to well-defined genetic mechanisms, environmental factors play a crucial role in disease pathogenesis (2). MiRNA profile of PD brains revealed the early downregulation of miR-34b/c, which is known to modulate mitochondrial function. IN particular, the downregulation of miR-34b/c was detected in promoter stages (stages 1-3) of the disease. Additionally, it`s downregulation was coupled to a decrease in the expression of mitochondria-associated and familial PD-linked proteins, DJ-1 and Parkin (2). Among various epigenetic mechanisms, histone modification appears to be the most prominent epigenetic change observed due to environmental toxins such as pesticides. Histone acetylation may represent a key epigenetic modification in dopaminergic neuronal cells due to neurotoxic insults. Alteration in miRNA profiles is also reported following exposure to environmental toxins. Dopamine (DA) neurodegeneration in PD is directly associated with expression levels of alpha-synuclein. Collectively it suggests that the effects of the epigenome caused by chronic exposure to environmental toxins may lead to alteration in gene regulation (2). It is generally accepted that the loss of midbrain dopaminergic neurons occurs and is largely responsible for the major motor symptoms. This is not the only region showing pathological hallmarks in PD pathogens. Lewy bodies and cell loss occur in other non-dopaminergic areas of the brain including brainstem cells, nuclei, olfactory bulb, limbic system and neocortex suggesting a mechanism involving propagation and progression of the pathology similar to the one observed in prion disease. This model of pathological propagation has recently gained particular attention with regard to neurodegenerative disease linked to misfolded and aggregated proteins (3).
         Mitochondria are vitally important organelles involved in an array of functions. The most notable is their prominent role in energy metabolism, where they generate over 90% of cellular energy in the form of ATP through oxidative phosphorylation. Mitochondria are involved in various other processes including the regulation of calcium homeostasis and stress response. Mitochondrial complex I impairment and subsequent oxidative stress have been identiﬁed as modulators of cell death in experimental models of PD (36). Studies on PINK1, Parkin and DJ-1 mutants also have shown that the mitochondrial dysfunction and PD are closely related (34). In particular, pink1 and parkin mutation in Drosophila show similar phenotypes and pink1 acts upstream of parkin in a common genetic pathway to regulate mitochondrial function. DJ-1 has a role in oxidative stress protection, but a direct role of DJ-1 in mitochondrial function has not been fully established. Importantly, defects in mitochondrial function have also been identified in patients who carry both PINK1 and PARKIN mutations (43). Pink1 localizes to mitochondria, and mitochondrial cristae are fragmented in pink1 mutants. Expression of human PINK1 in the Drosophila testes restores male fertility and normal mitochondrial morphology in a portion of pink1 mutants, demonstrating functional conservation between human and Drosophila Pink1. Loss of Drosophila Parkin shows phenotypes similar to the loss of pink1 function (44). Mitochondrial impairment is also thought to be central to the development of sporadic PD, triggered by environmental factors in combination with certain susceptibility gene variants and normal age-related loss of mitochondrial function (22).
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Genetics of PD
         There are 18 PARK loci. The symptomatic carriers of these genes usually present with Parkinsonism, although additional clinical features can be seen during the course of the disease. Carriers of non-PARK loci/genes frequently present with a mixed phenotype that includes Parkinsonism and additional clinical features. Carriers of the eIF4G1 and VPS35 genes present with a parkinsonian phenotype. Although PD was long considered a non-genetic disorder of ‘sporadic' origin, 5 to 10% of patients are now known to have monogenic forms of the disease. At least, 13 loci and 9 genes are associated with both autosomal dominant (PARK1 and PARK4/α-Synuclein; PARK5/UCHL1; PARK8/LRRK2; PARK11/GIGYF2; PARK13/Omi/Htra2) and autosomal recessive (PARK2/Parkin; PARK6/PINK1; PARK7/DJ-1; PARK9/ATP13A2) PD. Mutation of SNCA gene, which encodes alpha-synuclein, causes early onset autosomal dominant PD (1). Duplications and triplications of the locus containing SNCA initially PARK4 suggest that over-expression of SNCA is toxic (45), and Inhibition of GBA activity is associated with elevated alpha-synuclein accumulation (18). In sporadic PD between 5-30% of cases have a heterozygous GBA mutation while 8.4% of European autosomal dominant PD families have GBA mutation (18). The asymmetric loss of dopaminergic neurons observed in PD with GBA mutation may thus reflect stochastic element whereby there is a focal loss of glucocerebrosidase activity below a critical level eventually resulting in an initially focal accumulation of alpha-synuclein and Lewy body formation. There is evidence from human brain and cell models that alpha-synuclein accumulation results in inhibition of glucocerebrosidase, thus causing a feed-forward mechanism which could contribute to the spread of pathology and neurodegeneration (18, 19).
          PINK1 mutations are the second most common cause of early-onset PD, present in 2-4% of the cases. Clinical reports of PINK1-associated PD emphasize a slow disease progression, prominent gait impairment and marked neuropsychiatric symptoms compared to sporadic PD. Mutations in DJ-1 are rare accounting for just 1 % of early-onset PD, while the allelic mutation in PINK1, PARKIN, and DJ-1 are highly penetrant for PD (1).  Recent studies indicate that Parkin operates together with Pink1 in a common genetic pathway and loss of either of them causes an alteration in mitochondrial dynamics and impaired mitochondrial function (4). Both Pink1 and parkin proteins are proposed to play a role in clearing damaged mitochondria, and there is evidence that loss of function of these proteins is associated with mitochondrial dysfunction (14, 15). The diffuse and symmetrical loss of dopaminergic neurons may reflect widespread dysfunction and degeneration of striatal dopaminergic projections due to a general predisposition to neuronal mitochondrial dysfunction in PINK1 and Parkin mutations (7, 16, and 17). A serious malfunction of mitochondria which may lead to the development of neurodegenerative process was shown in a mouse model of ALS. By introducing the mutant gene hsoD1 probably the change in the mRNA level of PINK1 was associated with changes in mitochondrial function or may have led to their disruption which in turn may have caused neurodegeneration (2).
         Mostly, PD is considered a sporadic disorder with onset later in life, and its etiology is incompletely understood. For most of the 20th century, genetic involvement was thought to play a negligible role in the disease but over the past 15 years, the identification of distinct genetic loci responsible for both dominant and recessive inherited forms of PD has provided us with tremendous insight into its molecular causes. To date, approximately 17 PD-related genetic loci have been described and Among them five are studied well: alpha-synuclein(SNCA), Parkin, PINK1, DJ-1 and leucine-rich repeat kinase 2(LRRK2) (1). biallelic mutations in PINK1, Parkin, and DJ1 are highly penetrant for PD, suggesting that interactions with additional genetic or environmental factors are not required for neurodegeneration to occur in these genetic subtypes (7). Many genetic components have been connected to this function which now appears to contribute to the pathogenesis of PD. One of these functions is the synaptic transmission, which signaling molecules called neurotransmitters are released by a neuron and bind to and activate another neuron. Alpha-synuclein is found abundantly at the presynaptic terminals of neurons and is involved in synaptic release (23). It`s monomeric form, contributing in facilitating both synaptic and vesicle exocytosis and endocytosis (25). The conformation of alpha-synuclein to multimeric forms has previously revealed the physiologic interaction with mitochondria (20). The other function is called lysosomal autophagy. Lysosome has an essential function in maintaining protein and organelle integrity within cells and impaired lysosomal function which may play an important role in the pathogenesis of PD. Aggregated alpha-synuclein in the form of Lewy body inclusions that fail to be degraded by the proteasomal or lysosomal system is a pathologic hallmark of PD (24).  Loss of GBA (glucocerebrosidase gene) activity increase intracellular glucosylceramide accumulation resulting in decreased lysosomal degradation and subsequent accumulation of alpha-synuclein (20). The deficit of mitochondrial complex I have been noted in idiopathic Parkinsonism as well (27). Most highlighted is the role of Parkin in regulating degradation of depolarized mitochondria in concert with Park2 and FBXO7 which are also genes implicated in early-onset recessive Parkinsonism. DJ-1 mutations, which result in early-onset Parkinsonism, may also regulate PINK1-dependent Parkin translocation to depolarized mitochondria. DJ1 deficiency leads to altered mitochondrial morphology and increased the level of reactive oxygen species (20). MPTP is specifically transported into dopamine neurons via dopamine transporter and is then oxidized into toxic MPP+, a noncompetitive complex inhibitor of the electron transport chain (20). Below we survey the role of each of genes which have been discovered to date.
SNCA
         α-synuclein is a small (140 kDa) and natively unfolded protein encoded by the α-synuclein (SNCA) gene (the non-A4 component of amyloid precursor). SNCA is expressed at high levels within the vertebrate brain, localized principally to synaptic terminals where it associates with vesicles and the plasma membrane (20, 26).  Specifically, recent in vivo evidence demonstrates that α-synuclein binds to and promotes assembly of SNARE complexes that are required for fusion of vesicles to the pre-synaptic membrane (26). SNCA plays a role in synaptic vesicle biogenesis and modulation of synaptic transmission (5).
          SNCA is also a major component of LBs (5, 6). The onset of disease and co-occurrence of severe dementia and psychiatric problems appear to be associated with the number of copies of SNCA (21, 23, and 24). In terms of neuropathology, there is a nigral neuronal loss, as well as widespread Lewy bodies in both the brainstem and cerebral cortex. In general α-synuclein mutation has significant Lewy body neuropathology usually with brainstem and cerebral lesions (5). This is accompanied by hallucinations and fluctuations in consciousness reminiscent of dementia with Lewy bodies (25). In the PD brain, α-synuclein is usually detected in Lewy bodies and Lewy neurites in neurons of the brainstem and cortex, and α-synuclein is the major protein component of these structures (26).‏ 
         Mutations and single nucleotide polymorphisms render alpha-synuclein protein more prone to misfolding and accelerate the aggregation which has been linked to an autosomal dominant form of PD and increased susceptibility to sporadic PD (3, 6). Fibrils of α-synuclein do play a role in toxicity as the formation of α-synuclein fibrils is required for significant neurodegeneration (30). Aging may contribute to α-synuclein toxicity via the age-related accumulation of oxidative and nitrative α-synuclein modifications, which promote aggregation. The mechanism underlying this association is not known but may be due to alterations in lipid metabolism or autophagy and lysosomal function (22). Alpha-synuclein has intimately linked to the heritable and aggressive form of PD by being multiplications of SNCA. Increases cellular concentration of Alpha-synuclein and favor the formation of aggregates (3). SNCA duplication and triplication, as well as missense point mutation is known to cause an autosomal dominant form of PD and Lewy body pathology (2, 5). SNCA naturally exists as a soluble natively unfolded monomer and/or a folded alpha helix tetramer. In vitro, it can convert into soluble oligomeric form and a beta sheet fibrillary form that serves as a template for the formation of larger aggregates. Misfolding of α-synuclein inhibits complex I in the electron transport chain activity, increases ROS level and potentiates its own mitochondrial translocation, resulting in an increased protein tyrosine nitration and disrupted ETC function (23, 36). Hence, under certain conditions, transmissible α-synuclein aggregates may self-propagate from neuron to neuron and from one brain region to the next. One puzzling aspect of this theory is how, in transmitting from one neuron to its neighbor, α-synuclein aggregates the pass through two cell membrane barriers. It is possible that cell-cell transfer of small transmissible aggregates may occur via exocytosis/endocytosis, cell injury, exosomes or tunneling nanotubes (22).
          Moreover, single nucleotide polymorphism within SNCA promoter region or 3'UTR cause PD. Irrespective of the differences between missense mutation and gene multiplication, both variants of SNCA are known to cause accumulation of the alpha-synuclein protein into cytoplasmic aggregates which serve as the structural components of LBs, the signature pathological hallmarks of PD. Methylation of the SNCA gene may be involved in pathology via structural changes or the overexpression of the protein leading to protein aggregates or via impaired gene expression. Methylation of SNCA intron 1 has been demonstrated to be associated with decreased SNCA transcription, whereas reduced methylation at this site, causing increased expression of SNCA, was found to be decreased in several brain regions including the substantia nigra of sporadic patients. These results raise the possibility that the increased alpha-synuclein production that is associated with PD may be the consequence of a decreased methylation state of the SNCA gene (2).
         Investigating the phosphorylation of SNCA in diseased and aged brains has shown that SNCA can be phosphorylated at serine as well at several tyrosine residues including, Y125, Y133, and Y136. Y125 phosphorylation has been reported to be inversely correlated with PD-related pathology. Indeed, Y125 phosphorylation appears to protect brains against SNCA-mediated toxicity, as this modification is reduced in aged human brain tissue and is absent in brain tissue affected by Lewy body dementia (5). Clinically, a patient with ASCN missense mutations presents with severe early-onset Parkinsonism. This is accompanied by fluctuations in consciousness reminiscent of dementia with Lewy bodies (6).
LRRK2
LRRK2 is a large multi-domain protein with GTP-regulated serine/threonine kinase activity (29). LRRK2 is a complex protein of 2527 amino acids containing several predicted functional domains (5, 21). The LRRK2 mutation affects individuals with quite discordant clinical features including ALS and dementia. The typical age at onset for LRRK2-linked PD is in the sixth decade of life (21). LRRK2 is associated with intestinal inflammatory disorders, immune response, and kidney homeostasis function (20). This gene is responsible for the most common familial form of PD with autosomal dominant inheritance (7). The ability of LRRK2 to antagonize miRNA is dependent on its kinase activity, a finding that further substantiates their (miRNA) relevance to PD. The common PD, causing LRRK2 mutants induce increased kinase activity which is an important factor in neurodegeneration. LRRK2 mediated miRNA regulation is exacerbated by these Kinase mutations whereas a kinase-dead LRRK2 mutant does not affect gene expression (2). Several lines of evidence support a role for LRRK2 in mitochondria. LRRK2 regulates UCPs (uncoupling protein) to maintain MMP (matrix metalloprotease) and ATP production and its mutations cause decreased MMP and total intracellular ATP level (15). The presence of the G2019S LRRK2 mutation does not influence LRRK2 expression in fibroblasts. This results in reduction of cellular ATP levels consistent with compromised cellular function. This uncoupling of mitochondrial oxidative phosphorylation was associated with a cell-specific increase in uncoupling protein (UCP) 2 and 4 expressions (46). The MMP and total intracellular ATP levels are reduced both in cells derived from skin biopsies of patients with LRRK2 mutations as well as in human cell lines expressing mutant LRRK2. Furthermore, LRRK2's kinase activity regulates UCPs to maintain MMP and ATP production when examining metrics of severity of disease such as occurrence of falls, rate of progression, and dyskinesia, LRRK2-linked disease appears to be less rapidly progressing than idiopathic PD, but compared to idiopathic PD, LRRK2 patients appear to suffer more from dystonia and tremor (6). A novel twist in the potential function of LRRK2 comes from recent evidence that it may interact with the microRNA pathway to regulate translation (31). Also, there is a genetic interaction between alpha-synuclein and LRRK2 that, Reducing of LRRK2 decreases accumulation and aggregation of alpha-synuclein (22). LRRK2 protein levels also diminish with aging (21).
         LRRK2 directly impacts the secretory and endocytic machinery, it has been demonstrated that LRRK2 interacts with Rab5b, a regulator of endocytic vesicle trafficking. In addition, LRRK2 has been observed to modulate synaptic vesicle trafficking through interaction with pre-synaptic proteins such as NSF, actin, syntaxin, and SV2A (3). However, additional and sometimes discordant pathological features have been described, including fulminant plaque and tangle inclusions reminiscent of MSA, which is a rapidly progressive neurodegenerative disease arising from the misfolding and accumulation of the protein α-synuclein in oligodendrocytes (6).
PARKIN (PARK2)
         PARKIN (PARK2) is associated with the development of early-onset autosomal recessive PD. Parkin encodes cytosolic ubiquitin E3 ligase and its main function is regulation of mitophagy; this function of Parkin becomes inactivated In PD patients (20, 22). Parkin is also a neurodegenerative agent which has a key role in the survival of dopaminergic neurons upon exposure to various neurotoxins (20). Mutation in Parkin gene is the most common cause of autosomal recessive PD. To date, more than 100 pathogenic parkin mutations have been found to disrupt the protein's E3 ligase activity, either directly or by altering the solubility or stability of the protein, leading to dopaminergic cell death (4). Loss of function by the mutation in Parkin is associated with an autosomal juvenile form of PD and loss of heterozygosity and, cancers of Parkin has been observed in several types of malignant tumors (1). Parkin is a gene that is frequently targeted by hemizygous deletion and inactivation in both malignant tumors and tumor-derived cell lines representing a wide range of cancers including breast and ovarian (47). Parkin regulates apoptosis, mitophagy and, cytochrome C which releases from mitochondria (20). Parkin mutations cause the misfolding and dysfunctional protein to accumulate and finally leading to cell death (36). Accumulation of Parkin substrate causes its inactivation and so Dopamine neurodegeneration (22). The number of methylated sites in DNA increases with aging. These changes may aid the process of aging which is a major risk factor for PD (2). Heterozygous Parkin mutations have frequently been identified and speculated to be associated with PD. Its mutation displays a small decrease in striatal F-DOPA uptake which causes nigral dysfunction maybe by the presence of other genetic factors (6). A number of mutations and structural changes have been identified in Parkin that accounts for up to 10% of the early onset PD cases. Atypical and later onset cases are described with prominent dystonia, hyperreflexia and early complications (6).
PINK 1
         PINK1 is a mitochondrial-associated protein kinase and loss of kinase domain is actively required for PD pathogenesis (22). PINK1 gene was first connected to PD by linkage analysis of consanguineous families with early-onset autosomal recessive PD (4, 6, and 12). The gene encodes a mitochondrial targeted Serin/Threonine kinase and loss of this kinase`s function is associated with the development of PD (4). Clinically, atypical features are often observed including prominent dystonia, sleep disturbance, and pyramidal signs. Mutation in the PINK 1 revealed neuronal loss in the substantia nigra pars compacta, Lewy bodies and aberrant neuritis in the reticular nuclei of the brainstem (6). Complete loss of PINK1 or Parkin in animals causes locomotion impairment, apoptotic muscle degeneration, reduced lifespan, dysfunctional mitochondria and loss of DA neurons. PINK1 and parkin seem to regulate mitophagy, which is a normal physiological process of destroying dysfunctional mitochondria. It maintains normal functioning by protein degradation and turnover of the destroyed cell organelles for new cell formation. Parkin overexpression causes damage to the mitochondria and increased autophagy in a PINK1-dependent manner (22).
         PINK1 and Parkin support ATP production and affect the activity of different complexes within ETC. Mutations in the two genes, reduce Complex I assembly, increase sensitivity to oxidative stress and downregulate mitochondrial uncoupling protein (36). insight into a putative relationship between PINK1 and Parkin in regulating mitochondrial elimination or mitophagy and the regulation of the major transcriptional regulator of mitochondrial biogenesis, PGC-1α, through the Parkin substrate, PARIS, further emphasizes the importance of mitochondrial dysfunction in PD etiology (33).
TAU
         Tau is a microtubule associating protein which is involved in several neurodegenerative diseases (21). The mechanisms by which tau mutations cause neurodegeneration vary and are unclear to some degree, but evidence supports changes in alternative splicing, phosphorylation state, interaction with tubulin, and self-association into filaments as important contributing factors (54). Tau phosphorylation is important for tau function/dysfunction as hyperphosphorylation of tau is generally correlated with the formation of tau protein aggregates which are major components of neurofibrillary tangles, one of the main neuropathological hallmarks of Alzheimer disease. Phosphorylated tau also more specifically influences its affinity for microtubules and high phosphorylation levels of tau have been reported to negatively influence cytoskeleton-related synaptic functions as well as cell viability. The phosphorylation changes are the result of a balance between the activity of kinases and phosphatases (21).
DJ1 (PARK7)
         PARK7 mutations are rare and the age of onset is in the 20s or 30s, with levodopa-responsive PD (10, 13). There are atypical features that occur in reported families such as additional psychiatric and dystonia features and functional imagining of the brain, showed significant evidence for a presynaptic dopamine deficit (6). DJ1 protects neurons against oxidative stress and cell death (22). DJ1 also has a role in maintaining respiratory complex stability and so its mutation cause increasing levels of mitochondrial fragmentation (23).
ATP 13 A2 (PARK9)
         Mutation in this gene is likely to have a role in lysosome degradation based on the putative gene function and sural nerve pathology (6). There were atypical features of hyperreflexia, Babinski's sign, slowed saccades, supranuclear gaze palsy, optokinetic nystagmus, visual hallucinations, mini-myoclonus and oculogyric dystonic spasms.
PLA2G6 & PINK2
         Mutations in PLA2G6 and PANK2 usually cause early-onset recessive degeneration with spasticity, ataxia, and dystonia, however, later adult-onset forms of the disease can present with a dystonia predominant parkinsonism. imaging has shown neuronal brain iron accumulation (NBIA) and these diseases are mainly classified where the 2 major types of NBIA associated degeneration caused by the mutation in PANK2 and NBIA type 2 or infantile neuroaxonal dystrophy (INAD) due to the mutation in PLA2G6. The clinical phenotype of NBIA accumulation in most cases presents before the age of 5 years with developmental delay, dystonia, rigidity, dysarthria, and ataxia. Optic nerve polar, spasticity and seizures are also frequently seen (6). The patients with PLA2G6 homozygous mutation presented in their 20s with slowly progressive gait problems, clumsiness, imbalance, hand tremor, cognitive decline, and dysarthria. On examination, there was facial hypomania, eyelid opening apraxia, supranuclear vertical gaze palsy, generalized rigidity, dystonia in all limbs, left pill rolling resting tremor, mild postural arm tremor and bilateral bradykinesia (6). Patients with homozygous PANK2 mutation, usually present in the first decade of life with severe extrapyramidal signs, rigidity, ataxia, and dysarthria. The disease progresses rapidly with loss of ambulation and death in early teenage years (6).
Glucocerebrosidase (GBA)
         The most common genetic risk factor for PD is the mutation of the GBA gene which encodes a lysosomal enzyme.  Deficient in the lysosomal storage cause more gauche disease (GD). Parkinson's disease (PD) patients have a five-fold greater risk of carrying genetic mutations in the -glucocerebrosidase gene (GBA), which are commonly associated with Gaucher disease (GD). Patients with both PD and GD tend to experience the earlier onset of PD and more serious cognitive changes than PD patients without the mutations. A new study suggests that GD or the presence of GBA mutations may actually shield patients from deficiency in visual color discrimination, which is a hallmark of PD. in sporadic PD between 5-30% of cases have a high frequency  of GBA mutation while in Ashkenazi Jews disease as well, 8.4% of European autosomal dominant PD families have GBA mutation (7). The clinical symptoms associated with possession of GBA risk allele by a PD patient are quite similar to those observed in typical PD, although there are data that supported a greater rate of cognitive changes, bradykinesia, resting tremor and rigidity in patients harboring GBA mutation (6).
PARIS
Paris is a transcriptional repressor of PGC1-alpha and transcriptional coactivator of a receptor which is involved in the activation of mitochondrial biogenesis. Paris undergoes ubiquitination by parkin. PARIS degradation by Parkin triggers the expression of PGC-1alpha and the subsequent activation of mitochondrial biogenesis. So, high levels of PARIS inhibit mitochondrial biogenesis via the repression of PGC1-alpha, leading to neurodegeneration (20). Parkin regulates the level of PARIS via the ubiquitin-proteasome system. Paris upregulation is necessary and sufficient to cause DA neuron degeneration in models of parkin inactivation (22).
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Phylogenetic Profiling
         Phylogenetic profiling is a method based on the assumption of proteins that function together in a pathway or structural complex, are likely to evolve in a correlated fashion. The idea is that genes that are functionally related are gained and lost at the same time during evolutionary process (41). All such functionally linked proteins tend to be either preserved or eliminated in a new species. Phylogenetic profiles are strings, representing presence or absence of genes or proteins in a number of genomes or proteomes. Proteins with similar profiles tend to be functionally linked. This method allows us to predict the function of uncharacterized proteins as per the similarity of their phylogenetic profiles with well-known characterized proteins (38). A comparison of profiles on a local or global scale reveal proteins that follow the same distribution in phylogenetic profile as the query protein, indicating functional linkages that capture parts of known interaction networks and hint at unknown ones, and assist in assigning putative function to proteins based on their associations with characterized entities (40). This suggests that the diversity, speciﬁcity and correlation structure of environmental factors, active on a branch of phylogeny, will determine the value of coordinated gene gains and losses on this branch for phylogenetic proﬁling and by increasing the resolution of the phylogenetic tree, the resolution in terms of selective factors are increased (41).
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Hypothesis
         PD genes are involved in regulation of common, evolutionarily conserved, biochemical pathways that are ultimately related to the same pathologic phenotype, PD. The hypothesis of this article is, surveying the correlations among the phylogenetic profiles of PD genes and novel (unrelated to PD) genes, would reveal novel pathways, fundamental to the etiology of PD.
[image: ]
FIG 1.  Constructing protein phylogenetic profiles. The presence of homologs of three proteins, P1, P2, and p3, is checked in five completely sequenced genomes. These presence/absence observations constitute the phylogenetic profile of each protein. Profile for protein P2 and P3 are identical, but different from that of P1, indicating the likelihood of proteins p2 and p3 being functionally linked (figure adopted from (40)).
Assigning a function to a previously uncharacterized protein family by phylogenetic profiling
          The phylogenetic profile of a protein describes the presence or absence of homologs in organisms. Proteins that make up multimeric structural complexes are likely to have similar profiles. Also, proteins that are known to participate in a given biochemical pathway are likely to be neighbors in the space of phylogenetic profiles (38).  It is also possible to use this approach to assign a function to a previously uncharacterized protein family. That is, if nothing is known about the function of protein family A, but using phylogenetic proﬁling one identiﬁes that it is coevolving with functionally characterized protein family B, then it is likely that the function of A is similar to that of B. A recent review demonstrates that over the years a variety of examples of this "guilt by association" technique have been used to predict and then verify the functions of previously uncharacterized protein families (3).
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Methods
         PrePhyloPro (PPP) is software for constructing and comparing phylogenetic profiles. PPP is able to handle vectors as input, and measure the similarity (or distance) between them. The program is able to perform a mathematical/statistical operation on the profile set and measure the distance between a pair of vectors. The degree of similarity between phylogenetic profiles is indicative of the likelihood of a functional linkage between proteins. PPP measures the similarity between vectors in a pairwise manner and the functional linkages which will be determined between all profile vectors (40). Phylogenetic profiling is a diagram that can show us the genes or proteins which have appeared or disappeared in particular taxonomy at the particular time so we use this privilege to introduce novel genes; those had a function at the same time with other known genes, so the probability of functioning in the same pathway is much higher. Incompletely or partially sequenced genomes have not been included in this database, to avoid a false representation of the query proteins (40). This software allows us to group the proteins that act within the same biological process together. Examples of biological processes are the cell cycle, speciﬁc metabolic pathways or large protein complexes, such as the ﬂagella. In order to demonstrate that coevolving pairs of protein are functionally related, we simply demonstrate that these pairs are more often members of the same biological process than random pairs (38). For example, ubiquinone oxidoreductase (NADH, Complex I), an energy-transducing multi-protein complex located in the mitochondrial inner membrane. Several of its members have paralogues that are members of Complex I itself or of other mitochondrial complexes. Noted that Complex I member, N7BM (B17.2) and its paralogue B17.2L have similar occurrence proﬁles and were lost together from multiple independent lineages. Unfortunately, the function of N7BM within the complex was unknown and thus the co-occurrence- and homology-based link to this protein and to Complex I did not provide information on the speciﬁc function of B17.2L. It was an experimental study of Complex I assembly that showed, B17.2L is an assembly factor involved in this process and its mutation can lead to the Complex I deﬁciency associated with a progressive encephalopathy in human patients (41).
         To find new genes which might be involved in the etiology of Parkinson’s disease and have similar occurrence profile with previously known genes, first of all, we have studies some articles through PUBMED to find out the genes were already proved to be part of PD. Then, we prepared a list of those genes to find out the novel genes which can be functionally linked to PD by phylogenetic profiling software (http://prephylopro.org/phyloprofile/#doc). The website's profile is constructed from 972 different species containing 276 eukaryotic, 614 bacterial, and 82 archaea species and mitochondrial and chloroplast proteins were also included. Linkage number and blast value are variable in number as per our requirements. Linkage number can be selected between 100 to 500 and the smaller value will give us less predicted linkage but mostly with higher accuracy. As we increase the number we will be getting more predicted linkage in quantity, and Blast value is the other option which the smaller values of it result in less homolog in profile. The organism can be selected from, Homo sapiens (human) or Arabidopsis thaliana according to the subject which we are studying (FIG 2).
            To identify phylogenetic profiles similar to the PD genes within the human proteome, we generated a list consisting of significantly correlated protein pairs. We have chosen the top 9 proteins which had been proved to have a role on PD at the BLASTP threshold of E< 0.001 and linkage number of 100 (FIG 4). Output result is visualized online and could be easily downloaded and restored on local computers to find out novel genes which are in a close evolutionary relationship with known PD genes by understanding the number of repetition of new genes with those are already known and trying to select among them the ones with higher likelihood of connection to PD. The appearance of a protein in the similarity/correlation lists of multiple PD factors would indicate a higher likelihood of acting in the same function. To find out those genes we have sorted the repetition numbers from largest to smallest to separate those genes were repeated 3 times as it was the highest number of repetition, then we passed it into another sheet. Over all, we sorted the Jaccord column from largest to smallest to delete those have had less than 0.05 percent as must be having very less percent of probability to be involved in PD. (FIG 3). We repeat the same procedure for 3 times to find out their correlations with each other and novel genes which may are functioning in PD.
[image: ]
[image: ]FIG 2. Linkage number and blast value. Linkage number is selectable between 100 to 500 and the smaller value will give us less predicted linkage but mostly with higher accuracy. As we increase the number we will be getting more predicted linkage in quantity. The smaller values of blast result into less homolog in profile.
FIG 3. Phylogenetic profiling list. The list of genes related to inputted list of genes, from whole human proteome. The genes are ordered as per their repetition number.
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Results
Phylogenetic profiles of the PD genes
[image: ]          As per FIG4, our inputting data involves 9 known PD genes, (PINK1, DJ1, PARKIN, SNCA, LRRK2, MAPT, UCHL1, ATP13A2, and DDX50) which has come out of previous studies. We uploaded the list into the PPP. The output includes the phylogenetic profiles with 2120 entries in human whole-proteome proteins, phylogenetic profiling of predicted linkage and correlation matrix (5, 6). The correlation matrix was color coded from -1 to 1, with 1 representing the highest positive correlation. The correlation matrix revealed clustering of the PD genes into two distinct evolutionary groups. The highest correlation was observed between UCHL1 and Parkin with 0.97 and the lowest was between Pink1 and SNCA and Pink1 and MAPT with 0.2. The two distinct evolutionary groups were sub-divided into 4 distinct pathways, respectively Parkin & UCHL1 with 1.00 %/ SNCA & MAPT with 0.75 %/ PINK1, UCHL1 & MAPT with 0.50 % correlation with each other and DDX50, ATP13A2 &SNCA and MAPT are having the lowest percentage of correlation in evolutionary view. As per figure 5, PD genes are most expressed among animals and then bacteria and so less percentage were expressed in other species. As per phylogenetic profiling, we have 4 particular groups of genes, Pink 1& LRRK2 (group 1), DDX50 & ATP13A2& DJ1 (group 2), MAPT& SNCA (group 3), and UCHL1 &Parkin (group 4). The division of genes in different groups is as per their presence or absence in different taxonomies because this method believes the proteins which have been found or lost in particular taxonomies are most probably functioning in the same pathway. The first group, PINK1 & LRRK2 are not observed in Archaea and bacteria’s. The second groups, DDX50 & ATP13A2 are expressed in all the species except some of the bacteria’s. DJ1 is also part of the second group and not any other group because it has the most similarity of expression with DDX50 and ATP13A2 but not expressed in fungi and bacteria’s group. In the third group, MAPT & SNCA are expressed in the animal taxonomy. The last group, UCHL1 & PARKIN appears in animal and plant only and some of fungi taxonomy.
FIG 4. List of PD genes
List of known PD genes (inputting data) to find out those which are in a higher correlation with them from whole human proteome.
[image: ]
[image: cormatrixPlot.jpg]FIG 5. Phylogenetic profiling. The phylogenetic profiles of 9 PD genes among different taxa. Blue bars represent presence and gray bars are absence.  Four particular groups of genes are observed. Those genes which are having the same bar color are most probably functioning in the same pathway.











FIG 6. Correlation matrix among the phylogenetic profiling of PD genes
The number 1 which is red color indicates the highest correlation between two genes and 0 which is blue color indicates the lowest correlation during evolutionary pathway. Correlation matrix indicating at least two distinct evolutionary groups of development factors in 4 distinct pathways, respectively Parkin & UCHL1 with 1.00 %/ SNCA & MAPT with 0.75 %/ PINK1, UCHL1 & MAPT with 0.50 % are having the highest correlation with each other and DDX50, ATP13A2 &SNCA and MAPT are having the lowest percentage of correlation.
To narrow down the results, we studied each group separately with different linkage numbers from 100 to 500. We then determined the maximum number of times a protein appeared in the predicted linkages list of groups belongs to group 4 with 81 entries and 2 times repetition. The higher number of repetition indicates higher correlation among the PD genes and new genes. To find out whether any of these genes were studied before, we studied their function individually to see whether they have been linked to PD and neuronal pathology or no. Among 81 genes, one gene (ArfGAP1) was correlated with both UCHL1 and LRRK2. ArfGAP1 is a regulator of LRRK2 GTPase and kinase activity as well as neuronal toxicity induced by LRRK2. ArfGAP1 also serves as a novel substrate for phosphorylation mediated by LRRK2 kinase activity. ArfGAP1 may, therefore, represent a promising molecular target for interfering with neurodegeneration due to LRRK2 mutations in familial and sporadic forms of PD (43). 
We then added EIF4G1, VPS35, FBX07, PIA2G6, HTRA2, and GIGYF2, which were in a higher number of correlations with known PD genes, in the previous list. The correlation matrix showing a high degree of correlation between GIGYF2, EIF4G1, vps35, Parkin and UCHL1 and around a correlation coefficient of 0.50 between this group and MAPT, SNCA and FBXO7. This suggests a functional linkage between GIGYF2, PARKIN and UCHL1.  The phylogenetic profiling chart showing four distinct groups of genes. The first group (HTRA2, ATP13A2, and DJ1) is mostly expressed in all species, except archaea and some bacteria. The second group (UCHL1, Parkin & GIGYF2) are mostly expressed in animals and plants and prosthesis and some bacteria’s species. The third group (MAPT, FBXO7 and SNCA) are expressed only in the animal group and so rare in fungi and the last group (GIGYF2, EIF4G1, vps35, Parkin and UCHL1) are expressed in animals and some bacterias (Figure7, 8).
[image: ]
FIG 7. Phylogenetic profiling
Four distinct groups are there. The last group is mostly expressed in animals and other genes are also divided to different groups according to their expression in different taxonomies in different times of evolution. But still we can see that genes in the last group are the most similar to each other as per their expression.
[image: ]
FIG 8. Correlation matrix among the phylogenetic profiling PD genes.
 There are four main groups. The first group which is shown by red and orange colors is indicating number one and 0.75 which is the highest correlation among all inputted genes. The second, third and fourth groups are indicating 0.5 and below that correlation which are shown by yellowish and blueish colors.
         For the third time, we repeated the same procedure to select more proteins with the highest number of correlation with the known PD genes. This time, we couldn’t achieve any useful new data as the new genes which were added to the previous list are not showing a good correlation with other genes and all had come in blue color with almost 0.00 percentage of correlation in the matrix.  The phylogenetic profiling showing four distinct groups of genes. PINK1, LRRK2, PLA2G5, did not appear in archaea's and some bacterial species. The second group involves DDX50, DDX17, ABCA1, ARNIP1, PGK2, ENO3, ATP13A2, HTRA2, DJ1, which did not appear just in some archaeal species. MAPT, SNCA, FBXO7, made up the other group, which was the only group has been expressed in animals and rarely in bacteria and prosthesis. VPS35, UCHL1, EIF4G1, PARKIN, GIGYF2 are involved to the other group as they didn't get expressed in most of the bacterial species and archaea. So we postulated that GIGYF2 and EIF4G and VPS35 must be working in the same pathway as Parkin or UCHL1 and PLA2G6 might be linked [image: ]to the function of LRRK2 or PINK1.(Figure 9,10)
FIG 9.  Phylogenetic profiling
It is showing four distinct groups of genes which appear in a different area of taxonomy. PINK1, LRRK2, PLA2G5, have not appeared in archaea's and some of bacterial. The second group involves DDX50, DDX17, ABCA1, ARNIP1, PGK2, ENO3, ATP13A2, HTRA2, DJ1, have not appeared just in some of the archaeal taxonomy. MAPT, SNCA, FBXO7, is the other group which is the only group has been expressed in animals and rarely in bacteria and prosthesis. VPS35, UCHL1, EIF4G1, PARKIN, GIGYF2 are involved to the other group as they didn't get expressed in most of the bacterial species and archaea.
[image: ]FIG 10. Correlation matrix among the phylogenetic profiling PD genes.
It is classified to two main groups and each group is divided to two smaller groups. The highest correlation is related to EIF4G1, PARKIN, UCHL1 and VPS35 which is shown in dark red color. Then SNCA with MAPT, LRRK2 with PINK1, and ABCA1 with DDX50 are shown with orange color. MAPT and FBXO7 with first group are shown in darker yellow and PLA2G6 and PINK1 with lighter color in relation with first group.  The correlation among other genes is very less, between 0 to 0.25.
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Discussion
         PD is a multifactorial neurodegenerative disease of unknown causes. Several genes have been identified as PD genes. Mutations in these genes are known to cause familial Parkinson's disease. The central hypothesis of this work is that these genes are part of an interlinked pathway that might be the underlying cause of the vulnerability and degeneration of midbrain dopaminergic neurons during the course of the disease. Identifying new players in this process might help with a better understanding of the molecular etiology of the disease and development of novel therapeutic targets. We used the well-established phylogenetic profiling method to identify the interacting partners of the PD genes. Phylogenetic profiling is used to identify novel protein partners, based on their co-evolution, as the genes that evolve in a correlated manner are more likely to interact or function together. Using the PPP tool, we built the phylogenetic profiles of the PD genes and identified, from the entire human genome, other genes that have the similar profile to the PD genes. This study revealed a close correlation between a subset of the known PD genes. The new sets of proteins clustered, along with the known PD genes, into three groups: 1) GIGYF2 & Parkin & EIF4G & UCHL1 &VPS35 2) Pink 1 &LRRK2 &PLA2G6 and 3) FBXO7 & SNCA & MAPT. Some of these proteins have been studied extensively in connection with the cellular and animal models of PD and their connection with the PD genes has been established, confirming the validity of this approach.
EIF4G & Vps35.
         EIF4G is a scaffold component in the mRNA translation initiation complex performing a key role in both cap-dependent and cap-independent translation initiation. Together with PABP and EIF4E, EIF4G circularizes the mRNA to stabilize it and to also promote initiation in conventional cap-dependent translation initiation. EIF4G binds with EIF4A to form a subcomplex thereby initiate translation by recruiting 43S complex onto internal ribosome entry site without the cap binding EIF4G complex (50).
         This gene belongs to a group of vacuolar proteins and it’s a component of a large multimeric complex termed the retromer complex involved in retrograde which does the transport of proteins from endosomes to the trans-Golgi network. VPS35 mutations cause mitochondrial fragmentation and cell death in cultured neurons in vitro. VPS35-induced mitochondrial deficits and neuronal dysfunction which could be prevented by inhibition of mitochondrial fission. VPS35 mutants showed increased interaction with dynamin-like protein (DLP) 1, which enhanced turnover of the mitochondrial (DLP)1 complexes via the mitochondria-derived vesicle–dependent trafficking of the complexes to lysosomes for degradation (49).in one of research they showed experimentally that VPS35 is able to protect against α–synuclein-induced neurodegeneration in a mouse model. Together, these results reveal robust genetic and functional interactions between two known PD genes and illuminate novel connections to α–synuclein pathobiology. VPS35 and EIF4G1, are able to interact in a powerful way and, in a broader sense, retromer deficiency sensitizes cells to effects of altering translation initiation factor function. These results demonstrate a synthetic effect between the vps-35 mutation and overexpression of EIF4G1 in neurons and indicate that the VPS35-EIF4G1 genetic interaction that they discovered in yeast is conserved and functional in the nervous system. The unexpected link between translation initiation factor eIF4G1 and Vps35, including the role of protein misfolding and activation of the unfolded protein response, illuminates translation regulation and protein quality control pathways as well. Protein misfolding and impairments in protein degradation lie at the heart of neurodegenerative diseases, including PD (54).
PLA2G6  
         This gene contains CAG trinucleotide repeats and encodes a protein containing several stretches of polyglutamine residues. The encoded protein may be involved in the regulation of tyrosine kinase receptor signaling. Mutation in PLA2G6 cause neurodegenerative disorder characterized by bradykinesia, resting tremor, muscular rigidity and postural instability, as well as by a clinically significant response to treatment with levodopa. The pathology involves the loss of dopaminergic neurons in the substantia nigra and the presence of Lewy bodies (intraneuronal accumulations of aggregated proteins), in surviving neurons in various areas of the brain (51). Misfolded proteins and protein oligomers accumulate because of increased production or reduced removal. The amount of misfolded protein and oligomer is thought to depend primarily on the initial amount of starting protein and its natural propensity to aggregate. The accumulating misfolded proteins and oligomers lead to the uncoordinated assembly of higher order oligomers, amyloids and eventually large fibrils, which harm the cell and precipitate neurodegeneration (54).
FBXO7
         This gene encodes a member of the F-box protein family which is characterized by an approximately 40 amino acid motif, the F-box. The F-box proteins constitute one of the four subunits of the ubiquitin protein ligase complex called SCFs (SKP1-cullin-F-box), which function in phosphorylation-dependent ubiquitination. The protein encoded by this gene belongs to the Fbxs class and it may play a role in the regulation of hematopoiesis (52).
GIGYF2
         GIGYF2 is potentially involved in the pathogenesis of PD due to the effect of IGF-1 on the insulin signaling in the central nervous system. An analysis was performed among 7,246 cases and 7,544 controls to evaluate the association between seven polymorphisms of GIGYF2 and PD. only seven polymorphisms of GIGYF2 were investigated, which may not fully reflect the function of GIGYF2 in PD while there are 9571 variants in the GIGYF2 according to the NCBI dbSNP database. The earlier onset and severe clinical course in the index patient suggest additive effects of the GIGYF2 and LRRK2 mutations. These data strongly support GIGYF2 as a PARK11 gene with a causal role in familial PD (56). GIGYF1 (or PERQ1) and GIGYF2, interacting through their GYF domain with the Grb10 adaptor protein. Grb10 and the GIGYF proteins are of interest for their potential involvement in insulin-like growth factor (IGF) and insulin signaling. Because the IGFs and insulin have important effects on the central nervous system and are potentially associated with PD, investigated the involvement of the GIGYF2 (TNRC15) gene in PD (55). Primary cultured embryo fibroblasts from Gigyf2 null mice exhibit decreased IGF-I-stimulated IGF-I receptor tyrosine phosphorylation and augmented ERK1/2 phosphorylation. These data provide further evidence for an important role of GIGYF2 in age-related neurodegeneration and IGF pathway signaling (53).
 An interesting point of this research is the correlation of LRRK2 and PINK1 with PLA2G6. These three proteins are known to cause mitochondrial dysfunction by enhancing each other’s function or functioning individually (54). Overexpression of Parkin causes damage to mitochondria and increasing autophagy in PINK 1 dependent manner. Parkin support ATP production and affect the activity of different complexes within electron transport chain (ETC), so its mutation can cause reducing the CI assembly and increase sensitivity to oxidative stress and slowing down-regulation of mitochondrial uncoupling protein (36). LRRK2 regulates UCPs to maintain MMP and ATP production so its mutation cause decreasing the level of MMP and total intracellular ATP level. In particular, the mitochondrial kinase PINK1 and the cytosolic E3 ubiquitin ligase parkin act in a common pathway to regulate mitochondrial function. PINK1/parkin pathway also plays a critical role in the autophagic removal of damaged mitochondria–mitophagy. It is not known how mutations in PLA2G6 cause neuropathology. However, it has been suggested that the loss of normal PLA2G6 activity in neurodegenerative disease involves structural abnormalities of cell or mitochondrial membranes and disturbances in lipid homeostasis and lipid metabolism. Indeed, a study in a mouse Pla2g6 knockout model demonstrates ultrastructural abnormalities in mitochondrial and synaptic membranes. As well as possible mitochondrial defects, it is thought that changes in the composition of the plasma membrane and other intracellular membranes may in turn affect the normal processes responsible for the movement of membranes within axons and dendrites, subsequently leading to accumulation of membranes as so-called spheroids (57).
The novelty this approach relies on the predictive value of the phylogenetic profiling in identifying proteins that might play a role in the etiology of PD. The results of this study might also be utilized in identifying new therapeutic targets for treatment of Parkinson’s disease.
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Constructing protein phylogenetic profiles
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Pl x x x v v
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In the cxample, the prescnce of homologs of three proteins, P1, P2, and P3ischecked in five compltely sequenced
enomes. These presence/absence observations constitute the phylogenctic pofile of cach protcin. Profle for pro-
eins P2 and P3 are identicl, bt diferen from that of PL,indicating the likelihood of protcins P2 and P3 being
functionaly linked. /, Relible presence of 3 homolog; X, absence of homolog. Sec Section 3.1.2 for complee
species names.
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