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COMPOSITIONS, METHODS AND USE OF SYNTHETIC LETHAL SCREENING
RELATED APPLICATIONS AND INCORPORATION BY REFERENCE
{8061} This application claims benefit of and priority to US provisional patent application
Serial No. 62/122,686, filed October 27, 2014,
[6002] The foregoing applications, and all documents cited therein or during their
prosecution (“appin cited documents”™) and all documents cited or referenced in the appln cited
docurents, and all docursents cited or referenced herein (“herein cited documents”), and all
documents cited or referenced in hercin cited documents, together with any manufacturer’s
instructions, descriptions, product specifications, and product sheets for any products mentioned
herein or in any document incorporated by reference heretn, are hereby incorporated herein by
reference, and may be emploved in the practice of the invention. More specifically, all
referenced documents are incorporated by reference to the same extent as if each individual
document was specifically and individually indicated to be incorporated by reference.
FEDERAL FUNDING LEGEND
{8063} This mvention was rade with goversroent support under grant number NSORSEE(D
awarded by the National lnstitutes of Health. The government has certain rights in the invention.
FIELD OF THE INVENTION
16004] The present invention generally relates to methods of identifying modulators of
central nervous sysiern diseases using a novel high throughput methodology that wnclodes
expressing CRISPR/Cas systems, shRNA's or cBNA's in animalmodels of discase.
BACKGROUND OF THE INVENTION
{G085] Currently there arc no cures or cffective treatroents for many ncurodegenerative
discases. All of the major neurodegencrative discases display characteristic nerve-cell (neuronal)
vulnerability patterns, as well as an increased prevalence with advanced age. Many genes are

involved in the pathogenesis of such diseases. As such, it is a challenge o find genes that are

[¢]

modulators of discase pathogenesis that can be used for diagnostic screening or effectiv
treatments.
EHEEY One such disease is Huntington’s Dhsease, Huntingtorn’s disease, the most common

inherited neurodegenerative disease, 18 characterized by a dramatic loss of deep-layer cortical
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and striatal neurons, as well as morbadity m mid-iife. Hontington's disease is the most coramon
genetic cause of abnormal involuntary writhing movements called chorea.

{3087} Syvroptorns of the discase can vary between mdividuals and even armong atfected
members of the same family, but usually progress predictably. The carliest symptoms are often
subtle problems with mood or cognition. A general lack of coordimation and an unsteady gait
often follows. As the disease advances, uncoordinated, jerky body movements become more
apparent, along with a decline in mental abilities and behavioral symptoms. Physical abilities are
gradually impeded until coordinated moverent becomes very difficult. Meotal abilities genevally
decline into dementia. Complications such as pneumonia, heart disease, and physical injury from
falls reduce hife expectancy to around twenty years from the point at which symptoms begin.
There is no cure for Huntington’s disease, and full-time care is required in the later stages of the
discase.

{6888} Treatments for Huntington’s discase are available to reduce the severity of some of its
symptoms {Frank et al., (2010) Drugs 70 (§): 561-71). Tetrabenazine was approved m 2008 for
treatment of chorea in Huntington's disease in the United States. Other drugs that help to reduce
chorea inchide neuroleptics and benzodiazepines. Compounds such as amantadine are still under
investigation but have shown prehivoinary posttive results (Walker, (2007} Lancet 369 (9557):
218-28). Hypokinesia and rigidity, especially in juvenile cascs, can be treated with anti-
Parkinson drugs, and myoclonic hvperkinesia can be treated with valproic acid.

{8009 Huntington’s discase is caused by a mutation in the Huntingtin gene. Expansion of a
CAG {cytosine-adenine-guaning) triplet repeat stretch within the Huntingtin gene results in a
mutant form of the protein, which gradually damages cells in the brain, through mechanisms that
are not fully understood. The length of the trinncleotide repeat accounts for 60% of the variation
in the age symptoms appear and the rate they progress. The remaining variation is due to
environmental factors and other genes that influence the mechanism of the discase (Walker,
{2007} Lancet 369 (89557 218-28).

{6010] The diagnosis of Huntington’s discase is suspected clinically in the presence of
symptoms. The diagnosis can be confirmed through molecular genetic testing which identifies
the expansion in the Huntingtin gene. Testing of adults at risk for Huntington disease who have
no syraptorns {asvmptornatic) of the discase has been available for over ton years. However, this

testing cannot accurately predict the age a person found to carry a Huutington discase causing
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routation will begin experiencing symptoros, the severity or type of symptoms they will
experience, or rate of discase progression. Other markers for discase progression are available,
for cxample, loss of DARPP-32 striatal expression has been shown to be a molecular marker of
Huntington’s discase progression {Bibb et al,, {2000} Proc Natl Acad Sci 6;97(121:6809-14).
{6011} Human genetic studies led to the wdentification of Auniingtin as the causative gene.
Recent genomic advances have also led to the identification of hundreds of potential interacting
partners for huntingtin protein, and many hypotheses as to the molecular mechanisms whereby
mutant huntingtin leads to cellular dysfunction and death (Goehler et al,, (2004) Mol. Cell 15 (6):
853-65). Huntingtin protein is cxpressed in all mammalian cells and interacts with proteins
which are wnvolved 1o transcription, cell signaling and 1utracellular transporting (Hages et al,,
{2003) Trends Biochem. Sci. 28 (8} 425-33). However, the multitude of possible interacting
partners and cellular pathways affected by mutant huntingtin has obfuscated rescarch seeking to
understand the etivlogy of this disease, and to date no curative therapeutic exists for the disease.
16612} A high throughput screening method to discover modulators of discases, such as
Huantington’s discase, 1s a powerful tool to wdentify new drug targets, new prognostic rocthods,
and new treatments.

{6013} Citation or dentification of any document 1o this application is not an admission that

such document is available as prior art to the present invention.
SUMMARY OF THE INVENTION

{8014} It 15 an object of the mvention to provide a genetic screening platform that could be
used in mammals to identify modulators of discases of the central nervous systern. It is another
object of the invention that the modulators are used in treatments, as therapeutic targets and for
diagoosing discase.

{8015] In a first aspect, the present invention provides a method of screening for modulators
of a disease comprising: admimstering to cach of a first and second mammal of the same species
at icast one vector, cach vector comprising a regulatory element operably linked to a nucleotide
sequence that is transcribed 1n vive, wherein the first oammal 1s 8 model of a human disease and
the second mammal is a normal control mammal not a model of a human discase, and wherein
the nucleotide sequence cncodes a protein coding gene, or a short hairpin RNA, or a

CRISPR/Cas system; harvesting DNA from the first mammal and the sccond mammal;
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identifying the vectors by sequencing the harvested DNA; and comparing the representation of
cach vector from the first mammal and the sccond mammal, whereby a differential
representation o the first mamroal indicates that the protein coding gene, or short hairpin RNA
target, or CRISPR/Cas system target is a modulator of the disease. Not being bound by a theory a
synthetic fethal gene will be under represented in the first maramal that is a model of human
disease. In a preferred embodiment, more than one vector is administered to cach of a first and
second mammal. In some embodiments, about 1060, 560, 1000, 5000, 7000, 10,000, or 20,000
vectors maay be adroimstered to a mammal. The vectors may be administered stereotaxically. The
nucleotide sequence that can be transcribed may target any gene within a genome or any
sequence within a genome. The target sequence i the genome or target gene mway be a regulatory
sequence or any functional element in an RNA transcript or genomic locus, including, but not
ifrotted to a promoter, enhancer, repressor, polyadenylation signal, splice site, or untranslated
regions. The gene may be any gene within a genome. The gene may be a peroxidase gene. The
proten coding gene may be g ¢DNA, whereby a gene may be overexpressed. The vector may
comprise a unique barcode sequence, and the method may further comprise wdentifying the
barcodes during sequencing, whereby the identification of a barcode indicates the presence of a
vector. A barcode can be any leongth nucleotide sequence within a polyoucieotide that can be
distinguished reliably by PCR, sequencing, or hybridization technology from similar length
nuclcotide sequences i another polynuclcotide. The DNA sequencing may be any scquencing
technique, preferably next generation sequencing, such as, Hiumina sequencing. The barcodes
may be wdentified by microarray analysis. Microarrays may be constructed such that cDNA
complementary to the sequences of the barcodes are bound to the microarray. Harvested genomic
DINA is hybridized to the bound ¢cDNA to determine the amount of cach barcode. Additionally,
genommie DNA from the first mamwoal and second mawmal are fluorescently labelled with
different fluorescent dyes. For example one dye can fluoresce red and the other green. Both sets
of labelled genomic DNA can then be hybridized to the saroe microarray and fluorescence can be
compared to determine barcode representation.

{0016} The CRISPR/Cas system may comprise: a first regulatory element operably linked to
a nucleotide sequence enceding a CRISPR-Cas system polynucieotide sequence comprising at
icast one guide sequence, a tracy RNA, and a tracr mate sequence, wherein the at least one guide

sequence hybridizes with a target sequence; and a second regulatory element operably linked to a
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nucleotide sequence encoding a Type I Cas® protein. The first and second mammals way be
transgenic non-human marmmals comprising Cas® and the nucleotide sequence encoding a
CRISPR/Cas system may comprise at least one guide sequence, a tracr RNA, and a tracr mate
sequence, wherein the at least one guide sequence hybridizes with a target sequence. The
expression of Cas9 may be inductble.

{8617} In one embodiment, the vector is configured to be conditional, whereby the vector
targets only certain cell types. The vector may be a viral vector. The vector may be conditional
by using a regulatory element that 18 cell or tissue specific. The regulatory element may be a
promoter. The vector may be conditional by using a viral vector that infects a specific cell type.
The vector roay be any viras that efficicotly targets cells of the central nervous system and does
not illicit a strong immune reaction. The viral vector may be a lentivirus, an adenovirus, or an
adeno associated virus {AAV). The virus envelope proteins may be chosen to cause the virus to
have tropism towards a specific cell type. The vesicular stomatitis virus (VSV) envelope protein
rnay be used to make g virus conditional.

{018} The discase may be any nervous systern disease where a model of discase exists or
can be created. The screening method may be used to screen for modulators in Huntington's
Disease, Alzheimer’s disease, Parkinson’s discase, and ALS. In preferred embodiments the
disease is Huntington’s Discase or Parkinson’s Discase. The first mammal may be the R6/2
Huntington’s discase model line.

{8619} In a second aspect, the present invention provides a method of treating a nervous
systern discase. The method may comprise activating cxpression of Gpxé in the central nervous
systers of a subject in need thereof suffering from the disease. The activation may be by a small
molecule or compound. The small molecule or compound may be identified using biochemical
and cell based assays. Additionally, protein therapeutics could be used to activate Gpxd.
Treatment may be a singie dose, multiple doses over a period of time, or doses on schedule for
life. The schedule may be ¢.g., weekly, biweekly, every three weeks, mounthly, bimonthly, every
quarter year {every three months), every third of a year {every four mounths}, every five months,
twice yearly (every six mounths), cvery seven months, cvery eight months, every nine months,
every ten months, every eleven months, anpually or the like.

{0020} The ructhod may comprisc expressing Gpx6 in the central nervous systern of a subject

in need thereof suffering from the discase. Gpx6 may be expressed by introduction of a plasmid

hn
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by injection or by gene gun. Gpx6 may also be introduced by viral vector such as AAV,
adenovirus, or lentivirus.

{0021] The method may comprise introducing into a subject in need thereof suffering from
the disease a CRISPR-Cas9 based system configured o target Gpxs. The CRISPR/Cas system
rmay comprise a functional domain that activates transcription of the Gpx6 gene. The functional
domatn may be an activator domatn.

18022} The disease may be any nervous system discase. The nervous system disease may be
Huntivgton’s Disease or Parkinson’s Disease. Treating with a modulator by either effecting its
expression or by introducing a vector to express the protein may not completely alleviate
symptoms, Therefore, other drugs that specifically target the syrmptoms can be combined with
that of a modulator. One may decrease the normal dose of the drug given due to the combination.
The frequency of the drug may also be adjusted. The method may further comprise administering
to a subject in need thereof suffering from the disease at least one of the drugs selected from the
group consisting of Tetrabenazine, neuroleptics, benzodiazepines, amantadine, anti Parkinson’s
drugs, valproic acid, antioxidants, and Gpx mimctics. Central nervous system diseases are
associated with oxidative stress, as well as, having neurological symptoms that lead to both
mental and physical abnormalities. A combination therapy may be used fo synergistically
alleviate these symptoms. Antioxidants and Gpx mimetics may be used when a modulator
involved m oxidative stress 1s identified.

{8023} In a third aspect, the present invention provides a method of determining a prognosis
for a central nervous systermn discase comprising: obtaining ¢ RNA sarople fromm a patient
suffering from a central nervous system disease; assaying the level of Gpx6 gene expression; and
comparing the levels of Gpx6 gene expression to a control level determined by testing healthy
subjects, wherein the prognosis s worse i Gpxd gene expression s lower than the control level
The method may further comprise assaying the level of D4RPP-32 gene expression; and
comparing the levels of DARPP-3Z gene expression to a control level determined by iesting
healthy subjects, wherein the proguosis is worse if DARPP-32 gene expression 18 lower than the
control level.

18024} In a fourth aspect, the present invention provides an antibody comprising a heavy
chain and a light chain, wherein the antibody binds to an antigenic region of the Gpxé protein

comprising SEQ ID No: 1.
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{B025] Accordingly, 1t is an object of the mvention to not encompass within the mvention
any previously known product, process of making the product, or method of using the product

such that Applicants reserve the right and hereby disclose a disclaimer of any previously known

within the scope of the invention any product, process, or making of the product or method of
using the preduct, which does not meet the written description and enablement requirements of
the USPTO (35 US.C. §112, first paragraph) or the EPO {(Article 83 of the EPC), such that
Applicants veserve the right and hereby disclose a disclaimer of any previously described
product, process of making the product, or method of using the product.

13026} It is noted that in this disclosure and particularly in the claims and/or paragraphs,

3

terms such as “comprises”, “comprised”, “comprising” and the like can have the meaning
attributed to it 1 U.S. Patent law; ¢.g., they can rocan “includes”, “included”, “mncluding”, and
the litke; and that terms such as “consisting essentially of” and “consists essentially of” have the
racaning ascribed to them in U.S. Patent law, ¢.g., they allow for clements not explicitly recited,
but exclude elernents that are found i the prior art or that affect a basic or novel characteristic of
the invention.

{6027} These and other erobodiments are disclosed or are obvious from and encompassed by,

the following Detatied Description.
BRIEF DESCRIPTION OF THE DRAWINGS

{86028] The patent or application file contains at least onc drawing executed in color. Copies
of this patent or patent application publication with color drawing(sy will be provided by the
(Office upon request and payment of the necessary fee.

18629} The following detatled description, given by way of example, but not intended to
limit the mvention solely fo the specific embodiments described, may best be understood in
conjunction with the accompanying drawings, incorporated herein by reference wherein:

{G038] Figure 1. lllustrates gene expression changes associated with normal aging in cortical
and striatal doparminoceptive cell types. Venn diagrarn showing the number and overlap of
statistically significant gene expression changes in dopamine receptor 1a (Drdla)- or dopamine
receptor 2 (Drd2)-expressing cortical or striatal nourons, based on a coraparison of mice aged 6

weeks of age versus 2 years, &6 weeks of age.  Statistically significant changes are defined as
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genes displaying > 1.2-fold change and a Benjamini-Hochberg adjusted p-value from Welch's ¢
test of < 0.05.

{8031 Figure 2. Hustrates the Synthetic lethal in the CNS (SLIC) screen. Top: Lentiviral
genome-wide overexpression or knockdown libraries are injected into the striatum, such that
cach neuron or ghal cell receives on average of one clement (schematized by different colors).
Lentivirus integrates into the cell’s genome and expresses either a ¢cDNA or shRNA. Bottom:
After incubation in vive, cells that have received a synthetic lethal hit die and the representation
of these library eclements are lost (an event that can be revealed by sequencing of all of the
ientiviruses still present in the brain). When injections are performed in a paired fashion,
comparing discase model mice to wild-type littermates, genes that canse synthetic lethality only
in combination with a disease-causing mutation can be identified.

{6032} Figure 3. Ulustrates the number of striatal cells transduced by the vesicular stomatitis
virus G {VSV-G) coated lentivirus used in this study. EGFP cDNA-cxpressing lentivirus was
ijected into male mouse striatum 8 weeks of age and tissue was processed four days later for
indivect immunofiuorescent staining using antibodies directed toward GFP (marking transduced
cells). By comparison of DAPI stained cells to EGFP-expressing cells, approximately 20% of
cells in any rostrocaudal region of the striatura were transduced (EGFP posttive). Based ou a
number of 1.4x10° million striatal cells per animal (Fentress, Cowan et al., 19813, we thus
calculate that the upper limit of transduction is 2.8 x 10 striatal cells.

16633} Figure 4. Hlustrates striatal cell types mfected by the vesicular stomatitis virus G
(VSV-(3} coated lentivirus used in this study. EGFP c¢DNA-expressing fentivirus was injected
inte male mouse striatum & weeks of age and tissue was processed four days later for indirvect
imrounofluorescent staining using antibodies divected toward GFP (marking transduced cells),
NeuN {neuronal marker), and GFAP (astrocyte marker). Based on immunofluorescent staining
with these markers, approximately 83% of transduced cells are neurouns, 14% are astrocytes, and
3% are unidentified celis.

{6034} Figure SA-5C, Hustrates SLIC screening in mouse models of Huntington’s discase.
{A} Control small hairpin RNA (shRNA} representation in the striatum of wild-type animals, as
determined by shRNA barcode sequencing, at 4 and 6 weeks after injection, cach compared to a
control 2 day time-point. A uegative number reflects loss versus the control time-point. The

positive control, a hairpin targeting the FPsmd? gene product, would be expected to caunse cell
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death, leading to loss of s representation. Negative control shRNAs used (Table 9) bad no
known target in the genome. (B} shRNA barcode sequence representation at the first SLIC HD
tirnc-point.  Graph represents logs fold changes in representation in the HD model at 4 wecks
compared to the control 2-day time-point (R6/2 value, vy axis), versus wild-type controls at the
same two time-points (WT value, x axis). The posttive control targeting the Psmd? gene product
is not plotted for the purposes of scaling. Diagonal line represents equal representation (x=y).
Genes causing synthetic lethality are expected to be offset to the right of the diagonal in the
bottom left quadrant of the graph. Gpx6 targeting shRNAs are denoted in red. (€} SLIC results
for synthetic lethal hits that induce loss of representation, plotiing % lentiviral clement depletion
seen in the HD model (R6/2) versus congenic wild-type andmals at 4 weeks (left panel) and 6
weeks {right panel} of incubation. Controls are not represented. Opxd targeting shRNAs are
denoted in red.

{G035] Figure 6. Ilustrates that Opx6 expression is down-regulated in the brains of
Huntington’s discase model mice. RNA was purified from the striaturn of male R6/2 and control
roice aged 8 weeks, and messenger RNA (mRNA) was converted to ¢cDNA and used for
quantitative PCR to measure Gpx6 mRNA abundance. Average cycle threshold values relative to
Eif4al {(delta () are plotied with standard deviation. A higher delta € value (closer to 0)
significs higher abundance. A two-tatled unpaired t-test reveals a significance in difference
between the means, p = 0.0002.

16636} Figure 7. liustrates Gpx6 mRNA expression across mouse brain regions. A ¢cDNA
panel representing 13 brain regions, as well as whole roouse brain, was used for quantitative
PCR to measure Gpx6 mRNA abundance in adult mouse brain {10 weeks of age)}. Average cycle
threshold values relative to actin (delta C ) are plotted with standard deviation. A lower delta €
value signifies higher abundance.

{60371 Figure 8. {llustrates Gpx6 expression across normal aging. RNA was purified from
the noted brain regions of male mice aged 1.5, 11, and 18 months, and messcnger RNA (mRNA}
was converted to ¢cDNA and used for quantitative PCR o rocasure Gpxé mRNA abundance.

Average cycle threshold values relative to actin {delta C) are plotted with standard deviation. A

fower delta C value signifies higher abundance.
1
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{0038} Figure 9A-9B. Hlustrates the results of over-expressing Gpx6 wn Huntington’s discase
model mice {A) Rescue of open field motor behavior in Huntington's disease model mice
overexpressing Gpx6. Huntingtor's discase model mice (R6/2) or wild-type (WT) congenie
controls were injected in the striatum bilaterally with Opxd or control (TRAP construct
expressing) AAVY virus at & weeks of age.  After two weeks of recovery, motor function was
assessed by open field assay. Average performance is plotted +8EM for cach data point,
reflecting total distance in om travelled during a onc-hour interval (R6/2+Gpx6 n= 10; R6/2+
control v =10; WT+Gpx6 n=12; WTHeontrol n=11). R6/2+Gpx6 vs. R6/Z+control p value =
0.0165; WT+Gpx6 vs. WT+control p value = 0.7826 (no significance}. {B) Increased DARPP-32
expression in Huotington’s disease model mice overexpressing Gpx6. Huntington’s discase
model mice (R6/2} or wild-type (WT) congenic controls were untlaterally injected with control
{TRAP construct; left hemisphere) or Gpx6 overexpressing (right hemisphere) AAVS virus at 6
weeks of age. After two weeks of recovery, mice were sacrificed and brain tissue was processed
for indirect immunotluorescent staining. Top pancl: representative immages of R6/2 mice mjected
with Gpx6 and control AAV9. Bettoro panel: quantitation of images (imean pixel inteusity
across imaging fieldy from cquivalent points in the dorsal striatum, p value = §.0026. No
significant difference between countrol and Gpx6-1njected hemispheres was observed i wild-type
congenic controls {data not shown). AU, signifies arbitrary fluorescence units.

{6639} Figure 18, Hlustrates locomotor effects of Gpx6 overexpression in a Parkinson’s
discase model mouse line. Mice overexpressing mutant alpha-synuclein protein “PD” or wild
type littermates were injected with a Gpx6 overexpression virus at 6 weeks of age. Motor
phenotypes were tested by open field assay for 60 minutes at approximately 7 months of age. At
this age, PD model mice exhibit hyperactivity before progressing to hypoactivity at a later age.
Gpx6 overexpression rescued the PD model phenotype at this age.

DETAILED DESCRIPTION OF THE INVENTION

{G048] The vention provides a method for identifying modulators of central nervous
system discases and for tresting with agonists or antagonists of the modulators or with the
modulators themselves. The invention also provides the use of the modulators in determining
progrnosis and diagnosis of 4 central norvous system disease and providing individushzed or

personalized treatraent. The method may comprise: {a) stereotaxically administering to cach of a

10
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first and second mammal of the same species at least one vector contaming a barcode and a
nucleic acid molecule that is transcribed in vive, wherein the first mammal is a model of a human
discasc and the second mammal is a normal control marnmal not a model of a human discase,
and wherein the nucleic acid molecule is associated with a gene; (b) barvesting genomic DNA
from the first mamroal and the sccond mammal; (¢} identifying the barcodes from the harvested
genomic DNA; and (d) comparing the barcode representation from the first mammal and the
second marmmal, whereby a differential barcode representation in the first mammal indicates that
the gene associated with the nucleic acid molecule s a modulator of the disease. In one
embodiment, modulators are determined by a loss of barcode in the disease model mouse when
comapared to the control roouse. In another erabodiment, roodulators are determained by a gawn of
barcode in the discase model mouse when compared to the control mouse.

{8041} Several further aspects of the fnvention relate to sereening for modulators associated
with a wide range of central nervous system diseases which are further described on the website
of the National Institutes of Health (website at http://rarcdiscases.info.nih.gov/gard/discases-by-
category/17/nervous-system-~discases). The central nervous system discases may wclude but are
not limited to Alzheimer's Discase, Huntington’s Disease and other Triplet Repeat Dyisorders (sce
Table A), amayotrophic lateral sclerosis (ALS), and Parkinson’s disease.

{6642} Table Al

Trinucleotide repeat disorders

Polyglutamine {Poly(}

Diseases

Normal Poly(} | Pathogenic
Type Gene repeats Poly{} repeats
DRPLA
{Dentatorubropallidoluysian
atrophy} ATN1 or BRPLA G- 35 49 - 88
HD {Huntington's disease} HTT (Huntingtin G- 35 36 - 25D
SBMA (Spincbulbar muscular Androgen receptor on
atrophy or Kennedy disease)} the X chromosome, 9-36 38-62
SCA1 (Spinccerebellar ataxia
Type 1} ATANT 6-35 49 - 88
SCAZ {Spinocereheliar ataxia
Type 23 ATKNZ 14-32 33-77
SCA3 {Spinocerehellar ataxia
Type 3 or Machado-Joseph
disease)} ATEN3 12 - 40 55-86
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SCAG (Spinccerebellar ataxia
Type 6] CACNAIA 4-18 21-30
SCA7 {Spinocerehellar ataxia
Type 7} ATXNY 7-17 38-120
SCA17 {Spinocerebellar ataxia
Type 17} TBP 25-42 47 - 63
Non-Polyglutamine Diseases
Normal/wild
Type Gene Codon type Pathogenic
FMR1, on the X-
FRAXA (Fragile X syndrome) chromosome CGG 6-53 230+
FXTAS {Fragile X-associated FMR1, onthe X-
tremor/ataxia syndrome] chromosome CGG 6-53 55-200
FRAXE {Fragile XE mental AFFZ or FMRZ, on the
retardation] X-chromosome CCG G- 35 200+
FXN or X25, {frataxin—
FRDA {Friedreich’s ataxia)} reduced exprassion) GAA 7-34 100+
DM {Myotonic dystrophy} DMPK CTG 5-37 50+
SCA8 {(Spinocerebeliar ataxia
Type 8) OSCA or SCAB CTG 16 - 37 110 - 258
S5CA12 {Spinocerebellar ataxia pan On 5’
Type 12} PPPZR2ZEB or SCA12 end 7-28 66-78
{8043} Additionally, the central nervous system diseases may include but are not limited to

2-methyl-3-hydroxybutyric aciduria, 2-methytbutyrvl-CoA dehydrogenase deficiency, 22q11.2
deletion syndrome, 22q13.3 deletion syndrowe, 3-alpha hydroxyacyl-CoA  dehydrogenase
deficiency, 6-pyruvoyl-tetrahydropterin synthase deficiency, Aarskog syndrome, Aase-Smith
syndrormne,  Abetalipoproteinernia,  Absence  of  septum  pellucidum,  Acanthocytosis,
Aceruloplasminemia, Acrocallosal syndrome, Schinzel type, Acrofacial dysostosis Rodriguez
type, Acute cholinergic dysautonomia, Acute disserninated encephalomyelitis, Adenylosuccinase
deficiency, Adie syndrome, Adrenomyeloneuropathy, Advanced sleep phase syndrome, familial,
AGAT deficiency, Agnosia, Aicardi syndrome, Aicardi-Gouticres syndrome type 5, Albinism
deafness syndrome, Alexander discase, Alopecia, Alpers syndrome, Alpha-ketoglutarate
dehydrogenase deficiency, Alpha-mannosidosis type 1, Alpha-thalassemia x-linked intellectual
disability syndrome, Alternating heroiplegia of childhood, Arsinoacylase 1 deficiency, Amish
infantile epilepsy syndrome, Amish lethal microcephaly, Amyloid neuropathy, Amyloidosis
cerebral, Anaplastic  ganghoghoma, Andermann  syndrome, Andersen-Tawil  syndrome,

Anencephaly, Aungioma hereditary neurocutancous, Aniridia renal agenesis psychomotor
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retardation,  Apraxia, Arachuoid  cysts,  Arvachnoiditis,  Arthrogryposis  dysplasia,
Aspartylglycosaminuria, Ataxia telangicctasia, Atelostcogenesis , Athabaskan brainstem
dysgenesis, Atkin syndrome, Atypical Rett syndrome, Bannayan-Riley-Ruvalcaba syndrore,
Barth syndrome, Basal ganglia discase, biotin-responsive, Basilar migraine, Battaglia Neri
syndrome, Batten discase, Becker muscular dystrophy, Beheet's disease, Bell's palsy, Benign
familial neonatai-infantile scizures, Benign rolandic epilepsy (BRE), Bethlem myopathy,
Bilateral frontal polymicrogyria, Bilateral frontoparictal polymicrogyria, Bilateral generalized
polymicrogyria, Bilateral parasagittal paricto-occipital polymicrogyria, Bilateral perisylvian
polymicrogyria, Binswanger's disease, Bird headed dwarfism Montreal type, Bixler Christian
Gorlin syndrome, Blepharospasm, Bobble-head doll syndrome, Borjeson-Forssman-Lebmann
syndrome, Boucher Neuhauser syndrome, Bowen-Conradi syndrome, Branchial arch syndrome
X-himked, Brody myopathy, Brown-Sequard syndrome, Brown-Vialetto-Van Lacre syndrorue,
Bullous dystrophy hereditary macular type, C syndrome, C-like syndrome, CADASIL, CAHMR
syndrome, Camptodactyly arthropathy coxa vara pericarditis syndrorae, CANOMAD syndrome,
Cantu syndrowse, Cardiocranmial syndrowme, Cardiofaciocutancous syndrome, Carney complex,
Cataract anterior polar dominant, Cataract ataxia deafness, Catel Manzke syndrome, Caudal
regression syndrome, Central core discase, Central veurocytoma, Central post-siroke pain,
Cerebellar ataxia , Cerebellar degeneration, Cercbellar hypoplasia, Cercbellum  agenesis
hyvdrocephaly, Cercbral auiosomal recessive arteriopathy with  subcortical infarcts and
leukoencephalopathy, Cerebral cavernous malformation, Cerebral dysgenesis neuropathy
ichthyosis and palmoplantar keratoderma syndrome, Cerebral folate deficiency, Cerebral
gigantism jaw cysts, Cerebral palsy, Cerebral sclerosis similar to Pelizacus-Merzbacher disease,
Cerebro-oculo-facio-skeletal  syndrome,  Cercbrospinal  fluid  leak, Cercbrotendinous
xanthoroatosis, Ceroid hipofuscinosis neuronal, Cervical hypertrichosis peripheral neuropathy,
Chanarin-Dorfman syndrome, Charcot-Marie-Tooth disease , Chediak-Higashi syndrome, Chiari
malformation, Choreoacanthocytosis, Choroid plexus carcinoma, Choroid plexus papilloma,
Christianson syndrome, Chromosome 19q13.11 deletion syndrome, Chromosome 1p36 deletion
syndrorne, Chronic lymphocytic inflammation with pontine perivascular  enhancement
responsive to steroids, Chudley Rozdilsky syndrome, Cleft palate short stature vertebral
anomalics, COACH syndrome, Cockayne syndrome , Coenzyme (310 deficiency, Cottin-Lowry

syndrome, Coffin-Siris syndrome, Cohen syndrome, Complex regional pain syndrowe,
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Congenital central hypoventilation syudrome, Congenital cytomegaloviras, Congenital disorder
of glycosylation type 1B, Congenital disorder of glycosylation type 2C, Congenital fiber type
disproportion, Congenttal generalized lipodystrophy type 4, Congenital insensitivity to pain with
anhidrosis, Congenital muscular dystrophy type 1A, Congenital myasthenic syndrome with
episadic apnea, Congenital rubella, Convulsions benign familial imfantide, Corneal hypesthesia
familial, Cornelia de Lange syndrome, Corticobasal degeneration, Costello syndrome, Cowchock
syndrome, Crane-Heise syndrome, Craniofrontonasal  dysplasia, Craniopharyngioma,
Craniotelencephalic dysplasia, Creutzfeldt-Jakob disease, Crisponi syndrorae, Crome syndroroe,
Curry Jones syndrome, Cyprus facial neuromusculoskeletal syndrome, Cytomegalic inclusion
disease, Dancing eves-dancing feet syndrome, Dandy-Walker like malformation with
atrioventricular septal defect, Danon disease, Dementia familial Brtish, Dentatorubral-
pallidoluysian atrophy, Derroatomyositis, Devic disease, Dihydropteridine reductase deficiency,
Ihstal myopathy Markesbery-Origgs type, Distal myopathy with vocal cord weakness,
Dopamine beta hydroxylase deficiency, Dravet syndrome, Duane syndrome, Dubowitz
syndroroe, Dwarfisra, wental retardation and eye abnormality, Dykes Markes Harper syndrome,
Dysautonomia like disorder, Dysequilibrium syndrome, Dyskeratosis congenita, Dyssynergia
cercbellaris  myoclonica, Dystonma |, Early-ovset ataxia with oculomotor apraxia  and
hypoalbuminemia, Emery-Dreifuss muscular dystrophy X-linked, Empty sclla syndrome,
Encephalitis  lethargica,  Encephalocraniocutancous  hpornatosis,  Encephalorayopathy,
Egsinophilic fasciitis, Epidermolysa bullosa simplex with muscular dystrophy, Epilepsy,
Epiphyscal dysplasia  hearing loss  dysmorphism, Episodic ataxia  with nystagmus,
Erythromelalgia, Essential tremor, Fabry disease, Facial onset sensory and motor neuronopathy,
Facioscapulohumeral muscular dystrophy, Fallot complex with severe mental and growth
retardation, Faroilial amyloidosis, Fmnish type, Familial coungenital fourth cranial nerve palsy,
Familial dysautonomia, Familial encephalopathy with neuroserpin inclusion bodies, Familial
exudative vitrcoretinopathy, Farmilial bemiplegic migraine, Familial idiopathic basal ganglia
calcification, Familial transthyretin amyloidosis, Farber's discase, Fatal familial insommia, Faity
acid hydroxylasc-associated neurodegeneration, Fazio Londe syndrome, Febrile infection-related
eptlepsy syndrome, Feigenbaum Bergeron Richardson syndrome, Filippi syndrome, Fine-
Lubinsky syndrome, Fitzsimmons Walson Mellor syndrome, Fitzsiramons-Guilbert syndrorme,

Floating-Harbor syndrome, Florid cemento-osseous dysplasia, Flyon Amrd syndrome, Focal
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dermal hypoplasia, Fountain syndrome, Fragile X syndrome, Fragile XE syndrome, Franck
Bocker kahlen syndrome, Friedreich ataxia, Frontomctaphyseal dysplasia, Frontotemporal
dementia, Fryns syndrome, Fucosidosis, Fukuyama type muscular dystrophy, Fumarase
deficiency, Galactosialidosis, GAPO syndrome, Gaucher disease type , Gemignani syndrome,
Geniospasm, Genoa syndrome, Gerstmann syndrore, Gerstrnann-Straussler-Scheinker disease,
(iiant axonal neuropathy, Gillespie syndrome, Glhucose transporter type 1 defictency syndrome,
Giutaric acidemia , Glycogen storage disease, GM! pangliosidosis , Goldberg-Shprintzen
megacolon syndrome, Gomer Lopez Hernandez syndrome, Granulomatosis with polyangitis
{Wegener's), Griscelli syndrome type 1, Grubben de Cock Borghgraef syndrome, GTP
cyclohydrolase 1 deficiency, Guanidinoacetate methyliransterase deficiency, Guillain-Bare
syndrome, Gurriert syndrome, Hamanishi Ueba Tsuji syndrome, Hansen's disease, Harding
ataxia, Harrod Doman Keele syndrome, Hartnup  discase, Hashimoto's encephalitis,
Hemangioblastorna, Hemicrania continna, Hemiplegic migraine, Hennckam syndrome,
Hereditary angiopathy with nephropathy ancurysms and muscle cramps syndrome, Hereditary
codotheliopathy retinopathy nephropathy and stroke, Hereditary hemorrhagic telangiectasia,
Hereditary hyperekplexia, Hereditary ncuropathy with lability to pressure palsy, Hereditary
seusory and autonoroic neuropathy type 2, Hercditary sensory neuropathy type 1, Hereditary
spastic paraplegia, Homocysteinemia duc to MTHFR deficiency, Homocystinuria due to CBS
deficiency, Hoyeraal Hreidarsson syndrorae, HTLV-1 associated myelopathy/tropical spastic
paraparests, Huntington disease, Hyde Forster Mccarthy Berry syndrome, Hydranencephaly,
Hydrocephalus due to congenital stenosis of agueduct of sylvins, Hydroxykynureninuria,
Hyperkalemic periodic paralysis, Hyperphenylalaninemia due to dehydratase deficiency,
Hyperprolinemia, Hypertrophic neuropathy of Dejerine-Sottas, Hypogonadism alopecia diabetes
mellitus mental retardation and exirapyrarmidal syndrome, Hypokalemic periodic paralysis,
Hypomyelination and congenital cataract, Hypomyclination with atrophy of basal ganglia and
cercbeliom,  Hypoparathyroidismo-retardation-dysroorphism  syndrome, Hypospadias  meuotal
retardation Goldblatt type, Hypothalamic hamartomas, Ichthyosis alopecia eclabion ectropion
raental retardation, Idiopathic spinal cord hernation, Inclusion body myepathy, Incontinentia
pigmenti, Infantile axonal neuropathy, Infantile convulsions and paroxysmal choreoathetosis,
familial, Infantile myofibromatosis, Infantile onset  spinocercbellar  ataxia, Infantile

Parkinsonism-dystonia, Infantile spasms broad thumbs, Inherited peripheral neuropathy,
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fntellectual deficit, Internal carotid agenests, Intrancural perineurioma, Isodicentric chromosome
15 syndrome, Johanson Blizzard syndrome, Johnson neurcectodermal syndrome, Joubert
syndrome, Juberg Marsidi syndrome, Juvenile dermatomyositis, Juvenile primary lateral
sclerosts, Kabukt syndrome, Kanzaki disease, Kapur Toriello syndrome, KBG syndrome, Kearns
Sayre syndrome, Kennedy disease, Keutel syndrome, King Denborough syndrome, Kleine Levin
syndrome, Klumpke paralysis, Kosztolanyi syndrome, Kury, L-Z-hydroxyglutaric aciduria,
Laband syndrome, Lafora discase, Laing distal myopathy, Lambert Eaton myasthenic syndrome,
LCHAD deficiency, Leigh syndrorae, French Canadian type, Leistt Hollister Rimoin syndrome,
Lennox-(Gastaut syndrome, Lenz Majewski hyperostotic dwarfism, Lenz microphthaimia
syndrorne, Lesch Nyhao syndrowse, Leukodystrophy with oligodontia, Leukodystrophy,
dysmyelinating, and spastic paraparesis with or without dystonia, Levic Stefanovic Nikolic
syndrome, Lhermitte-Duclos discase, Li-Fraumeni syndrome, Limb dystoma, Limb-girdle
muscular dystrophy, Limtted scleroderma, Lissencephbaly, Localized hypertrophic neuropathy,
Locked-in syndrome, Logopenic progressive aphasia, Lowe oculocercbrorenal syndrome, Lowry
Maclean syndrome, Lujan Fryos syndroroe, Mac Derroot Winter syndrome, Machado—Joseph
discase, Macrogyria, pscudobulbar palsy and mental retardation, Macrothrombocytopenia
progressive deafness, Mal de debarquement, Male pseadobermaphroditism intellectual disability
syndrome, Verloes type, Malignant hyperthermia, Mannosidosis, beta A, lysosomal,
Marchiafava Bignami discase, Marden-Walker syndrome, Marmesco-Sjogren  syndrome,
Martsolf syndrome, Maternally inherited Leigh syndrome, McDonough syndrome, Mcleod
neuroacanthocytosis  syndrome,  Meckel  syndrome, Medrano  Roldan  syndrome,
Medulloblastoma, Megalencephalic  leukoencephalopathy  with  subcortical cysts, Mehes
syndrome, Meier-Gorlin syndrome, Meige syndrome, Melnick-Needles syndrome, Meningioma,
Meningioma, spinal, Menkes discase, Mental deficiency-epilepsy-endocrine disorders, Mental
retardation, Meralgia paresthetica, Methionine adenosyltransferase deficiency, Methyleobalamin
deficiency cbl G type, Microbrachycephaly plosis cleft lip, Microcephahc osicodysplastic
primordial dwarfism type 1, Microcephalic primordial dwarfism Toriello type, Microcephaly,
Microphthalmia syndromic, Microscopic polyangiitis, Miller-Dicker syndrome, Miller-Fisher
syndrome, Mintcore myopathy with external ophthalmoplegia, Mitochondrial complex 1
deficiency, Mitochondrial encephalomyopathy  lactic acidosis  and  stroke-like  episodes,

Mitochondrial wyopathy, Mitochondrial neurogastroiniestinal  ecucephalopathy  syndrome,
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Mitochondrial trifunctional protein deficiency, Mixed connective tissuc discase, Miyoshi
myopathy, Moebius syndrome, Molybdenum cofactor deficiency, Morse-Rawnsley-Sargent
syndrome, Morvan's fibrillary chorea, Motor neuropathy peripheral with dysautonomia, Mousa
Al din Al Nassar syndrome, Moyamoya disease, MPV17-related hepatocerebral mitochondrial
DNA depletion syndrome, Mucopolysaccharidosis, Multifocal motor neuropathy, Multiple
myeloma, Multiple sulfatase defictency, Multiple system atrophy (MSA), Muscle eye brain
discase, Muscular dystrophy white matter spongiosis, Muscular phosphorylase kinase deficiency,
Myasthenia gravis, Myelocerebellar disorder, Myelomeuningocele, Myhre syndrome, Myoclonic
astatic epilepsy, Myoclonus, Myoglobinuria recurrent, Myopathy congenital multicore with
external ophthalmoplegia, Myotoma congenita, Myotonic dystrophy, Nance-Horan syndrome,
Narcolepsy, Native  American  myopathy, Nemaline  myopathy 3,  Neonatal
adrenoleukodystrophy, Neonatal meningitis, Neonatal progeroid syndrome, New Laxova
syndrome, Neurocaxonal dystrophy, infantile, Neuwroblastoma, Neurocutancous melanosis,
Neurofaciodigitorenal syndrome, Neuroferritinopathy, Neurcfibromatosis, Neuromycelitis optica
spectrurn disorder, Neuronal ceroid lipofuscinoses, Newronal infranuclear wmclusion disease,
Neuropathy, Neuropathy, Neutral lipid storage discase with myopathy, Nevoid basal cell
carcinoma syudrome, Nicolaides Baraitser syndrome, Niemann-Pick discase type B, Non 24
hour sleep wake disorder, Nondystrophic myotonia, Normokalemic periodic paralysis, Notrie
disease, Northern Epilepsy, Occult spinal dysraphism, Oculocercbrocutancous syndrome,
Oculofaciocardiodental syndrome, Oculopharyngeal muscular dystrophy, Ohtahara syndrome,
Okamoto syndrome, Oligoastrocytoma, Oliver syndrome, Olivopontocercbellar  atrophy,
Ormaphalocele cleft palate syndrome lethal, Optic atrophy 2, Urnithine transcarbamylase
deficiency, Orofaciodigital syndrome, Osteopenia and sparse hair, Osteoporosis-pseudoglioma
syndrorne, Oto-palato-digital syndrome type 1, Ouvrier Billson syndrowe, Pachygyria,
Pallidopyramidal syndrome, Pallister W syndrome, Pallister-Killian mosaic  syndrome,
Pauvtothenate Kinase-associated neurodegencration, Paralysis agitans, juvenile, Paramyotonia
congenital, Parenchymatous cortical degeneration of cercbellum, Paroxysmal hemicranias,
Parsonage Tumer syndrome, PEHO syndrome, Pelizacus-Merzbacher discase, Pelizacus-
Merzbacher discase, late-onset type, Periventricular leukomalacia, Perry syndrome, Peters plus
syndrome, Pfeiffer Mayer syndrorne, Pfeiffer Palm Telier syndrome, PHACE syndrome,

Phosphoglycerate kinase deficicncy, Phosphoglycerate mutase deficiency, Photosensitive
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eptlepsy, Pick's disease, Pitt-Hopkins syndrome, POEMS syndrome, Poliomyelitis, Polyarteritis
nodosa, Polycystic Hpomembranous osteodysplasia with sclerosing  leukoencephalopathy,
Polydactyly cleft hp palate psychomotor rctardation, Polyglucosan body discase, adult,
Polyneuropathy mental retardation acromicria premature menopause, Pontine tegmental cap
dysplasia, Pontocercbellar hypoplasia, Post Polio syndrome, Posterior column ataxia, Potassium
aggravated myotonta, PPM-X syndrome, Prader-Willi habitus, osteopenia, and camptodactyly,
Primary amecbic meningoencephalitis, Primary angiitis of the central nervous system, Primary
basilar impression, Privoary carnitine deficiency, Privaary lateral sclevosis, Primary roclanoma of
the central nervous system, Primary progressive aphasia, Progressive bulbar palsy, Progressive
hemfacial atrophy, Progressive nou-fluent aphasia, Proteus syodrome, Proud Levine Carpenter
syndrome, Pseudoaminopterin syndrome, Pseudonconatal adrenoleukodystrophy,
Pseudoprogeria  syndrome, Pseudotrisomy 13 syndrome, Pscudotumor cercbri, Pudendal
Neuralgia, Pure autonomic failure, Pyridoxal 5'-phosphate-dependent epilepsy, Pyridoxine-
dependent  epilepsy, Pyruvate dechydrogenase phosphatase deficiency, Qazm Markouizos
syndrome, Radiation induced brachial plexopathy, Rasmussen encephalitis, Reardon Wilson
Cavanagh syndrome, Reducing body myopathy, Refsum disease, Refsum discase, infantile form,
Renal dysplasia-livob defects syndrowe, Renier Gabreels Jasper syndrome, Restless legs
syndrome, Retinal vasculopathy with cercbral leukodystrophy, Rett syndrome, Richards-Rundle
syndrorae, Rigid spine syndrome, Ring chromosome, Rippling muscle disease, Roussy Levy
syndrome, Ruvalcaba syndrome, Sacral defect with anterior meningocele, Salla disease,
Sandhoff  discase, Sarcoidosis, Say Barber Miller syndrome, Say Meyer syndrome,
Scapuloperoncal  syndrome, neuwrogenic, Kaeser type, SCARF  syndrome, Schimke
immunoosscous dysplasia, Schindier disease, type 1, Schinzel Giedion syndrome, Schisis
association, Schizencephaly, Schwannomatosis, Schwartz Jampel syndrome type 1, Scott Bryaunt
Graham syndrome, Seaver Cassidy syndrome, Seckel syndrome, Segawa syndrome, autosomal
recesstve, Semantic dementia, Sensory ataxic neuropathy, dysarthria, and ophthalmoparesis,
Septapterin reductase deficiency, Septo-optic dysplasia, SeSAME syndrome, Shapiro syndrome,
Sharp syndrome, Short chain acyl CoA dchydrogenasse deficiency, Shprintzen-Goldberg
craniosynostosis  syndrome, Sialidosis, Siderius  X-linked mental retardation syndrome,
Sideroblastic anemua and mitochondrial myopathy, Simpson-Golabi-Behmel syndrome, Single

upper  central  incisor, Sjogreu-Larsson  syndrome, Slow-channel congenital wyasthenic
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syndrome, Smith-Lembi-Opitz syodrome type 1, Smith-Mageos syodrome, Sneddon syndrome,
Snyder-Robinson  syndrome, Sonoda syndrome, Spasmodic dysphonia, Spastic  ataxia
Charlevoix-Sagucnay type, Spastic diplegia, Spastic paraplegia, Spina bifida occulta, Spinal
muscular atrophy, Spinal shock, Spinocercbellar ataxia, Spinocerebellar degeneration and
corncal dystrophy, Split hand urinary anomalics spina bifida, Spondyloepiphyscal dysplasia
congenital, Status epilepticus, Steinfeld syndrome, Stratton-Garcia-Young  syndrome,
Striatonigral  degeneration  infantile, Sturge-Weber  syndrome,  Subacute  sclerosing
panencephalitis, Subcortical band  heterotopia, Subependymoma, Succinic  senualdehyde
dehydrogenase deficiency, Susac syndrome, Symmetrical thalamic caleifications, Tangier
disease, Tarlov cysts, Tay-Sachs disease, Tel Hashoroer camptodactyly syudrome, Temporal
eptlepsy, familial, Temtamy syndrome, Thalamic degeneration symmetrical infantile, Thalamic
degeneration, symractric mfantile, Thoracie outlet syndrome, Thyrotoxic periodic paralysis,
Toriello Carey syndrome, Torsion dystonia with onset in infancy, Tourette syndrome, Transverse
rayelitis, Trichinosis, Trichorhinophalangeal syndrome type 2, Trigerninal ncuralgia, Triose
phosphate-isomerase deficiency, Triple A syondrome, Tuberous sclerosis, Tubular aggregate
myopathy, Tyrosinemia type 1, Ullrich congenital muscular dystrophy, Unverricht-Lundborg
discase, Van Benthem-Duessen-Hanveld syndroroe, Van Den Bosch syndrome, Vanant
Creutzfeldt-Jakob discase, Vein of Galen ancurysm, Vici syndrome, Viljoen Kallis Voges
syndrome, VLCAD deficiency, Vogt-Koyanagi-Harada syndrome, Von Hippel-Lindau disease,
Walker-Warburg syndrome, Warburg micro syndrome, Weaver syndrome, Welander distal
myopathy, Swedish type, Wernicke-Korsakoff syndrome, West syndrome, Westphal disease,
Whispering dysphonia, Wicacker syndrome, Williams syndrome, Wilson disease, Wittwer
syndrome, Wolf-Hirschhorn syndrome, Wolman discase, Worster Drought syndrome, Wrinkly
skin syndrome, X-linked Charcot-Marie-Tooth disease type 5, X-linked creatine deficiency, X-
linked myopathy with excessive autophagy, X-linked periventricular heterotopia, Young Hughes
syndrome, Zech Ceide syndrome, and Zellweger syndrome.

{044 In one embodiment the disease is monogenic, affects defined cell populations in an
age~-dependent manner, and the mouse model displays minimal cell loss. This latter feature 8
particularly advantageous to the screeuning scheme, as synthetic lethal screens require a mild

phenotype around which to screen for an enhanced phenotype.
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{0045} The screening method may be used to wdentify modulators for any central nervous
systern discases where an animal model is available. Several animal models have been described
for the most pronuncut of the central nervous systern diseases (Harvey ot al., (201 1) J. Neural
Transm.; TIR(1): 27-45; Ribeiro ot al., {2013} Rev Bras Psiquiatr. 35 Suppl 2:882-81). In some
racthods of the mvention the organism or subject 18 a non-human cukaryote or a non-hurman
antmal or a non-human mammal. A non-human mammal may be for cxample a rodent
{preferably a mouse or a rat), an ungulate, or a primate. In a preferred embodiment, the animal
maodel 15 a mouse.

{6046} In another embodiment the animal model 1s a Huntington’s disease (HD} model line.
Mouse models have been created with CAG repeats of different lengths that have an HD
phenotype: RO/1 with 116 repeats, R6/2 with 144 repeats and R6/5 with a wider spectrum of
repeats. R6/2 mice have been studied most and show choreiforra-like movements, involuntary
stereotypic movements, tremor, epileptic seizures and premature death (Mangiarini et al,, (1996}
Cell, 87:493-506). In R6/2 mice the age of onset is 9—11 woeks and the age of death 1s 10-13
weeks, R6/2 mice have huntingtin aggregates in the vucleus of neurons seen prior to developing
a neurological phenotype (Davies et al, (1997) Cell,, 90:537-548). Also, the mRNA for type 1
metabotropic ghutamate receptors and for B1 dopamiue receptors is already reduced at the age of
4 weeks (Cha et al,, (1998) Proc Natl Acad Sci USA, 95:6480-0485). A transgenic rat modei of
HD, with a mutated buntingtin gene containing 51 CAG repeats, cxpresses adult-onset
neurological phenotypes, cognitive impairments, progressive motor dysfunction and neuronal
nuclear inclusions in the brain (von Horsten ot al., (2003) Hum Mol Genet,, 12:617-624). The
transgenic rats have a late onset of phenotype and they dic between 15 and 24 months.
Transgenic HD rats have an age and genotype dependent deterioration of psychomotor
performance and choreiform symptorns (Cao et al,, (2006) Behav Brain Res., 170:257-261).
Recently, HD was modeled in the rhesus macaque with a lentiviral vector (Cai et al., (2008)
Neurodegener Dis., 5:359-366). Yang et al. mjected rhesus oocytes with lentivirus expressing
exon 2 of the human huntingtin gene with 84 CAG repeats and five transgenic monkeys carrying
rautant huntingtin were produced {Yang ct al, (2008) Proc Natl Acad Sci USA., 105:7070-
7075). The monkeys showed the main features of HID disease including nuclear inclusions,

neuropil aggregates and a behavioral phenotype but all of them died at an carly stage of life. In a
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preferved embodiment the wouse model is the R6/2 Huntington’s disease model line (Mangiarini
et al., (1996 Cell, 87:493-506.

{6847} In another cmbodiment the methods are used to identify modulators of Alzheimer’s
disease {(AD). Alzheimer's discase is the most prevalent of neurodegenerative discases that
causes progressive memory loss and deracntia n affected patients. Diagoosis of AD occurs post-
mottem by confirming the presence of neurofibrillary tangles (NFT) and amyloid plagues which
are found in the several brain regions including the subiculum and entorhinal cortex. The NFT
are intrancuronal microtubule bundles containing hyperphosphorylated forms of microtabule
associated protein tau (MAPT). The amyloid plagues are exiracellular deposits primarily
cousisting of the amyloid B peptide. To date, 16 genes or loci have been identified for AD
(OMIM 104300). The presence of NFTs in post-morten brain is one of the defining pathologies
of AD. However, there is no direct correlation between the number of cortical plagues and
cognitive deficit in AD patients, and many individuals have amyloid plaques without cognitive
impairment or dementia {Duyckaerts ot al., (2009) Acta Neuropathol,, 118:5-36). Morcover, the
amount and the topography of the scutle plagues are not correlated with the severity of derueotia,
and the amyloid deposition seems to remain stable during the progression of the disease (Jack et
al., (2010} Lancet Neurol, 9:119-28). As such, in one embodiment, Alzheimer’s disease is
screened for modulators that can be used for diagnosis and treatment. There have been several
transgenic mice generated based on mutations in the human MAPT gene that have provided clear
evidence for mutant tau in NFT pathology and dementia (McGowan et al., {2006} Trends Genet,,
22:281-289). Monc of the transgenic rodent models based on single gene mutations have been
able to fully recapitulate the features of AD. Combinations of transgenes have provided novel
transgenic models that have a progressive pathology with behavioral deficits. Triple transgenic
roice (3xTg-AD) have been produced and progressively develop synaptic dysfunction, APP-
containing plagues and NFTs (Oddo et al., (2003) Neurobiol Aging, 24:1063-1070). The 3xTg-
AD mouse has thus been the rost widely used wodel of AD for evaluating potential therapies,
examining environmental vulnerabilities and studying disease mechanism {(Gimenez-Llort et al,,
{2007} Neurosci Biobehav Rev,, 31:125-147; Foy et al,, (2008} J Alzheimers Dis., 15:589-603).
In addition to mouse models based on mutations found in buman genes, there are non-transgenic
maodels of AD in the rat, rabbit, dog and primate that offer the ability to conduct complementary

studies for the cvaluation of therapeutics and the understanding of disease mechanisms
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{Woodruft-Pak, (200K) J Alzheimers Dis,, 15:507-521). In a preferred embodiment, the 3xTg-
AD mouse is used with the screening methods.

{8048 In another embodiment the methods are used to 1dentify modulator’s of amyotrophic
lateral sclerosis (ALS). Amyotrophic lateral sclerosis is a neurodegenerative disease that results
from the progressive loss of rotor neurons in brain and spinal cord. Onset of discase typically
ocours 1o middle adulthood but forms with juvenile onset alse ocour. Symptoms inchude
asymmetrical muscle weakness and muscle fasciculations. The disease progresses rapidly after
onset lcading to paralysis and eventually death within S years. The fivst gene associated with
ALS was the superoxide dismutase-1 (SOD1) gene encoding an enzyme capable of inactivating
superoxide radicals (Rosen ot al., (1993) Nature, 362:59-62). Gumey et al. reported that mice
pver-expressing a human SODI1 allele containing a G93A substitution developed spinal cord
motor neuron loss and related paralysis {(Gurney ot al, (1994) Science, 264:1772-1775).
Following that inttial study with the G93A variant, 13 additional transgenic mice have been
rnade that produced a broad range of outcomes but all exhibit some characteristics of the discase
{Ripps ¢t al, {1995) Proc Natl Acad Sci USA, 92:689-693; Wong et al, (1995) Newron,
14:1105-1116; Bruyn et al, (1997) Neuron, 18:327-338; Wang et al,, (2002) Neurobiol Dis,,
10:128-138, (2003) Ham Mol Genet., 12:2753-2764, (2005) Hum Mol Genet., 14:2335-2347;
Tobisawa et al., (2003) Biochem Biophys Res Commun., 303:496-503; Jonsson et al, (2005)
Brain, 127:73-88 (2004}, J Ncuropathol Exp Neurol., 65:1126-1136 (2006); Chang-Hong ¢t al,,
Exp Neurol., 194:203-211; Watanabe ¢t al., (2005) Brain Res Mol Brain Res., 135:12-20; Deng
et al, (2006) Proc Natl Acad Sci USA, 103:.7142-7147). The SOD/ animal colicction has
produced several therapeutic strategies (¢.g. arimoclomal, ceftriaxone, IGF-1, HDAC inhibitors)
that arc now in clinical trials. In a preferred embodiment, a G93A mouse model is used to screen
for modulators.

16849} In another embodiment the methods are used to identify modulator’s of Parkinson's
discase (PD). Parkinsou’s disease 1s a slow, progressive neurodegenerative disorder that 1s
characterized pathologically by the loss of dopaminergic neurons in the pars compacta of the
substantia nigra. There currently 1s no mouse model for Parkinson’s discase based on a mutation.
For example, even though the gene is Huked to the disease, overexpressing of human a-synuclein
or its mutated forros in transgenic roice 18 not sufficient to causc a complete Parkinsonian

phenotype. In one embodiment this mouse is used fo screen for moduolators. In other
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embodiments, mouse knockouts for the Park genes are used. The so-called neurotoxin-based
models of PD are the most effective in reproducing irreversible dopaminergic neuron death and
striatal dopamine deficit in nonhuman primates and rodents. MPTP (L-methyl-4-phenyl-1,2,3,6-
terahydropyridine}, 6-OHDA (6-hydroxy-dopamine), and rotenone are so far the most widely
uscd compounds. They are particularly attractive for inducing cytotoxicity by oxidative stress
mechanisms, as brain from PD patients show decreased levels of reduced glutathione and
oxidative modifications to DNA, lipids, and proteins (Pearce et al., (1997) J Neural Transm.,
104:661-77; Floor et al., (1998} J Neurocher., 70:268-75). Interestingly, MPTP was accidently
discovered during the investigations of the potential factors that led young addicts to develop
PD-like symptoms. MPTP was found to be the heroin contaminant responsible for parkinsonism
in these subjects {Ribeiro et al,, (2013) Rev Bras Psiquiatr. 35 Suppl 2:582-91}. In a preferred
embodiment, the neurotoxin based models are used to sereen for modulators.

{G058] Among vectors that may be used in the practice of the nvention, integration i the
host genome of a central nervous system cell 1s possible with retrovirus gene transfer rocthods,
often resulting in long termo expression of the inserted transgeue. In a preferred embodiment the
retrovirus 18 a lentivirus. Additionally, high transduction cfficiencies have been observed in
many different cell types and target tissues. The tropisto of a retrovirus can be alteved by
incorporating foreign envelope proteins, expanding the potential target population of target cells.
A retrovitus can also be engineered to allow for conditional expression of the inserted transgene,
such that only certain cell types are infected by the lentivirus. Additionally, cell type specific
promoters can be used to target expression in specific cell types. Lentiviral vectors are retroviral
vectors {and hence both lentiviral and retroviral vectors may be used in the practice of the
invention}. Moreover, lentiviral vectors are preferred as they are able to transduce or infect non-
dividing celis and typically produce high viral titers. Selection of a retroviral gene transfer
systern may therefore depend on the target tissue. Retroviral vectors are comprised of cis-acting
long terminal repeats with packaging capacity for up to 6-10 kb of foreign sequence. The
minimum cis-acting LTRs are sufficient for replication and packaging of the vectors, which are
then used to mtegrate the desired nucleic acid into the target cell to provide permanent
expression. Widely used retroviral vectors that may be used in the practice of the invention
include those based upon murine leukemia virus (MulV), gibbon ape leukemia virus (GalV),

Simian Iomouwsoe  deficiency virus (SIV), bhuman tmmuno  deficiency vivus (HIV), and
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combinations thereof (see, ¢.g., Buchscher et al., (1992) 1. Virol. 66:2731-2739; Johann et al,,
(1992) J. Virol. 66:1635-1640; Sommnerfelt et al., (1990} Virol. 176:58-59; Wilson et al,, (1998)
J. Virol. 63:2374-2378; Miller et al., (1991) J. Virol. 65:2220-2224; PCT/USH4/G5700).

{6651} Also useful in the practice of the invention is a minimal non-primate lentiviral vector,
such as a lentiviral vector based on the equine mfectious anemia virus (EIAV) (see, c.g.,
Balagaan, (2006} I Gene Med; & 275 - 285, Published online 21 November 2005 i Wiley
InterScience (www.interscience.wiley.com). DOL 10.1002/igm 845). The vectors may have
cytomegalovirus (CMV) promoter driving expression of the target gene. Accordingly, the
invention contemplates amongst vector(s) useful in the practice of the mvention: viral vectors,
including retroviral vectors and lentiviral vectors. In a preferred embodiment lentiviral vectors
are used to insert short hairpin RNAs (shRNAs), secking genes that, when knocked down, would
enhance mutant huntingtin toxicity. In another preferred ernbodiment lentiviral vectors are used
to insert ¢cDNA, secking genes that, when overexpressed, would enhance mutant huntingtin
toxicity.

{00521 Also useful in the practice of the inveuntion is an adenovirus vector. Oue advantage s
the ability of recombinant adenoviruses to efficiently transfer and express recombinant genes in a
variety of maramalian cells and tissues in vitro and in vivo, resulting 1o the high expression of the
transferred nucleic acids. Further, the ability to productively infect quicscent cells, expands the
utility of recorbinant adenoviral hibraries. In addition, high cxpression levels cusure that the
products of the nucleic acids will be expressed to sufficient levels to screen for changes in
vigbility of infected cells (sec e.g., U.S. Patent No. 7,029,848, hereby incorporated by reference).
In addition libraries can utilize adeno associated virus as the vector, described herein.

{6653} (Genetic screens, for example, for lethal events, can be carried out in a 96-well format
where each well countains isolated cells and a different shRNA, ¢DNA, or CRISPR/Cas system
encoding viral vector. However, this method cannot be performed in vive. In another
embodiment, a BNA barcoding strategy can be used ién vivo with a pooled hbrary of viral
vectors. In one embodiment the viral vector can be identified by the barcode.

6054] The term “barcode” as used herein, refers to any umque, non-naturally occurring,
nucleic acid sequence that may be used to identify the originating source of a nucleic acid
fragment. Such barcodes may be sequences including but not hmited to, TTGAGCCT,

AGTTGCTT, CCAGTTAG, ACCAACTG, GTATAACA or CAGGAGCC. Although it is not
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necessary to understand the mechanism of an invention, it is believed that the barcode sequence
provides a high-guality individual read of a barcode associated with a viral vector, shRNA, or
cDNA such that multiple species can be sequenced together.

{B355] DNA barcoding is a taxonomic method that uses a short genetic marker in an
organisnm'’s DNA to identify it as belonging to a particular specics. It differs from molecular
phylogeny in that the main goal is not to determine classification but to identify an unknown
sample in terms of a known classification. Kress ¢t al, “Use of DNA barcodes to identify
flowering plants” Proc. Natl Acad. Sci. U.S.A. 102¢233:8363-8374 (2005). Barcodes are
sometimes used in an effort to identify unknown specics or assess whether species should be
combined or separated. Koch H., “Corubining morphology and DNA barcoding resolves the
taxonomy of Western Malagasy Liotrigona Moure, 19617 African Invertebrates 51(2): 413-421
{2010}); and Scherg ¢t al.,, “How many loct docs it take to DNA barcode a crocus?” PLoS One
4(21.e4598 (2009). Barcoding has been used, for example, for identifying plant leaves even when
flowers or fruit are not available, identitying the dict of an animal based on stomach contents or
feces, and/or identifying products 1 commerce (for example, herbal sopplements or wood).
Soininen ot al., “Analysing dict of small herbivores: the efficiency of DNA barcoding coupled
with high-throughput pyrosequencing for deciphering the composttion of complex plant
mixtures” Frontiers in Zoology 6:16 (2009},

{6056} It has been suggested that s desirable locus for DNA barcoding should be
standardized so that large databases of sequences for that locus can be developed. Most of the
taxa of interest have loci that are sequencable without species-specitic PCR prirners. CBOL Plant
Working Group, “A DNA barcode for land plants” PNAS 106(31):12794-12797 (2009). Further,
these putative barcode loct are believed short cnough to be easily sequenced with current
technology. Kress et al, “DNA barcodes: Genes, genomics, and bioimformatics” PNAS
105(8):2761-2762 (2008). Conscquently, these loci would provide a large variation between
species fu combination with a relatively small amount of vanation within a species. Lahaye et al.,
“DNA barcoding the floras of biodiversity hotspots” Proc Natl Acad Sci USA 105(K):2923-2028
{2008},

{80571 DNA barcoding is based on a relatively simple concept. For example, most eukaryote
cells contain mitochondria, and mitochondrial DNA (totDNA) has a relatively fast mutation rate,

which results in significant variation in mtBNA sequences between species and, in principle, a
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comparatively small variance within species. A 648-bp region of the mitochondrial cytochrome ¢
oxidase subunit 1 (CO1) gene was proposed as a potential “barcode’. As of 2009, databases of
CO1 sequences included at least 620,000 specimens from over 58,000 specics of animals, larger
than databases available for any other gene. Ausubel, J., “A botanical macroscope” Proceedings
of the National Acadery of Sciences 106(31):12569 (2009).

{8058 Software for DNA barcoding requires integration of a field information management
systern {FIMS), laboratory information management system (LIMS), sequence analysis tools,
workflow tracking to counect field data and laboratory data, database submission tools and
pipeline antomation for scaling up to cco-system scale projects. Geneious Pro can be used for the
sequence analysis components, and the two plugins made freely available through the Moorea
Biocode Project, the Biocode LIMS and Genbank Submission plugins handle integration with
the FIMS, the LIMS, workflow tracking and database submission.

{(059] Additionally other barcoding designs and tools have been deseribed {see ¢.g., Birrell
et al., (2001) Proc. Natl Acad. Sci. USA 98, 12608-12613; Giacver, et al,, (2002) Nature 418,
387301, Winzeler et al., (1999) Science 285, 901-906; and Xu et al., (2009) Proc Natl Acad
Sci US A. Feb 17;106(71:2289-94).

{6060} Arncadvantage of this jnvention is that one neurou in a brain region 18 used as a genetic

screening vehicle, as opposed to one mouse being used as a screening vehicle. Additionally,

e

rnany modulators of discase outcome can be isolated 1n a single experiment i contrast to single
genes. A modulator is a gene that effects phenotype progression in a discase {discase outcome)
{¢.g., sce example 3). In one embodiment the upper limit of elements that can be screened are
shRNA's targeting whole genomes including non-coding RNA’s. In one embodiment the upper
iimit of clements that can be screened arc ¢DNA's expressing genes encoded within whole
genomes. In ove embodiment cDNA’s expressing genes that are known biomarkers of oxidative
stress are screened and in another embodiment these genes are targeted by shRNA {(see e.g.,
BOSS (NIEHS), htip//www.nichs.nth.gov/research/resources/databases/bosstudy/). In one
embodiment viral genome-wide overexpression or knockdown libraries are injected into a
section of the bram of 4 rnammal. In another erobodiment viral genorne-wide overcxpression or
knockdown libraries are injected into the sitriatum of a mammal, such that cach neuron or glial
cell receives on average of one eloment. In this erabodiment cach viras expresses either a cDNA

or shRNA. Each cDNA expresses a gene that potentially modulates disease outcome, while cach
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shRNA causes repression of a geoe that potentially modulates discase outcome. In one
embodiment 2.8 x 107 striatal cells are targeted per mouse, wherein over 80% of viral-transduced
cells are neurons. In other mammals the nuraber of cells targeted may be dependent oun the size
of the brain of the mammal. After incubation /n vivo, celis that receive a synthetic lethal hit die
and the representation of these library clements arc lost. When imjections are performed in a
paired fashion, modulator’s can be identified by comparing disease model mammals to wild-type
littermates. Genes that cause synthetic lethality only in combination with a discase-causing
mutation can be identified to be a modulator of disease. In contrast, ju studics using rouse
knockouts, a single gene in the entire mouse or cell type is deactivated.

{8061} In another embodiment a protein associated with oxidative stress is found to be a
modulator of a central nervous system disease {see Example 2). There are two main families of
proteins that detoxity peroxades (Day BJ (2009} Biochemical pharmacology 77(3):285-296).
Superoxide dismutases {(SOD) and catalase are metalloproteins that catalyze “dismutation”
reactions. Another class of endogenous catalytic HyO, scavengers 1s the selenmiunm-containing
peroxidases, This 1s a broad group of enzymes that uwtilize (O, as a substrate along with an
endogenous source of reducing equivalence. One of the best studied familics of peroxidases are
the ghutathione peroxidases (GPx). The glotathione perovidase family includes the cight known
glutathione peroxidases {Gpx1-8} in humans. Mammalian Gpxl, Gpx2, Gpx3, and Gpx4 have
been shown to be seleniurn-containing cnzymes, whereas Gpx6 15 a sclenoprotein i humans
with cysteine-containing homologues in rodents. Several existing studies discuss the observation
that selenocysteine-containing cnzymes are typically 160 to 1000-fold more active than
corresponding mutants where selenocysteine (Sec) is replaced with cysteine {Cys) (Shchedrina et
al., (2007) Proc Natl Acad Sci U S A, 104(35): 13919-13924). This follows cvidence that Sec s
a maore efficient redox catalyst than Cys. Thus, changing an enzyme’s Sec to a Cys resulis in
lower activity. In the case of some enzymes, changing their endogenous Cys to Sec, and adding a
selenocysteme insertion sequence (SECIS) element, makes them more active in almost every
case. The SECIS element is an RNA element around 60 nucleotides in length that adopts a stem-
ioop structure and directs the cell to translate UGA codons as selenocysteines, Adding a SECIS
clement may change enzyme activity. Thus, Cys containing enzymes might have different
activity and substrate specificity. For example replacing Cys with Sec in MsrB2 and B3 led to

inability to regenerate active enzymes by the natural electron dovor. According to Kryukov et al,
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{2003) Science; 300(5624): 1439-43, Gpx6 is a close homologue of Gpx3, and the rat and mouse
orthologs of Gpx6 contain Cys instead of Scc as is found in the human protein. They also note a
iack of a functional SECIS unit in rodent Gpxé. Human Gpx6 is 72% homelogous to mouse
Gpxd6. Therefore, in one embodiment the mouse homologue of a peroxidase protein is used in
humans as a modulator of discase. In another embodiment a modulator that is a peroxidase
protein can be mutated to contain a Cys instead of Sec or vice versa.

[8862] Studics have shown that Gpx6 levels correlate with dopamine levels in the brain,
signifying that this gene may have relevance to other diseases hinked to doparoine, includimg
Parkinson’s discase. Furthermore, Gpx6 levels correlate with aging {(see Example 1}. The other
peroxidases, may also be modulators of central nervous systern discases, however the expression
of these proteins do not show the same correlation as Gpx6.

{0063} In another embodiment a modulator may be nvolved i the regulation of dopamine
signalling. Dopamine is a mounoamine neurotransmitter that exerts its action on neuronal circuitry
via dopamine receptors. As dopamuncrgic fmnervations arc most prominent in the brain,
dopamivergic dysfunction can cutically affect vital central vervous systera (CNS) functions,
ranging from voluntary movement, feeding, reward, affect, to sieep, attention, working memory
and learning (Carlsson, Beaulicu). Dysregulation of dopaminergic neurotransmission has been
associated with multiple neurological and psychiatric conditions such as Parkinson’s disease,
Huntington’s disecase, attention deficit hyperactivity disorder (ADHD), mood disorders and
schizophrenia (Carlsson, Ganetdinov and Caron), as well as various somatic disorders such as
hypertension and kidney dysfunction (Missale, Beaulicu, Pharmacol. Rev. 2011, 63, 182).

{6064] In vet another aspect of the invention, the modulators of disease identified by the
screening methods is used to treat a discase of the central nervous systerm by impeding
phenotype progression of the disease. Tv one ewbodiment av agonist or antagonist of the biologic
activity of the modulator 1s used to increase or decrease the activity of the modulator to improve
discase outcome. The agowst or antagomst way be a small molecule or protem based
therapeutic. Biochemical and cell based in vitro assays can be used to screen for the agonist or
antagonist. The moedulator can be purified or partially purnified from ccll extracts containing
endogenous protein. This is advantageous in that the purified modulator includes its native post
translational modifications and if it 1s part of a multiprotein complex, those associated proteins

are copurified. Recombinant protein can also be expressed in maramalian cell culture, insect
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cells, bacteria, or yeast. This is advantageous wn that the wodulator can be tagged, facilitating
purification. Such tags inchude, for example, hexahistidine tags, HA, MYC, and Flag.
Recombinant protein can be generated using a DNA vector, Most preferably a plasmid encoding
the protein sequence of the modulator is used. The plasmid contains functional elements required
for its araplification in prokaryotic cells. The plasmid may contain clements required for the
modulator gene to be incorporated into a virus. The plasmid may contain elements that allow
expression of the gene in mammalian cells, such as a mammalian promoter. The plasmid may
also contain elements for expression i insect or prokaryotic cells. Advantages of 1nsect cells are
high protein cxpression and post translational modifications associated with eukaryotic cells. In
one embodiment the modulator protein is used 1 an in vitro assay that recapitulates its biological
activity. In one embodiment Gpx6 peroxidase activity is reconstitiited in vifro. Compounds or
molecules are incubated at their effective concentrations in the in vitro reconstituted assay with
the modulator to test effects on biological activity. In another embodiment, compounds or
molecules are tested in cell based assays. In one embodiment reporter genes specific to a
roodulator can be fncorporated imto a vnammalian cell. In one embodiment promoters of genes up
or down regulated during oxidative stress could be incorporated into a reporter construct. The
reporter coustruct may express a marker such as huciferase or GFP. Small molecules that activate
(Gpx6 activity in the presence of oxidative stress may be screened by assaying for the reporter
expression. The modulator may also be overcxpressed in such a cell based assay. In another
embodiment a therapeutic molecule that activates or represses the expression of the modulator
can be used to treat the discase. A cell based assay where a reporter gene 15 operably linked fo
the promoter of the modulator can be used. In a specific embodiment the Gpx6 promoter is used.
{#065] Many compound or small molecule libraries exist and can be used to screen for
agonists aund antagonists. Additionally, hibraries can be selected, constructed, or designed
specifically for a modulator. In one embodiment agonists or antagonists of modulators can be
screened using, for example, the NiH Clinical Collections (see,
hitp://www .nihclinicalcolection.com/). The Clinical Collection and NIH Clinical Collection 2
arc plated arrays of 446 and 281, respectively, small molecules that have a history of use n
human clinical trials. In another embodiment collections of FDA approved drugs are assayed.

Advantages of these collections are that the clinically tested compounds are highly droag-like
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with known safety profiles. Additionally, agonists or antagonists can be modified based on
known structures of the modulator and the small molecules.

[30366] In another embodiment molecules based on a modulator invelved in oxidative stress
can be used to treat the disease. The molecule may be a Gpx or peroxidase mimetic, catalase
mimetic, or superoxide dismutase (SOD) rmimetic (sce c.g., Day BJ (2009) Biochemical
pharmacology 77(3}3:285-296). Gpx mimetics can be classified in three major categories: (i)
cyclic selenenyl amides having a Se-N bond, (i) diaryl disclenides, and (ii1) aromatic or aliphatic
monoselenides, Additionally, sraall molecules, such as the antioxidant ebselen, that acts as a
glutathione peroxidase and phospholipid hydroperoxide glutathione peroxidase mimic could be
used to treat a central nervous system discase. Ebselen has been shown to substautially reduce
gray and white matter damage and neurological deficit associated with transient ischemia (Imai
et al., (2001} Stroke; a journal of cerebral circulation 32(9%:2149-2154). In other embodiments,
drugs used to treat strokes are used to effect a modulator of disease. Molecules such as the
antioxidant Cocnzyme Q10 may also be used to treat a nervous systern discase. In once
embodiment the sroall molecules are administered to pre-symptomatic populations.

{8067} In another embodiment a protein based therapeutic may be an agonist or antagonist of
a meodulator. lo one erobodiroent the therapeutic protein 18 an antibody or antigen binding
fragiment of an antibody. In one embodiment the antibody or antigen binding fragment may bind
to an inhibitor of the modulator. In a preferred embodiment the antibody 18 humanized, chiraeric,
or fully humanized.

{6868} In another embodiment the modulator is introduced into a subject in need thereof to
treat a central nervous system disease. Treatment may include over-expressing or repressing the
modulator in the cells of patient in need thercof cffected by the disease. In a more specific
embodiment a vector could be used to wniroduce a nucleic acid that encodes the wmodulator (see
Example 3}. In one embodiment, the modulator is introduced by viral delivery. The nucleic acids
encoding modulators discovered by the screcoing method can be delivered using adevo
associated virns {AAV), lentivirus, adenovirus or other viral vector types, or combinations
thereof. Plasmids that can be used for adeno associated virus (AAV), adenovirus, and lentivirus
delivery have been described previously {see e.g., U.S. Patent Nos. 6,955,808 and 6,943,019, and

U.S. Patent application No. 20080254008, hereby incorporated by reference).



WO 2016/069591 PCT/US2015/057567

{8069] In terms of in vive delivery, AAV i3 advantageous over other viral vectors due to low
toxicity and low probability of causing insertional mutagenesis because it dogsn’t integrate into
the host genorme. AAV has a packaging himit of 4.5 or 4.75 Kb. Constructs larger than 4.5 or
4.75 Kb result in significantly reduced virus production. There are many promoters that can be
used to drive mucleie acid molecule expression. AAV ITR can serve as a promoter and 13
advantageous for eliminating the need for an additional promoter element. For ubiquitous
expression, the following promoters can be used: CMV, CAG, CBh, PGK, SV40, Ferritin heavy
or light chains, etc. For bram expression, the following provooters can be used: Synapsin] for all
neurons, CaMKifalpha for excitatory neurons, GADS7 or GADGS or VGAT for GABAergic
neurons, ete. Promoters used to drive RNA can include: Pol HI promoters sach as Ub or HI. The
use of a Pol H promoter and intronic cassettes can be used to express gutde RNA (gRNA).

[6479] Asto AAV, the AAV can be AAVL, AAVZ, AAVS or any combination thereof. One
can select the AAV with regard to the cells to be targeted; ¢.g., one can select AAV serotypes 1,
2, 5 or a hybrid capsid AAVI, AAV2, AAVS or any combination thereof for targeting brain or
neuronal ceils; and one can select AAV4 for targeting cardiac tissue. AAVE s usetul for delivery
to the liver. The above promoters and vectors are preferred individually.

{6071} The virus way be debivered to the patient in need thereof in any way that allows the
virus to contact the target cells in which delivery of the gene of interest is desired. Various means
of delivery are described herein, and further discussed in this section. In some embodiments, the
viral vector 1s delivered to the tissue of interest by, for example, an intramuscular or stereotaxic
injection, while other times the viral delivery 1s via intravenous, transdermal, niranasal, oral,
mucosal, or other delivery methods. In the provided method, the viral vector can be administered
systemically. Such delivery may be cither via a single dose, or multiple doses. One skilled in the
art understands that the actual dosage to be delivered herein way vary greatly depending upon a
variety of factors, such as the vector chosen, the target cell, organism, or tissue, the general
condition of the subject to be treated, the degree of travsformation/modification sought, the
administration route, the admimistration wmode, administration timing, the type of
transformation/modification sought, cte.

18672} In preferred embodiments, a suitable amount of virus is introduced into a patient in

need thereof directly (in vive), for cxample though injection into the body. In one such
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embodiment, the viral particles are injected directly into the patient's brain, for example,
intracranial injection using stereotaxic coordinates may be used to deliver virus to the brain.
[6473] Such a delivery may further contain, for example, a carrier (water, saline, cthanol,
glycerol, lactose, sucrose, calcium phosphate, gelatin, dextran, agar, pectin, peanut otl, sesame
oil, etc.), a diluent, a pharrmaceutically-acceptable carrier {c.g., phosphate-buffered saline or
Hank’s Balanced Salt Solution), a pharmaceuntically-acceptable excipient, and/or other
compounds known in the art. Such a dosage formulation is readily ascertainable by one skilled in
the art. The dosage may further contain one or more pharmaceutically acceptable salts such as,
for example, a mineral acid salt such as a hydrochloride, a hydrobromide, a phosphate, a sulfate,
etc.; and the salts of organic acids such as acetates, propionates, rualonates, benzoates, etc.
Additionally, auxiliary substances, such as wetting or emulsifying agents, pH buffering
substances, gels or gelling materials, flavorings, colorants, microspheres, polymers, suspension
agents, etc. may also be present herein. In addition, one or more other conventional
pharmaceutical ingredients, such as preservatives, humectants, suspending agents, surfactants,
antioxidants, anticaking agents, fillers, chelating agents, coating agents, chemical stabilizers, etc.
may alse be present, especially if the dosage form is a reconstitutable form. Suitable exemplary
ingredients include microcrystalline cellulose, carboxymethyleelhulose sodium, polysorbate R0,
phenylethyl aloohol, chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide, propyi gallate,
the parabens, cthyl vamihin, glycerin, phenol, parachlorophenol, gelatin, albumin and a
combination thereof. A thorough discussion of pharmaceutically acceptable excipients is
available in REMINGTON'S PHARMACEUTICAL SCIENCES (Mack Pub. Co., NJ. 1991
which s incorporated by reference herein.

{6074} In ann embodiment herein the delivery is via an adenovirus, which may be at a single
booster dose containing at least 1 x 107 particles (also referred to as particle units, pu) of
adenoviral vector. In an embodiment herein, the dose preferably is at least about | x 10° particies
{for example, about 1 x 10%1 x 10" particles), more preferably at least about 1 x 107 particles,
more preferably at least about 1 x 10° particles {e.g., about 1 x 10°-1 x 10'! particles or about 1 x
10%-1 x 10" particles), and most preferably at least about 1 x 107 particles (e.g., about 1 x 1071 x
10" particles or about 1 x 10°-1 x 10" particles), or even at least about 1 x 10" particles (e.g.,
about 1 x 10'°-1 x 10" particles) of the adenoviral vector. Alternatively, the dose comprises no

more than about 1 x 10" particles, preferably no more than about 1 x 10" particles, even more
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preferably no rore than about 1 x 10% particles, even more preferably no more than about 1 x
10" particles, and most preferably no more than about | x 10" particles (e.g., no more than
about 1 x 10° articles). Thus, the dose may contain a single dose of adenoviral vector with, for
example, about 1 x 10° particle units {pu), about 2 x 10° pu, about 4 x 10° pu, about 1 x 107 pu,
about 2 x 107 pu, about 4 x 107 pu, about 1 x 10° pu, about 2 x 10% pu, about 4 x 10° pu, about 1 x
107 pu, about 2 x 10° pu, about 4 x 10¢° pu, about 1 x 10" pu, about 2 x 10" pu, about 4 x 16"
pu, about 1 x 10" pu, about 2 x 10" pu, about 4 x 10" pu, about 1 x 10" pu, about 2 x 10" pu,
or about 4 x 10" pu of adenoviral vector. See, for example, the adenoviral vectors in U.S. Patent
No. 8,454,972 B2 to Nabel, et. al., granted on June 4, 2013, incorporated by reference herein,
and the dosages at col 29, lines 36-58 thereof. In an embodiment herein, the adenovirus is
delivered via multiple doses.

{8075] In an cmbodiment herein, the delivery is via an AAV. A therapeutically effective
dosage for in vive delivery of the AAV to a human is believed to be in the range of from about
20 to about 50 ml of saline solution containing from about 1 x 10" to about 1 x 10°° functional
AAV/ml solution. The dosage may be adjusted to balance the therapeutic benefit against any side
effects. In an embodiment herein, the AAV dose is generally in the range of concentrations of
from about 1 x 10° to 1 x 10°” genoroes AAV, from about 1 x 10" to 1 x 10% genornes AAV,
from about | x 10" to about | x 10" genomes, or about 1 x 10" to about 1 x 10'° genomes
AAV. A human dosage may be about 1 x 10" genomes AAV. Such concentrations may be
delivered in from about (0.001 ml to about 100 mi, about .05 to about 30 ml, or about 10 to
about 25 ml of a carrier solution. In 4 preferred crabodiment, AAV 1s used with 4 titer of about 2
x 10" viral genomes/milliliter, and each of the striatal hemispheres of a mouse receives one 500
nanoliter injection. Other effective dosages can be readily established by one of ordinary skill in
the art through routine trials establishing dose respouse curves. See, for example, U.S. Patent No.
8,404,658 B2 to Hajjar, et al,, granted on March 26, 2013, at col. 27, lines 45-60.

{8876] Lentiviral vectors have been disclosed as in the treatment for Parkinson’s Disease,
see, €.g., US Patent Publication No. 20120295960 and US Patent Nes. 7303910 and 7351583,
Lentiviral vectors have also been disclosed for delivery to the Brain, sce, e¢.g., US Patent
Publication Nos., US20110293571; US20040013648, US20070025970, US20090111106 and US
Patent No. US7259015. In another ernbodirent lentiviral vectors are used to deliver vectors to

the brain of those being treated for a discase.
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186771 In an embodiment herein the delivery is via an lentivirus. Zou et al. administered
about 10 ul of a recombinant lentivirus having a titer of 1 x 10" transducing units (TUYml by an
intrathecal catheter. These sort of dosages can be adapted or exirapolated to use of a retroviral or
lentiviral vector in the present invention. For transduction in tissues such as the brain, it is
necessary to use very small volumes, so the viral preparation 18 concentrated by
ultracentrifugation. The resulting preparation should have at least 10° TU/ml, preferably from
10% to 10° TU/mi, more preferably at least 107 TU/ml. Other methods of concentration such as
ultrafitiration or binding to and clution from a matrix may be used.

{GG78) In other embodiments the amount of lentivirus admunistered may be 1.x.10° or about
1.x.10° plague forming units (PFU), 5.x.10° or about 5.x.10° PFU, 1.x.10° or about 1.x10° PFU,
5.x.10"or about $.x.10° PFU, 1.x.107 or about 1.x.107 PFU, 5.x.107 or about 5.x.10" PPU, 1.x.1¢°
or about 1.x.10° PFU, 5.x.10% or about 5.x.10° PFLJ, 1.x.10° or about 1.x. 10 PFU, 5.x.10° or
about 5.x.1¢" PFU, 1.x.10" or about 1.x.16" PFU or 5.x.10" or abowt 5.x.10" PFU as total
single dosage for an average human of 75 kg or adjusted for the weight and size and species of
the subject. One of skill in the art can determine suttable dosage. Suitable dosages for a virus can
be determined empiricaily.

[6079] In an embodiment herein the delivery 18 via a plastd. In such plasroid compeosttions,
the dosage should be a sufficient amount of plasmid to elicit a response. For instance, suitable
quantitics of plasmid DNA in plasmid cornpositions can be frorn about 0.1 to about 2 rag, from
about 10 pg to about I mg, from about 1 ug to about 10 pg from about 10 ng to about 1 pg, or
preferably frora about 0.2 ng to about 20 pg.

{(080] Because the plasmid is the “‘vehicle” from which the protein is expressed, optimising
vector design for maximal protein expression s essential (Lewis et al, (1999). Advances in
Viras Research (Academic Press) 54: 129-8R). Plasmids usually consist of a strong viral
promoter to drive the in vivo transcription and translation of the gene {or ¢cDNA) of interest
{Mor, et al., (1995). Journal of Immunology 135 (4): 2039-2046). Promoters may be the SV40
promoter, Rous Sarcoma Virus (RSV) or the like. Intron A may sometimes be included to
improve mRNA stability and hence incrcase protein expression (Lettner et al. (1997) Journal of
momusology 159 12y 6112-6119), Plasmids  also  include a  strong
polyadenylation/transcriptional termination signal, such as bovine growth hormone or rabbit

beta-globulin polyvadenylation scquences (Alarcon ot al, (1999). Adv. Parasitol. Advances i

34



WO 2016/069591 PCT/US2015/057567

Parasitology 42: 343-410; Robinson ¢t al., (2000). Adv. Virus Res. Advances in Virus Research
55: 1-74; Béhmet al., (1996). Journal of Immunoclogical Methods 193 {1): 29-40}.

{6481} DNA has been mtroduced into animal tissues by a number of different methods. The
two most popular approaches are injection of DNA in saline, using a standard hypodermic
needle, and gene gun delivery. A schematic outline of the construction of a DNA vaceine
plasmid and its subsequent delivery by these two methods into a host is ilfustrated at Scientific
American (Weiner et al,, {1999} Scientific American 281 (1) 34-41).

{6082} Gene gun delivery ballistically accelerates plasmid DNA (pDNA) that has been
adsorbed onto gold or tungsten microparticles into the target cells, using compressed helium as
an accelerant (Alarcon et al,, (1999). Adv. Parasitol. Advances in Parasitology 42: 343-410;
Lewis et al,, (1999}, Advances in Virus Rescarch {Academic Press) 54: 129-8&).

{6483] Alternative delivery methods have included acrosol instillation of naked DNA on
mucosal surfaces, such as the nasal and lung mucosa, (Lewis et al., (1999). Advances in Virus
Rescarch (Academic Press) 54: 129-88) and topical admunistration of pDNA to the eye and
vaginal mucosa {(Lewis et al,, (1999). Advances in Virus Research (Academic Press) S4: 129
{6084} The method of delivery determines the dose of DNA required. Saline injections
require variable amounts of DNA, from 10 ug-1 mg, whereas gene gun deliveries require 100 to
1000 times less DNA. Generally, 0.2 ug — 20 ug are required, although quantitios as low as 16 ng
have been reported. These quantities vary from species to species, with mice, for example,
reguiring approxumately 10 times less DNA than primates. (Sce e.g., Sedegah et al, (1994).
Proceedings of the National Academy of Sciences of the United States of America 91 (21):
98669870, Daheshiact al., (1997). The Journal of lmmunclogy 159 {4): 1945-1852; Chen ct al,,
{1998). The Journal of lmmunology 160 (5): 2425-2432; Swemore (1993) Science 270 (5234):
299-302; Fynan ot al,, {1993) Proc. Natl. Acad. Sci. U.8.A. 90 (24): 11478-82).

[G085] In another embodiment a nucleic acid that specifically represses the modulator can be
used to treat a patient in need thereof. Nucleic acids that lead to repression may utilize RNA1
based methods or CRISPR-Cas9 based systems.

| B086] Maodulators of central nervous system diseases can be targeted for treatment using the
CRISPR-Cas9 systern. In one embodiment, the sequences in Table 9 can be used as guide

sequences to target a CRISPR enzyme to the genes. Sach a system can be used for gene editing
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to knockout a gene or alter a routated sequence. Additionally, CRISPR systeras allow an jucrease
in gene expression if fused to an activator of transcription. In an additional aspect of the
invention, a Cas9 enzyme may Coraprise one of more mutations and may be used as a generie
DINA binding protein with or without fusion to a functional domain. The mutations may be
artificially introduced moutations or gain- or loss-of-function mutations. The mutations may
include but are not limited to mutations in one of the catalytic domains (B10 and HE40) in the
Ruv(C and HNH catalytic domains, respectively. Further mutations have been characterized. In
one aspect of the mvention, the transcriptional activation domain may be VP64, In other aspects
of the invention, the transcriptional repressor domain may be KRAB or SID4X. Other aspects of
the invention relate to the mutated Cas 9 enzyme being fused to domaius which include but are
not limited to a transcriptional activator, repressor, a recombinase, a transposase, a histone
remodeler, & demethyvlase, a  DNA  mcthyltransferase, a  cryptochrome, a  light
inducible/controliable domain or a chemically inducible/controliable domain. In one
cmbodiment, CRISPR is targeted to the Gpx6 gene. In another preferred ernbodiment, Gpx6
gene expression 1§ increased.

16087] In a further embodiment, the invention provides for methods to generate mutant
tractRNA and divect repeat sequences or mutant chimeric guide sequences that allow for
enhancing performance of these RNAs in cells. Aspects of the invention also provide for
selection of said sequences.

| BORE] With respect to general information on CRISPR-Cas Systems, components thereof,
and delivery of such components, including methods, materials, delivery vehicles, vectors,
particles, AAV, and making and using thereof, including as to amounts and formmlations, all
useful in the practice of the instant invention, reference is made to: US Patents Nos. 8,999,641,
8,903,233, 8,945,830, R932,814, 8,906,616, B 895,308, 8880418, 8,889,356, R 871,445,
8,865,406, 8,795,965, §,771,945 and 8,697,359; US Patent Publications US 2014-0310830 (US
APP. Ser. No. 14/105,031), US 2014-0287938 Al (U.S. App. Ser. No. 14/213,991), US 2014-
(4273234 A1 (U.S. App. Ser. No. 14/293,674), US2014-0273232 Al {U.S. App. Ser. No.
14/280,575), US 2014-0273231 (U.S. App. Ser. No. 14/259,420), US 2014-0256046 Al (U.S
App. Ser. No. 14/226,274), US 2014-0248702 Al (US. App. Ser. No. 14/258,458), US 2014~
0242700 A1 (U.S. App. Ser. No. 14/222,930), US 2014-0242699 Al (U.S. App. Ser. No.
14/183,512), US 2014-0242664 Al (US. App. Ser. No. 14/104,990), US 2014-0234972 Al
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(UK. App. Ser. No. 14/183,471}, US 2014-0227787 A1 {U.S. App. Ser. No. 14/256,912), US
2014-0189896 A1 (U.S. App. Ser. No. 14/105,035), US 2014-0186938 (UU.S. App. Ser. No.
14/105,017), US 2014-0186919 AL (U.S. App. Ser. No. 14/104,977), US 2014-0186843 Al
{11.5. App. Ser. No. 14/104,9003, US 2014-0179770 A1 (U.S. App. Ser. No. 14/104,837) and US
2014-0179006 Al (U.S. App. Ser. No. [14/183,486), US 2014-0170753 (US App Ser No
14/183,429); European Patents EP 2 784 162 Bl and EP 2 771 468 BIl, BEuropcan Patent
Applications EP 2 771 468 (EP13818570.7), EP 2 764 103 (EP13824232.6), and EP 2 784 162
(EP14170383.53); and PCT Patent Publications PCT Patent Publications WO 2014/093661
(PCT/US2013/074743), WO 2014/003694  (PCT/US2013/074700), WO 2014/093595
(PCT/US2013/074611), WO 2014/093718  (PCT/US2013/074825), WO 2014/093709
(PCT/US2013/074812), WO 2014/093622 {(PCT/USZ013/074667), WO 2014/093635
(PCT/US2013/074691), WO 2014/093655  (PCT/US2013/074736), WO 2014/093712
{(PCT/US2013/074819), W2014/0693701 {PCTAUSZ013/074800), W2014/018423
(PCT/US2013/051418), WO  2014/204723  (PCT/US2014/041790), WO 2014/204724
(PCT/US2014/041800), WO  2014/204725  (PCT/US2014/041803), WO 2014/204726
(PCT/US2014/041804), WO  2014/204727 (PCT/US2014/041806), WO 2014/204728
(PCT/US2014/041808), WO 2014/204729 (PCT/USZ014/041809). Refercoce is also made to US
provisional patent applications 61/758,468; 61/802,174; 61/806,375; 61/814,263; 61/819.803 and
61/828,130, filed on January 30, 2013; March 15, 2013; March 28, 2013; April 20, 2013; May 6,
2013 and May 28, 2013 respectively. Reference is also made to US provisional patent
application 61/836,123, filed on June 17, 2013, Reference 15 additionally made to US provisional
patent  applications 01/835.931, 01/835,936, 61/836,127, 61/836, 101, 61/836,080 and
61/835,973, cach filed June 17, 2013. Further reference is made to US provisional patent
applications 61/862,468 and 61/862,335 filed on August S, 2013; 61/871,301 filed on August 28,
2013; 61/960,777 filed on September 25, 2013 and 61/961,980 filed on October 28, 2013,
Reference 15 yet further made to: PCT Patent applications Nos: PCT/US2014/041803,
PCT/US2014/041800, PCT/US2014/041809, PCT/USZ014/041804 and PCT/USZ014/041806,
cach filed June 10, 2014 &6/10/14;, PCT/US2014/041808 filed June 11, 2014; and
PCT/US2014/62558 filed October 28, 2014, and US Provisional Patent Applications Serial Nos.:
61/915,150, 61/915,301, 61/915,267 and 61/915,260, cach filed December 12, 2013; 61/757,972
and 61/768,959, filed on January 29, 2013 and February 25, 2013; 61/835,936, 61/836,127,
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61/836,101, 61/836,080, 61/835,973, and 61/835,931, filed June 17, 2013; 62/010,888 and
62/010,879, both filed June 11, 2014; 62/010,329 and 62/010,441, cach filed June 10, 2014;
61/939,228 and 61/939,242, cach filed February 12, 2014; 61/980,012, filed April 15,2014;
62/(38,358, filed Aungust 17, 2014; 62/054,400, 62/055,484, 62/055,460 and 62/055,487, each
filed Septernber 25, 2014; and 62/069,243, filed October 27, 2014, Reference 15 also made to US
provisional patent applications Nos. 62/055,484, 62/855,460, and 62/055,487, filed September
25, 2014; US provisional patent application 61/980,012, filed April 15, 2014, and US provisional
patent application 61/939.242 filed February 12, 2014, Reference is made to PCT application
designating, inter alia, the United States, application No. PCT/US14/41806, filed June 10, 2014,
Reference is wade to US provisional patent apphication 61/930,214 filed on Januvary 22, 2014,
Reference 18 wmade to US provisional patent applications 61/915251, 61/915,260 and
61/915,267, cach filed on Decernber 12, 2013, Reference 18 made to US provisional patent
application USSN 61/980,012 filed April 15, 2014, Reference is made to PCT application
designating, inter alia, the United States, application No. PCT/US14/41806, filed June 10, 2014.
Reference is woade to US provisional patent application 61/930,214 filed on January 22, 2014,
Reference is made to US provisional patent applications 61/915251; 61/915,260 and
61/915,267, each filed on December 12, 2013,

{G(89] Mention is also made of US application 62/091,455, filed, 12-Dec-14, PROTECTED
GUIDE RNAS (PGRNAS) US application 62/096,708, 24-Dec-14, PROTECTED GUIDE
RNAS (PGRNAKSY US application 62/091,462, 12-Dec-14, DEAD GUIDES FOR CRISPR
TRANSCRIPTION FACTORS; US application 62/096,324, 23-Dec-14, DEAD GUIDES FOR
CRISPR TRANSCRIPTION FACTORS; US application 62/091,456, 12-Dec-14, ESCORTED
AND FUNCTIONALIZED GUIDES FOR CRISPR-CAS SYSTEMS; US  application
62/091,461, 12-Dec-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE
CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR GENOME EDITING A8 TO
HEMATOPOETIC STEM CELLS (HSCs); US application 62/094,903, 19-Dec-14, UNBIASED
DENTIFICATION OF DOUBLE-STRAND BREAKS AND GENOMIC REARRANGEMENT
BY GENOME-WISE INSERT CAPTURE SEQUENCING; US application 62/096,761, 24-Dec-
14, ENGINEERING OF SYSTEMS, METHODS AND OPTIMIZED ENZYME AND GUIDE
SCAFFOLDS FOR SEQUENCE MANIPULATION; US application 62/098,059, 30-Dec-14,
RNA-TARGETING SYSTEM,; US application 62/096,636, 24-Dec-14, CRISPR HAVING OR
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ASSOCIATED WITH DESTABILIZATION DOMAINS; US applhication 62/096,697, 24-Dec-
14, CRISPR HAVING OR ASSOCIATED WITH AAV; US application 62/098,158, 30-Dec-14,
ENGINEERED CRISPR COMPLEX INSERTIONAL TARGETING SYSTEMS; US
application 62/151,052, 22-Apr-15, CELLULAR TARGETING FOR EXTRACELLULAR
EXOSOMAL REPORTING; US application 62/054,490, 24-Scp-14, DELIVERY, USE AND
THERAPEUTIC APPLICATIONS OF THE CRISPRA-CAS SYSTEMS AND COMPOSITIONS
FOR TARGETING DISORDERS AND DISEASES USING PARTICLE DELIVERY
COMPONENTS,; US application 62/055.484, 25-Sep-14, SYSTEMS, METHODS AND
COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL
CRISPR-CAS SYSTEMS; US application 62/087,537, 4-Dec-14, SYSTEMS, METHODS AND
COMPOSITIONS FOR SEQUENCE MANIPULATION WITH OPTIMIZED FUNCTIONAL
CRISPR-CAS SYSTEMS; US application 62/054,651, 24-Sep-14, DELIVERY, USE AND
THERAPEUTIC APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR MODELING COMPETITION OF MULTIPLE CANCER MUTATIONS IN VIV(O; US
application 62/367,886, 23-Oct-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS
OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR  MODELING
COMPETITION OF MULTIPLE CANCER MUTATIONS IN VIV, US application
62/054,675, 24-Sep-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS OF THE
CRISPR-CAS SYSTEMS AND COMPOSITIONS IN NEURONAL CELLS/TISSUES; US
application 62/054,528, 24-8Sc¢p-14, DELIVERY, USE AND THERAPEUTIC APPLICATIONS
OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS IN IMMUNE DISEASES OR
DISORDERS; US application 62/055,454, 25-Sep-14, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR
TARGETING DISORDERS AND DISEASES USING CELL PENETRATION PEPTIDES
(CPP);, US application 62/055,460, 25-Sep-14, MULTIFUNCTIONAL-CRISPR COMPLEXES
ANDVOR OPTIMIZED ENZYME LINKED FUNCTIONAL-CRISPR COMPLEXES; US
application 62/087.473, 4-Dec-14, FUNCTIONAL SCREENING WITH OPTIMIZED
FUNCTIONAL CRISPR-CAS  SYSTEMS; US  application 62/055,487, 25-Sep-14,
FUNCTIONAL SCREENING WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYSTEMS;
US  apphication 62/087,546, 4-Dec-14, MULTIFUNCTIONAL CRISPR COMPLEXES
AND/OR OPTIMIZED ENZYME LINKED FUNCTIONAL-CRISPR COMPLEXES; and US
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application 62/09%8,285, 30-Dec-14, CRISPR MEDIATED IN VIVO MODELING AND
GENETIC SCREENING OF TUMOR GROWTH AND METASTASIS.
{6090] Each of thesc patents, patent publications, and applications, and all docurnents cited
therein or during their prosecution {“appln cited documents”y and all documents cited or
referenced 1 the appin cited documents, together with any instructions, descriptions, product
specifications, and product sheets for any products mentioned therein or in any document therein
and incorporated by reference herein, are hereby incorporated herein by reference, and may be
employed 1 the practice of the 1nvention. Al documents {e.g., these patents, patent publications
and applications and the appln cited documents) are incorporated herein by reference to the same
extent as if cach mdividual document was specifically and individually mdicated to be
incorporated by reference.

6091 Also with respect to general information on CRISPR-Cas Systermns, mention is made

of the following {also hereby incorporated herein by reference):
> Multiplex genome enginecring using CRISPR/Cas systems. Cong, L., Ran, F.A., Cox, D,

Lin, S., Barretio, R, Habib, N, Hsu, P, Wy, X, hang, W, Marratfim, LA, & Zhang,

F. Science Feb 153396121 3:819-23 (2013}

» RNA-guded editing of bacterial genomes using CRISPR-Cas systems. Jiang W., Bikard

B, Cox D, Zhang F, Marraftini LA, Nat Biotechnol Mar;31{3%:233-9 (2013}

One-Step Generation of Mice Carrving Mutations in Multiple Genes by CRISPR/Cas-

Mediated Genome Engineering. Wang H., Yang H., Shivalila CS., Dawlaty MM., Cheng

AW, Fhang F., Jaenisch R, Cell May 9;153{4):910-8 (2013);

» QOptical control of mammalian endogenous transcription and epigenetic  states.
Konermann S, Brigham MD, Trevine AE, Hsu PD, Heidenreich M, Cong L, Platt RJ,
Scott DA, Chuwreh OGM, Zhang F. Nature. Aug 22:500(7463):472-6. dou
10.1038/Nature12466. Epub 2013 Aug 23 (2013}

» Double MNicking by RNA-Guided CRISPR Cas9 for Eovhavced Genome Editing
Specificity, Ran, FA,, Hsu, PD., Lin, CY., Gootenberg, IS., Konermann, S., Trevino,
AE., Scott, DA, Inoue, A., Matoba, S, Zhang, Y., & Fhang, F. Cell Aug 28, pii: SO092-
8674(13)01015-5 (2013-A);
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\v/

\v/

DNA targeting specificity of RNA-guided Cas9 nucleases. Hsu, P, Scott, D, Weinstein,
J., Ran, FA ., Konermann, 5., Agarwala, V., Li, Y., Fine, E., Wu, X., Shalem, O, Cradick,
TI., Marraftini, LA, Bao, G, & Zhang, F. Nat Biotechnol dot: 10.1038/nbt. 2647 (2013);
Genome engineering using the CRISPR-Cas® system. Ran, FA., Hsu, PD., Wright, 1.,
Agarwala, V., Scott, DA., Zhang, F. Nature Protocols Nov;8(111:2281-308 (2013-B);
Genome-Scale CRISPR-Cas9® Knockout Screening in Human Cells. Shalem, O., Sanjana,
NE., Hartenian, E., Shi, X, Scott, DA, Mikkelson, T., Heckl, I, Ebert, BL,, Root, DE,
Boench, JG., Zhang, F. Science Dec 12, (2013). [Epub ahead of puint};

Crystal structure of cas® in complex with guide RNA and target DNA. Nishimasu, H.,
Ran, FA., Hsu, PD., Konermann, S., Shehata, 81, Dohmae, N, Ishitani, R, Zhang, F,,
Nureki, O. Cell Feb 27, 156(5):935-48 (2014);

Genome-wide binding of the CRISPR endonucicase Cas9® m mammalian cells. Wu X,
Scott DA, Kriz Al, Chiu AC.,, Hsu PD., Dadon DB., Cheng AW, Treving AE.,
Konermann 8., Chen 8., Jaenisch R., Zhang F., Sharp PA. Nat Biotechnol, Apr 20. doi:
10.1038/0bt.2889 (2014);

CRISPR-Cas9 Knockin Mice for Genome Editing and Cancer Modeling. Platt RJ, Chen
S, Zhou Y, Yim MJ, Swiech L, Kempton HR, Dahlman JE, Parnas O, Eisenhaure TM,
Jovanovic M, Graham DB, Jhunjhunwala S, Heidenreich M, Xavier RJ, Langer R,
Anderson DG, Hacohen N, Regev A, Feng G, Sharp PA, Zhang F. Cell 15%(2): 440-455
D06 10.1016/.¢c1L.2014.09.0142014);

Development and Applications of CRISPR-CasY for Genome Engineering, Hsu PD,
Lander ES, Zhang F., Cell. Jun 5;157(61:1262-78 (2014).

Genetic screens in human cells using the CRISPR/Cas9 system, Wang T, Weit JJ, Sabatini
DM, Lander ES., Science. January 3; 343(6166): 80-84. doi:10.1126/science. 1246981
{2014);

Rational design of highly active sgRNAs for CRISPR-CasO-mediated gene inactivation,
Boench JG, Hartenian E, Graham DB, Tothova 7, Hegde M, Smith |, Sullender M, Ebert
BL, Xavier BRI, Root DE. (published online 3 September 2014) Nat Biotechnol.
Dec:32(121:1262-7 (2014,
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» In vivo mitcrrogation of geve function in the roammalian brain using CRISPR-Cas9,
Swiech L, Heidenreich M, Banerjee A, Habib N, Li Y, Trombetta J, Sur M, Zhang F,
{published online 19 October 2014} Nat Biotechnol. Jan:33(1):102-6 (2015);

» (Genome-scale franscriptional activation by an engineered CRISPR-CasS complex,
Konermann 5, Brigham MD, Trovino AE, Joung J, Abudayyeh OO, Barcena C, Hsu PD,
Habib N, Gootenberg IS, Nishimasu H, Nureki O, Zhang F., Nature. Jan
29;517(7536)1:583-8 (2015).

» A sphit-Cas® architecture for inducible genome editing and transcription modulation,
Zetsche B, Volz S8E, Zhang F., {(published online 02 February 2015) Nat Biotechnol.
Feb;33(2):139-42 (2015},

» Genome-wide CRISPR Screen in a Mouse Model of Tumor Growth and Metastasts,
Chen S, Sanjana NE, Zheng K, Shalem O, Lee K, Shi X, Scott DA, Song J, Pan JQ,
Weissleder R, Lee H, Zhang F, Sharp PA. Cell 160, 1246-1260, March 12, 2015
{multiplex screen in mouse), and

» In vivo genome editing using Staphiviococcus aureus Cas9, Ran FA, Cong L, Yan WX,

Scott DA, Gootenberg I8, Kriz AlJ, Zetsche B, Shalem O, Wu X, Makarova KS, Koonin

EV, Sharp PA, Zhang F., (poblished onlme 01 Apnl 2015), Nature. Apr

9,520(7546):186-91 (2015}.

Shalem et al, “High-throughput functional genomics using CRISPR-Cas®,” Nature

Reviews Genetics 106, 299-311 (May 2013).

\v/

Xu et al, “Scquence determunants of improved CRISPR sgRMNA design,” Genome
Research 25, 1147-1157 (August 2015},
# Parnas et al., “A Genome-wide CRISPR Screen in Primary Immune Cells to Dissect

Regulatory Networks,” Cell 162, 675-686 (July 30, 2015).

\q//‘/

Ramanan ¢t al., CRISPR/Cas9 cleavage of viral DNA cfficiently suppresses hepatitis B

viras,” Scientific Reports 5:10833. dot: 10.103R/srep10833 (June 2, 2013)

»  Nishimasu et al., Crystal Structure of Staphylococcus aureus Cas8,” Cell 162, 1113-1126
{Aug. 27, 2015}

cach of which is incorporated hereitn by reference, may be cousidered in the practice of the

instant invention, and discussed briefly below:
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Cong et al. engineered type I CRISPR-Cas systems for use in cukaryotic cells based on
both Streptococcus thermophilus Cas9 and alse Streptococcus pyogenes Cas9 and
demonstrated that Cas® nucleases can be directed by short RNAs to induce precise
cleavage of DNA in human and mouse cells. Their study further showed that Cas9 as
converted nto a nicking enzyme can be used to facilitate homology-directed repair in
eukaryotic cells with minimal mutagenic activity. Additionally, their study demonstrated
that multiple guide sequences can be enceded into a single CRISPR array to cnable
stmultancous editing of several at endogenous gevnorice loci sites within the mammalian
genome, demonstrating easy programmability and wide applicability of the RNA-guided
nuclease technology. This ability to use RNA to program sequence specific DNA
cleavage in cells defined a new class of genome engineering tools. These studies further
showed that other CRISPR loci arc likely to be transplantable into maramalian cells and
can also mediate mammalian genome cleavage. Importantly, it can be envisaged that
several aspects of the CRISPR-Cas systern can be further improved to increase is
efficiency and versatility.

Jiang er al used the clustered, regularly interspaced, short palindromic repeats
(CRISPR j-associated Cas9 endonuclease complexed with duoal-RNAs to wntroduce
precise mutations in the genomes of Streprococcus preumoniae and Escherichia coli. The
approach rclied on dual-RINA:Cas9-directed cleavage at the targeted genomice site to kill
unrmitated cells and circumvents the need for selectable markers or counter-selection
systems. The study reported reprogrammung dual-RNA:Cas9 specificity by changing the
sequence of short CRISPR RNA (crRNA) to make single- and multinucleotide changes
carricd on editing templates. The study showed that simultancous use of two crRNAs
cnabled multiplex mutagenesis. Furthermore, when the approach was used
combination with recombineering, in 8. preumoniae, nearly 100% of cells that were
recovered using the described approach contained the desired mutation, and in £, cofi,
65% that were recovered contained the mutation.

Wang et al. (2013) used the CRISPR/Cas system for the one-step gencration of mice
carrying mutations in multiple genes which were traditionally generated in multiple steps
by sequential recornbination in ombryonic stern cells  and/or  thme-consuming

mtercrossing of mice with a single mutation. The CRISPR/Cas system will greatly
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accelerate the in vivo study of functionally redundant genes and of epistatic gene
interactions.

Konermann ef ol (2013} addressed the neced in the art for versatile and robust
technologies that enable optical and chemical modulation of DNA-binding domains
based CRISPR Cas® enzyme and also Transcriptional Activator Like Etfectors

Ran er al. (2013-A) described an approach that combined a Cas9® nickase mutant with
paired guide RNAs to introduce targeted double-strand breaks. This addresses the issue
of the Cas9 nuclease from the microbial CRISPR-Cas system being targeted to specific
genomic loct by a guide sequence, which can tolerate certain mismatches to the DNA
target and thereby promote undesived otf-target routagenesis. Because individual nicks
the genome are repaired with high fidelity, simultancous nicking via appropriately offset
guide RNAs 15 required for double-stranded breaks and extends the number of
specifically recognized bases for target cleavage. The authors demonstrated that using
patred nicking can reduce off-target activity by 50- to 1,500-fold i cell lines and to
facilitate gene kuockout m mouse zygotes withoot sacrificing on-target cleavage
efficiency. This versatile strategy enables a wide variety of genome editing applications
that require high specificity.

Hsu er al. (2013) characterized SpCas® targeting specificity in human cells to inform the
sclection of target sites and aveid off-target cffects. The study evaluated >700 guide RNA
vartants and SpCas3-induced indel mutation levels at >100 predicted genomic off-target
loct in 2937 and 293FT cells. The authors that SpCas? tolerates mismatches between
guide RNA and target DBNA at different positions in a sequence-dependent manuner,
sensitive to the number, position and distribution of mismatches. The authors further
showed that SpCas9-mediated cleavage is unaffected by DNA methylation and that the
dosage of SpCas9 and sgRNA can be titrated to minimize off-target modification.
Additionally, to facilitate mammalian gevoroe engineering applications, the authors
reported providing a web-based software tool to guide the selection and validation of
target sequences as well as off-target analyses.

Ran ef a/. (2013-B) described a set of tools for CasS-mediated genome editing vig non-~
homelogous end joining (NHEJ) or homelogy-directed repair (HDR) in moammalian cells,

as well as generation of modified cell lines for downstrearo functional studies. To
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minimize off-target cleavage, the authors further described a double-nicking strategy
using the Cas9 nickase mutant with paired guide RNAs. The protocol provided by the
authors experimentally derived guidehines for the selection of target sites, cvaluation of
cleavage efficiency and analysis of off-target activity. The studies showed that beginning
with target design, gene modifications can be achicved within as Httle as 1-2 wecks, and
modified clonal cell lines can be derived within 2-3 weeks.,

Shalem er af. described a new way to interrogate gene function on a genome-wide scale.
Their studics showed that dehivery of a genome-scale CRISPR-Cas9 knockout (GeCKO)
library targeted 18,080 genes with 64,751 unigue guide sequences enabled both negative
and positive selection screcoing in human cells. First, the authors showed use of the
GeCKO library to identify genes essential for cell viability in cancer and phuripotent stem
cells, WNext, i a melanoma roodel, the authors screencd for genes whose loss 18 invelved
in resistance to vemurafenib, a therapeutic that inhibits mutant protein kinase BRAF.
Their studics showed that the highest-ranking candidates incladed previously validated
genes NFI and MEDI2 as well as novel hits NF2, CUL3, TADAZR, and TADAL. The
authors observed a high level of consistency between independent guide RNAS targeting
the saroe gene and a high rate of hit confirmation, and thus demoustrated the promuse of
genome-scale screening with Cas9.

Nishimasu er a@l. reported the crystal structure of Streptococcus pvogenes Cas9 m
complex with sgRNA and its target DNA at 2.5 A® resolution. The structure revealed a
bilobed architecture composed of target recognition and nuclease lobes, accommodating
the sgRNA:DNA heteroduplex in a posttively charged groove at their interface. Whereas
the recognition lobe is cssential for binding sgRNA and DNA, the nuclease lobe contains
the HNH and Rov{C nuclease domaius, which are properly positioned for cleavage of the
complementary and non-complementary strands of the target DNA, respectively. The
nuclease lobe also contains a carboxyl-terminal domain responsible for the interaction
with the protospacer adjacent motif (PAM). This high-resolution structure and
accornpanying functional analyses have revealed the molecular mechanism of RNA-
giided DNA targeting by Cas9, thus paving the way for the rational design of new,

versatite genome-cditing technologics.
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Wu et al. mapped genome-~wide binding sites of a catalytically mactive Cas9 (dCas9)
from Streptococcus pvogenes loaded with single guide RNAs (sgRNAs) in mouse
erabryonic stem cclls (mESCs). The authors showed that cach of the four sgRNAs tested
targets dCas9 to between tens and thousands of genomic sites, frequently characterized
by a S-nucleotide seed region in the sgRNA and an NGG protospacer adjacent rootif
{(PAM). Chromatin inaccessibility decreases dCas9 binding to other sites with matching
sced sequences; thus 70% of off-target sites are associated with genes. The anthors
showed that targeted sequencing of 295 dCas® binding sites in mESCs transfected with
catalytically active Cas?9 identified only one site mmtated above background levels. The
authors proposed a two-state model for Cas9 binding and cleavage, v which a seed
match triggers binding but extensive pairing with target DNA is required for cleavage.
Platt ef af. cstablished a Cre-dependent Cas? knockin mouse. The authors demenstrated
in vivo as well as ex vive genome editing using adeno-associated virus (AAV)-,
lentivirus-, or particle-mcdiated delivery of guide RNA in neurons, iramune cells, and
endothelial cells.

Hsu ef al. (2014) is a review article that discusses generally CRISPR-Cas9 history from
yogurt to genome editing, including genetic screening of cells.

Wang e af. (2014) relates to a pooled, loss-of-function genetic screening approach
suitable for both positive and negative sclection that uses a genome-scale lentiviral single
miide RNA (sgRNA) library.

Docnch er al. created a pool of sgRNAS, tiling across all possible target sites of a panel of
six endogenous mouse and three endogenous human genes and quantitatively assessed
their ability to produce mull alleles of their target gene by antibody staining and flow
cytometry. The authors showed that optirnization of the PAM fraproved activity and also
provided an on-line tool for designing sgRNAs.

Swiech et af. demonstrate that AAV-mediated SpCas9 genome cditing can enable reverse
genetic studies of gene function in the brain.

Konermann et af. {2015} discusses the ability to attach multiple effector domaius, e.g.,
transcriptional activator, functional and epigenomic regulators at appropriate positions on

the guide such as stem or tetraloop with and without linkers.
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Zetsche ef al. demonstrates that the Cas9 enzyme can be split into two and heunce the
assembly of Cas9 for activation can be controlled.

Chen et al. relates to multiplex screening by demonstrating that a genome-wide in vivo
CRISPR-Cas9 screen in mice reveals genes regulating lung metastasis.

Ran ef al. (2015} relates to SaCas% and its ability to edit genomes and demonstrates that
one cannot extrapolate from biochemical assays. Shalem ef /. (2015} described ways in
which catalyticaily inactive Cas® (dCas9) fusions are used to synthetically repress
(CRISPRy) or activate (CRISPRa) expression, showing. advances using Cas9 for
genome-scale screens, including arrayed and pooled screens, knockout approaches that
mactivate genomic loci and strategies that modulate transeriptional activity.,

End Edits

Shalem ef af. (2015) described ways in which catalytically nactive Cas9 (dCas9) fusions
are used to synthetically repress (CRISPRi} or activate (CRISPRa} expression, showing.
advances using Cas9 for genome-scale sercens, including arrayed and pooled screens,
kuockout approaches that iuvactivate genomuc loct and strategies that modulate
transcriptional activity.

Xu ef al. (2015) assessed the DNA sequence features that contribute to single guide RNA
{sgRNA} efficiency in CRISPR-based screens. The authors coxplored efficiency of
CRISPR/Cas9 knockout and nucleotide preference at the cleavage site. The authors also
found that the sequence preference for CRISPRY/a is substantially different from that for
CRISPR/Cas? knockout.

Parnas ef al (2015} introduced genome-wide pooled CRISPR-Cas9 libraries into
iendritic cells (D Cs) to identify genes that control the induction of tumor necrosis factor
{Tnt) by bacterial lipopolysaccharide (LPS). Kuoown regulators of Th4 signaling and
previously unknown candidates were identified and classified into three functional
modules with distinet effects on the canonical respounses to LPS.

Ramanan ef af (2015) demonstrated cleavage of viral episomal DNA (cccDNA)Y in
wntected cells. The HBV genome exists in the nuclet of infected hepatocytes as a 3.2kb
double-stranded episomal DNA  species called covalently closed circular DNA
{cccDNAY, which is a key component in the HBV life cycle whose replication is not

mhibited by current therapics. The authors showed that sgRNAs specifically targeting
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highly couserved regions of HBV robustly suppresses viral replication and depleted
cccDNA.
¥ Mishimasu ef al. (2015) reported the crystal structures of SaCas9 in coruplex with a single
guide RNA (sgRNA} and its double-stranded DNA targets, containing the 3~ TTGAAT-3'
PAM and the 5-TTGGGT-3" PAM. A structural comparison of SaCas? with SpCas9
highlighted both structural conservation and divergence, explaining their distinct PAM
specificities and orthologous sgRNA recognition.
[6092] Also, “Dhroeric CRISPR RNA-guided Fokl uucleases for highly specific genome
editing”, Shengdar Q. Tsai, Nicolas Wyvekens, Cyd Khayter, Jennifer A. Foden, Vishal Thapar,
Deepak Reyon, Mathew J. Goodwin, Martin J. Aryee, 1. Keith Joung Nature Biotechnology
32(6): 569-77 (2014), relates to dimeric RNA-guided Fokl Nucleases that recognize extended
sequences and can edit endogenous genes with high efficiencies in human cells.
{6893} Useful in the practice of the instant invention, reference is made to the article entitled
BCL1I1A enhancer dissection by Cas9-mediated in situ saturating mutagenesis. Canver, M.C,,
Smuth, E.C., Sher, F,, Pinello, L., Sanjana, N.E., Shalem, 0., Chen, D.D., Schupp, P.G,,
Vinjanr, DS, Garcia, 8.8, Luc, 5., Kurita, R., Nakamura, Y., Fujiwara, Y., Maeda, T., Yuan,
G., Zhang, F., Oran, SH. & Baser, DE. DOLI10.1038/matare15521, published online
September 16, 2013, the article is herein incorporated by reference and discussed briefly below:
» Canver ef al. involves novel pooled CRISPR-Cas9 guide RINA libraries to perform in sity
saturating mutagenesis of the human and mouse BCL11A erythroid enhancers previously
identified as an enhancer associated with fetal hemoglobin (HWF) level and whose mouse
ortholog is necessary for erythroid BCL1TA expression. This approach revealed critical
minimal features and discrete vulnerabilitics of these enhancers. Through cditing of
primary huran progenitors and mouse transgenesis, the authors validated the BCL1IA
erythroid enhancer as a target for HbF reinduction. The authors generated a detatled

enhancer map that informs therapeutic genore editing.

8094 In addition, mention 18 made of PCT application PCT/USI4/T0057, Attorney
Reference 47627.99.2060 and BE2013/107 entitiled “DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND COMPOSITIONS FOR
TARGETING DISOCRDERS  AND  DISEASES  USING PARTICLE DELIVERY
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COMPONENTS (claiming priotity from one ot wore or all of US provisional patent
applications: 62/054,490, filed September 24, 2014; 62/010,441, filed June 10, 2014; and
61/915,118, 61/915,215 and 61/9215,148, cach filed on December 12, 2813} (“the Particle
Delivery PCT™), incorporated herein by reference, with respect to a method of preparing an
sgRNA-and-Cas9 protein containing particle comprising admixing a roixture comprising an
sgRINA and Cas? protein {and optionally HDR template} with a mixture comprising or consisting
essentially of or consisting of surfactant, phospholipid, biodegradable polymer, lipoprotein and
alcohol; and particles from such a process. For example, wherein Cas9 protein and sgRNA were
mixed together at a suitable, e.g., 3.1 to 133 or 2:1 to 1:2 or 1:1 molar ratio, at a suitable
temperature, e.g., 15-30C, e.g., 20-23C, e.g., room temperature, for a suitable time, ¢.g., 15-45,
such as 30 minutes, advantageously in sterile, nuclease free buffer, e.g.,, 1X PBS. Separately,
particle coraponents such as or comprising: 4 surfactant, ¢.g., cationic hipid, ¢.g., 1,2-diolcoyl-3-
trimethylammonivm-propane  {DOTAP), phospholipid, e.g., dimyristoylphosphatidylcholine
{DMPC); biodegradable polymer, such as an cthylene-glycol polymer or PEG, and a lipoprotein,
such as a low-density lipoprotein, e.g., cholesterol were dissolved in an alcohol, advantageously
a Ci¢ alicyl aleohol, such as methanel, cthanol, isopropanol, e.g., 100% cthanol. The two
solutions were rowxed together to forro particles containing the CasS-sgRNA complexes.
Accordingly, sgRINA may be pre-complexed with the Cas9 protein, before formulating the entire
complex in a particle. Formulations may be made with a different molar ratio of different
components known to promote delivery of nucleic acids mto cells {e.g. 1,2-dislcoyl-3-
trivacthylaromoniur-propane . (DOTAP),  1,2-ditetradecanoyl-sa-glycero-3-phosphocholine
{DMPC), polyethylene glycol (PEG), and cholesterol) For example BOTAP . DMPC : PEG :
Cholesterol Molar Ratios may be DOTAP 100, DMPC 0, PEG 0, Cholesterol (; or DOTAP 90,
DMPC G, PEG 10, Cholesterol §; or DOTAP 90, DMPC 0, PEG S, Cholesterol 5. BOTAP 140,
DMPC 0, PEG 0, Cholestera! 0. That application accordingly comprehends admixing sgRNA,
CasY protein and components that form a particle; as well as particles from such admixing.
Aspects of the instant invention can involve particles; for example, particles using a process
analogous to that of the Particle Delivery PCT, ¢.g., by admixing a mixture comprising sgRNA
and/or Cas® as in the instant invention and components that form a particie, ¢.g., as in the
Particle Delivery PCT, to form a particle and particles from such adroixing {or, of course, other

particles involving sgRNA and/or Cas9 as in the jnstant invention).
fer) &
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{B095] In general, the CRISPR-Cas or CRISPR systern is as used in the foregoing
documents, such as WO 2014/093622 (PCT/US2013/674667) and refers collectively to
transcripts and other clernents involved in the expression of or directing the activity of CRISPR-
associated (“Cas”) genes, including sequences encoding a Cas gene, a tracr (trans-activating
CRISPR) sequence {c.g. tractRNA or an active partial tracrRNA), a tracr-mate sequence
{encompassing a “direct repeat” and a tracrRNA-processed partial direct repeat in the context of
an endogenous CRISPR system), a guide sequence (also referred to as a “spacer” in the context
of an endogenous CRISPR system), or “RNA(Y” as that term is herein ased (e.g., RNA{S) to
guide Cas, such as Cas9, e.g. CRISPR RNA and transactivating {tracr} RNA or a single guide
RNA (sgRNA) {chimeric RNA)) or other sequences and transcripts from a CRISPR locus. In
general, a CRISPR system is characterized by elements that promote the formation of a CRISPR
complex at the site of 4 target sequence {also referred to as a protospacer i the context of an
endogenous CRISPR system). In the context of formation of a CRISPR complex, “target
sequence” refers to a sequence to which a guide sequence is designed to have complementarity,
where hybridization between a target sequence and a guide sequence promotes the formation of a
CRISPR complex. A target sequence may comprise any polymucleotide, such as DNA or RNA
polynucleotides. In some emboduments, a target sequence 18 Jocated 1o the nucleus or cytoplasm
of a cell. In some embodiments, direct repeats may be identified in silico by secarching for
repetitive motifs that fulfill any or all of the following criteria: 1. found in a 2ZKb window of
genomic sequence flanking the type H CRISPR locus; 2. span from 20 to 50 bp; and 3.
interspaced by 20 to 50 bp. In some embodiments, 2 of these criteria may be used, for instance 1
and 2, 2 and 3, or 1 and 3. In some embodiments, all 3 criteria may be used.

{6096} In embodiments of the invention the terms guide sequence and guide RNA, 1.e. RNA
capable of guiding Cas to a target genomic locus, are used wnterchangeably as i foregoing cited
documents such as WO 2014/093622 (PCT/US2013/074667). In general, a puide sequence is any
polynucleotide sequence having sufficient complementarity with a tfarget polynucleotide
sequence to hybridize with the target sequence and direct sequence-specific binding of a
CRISPR complex to the target sequence. In some embodiments, the degree of complementarity
between a guide sequence and s corresponding target sequence, when optimally aligned using a
suitable alignment algorithm, is about or more than shout 50%, 60%, 75%, 80%, §5%, 90°%,

95%, 97.5%, 99%, or more. Uptimal alignment roay be determined with the use of any suitable
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algorithm for aligning sequences, non-liratting example of which juclade the Smith-Waterman
algorithm, the Needleman-Wunsch algorithm, algorithms based on the Burrows-Wheeler
Transformn {c.g. the Burrows Wheeler Aligner), ClustalW, Clustal X, BLAT, Novoalign
{Novocraft Technologies; available at www.novocraft.com}, ELAND (Illumina, San Diego, CA),
SOAP (available at soap.genomics.org.cn), and Mag (available at roaq.sourceforge.net). In some
embodiments, a guide sequence is about or more than about 5, 10, 11, 12, 13, 14, 15, 16, 17, 15,
19, 20,21, 22,23, 24, 25, 26, 27, 28, 28, 30, 35, 40, 45, 50, 75, or more nucleotides in length. In
some embodiments, a guide sequence is less than about 75, 58, 45, 40, 35, 30, 25, 20, 1S5, 12, or
fewer mucleotides in length. Preferably the guide sequence is 10 30 nucleotides long. The ability
of a guide sequence to direct sequeuce-specific binding of a CRISPR complex to a target
sequence may be assessed by any suitable assay. For example, the components of a CRISPR
systern sufficient to forma a CRISPR complex, including the guide sequence to be tested, may be
provided to a host cell having the corresponding target sequence, such as by transfection with
vectors encoding the components of the CRISPR sequence, followed by an assessment of
preferential cleavage within the target sequence, such as by Surveyor assay as described herein.
Similarly, cleavage of a target polynucieotide sequence may be evaluated in a test twbe by
providing the target sequence, components of a CRISPR complex, including the guide sequence
to be tested and a control guide sequence different from the test guide sequence, and comparing
binding or rate of cleavage at the target sequence between the test and control guide sequence
reactions. Other assays are possible, and will occur to those skilled in the art.

G097} In a classic CRISPR-Cas systems, the degree of coraplementarity between a guide
sequence and its corresponding target sequence can be about or more than about 50%, 60%,
75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or 100%; a guide or RNA or sgRNA can be about or
more than about S, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
35, 40, 45, 50, 75, or more nucleotides in length; or guide or RNA or sgRNA can be less than
about 75, 50, 45, 40, 35, 30, 25, 20, 15, 12, or fewer nucleotides 1n length; and advantageously
tract RNA is 30 or 50 nucleotides in length. However, an aspect of the invention is to reduce off-
target interactions, ¢.g., reduce the guide interacting with a target sequence having low
complementarity. Indeed, in the examples, it is shown that the invention invelves mutations that
result 1 the CRISPR-Cas system being able to distinguish between target and off-target

sequences that have greater than 80% to about 95% complementarity, ¢.g., 83%-84% or B&-89%
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or 894-95% complementarity (for instance, distinguishing between a target having 18 nucleotides
from an off-target of 18 nucleotides having 1, 2 or 3 mismatches). Accordingly, in the context of
the present invention the degree of complementarity between a guide sequence and its
corresponding target sequence is greater than 94.5% or 95% or 95.5% or 96% or 96.53% or 97%
or 97.5% or 98% or 98.5% or 99% or 99.5% or 99.9%, or 160%. Ot target is less than 100% or
898.9% or 99.5% or 99% or 99% or 98.5% or O8% or 97.5% or 97% or 96.5% or 86 or 93.5%
or 95% or 94.5% or 94% or 93% or 92% or 91% or 90% or 89% or 88% or 87% or 86% or 85%
or 84% or 83% or 82% or 81% or 80% complementarity between the sequence and the guide,
with it advantageous that off target is 100% or 99.9% or 99.5% or 99% or 99% or 9¥.5% or 98%
or 97.5% or 97% or 96.5% or 96% or 95.5% or 95% or 94.5% complementarity between the
sequence and the guide.

16098] In particularly preferred embodiments according to the mvention, the guide RNA
{capable of guiding Cas to a target locus} may comprise {1) a guide sequence capable of
hybridizing to s genomic target locus in the cukaryotic ccll; (2) a tracr sequence; and (3) a tracr
roate sequence. All (1) to (3) may reside in a single RNA, i.¢. an sgRNA {arranged in a 5" t0 37
orientation}, or the tracr RNA may be a different RNA than the RNA containing the guide and
tracr sequence. The trace hybridizes to the tracr mate sequence and divects the CRISPR/Cas
complex to the target sequence.

{6699} The methods according to the invention as deseribed herein comprehend inducing one
or more mutations in a cukaryotic cell {in vitro, t.e. in an isolated eukaryotic cell) as herein
discussed cornprising delivering to cell a vector as herein discussed. The mutation(s) can inchude
the introduction, deletion, or substitution of one or more nucleotides at cach target sequence of
cell{s) via the guide(s) RNA(s) or sgRNA(s). The mutations can include the introduction,
deletion, or substitution of 1-75 nucleotides at each target sequence of said cell{s) via the
guide(s) RNA(s) or sgRNA(s). The mutations can include the intreduction, deletion, or
substitution of 1, §, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 35, 40, 45, 50, or 75 nucleotides at each target sequence of said cell{s) via the guide(s)
RNA(s) or sgRNA(s). The mutations can include the introduction, deletion, or substitution of 3,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 58, or
75 nucleotides at cach target scquence of said cclli{s) via the guide(s) RNA(s) or sgRNA(s). The

mutations incluade the introduction, deletion, or substitution of 10, 11, 12, 13, 14, 15, 16, 17, 1%,
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19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, or 73 nucleotides at cach target
sequence of said cell{s) via the guide(s) RNA(s) or sgRNA(s). The mutations can include the
introduction, deletion, or substitution of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50,
or 75 nucleotides at ecach target sequence of said cell(s) via the guide(s) RNA(8) or sgRNA(s).
The mutations can include the introduction, deletion, or substitution of 40, 45, 38, 75, 100, 200,
300, 400 or 500 nucleotides at cach target sequence of said cell(s) via the guide{s) RNA(s} or
sgRINA(S).

[G0108]  For minimization of toxicity and off-target effect, it will be important to control the
concentration of Cas mRNA and guide RNA delivered. Optimal concentrations of Cas mRNA
and guide RNA can be determined by testing different concentrations in a cellular or non~-human
cukaryote animal model and using deep sequencing the analyze the extent of modification at
potential off-target genomic loct. Alternatively, to minimize the level of toxicity and off-target
effect, Cas nickase mRNA (for example 8. pyogenes Cas® with the DI0A mutation} can be
delivered with a pair of guide RNAS targeting a site of interest. Guide sequences and strategics to
ronimize toxicity and off-target effects can be as 1o WO 2014/093622 (PCT/USZ013/0746673;
or, via mutation as herein.

{G0181]  Typically, in the context of an cndogenous CRISPR system, formation of a CRISPR.
complex {comprising a guide sequence hybridized to a target sequence and complexed with one
or rore Cas proteins) results in cleavage of one or both strands in or near {c.g. within 1, 2, 3, 4,
5, 6,7, 8,9, 10, 20, 50, or more base pairs from) the target seguence. Without wishing to be
bound by theory, the tracr scquence, which may coraprise or consist of all or 4 portion of g wild-
type fracr sequence {¢.g. about or more than about 20, 26, 32, 45, 48, 54, 63, 67, 85, or more
nucieotides of a wild-type tracr sequence), may also form part of a CRISPR complex, such as by
hybridization along at lcast a portion of the fract sequence to all or a portion of a tracr mate
sequence that 18 operably linked to the guide sequence.

[G0102]  The nucleic acid molecule encoding a Cas 1s advantageously codon optimized Cas,
An example of a codon optimized sequence, is in this instance a sequence optimized for
expression in a cukaryote, ¢.g., humans (i.c. being optirnized for expression in humans), or for
angther eukaryote, animal or mammal as herein discussed; see, e.g., Salas® human codon
optimized scquence in WO 2014/093622 (PCT/US2013/074667). Whilst this s preferred, it will

be appreciated that other examples are possible and codon optiraization for a host species other
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than hursan, or for codon optimization for specific organs 1s known. Tn some embodiments, an
enzyme coding sequence encoding a Cas is codon optimized for expression in particular cells,
such as cukaryotic cells. The cukarvotic cells may be those of or derived from a particular
organism, such as a mammal, inchuding but not Hmited to human, or non-buman eukaryote or
antmal or mammal as herein discussed, ¢.g., roouse, rat, rabbit, dog, livestock, or non-human
mammal or primate. In some embodiments, processes for modifving the germ line genetic
identity of human beings and/or processes for modifying the genetic identity of animals which
are likely to cause thern suffering without any substantial medical benefit to man or animal, and
also animals resulting from such processes, may be excluded. In general, codon optimization
refers to a process of modifying a nucleic acid sequence for enhanced expression in the host cells
of interest by replacing at least one codon (e.g. about or more than about 1, 2, 3, 4, 5, 18, 15, 20,
25, 50, or more codons) of the native sequence with codons that are more frequently or most
frequently used in the genes of that host cell while maintaining the native amino acid sequence.
Various species exhibit particular bias for certain codons of a particular amune acid. Codon bias
{differeoces i codon usage between organisms) ofien correlates with the efficiency of
translation of messenger RNA (mRNA), which is in turn believed to be dependent on, among
other things, the properties of the codons beiug translated and the availability of particelar
transfer RNA (tRNA) molecules. The predominance of selected tRNAs in a cell is generally a
reflection of the codons used most frequently in peptide synthesis. Accordingly, genes can be
tailored for optimal gene expression in a given organism based on codon optimization, Codon
usage tables arc readily available, for example, at the “Codon Usage Database” available at
www kazusa.orjp/codon/ and these tables can be adapted in a number of ways. See Nakamura,
Y., et al. “Codon usage tabulated from the international DNA scquence databases: status for the
year 20007 Nucl Acids Res. 28:292 (2000). Computer algorithros for codon optimizing a
particular sequence for expression in a particular host cell are also avatlable, such as Gene Forge
{Aptagen; Jacobus, PA), are also available. In some embodiments, one or more codons {e.g. 1, 2,
3,4,5,10, 15, 20, 25, 50, or more, or all codons) in a sequence encoding a Cas correspond to the
rost frequently used codon for a particular amino acid.

{80163}  In certain embodiments, the methods as described herein may comprise providing a
Cas transgenic cell in which one or more nucleic acids encoding one or more guide RNAs are

provided or introduced operably counected in the cell with a regulatory element comprising a
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promoter of one or roore gene of nterest. As used heren, the ferrn “Cas trausgenic cell” refers to
a cell, such as a cukaryotic cell, in which a Cas gene has been genomically integrated. The
nature, type, or origin of the cell are not particularly limiting according to the present invention.
Also the way how the Cas transgene is introduced in the cell is may vary and can be any method
as 18 known m the art. In certain embodiments, the Cas transgenic cell is obtained by introducing
the Cas transgene in an isolated cell. In certain other embodiments, the Cas transgenic cell is
obtained by isolating cells from a Cas transgenic organisin. By means of example, and without
livottation, the Cas fransgenic cell as referred to hercin may be devived from a Cas fransgenic
cukaryote, such as a (as knock-in cukaryote. Reference is made to WO 2014/093622
(PCT/US13/74667), 1ncorporated herein by reference. Methods of US Patent Publication Nos.
20120017290 and 20110265198 assigned to Sangamo BioSciences, Inc. directed to targeting the
Rosa locus may be modificd to utilize the CRISPR Cas systern of the present invention. Mcthods
of US Patent Publication No. 20130236946 assigned to Cellectis directed to targeting the Rosa
locus may also be medified to utilize the CRISPR Cas systern of the present mmvention. By means
of further exaraple reference 1s made to Platt et al. (Cell; 159(2):440-455 (2014)), describing a
Cas? knock-in mouse, which 18 incorporated herein by reference. The Cas transgene can further
comprise a Lox-Stop-polyA-Lox{LSL) cassette thereby rendering Cas expression inducible by
Cre recombinase. Alternatively, the Cas transgenic cell may be obtained by introducing the Cas
transgene 1n an isolated cell. Delivery systerns for transgenes are well known in the art. By
means of example, the Cas transgene may be delivered in for instance eukaryotic cell by means
of vector {c.g., AAV, adenovirus, lentivirus) and/or particle and/or nanoparticle delivery, as also
described herein elsewhere.

{00104] It will be understood by the skilled person that the cell, such as the Cas transgenic
cell, as referred to herein may comprise further genomic alterations besides having an integrated
Cas gene or the mutations arising from the sequence specific action of Cas when complexed with
RNA capable of guiding Cas to a target locus, such as for mstance one or more oncogenic
mutations, as for instance and without himitation described in Platt ¢t al. (2014), Chen et al,
{2014) or Kumar ct al.. {2009).

{B01¢5]  In some embodiments, the Cas sequence is fused to one or more nuclear localization
sequences {NLSs), such as about or more than about 1, 2,3, 4, 5, 6,7, 8,9, 10, or rnore NLSs. In

some embodiments, the Cas comprises about or more than about 1, 2, 3, 4,5, 6,7, 8, 9, 10, or
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more NLSs at or near the amino-terminus, about or more than about 1, 2,3, 4, 5,6, 7, 8,9, 10, or
more NLSs at or near the carboxy-terminus, or a combination of these {e.g. zero or at least one or
more NLS at the amino-terminus and zero or at one or more NLS at the carboxy terminus).
When more than one NLS is present, cach may be selected independently of the others, such that
a single NLS may be present in more than onc copy and/or in combination with one or more
other NLSs present in one or more copies. In a preferred embodiment of the invention, the Cas
comprises at most 6 NLSs. In some embodiments, an NLS is considered near the N- or C-
terminus when the nearest amino actd of the NLS is within about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30,
44, 50, or more amino acids along the polypeptide chain from the N- or C-terminus. Non-
limiting examples of NLSs include an NLS sequence devived from: the NLS of the SV40 virus
large T-antigen, having the amino acid sequence PKKKRKV{SEQ 1D NO: X}; the NLS from
nucleoplasmin (¢.g.  the  nucleoplasmin  bipartite  NLS  with  the  scequence
KRPAATKKAGQAKKKK) (SEQ ID NO: X3}, the c-myc NLS having the amino acid sequence
PAAKRVELD (SEQ ID NO: X or ROQRRNELKRSP(SEQ ID NO: X); the hRNPAT M9 NLS
having the sequence NOSSNFGPMEGGNFGGRSSGPYGGGGQYFAKPRNOQGGY(SEQ 1D
NO: X)), the sequence RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKDEGHKRRNY
{(SEQ ID NO: X)) of the IBB domain from importin-alpha; the sequences VSRKRPRP (8EQ 1D
NO: X and PPKKARED (SEQ 1D NO: X of the myoma T protein; the sequence POPKKKPL
(SEQ ID NO: X) of hurmnan p33; the sequence SALIKKKKKMAP (SEQ 1D NO: X)) of mouse ¢-
abl IV, the sequences DRLRR (SEQ} ID NO: X} and PKOQKKRK (SEQ ID NO: X of the
influenza virus NS1; the sequence RKEKKKIKKL (SEQ ID NO: X) of the Hepatitis virus delta
antigen; the sequence REKKKFLERR (SEQ 1D NO: X of the mouse Mx1 protein; the sequence
KRKGDEVDGVDEVAKKKSKK (SEQ ID NG: X) of the human poly(ADP-ribosc)
polymerase; and the sequence RKCLQAGMNLEARKTKK (SEQ 1D NO: X) of the sterond
hormone receptors (human} ghicocorticoid. In general, the one or more NLSs are of sufficient
strength o drive accumulation of the Cas in a detectable amount o the nucleus of a cukaryotic
cell. In general, strength of nuclear localization activity may derive from the number of NLSs in
the Cas, the particular NLS(s) used, or a combination of these factors. Detection of accunmlation
in the nucleus may be performed by any suitable technique. For example, a detectable marker
may be fused to the Cas, such that location within a cell may be visualized, such as in

combination with a means for detecting the location of the vucleus {e.g. a stain specific for the
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nucleus such as DAPD. Cell nucler voay also be isolated from cells, the contents of which way
then be analyzed by any suitable process for detecting protein, such as immunohistochemistry,
Western blot, or cnzyme activity assay. Accumulastion in the nucleus may also be determined
indirectly, such as by an assay for the effect of CRISPR complex formation {¢.g. assay for DNA
cleavage or mutation at the target scquence, or assay for altered gene cxpression activity affected
by CRISPR complex formation and/or Cas enzyme activity), as compared to a control no
exposed to the Cas or complex, or exposed to a Cas lacking the one or more NLSs.

{66186]  In certain aspects the 1ovention involves vectors, e.g. for delivering or introducing i
a cell Cas and/or RNA capable of guiding Cas to a target locus (1.e. guide RNA), but also for
propagating these components {e.g. in prokaryotic cells). A used herein, a “vector” is a tool that
allows or facilitates the transfer of an entity from one environment to another. It is a replicon,
such as a plasmid, phage, or cosmid, inte which another DNA segment may be inserted so as to
bring about the replication of the inserted segment. Generally, a vector is capable of replication
when associated with the proper countrol elements. In general, the torm “vector” refers to a
nucleic acid molecule capable of transporting another nucleic acid to which it has been linked.
Vectors include, but are not limited to, nucleic acid molecules that are single-stranded, double-
stranded, or partially double-stranded; nucleic acid wolecules that comprise one or more free
ends, no free ends {e.g. circular); nucleic acid molecules that comprise DNA, RNA, or both; and
other varicties of polynucleotides known 1n the art. One type of vector 18 a “plasmid,” which
refers to a circular double stranded DNA loop inte which additional DNA segments can be
inscrted, such as by standard molecular cloning techuniques. Another type of vector 18 a viral
vector, wherein virally-derived BNA or RNA sequences are present in the vector for packaging
into a virus {c.g. retroviruses, replication defective retroviruses, adenoviruses, replication
defective adenoviruses, and adeno-associated viruses {AAVs)). Viral vectors also include
polynucleotides carried by a virus for transfection into a host cell. Certain vectors are capable of
autonomous replication 1 a host cell into which they are introduced (e.g. bacterial vectors
having a bacterial origin of replication and episomal mammalian vectors). Other vectors {e.g.,
non-episomal maramalian vectors) are integrated into the gemorne of a host cell upon
introduction into the host cell, and thereby are replicated along with the host genome. Moreover,

certain vectors are capable of directing the expression of gencs to which they are operatively-
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linked. Such vectors are referred to herem as “expression vectors.” Corroon expression vectors
of utility in recombinant DNA technigues are often in the form of plasmids.

100107} Recombinant expression vectors can comprise a nucleic acid of the mvention in a
form suitable for expression of the nucleic acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory elerents, which may be selected on the basis
of the host cells to be used for expression, that is operatively-linked to the nucleic acid sequence
to be expressed. Within a recombinant expression vector, “operably linked” s intended to mean
that the nucleotide sequence of ioterest is hinked to the regulatory clement(s) in a manner that
allows for expression of the nucleotide sequence (e.g. in an in vitre transcription/translation
system or in a host cell wheo the vector 18 introduced nto the host cell). With regards to
recombination and cloning methods, mention is made of U.S. patent application 10/815,730,
published Septernber 2, 2004 as US 2004-0171156 Al, the contents of which are herein
incorporated by reference in their entirety.

{00108] The vector(s) can include the regulatory element(s), ¢.g., promoter{s}. The vector(s)
can comprise Cas encoding sequences, and/or a single, but possibly also can corprise at least 3
or 8 or 16 or 32 or 48 or 50 guide RNA(s) {e.g., sgRNAS) encoding sequences, such as 1-2, 1-3,
1-4 1.5, 3-6, 3-7, 3-8, 3-9, 3-10, 3-8, 3-16, 3-30, 3-32, 3-48, 3-50 RNA(s) {e.g.. sgRNAs). Ina
single vector there can be a promoter for cach RNA (c.g., sgRNA), advantageously when there
arc up to about 16 RNA(s) (c.g., sgRNAs); and, when a single vector provides for muore than 16
RNA(s) (e.g., sgRNAs), one or more promoter(s) can drive expression of more than one of the
RNA(s) {c.g., sgRNAS), ¢.¢., when there are 32 RNA(s) {c.g., sgRNAs), cach promoter can drive
expression of two RNA(s) {e.g., sgRNAs}, and when there are 48 RNA(s} {c.g., sgRNAs}, each
promoter can drive expression of three RNA(s) {c.g., sgRNAs). By simple arithmetic and well
established cloning protocols and the teachings in this disclosure one skilled in the art can readily
practice the invention as to the RNA(s) (e.g., sgRNA(s) for a suitable exemplary vector such as
AAV, aud a suitable promoter such as the Ub promoter, ¢.g., Ub-sgRNAs. For exarople, the
packaging limit of AAV is ~4.7 kb. The length of a single U6-sgRNA (plus restriction sites for
cloning) is 361 bp. Therefore, the skilled person can readily fif about 12-16, c.g., 13 Ub-sgRNA
cassettes in a single vector. This can be assembled by any suitable means, such as a golden gate
strategy used for TALE assernbly (www.genorne-cngincering.org/taletfectors/). The skilied

person can also use a tandem guide strategy to increase the wmurober of U6-sgRNAs by
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approximately 1.5 tumes, ¢.g., to increase from 12-16, e.g., 13 to approximately 18-24, e.g., about
19 U6-sgRNAs. Therefore, one skilled in the art can readily reach approximately 18-24, c.g.,
about 19 promoter-RNAs, e.g., U6-sgRNAs in a single vector, e.g., an AAV vector. A further
means for increasing the number of promoters and RNAs, e.g., sgRNA(s) in a vector is to use a
single promoter {e.g., U6) to cxpress an array of RNAg, ¢.g., sgRNASs separated by cleavable
sequences. And an even further means for increasing the number of promoter-RNAs, e.g.,
sgRINAs in a vector, is to express an array of promoter-RNAs, c.g., sgRNAs scparated by
cleavable sequences in the mtron of a coding sequence or gene; and, ju this instavce it 18
advantageous to use a polymerase 11 promoter, which can have increased expression and enable
the  transcuption  of long RNA o a tissue  specific  manner.  {see, e.g.,
nar.oxfordjournals.org/content/34/7/e53 short,
www.nature.com/mt/journal/vio/mnS/abs/mt2008144a html). In an advantageous embodiment,
AAVY may package U6 tandem sgRNA targeting up to about 50 genes. Accordingly, from the
knowledge in the art and the teachings in this disclosure the skilled person can readily make and
use vector(s), e.g., a single vector, expressing multiple RNAs or gundes or sgRNAs ander the
control or operatively or functionally linked to one or more promoters—aespecially as to the
numbers of RNAs or guides or sgRNAs discussed herein, without any undue experimentation.
{00109] The guide RNA(s), c.g., sgRNA(s) encoding secquences and/or Cas cncoding
sequences, can be functionally or operatively linked to regulatory clement(s) and hence the
regulatory element{s} drive expression. The promoter(s} can be constitutive promoter(s) and/or
conditional promoter(s) and/or induciblec promoter(s) and/or tissue specific promoter(s). The
promoter can be selected from the group consisting of RNA polymerases, pol |, pol Ii, pol Iif,
T7, U6, HY, retroviral Rous sarcoma virus (RSV}y LTR promoter, the cytomegalovirus (CMV)
promoter, the SV40 promoter, the dihydrofolate reductase prometer, the B-activ promoter, the
phosphoglycerol kinase (PGK) promoter, and the EF la promoter. An advantageous promoter 18

the promoter 1s UG,

{8011¢] Mice used in experiments are about 20g. From that which is administered to a 20g
mouse, one can extrapolate to scale up dosing to a 70kg individual. Tn another preferre

embodiment the doses herein are scaled up based on an average 70 kg individual to treat a
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patient i need thereof. The frequency of adroimstration is within the ambit of the medical or
veterinary practitioner (.g., physician, veterinarian), or scientist skilled in the art.

{68111}  In other embodiments, any of the proteins, antagonists, antibodies, agonists, or
vectors of the invention may be administered in combination with other appropriate therapeutic
agents. Sclection of the appropriate agents for use in combination therapy may be made by one
of ordinary skill in the art, according to conventional pharmaceutical principles. The combination
of therapeutic agents may act synergistically to effect the treatment or prevention of the various
disorders described herein, Using this approach, one may be able to achieve therapeutic efficacy
with lower dosages of cach agent, thus reducing the potential for adverse side coffects. In a
preferved embodiment, Huntington’s Disease 1s treated by use of an dentified modulator, as
described herein, in conjunction with a known treatment. Treating with a modulator by either
effecting its cxpression or by overcxpressing the protein may not completely alleviate symptoms.
Therefore, other drugs that specifically target the symptoms can be combined with that of a
rodulator. Ceuntral nervous system diseases are associated with oxidative stress as well as having
neurological symptoms that lead to both mental and physical abnormalities. A combination
therapy may be used to synergistically alleviate these symptoms. Antioxidants and Gpx mimetics
may be used wn cowbination with other known treatments when a wodulator 1ovolved
oxidative stress is identified. The antioxidant ebselen may be used at about 300 mg per day. Such
treatments may comprise Tetrabenazine, neuroleptics, benzodiazepines, amantadine, anti
Parkinson’s drugs and valproic acid. Tetrabenazine is used to treat Huntington's chorea
{uncountrolied muscle movements)y and can be given i doses of 12.5 mg orally weekly to a
maxinum dose of 37.5 to 50 mg daily. Preferably less than 25 mg is administered. In
combination, the dosage may be less than 12.5 mg. Neuroleptics arc used to treat psychotic
disorders and may be given in a dose of 10 to 200 vog dailly. Bevzodiazepives are used as
sedatives, hypnotics, anxiolytics, anticonvulsants and mmscle relaxants. They may be
admmunistered in doses of between 3 to 6 mg/day. Amauntadine is an antiviral medication and may
be used in doses of 200 mg/day, up to 400 mg per day. Valproic acid is used to treat various
types of seizure disorders and can be administered in doses of 5 to 60 mg/kg per day i divided
doses. In one embodiment of the invention, the medicament may further comprise but is not

iimotted to the following Parkinson’s drugs: levodopa, dopamine agomists, catechol O-
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rocthyltransferase  (COMT)  inlubitors, monoarsine oxidase B (MAO B) iohibitors,
anticholinergic agents, or a combination thercof.

{G0112] In another crobodiment, antibodies are developed that bind specifically to the
modulators using known methods in the art. In one embodiment the antibodies are polyclonal. In
another cmbodiment the antibodics arc roonoclonal. In onc cmbodiment the antibodies arc
generated against the full length protein. In another embodiment the antibodies are generated
against antigenic fragments of the modulators. In one embodiment the antibodies are produced in
sheep. In one cwmbodiment the antibodies are prodoced in rabbits. In one evsbodiment the
antibodies are produced in mice. In one embodiment the antibodics are produced in goats. In one
embodiment the antibodies are used to study central nervous systern diseases by staining tissue
samples. In one embodiment the antibodies are used to determine protein quantity.

{00113} In another embodiment, modulators of central nervous system diseases can be used
for diagnostic or prognostic screening. In one embodiment a modulator found to be synthetically
icthal when knocked down in the screening method, would be a positive prognostic marker of
disease outcorwne. In a preferred ewbodiment the wodulator is Gpxb. In ove embodiment a
modulator found to be synthetically lethal when overexpressed in the screening method, would
be a negative prognostic marker of disease outcome. In a preferred embodiraent the protein
expression of the modulator is determined. This may be performed with antibodies in western
blots or in tissue staining. In another preferred embodiment gene expression 18 deternuned. This
may be performed using microarrays, RT-PCR, quantitative PCR, or northern blot.

{G0114] The practice of the present vention craploys, unless otherwise indicated,
conventional techniques of immunology, biochemistry, chemistry, molecular biclogy,
microbiology, cell biology, genomics and recombinant DNA, which are within the skill of the
art,  Sece Sambrook, Fritsch and Maniatis, MOLECULAR CLONING: A LABORATORY
MANUAL, 2Znd edition (1989}, CURRENT PROTOCOLS IN MOLECULAR BICLOGY (F. M.
Ausubel, ef al. eds., (1987)); the series METHODS IN ENZYMOLOGY (Academic Press, Inc.):
PCR 2: A PRACTICAL APPROACH (M.J. MacPherson, B.D. Hames and G.R. Taylor eds.
{1995)), Harlow and Lane, eds. (1988) ANTIBODIES, A LABORATORY MANUAL, and
ANIMAL CELL CULTURE (R.1. Freshney, ed. (1987)).
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{B6118] The practice of the present imvention oemploys, unless otherwise indicated,
conventional techniques for generation of genetically modified mice. See Marten H. Hoftker and
Jan van Deursen, TRANSGENIC MOUSE METHODS AND PROTOCOLS, 2nd edition (2011).
{66116]  Although the present invention and its advantages have been deseribed in detail, it
should be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined in the appended claims.

{80117] The present invention will be further illustrated in the following Examples which are

given for dlustration purposes only and are vot mtended to limat the mvention in any way.
Examples

Example {

Differential Gene Expression Profiling and Pathways Analysis

{60118] This example describes cell-type specific molecular profiles of cell populations
during normal mouse brain aging and normal age-associated wolecular pathways m various
neurodegencrative discase-relevant cell types (Figure 1 and Tables 1-8). Applicants ernployed
the translating ribosorue affinity purification {TRAP) methodology (Hetman et al., (20083 Cell
135{4).738-748, Doyle et al., (2008} Cell 135(4):749-762} to create celi-type specific molecular
profiles of cell populations during normal mouse brain aging. Mice aged 6 weeks or 2 vears and
6 weeks from the Drdl::EGFP-Li0a or Drd2:EGFP-L10a Bacterial Artifical Chromosome
{(BAC) transgenic lines (n=4 cach group) were decapitated and brain tissuc was imroediately
dissected and used for TRAP RNA purifications as previously described (Heivoan et al., (2008).
RNA was used to interrogate Affymetrix Mouse Exon Chips (Affymetrix, Santa Clara, CA) after
amplification using the NuGEN Ovation protocol for probe preparation (NuGEN, San Carlos,
CA). Genes differentially cxpressed across aging were identified as previously described
{(Hetman ct al., (2008), Heirnan ct al, {2014} Nat Protoc. 2014;9(6):1282-91) using Weleh’s t-
test. Applicants defined significantly differentially expressed genes as those having any probe-
sets with > 1.2-fold change and a Benjarnini-Hochberg adjusted p-value from Welch's t test of <
(.05, For each comparison group, the set of statistically significant differentially expressed
genes, independent of magnitude of change, was compared against the Wikipathways gene scts
to compute overlaps. Statistical significance of gene set overlaps was assessed by a

hypergeometric test.
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{86119] Results. Each cell type displayed a unique pattern of gene expression changes that
was associated with aging {(Tables 1-4 and Figure 1), Only 5 genes, including 2 pscudogenes,
displayed altered expression with aging in all cell types (Tnnt2, GmS425, Rnd3, Pisd, and Pisd-
ps3}, indicating that there is not a general aging program across these cell types studied, but
rather that even closely related cell types show distinet molecular changes during normal aging.

$8120 Pathwavys analysis of genes whose expression was altered revealed several molecular
] Y ¥ B

which displayed the wost mumber of altered gene pathways during aging, “glutathione~mediated
detoxification” and “‘glutathione redox reactions” were amongst the top gene pathways altered
with age (including the genes Gstal, Gstad, Gstml, Gsimb, Gpxl, Gpx2, and Gpx6). Oxdative
damage has long been linked to aging (Harman et al., 1936). Given that oxidative damage to
DINA, proteins, and lipids have all been reported to incrcase with age 1o the brain {(Mecocei et al,
{1993} Annals of neurology 34(4):609-616; Dei, Takeda, et al., (2002} Acta neuropathologica
104(23:113-122; Snuth, Camney et al, (1991) Procecdings of the National Academy of Sciences
of the USA 88(23):10540-10543), the increases to glutathione-dependent enzymes reported here
likely reflect a homecostatic neuronal response to increased oxidative damage in this ccll

population.
Example 2
Synthetic Lethal Knockdown Screen For Genes Enbancing Huntingtin Texicity

{66121] This cxample describes results of the SLIC genetic screening platform used i the
rammalian nervous system. The SLIC screening platform utilizes individual neurons in a brain
region as a genetic screening vehicle, as opposed to one mouse being used as a screening vehicle
{(Figure 2). Specifically, genes were sereened for synthetic lethality in a Huntingtorn's discase
mouse model that, when knocked down, would enbance mutant huntingtin toxicity. R6/2 mice
{Mangiarini et al, (1996} Cell R87(3):493-506) or control littermates & woeks of age were
avnesthetized with a mixture of ketamine (Putney Inc., Portland, ME) and xvlazine (Lloyd Inc.,
Shenandoah, 1A} and mounted on a Leica (Solms, Germany) mouse stereotaxic frame in a flat-
skull position. Viral pools of lentiviruses carrying barcoded short hairpin RNAs (shRNAg) were
injected bilaterally into mouse striata of discase and control littermates. One microliter of the

barcoded lentiviral pools was injected at cach of the following four coordinates (in mra relative
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to bregma, sagittal suture and dural sarfacey AP=0.3, L=2, DV=-37; AP=03, L=-2, DV=-37;
AP=0.9, L=17, DV=-33; AP=0.9, L=-1.7, DV=-33. The lentiviruscs carrying barcoded short
hairpin RNAs (shRNAs) mcluded 96 shRNA elements for the screen (Table 9), which included a
positive control shRNA, negative control shRNAs, and experimental shRNAs that targeted 24
genes, with an average of 3.4 hairpins per gene. The 24 target genes were selected due to their
high magnitude change in the aging TRAP study described in example 1 or clse a previously
reported link to Huntington’s discase.

[B0122]  Two days, four weeks, or six weeks after lentiviral injections, roice were sacrificed
and brain tissuc was processed for genomic DNA cxtraction using a Qiagen kit (Qiagen, Hilden,
Germany). Hlumina sequencing and deconvolution were performed as previously described to
determine lentiviral barcode representation {Ashton, Jordan, et al, 2012). (See also:
http://www broadinstitute.org/rnat/public/resources/protocols). Significance of screcn results was
calculated with the RIGER software as previously described {Luo, Cheung, Subramanian, et al.
(2008}, (Sec also: http//www . broadinstitute org/cancer/software/GENE-E/}.

[60123] Results. Based on test injections, Applicants calculate that up to 2.8 x 107 striatal
cells are targeted per mouse (Figure 3}, and that over 80% of viral-transduced cells are neurons
{Figure 4}. Comparison of viral barcode representation in the wild~type control (non~model}
mouse striatal samples at 4 wecks versus 2 days revealed that the positive control lentivirs,
carrying an shRNA targeting the Psmd?2 gene product {a proteasomal subunit, depletion of which
is expected to lead to cell death}, was greatly reduced in representation, while negative controls,
which have no expected target in the mouse genome, were not reduced 1n representation (Figure
5A}). ShRNAs that led to enhanced cell death in R6/2 mice and not control mice revealed genes
that display synthetic lethality with mmitant huntingtin. Comparison of the R&/2 Huntington’s
disease model wtce versus control littermates at the 4 and 6 weeks experimental time-points
revealed that all shRNAs targeting Gpx6, a ghitathione peroxidase that by homology is predicted
to detoxify H202 to water, dewoustrated synthetic lethality with mutant huntingtin (p value =
(.0036 at 4 weeks of incubation; p value = 0.0321 at 6 weeks of incubation) (Figure 5B and 5C
and Tables 10, 11, and 12). No other targeted gene displayed statistically significant synthetic
lethality at either screening time-point. Importantly, other shRNAs that affected general health of
cells did not cxhubit synthetic lethality with mutant huntingin, and were lost approximately

equally in both R6/2 mouse brain and controls (Figure 5B).
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Example 3
Gpx6 Function and Expression

{86124] This example describes Gpx6 function and expression. Applicants assessed Gpxé
distribution across brain region and age. Gpx6, high-titer adeno-associated virus serotype 9
{AAVY) was used to overexpress FLAG-tagged Gpx6 or the TRAP construct {control) in the
striatum of the R6/2 model and control mice by bilateral injection at the following coordinates:
AP=0.6, L=1.85, DV=-3.5; and AP=0.6, L=-1.85, DV=-33, AAV was used with a titer of about
2 x 10" viral genomes/milliliter, and each of the striatal hemispheres received one 500 nanoliter
injection in the Gpx6 over expression study. Virus vehicle was cither phosphate-butfered saline
or Hank’s Balanced Salt Solution. Mice were 6 weeks of age upon injection with the AAVS
construct, and were tested i an open ficld assay at two weeks post injection. In a separate series
of experiments, mice were also injected with AAVY, at the same coordinates, but with ong
striatal hemisphere receiving the FLAG-tagped Gpx6 AAV9Y and one striatal hemisphere
recetving the TRAP construct {controly AAV9. These roice were perfused for indivect
immunofluorescent staining at two weeks post injection.

{B61258] Results. Apphicants found that Gpx6 expression is down-regulated in the brains of
Huntington’s disease model mice (Figure 6). Applicants also found Gpx6 to be highly expressed
in the olfactory bulb, striatum, and frontal cerebral cortex (Figure 7) and, confirming the TRAP
results in example 1, observed that Gpx6 expression increases with age (Figure 8). Over-
expression of Gpx6 showed a therapeutic effect on phenotype progression in & Huntingtorn's
disease wouse model. Two weeks after viral 1njection, Applicants observed a dramatic rescue of
open-field motor behavior in R6/2 mice, but no effect of viral transduction on motor behavior in
wild~type rorce {Figure 9A). Finally, analysis of a molecular marker of Huntington’s disease
progression, loss of DARPP-32 striatal cxpression (Bibb et al, (2000} Proceedings of the
WNational Academy of Sciences of the USA 97(12):6809-6814), revealed that Gpx6 over-

gxpression also increases DARPP-32 expression in the R6/2 model (Figure 9B).
Example 4
Effects of Gpx6 Overexpression on Parkinsen’s Disease Medel Phenotype Progression

{00126] This cxample describes a decrease in phenotype progression in a Parkinson’s disease

mouse model after overexpression of Gpx6. Based on the ability of Gpx6 overexpression to

65



WO 2016/069591 PCT/US2015/057567

delay the emergence of several Huntington’s disease phenotypes in mouse models of the disease,
Applicant’s tested the cffects of Gpx6 overexpression on a8 mouse model of Parkinson’s disease
(PD). The PD model overexpresses human alpha-synuclein that contains two PD-associated
mutations, A30P and AS3T (The Jackson Laboratorics stock # 008239}, Starting at 2-3 months
of age, these PD model mice are hyperactive, but then start to show a reduction i activity at
approximately 16 months of age. In order to test the effect of Gpx6 overexpression on the
discase course in this mouse meodel, Applicant’s injected mice at 6 weeks of age with a control
{TRAP construct or Gpxd overexpression virus, allowed the mice to recover, and aged them to a
time-point where it would be expected to see a behavioral phenotype. The data shows that Gpx6
overexpression has a therapeutic benefit in this mouse model of PD, as Gpx6 overexpression

reduced the hyperactivity seen at this age in this PD model (Figure 10).
Methods

166127]  Animal Usage. All amimal cxperiments were conducted with the approval of the
Massachusetts lostitute of Technology Antmal Care and Use Comunitiee. Mice were housed with
food and water provided ad fibitum. Experiments were conducted with Drdi i EGFP-Lila or
Dvd2: EGFP-Li0a Bactenial Artifical Chromosome (BAC) transgenic (Heiman et al,, 2008),
aduit {6 wecks old and 2 years, 6 weeks old} female mice on the CS7BL/6J strain background, or
with R6/2 model mice (Mangiarimt ¢t al, 1996} (B6CBA-Tg{HDexon!)62Gpb/1J, Jackson
Laboratory stock #002810) at 5-12 weeks of age.

[00128] In viire Validation of Lentiviral Kunockdown Efficiency. HEK293T/17 cells
{ATCC, Manassas, VA} were grown in Dulbecco’s Modified Eagle Medium (lnvitrogen,
Carisbad, CA) supplemented with 10% (vol/vol} heat-inactivated fetal bovine serum (Invitrogen,
Carlsbad, CA) and transfected with FLAG-tagged Gpx6 over-expression coustructs {Origene,
Rockville, MD} using the FuGENEGHD reagent (Promega, Madison Wi following the
manufacturer’s instructions. Oune day after transfection, cells were transduced with Gpx6-
targeting shRNA lentiviruses, and cell lysates were prepared for standard Western blotting two
days later by lysing cells directly in Western blot sample butter,

{66129] Indirect Immunofluorescent Staining. Mouse brain tissue was prepared and stained
as previously deseribed (Heiman et al., 2008), using the following primary antibodics: DARPP-

32 (Celi Signaling Techuology, Beverly, MA, antibody19A3, 1:1,000 dilution), GFP {Abcam,
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Carobridge, England, antibody ab6556, 1:5,000 dilution), NeuN (1:100 dilution}, and GFAP
(1:1,000 dilution).

{00130} Lentiviral Library Preparation. Lentivirus was prepared and pooled as previously
described (Root, Sabatini, et al., 2006). Lentivurs was concentrated by centrifugation at 20,000 x
g through a 20% sucrose cushion in a SW32T1 rotor (Beckman Coulter, Inc., Pasadena, CA),
using an Optima L-90K centrifuge (Beckman Coulter, Inc., Pasadena, CA}, and resuspended in
Hank’s Balanced Salt Solution (HBSS) to an approximate titer of 5 x 105 functional particles/ul
before stereotaxic mjection.

{¢6131] Open Field Behavioral Testing, Mice were placed in a non-illuminated open field
platform (19 1o length x 20 10 width x 15 in high; with 16 mfrared beams cach in the X and Y
axis} housed within an environmental control chamber (both from Uranitech Electronie, Inc,
Columbus, OH) during the first half of their light phase. Activity measurements captured by
infrared beam breaks were collected in 10 min intervals, for a total of 60 min.

{00132] Quantitative PCR. RNA was purified from aged and control mouse brain tissue
using the RNeasy Lipid Tissue Mini Kit (Qiagen, Hilden, Germany). Complementary cDNA was
produced using the SuperScript I kit (Invitrogen, Carisbad, CA). Alternatively, to profile gene
expression across brain regions, a commercially available mouse brain ¢cDNA pancl was used
{Zyagen, San Diego, CA). Quantitative PCR was performed with 100 ng of ¢cDNA, Tagman
reagents and primers (Invitrogen, Carlsbad, CA), and a LightCyclerd80 (Roche, Basel
Switzerland). Tagman primers used were as follows:

TagMan Gene Expression Assay 1D Mm00607939 sl, Gene Symbol: Actb, nCG23209
TagMan Gene Expression Assay [D: MmG0513979 _m1, Gene Symbol: Gpx6

{66133] Generation of a Gpx6 Polyclonal Antibedy. As no commercial antibody that is
specific for Gpx6 s available, Applicant’s developed a rabbit polyclonal antibody to Gpxé
Covance {Denver, PA}.  Two pelyclonal antibodies have been raised in rabbit hosts, each
targeting the Gpx6-specific peptide “SDIMEYLNQ” (Seg ID No: 1} The antibodies are peptide
affinity purified.

o
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adjusted p-values
striatal mediumm spiny neurons at 2 years and 6 wecks of age,
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Table 1.
< (1.05) of at least 1.2~
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Genes with significant changes (Benjamini-Hochberg

fold up or down in Drdla-cxpressing

as cornpared to 6

Gene 1D p value p value Fold Regulation | Gene Symbol
{corrected) change
{abso 'u‘c)

689952020194 004976691 S.158-04  § 28210127 {up 5100al0

TO231321236604 | 0.003987592 S.61E-07 ’.’..36439(}6 up Pisd-ps3iPisd-psi
6761823265109 | 0.003987392 3.56E-07 | 23027277 1 up DpplQ
6981113183436 0031347697 172B-04 | 2.278604 up Plekba2
688667874194 0020062922 S.50E-05 | 22697477 | down Rod3
6841712[320712 | 9.013143726 1.24E-G5 | 2.2293866 | up Abi3bp
685053427226 0007663706 S.O2BE-06 1 21952941 i up Pla2g7
6753402121956 0007663706 5.44FK-06 | 21893516 1 up Tuni2
677751073614 0014433213 1.93B-05 | 2.15296 up Trak3
7013389237010 | 0.015460879 3. 21512105 1 up Kihi4

676807512140 (0.026665783 1. 2.069984 down Fabp?
6%06”011 010 $.0050G5356 1.24B-06 | 2.0678577 | up B2m

701752014396 0024065567 QOIE-05 1 20567203 1 up Gabra3

6967593110886 | 0.034732584 2200-04 | 2.0417027 | down {3abras
6861441328971 | 0.016631078 370805 |} 20326183 | down Spiuki0
686020493890 0017962048 4.52E-05 | 20307233 | down Pedhble

676413318611 0.005005336 1.92E-G6 | 2.0271978 | up Pealla
6900456157257 $.024065567 8.94E-05 1.9663387 | up Vav3
6957263]12444 0.007264868 4.09E-06 1.9645411 | down Cond2
6937190762313 | 0.005005356 2.30E-06 19601252 | up PisdiPisd-ps3//Pisd-ps3|Pisd-psl
2320951
6937190762313 | 0.005005356 2.30E-06 19601252 | up PisdiPisd-ps3//Pisd-ps3|Pisd-psl
266776

676847913654 (.034732584 2. 20F-04 1.9502792 | down Fgr?
6586017093877 $.04976691 4.838-04 1.9439118 | up Podhbs
6869570[74055 0.005005356 2.46E-06 1.9408888 | up Plcel
6824307167419 0039366398 2.78E-04 1.8852826 | up 3632451006R1k
691989569352 $5.013143726 1.578-05 1.859933 up Necab!
G953887]18375 0.031307697 1. 66E-04 1.8485277 | up Pdeic
6919417252838 | 0.014433213 2.52B-05 1.8419087 | up Tox
6879646[12509 0042373077 3.298-04 L7996722 | up Cd59a|Cds9b
6879646333883 | (1.042573277 3.20E-04 1.7996722 1 up Cd59alCd59%
6758223166297 0.007663706 5.93E-06 1.7777925 | down 261001 7109R ik
680520075512 0013143726 1.556-05 17739272 | up Gpxb
691930456711 004630302 4.23E-04 1.7644563 | up Plagl
T014941]55936 0014433213 2.28E-03 1.7513621 | up Cips2
6766409|52906 0014433213 2.54E-05 17504913 §up Ahil
6832146[105850 | 0.024065567 8.76E-05 1.744539% | up Csds2
679149473635 0013143726 1.39E-03 1.735179 down Rundei|i7001 13122 Rik|Aarsd]
6830852,683607 | 0.016631078 3.86E-05 17265527 § down 9530014 A ISRIKFam84b///FaraB4b9930014
S[320469 Al8Rik
6830852,683607 | 0.016631078 3.86E-05 17265527 § down 9530014 A ISRIKFam84b///FaraB4b9930014
9399603 Al8Rik
6837848[54526 0047644805 4.56B8-04 1.7124188 | up Syl
G805383,08116% | (.014433213 2. 18E-05 1.708725 down Hist 1 h3biHist 1 h3ciist1h3diHist 1 h3elHist1h
71319148 3biHist3h31/Histih3bHistih3oHist 1h3djHi

stih3eHistih3Hist th3hHistih31

686018893885 0024065567 3.958-05 17023137 | up Podhbl4
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6989222112903 (1.027466808 1.16E-04 1.7015634 down Crabpl
5834890[56274 0,024065567 5. 708-05 16806167 | up B3
6784587]11421 0.017562048 4.80E-05 1.6855602 down AcelAcel
6784587217246 | 0.017962048 4.80E-05 1.6859602 down AcelAced
H843811[74720 0.043797355 3.74E-04 1.6742324 down Tmemlid
701522911856 0.041084405 3.00E-04 1.66966 up Arhgap6
6908528]114301 | 0.039366398 2.81E-04 1.6680608 down Palind
6809522203365 0.013143726 137805 1.6645965 down Serfl
6838460{72393 0.024065567 7 .84E-05 1.6563784 | up Faim?2
6978855156513 0.03619993 2.44E-04 1.6498938 down Pardba
68690638[77125 0.04976691 5.038-04 1.645941 up 1133

G768261,687613
2432466

0.031307697

H
i

JTSE-04

1.6448121

up

OmS424|Ass 1/ AssT[GmS424

G768261,687613
8(11898

0.031307697

F75E-04

i

1.6448121

up

OmS424|Ass 1/ AssT[GmS424

679267930951 0.015102888 2.80E-05 1.6424714 down Chx8
6759997120254 (.015102888 2.8TE-OS 1.6344112 up Scg2
695513794282 0.023366889 7.06E-05 1.6341208 down 3fkns
G781933276920 | 0.04635039 4.37E-04 1.6271018 | up Codedl
6833311115370 0.04976601 5.26E-04 1.6136416 down Nr4al
6805360319181 | 8031008814 1.508-04 L.6O91015 down HistthZbg
6799173217410 | 0021131802 6.24E-05 1.6087055 down Tuibl
6850191115937 0.021131802 6.23E-05 1.6082655 up ler3
6954572]104263 | 0.031335603 1.87E-04 16013699 up Kdm3a
Go039831241919 | Q.008627407 7 28E-06 1.5909182 up Slc7al4
6874631116522 0.039366398 2.82E-04 1.3771G69 up Phavh
6755757]72878 0.043715313 3.67E-04 1.5758797 down “nih3
1.5734

GROS255,680527
3,6805370/6302
4

(.033335603

X

1.79E-04

down

Gmi1277[Gm13646[HistihZbe
t1h2Zbk{Hist I h2bi{Histih2bmy//H
1hZbe[Hist I h2bk|Gm11277{Gmi3
hZboiHist1h2bjHist1h2bk|Gmi 12
46

Ih2bjiHis
h2bjiHist
646///Histl

7iGmi36

0.017562048

4

S3E-05

6756790[17864 1.5719444 | up Mybll

6834 108]1256: (.025328478 9.97E-05 1.5705953 | down Cdho

6815437238799 | 0.042669825 337804 15662972 1 up Topol

600021111854 0014433213 2.43F-05 1.5643754 1 up Arat2

690040499730 (.024065567 7.ISE-05 1.5643417 | down Tafis

6805255,680527 | 8031307697 1.76B-04 1.5641509 | down Gmi1277Grul3646|HistTh2belHist 1 h2bjilis

3,6805370,6811 t 1 h2bkiHist1h2blHistth2bm///Hist h2bjiHist

533665622 1h2bc[Hist1h2bkjGmi 1277{Gm 13646/ Hist!
h2beititst ThZbiHist1 h2bkGm 1 12771Gm 136
46///Gm11277|Gm 13646 Hist1h2biistihb
k

GBOS255,080527 | 0.031307697 1.76E-04 1.564150¢ | down Omil1277/Gm13646|Hist1h2beiis

3,6805370,6811 11 h2bkiHist th2bl|HistTh2bm//7E

533}665596 1hZbe[Hist I h2bk{Gm1 12771Gm 3646/
hZboiHist 1 h2bjHist1h2bkGm 1 1277\Gm 136
46///Gmi1277|Gm1 3646 Hist 1n2hj|Hist1h2b
k

6805255680527 | 0.031307697 1.76E-04 1.3641509% | down Gmii277/Gm13646[Hist1h2bciHist h2bjHis

3,6805370,6811 t1ZbkiHist1 h2bl|Hist1h2bny//Hist] h2bjHist

533319183 Th2belHist1 2ok |Gm 127 7i0mi 3646//Histl
h2beHistth2bjHist I h2bKGm{277iGm 136
46///Gm11277|Gm13646Hist 1h2bjHistih2b
k

6805237680535 | 0.027739117 1.27E-04 1.559949% | down HistIh3hHisth3b[Histih3dHistih3eHistih

7.6805383,6811
531,6811697,68
117021315152

3giHistiB3iHistih3a//Hist1 h3biHist 1h3d|Hi
stih3efHistih3glHistih3h[Hist1h3i/Hist1hd
bltistih3ciHist 1h3d|{HistTh3efist Th3hHist
h3i///Hist1h3ijHist1h3bHist1h3d|Hist1 h3e{H
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ist Th3 o HstTh3h//HistTh3biHist 1 h3¢|Hist1h
3dHistth3eHist1h3fHist1h3h[Hist1h31/His
t1h3aHist1h3b{Hist1h3dHist I h3e|Hist1h3g|
Hist1h3hiHist1h3i

6791641]14580 0.024065567 7.86E-05 1.5587983 | up i
6808237, 680335 | 0.042669823 3.518-04 15567741 down
7 6%5364 L6803
83,6811531,68 //Hml h3
1]6 7,6811702 //f'Hlbﬂh%IHM
319150 st1h3hiHist1h3i//
istih3b|Histl stih
3piHist {h3k) fHist1h3bHistih3ciHist 1h3
Qtlh%l}{s”h {IHistth3hiHist 131/ Histih3a
[Hist h3biHist 3 dHistTh3eHist th3 gitist 1}
3hiistthds
6835237,680535 | 8.042659825 3.518-04 1.5567741 down Hist
7,6805364,6805 IEIM i
383,6811531,68 ":IHNE "llHl‘s\M])‘U/’Hlbﬂ h3
116976811702 , mtlh;c|H1bt‘-lﬁ 1/1/H19t1113 \|H19t
319149 | i
3 i«-lh‘-blﬂm %dlﬁhsi}h i
3 lh‘-h///Hsth%ﬁlﬂxsﬂhlcl i ’%dlﬁh
stlh&:,l ist ih3fiHist1h3hHist1h3i//Histih3a
[Hist1h3bHist1h3d[HistIh3eHist1h3giHistlh
3hHistihld:
6805237680535 | 0.042669825 3.51E-04 1.3567741 down HistIh3hHist1h3b[Histi h3dHist {h3eHistih
7,6805364,6805 3giistin3iHistTh3a//Hist 3 bHist Th3d4Hi
383,6811531,68 stih3e[Hist th3glHistTh3h/Hist1h3 v/ Hist1h3
11697,6811702i biHistih3d st th3e|Hist1h31//Bist1h3bHist
319153 Ph3cHist IhadHistth3eHist th3hiHist th3y//
Hist1h3iHistTh3b|Hist1 h3d[Hist1h3eHistih
3giisti3h//Hist1 3 b[Hist 1 h3cHist 1h34{Hi
stih3e/Hist ThadHist1 h3b st h31/Histih3a
[Hist1h3biHist1h3d[H: bfth(_ Hist1h3giHistlh
3hHistlh3i
6805255680527 | 0.031335603 1.87E-04 1.555105 down Gmi277[Gm13646[HistihZbe| {h2bjiHis
0,6805273,6805 t1h2Zbk{Hist 1h2bl|Hist1h2bmy//Hist th2bk///H
370,6811533)31 ist1h2bjiHist 1hZbe|Hist1h2bk|Gml 12‘77|Gm
9184 i o// Histl Uh\iﬁxbﬂh/hl}im h2bkGm1
1277)1Gm13646//Gm12770m i 3646/Hist 1h
2bjiHist1h2bk
6971344}66422 0025328478 1.5520357 | down Detppl
GR05746]17035 0.043715313 1.5490541 { up Lxn
6764526169726 (.04630302 4.30E-04 1.5490206 | up Smyd3
677852856418 0.027466808 1.16E-04 1.5428835 | down Ykio
6769343,677353 | 0.014433213 2.54F-05 1.5391593 | down TdgiGm9855|GmS806
7,686853316247
84
6769343,677353 | 8.014433213 2.54B-05 1.5391593 | down TaglOmo855|GmS5806
7,6968533154531
24
GBO5358,681168 | (1017464902 417505 1.5370511 down Histl b3 {istih3e//Hist1h3bjHist th3ciHist]
1,681169712604 h3diHist1h3e|Histih3fiHist th3h|Hist1h31
23
6785684380684 | 0.031875465 1.93E-04 1.5352144 | up Neth
6771301326618 | 0.024065567 9.03F-05 1.5304857 | down Tpmé
6972181115461 0021131802 6. 21E-03 1.5240446 | down Hrasl
6910642229949 | 0.04635039 4.34E-04 1.5222185 | up AkS
G765343,677353 | 0.015450879 3. 15H-03 1.518443 down TdgiGmO&5S|GmS806//GH8A2Tdg

7,6775518,6968
533121665
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6808209194069 (.027553148 1.20E-04 28382 | down

6835237,680535 | 8.047644805 4.54E-04 1334 | down ist1h3elHistih

7,6805358,6805 st Hist1h3d|HI

364,6805383,68 stih3e] . Ph3h|Histih3i/Hist1h3

11531,6811681, fiHistIh3e///His {Histih3d{Hist h3e{Hist

681169768117 1h31//Histih3b|Hist1h3c[H d|Histih3e]

21319151 HistTh3hHist 31/ st 31 Hist Th3b[Hist]
hi3diHistl h3eHistTh3giHist1 h3b/ ’}L\ﬂhgbl
Histth3c|Hist1h3dHistth3eHist1h31] ih
3hHistIh3y//Histih3a{Hist h3bHist th3d[Hi
stih3elHist 1h3glHist1h3h|Hist1h3i

£893532/12162 0.049941193 5.37E-04 1.5053798 | up Bup7

6918705230904 | 0.03619993 2.478-04 L3QIRO2Z | up Fbxo2

6845130106264 | 0.015830854 3.34E-05 1.4911728 | down 061001 2G03R K

6747641240725 | 0.03460012 2.17E-04 14901471 | up Sultl

6803245681168 | 0.04976651 5.26E-04 1.4885166 | down Histth2bn///Hist1h2beHist1hleHist1h2bn

6319187

6860198933887 0042669825 3.35E-04 1.4877453 | down Podhblé

6819244[128%1 0.04196097 3 I5E-04 1.4872487 | up Cpnet

6764011107652 | 0027358634 1.24E-04 1.4826605 | down Uapl

6770160]67603 0031335603 I.84E-04 1.480635 down Duspb

6733280198710 (1.043797355 3.76E-04 1.4792016 | down Rabif

H922649166928 0031307697 1.58E-04 1.4790272 | down 3110001 DO3RIKLOCIR04R7

6922649280487 | 0031307697 i.58E-04 1.4790272 | down 3110001 DO3RIKLOC280487

6748437170771 | 0.031851 167 1.95E-(4 1.4753839 | up Khdrbs2

6840052,690220 | 0.03595298 2.358-04 14658682 | down GugS[Gm3150//Gngs

4114707

H966985(12028 $.04630302 4.238-04 1461731 OWR Bax

6984485114255 | 0.027553149 i.18E-04 1.458611 down Dok4

6995258121345 0.031367697 1.68E-04 1.4537994 | down Tagin

594887[72828 $.027249040 LILE-04 14510411 down Ubash3b

687127720867 0.04630302 4.13E-04 14369333 | up Stipl

6769617167282 (.024065567 9.14E-05 1. 4348613 down CedeS3

6765129116526 $.024065567 8.74E-05 down Kenk?2

698733123988 0.04630302 4.24E-04 . 5 down PinlPinil

6987331241593 | 0.04630302 4. 241* 04 4327555 | down PinfiPinll

6878655]16410 0027358634 1.2 14282677 | up ligayv

G73588(53333 003698042 2. 1.4254423 | down Tommd

6860259171302 0.04976691 5. 321* 04 1.42541 up Arhgan26|GmS82019630014M24Rik

6860259|545253 | 0.04976651 5.328-04 1.42541 up Athgap26[Gru382019630014M24RIL

6860259381155 | 0.04976691 5.32FE-04 1.42541 up Arligap26|GmS82019630014M24Rik

6768155119156 0.04976601 4.95E-04 1.4248804 | up Psap

6913531166536 0.04196097 3.19E-04 14231335 1§ down Nipsnap3b

6885447198766 0043715313 3.69E-04 1.4147362 | down {'bacl

698565516653 1 0031335603 1.81E-04 14146156 | down 2310061C15Rik

684432127883 0.04976651 4.92B-04 14115212 | down D16H228680EMirl 85iTrmt2a

6844321387180 | (.04976691 4.92E-(4 14118212 | down DI6H228680EM 185 Trmt2a

6905143167890 0.031307697 1.74E-04 1.4102932 | down Uimli

6823041112325 0028634837 P.33E-04 1.4102247 | up CamkZelUsp54

6951200166184 (1.032929324 2.04E-04 1.4087964 | down Rpsdv2

696307869752 $.04976691 4.84E-04 14064848 | down Zip5ii

6821431,698987 | 0.028811546 1.38E-04 14051728 | down Uchl3|Uchl4///Uchi4{Uchi3

3150933

6821431,698987 | 0.028811546 £.38E-04 14051728 | down Uchl3[Uchl4///Uchi4{lUchi3

393841

695503427369 0.03619993 2.43B8-04 1.403868% | down Dguok

683506570790 (.03595298 2.38E-04 14013983 | up LUbrs

6953587154353 0.042669825 3.418-04 LAGI0LIS {up Skap2

6941761207565 | 003565258 2.34E-04 1.390374% | down Camkk?
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686691968731 | 0.04196097 308E-04 | 13859538 | down 111003241 3R ik
6%5(6917‘?564 0. (‘:45)7941 4.010-04 | 13830876 | up Rsphd
67958301238747 | 0.041560 30E-04 | 13828267 | up Aridda
6754526]; 73%4* O R T S up Ankrd4s
584555976516 | 0.04976691 507604 | 13761423 | down 4930455C2 1Rk
6821306]110911 | 0.04550051 3.93E-04 | 1358163 | up Cds2
6916947/170638 | 0.041004203 | 2.97E-04 | 13532506 | up Hpcald
65\:3“4| 7011 | 0042669825 | 342004 | 13496869 | down Metils
678752514406 | 004630300 4205-04 | 1.3473492 | up Gabrg2
6845459207227 | 0.04976691 531E-04 | 13440369 1§ up Stxbpst
6765596106084 | 0.04976691 5228-04 | 13427887 | down Raund1{Gm3s32
(765596433224 | 004976651 S20KE-04 | 13427882 | down Rmud | [Gm35512
5881100.688110 | 0.04636302 410E-04 | 13219867 | up Zc3h6
178751
{B6135] Table 2. Genes with significant changes {Benjamini-Hochberg

adjusted p-values < 0.05) of at least 1.2-fold up or down 1n Drd2-

CXPTESSIng

striatal medinm spiny neurons at 2 years and § weeks of age, as compared to 6

weeks of age.

D2 Sirimtumiixt

Gepne 1D p value p valae Fold Regulation Gepe symbol
{corrected) change
{absoiute)
6813284113488 1.10E-04 7.73E-09 5.3255243 | up Drdla
686017 1 40E-04 1.18E-07 4.5493364 | up Pedlbs
880670112010 5.821-04 1. 158-06 4.148419 up BZm
6879087 1.40E-04 1.06E-07 3.5000043 | up Chrméd
6877229116519 1.40E-04 1.158-07 31247575 {up Ken3
690553022 2 28E-04 2.418-07 3.0322802 | up Gprl49
67476411240725 2.288-04 2.448-07 29879596 | up Sulfl
6764133118611 4.328-04 6.078-07 29562507 1 up PealSa
6998397122041 0.007923391 | 5 85E-05 2.8957565 | up Trf
68450791 1815 6.008547507 | 6.73E-05 27908227 | up Apod
676182 0003559682 | 1.748-05 27531443 | up Dppl0
6805200 0.003589682 | 1.73F-05 27515676 | up (px6
6R8667 0015283823 | 2.01E-04 2741378 down Rnd3
6748020 0003589642 | 1.70E-05 2.643068 up (Gstal
6943974 0.003656822 | 1.838-03 26233518 {up Tacl
6834890 0002267633 | 7.65F-06 2.579052 up Stk3
6791494{73635 0.00779995 | 5.70E-03 25706613 | down Rundelf 17001 13122 RiK]
Aarsdl
06.004721215 | 2.63E-05 25419888 | up Fnppl
0.020587178 | 4.198-04 2.534108 down Nis
0.002235683 | 7.23F-06 25077183 | down Cd24a
0.004966004 | 7.93E-03 24164193 {up Ndrg2
3 81E-04 5.098-07 23707016 | down Clspn
1.348- 04 3.86E-08 23301787 |up Pisd-ps3[Pisd-psl
0.001255512 | 3.09F-06 22832966 | up Leals8
1 .40L~(34 8.96F-08 2.2 796516 | up Pedhbs
6. 50F-04 1.42E-06 22767649 | up Abi3bp
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6753402{21956 2.57E-07 21717684 | up Tont2

6819244112891 5. 9.678-07 21581087 | up Cprichd

7013389237010 0. UUS4 32868 | 3.59E-05 2.1391268 | up Kihi4

6908078 ,6, 08Q79} | G.O01185273 | 2.76E-06 21385758 | up GstmUGstn3//Gstra2|Gstm

14862

6538460{72383 0.002798558 | 1.18E-05 2.1031454 | up Faim?2

685598120230 1.348-04 7.558-08 20987513 | down Satb1]5830444F I 8RIKC2300
B3NISRIKE430014B02RIk

H855981{320804 1.34E-04 7.55E-08 2.0987513 | down Sath115830444F18Rik|C2300
ESNISRik{E430014B02Rik

68359811320556 1.34E-04 7.55E-08 20987513 | down Sath 15830444 F 1 8R%(C2300
SANISRE430014B02 Rk

6855981320008 1.34E-04 7.55E-08 20987513 | down Sath1]3830444F1 8RikC2300
85N15Rik|F430014B02Rik

6805381150708 002441559 | 6. 118-04 20501385 | down Histihle

H869068[77125 5.88E-04 1.24E-06 2.0441618 | up 1133

6807154114057 0.0604926001 | 2.84E-05 20316029 | up Stxnl

6805360319181 2.63E-04 3.14E-07 20225863 | down Hist1h2bg

681534515212 0.014639024 | [.656-04 20052912 | up Hexb

6937190,7023132] | 1.34E-04 5.778-08 2.003108 up Pisd[Pisd-pa3///Pisd-ps3Pisd-

320951 psi

6937 EQU 70231320 § 1.34E-04 577808 2.003108 up Pisd|Pisd-ps3//Pisd-ps3Pisd-

6677 psl

6974682@3201 38 0.001867071 | 3.38E-08 1.9956818 | down Zmatd

6798951126950 001630344 | 2.408-04 19872415 | up Vsnll

H936702{84652 0.00156325 | 4.298-06 1.9783112 | up FamiZ2é6a

6994887172828 0.615052847 | 1.77E-04 19770834 | down Ubash3b

6996956{20255 $.002493485 | 9.27E-06 1.9685587 | up Scgl

68601 58193885 0.002235683 | 7.218-06 1.9678934 | up Pedhbid

H800468{217517 0601915143 | 5.668-06 1.9609915 | up Stxbpd

7015645,, 1458 0008480565 | 6. 56E-05 1 9547468 | down Beor

6805255,6805273, | S.82E-04 1.ORE-08 1.9373631 | down Gml1277Gmi3646|Histih2

6803370{68024 beiHist 11"°b'|Hi%‘t1112bk{Hibtl
h2btiHist h2bny//Hist 1 h2bji
Hist H"’bc Hist h2bk|Gm112
77 hlr‘13646//"ﬁ1\tn beltist
Th2bitast1h2bk|Gml 1277|C
mi3646

6908075,6908077, | 0.003549275 | 1.62E-05 1.9293586 | up Gstm6iGstm3//Gstm3//Gstn

6908078114864 {Gstia3

HOS95R4122177 0.042509187 | 0.001670174 1.926382 up Tyrobp

6882307166405 0.001386939 | 3.61F-06 1.923774 down Mets2

GROS255,6805273, | S.82E-04 1.12E-06 19198099 | down Gl 12776 3646[Histih2

6%0'«3 0,6811533] beibiist1 h2bj[Hist1h2bk|Hist!

665622 b2biHisti h2bm//Hast [h2 b
Hist H"’bc Hist h2bk|Gm112
77 hlr‘13646//"ﬁ1\tn beltist
1h2biHstih2bk|Gmil Z’:’TIC
ol 3646///Gm11277K3m1 364
o|tistLh2bi|Hist1 H2hk

5.82E-04 1.12E-06 19198099 | down Gml1277Gmi3646|Histih2

6505255,6805273,
3706811533

6805
665596

beiHist1h2bi[Histih2bk|Hist!
h2blHist hZbny//Hist1 h2byj)
Hist1h2beHisti h2bkjGm112
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77K m13646///Hist 1 h2beiHist
1h2bjiHist1h2bklGm11277|G
ml3646///Gm11277/Gm1364
6|Hist1h2bj|Histl hZbk

6805755.6805273,
6805370,6811533]
315183

5.82E-04

12806

1.9198099

down

Gm 127761 3646|Hist1h2
heilistih2by|Histi hZhk|thstt
1stlhZbm///Hist h2hyj)
Hist1h2beHustih2bkjGrati2
77iGral3646///Histi h2beiHist
{h2biistih2bKGm 277G
11 3646//Grol 12771Gral 364
6|Hist] 12hj|Histih2bk

6973587111816

0.040252663

0.001514109

1.9158078

RERN

up

Apoe

6899520120194 8.42E-04 1.89H-06 1.913387 up S5100a10
6805255,6805270, { 5.88E-04 1.205-06 15044812 | down Gl 1277iGmi3646|Histth2

6805273,6805370,
68115331319184

beiHist1 h2bi[Hist1h2bk|Hist!

h2bltiHist h2bny//Hast h2bk//
/Histih2bi|Hist1hZbe|Hist1h2
HI2771Gm 13646/ Hist
istih2biHisti h2bkIG
mii277|Gm13646//Gmi127
7|Grul 3646 Hist k2 Histlh

Zbl

6880467214240

$.003312399

1.49E-05

1.9037254

up

Disp2

6827410176965

0.0035590682

1.728-05

1.8947399

up

Shitrk:

6780443113591

0.004721215

2.66H-05

18885926

up

Ebfli

6928871120346 1.65E-04 1.508-07 1.8852962 | up Semala
6944262{114142 2.98E-04 3.778-07 1.8727168 | up Foxp?2

6883533176829 0.013542953 | 1.448-04 1.8723825 | down DokS
6930606120563 0.031038841 | 943004 18607157 | up S22 Mir218-1

6930606723822

0.031038841

943F-04

1.8607157

SHZ NG 181

7002980, 7004901
7005644, 7006456/

12047

$.01798404

2.89E-04

1.8528872

up

BelZaldiBel2albiBclZala///B
cl2alaBel2aleBelZaldBel2
alb

7002950,7004901,
7005644,70064 56|
12045

$.01798404

289804

1.8528872

up

Bel2aldiBel2albiBel2ala///B
cl2alalBelRaleBelRatdBel2
alb

7002980,7004901,
7005644,7006456]
12044

0.01798404

2.898-04

1.8528872

up

Bel2aldiBelZalbiBel2ala///B
cl2alaBel2alcBel2aldBel2
alb

6874631116922

0.01798404

291E-04

0
¥
0
0
J
<&

Phyh

6564444{170459

0.001735423

4.88E-06

ol

Stard4

677247676157

8.026050128

6.84E8-04

Sle35d3

6756637158175

0.043834306

0.001858774

down

Rga20

7017520114396

0.038419306

0.001399085

e
Il Faed X2 RS ARV Y

p

{Gabra3

6863973[106857

0.00203761%

6.16E-06

e
<
N

Up

Sle3%a6

6880931126458

0.04682665

0.002093915

Sle27a2

6940611113602

0.002789888

1.128-05

e8]

<
ISR g
J{~dpLaln

~J

up

Sparcll{Scpppgl

6940611002717
04

G.00278988%

1.12E-05

s § e bt { et | { e |t |t |

up

SparclliScpppql

698910019684

0.013600663

1.478-04

Up

Rdx

R (U SUNIN U

393
6820055113653 0.019556254 | 3.550-04 7764342 | down Egr3
6897408118441 0.002536604 | 9.638-06 762277 | up P2ryl
AN

6990685114860

0.021159004

4.42E-04

p

{3stad




WO 2016/069591 PCT/US2015/057567
6869570{74055 0.004721215 | 2.62E-05 1.7690808 | up Pleetl
6916947170638 0.002319411 | B.I5E-06 1.76002 up Hpcald
0949160174244 0.011257361 | 1.088-04 1.7584462 | up Atg7ILOC100043926
6949160{1000439 | G.011257361 | 1.08E-04 17584462 | up Atg7iLOCIN0043926
26
7000764{77226 0.03287614 | 0.001040165 1.7505 down 9330169L03Rik
688498674103 0.019693213 | 3.828-04 1.7502115 | down Nebi
07548071226610 0.00430831 | 2.338-05 1.7439637 | down Fam78b
6756985172263 0.015268379 | 2.00E-04 17430842 | up Traml
6816708[67053 (.0332504 0.0601087987 1.7329823 | down Rppld
6862062{71263 0.015283823 | 2.028-04 1.72312113 | down Mro
£6913009,6921154{ | 6.001302391 | 3.30E-06 1.7166166 | down Tesk1iCd72///Cd72
12517
6900404199730 0.019556254 | 3.71E-04 1706687 down Tafl3
681356056278 0.0281969 8.04E-04 1.7064552 | up (Gkapl
6908075114867 0.049958326 | 0.002381477 1.7012832 | up Gstm6iGsim3
7011393236794 0.023736937 | 5.728-04 1.6997313 | up Sle%ab
6948759112661 0006945028 | 4.93E-05 L.6881636 | up Chil
6954385{13197 0.020429397 | 4.11E-04 1.6871984 | down Gadd45aiGngl2
686 L6B967064 0.011394512 | 1.108-04 1.6851403 | down Chruplb
087991731217410 0.017824696 | 2.748-04 1.6835176 | down Trib2
676314674091 0.027805798 | 7.86E-04 1.6814463 | down Npl
679031756405 0.022105824 | 4.82E-04 1.6790038 | down Duspl4
6845978117470 $0.04312894 | 0.001749659 1.6726958 | up Cd200
8791641114580 0.011568548 | 1.128-04 1.6671637 | up Giap
6754138119734 0.033966344 | 0.001124808 16642561 | up Rgslé
6763991{19736 0.00518539% | 3.14E-05 1.6637514 | down Regs4
67789391211739 $8.010969274 | 9.820-05 1.6624225 | up Vstm2a|lirugbi
0782694111676 0.044839386 | 0.001942 1.6547385 | up Aldoc
6957263112444 0.011084057 | 1.02E-04 1.6481607 | down Ceond?
6987109{14008 0.029066546 | 8.46E-04 1.6443005 | up Gpr83
7015229111856 0.002298735 | 7.928-06 1.6439329 | up Asrhgapt
6898630168659 0.032440964 | 0.001005868 1.6438571 | down Famiggh
6768155119156 0.005023014 | 3.00E-05 1.6399189 | up Psap
678437173293 0.019556254 | 3.71E-04 1.6378373 | down Cedel03]4933439F 1 1Rik
678437166784 0.019556254 | 3.718-04 1.6378373 | down Ccdel03/4933439F 11 Rik
08544531224624 0.010969274 | 9.66E-05 1.6355382 | down Rab40c
6946412111517 5.82E-04 1.098E-06 16319461 | up Adeyapltd
6758223{66297 0.01067765% | 9.23E-05 1.6314174 | down 261001 7109Rk
6961010117984 0.04115921 | 0.001591617 16312153 | up Ndu
087484371170771 0.00285053 1.248-05 1.6293082 | up Khdrbs2
6824507167419 0.026061453 | 6.89E-04 162803909 | up 363245 1006Rk
6816285{16392 0.047316674 | 0.002138365 1.6269062 | up isll
6823068111750 0.015052847 | 1.84E-04 1.6259166 | up Anxa7
0916089174754 0.01608881 | 2.288-04 1.625083 up Dher24
7020407118675 0.013542953 | 1.46E-04 1.624%138 | down Phex
6869635[12485 0.01811096 | 2.99E-04 1.6211282 | down Entpd][Tetn3
687607278617 0.036739744 | 5.001298216 1.6201752 | down Cstad
HUG3558111865 5.19E-04 7.668-07 1.6189378 | down Arntl
6866643107029 0.020970276 | 431E-04 16186217 | down Me2
6564327120983 (.008480565 | 6.43E-05 1.6172807 | up Sytd
6872616/19091 0.047316674 | 6.002129742 1.6146805 | up Pricgl
7018897150887 0.049103312 | 0.0023131 1.6131068 | up Hmgnd
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6753397121952 0.004729526 | 2.69E-05 1.6111035 | down Tonil
6895790176897 0045339916 | 0.001979617 1.6094204 | up Ralyl
£749115{70676 0037047874 | 0.001323231 1.60786359 | up Gulpl
691256512801 0.6111344587 | 1.03E-04 166063108 | down Cnr ]
6916220{69908 0.018251646 | 3.04E-04 1.6042217 | up Rab3b
6981113183436 0.02097058 | 433804 1.6026766 | up Plekha?
H878655(16410 0.0124770617 | 1.238-04 1.6024535 | up Itgav
6766409152906 000156325 | 4.29F-06 1.5939846 | up Ahil
6777286{216363 0.016230881 | 2.33E-04 1.5891256 | down Rab3ip
6976395[234290 0011135913 | 1.058-04 1.5849389 | down BCO30500
H8345581432940 0.604089114 | 2.16E-05 1.5849028 | down Fami0sh
6769343,6773537, 1 0.002493485 | 9.29E-06 [.5830903 | down TdgiGm@855|Gras806
6968533i624784
6769343,6773537, | 4.002483485 | 9.29E-06 1.5830903 | down TdglGme855[GmS5806
968533545124
6784345114824 0002267633 | 7.528-06 1.581883%9 | up Gro
H8422731741485 0.02970668 | 8.718-04 1.578027 down (Gbel
6832146]105859 0005263386 | 3.79E-05 13720071 | up Csde2
6769445216198 0.043429643 | 0.001801553 1.5719231 |up Teplll2
6877021241525 0.04797561 | 0.002202635 1.5712873 | up Yoeld
68”96’59'1"‘ 51 0.001185273 | 2.83E-06 S7119 up Matn2
B77356,68869471 | (.029997475 | 8.86E-04 15697238 | up GalraS|{Erow///Erow
7,/,7t>,:
68291231215654 0.04815002 | 0.002240778 1.5655539 | up Cdhl2
679152872349 004337046 | 0.001785073 1.5679616 | down Dusp3
6812770167046 0.025499985 | 6.60F-04 1.5675546 | down Theld?
6966198120733 001608881 | 2.26F-04 15670083 | up SpratZ
6892747119281 0.015322137 | 2.08E-04 1.5650489 | up Ptprt
7016726123678] 0002798558 | 1 15805 15631052 | down Gpril9
6916219100087 0.017905615 | 2.778-04 1.5617313 | down Kui2
6871297170999 0.035202216 | 0.001204654 1561103 down Naadl
6995454{17967 0.01394069 | 1.54E-04 1.5575242 | up Neaml
6769343,6773537, { 6.002537387 | 9.81E-06 1.5570186 | down TdelGr9855|GmSei6//GIts
6775518,6968533) d2{Tdg
21665
6876570{74192 0.610677658 | 9.23E-05 1.550878 down ArpeSt
6764721112334 0.04193666 | 0.001627578 L.5500118 | up Capn?
6997114235504 0.018667279 | 3.19E-04 1.5450542 | up Slei7as
6768261,6876138] | 0.014639024 | 1.678-04 1.5479015 | up Gms424iAss///Ass G542
432466 4
O768261,6876138] | 6.014635024 | 1.67E-04 1.5479015 | up GmS424{Ass1//Ass1iGmS42
11898 4
G6RTTO54132947 | 004884973 | G.00220772 1.5478375 | down Myo3b
686451875533 0.04031455 | 0.001524941 1.5474952 | up NmeS
6932930174596 0.015249936 | | 97804 1.546657 up Cdsli
6761256112043 0.028586583 | 8.228-04 1.5446783 | down Bel2
6946339,6953749] | 6.022382699 | S.04E-04 1.5439757 | up Cho2{9130019P16Rik//9130
69993 019P16RikChn2
6946339,6953749 | 0.022382699 | 5.04E-04 1.5439757 {up Chn2{9130019P16Rik//3130
100042056 019P16RIK|Chn2
6784266,67914941 | 6.008480565 | 6.49E-05 1.5408274 | down Rundei///Runde1j170011312
2172601 2Rik]Aarsdl
6972294113033 0.044557586 | 0.001923529 1.5385831 | up Ctsd
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678604513195 0.015820324 | 2.18E-04 1.5372787 |up Dde

6780961167966 001608881 | 2.288-04 1.5367461 | down Zechell

£825705]20389 0.015137184 | 1.928-04 1.5347135 | down Siipe

67623211381290 002575794 | 6.68F-04 1.532662 up Atp2bd

677020117311 0.012557453 | 1.24E-04 1.5317988 | down Kitl

6993067167469 00720444345 | 4 138-04 1.5317638 | down Abhds

6815511127220 0.016510215 | 2.488-04 1.52917 up Cartpt

6754149,68611335] | G.018376803 | 3.09E-04 15289168 | up Glol//Grard3|Glul

14645

7011581331424 0.010673828 | 8.84E-05 1.5259078 | down (230004 F18RK|CO30023E2
4Rik

701 15811320247 0.010673828 | 8.84E-05 1.5289078 | down C230004FI8RIK|CO30D23E2
4Rk

H803780{67236 0.010677658 | 9.00E-05 1.5285949 | down Cinp

6998305235542 0.03324496 | 0001069841 15287542 | up Ppp2e3a

6800314{16981 0.005284981 | 3.34E-05 1.5286509 | up Lrrn3

697218115461 0005295044 | 339805 1.5272726 | down Hras!

H808621{723967 0.603656822 | 1.85E-05 1.5243323 | down Mir9-2{C130071CO3Rik

63086211320203 0003656822 | 1.85E-05 1.5243323 | down MrS-2AC130071CO3R Ik

698885554725 0.04953374 | 0.002343567 1.5239736 | up Cadnil

6878548168082 0038419306 | 0.001394552 1.5217838 | down Duspl9

A768910{20203 0.021932513 | 4.738-04 1.5203797 | up S5100h

63489641 108073 0.002072472 1 6.41E-06 1.5164479 | up Guun?

694982630853 0.01984823 | 3.93E-04 1.5146208 | down Mif2

6861751152662 0,008547507 | 6.72E-03 1.5145016 | down D18Frd653e

7014941155936 0.019081173 | 3.30E-04 1.512979% | up ClpsZ

6750314{320460 0.630360658 | 9.05E-04 13119076 | up Vo2l

6964557|66885 0.0332504 0.001078375 1.5105767 |up Acadsb

6885395168475 0022202644 | 490804 1.5084188 | down ssnal

H93367977407 0.605520782 | 3.69E-05 1.5056041 | down Rab35

6779845327900 0.019360797 | 3.77E-04 1.502835 down Ubid2

6969021111864 0.00430831 | 2.33E-05 1.502225 up Arni2

6988958235323 0002835888 | [.22E-05 1.5014262 | down Usp28

6791230217151 0.019556254 | 3.56F-04 1.5006561 | down AxlSe

6834276176917 0.G15052847 | 1.85E-04 1.4991108 | down Flyweh?2

6899747,6907247) | (0.024054471 | 5.85E-04 1497548 down Hist2h2aal|HistZh2aa2|Hist2

15267 h2aciHist2h3cl///Hist2h2aal]
Hist2h2aaZ [HistZh3el

6899747,6907247} | 6.02405447% | 5.858-04 1.497548 down Hist2h2aal|HistZh2aa2 |Hist2

319192 h2acHist2h3cl///HistZhZaal]
Hist2h2aa2 HistZh3cl

H973738120300 0.033489518 | 0.001101954 14958638 | down Ccl2s

6316708180509 0.G18667279 | 3.19E-04 1.4954613 | down Med8

69535034{27369 0.003125063 | 1.38E-03 1.4942619 | down Dguok

688130611 10911 0.002798558 | [ 17E-05 1.4928799 | up Cds2

6937364116976 0.02366127 | 5.518-04 1.4919764 | up Lrpapl

6824195170561 0.621932513 1 4.71E-04 14507248 | up Txudeld

6869932,68732711 | 0.005263386 | 3.28E-05 1.490423 Up Scd2iSed1///8edl|Sed2

20250

6869932,68732711 | 6.005263386 | 3.28E-05 1.490423 up Sed2iSed/77/8ed|Sed2

20249

6891493171436 0021438045 | 4.528-04 14899818 | up Flrt3

67808441619293 0.01394069 | 1.53F-04 1.4898849 | down Z1p354a|Zp354bj923000910

~d
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2Rik
6982921166234 0.011613366 | | 138-04 14868816 | up Scdmol
9722561101513 0.034334507 | 0.001144242 1.4851689 | down 2700078K 2 1 ik
69906 ].),()%0] 0019556254 | 3. 70E-04 { 4836878 up Flovis
6831709{117171 0.02606873 | 6.945-04 1.4806932 | down 1110038F14Rik
6869436122 6098 0.036910944 | H.00131315 1.4780036 | down Heetd?2
H8(326%171907 $.039544 0.001466365 1.4775524 | up Serpina9
6821905113010 G.047668647 | 0.002171784 1.47457 up {st3
6838469126934 0.015052847 | 1.81E-04 1.4744074 | up Racgapi
6933491330164 0,04208484 | 0.00163976 1.4724283 | down 13002612 IRik
37522122393 $.0281969 R.O01-04 1.470271 up Wis]
6784412157778 G.015052847 | 1. 78804 14695581 | down Fawold
6903983241919 0.015137184 | 1.90E-04 14690902 | up SleT7al4
G91ERI4]65945 0.004966004 | 2 908035 1.4689643 | up Clstul
HU2R7591231014 (.02585882 | 6.73F-04 1.4681538 | up 93301 82L06R1k
6933616,6941218] | 0.0I8114(81 | 3.01FE-04 1.4663692 | down Anked32///493051 5GO 1 Rik)
684720 Auked!3a
6808997126556 0.004002512 | 2.08E-05 1.4656779 | down Homerl [C330006P03RIk
68GES7I320588 $.004002512 | 2.08E-05 1.4656779 | down Homer! JU330006PO3RIKk
6789323;14314 $.022007378 | 4.78F-04 1.4655061 | down (o8
6902665209601 G.015204828 | 1.95E-04 14653939 | up 49225011 14Rik
686364512558 0.030360658 | 9.02E-04 14628594 | up {dh2
6837803177980 G.020587178 | 4.206-04 1.4586661 | up 3bfl
HUE0052116337 $.016593723 | 2.518-04 1.4583049 | up Ingr
6902441235459 0.022598844 | 5. 20E-04 14577506 | down 5tf2a2
695711914791 0.015983123 | 2.21E-04 1.4573512 | down FEmgliLpcat3
6766705113822 $.024054471 | 5.876-04 1.4570173 | down Fpbd 112
8809721109774 $0.013242392 | 1.368-04 1.4568212 | up Blvra
6752222124 1201 (.035368353 | G.001219077 14561962 | up Cdh7
6803136{110616 0.031045154 | 9.455-04 14553119 | up Atxn3
6771581121334 0.022202644 | 4 938-04 1.4538059 | up Tac2
H866486{80718 0.015052847 | 1.778-04 1.453329 down Rab27b
6989438120361 G.021438045 | 4. 51E-04 1453112 down Sema’a
6853%72_7’*"3’ 0.00533197 | 3.455-05 1.4524046 | down 1110008P14R1k
6969818127276 0.027616503 | 7.638-04 14516816 | up Plekhbl
HUS6T48167784 $0.016593723 | 2.528-04 1.4502109 | up Plxndl
6791995171795 0.006391116 | 431805 14501014 | down Pitpnel
7012006(54411 0.028527934 | 8.33E-04 1.4465153 | up Atpbapl
685K134118189 0.0338G979 | 6.001117247 1.4464472 up Nrand
H8(31507194090 0.019246986 | 3.418-04 1.4461541 | down Trim$
6768151194214 G.015204828 | 1.95E-04 14460502 | up Spock?
6938891111980 0.020970276 | 4.32E-04 14438521 | up AtpHal
6843340170028 004115921 | 0.001380126 1.44370G7 | up Dopey?
297621277854 0.019152917 | 3.358-04 1.4435827 | up Diepdes
6935639 /,695 7687 | G.OI601894 | 2.23E-04 14433532 | up 843041 91L09RIK///Gsgl 8430
74525 419L09Rk
6806444166154 0.017905615 | 2.80E-04 1.4423473 | down Tmemlidc
683K287I67760 $8.015268379 | 1.996-04 1.4420997 | up 31¢38a2
9499921101187 $.032736823 | 0.001031154 1.4404699 | down Parpil
GRO1RO71238271 0.029657012 | 8.67E-04 14399031 | up Kenhs
6785684[380684 0.01910948 | 3.32E-04 14397109 | up Neth
67929941382562 0.013328801 | 1.398-04 1.4389725 | down Pind
HUE6T75122068 0.024526443 | 6. 19F-04 1.4386616 | down Trped
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6769934177048 0.006945028 | 4.92E-05 14383348 | down Cededl
6785367114387 0.032434884 | 9 99E-04 1.4367542 | up Gaa
7678501215085 0.028827934 | RB.33E-04 1.4356312 | up Sle3511
6845139106264 0.020325309 | 4.07E-04 14345336 | down 061001 2G03R Rk
67 785&_5641 8 0.037560377 | 0.001344177 1.434402 down Ykis
6830852,6836079) | 0.043119576 | 0.001743216 14332331 | down 993001 4AT8Rik|FamB4b///Fa
320469 fddbio9300 14 A LRRik
H830852,6836079] | 0.043119576 | 0.001743216 14332331 | down D930014A 18Rk FamB4b///Fa
389603 mi4bi9930014 A8 Ik
6750557166821 0.02343562 | S.44E-04 14325122 | down RestliZipl42
6883924 9%46 0.017736405 | 2.72E-04 1.4325033 down Garnl3
683146919 0.029353406 | 8.566-04 14322174 | down Pipdal
HU0497% 73251 0.022598844 | 5. 198-04 14321386 | down Setd?
GRORAT77120713 0.022454733 | $.10E-04 14302071 | up Serpini i
6844567110197 001916445 | 3.37E-04 14295702 | down Dgkg
6960328120130 0.048653852 | 0.002277486 14291523 | down Rras
0754893156752 0.026006873 | 6.96E-04 1.42853 up Aldh%al
& /808‘%2’?’.&626 0.04815002 | 0.002239924 1.426755 up Cidkn2aipnl
6791212122658 0012751671 | 1.29E-04 14259104 | up Pegf2
6838171154003 0.044442587 | 0.001914528 1423863 up Neli2
H823302171228 0.029997475 | R.84E-04 1.4204878 | up Dig5
6829598115529 0.019556254 | 3.65E-04 1.4202565 | up Sde?2
6878511166861 0.015052847 | 1.81E-04 14187359 | up Dinajel
6821431,6989873} | 0.020308778 | 4.066-04 14180315 | down Uchi3{Uchld//Uchld|Uch3
50933
0821431,6989873] | 6.020308778 | 4.06E-04 14180315 | down Uchi3{Uichl4//Uchl4|Uchi3
93841
69525231243743 0.028027382 | 7.96E-04 14170537 | up Plxnad
6860163193873 0.035458572 | 0.001231564 1.4162437 | up Pedhbz
6974762167207 0.010673828 | B.86E-05 1.4154346 | down Lsml
H8993 74120200 $.044787455 | 6.001836602 14153138 | up S100ad
6950391112576 0.04859228% | 0.002267077 1.414523 down Cdknlb
6934650112909 0.015052847 | 1.75E-04 14131835 | down {rep
6986031111459 0.026061453 | 6.898-04 1.4120103 | down Actal
£847340111820 0.006600066 | 4.538-05 1.4108847 | up App
6963015152432 0.01798404 | 2.89E-04 14097495 | down Ppp2:2d
6989473319477 $.032513015 | 0.00101496 14095426 | down 6030419C 18RIk
6766368]26408 0.017905615 | 2.808-04 1.4092246 | up Map3ks
764056166155 0.015204828 | 1.96E-04 1.4079518 | down Ufel
GROR5021213262 0.019556254 | 3. 59E-04 14078732 | up Fstls
6754403111899 0.010969274 | 9.78E-05 14076041 | up Asinl
6938947243043 0.008920094 | 7.098-05 1.4064586 | up Ketds
H838823158200 0.006600066 | 4.598-05 1.406405 down Pppiria
6813536120745 0.04115921 | 0.001591286 1.405938 up Spocki
6808773113612 0.022202644 | 4 91E-04 1.4056443 | up Fdila
6915929,6915993) { 0.015322137 | 2.04E-04 1.4053652 | down DabiGrai03042900034C 19
13131 Rik|AYS12948LOC 1005026
04///Tabl
817396111534 0.024154648 | 5.98B-04 14021187 | up Adk
699389068743 0.01811096 | 2.98E-04 1.3999641 | up Axin
6993912110119 0015137184 | 1. 91E-04 1.3997213 | up Mpi
69405921246293 0.006600066 | 4.578-03 1.3995645 | down Kikis
9635341320874 (.042509187 | 6.001677097 1.3995601 | down Mical2
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6842682{17968 0.013328801 | 1.41E-04 13959094 | up Neam?2
6992332114775 0014431601 | 1.608-04 1.3986729 | down Gpxl
6891689241688 0.03991207 | 0.001487267 1.397334 up £330439K1 7Rik
6888751228353 0.6G18393353 | 3.12E-04 13569011 | up Madd
68913 22 59030 0.01630344 | 2.38E-04 1.3968654 | down Miks
6940431,6940432} | 6.019232834 | 3.39E-04 1.3944072 | up Wdiy3
721458

£852358,6925574] | $.0332504 0.001077326 1.3940427 | up Hdacl
433759
6816124,68384135] { 6.010677658 | 9.16E-05 1.3939478 | up H31ra|TubalbiGms626///Tub
22143 al blGmH6e821Gras620
6538382{69612 0.04405361% | 0.00187886 1.3932033 | down 2310037124Rik
679364950496 0.010673828 | 8.83E-05 13926133 | down F216
£896519120482 0.019556254 | 3.70E-04 1.3922062 | down Skil
6318720120810 0024526443 | 6.18F-04 1.3916972 | down Stro
6760754{16560 0.021126166 | 4.38E-04 1.390481 up Kifla
6949797,6957119) | 6.021159004 | 441804 1.38964 down Lpeat3//Eroglilpeat3
14792
6867701156464 0.021438045 | 4.498-04 1.3882275 | up Cisf
679141815114 0.0183933583 | 3.11F-04 E.BSM} 77 | up Hapl
69180421691 16 0.01984823 | 3.94E-04 1.3850422 | up Ubrd|C230096C10R1k
691 80421230866 001984823 | 3.948-04 13880422 | up UbrdiC230096C10RIk
6803358,65803364] | 6.016230881 | 2.34E-04 1.3870988 | up Atg2hb
76559
6958256{79362 0.611055893 | 1.00E-04 1.3868607 | up Bhihed 1
6783943,6978341) | G.01608881 | 2.27E-04 1.3867203 | down Polr2e
20021
6793255,6804226] | 6.015052847 | [.76E-04 1.3839858 | up Wdr35///Wde35iMatn3
74682
H9521371320405 0.607270184 | 5.218-05 1.382832% | up Cadps2
6891454175812 0615441114 | 2.08E-04 13827794 | down Taspl
6773048,6776193] | 0.013542953 | 1.46E-04 1.3822339 | down MirpldZ
67270
68718371271564 0022187717 | 4 85804 13803174 | up Vpsl3a
H855205[668581 0.04115921 | 0.001587085 1.379 6)994 up Peyoxl
6964023128018 0615322137 | 2.06E-04 1.3796805 | down Ubfd]
6949361{232337 0.043720026 | 0.001840079 1.3792504 | down Zipd37
6996440235442 0.030360658 | 9.04E-04 13790128 | up Rab8h
6766110115273 0.615052847 | 1 ROBE-04 1.37868916 | down Hivep?
6977075166498 0.0639544 0001470771 1.3776422 | down Ddal
699221 5_“080? 0.049109604 | 0.002316849 13775046 | up Cacnaldl
6868032154525 0.024762 6.32E-04 1.3772434 | up Syt7
684092 31268590 0.040423766 | 0.001535315 13750381 | up Lsamp
£971344{66422 004337046 | 0.001766213 1.3750335 | down Dctpp]
6RBS4821524638 0.022202644 | 4.92E-04 13748771 | down Dz
6767031]209462 $.034334507 | 0.00114299%4 1.3747362 | down Hacel
6964244126417 0.01984823 | 3.89E-04 1.3736368 | up Mapk3
6968453164176 0008398302 | 6.26F-05 1.3733315 | up Sv2b
7017600116728 0019556254 | 3.36F-04 1.3732485 | up Licam
6910621168810 0.007590169 | 5.50E-03 1.3734011 | down Nexn
TOOR100{50918 0.019556254 | 3.656-04 13707279 | up Myadm|Prkee
7008100/18752 0.619556254 | 3.05E-04 1.3707279 | up MyadmPrkec
6R20081%{213484 004708484 | 0.001647203 1.3698381 | down MNudil8
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6983927166714 0.035799697 | 0.001243929 1.3697839 | down 4921524117Rik

69130201230103 0.024526443 | 6.178-04 1.368038%9 | up Npr2

£963211114356 0.043720026 | 0.001844338 1.3680122 | down FxelDnhdl|Gm$571

6963211 ;’,7'7505 0043720026 | 0.001844338 13680122 | down FxeliDohdl|GreRs71

696321 11672646 0043720026 | 0.001844338 1.3680122 | down FxcliDnhdl|Gm9571

6799524108089 001798404 | 2.928-04 1.3673081 | down Rufldda

H88252 1166734 $.032802183 | 0.001035519 1.3671783 | down Maplic3a

6971688177938 00332504 0.001091005 136669172 | down Fams3b

6789401{104457 $.01297834 | 1.32E-04 1.3666172 | down 0610010K 14Rik

68997 4A?(>x99/50, $.024054471 | 5.868-04 1.3645159 | down Hist2h2aal HistZh2aa2|Hist2

6899752,6907246, h2acHistZh3ci///HistZh3el ]

6907247115077 Hist2l3¢2-
ps//Hst203bHIst2h3 e L Hast
2h3¢2-
ps//Hist203¢ LHasiZh3e2-
ps|Hist2h3b//Hist2h2aa i {Hist
2h2aa2[Hist2h3cl

H909139109876 0.027723162 | 7.74B-04 1.3641738 | up Ar‘k‘Z{GlTélS‘)”

690913911000433 | 0.027723162 | 7.74E-04 E.3t>41/38 up Ank2jGrd392

64

TO1T62TI27643 $.039544 0.001465421 1.36293 down Ubl4iSlcifa3-ubl4

698585114117 004531267 | 0.001965658 1.3628076 | down Coxdub

6842433174112 0.03459776 | 0.001165178 1.3626226 | down Uspl6

6959133166071 0013328801 | 1.40F-04 13620924 | up Eihel

6780844,06788069 | 0.034624035 | 0.001174939 1.3607397 | down Zi}3354.1|2£b3<4b|92300()910

21408 2RIk 23546123 54a

6780844,6788069 | 0.034624055 | 0.001174939 13607397 | down Zip354a|Zip354h|923000910

27274 2Rk Z1p354bI 703 54a

6750868174205 0.0281969 8.078-04 13601334 | up Acst3|Uipl4b

6750868]195434 0.0281969 8.O7E-04 1.3601534 | up Acsi3|Utp14b

6755222112847 0.019556254 | 3. 53E-04 13600298 | up Cops

6812894120234 0009567102 | 7.67E-05 1.3594275 | down Atxnl

775741128088 001798404 | 2.938-04 13590493 | up D10WsuS2e

69172171242667 0012750876 | 1.27F-04 1.3580503 | down Dleap3

6778583216527 0 01630344 | 2.391E-04 13575718 | down Cem?

6912213168493 22382699 | 5.02E-04 1.3574581 | down Ndufai4

6855051112268 O 026502775 | 7.178-04 1.3574362 | up C4biC4a

6855051;6430]8 0026502775 | 7.17E-04 1.3574362 | up C4biC4a

GROS245,6811686] | 0.03047727% | 9.11E-04 1.3565937 | down HistihZbn///Hist1hZbe|Hist1h

319187 TejHistih2bn

6786991175572 0.013328801 | 1.39E-04 1.3564721 | down Acyp2iCeded?

6935370114086 0.036739744 | 0.001301036 1.3564117 | down Fgenl

£9956611330941 0.010969274 | 9.87E-05 1.3559855 | down AI593442

6939985167111 0038066395 | 0.001372992 13358711 {up Naaa

6998707174443 0037047874 | 0001321823 1.3553175 | up P4htm

634776031103963 0.028027382 | 7.958-04 13548398 | up Bpnl

£68253711110265 $.033087827 | 0.001036168 1.3541646 | down Msra

6997077/71538 0.014639024 | 1.65E-04 13331889 | down Fbxo9

6785742164660 0.016510215 | 2.46E-04 1.3525581 | down Mrps24

6880540{228350 0.008450565 | 6,520-05 1.3519324 | down Tipka

6848513168842 0022382699 | 5.03F-04 1.3511229 |up Tulpd

6925345166938 0.024154644% | 5.92F-04 1.350936 down 1700029G01Rik

6888720166461 003315913 | 0.001060775 1.3498696 | down Ptoratl
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6978291117748 0.018016174 | 2.95E-04 1.3498284 | up Miti
7010345236733 0.019556254 1 3, (O{* -4 1.348878% | up Uspli
0754014117198 0.00536721 | 3.518-05 1.3487188 | down Ivaslabp
6935524 ‘,%4064 0616230881 | 2.35E-04 1.3464878 | down Cdks
69299191231148 0.01067763% | 9.22E-05 1.346334 down Ablim?2

6833138122146 0.042509187 | 0.001688896 13447404 | up TubalcGmo682iGm8Y73
068331381668052 0.042509187 | 0.001688896 1.3447404 | up Tubalc|Gm6682/{Gm8973
6963264160510 0.04670013 | 0.002075124 1.3440274 | up Syti9
6916797129871 0.02366127 | 5.54E-04 1.3433441 | down Scmhbl
6892193168559 0.023056254 | 533604 1.3426392 | down Pdegl
069417611207563 0.04337046 | 0.001796049 1.3405432 | down Camkk2
6998396/20818 0.031038841 | 9. 40E-04 1.340059 up Stprb
6552902117688 0.04679768 | G.002089329 1.3396536 | up Msh6iFbroll
68‘??90“‘2? 5055 0.04679768 | 0.002089329 13396536 | up MshéiFbxol]

37138 0.03864976 | 0.001417799 1.3395128 | up Sleci2ad
(3 7611 35;2 7392 0.026663529 | 7.27E-04 1.339372 up Pign
6788411111927 0.011055893 | 1.01E-04 1.3388278 | down Atoxd
6843459207227 0.024154648 | 5958-04 13388058 | up »ixbpsi
0771920{270683 0.035340734 | 0.001215047 1.3384888 | up Mihfdii
6966339156188 0.043720026 | 0.001841995 1.3383098 | up Fryd]
6564062{105013 0.02088663% | 4.27E-04 1.337718 Up Cell4
6943914166797 0.015983123 | 2.218-04 13368968 | up Cutnap2[Cem
06811806{22360 0.04193666 | 0.001624865 1.3367634 | up Nrsni
6782456119062 0.03324496 | Q.001070843 1.3359907 | up foppSk
6775310170294 0.04337046 | G.001783667 1.3358172 | down Rnfl126
684057922042 0.03840255 | 0.001390516 1.3344265 | down The
6975876{192169 0.019556254 | 3.61E-04 1.3340727 | down Ulsp2
6754137167792 0.617340807 | 2.65E-04 1.3336473 | down Rgs8
6917790171665 0.03294127 | 0.001046858 1.3336054 | up Fucal
6850421117850 0.044442587 | 0.00196G7872 1.3334374 | up Mut|Cenpg
0767258114360 0.616510215 | 2.480-04 1.3333771 | down Fyn
6908146120912 0.04368416 | 0.001822909 1.3332828 | up Stxbp3a
6755173,6764068] | (.01910948 | 3.33E-04 1.3316907 | down Dedd/i/Nitl Dedd
21945
6896518{18759 0.010822849 | 9.44E-05 1.3315817 | down Prkai
70148151110651 0.034624055 | 0.00116928 1.331539 down Rpsokal
6807437175731 0.015834789 | 2. 17E-04 1.3310698 | down 5133401INOYRk
6583013[22 5858 (.0332504 0.001087328 1.330995% | up Gdaplll
6827203172486 004312426 | 0.001746437 1.3300443 | up Ruf219
7010647172693 0.043053027 | 0.001733175 1.3294554 | up Zechel2
69161251230584 0.062058717 ?5 4. 20E-04 1.3290228 | up Yipli|RES
65688U9{22359 0.033244%6 | G.001071679 1.3275667 | up Vidlr

1227 0.01394069 | | 53804 1.3273046 | down Usf2
0925719114284 0.627805798 | 7.850-04 1.326915 down Fosi2
6997328166257 0.042509187 | 0.00168081 1.326057 up Nicnl
653159222701 0.04244813 1 0.00166235 1.3257983 | down 24l
6869035,6873083] | 6.01798404 | 2.92E-04 1.3250004 | down Extpd}|Tetn3/Tem3
67590
7454551227093 0.038871896 | 0.001429375 1.324257 up Hibch
6896393167414 0.04199467 1 0001632782 1.3226247 | up Minl
6518742193834 0.011135913 | 1.08E-04 1.3224422 | down PeliZ
6993463571946 0.04337046 1 0.001770237 1.320743 up Endod]
6884352150497 0.034411497 | 6.001156486 1.32026%7 | down Hspald
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6574080173442 0.025432337 | 6.54E-04 13201097 | up HspalZa
6931961319387 0.023703147 | 5.68E-04 13191973 | up Lpha3{Drynitlal A230055712R

ik
0931961320314 023703147 | 5.688-04 1.3191973 | up Lphn3|Dynitl aiA230055T12R
ik
6845559176916 0043053027 | 0.001732094 1.3186158 | down 49304 55C2 1Rk
6937073{14208 0.032301586 | 9.90E-04 1.3180437 |up Ppmig
6759718121961 0.022454733 1 5.118-04 1.3180168 | down Tusl
£8699731226151 0.032512043 | 0.001010358 1.316664% | up Fami7&a
6787293123964 0.0430530627 | 0.001730065 1.3164718 | up Odz2
6757896320011 0.04584206 | 0.00202088 1.3162661 |up Uggtl
693381257816 0016510215 | 2.458-04 13148854 | down Tese
H8786571241520 0.043053027 | 0.001734471 1.3144302 | up Fami7ib
6884183172075 0026050128 | 6.84F-04 1.3144196 | down Oglt
6935927113121 0.02441559 | 6.10E-04 1.314148 up Cypsl
6833185114555 0034411497 | 0.001153731 1.3139409 | down Gpdl
0792129217265 0.015052847 | 1.82F-04 1.3138501 | up Abcas
6757120129819 0.0623703147 | 5.65E-04 1.3135145 | down Stan2iC 130013 N14Rik
67571201402742 0.023703147 | 5.65E-04 1.3135145 | down Stau2iCI30013N14Rik
678997069713 0.026313707 | 7.056-04 1.3133277 | down NikPind
776152167723 0.022454733 | 5.128-04 1.3133212 | up 4932415G12Rik
6857310472722 0617905615 | 2.82E-04 1.3130908 | down Fam@8a
6966585{19777 0.02366127 | 3.57E-04 1.3123834 | down {R0913
6774684]211488 0.02650006 | 7.128-04 13117256 | down Ado
H768323[73132 0.042509187 | 0.0016%164 1.3114651 | down Sle25al6
6840019175826 0.0622007378 | 4.78E-04 13112297 | down Senp2
6964259{233878 0.01566359 | 2.13E-04 1.3110644 | up Sezhi2
6892364{228812 0.019560797 | 3.74E-04 13108152 |up Pign
£832719{12805 0.043834306 | 0.001859543 1.310774% | up Cntnl
6768094119386 0.0623703147 | $.62E-04 13087014 | down Raubp?
6873254173689 0.019560797 | 3.77E-04 1.3083574 | down Blocls2
6902661112972 0.019008702 | 3.278-04 1.3077829 | up Cryz
£974039(54126 0.022860363 | 5.27E-04 1.3058306 | down Arhget?
6896584,6904047] | G.01S137184 | 1.90E-04 1.305752 down 493042982 IRikiZmat3//
22401 al3
696618773833 (.02415464% | 5.94E-04 1.3053551 | down Rasgrp4iFam98c
6797707173046 004815062 | 0.00224111 13049716 | down Glrx$§
H918705]230904 003637223 | 0.00127096Y 13044535 | up FbxoZ
6988773122687 0.G3992887 | 0.001493508 1.3041425 | down Zip259
696902814085 0.049958326 | 0.002381109 13041215 | up Fah
6810280{268706 0043053027 | 0.001727578 13038671 | up »lc38aY
£853762{26407 0614973253 | 1.728-04 1.3027297 | up Map3k4
6789979,6888496] | ¢.029707763 | 8.73E-04 13626756 | down NikiPwod//OH T NIk
18099
6763652198376 0.048653852 | 0.002278244 1.3022286 | up (Gorab
T017627,7017628] | 6.036739744 | £.001300395 13021116 | down Ubl4iSici0a3-
100169864 ubid///Slc10a3iSic10a3-ubi4
683199411911 0 02‘259*844 5. 168-04 1.3008779 | down Atf4
6770325103098 0025003233 | 8.40F-04 13607712 | up Slegals
6876173227723 ()‘()18353892 3.07E-04 1.299692 up Bat2l
6864678167199 0034411497 | 6.001152159 1.2993454 | down Pidul
H881771{18549 0.03294127 | 0.001044944 1.2993256 | up Pesk?
6823041,6823100, | 6.047668647 | 0.002167039 12989156 | up Camk2g|Usp34///Uspd4
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6823105{78787

6884721150755 0.012751671 | [.28E-04 1.2987964 | down Fbxoil

H917489166404 0.0358883 0.001251536 1.2987165 | down Tafl2

6966164124030 0.619755332 | 3.85E-04 12983397 | down Mirpsl2

687793173373 0.043534306 | 0.00185898% 1.2951822 | down Phospho2|Rbm3

6784020112338 0.021695498 | 4.64E-04 1.2979654 | up Canx

H955766{101351 0.035250623 | 0.001209471 1.2979203 | up A130022J15Rik

6R23710i64652 0.619556254 | 3.64E-04 1.2974981 | up Nisch

6966600412447 0.021552085 | 4.59E-04 1.2974267 | up Cenel

6545721104263 0045719497 | 0.002007459 1.2972401 | up Kdm3a

HO589951403187 0.027723162 | 7.76E-04 1.296651 down (pa3

689958578523 0.039544 0.001465816 1.2958944 | down Mirpl9

G67R2085,6789369] | (.036654945 | (0.00128858 1.2950375 | down DrndlardiRail2///Rail2

54351

6944432176522 0.046211697 | 0.002040424 1.2948897 | down Naais

0915745242557 0.047974896 | 0.002199229 1.2935965 | down AtgdelGmi2689/Gm10305

69 1S74511001370 | 0.0479748%96 | 0.002199229 1.2935965 | down AtgdelGru i 2689|Gral 6305

il

6915745[1000387 | 4.047974896 | 0.002199229 1.2935965 | down AtgdelGmi2689Gm10305

22

6840527166994 0022202644 | 4918-04 12931771 | down 150003 1LO2Rk

£867642{66990 0.040423766 | 0.001546125 1.2931631 | down Tmemi34

6949153232333 003451309 | 0.001184668 125929027 | up Slegal

6945614,0052941} | 0.039544 0.001463646 1.2925439 | down Mkl

54484

6783654{71452 0.019560797 | 3.78E-04 12917719 | down Ankrd4o

£791541]268490 0.024805788 | 6.35F-04 1.2917227 | down Lsmi2

692912513300350 0.044053618 | 0.001880092 1.2914281 | up Fami85a

6564695124068 0.018772775 | 3.22E-04 1.2907568 | down Sral

6769213,7G08703] | 5.04026438 | 0.001520212 1.290465 up Plks//7PIk3|Spt1 [LOCZ36598

216166

6899743164051 0.02606873 | 6.94F-04 1.2904557 | up SvZa

6775372166594 0.03663139 | 0.001285176 12897568 | down Ugertl

6929457,6929458] | .04954692 | 0.002347931 1.289421 Up Dpp6

13483

6977142117274 004013421 | 0.00150401 1.289129 down Rab8a

H958407]387314 0.031038841 | 9.38E-04 1.2888066 | up Tmtel

6936116{23857 0.044442587 | 0.001903648 12882978 | down Drtfl

6599613[229584 0.031288665 | 9.55E-04 1.2878227 |up Pogz.

6962925170974 0.022454733 | 5.08E-04 12877574 | up PeolHGpx2-psi

H938710[68552 0.024872728 | 6.38F-04 1.2877141 | down 1110003801 Rik

6836237113196 004337046 | G.00179329 1.2868526 | down Asapl 9130004505 RIKGo10
926LOCLI00039024

683623771603 0.04337046 | 0.0017932¢9 1.2868526 | down Asapl9130004J05RIKIGmMI0
26ILOCI00039024

6836237/1601698 | $.04337046 | 0.00179329 1.2868526 | down Agapl9130004J05RKIGm 10

72 926{L.0OC100039024

683623711000390 | 6.04337046 | 0.00179329 1.2868526 | down Asapl9130004305RkIGm 10

24 926{LOC100039024

699626926395 0.030709505 | 9.20F-04 1.2838286 | up MapZk]

6842326119876 0.04390929 | 0.001867758 12838164 | up Robol

68331861663 7¢ $.044442587 | 0.00191498% 1.28336 down 2310016M24Rik

692478 HS62R0 0.04115921 | 0.001585019 12821487 | down Mipl37

84
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685276719043 0.021552085 | 4.58E-04 1.2815548 | down Ppmib
678814176901 0.016510215 | 2.48E-04 12815293 |up Phils
H952900{15258 004584206 | 0.002018127 1.2813956 | up Hipk2
6973050166959 0.G4953374 | (G.002343824 1.2809025 | down Dhisp26
6755233{140559 0.021552085 | 4.59E-04 1.2806572 | up 1gst8
67633071214791 0.019556254 | 3.648-04 1.2801203 | down sertadd
H780767]14584 0.04337046 | 0.001787895 1.2799969 | up Gipt2
6962930{320432 0.046510797 | 0.00206017 1.2792466 | up Pdha3
6750149{66646 0.019556254 | 3.50E-04 1.2759862 | down Rpe
680G1914,6962925} | 6.02474206 | 6.30E-04 1.2780323 | up Gpx2|[Gpx2-

14776 psl//Para2iHGpx2 psi
6801914,6962925] | 6.02474206 | 6.30E-04 1.2780323 | ap Gpx2|Gpui-

1477 psl/Pem2iliGpx2-psl
6991027121983 0.G4880326 | 0.0602292103 1.2778428 | up Tobg

681631752552 0.026050128 | 6.85E-04 1.2773947 | down Parps

6895393111308 0.029042374 | 8.43E-04 1.2773659 | down Abil

HI70568168815 0.019560797 | 3.78E-04 1.2766405 | down Bthdi0
6768897103172 0.063806482 | 0.001366233 1.2742038 | down Chehdig
6793253,6804226] | 0.042109743 | 0.001646138 1.2741894 | up Matn3///Wdr3SiMatn3
17182

6820237167381 0.016230881 | 2.336-04 1.2731138 | down Med4

£992367119087 0047316674 | 0.002136069 1.2726023 | up Prkar2a

6754205,701 1852} | 0.02415464% | 597E-04 12718637 | down Stxo[Hmgb3///Hmgb3
6989440413070 0.047316674 | 0.002129709 1.2717532 | down Cypllal
68199281239157 003260038 | 0.001023769 12716821 | up Prmal
H96432968981 0.027616503 | 7.65F-04 1.2709464 | down Phkg2|Gmi 66
69643291233899 0.627616503 | 7.05E-04 12709464 | down Phkg2lGmi6s
6896770229211 0.04261202 | 0.001698729 1.2707958 | up Acadd
6819694,68253021 | 0.015052847 | 1.BGE-04 1.2706757 | up Ctsb|Fd /784 Cish
6819694,65825302] | 6.015052847 | 1.86E-04 1.2706757 | up Ctsh|Fdft1/Fditl [Ctsh
14137

G6I8G2 70113642 0.0621932513 | 4.73E-04 1.2703769 | up Efub2

682477959049 0.03544581 0.001228634 1.2695707 | up Sle22a17
6922895,69229011 | 0.038421385 | 0.001402961 1.2689745 | down Ttc39h

69863

6842675{10049%4 0.031003293 | 9.318-04 1.268597 down ZfandZa
6834541156409 0.626039083 | 6.79E-04 12682208 | down Nudt3|Aunksi
6837470129559 0.042509187 | 0.001683426 1.2679896 | down Sultdal
6881337112653 0.044442587 | 0.00191544 12677501 | up Cheb

6823721124056 0.032360055 | 9.948-04 1.2668406 | up Sh3bpSiCapn7
6759905113838 0.0633567186 | 0.00110687 12665357 1 up Ephad

6875602{74159 0.0469654 0.002106723 1.2665263 | down Achds
6822891218772 0.02661468 | 7.226-04 1.2661253 | down RarbRpi23a
£791233{12295 0617905615 | 2. 82E-04 1.2653434 | down Cacnbl
67646621226757 0632434884 | Q.001001 119 1.2649517 | down Wdr2é
6937844{16526 0.03260038 | 0.00102078 1.2648244 | up Ldb2

6754526173844 0.036409926 | 0.001274847 1.264413 up Ankrd4s
6834745223455 0.040423766 | 0.001534366 1.2642858 | up H-Mar

6792787120901 1 0.62366127 | $.58E-04 1.2642294 | down Sirt7

653718966538 0.03840255 | 0.001389966 1.2636565 | down Rpsighpl
6769192166043 0.02366127 | 5.59E-04 1.263041 down Adpsd
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6781561{72785 0.047668647 | 0.002171312 1.2627603 | down Ticld

6785665166152 0.040423766 | 000154082 12617928 | down Ugerld

H980964{18970 0.03806482 | 0.001370259 1.2614816 | down PolblA930013F10Rk

6980964168074 0.03806482 | 0.001370259 1.2614816 | down PolblAS30013FI0Rk

6760006169368 0.043720026 | 0.001832152 1.2613966 | up Wltyl

6754437,6957465, | 6.027663546 | 7.68E-04 12632764 | down Rfwd?2|Scarna3a///Csda|Rwd

701 1663,7018291) 2HICtag2IREwd2/// Asb1 2|REw

26374 d2

H784785(13929 0.026686419 | 7.318-04 1.2611614 | down Amz2

GRE3098{52840 0027805798 | 7.82F-04 12610734 | down Dbndd?2

701483658194 0.025439167 | 6.56E-04 1.2605152 | down Sh3kbpl|Map3kls

6757634,6873078, | 0.024367737 | 6.06E-04 1.260183 down Ptpdal|Gm13363/Gm13363

687545919243 Pipdat///EA4GmI 3363 Pipda
Hm1 6495

0757634,6873078, { 0.024367737 | 6.06E-04 1.260183 down PipdallGm13363//Gm13363

08754591433406 Pipdal//EH4|Gm133631Pipda
1Gm16495

6B 15255166549 0032440964 | 0.001008171 1.260047 down Agefl

6861350412322 0.03260038 | 0.001024564 1.2599939 | up CamkZa

6833138,6838415, | §.6332504 0001091748 12594355 | up TubalcfGmeo82iGm8973/T

68384 171626534 ubalhlGmo682[Gms620//Ta
halaloGmo682|Gras620

6987128169137 0.026650216 | 7.258-04 1.2593307 | up 2200002K05 1k

69422761212996 0038421385 | 6.001404705 1.25931358 | down Whserl?

6972990122192 0.0332504 0.001091685 1.2590938 | down Ube2m

69G17321108943 0.033052154 | 0.001052705 1.2589556 | down Rg9ud?

H782708155978 0.02366127 | 5.52B-04 1.2587875 | down 120

6985355120340 0045719497 | G.002009048 [.2586819 | up Gle]

”009"”4909"’ 0.032272834 | 9.87E-04 1.2579204 | up Syp

6788993170383 0.034411497 | 0.001154944 1.2574023 | down Cox10

0835104154375 0.01984823 | 391004 1.2570033 | down Azinl

6798218117169 002474206 | 6.29F-04 1.2569531 | down Mark3

6817229,6822949) | 0.040423766 | 0.001545631 1.255124 down MNkirasl///Ube2el|Nkirasi

69721

6985984{78779 0040423766 | 0.001540842 1.2541198 | down SpataZl

6966425114751 0.040252663 | 0.001513779 12531356 | up (il

£949084168089 0.031038841 | 9.36E-04 1.2528738 | down Arped

6814385118570 0045335831 | 0.001976228 1.2527531 | down Pdedd

6926505171529 0.036739744 | 0.001301894 1.2519644 | down 9030409G 1 1Rk

A9943589{109229 003402511 | 0.001129147 1.2509396 | down Faml18biStpr

0886244,6894961] | 0.027616303 | 7.61E-04 1.2506616 | up LrpibiRan//Lipib|4631405]

94217 19Rik

GR2SE8RI16432 0.0354481 (0.001228704 12497038 {up Itm2b

68068311218215 004793611 | 0.00218734 1.2494488 | up Ruofld4b

6849525,68545411 | 6.03324496 | 0.001072871 1.2488078 | down Anks1//Nodi3iAnks!

2246350

6908149166921 0.034624055 | 0.001175801 1.2484398 | up Prpi38h

6860133170791 0048733072 | 0.002283377 12480017 | down Hars2

6850552 0.04799745 | 0.002207012 1.247138 up FappS

683995717 0.626502775 | 7.148-04 1.2471005 | down Fami3la

654/32i68509+0§ 0.04811016 | 0.002220749 1.2462183 | down Btg3lGm7334

12228

6R47324,6850040] | 0.04811016 | 0.002220749 1.2462183 | down Big3|Gm7334

654432
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694306774132 0.032513015 | 0.001013204 1.2455171 | down Raft

68G5241,68053551 | 0.04533531 | 0.001976078 1.245417 down Histihdb|Histthd st 1hdk]

69386 Gml1275//tist hdh

0816124,6838415, | 6.038419306 | 0.001399227 1.2448874 | up I3 1ra[TubalbiGm5620/// Tub

068384171434428 albGme682iGmS620/Tuba
1alGm66821GmS5620

6970442167150 0048592285 | G.002268528 1.2442167 | down Rnfl41l

68035252,6805385, | 4.03864976 | (0.001418489 1.2436203 | down Gml1275{Histl hda|Hist1hdb)

6811537,68115064, Hist1hdfiHist1 hdiiHistl hdm//

6811675,6811692, /HistihdaHist1hdbHisti hdc

6811701319157 Histih4fiHistl hdm///Histlhd:
[Hist1h4fiHist1 h4miGm11275
//{Hist] hda|Histl1h4bHist1 b4
cHisti h4fiHist1hdm|Gm1 127
5/ Hastthdajthistihdc[Hastlh
447/ Hast hda|Hist 1 hdblthstlh
4fiHistihdm

6898063116497 0.027723162 | 7.78E-04 1.2418925 | down Kenabl

6903454113123 0.043608375 | 0.001815099 1.2418736 | up Cyp7bl

6867650{19045 0.623736937 | 5.728-04 1.2415985 | down Ppplca

69659011232975 0.026686419 | 7.32E-04 1.241252 up Atplal

6968647167308 004337046 | 0.001792819 1.2392359 | down Mrpld6

6342655119085 0.04811016 | 0.002225725 1.2391682 | up Prkarlb|9330169B04Rik

6942655{319999 004811016 | 0002225725 1.2391682 | up Prkar1b[9330169B04Rik

6782454118738 0.04368416 | 0.001824396 1.2384719 | down Pitpna

68835261109054 $.042509187 | 0.001680835 1.2382039 | down Pidnd|Cyp2dal

6919195140500 0.036743402 | 0.001304607 1.2380875 | down Acap3

6777305164050 0.02606873 | 6.95F-04 1.2364174 | down Yeatsd

6819475167840 0.03992887 | 0.001491343 1.2361919 | down Mrp63

6805252,6805385, | 6.043608375 | 0.001812688 1.2355359 | down Gml1275{Histl hda|Hist] hdbi

681152%,6811537, Hist1h4 fiHistih4iHistThdm/

6811678,6811692, /Hist1hdaHist ihdb{Histi hdc|

6811701326619 Hist1hd fitist thdm//Histlhd
aHistib4blHist1 hd;j[Hist1bdk|
Histihdnv//Hist1hda|Hist1 hd
bHistl hdclHist 1 b4 fiHist1 hd
mfGral1275///Hist hdalHistl
hdc|Histi hdii//Hist lhdaiHistl
h4biHistih4fiHist1 hdm

GTSI0MT5029 0035077687 | 0.001196139 12351745 | down Purg

6805252,6811537, { 6.035202216 | 0.001205335 1.2343416 | down Gml1275HistlhdajHistlhdb)

0811564319158 Histih4fiHistl h4ijHist L hdm//
/Hist1h4iiHistih4t]Histl hdmi
Gmll275

6973683140482 0.04048394 | 0.001551273 1.234045 p Zip358

6998583109652 0.043834306 | 0.001861487 1.2332873 | down Acyl

6867748169860 0.0393026 0.001447976 1.2314234 | down FafladiSart]

686433067453 0.046591923 | 0.00206704 1.2267478 | down Sle25a46

6849973166416 0.030015303 | 8.88F-04 12261399 | down Ndufa?

6837428[109754 0.049655594 | 0.002356572 1.2259744 | up Cybs13

6767460{54198 0.0332504 0.001090932 1.2253067 | down Sl

7894831103712 0.044442587 | 0.001914789 1.224593% | up H330403K07Rik

6876310§227743 0.647316674 | 0.002145768 12222756 | down Mapkap1|5830434F19Rk}49

30414HO7Rik
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6876310476034 0.047316674 | 0.002145768 1.2222756 | down Mapkap1|5830434F19Rk|49
30414HO7Rik
687631073869 0.047316674 | 0.002145768 12222756 | down Mapkapi|5830434F 19R k49
304 [4H07Rik
6860049156550 0.04629016 | 0.002047143 1.22203%8 down Ubedd2
6917283107271 0.0472509187 | 0.001680853 1.2182815 | down Yars
6951756{101 148 0.04815002 | 0.002235392 1.2171097 | down B630005M14Rik
7012681117698 0.049823217 | 0.00236803 12154173 | up Msn
0833184183797 0.04026438 | 0.001519246 1.2153908 | down Smared!
6839932111773 0.035368353 | 0.00122097 1.2150815 | down Ap2md
6762234{21367 0.045408387 | 0.0019857499 1.2126511 | up CntnZ
6853197176781 $.04337046 | 0.001784526 1210731 down Metti4
0764138198660 0.04533531 | 0.0019749% 1.2105742 | up AtplaZ
6794073380752 0.045719497 | 0.002007306 12088413 | down Tssel
6965153{330671 0.043053027 | 0.001731272 1.2070053 | up Bégalntd
6749572 0.046761967 | 0.002081159 1.2048521 | down Mobkl3
0847596121802 0.0469654 0.0021037 1.2038522 | down Tgfa

{(3136]

Table 3.

Genes with significant changes (Benjamini-Hochberg

adjusted p-values < 0.05) of at least 1.2-fold up or down in Drdla-expressing

cortical ncurons at 2 years and 6 weeks of age, as compared to 6 weeks of age.

Gene {1} p vahie p value Fold changs Regulation Gene symbcal
{corrected) {absolute)

7023132236604 130804 1.92E-08 35778549 up Pisd-ps3|Pisd-psi

6843079]11815 0.047086563 2.74E-04 | 29835136 up Apod

6998397122041 0.002605346 1.33B-06 | 26085126 up Tef

6972168166141 0.002600346 1.85E-06 | 2.5289943 np fiom3

GR37190,7023132[320951 1.30B-04 274E-08 | 2.4953797 up PisdiPisd-ps3//Pisd-ps3|Pisd-
psl

6937190,7023132|66776 1.30B-04 274E-08 | 2.4953797 up PisdiPisd-ps3//Pisd-ps3|Pisd-
psl

679146519183 0.03733478 140E-04 1 24761345 up Psmic3ip

678452617896 0.0325064535 5.81E-03 2.2456028 down Myl4|LinS2|Gm 7020

6817978121924 $.032506455 6.86E-35 2.1837645 down. Trucl

6823429166039 0.03972272 LOSE-04 | 2.117844 dowu H14Erdd449e

6784526,6796606|217708 0028130708 5.04E-03 2.056382 down Myl4|LinS2|Gm7020///Lin52]
Gm7020

6784526,6796606|529959 0028130708 5.04E-03 2.056382 down Myl4|LinS2|Gm7020///Lin52]
Gm7020

6862827112405 0.047086563 2,66E—(}4 2.0361567 down Chin2

6899683]13040 3.003809433 3.48E-06 1.9884881 np Ciss

6782484[74230 0.004386073 4.63E-06 1.9319692 down 170001 6K 19Rik

695958412217 0040753897 1.83E-04 1.92238017 up Tyrobp

6753402121956 0.004028092 3.96E-06 1.8955778 up Trui2

6983999]12404 0.047086563 2.98E-04 18022048 dowu Chlul

686906877125 0.028130708 5.05E-05 1.7979872 up 1133

6995918235416 $.002609346 1.30B-06 1.7442707 down. Lma

6995918|235415 0.002509346 L30E-06 1.7442707 dowu Lmani

6768261,6876138]432466 $.002609346 2.00E-06 1.6745123 up Gm‘MMAm‘ //As511Gm5424

6768261,6876138]11898 §.002600346 2.00E-06 16745123 up GmS424iAss1//Ass1iGmS5424

£988976]13489 003615578 1.37E-04 1.6427418 up Drd2

6957352232400 0.040753847 1.83E-04 1.6084235 down BC048546

6967593110886 §.042847566 2 11iE-04 1.5844014 down Gabra5

6945335109624 0028130708 5.14E-03 1.5766602 up Caldl

88
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Gene 1D p valoe p value Fold change Regnlation Gene symbol
{corrected) {absolute)
6747478[76982 0.035836473 1.04E-(4 1.5673733 down 3110035E14Rik
6599221556808 3.035454802 9.40E-05 1.5502318 up Cacuald2
699389068743 0.003008051 S. 63E -06 5448154 up Anin
690092866789 0.015637536 ; 1.5300947 down Algld
7016409245386 3.03400331 1.525839% up Fam702iZbth33
6954385[13197 0.035454802 8,96}5-05 |.50u8312 down (Gadd45alGnglZ2
626445627528 0.040753897 1.77E-G4 1.5G33208 down DOHA4AR1 14
H5830358[17988 3.028130708 4.14E-35 1.4998 up Ndrgl
6811068[56048 0.033836473 1 21E-04 1.45843856 up Lgals8
686937074055 0.047086563 2.79E-04 1.4937183 up Ploel
6883533176829 (3.040753897 1.79E-04 1.4935141 down DokS
687291615925 0.028428873 541E-05 1.4507689 dowu ide
676472112334 0.03733478 1.48E-04 1.468961 1 up Capn?
6769343 6773537,6968533]6 | .002609346 2.802E-06 1.4675822 down TdgiGm9855iGma8a6
24784
6769343 6773537,6968533|S | $.002609346 2.802E-06 1.4675822 down TdgiGm9855iGma8a6
45124
6748020[14859 (3.047086563 3.00E-04 1.4651384 up (Gstald
6752222241201 0.03615575 1.34E-04 1.448072 up Cdh7
TO10762 7016409/56805 0.035454802 9.28E-0G5 1.4420869 up Zhtb33///Fam 702l bth33
6946785,6954385[14701 (.035454802 9.47E-05 1.4353529 down Gngl2//GadddSalingl2
6709343,6773537,6775518,6 | 0.0037269 3.14E-06 1.4327823 down TdgiGm9855|GmS806///Gi8d
9*’*’85“"‘-!"’ 1665 2/Tdg
678332118052 0.033836473 1 13E-04 1.4307998 up Septd|LOC100503535
& 72)932‘|10(3“0%35 0.035836473 1.13E-04 1.4307998 up Septd|LOC100503535
6758223166297 (3.043042764 2.19E-04 1.4281554 down 261001 7109kk
6755550168226 0.043042764 224E-04 14218508 down Ficabl
682272954713 0.040753897 1.79E-04 1.4151258 down Fezf2
6886678[74194 3.043677434 2.33E-04 1.4130437 down. Rad3
6766409|529006 0.035454802 942E-05 1.4032575 up Ahil
6782702122370 0.035836473 1.27E-04 1.4G280069 up Vin
691350172479 0.035454802 8.00E-05 {.3892306 up Hedl2
6909375166357 002716284 36305 1.377892 down {ste
692352574519 0.028428873 5.60E-05 1.3728458 up Cyp2i?
6912245,6920276]14348 0.03613578 1.37E-04 §.3615227 down Fut9
6931790]57357 0047086563 269504 1.359849 down SrdSad
65872646[54447 3.035836473 1.12E-04 1.3592392 up AsaliZ
6862102[52538 0.03733473 1.52E-04 1.3579103 up Acaa?
6959459]51 ’h)% 0.03733478 1.SZHE-(4 1.355676 up Echi
5816413[18115 3.024438534 3.09E-05 1.355612¢9 up Nut
C99<O76|"""’3” 0.04191086 2 03E-04 1.3523 12 up Vpsii
6977260/1536 0.04191086 2.01E-04 1.343893 up Hrnoxl
6939065[1 3086 0049245864 | 325004 | 13420637 up Cyp2adiCyplas
CP‘3926<|13087 0.04624358064 325E-04 1.3420637 up CypZadiCyplZal
6796053238266 0.028130708 4. 59505 1.3297588 down Sytlé
68 C’,EVQIQM 19 (.035836473 1.29E-04 1.3211268 down Mapk8
6789475216877 0.028130708 4.06E-05 1.3187447 Up Hhx33
6767387]53599 0.04191086 2 O”}* -4 1.3120232 down Cdiod
6974490[52123 3.043677434 1.3106182 down Agpats
6761964[72160 0.047086503 1.2554209 down Tmewmld3 Mgats
685391072057 0.035836473 1.29404% down PRT10]160001 2HOORIKLOCH
(36740
6853910/106740 0.035836473 1.25E-04 1.29404% down PRT10]160001 2HOORIKLOCH
06740
6750547227292 0041231222 1.91E-04 1.2933345 up Ctdspl
6864326[19762 (.035454802 9.20E-05 1.2831432 jiie] R
6836298,0849523120630 003548000 9. 73E-05 1.2924098 dowu Surpc
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Gene 1D p valoe p value Fold change Regnlation Gene symbol
{corrected) {absolute)
6924832112795 0.035836473 1.25E-(4 }.283983% down Pik3
H922649166928 3.047086563 2.68E-04 1.2812592 down 3110001 DOIRIKILOCIR0487
69z QR8G4ART 0.647086563 2.08E-04 §.2812592 down 3110001 DO3RIKILOC280487
68 5445019229 0.8343042764 219504 12802857 up Ptk2b
4168511669 3.047086563 2.91E-04 1,2797663 up AldhZ

CP9A4(L|19417 0.035836473 1. 28E-04 1.2791666 up Rasgrtl
6998987(74100 0.047086563 2.94E-04 1.2663616 down Arpp21|Mir28-2

SURO87I723815 3.047086363 2.94E-04 1.2663616 down Arpp2 1|Mir128-2
6923587166264 0.047666077 3.08E-04 12616228 down Code28b[2510006D16RIk
6760754/16560 0.035836473 1.01E-04 1.2583791 up Kifla
6791015]18604 (3.040834192 1.87H-04 1.2575148 up Pak2
G783020[70439 0.047086503 301E-04 1.2506527 down Tafls
6988962126951 0.047086563 2.80H-04 1.2481672 up ZwiG
6848836,6853910j67912 3.043042764 2.21E-04 1.2481549 down 160001 2HOGRIK//PR{10|1 600

012H06RIKLOC106740

7010345236733 (3.047086563 2.90E-04 1.2121428 jiie] Uspll

{60137} Table 4.

Genes with signiticant changes {Benjamini-Hochberg

adjusted p-values < 0.05) of at least 1.2-fold up or down in DrdZ-expressing

cortical neurons at 2 years and 6 weeks of age,

as compared to 6 weeks of age.

Gene 1D p vahe p value Fold change | Regulation Gene symbol
{corrected) {absolute)

699839722041 (.015955767 1.91E-05 4.5832944 np Trf

5813284/13488 0.008502543 5.38EH-06 33188136 up Drdia

684507911815 0101»08‘“2 8.28E-06 2.5178335 up Apod

TO231321236604 {.{¥}3949368 54607 2.387355 up Pisd-ps3Pisd-psi

677657767405 0.0035493068 1.20E-06 2.2947934 down Nis

6817978[21624 004098034 2 38E-04 2.2747089 down Tuncl

6754149,6861135]14645 0.01982543 3.35E-05 2.2733164 up Glul//Gramd3iGlul

6877356,6886947(77767 0.032421894 1.4 2.2179747 up o/ Ermn

6908075,6908077,6908078|1 | G.048785735 4 20753336 up GetmSiGstm3///Gstm3///Gstm

4864 1iGsim3

6791494[73635 0.030455668 L1IE-04 2.0665221 down Rundel{1700113122RikiAarsd
i

6937190,7023132]320051 0.003949368 139E-06 2.0144777 up PisdiPisd-ps3//Pisd-ps3|Pisd-
psi

6937190,7023132)667 0.003549368 1.39KE-06 20144777 up PisdiPisd-ps3///Pisd-ps3|Pisd-
sl

6943574[21333 0.030455668 1.O07E-04 {.9952383 up Tacl

7013389237010 0.042421777 3. 34E-04 1.8928168 np Kihi4

£599389068743 0.03724842067 1.46H-04 1.884146 up Auln

6898477120713 0.03124751 1.34E-04 {.8833878 up Serpinil

6880670[12010 (.(41485418 256504 1.875716 up B2

65944262/114142 0.003949368 6.80E-07 1.8566908 up Foxp2

6748020[14859 0.032484267 1 45E-04 1.8344905 up Gstald

6811068]56048 0.042421777 3.38E-04 1.8G10027 up Lgalsg

Q97555382050 0.01285925 1.36E-05 1.7201661 up 4922561C03Rik

690429711747 0.030455668 1 20E-04 1.6502814 up Anxa5

6862062[71263 0.043850936 3.92E-04 1.671545 down Mro

6838811,6917301]173587 0.042421777 3.05E-04 1.6639088 dowe Marcksi] [BCO48502// Marcks
1

6964527/56213 0.045647837 4.30E-04 1.6607143 up Hiral

6788025216724 0.022754725 5.07E-Q5 1.6575161 up Rufyl

697358711816 0.010140898 9.98E-06 1.656752 up Apae
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6899520[201 94 $.03124751 1.33E-04 1.6538708 up $100al0

HRTRE55]16410 0.039288376 | 2.13E-04 1.64845 up ligav

6834890[56274 0.042421777 | 2.95E-04 1.5482366 up Stk3

6836991112300 0.030455668 1.19E-04 1.6434618 down Cacng?

H989222112603 0.008459655 | 4.76E-06 1.639584 dowu Crabpl

6971344165422 0.0259438 6.93E-05 1.6349066 down Decippl

688498674103 0.046546645 | 4.49E-04 1.6318291 down Nebl

679796917263 0.022754725 | 5.76E-0S 1.6306723 down Meg3iDik1 Mirl 906

G797560[100316800 0.022754725 | 5.76E-05 16306723 down Meg3DIki Mirl906

6764138198660 0.048785735 1 4.85E-04 1.6294948 up Atplia2

6899747 690724715267 0.010140898 | 9.80E-06 1.6212646 down HistZhZaaliHist2h2aa2{HistZh
2acifist2hdc ///HistZh2aal Hi
st2h2aa2|Hist2h3cl

6899747,6907247|319192 0.010140898 | 9.80E-G6 1.6212646 down HistZh2aal{Hist2hZaa2|[Hist2h
ZaciHistZh3cl///Hist2hZaal{Hi
st2h2aa2|Hist2h3cl

696101017984 $.00482493 2.04E-06 1.6177676 up Ndn

6926936110208 0.042801354 | 3.71E-04 1.6117427 up Pgd

HRG1751[52662 0.033511773 1.53E-04 1.6340033 dowu Di8Endes3e

6823068|11750 0.016177624 | 2.05E-Q5 1.5961775 up Anxa7

6913009,6921154]12517 0.042801354 | 3.69E-04 1.5803419 down Tesk HCAT2//Cd72

6885395168475 0.02753681 7.94E-05 15702732 dowu Ssnal

697271057776 $.04098084 2.43E-04 1.5661737 down Ttyhi

TO00764]77226 0.030455668 1.24E-04 1.565689 down 9330169L03Rik

6961650,6968387|10003834 | 0.017847234 | 2.71E-0S 1.564204 down Faml74b

6753402121956 0.00088544 6. 95E-06 1.5561305 up Trnut2

6872646[54447 0.008459655 | 4.26E-06 1.5533785 up Asah?2

698819466279 0.044974487 | 4.15E-04 1.5444175 down Tmem218

6973472243833 0.018898552 | 3.06E-05 1.5440156 up Zipl28

6824507167419 0.042421777 | 294E-04 1.5365113 up 3632451006R1k

6883013228858 0.042421777 1 3.33E-04 1.5346153 up Gdap il

6779845327900 0.022754725 J4E-03 1.5159067 down Ubtd2

6702321381290 0042421777 1 330E-04 15038337 up Atplbd

6964250168952 0.030455668 1.26B-04 1.5031539 down Fam37h

6962751381903 €.04098089 2.44E-04 1.4986535 dowe Alpe8

6803360319181 $.02733521 7.8UE-05 1.4921204 down Histih2bg

6848581]106489 0.038548224 | 2.03E-04 1.4837484 down Sf2dHT2|Gmi2166

6848581]100039624 0.038548224 | 2.03E-04 1.4837484 dowi St2dHT2|Gmi2166

G72980{19662 0.022754725 | 4.55E-05 1.483067 down Rbp4

6983838101966 0.022754725 | 4.20B-05 1.4753313 down D3Ertd738e

6768261,68761381432466 0.022754725 1 5.64E-0S {.473841 up GmS424iAss1///Ass1iGmS424

6768261,6876138[11898 0.022754725 | 5.64E-05 1.473841 up GmS424 Ass 1/ Ags ] [omS424

HR40887207683 0.042421777 | 3.47B-04 1.4678116 down {gsfll

6797969,6797978]13386 $.025943 6.84E-05 1.4611462 down Meg3 Diki Mirl906//Dik1

G8SIBRTIIT68S $.04284103 3 7T7E-04 14595807 up Msh2

H791995(71795 0.038548224 1.89E-04 1.4416575 dowu Pipnel

680378067236 0.042421777 | 3.14E-04 1.4332547 down Cinp

6752587170829 0.022754725 | 5.59E-05 1.4327477 up Coded3

6877822126877 $.043799955 | 3.83E-04 1.425908 dowe B3gaitl

6750351]108147 0.042421777 | 2.98E-04 1.4252509 up Atic

6883267110750 0.021531083 | 3.78E-05 1.4230214 up Caell

688667874194 $.030455668 1.22E-04 1.4227502 down Rad3

609629167006 $3.014083494 1.58E-05 1.4220327 down Cisd2

6788815111671 0.030455668 | 9.64E-05 1.4178725 up Aldh3a2

6954385113197 0.038548224 1.87H-04 14168823 down Gadd45aiGugi?

6769445216198 $5.042421777 1 3.55E-04 1.4158584 up Teplil2

6798418217944 0.022754725 | 4.49E-05 1.4127954 up RapgefS

679630556217 $.038548224 1.91E-04 1.4115229 up MppS
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6848581,6848584(21331 $.03972801 2 18E-04 1.4081773 down SH2dHT2|Gmi2166//T2
6902665209601 0.042226546 | 2.71E-04 14075357 up 40225011.14Rik
6751538]67921 0.03854822 1.85E-04 1.4075081 down Gm343
6916947170638 0.030455668 1.10E-04 1.4067643 up Hpcald
6937047167695 0.030455668 1.18E-04 1.4062134 down OstdiAghis
6972670316748 0.017847234 | 2.76E-05 1.4012691 down Zip365[Z1pT8414632433K11R
ik
6972970654801 0.017847234 | 2.76E-05 1.4012991 down Zip365[Z1pT8414632433K11R
ik
697297077043 0.017847234 | 2.76E-05 1.4012991 down Zip365[Z1pT8414632433K11R
ik
6853388[70344 0.042226546 1 2.67E-04 { 400874 dowi 5730437N04Rik
698 “850]6&391? 0.030455668 1. 26E-04 1.3867563 down 1190005106R ik
639658416757 0.042421777 | 2.85E-04 1.3956859 down 4930429R21RikZmat3
6899747 08“9 75068997526 | 6.049234077 | S.02E-04 1.3945229 down ist2h2aal{HistZh2aa2Hist2h
507246 (v‘z‘(‘;7"47|15 077 2ac{Hist2h3cl//HistZh3ci|His
12h302-
pe/1/HEst203b|Hist2h3c 1 {Hist2
h3c2-
pe///HistZh3c1{Hist2h3c2-
ps{Hist2h3b///Hist2h2aa] Hist
2hZaaZil hicl
6912547108816 0.045647837 | 4.30E-04 13241127 down 4933409K07RIK|GmM3893 G
7818
12947/1100042539 0.045647837 | 4.36E-04 1.3941127 down 4933409K07RIk|Gm38931Gm
7818
6912547665845 0.045647837 | 4.36E-04 1.3941127 down 4933409K07RIk|Gm38931Gm
7819
6390638320961 0.042801354 | 3.66E-04 1.392631 down Gabpb1|AG30026N12R1k
6929651,69370471231093 £.030455668 121804 1.388592 dowe Agbl5//0st4iAghls
6805380319178 G.022754725 | 4.72E-05 1.3881029 down Histih2bb
678227755584 0.039288376 | 2.12E-04 1.3869212 up Camkkl
69138382,6918560010050300 | 0.042421777 | 3.53E-04 £.3848228 up Gmi3051|Z1p534{1 700029101
O RikjGm13251{ZHpe00|Gm132
42|Rex2iGmi3138|Gmi3139]
Qmi3225|Gml13151HGmi323
SIGm 321 2iLOCIGG503000//
1700029101 RikiGmi3251 2
524iGm13139Gmi31512610
305D 13RIKILOCI00503000
£83993427406 0.030455668 1.20B-04 1.279266 up Abcf?
6996440235442 0.041483418 | 2.57BE-04 1.3783135 up Rab8b
G777309,6777310[17105 $.048785735 | 4.90E-04 1.3751312 up Lye2{Lyed/Lyz Lyel
6777309,6777310[17110 0.048785735 | 4.90E-04 1.3758312 up Lyz2|Lyzl///Lyzi|Lyz2
6896584,6904047(22401 $.030455668 1.20E-04 £.3749123 dowi 493042982 1Rk Zmat3//Zma
3
690040499730 $.040309925 | 227E-04 1.3731047 dowi Tafll
6917217242667 G.042220546 | 2.73E-04 1.3728224 down Mgap3
6882768228852 0.044817124 | 4.10E-04 1.2703306 down Popirish
6751538,67944911432649 $.04098089 2.45E-04 1.3591425 dowi Ube2fiGmd434//GmS434
6833308]56149 0.042421777 | 3.23E-04 1.3591031 down Grasp
679770773046 0.044817124 | 4 UQE G4 1.23571836 down GirxS
694982630853 0.040628925 ; ) 1.3515993 dowi M2
6836699[23936 0.042801354 | 3 06}* {34 13503007 down Lynxi
6590023981600 0.030455668 1.15E-04 1.3502584 up Chiajl 810022K39R ik
69002%]69126 0.030455668 1 15E-04 1.3502584 up Chiall 810022K0%Rik
6778425111764 $.049234077 | 5.09E-04 1.3486375 up Aplbl
H758663[70396 0.049234077 | SO2E-04 1.2484618 down Asusdl
699707771538 0.038548224 1.93E-04 1.343926 down Fbxob
6918382,6918397 691856011 | 0.042421777 | 3.14E-04 1.3402557 up Grai3051|[ZpS34]1 700029101
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Rnxl(nn 25 600|Gral 32
42[Rex2iGrmi3138[Gm131 3)|
Gm13 SIGm13151Gmis2
SIGml3212iL OC‘G()S("%O(IU,’//
(\rn}?lS”ll”(}O()”‘}{(‘}'\1] iGin
13251 Z1p534{Kex
IGmi3212|Gm132251G

omi3is
HGmI32351Gm12154//17000
2931 RIKIGmI325 1A p534iG
e 1313%0mI 315126103050

13RIKLOCI00503000

6970138[55992 0.042421777 | 3.24E-04 13331729 up Trim3

6979144,0985389(170737 §.026760581 7 34E-05 1.3291724 down Lorf//Ldbd ]

6966328122282 0.042421777 1 2.89E-04 1.3234341 down UstZ

6933409[71782 0.042421777 1 2.93E-04 13136131 up Anklel

6770923327824 0042421777 | 3.49E-04 13079615 down 5330438 D12RK|LOCI00504
473

G770923]100504423 G.042421777 | 3.49E-04 13079615 down 5330438 D12RK|LOCI00504
423

G9T8855156513 0.046546645 | 4 52E-04 1.307966 down Pard6a

699221956289 0.038548224 | 2.02E-04 1.3671496 down Rassfl

6764048641376 $.030455668 1.O4E-04 1.3021629 dowe Tomm40t

6881521166734 $.030455668 L 14E-04 1.3008461 down Mapllala

6873158166583 0.044974487 | 4.17E-04 1.293308 down Exoscl

684293374112 0.042421777 {1 3.23E-04 1.2911134 dowe Usplo

6921030,6921081,7003070,7 | 0.040140609 223E-04 1.2910843 down Col27a///{Gaal3306{Cal27a///Z.

0316320301 arliCel27a

6921081,7003163|10003985 | 0.041485418 | 2.51E-04 1.2884337 down Gmi3306|Cci27a

3

6980271]234623 0.042421777 | 341E-04 1.2866849 down Arglul

6915929,6915993(13131 0.042421777 | 3.38E-G4 1.28438579 down Dab|Gmi0304{2900034C19
Rik|AY512949{LOCI0050260
4//fDab]

6878595/56428 0042226546 | 2 68E-04 1.2837576 down Mich2

6996704121406 0.042421777 | 3.02E-04 1.2834476 up Tefi2

677525028169 0.044817124 | 4.08E-04 1.2755362 down Agpat3

6963672159052 0.038548224 1 88E-04 1.2750655 down Metti

6941761207565 0038548224 1.98E-04 1.268037 down Camkk2

6771546,6777915|14421 0.042421777 | 3.22E-04 1.2680281 dowe 34gaintt|Sle26a1{y//Sle26ald
B4 galntl

H771546,6777915[216441 0.042421777 | 3.22E-04 1.2680281 down Bégalutl|8le26a10///Slcoal G
Bégalntl

6964241166162 0.042801354 | 3.73E-04 1.2623248 down Bola?

6913863(72429 0.049234077 | 5.16E-04 1.2596972 down

691386314700 0.049234077 | 5. lhb -04 1.2596972 down

589327918019 0.042421 777 1.2566174 down

6771538,6777002|12567 0.048785735 : 1.2456908 down Cdid///Tspan31|Cdk4

6935486/56443 0.049234077 S l'ﬂ}* -4 1.2079331 up Arpola

[06138] Tables

Drdia-expressing striatal medim spiny neurons.

Enriched pathways from Wikipathways altered with age in

Pathway p valoe Matched | Total
Entities Pathway
Entities
Mm_XPodNet - protein- 285605 13 836
protein interactions_in the podocyie expanded by STRING WP2309 72004
Mm Chernokine signaling pathway WP2292 72463 9.62E-05 & 193
M PodNet- protein-profein interactions in the podocyte WP2310 72005 2.48E-04 7 315
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Mm IL-7 Signaling Pathway WP297 69128 7.19E-04 3 44
Mm B Cell Receptor Signaling Pathway WP274 67472 0.00372906% | 4 156
Mm G Protein Sigualing Pathways WP232 71315 0.005608053 | 3 51
Mm_Integrin-mediated Cell Adhesion WP6_72138 0.006962605 | 3 101
M Swriated Muscle Contraction WPZ16 72052 (.012084 2 45
Mm MAPK signaling pathway WP493 71754 0.024514528 1 3 159
Mm Purine metabolism WP2185 71316 0.02668426 3 {78
M Primary Focal Segmental (Homervdosclerosis FSGS WP2573 72201 (.02678989 | 2 73
Mm_Kit Receptor. Sxpmhrg»_?at"ww WE40T 69079 $,030082522 | 2 7
Mm IL-5 Signaling Pathway WPIS1 69175 0.032727577 1 2 69

[B6139] Table 6. Enriched pathways from Wikipathways altered with age in Drd2-expressing

striatal medim spiny neurons.

Pathway p valoe Matched Total
& Pathway
Entities
Mm XPodNet_-_protein- 6.20E-10 51 836
protein_interactions_in the podocyte_expanded by STRING WP2309 72004
Mm EGEFRI Sigoaling Pathway WPS72 71756 3.89E-06 14 176
M PodNet- protein-protein_interactis mswm»ih\ podocyte WP2310 72005 1.12E-05 18 315
Mm MAPK signaling pathway WP493 71754 1.O7E-04 i1 159
Mm_ Myometrial Relaxation and Contraction_Pathways WP385 72108 1 43E-04 11 157
M _Hypothetical Network for Dmg Addiction WP1246 69102 1.72E-04 5 32
Mm_Calcium Regulation in the Cardiac Cell WP553 72350 3.56E-04 10 150
Mm IL-6 signaling Pathway WP387 72091 4.08E-04 § 99
glotathions redox reactions I 4.82E-04 3 9
M”n»_R»Lel Receptor_Signaling Pathway WP274 67072 5.18E-04 10 156
Mm Primary Focal Segmental Glomerulosclerosis FSGS WP2573 72201 9.00E-04 & 73
glotathione-mediated detoxification 9.06E-04 4 24
Mm IL-7 Signaling Pathway WF297 69128 0.001013867 5 44
I‘\finﬁ_ErbB_swnaLng _pathway WP1I26 1_7 1282 0.001013867 5 46
M G Protein_Signaling Pathoways WP232 71315 0.001068723 7 91
Mm_Estrogen signalling WP1244 73501 0.001363316 & 74
Mm Kit Receptor Signaling Pathway WP407 69079 0.001363316 5 67
M Amino Acid_metabolism WP662 71177 0.001488036 7 85
Mm_ MAPK Cascade WP251 71729 $.001646583 4 29
M Integrin-mediated Cell Adhsqmn _WP6 72138 0.001687754 7 101
M Insulin Signaling WP‘S 7172 0.001848077 9 [59
Min_Splicing factor NOVA Aeg.hated synpatic_proteins WP1983 71717 $3.002140725 4 42
M Cholesterol Biosynthesis WP103 71741 0.002402918 3 15
glaconecogenesis I 0.002917192 3 7
GDP-mannose biosynthesis | 0.003268231 2 3
GDP-mannose biosynthesis 0.003268231 2 6
Mm Ouidative Damage WP1496 75225 $.00380393 4 41
Mm Urea_cycle and_metabolism_of amino groups WP426 72149 0.004844879 3 37
Mra G to 8 cell cycle comtrol WP413 72012 0.004965064 5 62
Mmn_Selenium_ Micronutrient Network WP\Q’]Z 73551 (.005622589 3 31
Mm TGE-beta Receptor_Signaling Pathway WP248 73847 0.006082267 8 150
Mre Enkarvotic Trasscription Inittation WPS67 69915 0.006176465 4 41
Mm Folic Acid Network WP1273 74467 $.000470848 3 27
Mm_Trythpmn_nmtabume_WP79 73389 0.007349561 4 44
fatty acid Beta-oxidation 1 0.007391186 3 24
Mm Wnt Signaling Pathway and Pluripotency WP723 69165 0.007550718 G 97
syathesis {1 0.008820865 2 8
superpathway of D-myo-mositol (1,45 -trisphosphate metabolism 0.008820865 2 3
Min_Exercise-induced Circadian_Regulation ‘NP54” 69850 $3.011720386 4 49
M Metapathwa }»»bl(}hdﬂ‘:f(}ﬁﬂ&i on WEI231 697 0.011818458 3 143
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Mm IL-2 Signaling Pathway WP450 67368 $.011883704 S 76
pyrimiding ribonucleotides interconversion 0.013834631 2 10
Mm miRNAs involved in DNA damage response WP2085 74241 0.013834631 2 49
pyrimidine ribemucleotides de novo biosynthesis 0.016704416 2 12
CDP-diacylglycerol biosynthesis I 0.016704416 2 13
Mm Regunlation of Actin Cytoskeleton WPS23 71326 0.017078303 7 151
Mm_Prostaglandin_Synthesis_and Regulation. WP374 69204 0.019096008 3 31
Mra Cell cyele WP190Q 71755 0.01963693 5 28
phosphatid: lwﬁ,‘”ol biosynthesis H {von-plastidic} $.019803159 2 14
Mm Glycogen Metabolism WP317 70007 0.020780187 3 34
Mre Signaling of Hepatooyte Growth Factor Receptor WP193 69178 0.022562083 3 34
starch degradation 023121472 2 14
colanic acid building blocks biosynthesis 0.023121472 2 14
fatty acid Beta-oxidation U (core pathway)} 0.025121472 2 5
Mm SIS Susceptibility Pathways WP1266 60139 $.024744025 4 61
tRNA charging pathway 0.026346561 3 37
glyeolysis IH $.026650239 2 14
Mm T Cell Receptor Signaling Pathway WP48) 6914 0.027621077 & 133
glycolysis T 0.030380595 2 16
M PhuriNetWork WP1763 72003 $.035232157 10 291
Mm_Strated Muscle Contraction, WP216 72052 0.037194125 3 43
Mra I1L-3 Signaling Pathway WP373 69 195 ()()1“:’784“712 5 180
Mm ‘\w:lc, viide Metabolism ‘\:VP@/ ,1 744 047149517 2 19
M Ghatathione metabolism WP164 71334 ()4()47]49317 2 19
M Wut Signaling Pathway NetPath ‘\VP‘?%) 71716 0.04984857 5 109
Mm_Selenium_metabolism-Selenoproteins WP108 69772 0.049974676 3 48

(00140} Table 7.

expressing cortical neurons,

Enriched pathways from Wikipathways altered

with age in Dirdla-

Pathway p value Matched Total

Entities Pathway
Entities

M Striated Muscle Contraction WP216 72052 1.49E-04 3 45

Mm Keapl-Nrf2 WP1245 71125 4.95E-04 2 14

M Fatty Acid Biosyuthesis WP336 71737 (3.001443061 2 22

Mm Signaling of Hepatocyte Growth Factor Receptor WP163 69178 0.003238718 2 34

bupropion degradation 0.003435435 2 35

nicotine degradation 1 (3.005203122 2 43

nicoting degradation I 0.006749277 2 49

Mm B Cell Receptor Signaling Pathway WP274 67072 0.006916409 3 156

Mre_Myometrial_Relaxation_and Contraction_ Pdt}lwdv« ‘W 385 $.007299635 3 157

M Primary Focal Se gmenml Glomeritosele rosis FSGS WP2S73 7’22()} 0.01071697 2 73

Mm IL-2 Signaling Pathway WP450 67368 0.015482354 2 76

Mre_XPodNet - protein- 5.015918477 & 836

protewn mnteractions_in the podocyte expanded by STRING WP2309 72004

Mre I1L-6 signaling Pathway WP387 72091 0025211193 2 99

{00141}

cortical neurons.,

Table §. Enriched pathways from Wikipathways alicred with age in Drd2-expressing

Pathway p value Matched Total
Entities Pathway
Entities
M XPn(iNef ]’uote'n— 9.618-G5 i2 836
by STRING WP2309 72004
2 /4»_67072 0.003393002 4 156
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ghutathione-ediated detoxification (.004241159 2 24
M Prostaglandio_Synthesis_and Regulation WP374 697204 0007014286 2 31
Mm Retinol metabolism WP1259 74433 0.016416202 2 34
Mm_Striated Muscle Contraction. WP216 72052 (.01 1489692 2 45
M Adipogenesis_genes WP447 73875 0.01569575 3 133
Mm Gl to 8 cell cyele control WP413 72012 0.024738263 2 62
Mm Chemokine signaling pathway WP2292 72463 (.0345089258 3 193
Mre_Cell cycle WP190 71755 0.04576582 2 38

100142}

Table 9. . Lentiviruses used in this study

95 shRNA lentiviruses targeting 76 distinct target sequences

Hairpin Dy

Vector Name

Transcript
Targated

Gene
Symbol

Target type

Reason Gene
was Chosen

NCEI
Gene
iD

Target
Regton

Target Sequence

TRONGOONNT2261

pLEG

promegaluc. i

Luciferas

<

Control

Negative
Control

CACTCGGATATTTGATATGTG

TRONOHKKGT2250

pLKG.d

promegalne. i

Luciferas

Control

Negative
Control

AGAATCOTCGTATGCAGTOAA

TRCNGCO0066072

PLRO.L

NM 341011

Pamd?2

Control

Positive
Control

COCCAGTTAGCTCAATATCAT

TRCNGG00207065

pLKG. 1

clonetechGip. 1

GFp

Control

Negative
Control

GCOQATCACATGGTCCTGOTGG

TRONGG00072231

pLKO1

facZ.1

Tacs

Control

Negative
Conitol

CGUTAAATACTGGCAGGCGTT

TRONGOOOOT2209

pLKO. 1

ip.d

R¥P

Control

Negative
Copitol

CTCAGTTCCAGTACGGUTCCA

TRONGOONNT218]

PLEG

clonetechGfp. |

GFP

Control

Negative
Control

ACAACAGCCACAACGTCTATA

TRONOHKKIZ31782

pLEO TRC
021

None

None

Control

Negative
Control

None

Non-
shRNA
irasnscy
ipt

ACAGTTAACCACTTTTTGAAT

TRONGO00428544

PLEO TRC
003

NM 0531393

Pedhbid

Experimental

Upregulated
with age in
Dirdia- and
Dird2-
expressing
modivm
sIny
neurons
{Tables S1
and S2)

DS

GTAGTGUCAACCATCACGTATT

TRCNG000435247

pLKO TRC
0605

NM 0531393

Pedbbid

Experimental

Upregulated
with age in
Dydia- and
Tird?2-
expressing
medivm
spiny
BEUFOnS
{Tables S1
and 57)

CDS

AGGCAAGTGACCGCCATTATC

TRCNGC00419614

SURO TRC
605

NM 0531393

Pedhbld

Experimental

Upregulaied
with age in
Didia- and
Dird2-
expressing
medium
spiny
neurons
(Tables S1
and 82)

PRESS

CATGATACTGGTAGTCATATT

TRONOXKKI426134

pLEO TRC
0605

NM 0431303

Podhbid

Experimental

Upregulated
with age in

TCAGTACTTATCAGCGAAATT
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Drdia- and
Drd2-
expressing
medium
spiny
HEUrons
(Tables 51

and 52)

TRONGOOO320173 | pLKO TRC [ NM 0103173 gfbpd Experimental | IGF-1 has 16010 {CDS CATTCCAAACTGTGACCGCAA
005 peuroprotectt
ve etfects in
HD
(Humbert of
al., 2002}
and Igipb4 is
striatal-
enriched
(Heiman et

al., 2008)

TRONGOOO350214 | pLEC TRC [ NM_ 0105173 Tgfbp4 Experimental | IGF-1 has 16010 | CDS GCTQUGGTTGTTGCGCCACTT
005 peuroprotectt
ve etfects in
HD
(Humbert of
al., 2002}
and Igfpbd is
striatal-
enriched
(Helman et
al., 2008}

TRONGOOO114798 | pLEO. NM_010317.2 Igfbp4 Experimental | IGF-1 has 16010 | CDS GACAAGGATGAGAGCGAACAT
neuroprotect:
ve etfects in
HD
(Humbert ot
al., 2002}
and Igfpbd is
striatal-
enriched
(Helman et
al., 2008)

TRONGOOO114797 | pLEO. NM_010317.2 Igfbp4 Experimental | IGF-1 has 16010 | CDS CATTCCAAACTGTGACCGCAA
neuroprotect:
ve etfects in
HD
(Humbert ot
al., 2002}
and Igfpbd is
striatal-
enriched
(Helman et
al., 2008)

TRONOOKI114800 | pLEG. 1 NM_(16317.2 Igtbp4 Experimental | IGF-1 has 16013 1 CDS GCTGCGOTTOTTGCGCCACTT
neuroprotect:
ve etfects in
HD
(Humbert ot
al., 2002}
and fgpbd is
striatal-
enriched
(Helman et

al., 2008)

TRONOOGG320111 | pLKG TRC [ NM 0165173 Igtbp4 Experimental | IGF-1 has 16013 1 CDS GACAAGGATGAGAGUGAACAT
003 nenropiotect:
ve etfects in
HD
{(Humbert et
al., 2002}
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and Jgfpbd is
striatal-
enriched
{Heiman et
al., 2008)

TRENGOGG288178

PLKO TRC
605

NM 011063.2

Pealsa

Experimental

Upregulated
with age in
Didia- and
Did2-
expressing
medium
spiny
neurons
(Tables S1
and 52)

18611

DS

CAAAGACAACCTCTCCTACAT

TRONOHKKI1G5789

pLKG.d

NM_(11063.1

Pealsa

Experimental

Upregulated
with age in
Drdla- and
Did2-
expressing
medium
spiny
HEUrons
(Tables 51

and 52)

CCTGACCAACAACATCACCOT

TRONGOOO105787

PLEG

NM 0110631

Pealsa

Experimental

Upregulated
with age in
Dirdla- and
Drd2-
expressing
medium
spiny
NEUrons
(Tables 51
and 82)

18614

CAAAGACAACCTCTCCTACAT

TRONGOO0288240

pLKO TRC
005

NM 0110632

Peallsa

Experimental

Upregulated
with age tn
Dirdla- and
Dird2-
expressing
medium
sIny
neurcns
{Tables 51
and S2)

18611

DS

CCTGACCAACAACATCACCCT

TRONGG00307569

pLRO TRC
003

WM 0110633

Pealsa

Fxperimental

Upreguiated
with age in
Dydia- and
Tird?2-
expressing
medivm
Spiny
REurons
{Tables S1
and S7)

1&611

ACACCAAGCTAACCCGTATTC

TRCNGO00006379

pLKG. 1

NM_ 0074882

At

Experimental

Upregulated
with age in
Didla- and
Tird2-
expressing
maditm
spiny
neusons
(Tables S1
and 57)

11864

)

GUTATTATCATGCCATAGAT

TRENGGOO096382

PLRGL

NM 0074880

Arnt2

Experimental

Upregulated
with age in
Drdlia-and
Did2-

11864

[

DS

CCTACTCTGATGAGATCGAGT
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expressing
modivm
sIny
REurons
{Tables S1
and S2)

TRCNG000323726

pLKO TRC
0605

NM_ 0074882

At

Experimental

Upregulated
with age in
Didia- and
Tird?2-
expressing

spiny
BEUFOnS
(Tables S1
and 57)

11864

TATCATGCCATAGAT

TRCNGCOG323788

SURO TRC
605

NM 0074882

Arnt?

Experimental

Upregulaied
with age in
Didia- and
Dird2-
expressing

seuzons
(Tables S1
and 82)

CBS

CCTACTCTGATGAGATCGAGT

TRONOHKKIZT677

pLEO TRC
605

NM 74882

Arnt2

Experimental

Upregulated
with age in
Drdlia-and
Did2-
expressing
medium
spiny
HEUrons
(Tables 51
and 52)

TGTCGGACAAGGCAGTAAATA

TRONOGOONZ31232

pLEO TRC
603

NM 001028695,

i

Kdmla

Experimental

Upregulated
with age in
Dirdla- and
Drd2-
expiessing
medium
spiny
NEUTONS
(Tables 51
and 82)

104263

DS

CACGATCAGAGCTGGTATTTA

TRONGOOO252744

PLEO TRC
005

R 001038695,

2

Kdm3a

Experimental

Upregulated
with age tn
Dirdla- and

medinm
spiny

newrons
{Tables 51
and S2)

™)

&)

S
o

1047

R

[

DS

TGCGGGTAGAAGGCTTICTTAA

TRONGG00252745

pLRO TRC
003

NM_001038695.

2

Kdm3a

Fxperimental

Upregulated
with age in
Dirdia- and
Tird?2-
expressing
modivm
Spiny
REurons
{Tables
and 52}

S

104263

CTGCGAAGTTTCGTTOOATTT

TRCNG000252747

pLRO TRC
605

NM._ 001038605,

]

Kdm3a

Experimental

Upregulated
with age in
Didia- and

j04263

CDS

GAAGTTCCTGAGCAAGTTATT
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Drd2-
expressing
medium
spiny
NEUrons
(Tables 51
and S2)

TRONGO00265705 | pLRO TRC | MM 0067353
003

BZm

Experimental

Upregulated
with age in
Dirdia- and
Dird2-
expressing
modivm
sIny
neurosns, as
well

as

expressing
cortical cells
(Tables S1,
52, and 54)

12010

3UTR

CCAGTITCTAATATGCTATAC

TRCNGCO0205762 | pLKO TRC | NM 00972583
005

B2m

Experimental

Upregulaied
with age in
Drdia- and
Dd2-
expressing
moedini
spiny
neuions, 83
well as
Tird?2-
expressing
cortical cells
(Tables 51,
32, and S4)

12010

CBS

TAAAGTAGAGATGTCAGATAT

TRONOOUG288438 | pLEC TROC | NM 0097353
[S145)

BZm

Experimental

Upregulated
with age in
Drdla- and
Drd2-
expiessing
medium
spiny

Drd2-
expressing
cortical cells

(Tables 81,
S2, and 84)

GCCGAACATACTGAACTGCTA

TRONGGOOO66424 | pLKO. 1 NM 0097352

BZm

Experimental

¥

Upregulated
with age in
Tirdia- and
Dird2-
expressing
modivm
sIny
neurosns, as
well as
Drd2-
expressing
cortical cells
{Tables S1,
52, and 54)

12010

DS

GUCGAACATACTGAACTGCTA

TRONGOO0329356 | pLRO TRC | NM 1773864
005

Stimbst2

Experimental

Previously
shown o
change in
publtshed
HT studies
{Becanovic

CBS

CCCTCTGACCACACCATATAA
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atal, 2010}

TRONGG00320354 | pLRO_TEC

005

NM_J773%6.4

Sfimbt2

Experimental

Previously
shown to
change in
published
HI studies
(Recanovic
et al, 2010}

353282

CDS

COOQATGTGOTACGATTCATTA

TRONGG00329357 | pLKO TRC

008

WM 1773%6.4

Sfmbt2

Fxperimental

Previously
shown 1o
change in
published
HD studies
(Becanovic
et al., 2010}

2
Cn
a2
b
o
[\-]

CCTATTTGATAGTCCTATATT

TRONGOO0329285 | pLEO TRC

005

~3
.

6.4

i
3

NM 1

Sfmbt2

Experimental

Previcusty
shown to
change in
published
HD studies
(Hecanovic

et al., 2010}

353282

DS

TYCGTCAACCACCGGTGITIC

TRONOKK337555 | pLKG TRO

003

NM_036i43.4

Ddidl

Experimental

Previously
shown to
change in
published
HD studies
{Becanovic
etal., 2010}

73284

IUTR

CCCTAATGAGTGGATAATAAA

TRONGOOO276017 | pLKO TRO

005

NM 0361433

Dditdl

Experimental

Previously
shown to
change in
published
L) studies
{Recanovic

etal., 2010)

DS

GATTTCGACTACTGGGATTAT

TRCNGO001 76976 | pLKO. 1

NM_ 0301432

Ddiat

Experimental

Previously
shown to
change in
published
HI studies
(Recanovic
et al, 2010}

CDS

GATTTCGACTACTGGGATTAT

TRONGG00276918 | pLKO TRC

008

NM 0301433

Dditdl

Fxperimental

Previously
shown 1o
change in
published
HD studies
(Becanovic
et al., 2010}

73284

TCGCTTCTCCTCAGGCCTTAA

TRONGOOO1S3203 | pLEO

NM_01G726.1

Phyh

Experimental

Upregulated
with age in
Dirdla- and
Ded2-
expressing
medium
spiny
NEUrons
{Tables 51
and S2)

16922

3UTR

GAGGACATCAAAGCAAAGAA
A

TRONGGOO183360 | pLKO. 1

WM B107341

Phyh

Experimental

Upregulated
with age in
Dirdia- and
Dird2-
expressing
modivm
sIny
neurons

{Tables S1

16922

3UTR

GCTCTTCCTTATAATTICCTTT
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and S7)

TRONGO003 14263 | pLKO TEC | NM 0107262
005

Phyh

Experimental

Upregulated
with age in
Didia- and
Tird?2-
expressing

spiny
neusons
(Tables S1
and 57)

3UTR  {GAGGACATCAAAGCAAAGAA
A

TRONGOGO314262 | pLRO TRC | NM 0107262
005

Phyh

Experimental

Upregulated
with age in
Didia- and
Did2-
expressing
inm

spiny
HEUrons
(Tables S1
and 52)

JUTR  {GCTCTTCCTTATAATTCCTTT

TRONOOKI221761 | pLEG. NM_{(08828.1

Pgkl

Experimental

Randomiy
chosen

eepin
¢ larget gene

DS CATCAAATTCTGCTTGGACAA

TRONGGOG1 64507 | pLEO. 1 WM 305004 1

Rpsdx

Experimental

Proteing
iavolved in
translation
have been

4SS
with
Huntinglin
protein
(Culver et
al., 2012)

DS CCCTGACTGGAGATGAAGTAA

TRONGGOO164476 | pLEO. 1 NM 0165801

Rpis

Experimental

Proteing
involved in
translation
have been
shown to be
associated
with
Huntingtin
protein
(Culver et
al., 2012}

Lo

Chs CCCTCATAGTACCAAACGATT

TRONGG00311277 | pLKO TRC | NM_0994%3 1
005

Kdmoa

Experimental

Upregulated
with age
when Dirdla-
and Dyd?2-
expressing
medinm

SPInY newron
gene
expression
data are
poolad

; .
(analysis not
shown)

3UTR {CTATGCCAGCGACTCTCGTAAA

TRONGOGO305239 | pLKG TRC [ NM (094831
005

Kdm6a

Experimental

Upregulated
with age
when Drdia-
and Drd2-
expressing
medivm
SPIRY NEtron
gene
CXPISSSIon

DS AGTTAGCAGTGGAACGTTATG
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data are
pooted
{analysis not
shown)

TRCONOHKKINS6242

pLKG.d

NM_{(9483.1

Kdmta

Experimental

Upregulated
with age
when Drdla-
and Drd2-
expiessing
medium
spiny neuron
gene
expression
data are
pooled
{analysis not
shown)

22289

GCTACGAATCTCTAATCTTAA

TRCNGO00335919

pLKO TRC
0605

NM_ 0004831

Kdmoa

Experimental

Upregulated
with age
when Drdia-
and Drd2-
expressing
medivm
spiny neuron
gene
expression
data are
pooled
(analysis not
shown)

CDS

GUTACGAATCTCTAATCTTAA

TRONGOONO8S087T

pLEG

NM (354441

Experimental

Downregulat | 997,

ed with age
1 Drdda-
and Drd2-
expiessing
medium
spiny
HEUrons, as
well as
Drd2-
expressing
cortical cells
(Tables 81,
S2, and 84)

CGAAGACCTTGTCATAGAGTT

TRONGGOOSKS0RS

pLKO1

WM 025444.1

Fxperimental

Downregulat
ed with age
in Drdla-
and Drd2-
expressing
modivm
Spiny
neurons, as
well as
Drd2-
expressing
cortical cells
(Tables S1,
52, and 54)

AGAATTGAAACGGGCTAGAAA

TRCNGCO0317962

SURO TRC
605

NM 0234443

Tafi3

Experimental

Downregulat
ad with age
in Drdla-
and Drd2-
expressing
moedini
spiny

BEUIONS, 85
well as
Dird2-

eXPressing

99730

CBS

CGAAGACCTYGTCATAGAGTT
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cortical cells
(Tables 51,
82, and S4)

TRONGOOO3 17963

pLEO TRC

005

NM_ 0254442

Experimental

Downregulat
ed with age
in Drdla-
and DrdZ-
exXpressing
medium
spiny
NENrons, as
well as

Drd2-

(Tables S1,
S2, and 54)

965730

DS

AGAATTGAAACGGGCTAGAAA

TRCNGG00287596 | plLKO_TRC | NM_026i63.2 Pkp?2 Experimental | Randomly (67451 {CDS GCOTTGAGAAACTTGGTATTT
G0S chosen target
gene
TRONGOO0123350 | pl KO NM (261631 Pkp2 Experimental | Randomly {67451 {CDS GCCTTGAGAAACTTGGTATTT
chosen target
gene
TRONGOGG123251 | pLKG.1 NM _(26i63.1 Pkp2 Experimental | Randomly (67451 {{CDS CCTGAGTATGTCTACAAGCTA

chosen target
gene

TRONGG00287514

pLRO TRC
003

WM 0261632

Pkp2

Fxperimental

Randomly
chosen target
gene

CCTGAGTATGTCTACAAGCTA

TRONGOONT1993

pLEG

NM 0532423

Experimental

Upregulated
with age in
Dird2-
expressing
medinm
sIny
newrois, as
well as
Drd2-
expiessing
cortical cells
{Tables S2
and S4)

114142

3UTR

CGGAAGTTATTGATGTGGTAT

TRCNGG000 75994

pLKG. 1

NM_ 0537473

Foxp?

Experimental

Upregulated
with age in
Did2-
expressing
medivm
spiny
neUIons, 4s
well as
Tird2-
expressing
cortical cells
(Tables 52
and 54)

114142

CDS

COQACAGTCTTCAGTTCTGAA

TRONOOOOOTI597

pLEO. 1

NM 0532423

Foxp2

Experimental

Upregulated
with age in
Dird2-
expressing
modivm
sIny

REUrens, as
well as

cortical cells
{Tables S2
and S4)

114142

DS

GCGACATICAGACAAATACAA

TRCNGCO0076492

SLRO.L

NM_ 1454501

Gpxb

Experimental

Upregulaied

75512

COS

AGCCATTCAACGTCACGGTTT
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with age in
Didia- and
Dird2-
expressing
medium
spiny

rons
(Tables S1
and 82)

TRCENOHKHIT6491

pLKG.d

NM 1454511

Gpx6

Experimental

Upregulated
with age in
Drdla- and
Did2-
expressing
medium
spiny
HEUrons
(Tables 51

and 82}

75512

DS

GTGAACGOAGACAATGAACAA

TRONGOONNT6488

PLEG

NM 145451

Gpx6

Experimental

Upregulated
with age in
Dirdla- and
Drd2-
expressing
medium
spiny
NEUrons
(Tables 51
and 82)

GCATGTGCAATCTACAGAGAT

TRONGOOO125009

pLKO. 1

NM_ 1773461

Gpridg

Experimental

Upregulated
with age tn
Tird?2-
expressing
medivm
Spiny
neurons

{Table 52)

2293

)
A
~3

3UTR

CCCACTTTCTTCTAGTTATAT

TRONGOGG125011

PLRGL

NM 1773461

Gpridgo

Experimental

Upregulated
with age in
Drd2-
expiessing
medium
spiny
NEUTONS

(Table 82)

7{CDS

GCGATATTAACTATGGAGAAA

TRONGGO0125010

pLKO1

WM 1773461

Gpri 49

Fxperimental

Upreguiated
with age in
Dird2-
expressing
madinm
spiny
neusons

(Table 52)

CCAGTGTTTOTCTTATOCAAA

TRONGOOO3ITT130

pLEO TRC
603

NM 0061122

Si00ald

Experimental

Upregulated
with age in
Drdia- and
Drd2-
expiessing
medium
spiny
HEUrons, as
well ag
Drd2-
expressing
cortical cells
{Tables 81,
S2, and 84)

20194

CCAGAGCTTTCTATCACTAGT

TRONGG00397669

pLKO1

3

NM 00

D

-
-
t

Ti51

$10%ald

Fxperimental

Upreguiated
with age in

20194

CCAGAGCTTTCTATCACTAGT
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Drdia- and
Drd2-
expressing
medium
spiny
REUToRns, 48
well ag
Dd2-
expressing
cortical cells
(Tables 51,
S2, and S4)

TRONGOO0034382

pLKO. 1

NM_008

b
[

-
=
vl
N
v
>
ot

Experimental

Downregulat
ed with age
in Drdla-
and Dyd?2-
expressing
modivm
sIny
neurcns
{Tables S1
and S2)

DS

CGOGTGAAAGATTCAGATGAT

TRONGGO0366695

pLRO TRC
0605

NM_0082%4.2

Hrasi

Fxperimental

Downregulat
ed with age
in Drdla-
and Drd2-
expressing
medivm
Spiny

REUFOnS
{Tables S1
and S7)

GTGAGATTCGGCAGCATAAAT

TRCNGCO0366696

PLRO TRC
605

NM_ 0022842

Hrasl

Experimental

Downregulat
ed with age
in Drdla-

expressing
medium
spiny
neurons
(Tables S1
and 82)

IUTR

CACGTTGCATCACAGTAAATT

TRENGGOO323443

PLKO TRC
605

NM 019635,

Sik3

Experimental

Upregulated
with age in
Drdlia-and
Did2-
expressing
medivm
spiny

expressing
cortical cells
(Tables 51,
82, and S4)

DS

CCTGAGGTAATTCAAGAAATA

TRONGOOON25880

pLEO. 1

NM_019635.1

Stk3

Experimental

Upregulated
with age in
Dirdla- and
Drd2-
exXpressing
medium
spiny
NGUroRS, a8
well as
Drd2-
expressing
cortical cells

{Tables S1,

36274

DS

CCTICTTTCATGGACTACTIT
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S2, and 84)

TRCNOO00025951

pLKG. 1

NM_D10635.1

Sik3

Experimental

Upregulated
with age in
Didla- and
Tird2-
expressing
maditm
spiny
neuions, 83
well as
Dird2-
expressing
costical cells
{Tables S1,
32, and S4)

56374

CDS

CCTGAGGTAATTCAAGAAATA

TRONOOKI9417¢

pLKG.d

NM 0531331

Podhbg

Experimental

Upregulated
with age in
Ded2-
expressing
medium
spiny
NEUrons

(Table 82)

AGACTTGCAGTTCACAGATAT

TRCNGO00004175

pLKG. 1

NM 0531331

Pedbbd

Experimental

Upregulated
with age in
Dird2-
expressing
medium
spiny

il
(Ta

CDS

CTGGCTCCAATGGCCTTATTA

TRONGOONN94176

PLEG

NM 0531231

Pedhbg

Experimental

Upregulated
with age in
Dird2-
expressing
modivm
sIny
newrons

(Table 52)

CACAGATATAAACGACCATTT

TRCNGCO0077230

PLRO.L

NM_008810.1

Rnd3

Experimental

Downregulat
ed with age
inall cell
types studied
(Tables S1,
52, 83, and
S4)

74194

CBS

FCACATTAGTGGAACTCTCAA

TRCNGO00335730

pLKO TRC
0605

NM_ 0288102

Rnd3

Experimental

Downregulat
ed with age
inall cell
types studied
(Tables S1,
S2, 83, and
S4)

74194

CDS

GCACATTAGTGGAACTCTCAA

TRONGOOOOS1679

pLKO. 1

NM 101181

FEgr?

Experimental

Downregulat
ed with age
in Drdla-
expressing
medivm
spiny
neurons

{Table 51)

DS

CCACTCTCTACCATCCGTAAT

TRONOHKKIZ35775

pLEO TRC
605

NM_(16118.3

Egr2

Experimental

Diownregulat
ed with age
in Dirdla-
expressing
medium
spiny
NEUrons

(Table S1)

GAGATGGCATGATCAACATTG
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TRONGO00A27699 | pLKO TRC §NM 0531311
005

Pedbbo

Experimental

Upregulated
with age in
Dydia- and
Tird?2-
expressing
medivm
spiny
BEUFOnS
{Tables S1
and 57)

CDS GCTCACACTCTACCTGGTCAT

TRONGOGOOA34260 | pLRO_TRC | NM 0531311
005

Pedhbo

Experimental

Upregulaied
with age in
Didia- and
Dxd2
expressing
medium
spiny

HEUrons
(Tables S1
and 82}

CBS CAAATTCCTGAACCATTATTC

TRONOHKI94302 | pLEG. NM_(53131.1

Podhbs

Experimental

Upregulated
with age in
Drdlia-and
Did2-
expressing
medium
spiny
HEUrons
(Tables 51
and 52)

DS CCAGAATOUTTGGCTOTCATT

TRONOOUD430303 | pLEC TROC | NM 17212622
[S145)

Adamia

Experimental

Randomly
chosen target
gene

280668

DS TTCGCCAACATGTACGCTTAA

TRONGO00031 725 | pLKOL NM_172126.2

Adamla

Experimental

Randomly
chosen target
gene

230668

CBS FCACACAGTGTGATAGGAT

TRONGGOOAIRIET [ pLKO TRE | NM 1096213
005

Dppl0

Experimental

Upregulated
with age tn
Tirdia- and
Dird2-
expressing
modivm
sIny
neurcns
{Tables S1
and S2)

269109

DS GGCATCCAGTGTACUTGCATAA

TRONGCO003 1459 | pLROL L NM_ 1990212

Dppl

Experimental

Upregulated
with age in
Dydia- and
Tird?2-
expressing
medivm
Spiny
BEUFOnS
{Tables S1
and S7)

269108

3UTR  {GCTTCTTTATTGAGCCAAATA

TRONGOOO1 04268 | pLROLL NM_052835.1

Rpill

Experimental

Proteins
involved in
translation
have been
shown to be
associated
with
Huudtngtin
protein
(Culver et
al., 2012}

1109354

CBS CCGAACCAAGTIGCAGAACAA
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[06143]

4 replicates per time-point and genotype
95 viral elements targeting 76 distinct target sequences

Table 10, Log? sequencing resulis from the SLIC screen time-points

Hatrpin Sequence

n 1Dy

Gene Name

CGCCAGTTAGCTCAATATCAT

K00066072

Psmud? (positive control)

AGACTTGCAGTTCACAGATAT 000094178 Pedhbd
CCTGAGGTAATTCAAGAAATA 30072595 1 TRONOOOO323443 Stk3
GCATGTGCAATCTACAGAGAT TRCKOOD0076488 Gpxb
TAAAGTAGAGATGTCAGATAT TRCKOOD0295762 B2m
GITGAACGGAGACAATGAACAA TRCRNOOOOO 164) i Gpxd
CTGCGAAGTTICGTTGGATIY TRCROODO252745 Kdm3a

CCTGACCAACAACAT

TRONOO00105785, TRCNGOOO288 240

Peallsa

TCACCCT
CAAAGACAACCICTCCTACAT

TRONOOD0105787, TRCNOGOOO288175

Pealla

CCCTGACTGGAGATGAAGTAA TRONOOOO104502, TRONCODO3 16606 Rpsdx
CCCTCATAGTACCAAACGATT TRENOOOO104426 Rpis
AGCCATTCAACGTCACGGTTT TRENOODO076492 Gpxo
CACAGATATAAACGACCATTY TRONOOOO004176 Pedhb¥
CAAATTCCTGAACCATTATIC TRONOOD0434266 Pedhb6
ACACCAAGCTAACCCGTATTC TRON 00307 (7565 Pealsa
CTATGCCAGGACTCTCGTAAA Kdmba
TGTCGGACAAGGCAGTAAATA Armnt2
CACGTTGCATCACAGTAAATT Hrasl
CGCTAAATACTGGCAGGCGTT LacZ {negative control)
GCCTTGAGAAACTTGGTATTT Pkp2
CCTATTTGATAGTCCTATATT Stimbit?
CCTTCTTTCATGGACTACTTT Stk3
TTCGCCAACATGTACGCTTAA Adamla
CCOGAACCAAGTTGCAGAACAA Rplid
CACTCGGATATTTGATATGTG , 1 RENOOON231707 Luciferase (negative control)
CCTGAGTATGICTACAAGUTA JTRENOGOO0287514 Pkpl
CCAGTTTCTAATATGCTATAC 5 H2m
CCOCTAATGAGTGGATAATAAA T }\C\ OO 003 3 7555 Diditdl
GGCATCCAGTGTACTGCATAA TRONOOOO43R367 Dppl0
AGGCAAGTCGACCGCCATTATC TRONOOD0435247 Pedhbid
GCTCTICCTTATAATTCCTTT TRENOOOOTRI360, TRENOOD03 14262 Phyh
TGCGGGTAGAAGGCTICTTAA TRONOOO(252744 Kdm3a
TCGCTTCTCCTCAGGCCTTAA TRONOGODG276918 Txditd]
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CCACTCTCTACCATCCGTAAT TRONOODOOR 1679 Bar?
CATCAAATTCTGCTTGGACAA TRONGODG221761 Poki
CCCACTTTCTTCTAGUTATAT TRONOOOGI 25009 Gprid?
CTGGUTCCAATGGLCTTATTA TRONOODO0O417S Pedhbd
GCGATATTAACTATGGAGAAA TRONOOOGI25011 Gprid?
CATTCCAAACTGTGACCGCAA TRONOOOGT 14797 TRONOGOO320173 1gfbpd
COTACTCTGATGAGATCGAGT B )000096382,"I‘R(N)O’l’l""""SS Amt2
’3(,/—\.(11\(1(7TTTCTAT(,AC TAGT OGO 7669, TRON SiGGaig
CGAAGACCTTGTCATAGAGTT 0085087 TRC Tafl3
AGAATTGAAACGGGUTAGAAA NOOOGORS5085, TRC! Tafi3
CCCTCTGACCACACCATATAA NOOOG329356 Sfmbst?
CCAGAATGCTTGGCTGTCATT NOOGG094302 Pedhbd
GATTTCGACTACTGGGATTAT T R(\\ 0000176976, TRUNCONN2 76917 Ddirdl
GAGGACATCAAAGCAAAGAAA TRONOODOI83203, TRONCONN314263 Phyh
GCACACAGTGTGATAGGATTT TRONOOO0031725 Adamla
CGUTATTATCATGCCATAGAT TRONOODG096379, TRONGOOO323726 Arnt?
CACGATCAGAGCTGGTATTTA TRONOOO(231232 Kdm3a
AGAATOGTCGTATOUAGTGAA TRONOOD0072250, TRICNOOD0231730 Luciferass (negative control}
GCOACATTICAGAC foATA(,AA TRONGOD0071997 Toxp?
GCACATTAGTGGAACTCTCAA TRONOOOOO 77330, TRONGODD321 730 Rnd3
GCTACGAATCTCTAATOTTAA TRONOOOO096242, TRONGODN321919 ¥dmba

CCAGTGTTTGICTTATCCAAA

TRONOOOGI25010

Gprigd

ACAACAGCCACAACGICTATA

TRONOOO0464743, TRONCOOO464744, TRENGOO
0464745 TRCNOOGG0464747 TRCNGOOGOGT2 181,
TRONOOD0231753

GFEP (negative controf}

CGOACAGTCTTCAGTICTGAA TRONOOD0071994 Foxp?2
GAAGTTCCTGAGUCAAGTTATT TRONOODO252747 Kdm3a
GTAGTGCAACCATCACGTATT TRENGOD0428544 Pedhbid
TCAGTACTTATCAGCGAAATT TRENG0D0426134 Pedhbid
TTCGTCAACCACCGGTCTTTC TRONOOOO329283 Stimbt2
CGGAAGTTATTGATGTGGTAT TRONOOOOOT 1993 Foxp
GOCTCACACTCTACCTGGTCAT TRONOOD0427696 Pedhb6
CGGATGTGGTACGATICATTA CNOODG329354 Stmbi2
AGTTAGCAGTGGAACGTTATG Kdmba
GAGATGGCATGATCAACATIG Egr?
GACAAGGATGAGAGCGAACAT 0000114798, TRONGOO03201 11 Igfbpd

GCGATCACATOOTCCTGCTGG

10207065

GEP (negative control)

CTCAGTTCCAGTACGGCTCCA

TRONOGGGGT2200 TRONOMGNZ2316

RYP (negative control}

GCTTCTTTATTGAGCCAAATA

K0G031459

Dppld

GCTGOGGTTGTTGCGCCACTT 000114800, TROKOOO0350214 Igfhpd
GCCOGAACATACTGAACTGCTA NG0066424, TROKDON)288438 B2m
GIGAGATICGGCAGCATAAAT TRCROODO366695 Hras!
CGGGTGAAAGATTCAGATGAT TRCROODO034382 Hras!
CATGATACTGGTAGTCATATT TRCKO0D0419614 Pedhbig

ACAGTTAACCACTTTTTGAAT

TRONOOD0464725, TRONGOO0464728, TRONGOD
0464730, TRCNOO00464732, TRONODO0464733,
TRENOO0464734, TRONOOOM64 735, TRENOK
0464736, TRCNGNG0464733, TRUNONOG241922,
TR{L\OOOMG 4737, TRC\OOOMMv 41, TR{L\OOD

0464747 TRONGO00241923, TRONGO0023 1782,
»(”»\)0464‘726;1‘1{(, ¥I464727  TRONOOG
0464720, TRCNOO00464731, TRCNOO00464723,
TRONOOO0464724

shRNA negative control (non-shRNA

transcript, negative control)

{00144]

Table 11. RIGER-assigned p valucs for depletion i the SLIC sereen at 4 weeks.

Gene Hairpins # Hatrpins Hairpin Mormalized | Gene | pvalue | p
ranks enrichment | rank value
50012 rank
Gpxb GCATGTGCAATCTACAGAGAT, 3 9.3,2 0.05882 i 0.0036 1 1
GTCGAACGGAGACAATGAACAA,
AGCCATICAACGTCACGGTTT
Pedhbs CTGGCTCCAATGGCCTTATTA, 3 13, 16,4 0.2299 2 0.083 2
CACAGATATAAACGACCATTIT,
AGACTTGCAGTTUCACAGATAT
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Pkp2

GCCTTGAGAAACTYGGTATTT,
CCTGAGTATGTCTACAAGUTA

2

24, 30

Opridy

CCCACTTTCTTCTAGTTATAT,
CCAGTGTITTGTCTITATCCAAA,
GCGATATTAACTATGGAGAAA

42

22,37, 12

(oS}

Tafl3

AGAATTGAAACGHGCTAGAAA,
CGAAGACCTTGTCATAGAGTT

[\

3
o
=

3.5312

0.2606

Phyh

GQUICTICOTTATAATTCCYTTY,
GAGGACATCAAAGUAAAGAAA

[\

e
o
n

(1.5536

~3

0.2827

Hrasl

COGGTGAAAGATTCAGATGAT,
CACGTTGCATCACAGTAAATT,
GTGAGATTCGGCAGCATAAAT

o

(.4652

0.3083

OFp

ACAACAGUCACAACGTCOTATA,
GUGATCACATGGTCCTGCOTGG

2

o)

[e]

LUCIFERASE

AGAATCGTUGTATGUAGTGAA,
CACTCGGATATTTGATATGTG

2

el

Foxp2

COGAAGTTATIGATGTGGTAT,
COGACAGICTTCAGTTUTGAA,
GCGACATTCAGACAAATACAA

42

i0

10

Stk3

CCTTICTTTCATGGACTACTTT,
CCTGAGGTAATTCAAGAAATA

[\

15

1t

Igtbpd

CATTCUAAACTGTGACCGUAA,

GACAAGGATGAGAGCGAACAT,

GCTGCOUGTTGTIGCGCCACTT

o

Ddiedl

GATTTCGACTACTGGGATTAT,
TCGUTTCTCCTCAGGOCTTAA,
CCCTAATGAGTGGATAATAAA

42

0.8182

42

PealSa

CAAAGACAACCTCTCCTALAT,
CCTGACCAACAACATCACCCT,
ACACCAAGCTAACCCGTATTIC

(%)

(.8289

13

0.7465

CGCTATTATCATGCCATAGAT,
CCTACTCTGATGAGATCGAGT,
TGTCOGGACAAGGCAGTAAATA

(V]

31,47, 68

0.8396

i4

Pedhibo

CCAGAATGCTTGGCTGTCATY,
CAAATTCCTGAACCATTATTC,
GCTCACACTCTACCTOGTCAT

14,61, 52

0.9051

16

Dppl0

GCTTCTTTATTGAGCCAAATA,
GGCATCCAGTGTACTGUATAA

3]

0.942

B2m

GCCGAACATACTGAACTGCTA,
TAAAGTAGAGATGTCAGATAT,
CCAGTTTOTAATATGCTATAC

(V]

0.9733

i8

Pedhibig

TCAGTACTTATCAGCGAAATT,
CATGATACTGGTAGTCATATY,
GTAGTGCAACCATCACGTATT,
AGGCAAGTGACCGCCATTATC

1.2025

19

Kdm3a

CACGATCAGAGUTGGTATTTA,
CYGUGAAGTTTCGTTGGATTT,
TGCGGGTAGAAGGCTTCTTAA,
GAAGTTCCTGAGCAAGTTATT

1.2658

Stimbi2

TTCGTCAACCACCGOTOTTIC,
CGGATGTGOTACGATTCATTA,
CCTATTTGATAGTCCTATATT,

CCCTCTGAUCACACCATATAA

66, 45, 65,
63

Hax2

CCACTCTCTACCATCCGTAAT,
GAGATGOCATGATCAACATTG

3]

71,59

1.6001

Kdméa

GUCTACGAATCTCTAATCTTAA,
AGTTAGCAGTGGAACGTTATG,
CTATGCCAGGACUTCTUGTAAA

07,70,73

5.
B
o0
—~
)

1.6001

23

Adamla

GCACACAGTGTGATAGGATTT,
TTCGCUAACATGTACGCTTAA

1.6001

24
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Table 12. RIGER-assigned p values for depletion in the SLIC screen at 6 weeks.

#

Gene Hairpins # Hairpi | Normalize | Gen |{p P
Hairpin | nranks | d e value | valu
S enrichment | rank e
score rank

Gpxé GCATGTGCAATCTACAGAGAT, {3 19,6,7 | 0.1444 1 3032 |1
GTGAACGGAGACAATGAACAA, 1
AGCCATTCAACGTCACGGTIT

Kdm3a CACGATCAGAGCTGGTATTITA, | 4 11,9, 0.1835 2 0.065 |2
TGCGGGTAGAAGGUTTCTITAA, 2,45 5
CTGCGAAGTTTCATTGGATTET,
GAAGQTTCCTGAGCAAGTTATT

Pedhbs CTGGCTCCAATGGCCTTATTA, 3 5, 16, 0.2834 3 0.124 |3
CACAGATATAAACGACCATTT, 53 4
AGACTTGCAGTTCACAGATAT

Tafl3 AGAATTGAAACGGGCTAGAAA, | 2 13,24 | 03795 4 0132 4
COAAGACCTTGTCATAGAGTT 7

Adamla GCACACAGTGTGATAGGATTT, |2 21,40 | 0.6295 5 0366 | 5
TTCGUCAACATGTACGCTTAA 9

Phyh GAGGACATCAAAGCAAAGAAA | 2 25,41 | 0.6607 7 0.406 | 6
, GCTCTTCCTTATAATTCCTTY 3

Pkp2 GCCTTGAGAAACTTGGTATTT, 2 27,42 | 0.683 9 0.436 |7
CCTGAGTATGTCTACAAGCTA 6

Pealsa CAAAGACAACCTCTCCTACAT, {3 36,74, | 0.6364 6 0514 | &8
CCTGACCAACAACATCACCCT, 29 3
ACACCAAGCTAACCCGTATIC

Hrasl COGGTGAAAGATTCAGATGAT, {3 72,34, | 0.6684 8 0.553 |9
GTGAGATTCGGUAGCATAAAT, 23 4
CACGTTGCATCACAGTAAATT

Dditd] GATTTCGACTACTGGGATTAT, |3 36,720, | 0.6845 10 3571 | 10
TCGCTTCTCCTCAGGLCTTAA, 65 9
CCCTAATGAGTGGATAATAAA

GFP ACAACAGCCACAACGTCTATA, |2 50,35 | 0.8259 i1 0.646 | 11
GCGATCACATGGTCCTGCTIGG i

Gprid9 CCCACTTTCTTCTAGTTATAT, 3 46,54, | 0.8342 12 0.752 | 12
CCAGTOTTTGTCTTATCCAAA, I8 7
GCGATATTAACTATGGAGAAA

1gfbp4 CATTCCAAACTGTGACCGCAA, {3 61,48, | 0.8503 13 0.769 | 13
GACAAGGATGAGAGCGAACAT, i5 3
GCTGCGOTTGTTGCGCCACTT

Foxp? COOGAAGTTATTGATGTGGTAT, |3 55,38, | 0.893 14 3813 | 14
COGGACAGTCTTCAGTTCTGAA, 43 2
GCOGACATTCAGACAAATACAA

Stk3 CCTGAGGTAATTCAAGAAATA, | 2 4,70 0.9554 i5 0.849 | 15
CCTTCTTTCATGGACTACTTT i

Pedhbs CCAGAATGCTTGGUTGTCATT, 3 10,59, | 1 16 0.903 | i6
GCTCACACTCTACCTGGTCAT, 60 8
CAAATTCCTGAACCATTATIC

Egr2 CCACTCTCTACCATCCGTAAT, 2 64,39 110312 17 0,930 | 17
GAGATGGCATGATCAACATTG 3

B2m GCCGAACATACTGAACTGCTA, |3 67, 63 0533 1% 0.933 | I8
CCAGTTTCTAATATGCTATAL, 8 4
TAAAGTAGAGATGTICAGATAT
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Sfmbt2 TTCGTCAACCACCGGTOTTITC, 4 37,49, | 1.0696 20 0934 | 19
CGOGATGTGGTACGATTCATTA, 51,44 2
CCCTCTGACCACACCATATAA,
CCTATTTGATAGTCCTATATT

Pedhbi4 CATGATACTOGTAGTCATATT, 4 75,69, | 1.0759 21 3937 |20
TCAGTACTTATCAGCGAAATT, 52,14 3
GTAGTGCAACCATCACGTATY,
AGGCAAQTGACCGCCATTATO

Arnt? CGCTATTATCATGCCATAGAT, 3 28,66, | 1.0802 22 0.947 |21
CCTACTCTGATGAGATCGAGT, 58 4
TOGTCGGACAAGGCAGTAAATA

LUCIFERAS | AGAATCOTCOTATOCAGTGAA, 2 7,73 1.0536 19 0.945 | 22

E CACTCGOATATTITGATATGTIG

Dpplo GCTTCTITTATTGAGCCAAATA, 2 71,31 1.0893 23 0972 123
GUCATCCAQTOGTACTOCATAA &

Kdnba GCTACGAATCTCTAATCTTAA, 3 57,68, | 12139 24 098¢ | 24
AGTTAGCAGTGGAACGTTATG, 56 2
CTATGCCAGGACTCTCGTAAA
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{66146] Haviong thus described in detail preferred embodiments of the present invention, it is
to be understood that the invention defined by the above paragraphs is not to be limited to
particular details set forth in the above description as many apparent vanations thercof are

possible without departing from the spirit or scope of the present invention.
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WHAT IS CLAIMED Is:

1. A method of screening for modulators of a discase comprising:
{a) administering to cach of a first and second mammal of the same species at

icast one vector, cach vector comprising g regulatory element operably linked to a nucleotide
sequence that is transcribed in vivo,
wherein the first mammal is a2 model of a human discase and the second mammal is a
normal control rmammal not a model of a human disease, and
wherein the nucleotide sequence encodes a protein coding gene, or a short hairpin RNA,
or a CRISPR/Cas system;
{b) harvesting BNA from the first mammal and the second mammal;
{¢) wdentifying the vectors by sequencing the harvested DNA; and
{d) comparing the representation of each vector from the first mammal and
the sccond manumal, whereby a differential representation in the first eammal indicates that the
protein coding geve, or short hawrpin RNA target, or CRISPR/Cas systern target 1s a modulator of
the disease.
2. The method of claim 1, wherein ecach vector comprises a unique barcode
sequence, and the method further comprises identifying the barcodes during sequencing,

whereby the identification of a barcode indicates the presence of a vector.

3. The method of ¢laim 1 or 2, wherein the vectors are administered stereotaxically.
4. The method of any of claims | o 3, wherein the CRISPR/Cas system comprises:
(i} a first regulatory element operably linked to a nucleotide sequence

encoding a CRISPR-Cas system polynucieotide sequence comprising at lecast one guide
sequence, a tracr RNA, and a tracr mate sequence, wherein the at least one guide sequence
hybridizes with a target sequence; and

(i) a sccond regulatory element operably hinked fo a nucleotide

sequence encoding a Type H Cas9 protein.
5. The method of any of claims 1 to 3, wherein the first and sccond marmmals arc
transgenic non~uman mammals comprising Cas® and wherein the nucleotide sequence encoding
a CRISPR/Cas system compriscs at least one guide sequence, a tracr RNA, and a tracr mate

sequence, wheren the at least one guide sequence hybridizes with a target sequence.
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6. The method of claima 5, wherein expression of Cas9 is inducible.
2
7. The method of any of the preceding claims, wherein the vector is configured to be

conditional, whereby the vector targets only certain cell types.

K. The method of any of the preceding claims, wherein the vector is a viral vector.
9, The method of claim 8, wherein the viral vector 18 a lentivirus, an adenovirus, or

an adeno associated virus (AAV),

10.  The method of any of the preceding claims, wherein the disease is Huntington's
Dnsease.

1. The method of any of the preceding clairns, wherein the first manmal is the R6/2
Huntington’s discase model hue.

12. A method of treating a nervous system disease comprising activating expression
of Gpxs i the central nervous system of a subject in need thereof suffering {from the disease.

13 A method of treating a nervous system discase comprising expressing Gpx6 in the
central nervous system of a subject in noed thercof suftering from the disease.

4. A wethed of ireating a nervous system disease comprising introducing into a
subject in need thereof suffering from the discase a CRISPR-Cas® based systern configured to
target Gpxd.

15, The method of claim 14, wherein the CRISPR/Cas systern comprises a functional
domain that activates transcription of the Gpx6 gene.

16.  The method of any of claims 12 to 15, wherein the nervous system disease is
Huntington’s Discasc or Parkinson’s Discase.

17, The method of any of claims 12, to 16, further comprising administering to a
subject in need thereof suffering from the disease at lcast one of the drugs selected from the
group consisting of Tetrabenazine, veuroleptics, benzodiazepines, amantadine, anti Parkinson’s

drugs, valproic acid, antioxidants, and Gpx mimetics.

1R, A wethod of determining a prognosis for a central nervous systern discase
comprising:
{a) obtaining a RNA sample from a paticnt suffering from a central nervous

system disease;

(b} assaying the lovel of Gpx6 gene expression; and
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{¢) comparing the levels of Gpx6 gene oxpression to a control level
determined by testing healthy subjects, wherein the prognosis is worse if Gpxd gene expression
is lower than the control level.

19, The method of claim 17 further comprising assaying the level of DARPP-32 gene
expression; and comparing the levels of D4RPP-32 gene expression to a control level
determined by testing healthy subjects, wherein the prognosis is worse if DARPP-32 gene
expression 18 lower than the control level.

20. An autibody comprising a heavy chamn and a hght chain, wherein the antibody

binds to an antigenic region of the Gpx6 protein comprising SEQ ID No: 1.
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