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LEUCINE-RICH REPEAT KINASE 2 (LRRK2) iRNA AGENT COMPOSITIONS AND
METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority to U.S. Provisional Application No. 63/216,119, filed
on June 29, 2021, and U.S. Provisional Application No. 63/353,953, filed on June 21, 2022, each of which

is incorporated herein by reference in its entirety.

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted electronically in
ASCII format and is hereby incorporated by reference in its entirety. The ASCII copy, created on June 28,
2022, isnamed A108868 1270WO_SL txt and is 691,284 bytes in size.

BACKGROUND OF THE INVENTION
The leucine-rich repeat kinase 2 (LRRK2) gene encoding the protein LRRK2 is located in the

chromosomal region 12ql11.2-q13.1. LRRK2 belongs to the Roco protein family of the Ras/GTPase
superfamily. The highly conserved LRRK2 protein is made up of 51 exons with a total of 2527 amino acids
comprising enzymatic domains including a ROC (Ras of complex) GTPase domain and a serine/threonine
kinase domain. Other protein-interacting domains in LRRK?2 protein, include a leucine-rich repeat domain,
a C-terminal WDA40 repeat domain, and armadillo and ankyrin repeat domains

Mutations in the ZRRK?2 gene have been implicated as causative for a dominantly inherited form
of Parkinson's disease (PD), a progressively debilitating neurodegenerative syndrome. LRRK2 mutations
have been associated with phenotypic manifestations of frontotemporal lobar degeneration, corticobasal
degeneration, degeneration of dopaminergic neurons in the substantia nigra pars compacta (SNpc), the
presence of Lewy bodies (neuronal inclusions of aggregated a-synuclein and other ubiquitinated proteins)
and associated motor neuron discase in patients. LRRK2 mutations have also been found in sporadic PD
cases having single nucleotide polymorphisms (SNPs) that confer increased LRRK2 expression (about 2-
fold increase), which may contribute to disease etiology due to an increased kinase activity established.
Given the similarities in the clinical presentation of LRRK2-associated familial and sporadic PD it is likely
that missense and/or deletion mutations in LRRK? play a critical role in the disease etiology of familial and
sporadic PD.

There is currently no cure for Parkinson’s disease, and treatments are only aimed at alleviating
the symptoms and improving the patient’s quality of life as the disease progresses. Accordingly, there is a
need for agents that can sclectively and efficiently inhibit the expression of the LRRK2 gene such that

subjects having a LRRK 2-associated disorder, e.g., Parkinson’s disease, can be effectively treated.
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SUMMARY OF THE INVENTION
The present disclosure provides RNAi compositions, which effect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a LRRK?2 gene. The LRRK? gene may be within
acell, e.g, a cell within a subject, such as a human. The use of these IRNAs enables the targeted degradation

of mRNASs of the corresponding gene (LRRK?2 gene) in mammals.

The iIRNAs of the invention have been designed to target a LRRK? gene, e.g., a LRRK?2 genc having
a missense and/or deletion mutations in the exons of the gene, and having a combination of nucleotide
modifications. The iRNAs of the invention inhibit the expression of the LRRK?2 gene by at least about 25%,
at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least
about 80%, at lcast about 90%, or at least about 95%, relative to control levels. and reduce the level of sense-
and antisense-containing foci. Without intending to be limited by theory, it is believed that a combination or
sub-combination of the foregoing properties and the specific target sites, or the specific modifications in
these IRNAs confer to the iRNAs of the invention improved efficacy, stability, potency, durability, and
safety. In one aspect, the present invention provides double stranded nibonucleic acid (dsRNA) agent for
ihibiting expression of LRRK2, wherein the dsSRNA agent comprises a sense strand and an antisense strand
forming a double stranded region, wherein the sense strand comprises at least 15 contiguous nucleotides
differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 1808 and the antisense
strand comprises at least 15 contiguous nucleotides differing by no more than 3 nucleotides from the
nucleotide sequence of SEQ ID NO: 1809.

In another aspect, the present invention provides a double stranded ribonucleic acid (dsRNA) agent
for inhibiting expression of LRRK2, wherein the dsRNA agent comprises a sense strand and an antisense
strand forming a double stranded region, wherein the antisense strand comprises a region of complementarity
toan mRNA encoding LRRK2, and wherein the region of complementarity comprises at least 15 contiguous
nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of SEQ ID NO:1809.

In yet another aspect, the present invention provides a double stranded ribonucleic acid (dsRNA)
agent for inhibiting expression of LRRK?2, wherein the dsRNA agent comprises a sense strand and an
antisense strand forming a double stranded region, wherein the antisense strand comprises a region of
complementarity to an mRNA encoding LRRK?2, and wherein the region of complementarity comprises at
least 15 contiguous nucleotides differing by no more than 3 nucleotides from any one of the antisense
nucleotide sequences in any one of Tables 3-7.

In one embodiment, the sense strand comprises at least 15 contiguous nucleotides differing by no
more than three nucleotides from any one of the nucleotide sequence of nucleotides 1458-1478, 1484-1504,
1761-1781, 1950-1970, 2076-2096, 2094-2114,2212-2232,2213-2233, 2268-2288, 2431-2451, 2529-2549,
2565-2585, 2566-2586, 2569-2589, 2583-2603, 2605-2625,2657-2677, 2764-2784, 2867-2887, 2881-2901,
2883-2903, 3022-3042, 3198-3218, 3330-3350, 3348-3368, 3395-3415, 3629-3649, 3630-3650,3712-3732,
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3713-3733, 3715-3735, 3717-3737, 3720-3740, 3727-3747, 3796-38 16, 3800-3820, 3822-3842, 3829-3849,
3875-3803, 3971-3991, 4130-4150, 4443-4463, 4447-4467, 4449-4469, 4478-4498, 4488-4508, 4619-4639,
4652-4672, 4868-4888, 4950-4970, 4970-4990, 4971-4991, 4972-4992, 5092-5112, 5202-5222, 5226-5246,
5232-5252, 5233-5253, 5273-5293, 5318-5338, 5367-5387, 5368-5388, 5370-5390, 5373-5393, 5425-5443,
5443-3463, 5457-5477, 3461-3481, 5471-5491, 5475-5495, 5501-3521, 5557-5577, 5640-3660, 5646-5666,
5639-5679, 5674-5694, 5675-3693, 5676-3696, 5682-5702, 5684-5704, 5722-5742, 5725-5745, 5778-5798,
5779-5799, 5793-5813, 5964-5984, 5963-3985, 5984-6004, 6029-6049, 6092-6112, 6093-6113, 6094-6114,
6096-6116, 6127-6147, 6143-6163, 6163-6183, 6172-6192, 6173-6193, 61746194, 6175-6195, 6198-6218,
6319-6339, 6339-6339, 6418-6438, 6331-6551, 6536-6536, 6541-6361, 65736393, 6662-6682, 6730-6750,
6740-6760, 6742-6762, 6786-6806, 6791-6811, 6803-6823, 6804-6824, 6803-6823, 6807-6827, 6810-6830,
6811-6831, 6812-6832, 6818-6838, 6872-6892, 7004-7024, 7018-7038, 7020-7040, 7027-7047, 7028-7048,
7085-7103, 7103-7123, 7115-7135, 7121-7141, 7127-7147, 7242-7262, 7348-7368, 7397-7417, 7404-7424,
7405-7425, 7421-7441, 7443-7463, T444-T464, 7445-7465, 7493-7513, 7535-7555, 7538-7538, 7539-7539,
7593-7613, 7629-7649, 7637-7637, 7638-7658, 7639-7639, 7671-7691, 7727-7747, 7729-7749, 8134-8154,
8135-8155, 1484-1504, 1488-1508, 1755-1775, 1761-1781, 1905-1925, 1943-1965, 1950-1970, 2029-2049,
2207-2227,2212-2232,2213-2233, 24312451, 2529-2549, 2563-2383, 2569-2389, 2648-2668, 2764-2784,
2874-2894, 2881-2901, 3051-3071, 3193-3213, 3198-3218, 3208-3228, 3330-3350, 3331-3351, 3350-3370,
3380-3400, 3390-3410, 3395-3415, 3573-3593, 3622-3642, 3632-3652, 3712-3732, 3715-3735,3717-3737,
3718-3738, 3740-3760, 3795-3815, 3806-3826, 3829-3849, 3830-3830, 3938-3958, 3950-3970, 3971-3991,
4367-4387, 4376-4396, 4444-4464, 4446-4466, 4447-4467, 4551-4571, 4554-4574, 4704-4724, 4834-4854,
4839-4859, 4925-4945, 4970-4990, 4971-4991, 4972-4992, 5058-5078, 5092-5112, 5128-5148, 5196-5216,
5226-5246, 5275-5293, 5322-5342, 5349-5369, 5352-5372, 5363-5383, 5367-5387, 5368-5388, 5370-5390,
5373-5393, 5461-5481, 5475-5495, 5482-5502, 5515-5535, 5516-5336, 5541-5361, 5557-5577, 5607-5627,
5635-5635, 5641-5661, 5643-5663, 5644-3664, 5646-5666, 5635-5673, 5639-5679, 5660-5680, 5671-5691,
5674-5694, 5682-5702, 5683-5703, 5684-5704, 5721-5741, 5757-5777, 5763-5783, 5772-5792, 5773-5793,
5776-5796, 5777-5797, 5778-5798, 5779-5799, 5793-5813, 5794-58 14, 5964-5984, 5963-5985, 5966-5986,
5980-6000, 5984-6004, 6029-6049, 6030-6050, 6071-6091, 6092-6112, 60936113, 6095-6115, 6129-6149,
6135-6133, 6136-6136 ,6142-6162, 6143-6165, 6171-6191, 6172-6192, 6174-6194, 61756195, 6178-6198,
6180-6200, 6196-6216, 6197-6217, 6198-6218, 6344-6364, 6333-6373, 6320-6340, 6336-6536, 6538-6338,
6539-6539, 6541-6561, 6723-6743, 6724-6744, 6729-6749, 6730-6750, 6737-6757, 6740-6760, 6742-6762,
6743-6763, 6786-6806, 6787-6807, 6791-6811, 6793-6813, 6794-68 14, 68036823, 6803-6825, 6806-6826,
6807-6827, 6808-6828, 6810-6830, 6811-6831, 6812-6832, 6813-6833, 68 14-6834, 68 18-6838, 6828-6848,
6829-6849, 6834-6834, 6872-6892, 6918-6938, 6919-6939, 6920-6940, 6922-6942, 6989-7009, 7004-7024,
7012-7032, 7023-7043, 7035-7035, 7036-7056, 7041-7061, 7085-7103, 7103-7123, 7114-7134, 7116-7136,
7121-7141, 7129-7149, 7146-7166, 7149-7169, 7242-7262, 7247-7267, 7303-7323, 7348-7368, 7353-7373,
7397-7417, 7404-7424, 7403-7425, 7443-7463, 7493-7513, 7533-7533, 7538-7538, 7539-7539, 7593-7613,
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7627-7647, 7629-7649, 7727-7747, 8005-8025, 8007-8027 and 8134-8154 of SEQ ID NO: 1, and the
antisense strand comprises at least 15 contiguous nucleotides from the corresponding nucleotide sequence
of SEQ ID NO: 2.

In one embodiment, the sense strand comprises at least 15 contiguous nucleotides differing by no
more than three nucleotides from any one of the nucleotide sequence of nucleotides 212-232, 238-258, 515-
535, 704-724, 830-850, 848-868, 966-986, 967-987, 1022-1042, 1185-1205, 1283-1303, 1319-1339, 1320-
1340, 1323-1343, 1337-1357,1359-1379, 1411-1431, 1518-1538, 1621-1641, 1635-1655, 1637-1657, 1776~
1796, 1952-1972, 2084-2104, 2102-2122, 2149-2169, 2383-2403, 2384-2404, 2466-2486, 2467-2487, 2469-
2489, 2471-2491, 2474-2494,2481-2501, 2550-2570, 2554-2574, 2576-2596, 2583-2603, 2629-2649, 2725-
2745,2884-2904, 3197-3217,3201-3221, 3203-3223, 3232-3252,3242-3262, 3373-3393, 3406-3426, 3622-
3642, 3704-3724, 3724-3744, 3725-3745, 3726-3746, 3846-3866, 3956-3976, 3980-4000, 3986-4006, 3987-
4007, 4027-4047, 4072-4092, 4121-4141, 4122-4142, 4124-4144, 4127-4147,4179-4199, 4197-4217, 4211-
4231, 4215-4235, 4225-4245, 4229-4249, 4255-4275, 4311-4331, 4394-4414, 4400-4420, 4413-4433, 4428-
4448, 4429-4449, 4430-4450, 4436-4456, 4438-4458, 4476-4496, 4479-4499, 4532-4552, 4533-4553, 4547-
4567, 4718-4738, 4719-4739, 4738-4758, 4783-4803, 4846-4866, 4847-4867, 4848-4868, 4850-4870, 4881 -
4901, 4897-4917, 4919-4939, 4926-4946, 4927-4947, 4928-4948, 4929-4949, 4952-4972, 5073-5093, 5093-
5113, 5172-5192, 5285-5305, 5290-5310, 5295-5315, 5327-5347, 5416-5436, 5484-5504, 5494-5514, 5496~
5516, 5540-5560, 5545-5565, 5557-5577, 5558-5578, 5559-5579, 5561-3581, 5564-5584, 5565-5585, 5566~
5586, 5572-5592, 5626-5646, 5758-5778, 5772-5792, 5774-5794, 5781-3801, 5782-5802, 5839-5859, 5857-
5877, 5869-5889, 5875-5895, 5881-5901, 5996-6016, 6102-6122,6151-6171, 6158-6178, 6159-6179, 6175-
6195, 6197-6217, 6198-6218, 6199-6219, 6247-6267, 6289-6309, 6292-6312, 6293-6313, 6347-6367, 6383-
6403, 6391-6411, 6392-6412, 6393-6413, 6425-6445, 6481-6501, 6483-6503, 6888-6908 and 6889-6909 of
SEQ ID NO: 1808, and the antisense strand comprises at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO: 1809.

In one embodiment, the antisense strand comprises at least 15 contiguous nucleotides differing by
no more than three nucleotides from any one of the antisense strand nucleotide sequences of a duplex selected
from the group consisting of AD-1624152, AD-1624178, AD-1624412, AD-1624595, AD-1624721, AD-
1624739, AD-1624856, AD-1624857, AD-1624894, AD-1625057, AD-1625155, AD-1625191, AD-
1625192, AD-1625195, AD-1625209, AD-1625230, AD-1625282, AD-1625389, AD-1625485, AD-
1625499, AD-1625501, AD-1625610, AD-1625786, AD-1625910, AD-1625928, AD-1625975, AD-
1626183, AD-1626184, AD-1626265, AD-1626266, AD-1626268, AD-1626270, AD-1626273, AD-
1626280, AD-1626349, AD-1626353, AD-1626375, AD-1626382, AD-1626428, AD-1626524, AD-
1626636, AD-1626921, AD-1626925, AD-1626927, AD-1626936, AD-1626946, AD-1627077, AD-
1627110, AD-1627308, AD-1627390, AD-1627410, AD-1627411, AD-1627412, AD-1627511, AD,
1627601, AD-1627625, AD-1627631, AD-1627632, AD-1627672, AD-1627717, AD-1627766, AD-
1627767, AD-1627769, AD-1627772, AD-1627820, AD-1627838, AD-1627852, AD-1627856, AD-
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1627866,
1628042,
1628118,
1628381,
1628441,
1628668,
1628961,
1629028,
1629214,
1629298,
1629397,
1629711,
1629876,
1631022,
1631029,
1631036,
1631043,
1631050,
1631057,
1631064,
1631071,
1631078,
1631085,
1631092,
1631099,
1631106,
1631113,
1631120,
1631127,
1631134,
1631141,
1631148,
1631155,
1631162,
1631169,
1631176,

AD-1627870,
AD-1628043,
AD-1628119,
AD-1628382,
AD-1628442,
AD-1628754,
AD-1628963,
AD-1629031,
AD-1629216,
AD-1629304,
AD-1629619,
AD-1629763,
AD-1629878,
AD-1631023,
AD-1631030,
AD-1631037,
AD-1631044,
AD-1631051,
AD-1631058,
AD-1631065,
AD-1631072,
AD-1631079,
AD-1631086,
AD-1631093,
AD-1631100,
AD-1631107,
AD-1631114,
AD-1631121,
AD-1631128,
AD-1631135,
AD-1631142,
AD-1631149,
AD-1631156,
AD-1631163,
AD-1631170,
AD-1631177,

AD-1627896,
AD-1628044,
AD-1628133,
AD-1628383,
AD-1628443,
AD-1628759,
AD-1629007,
AD-1629032,
AD-1629223,
AD-1629419,
AD-1629620,
AD-1629799,
AD-1630135,
AD-1631024,
AD-1631031,
AD-1631038,
AD-1631045,
AD-1631052,
AD-1631059,
AD-1631066,
AD-1631073,
AD-1631080,
AD-1631087,
AD-1631094,
AD-1631101,
AD-1631108,
AD-1631115,
AD-1631122,
AD-1631129,
AD-1631136,
AD-1631143,
AD-1631150,
AD-1631157,
AD-1631164,
AD-1631171,
AD-1631178,

AD-1627952,
AD-1628050,
AD-1628253,
AD-1628385,
AD-1628444,
AD-1628764,
AD-1629012,
AD-1629033,
AD-1629224,
AD-1629524,
AD-1629621,
AD-1629807,
AD-1630136,
AD-1631025,
AD-1631032,
AD-1631039,
AD-1631046,
AD-1631053,
AD-1631060,
AD-1631067,
AD-1631074,
AD-1631081,
AD-1631088,
AD-1631095,
AD-1631102,
AD-1631109,
AD-1631116,
AD-1631123,
AD-1631130,
AD-1631137,
AD-1631144,
AD-1631151,
AD-1631158,
AD-1631165,
AD-1631172,
AD-1631179,

5

AD-1628008,
AD-1628052,
AD-1628254,
AD-1628396,
AD-1628467,
AD-1628794,
AD-1629024,
AD-1629039,
AD-1629263,
AD-1629573,
AD-1629663,
AD-1629808,
AD-1631019,
AD-1631026,
AD-1631033,
AD-1631040,
AD-1631047,
AD-1631054,
AD-1631061,
AD-1631068,
AD-1631075,
AD-1631082,
AD-1631089,
AD-1631096,
AD-1631103,
AD-1631110,
AD-1631117,
AD-1631124,
AD-1631131,
AD-1631138,
AD-16311453,
AD-1631152,
AD-1631159,
AD-1631166,
AD-1631173,
AD-1631180,

PCT/US2022/035561

AD-1628014,
AD-1628070,
AD-1628273,
AD-1628412,
AD-1628570,
AD-1628883,
AD-1629025,
AD-1629092,
AD-1629280,
AD-1629580,
AD-1629707,
AD-1629809,
AD-1631020,
AD-1631027,
AD-1631034,
AD-1631041,
AD-1631048,
AD-1631055,
AD-1631062,
AD-1631069,
AD-1631076,
AD-1631083,
AD-1631090,
AD-1631097,
AD-1631104,
AD-1631111,
AD-1631118,
AD-1631125,
AD-1631132,
AD-1631139,
AD-1631146,
AD-1631153,
AD-1631160,
AD-1631167,
AD-1631174,
AD-1631181,

AD-1628027,
AD-1628073,
AD-1628318,
AD-1628434,
AD-1628590,
AD-1628951,
AD-1629026,
AD-1629200,
AD-1629292,
AD-1629581,
AD-1629710,
AD-1629838,
AD-1631021,
AD-1631028,
AD-1631035,
AD-1631042,
AD-1631049,
AD-1631056,
AD-1631063,
AD-1631070,
AD-1631077,
AD-1631084,
AD-1631091,
AD-1631098,
AD-1631105,
AD-1631112,
AD-1631119,
AD-1631126,
AD-1631133,
AD-1631140,
AD-1631147,
AD-1631154,
AD-1631161,
AD-1631168,
AD-1631175,
AD-1631182,

AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
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1631183, AD-1631184, AD-1631185, AD-1631186, AD-1631187, AD-1631188, AD-1631189, AD-
1631190, AD-1631191, AD-1631192, AD-1631193, AD-1631194, AD-1631195, AD-1631196, AD-
1631197, AD-1631198, AD-1631199, AD-1631200, AD-1631201, AD-1631202, AD-1631203, AD-
1631204, AD-1631205, AD-1631206, AD-1631207, AD-1631208, AD-1631209, AD-1631210, AD-
1631211, AD-1631212, AD-1631213, AD-1631214, AD-1631215, AD-1631216, AD-1631217, AD-
1631218, AD-1631219, AD-1631220, AD-1631221, AD-1807334, AD-1807335, AD-1807336, AD-
1807337, AD-1807338, AD-1807339, AD-1807340, AD-1807341, AD-1807342, AD-1807343, AD-
1807344, AD-1807345, AD-1807346, AD-1807347, AD-1807348, AD-1807349, AD-1807350, AD-
1807351, AD-1807352, AD-1807353, AD-1807354, AD-1807355, AD-1807356, AD-1807357, AD-
1807358, AD-1807359, AD-1807360, AD-1807361, AD-1807362, AD-1807363, AD-1807364, AD-
1807365, AD-1807366, AD-1807367, AD-1807368, AD-1807369, AD-1807370, AD-1807371, AD-
1807372, AD-1807373, AD-1807374, AD-1807375, AD-1807376, AD-1807377, AD-1807378, AD-
1807379, AD-1807380, AD-1807381, AD-1807382, AD-1807383, AD-1807384, AD-1807385, AD-
1807386, AD-1807387, AD-1807388, AD-1807389, AD-1807390, AD-1807391, AD-1807392, AD-
1807393, AD-1807394, AD-1807395, AD-1807396, AD-1807397, AD-1807398, AD-1807399, AD-
1807400, AD-1807401, AD-1807402, AD-1807403, AD-1807404, AD-1807405, AD-1807406, AD-
1807407, AD-1807408, AD-1807409, AD-1807410, AD-1807411, AD-1807412, AD-1807413, AD-
1807414, AD-1807415, AD-1807416, AD-1807417, AD-1807418, AD-1807419, AD-1807420, AD-
1807421, AD-1807422, and AD-1807423.

In some embodiments, the nucleotide sequence of the sense and antisense strand comprises any one
of the sense strand nucleotide sequences in any one of Tables 3-7.

In one embodiment, the sense strand, the antisense strand, or both the sense strand and the antisense
strand is conjugated to onc or more lipophilic moicties.

In one embodiment, the lipophilic moiety is conjugated to one or more internal positions in the
double stranded region of the dsRNA agent.

In one embodiment, the lipophilic moiety is conjugated via a linker or carrier.

In one embodiment, the lipophilicity of the lipophilic moiety, measured by logKow, exceeds 0.

In one embodiment, the hydrophobicity of the double-stranded RNAi agent, measured by the
unbound fraction in a plasma protein binding assay of the double-stranded RNAi agent, exceeds 0.2.

In one embodiment, the plasma protein binding assay is an electrophoretic mobility shift assay using
human serum albumin protein.

In one embodiment, the sense strand, the antisense strand, or both the sense strand and the antisense
strand of the dsRNA agent is conjugated to one or more Asialoglycoprotein receptor (ASGPR) ligands.

In one embodiment, the ASGPR ligand is attached to the 5” end or 37 end of the sense strand of the
dsRNA agent.
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In one embodiment, the ASGPR ligand is attached to the 5° end of the sense strand of the dsSRNA
agent.

In one embodiment, the ASGPR ligand is attached to the 37 end of the sense strand of the dsSRNA
agent.

In one embodiment, the ASGPR ligand comprises one or more GalNAc derivatives attached through
a bivalent or trivalent branched linker.

In one embodiment, the ASGPR ligand comprises:

0
HO 0 H\/\/H 0
Pty Mg \q
Ho OH o
HO e
Pyt Mg \é(\/ .
Ho OH
ey
HO 0 NSNS0
AcHN \/\/\(TDI/H H

In one embodiment, the ASGPR ligand is:
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HO
Pyt \/\/\g R S k«; HO,’
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] 0 0 0

g M
ey g
HOS-— DWTHMHAO
In various embodiments of the aforementioned dsRNA agents, the dsRNA agent targets a hotspot
region of an mRNA encoding LRRK?2. In one embodiment, the hotspot region comprises any one of SEQ
ID NOs: 2260-2288 of SEQ ID NO: 1 or any one of nucleotides 3620-3652, 3794-3849, 5194-5222, 5366~
5393, 5423-5463, 5674-5704, 5720-5745, 6090-6114, 6125-6156, 6518-6561, 6721-6750, 6740-6763, 7016-
7061, 7083-7123, 7112-7136, 7125-7169, 7346-7373, 7441-7465, 7591-7659, 7636-7659, 8132-8155, 3627-
3650, 5194-5222, 5674-5702, 5720-5745, 6091-6114, 6529-6559, 7034-7061, 7441-7465, and 7636-7659
of SEQ ID NO: 1. The dsRNA agent may be sclected from the group consisting of AD-1627308, AD-
1631049, AD-1631050, AD-1626349, AD-1626353, AD-1626375, AD-1626382, AD-1631080, AD-
1807348, AD-1807393, AD-1631088, AD-1631089, AD-1631090, AD-1631108, AD-1807416, AD-
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1807371, AD-1627767, AD-1627769, AD-1627772, AD-1631109, AD-1631110, AD-1631111, AD-
1627820, AD-1627838, , AD-1628042, AD-1628043, AD-1628044, AD-1628050, AD-1628052,, AD-
1628070, AD-1631108, AD-1631109, AD-1631110, AD-1631111, AD-1807397, AD-1807352, , AD-
1628073, AD-1807374, AD-1807419, AD-1628381, AD-1628382, AD-1628383, AD-1631131, AD-
1631132, AD-1631133, AD-1628396, AD-1807361, AD-1807406, AD-1631150, AD-1631151, AD-
1631152, AD-1631153, AD-1631154, AD-1631155, AD-1631156, AD-1631157, AD-1631158, AD-
1631160, AD-1631161, AD-1631162, AD-1807357, AD-1807402, AD-1628961, AD-1628963, AD-
1629214, AD-1629216, AD-1629223, AD-1629224, AD-1629263, AD-1629280, AD-1631194, AD-
1631195, AD-1631196, AD-1631197, AD-1807363, AD-1807408, AD-1629304, AD-1629524, AD-
1631205, AD-1631206, AD-1807337, AD-1807354, AD-1807382, AD-1807399, AD-1629619, AD-
1629620, AD-1629621, AD-1631210, AD-1807355, AD-1807377, AD-1807400, AD-1807422, AD-
1629763, AD-1631215, AD-1631216, AD-1631217, AD-1807335, AD-1807336, AD-1807376, AD-
1807380, AD-1807381, AD-1807421, AD-1630135, AD-1630136, AD-1631221, AD-1807369, AD-
1807414, AD-1807364, AD-1807409, AD-1629808, and AD-1629809.

In another aspect, the present invention provides a dsRNA agent that targets a hotspot region of a
leucine-rich repeat kinase 2 (LRRK2) mRNA,

In some embodiments, the dsSRNA agent comprises at least one modified nucleotide.

In one embodiment, no more than five of the sense strand nucleotides and no more than five of the
nucleotides of the antisense strand are unmodified nucleotides

In one embodiment, all of the nucleotides of the sense strand and all of the nucleotides of the
antisense strand are modified nucleotides.

In one embodiment, at least one of the modified nucleotides is selected from the group a deoxy-
nucleotide, a 3’-terminal deoxythimidine (dT) nucleotide, a 2'-O-methyl modified nucleotide, a 2'-fluoro
modified nucleotide, a 2'-deoxy-modified nucleotide, a locked nucleotide, an unlocked nucleotide, a
conformationally restricted nucleotide, a constrained ethyl nucleotide, an abasic nucleotide, a 2’-amino-
modified nucleotide, a 2°-O-allyl-modified nucleotide, 2’-C-alkyl-modified nucleotide, 2’-hydroxly-
modified nucleotide, a 2’-methoxyethyl modified nucleotide, a 2’-O-alkyl-modified nucleotide, a
morpholino nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a tetrahydropyran
modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified nucleotide, a
nucleotide comprising a 5'-phosphorothioate group, a nucleotide comprising a 5'-methylphosphonate group,
a nucleotide comprising a 5” phosphate or 5° phosphate mimic, a nucleotide comprising vinyl phosphonate,
a nucleotide comprising adenosine-glycol nucleic acid (GNA), a nucleotide comprising thymidine-glycol
nucleic acid (GNA) S-Isomer, a nucleotide comprising 2-hydroxymethyl-tetrahydrofurane-5-phosphate, a

nucleotide comprising 2’-deoxythymidine-3 phosphate, a nucleotide comprising 2’-deoxyguanosine-3’-
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phosphate, and a terminal nucleotide linked to a cholesteryl derivative and a dodecanoic acid bisdecylamide
group; and combinations thereof.

In one embodiment, the modified nucleotide is selected from the group consisting of a 2'-deoxy-2'-
fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, 3 -terminal deoxythimidine nucleotides (dT), a
locked nucleotide, an abasic nucleotide, a 2°-amino-modified nucleotide, a 2’-alkyl-modified nucleotide, a
morpholino nucleotide, a phosphoramidate, and a non-natural base comprising nucleotide.

In one embodiment, the modified nucleotide comprises a short sequence of 3 -terminal
deoxythimidine nucleotides (dT).

In one embodiment, the modifications on the nucleotides are 2’-O-methyl, GNA and 2’fluoro
modifications.

In some embodiments, the dsRNA agent further comprises at least one phosphorothioate
internucleotide linkage.

In one embodiment, the dsRNA agent comprises 6-8 phosphorothioate internucleotide linkages.

In one embodiment, cach strand is no more than 30 nucleotides in length.

In one embodiment, at least one strand comprises a 3° overhang of at least 1 nucleotide. In another
embodiment, at least one strand comprises a 3” overhang of at least 2 nucleotides.

The double stranded region may be 15-30 nucleotide pairs in length; 17-23 nucleotide pairs in length;
17-25 nucleotide pairs in length 23-27 nucleotide pairs in length; 19-21 nucleotide pairs in length; or 21-23
nucleotide pairs in length.
Each strand may have 19-30 nucleotides; 19-23 nucleotides; or 21-23 nucleotides.

In one embodiment, one or more lipophilic moieties are conjugated to one or more internal positions
on at least one strand, such as via a linker or carrier.

In one embodiment, the internal positions include all positions except the terminal two positions
from each end of the at least one strand.

In another embodiment, the internal positions include all positions except the terminal three
positions from cach end of the at least one strand.

In one embodiment, the internal positions exclude a cleavage site region of the sense strand.

In one embodiment, the internal positions include all positions except positions 9-12, counting from
the 5 -end of the sense strand.

In another embodiment, the internal positions include all positions except positions 11-13, counting
from the 3’-end of the sense strand.

In one embodiment, the internal positions exclude a cleavage site region of the antisense strand.

In one embodiment, the internal positions include all positions except positions 12-14, counting from
the 5°-end of the antisense strand.

In one embodiment, the internal positions include all positions except positions 11-13 on the sense

strand, counting from the 3’-end, and positions 12-14 on the antisense strand, counting from the 5’-end.
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In one embodiment, the one or more lipophilic moieties are conjugated to one or more of the internal
positions sclected from the group consisting of positions 4-8 and 13-18 on the sense strand, and positions 6-
10 and 15-18 on the antisense strand, counting from the 5’end of each strand.

In another embodiment, the one or more lipophilic moieties are conjugated to one or more of the
internal positions selected from the group consisting of positions 3, 6, 7, 15, and 17 on the sense strand, and
positions 15 and 17 on the antisense strand, counting from the 5’-end of each strand.

In one embodiment, the internal positions in the double stranded region exclude a cleavage site
region of the sense strand.

In one embodiment, the sense strand is 21 nucleotides in length, the antisense strand is 23 nucleotides
in length, and the lipophilic moiety is conjugated to position 21, position 20, position 15, position 1, position
7, position 6, or position 2 of the sense strand or position 16 of the antisense strand.

In one embodiment, the lipophilic moiety is conjugated to position 21, position 20, position 15,
position 1, or position 7 of the sense strand.

In another embodiment, the lipophilic moiety is conjugated to position 21, position 20, or position
15 of the sense strand.

In yet another embodiment, the lipophilic moiety is conjugated to position 20 or position 15 of the
sense strand.

In one embodiment, the lipophilic moiety is conjugated to position 16 of the antisense strand.

In one embodiment, the lipophilic moiety is an aliphatic, alicyclic, or polyalicyclic compound.

In one embodiment, the lipophilic moiety is selected from the group consisting of lipid, cholesterol,
retinoic acid, cholic acid, adamantane acctic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-bis-
O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol, borneol, menthol, 1,3-propanediol,
heptadecyl group, palmitic acid, myristic acid, O3-(oleoyl) lithocholic acid, O3-(oleoyl)cholenic acid,
dimethoxytrityl, or phenoxazine.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C4-C30 hydrocarbon
chain, and an optional functional group selected from the group consisting of hydroxyl, amine, carboxylic
acid, sulfonate, phosphate, thiol, azide, and alkyne.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C6-C18 hydrocarbon
chain.

In one embodiment, the lipophilic moiety contains a saturated or unsaturated C16 hydrocarbon
chain.

In one embodiment, the saturated or unsaturated C16 hydrocarbon chain is conjugated to position 6,
counting from the 5°-end of the strand.

In one embodiment, the lipophilic moicty is conjugated via a carrier that replaces one or more

nucleotide(s) in the intemal position(s) or the double stranded region.
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In one embodiment, the carrier is a cyclic group selected from the group consisting of pyrrolidinyl,
pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolanyl,
oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl,
tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a serinol backbone or a diethanolamine
backbone.

In one embodiment, the lipophilic moiety is conjugated to the double-stranded iRNA agent via a
linker containing an ether, thioether, urea, carbonate, amine, amide, maleimide-thioether, disulfide,
phosphodiester, sulfonamide linkage, a product of a click reaction, or carbamate.

In one embodiment, the lipophilic moiety is conjugated to a nucleobase, sugar moiety, or
internucleosidic linkage.

In one embodiment, the lipophilic moiety or targeting ligand is conjugated via a bio-cleavable linker
selected from the group consisting of DNA, RNA, disulfide, amide, functionalized monosaccharides or
oligosaccharides of galactosamine, glucosamine, glucose, galactose, mannose, and combinations thereof.

In one embodiment, the 3” end of the sense strand is protected via an end cap which is a cyclic group
having an amine, said cyclic group being selected from the group consisting of pyrrolidinyl, pyrazolinyl,
pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [I,3]dioxolanyl, oxazolidinyl,
isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuranyl,
and decalinyl.

In one embodiment, the dsRNA agent further comprises a targeting ligand that targets a liver tissue.

In one embodiment, the targeting ligand is a GalNAc conjugate.

In one embodiment, the dsSRNA agent further comprises a terminal, chiral modification occurring at
the first internucleotide linkage at the 3” end of the antisense strand, having the linkage phosphorus atom in
Sp configuration, a terminal, chiral modification occurring at the first internucleotide linkage at the 57 end
of the antisense strand, having the linkage phosphorus atom in Rp configuration, and
aterminal, chiral modification occurring at the first internucleotide linkage at the 5 end of the sense strand,
having the linkage phosphorus atom in either Rp configuration or Sp configuration.

In another embodiment, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first and second internucleotide linkages at the 3” end of the antisense strand, having the
linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the first
internucleotide linkage at the 5° end of the antisense strand, having the linkage phosphorus atom in Rp
configuration, and a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end
of the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In yet another embodiment, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, second and third internucleotide linkages at the 3™ end of the antisense strand, having
the linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the first

internucleotide linkage at the 5° end of the antisense strand, having the linkage phosphorus atom in Rp
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configuration, and a terminal, chiral modification occurring at the first internucleotide linkage at the 5 end
of the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In another embodiment, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 3” end of the antisense strand, having the
linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the third
internucleotide linkages at the 3” end of the antisense strand, having the linkage phosphorus atom in Rp
configuration, a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of
the antisense strand, having the linkage phosphorus atom in Rp configuration, and a terminal, chiral
modification occurring at the first internucleotide linkage at the 5” end of the sense strand, having the linkage
phosphorus atom in either Rp or Sp configuration.

In another embodiment, the dsRNA agent further comprises a terminal, chiral modification
occurring at the first, and second internucleotide linkages at the 3 end of the antisense strand, having the
linkage phosphorus atom in Sp configuration, a terminal, chiral modification occurring at the first, and
second internucleotide linkages at the 5° end of the antisense strand, having the linkage phosphorus atom in
Rp configuration, and a terminal, chiral modification occurring at the first internucleotide linkage at the 5°
end of the sense strand, having the linkage phosphorus atom in either Rp or Sp configuration.

In one embodiment, the dsRNA agent further comprises a phosphate or phosphate mimic at the 5°-
end of the antisense strand.

In one embodiment, the phosphate mimic is a 5°-vinyl phosphonate (VP).

In one embodiment, the base pair at the 1 position of the 5'-end of the antisense strand of the duplex
is an AU base pair.

In one embodiment, the sense strand has a total of 21 nucleotides and the antisense strand has a total
of 23 nucleotides.

The present invention also provides cells and pharmaceutical compositions for inhibiting expression
of a gene encoding LRRK2 comprising the dsRNA agents of the invention, such.

In one embodiment, the dsRNA agent is in an unbuffered solution, such as saline or water.

In another embodiment, the dsSRNA agent is in a buffer solution, such as a buffer solution comprising
acetate, citrate, prolamine, carbonate, or phosphate or any combination thereof;, or phosphate buffered saline
(PBS).

In one aspect, the present invention provides a method of inhibiting expression of a LRRK?2 gene in
a cell, the method comprising contacting the cell with a dsSRNA agent of the invention, or a pharmaceutical
composition of the invention, thereby inhibiting expression of the LRRK?2 gene in the cell.

In one embodiment, cell is within a subject.

In one embodiment, the subject is a human.

In one embodiment, the subject has a LRRK2-associated disorder.

12
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In one embodiment, the LRRK 2-associated disorder in the subject is a neurodegenerative disorder.
In another embodiment, the LRRK2-associated disorder in the subject is an ocular disorder.

In one embodiment, the LRRK?-associated disorder is selected from the group consisting of
Parkinson’s disease or related disorders, and ocular disorders.

In some embodiments, contacting the cell with the dsRNA agent inhibits the expression of LRRK?2
by at least about 25%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, or at least about 95%, relative to control levels.

In some embodiments, inhibiting expression of LRRK2 decreases LRRK?2 protein level in serum of
the subject by at least about 25%, at least about 30%, at least about 40%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95%, relative to control
levels.

In one aspect, the present invention provides method of treating a subject having a disorder that
would benefit from reduction in LRRK? expression, comprising administering to the subject a therapeutically
effective amount of a dsRNA agent of the invention, or a pharmaceutical composition of the invention,

thereby treating the subject having the disorder that would benefit from reduction in ZRRK?2 expression.
In another aspect, the present invention provides a method of preventing at least one symptom in a

subject having a disorder that would benefit from reduction in LRRK?2 expression, comprising administering
to the subject a prophylactically effective amount of a dsSRNA agent of the invention, or a pharmaceutical
composition of the invention, thereby preventing at least one symptom in the subject having the disorder that
would benefit from reduction in LRRK?2 expression.

In one embodiment, the disorder is a LRRK 2-associated disorder.

In some embodiments, the LRRK2-associated disorder is selected from the group consisting of
Parkinson’s disease, Crohn’s disease and ocular disorders.

In one embodiment, the subject is human.

In one embodiment, the administration of the agent to the subject causes a decrease in LRRK2
protein accumulation.

In one embodiment, the dsRNA agent is administered to the subject at a dose of about 0.01 mg/kg
to about 50 mg/kg.

In one embodiment, the dsRNA agent is administered to the subject subcutaneously.

In another embodiment, the dsRNA agent is administered to the subject intrathecally.

In yet another embodiment, the dsRNA agent is administered to the subject intracisternally. A non-
limiting exemplary intracisternal administration comprises an injection into the cisterna magna
(cerebellomedullary cistern) by suboccipital puncture.

In one embodiment, the methods of the invention further comprise determining the level of LRRK?2

in a sample(s) from the subject.
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In one embodiment, the level of LRRK 2 in the subject sample(s) is a LRRK?2 protein level in a blood,
serum, or cercbrospinal fluid sample(s).

In one embodiment, the methods of the invention further comprise administering to the subject an
additional therapeutic agent.

In one aspect, the present invention provides a kit comprising a dsRNA agent of the invention, or a
pharmaceutical composition of the invention.

In another aspect, the present invention provides a vial comprising a dSRNA agent of the invention,
or a pharmaceutical composition of the invention.

In yet another aspect, the present invention provides a syringe comprising a dsSRNA agent of the
mvention, or a pharmaceutical composition of the invention.

In another aspect, the present invention provides an intrathecal pump comprising a dsSRNA agent of

the invention, or a pharmaceutical composition of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing executed in color. Copies of this patent
or patent application publication with color drawing(s) will be provided by the Office upon request and
payment of the necessary fee.

FIG. 1 depicts the sequences and chemistry of exemplary LRRK?2 siRNAs including AD-1807334,
AD-1807336, AD-1807339, AD-1807344, AD-1807345, AD-1807349, AD-1807352, AD-1807364, AD-
1807370, and AD-1807374. For each siRNA, “2-C16” refers to a 2°-O-hexadecyl modification, i.c.,
conjugation to a C16 ligand; “F” is a 2’-fluoro modification; “OMe” is a methoxy group; “GNA” refers to a
glycol nucleic acid; and “PS” refers to a phosphorothioate linkage.

FIG. 2 is a graph depicting the percent LRRK2 message remaining relative to PBS in the brain tissue
of mice on day 14 post-treatment with the exemplary duplexes indicated on the X-axis (from left to right:
aCSF, AD-1807334, AD-1807336, AD-1807339, AD-1807344, AD-1807345, AD-1807349, AD-1807352,
AD-1807364, AD-1807370, and AD-1807374).

DETAILED DESCRIPTION OF THE INVENTION

The present disclosure provides RNAi compositions, which effect the RNA-induced silencing
complex (RISC)-mediated cleavage of RNA transcripts of a LRRK2 gene. The LRRK?2 gene may be within
acell, e.g., a cell within a subject, such as a human. The use of these iRNAs enables the targeted degradation
of mRNAs of the corresponding gene (LRRK?2 gene) in mammals.

The iIRNAs of the invention have been designed to target a LRRK? gene, e.g., a LRRK2 gene either
with or without nucleotide modifications. The iRNAs of the invention inhibit the expression of the LRRK?2
gene by at least about 25%, at least about 30%, at least about 40%, at least about 50%, at least about 60%,
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at least about 70%, at least about 80%, at least about 90%, or at least about 95%, relative to control levels,
and reduce the level of sense- and antisense-containing foci. Without intending to be limited by theory, it is
believed that a combination or sub-combination of the foregoing properties and the specific target sites, or
the specific modifications in these iIRNAs confer to the iIRNAs of the invention improved efficacy, stability,
potency, durability, and safety.

Accordingly, the present disclosure also provides methods of using the RNAi compositions of the
disclosure for inhibiting the expression of a LRRK?2 gene or for treating a subject having a disorder that
would benefit from inhibiting or reducing the expression of a LRRK2 gene, e.g., a LRRK2-associated discase,
for example, a neurodegenerative disease such as Parkinson’s discase, or an ocular disorder.

The RNAI agents of the disclosure include an RNA strand (the antisense strand) having a region
which is about 30 nucleotides or less in length, e.g., 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23,
15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22,
18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29,
20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24,
21-23, or 21-22 nucleotides in length, which region is substantially complementary to at least part of an
mRNA transcript of a LRRK2 gene, e.g., an LRRK? exon. In certain embodiments, the RNAi agents of the
disclosure include an RNA strand (the antisense strand) having a region which is about 21-23 nucleotides in
length, which region is substantially complementary to at least part of an mRNA transcript of a LRRK?2 gene.

In certain embodiments, the RNA1 agents of the disclosure include an RNA strand (the antisense
strand) which can include longer lengths, for example up to 66 nucleotides, e.g., 36-66, 26-36, 25-36, 31-60,
22-43, 27-53 nucleotides in length with a region of at least 19 contiguous nucleotides that is substantially
complementary to at least a part of an mRNA transcript of a LRRK2 gene. These RNAi agents with the longer
length antisense strands preferably include a second RNA strand (the sense strand) of 20-60 nucleotides in
length wherein the sense and antisense strands form a duplex of 18-30 contiguous nucleotides.

The use of these RNAi agents enables the targeted degradation and/or inhibition of mRNAs of a
LRRK?2 gene in mammals. Thus, methods and compositions including these RNAi agents are useful for
treating a subject who would benefit by a reduction in the levels or activity of a LRRK2 protein, such as a
subject having a LRRK 2-associated disease, such as Parkinson’s disease, or an ocular disorder.

The following detailed description discloses how to make and use compositions containing RNAi
agents to inhibit the expression of a LRRK?2 gene, as well as compositions and methods for treating subjects

having discases and disorders that would benefit from inhibition or reduction of the expression of the genes.
I. Definitions

In order that the present disclosure may be more readily understood, certain terms are first defined.

In addition, it should be noted that whenever a value or range of values of a parameter are recited, it is
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intended that values and ranges intermediate to the recited values are also intended to be part of this
disclosure.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to at least onc) of
the grammatical object of the article. By way of example, “an element” means one element or more than one
element, e.g., a plurality of elements.

The term "including" is used herein to mean, and is used interchangeably with, the phrase "including
but not limited to". The term "or" is used herein to mean, and is used interchangeably with, the term "and/or,"
unless context clearly indicates otherwise.

The term “about” is used herein to mean within the typical ranges of tolerances in the art. For
example, “about” can be understood as about 2 standard deviations from the mean. In certain embodiments,
about means +10%. In certain embodiments, about means +5%. When about is present before a series of
numbers or a rangg, it is understood that “about” can modify each of the numbers in the series or range.

The term “at least” prior to a number or series of numbers is understood to include the number
adjacent to the term “at least”, and all subsequent numbers or integers that could logically be included, as
clear from context. For example, the number of nucleotides in a nucleic acid molecule must be an integer.
For example, “at least 18 nucleotides of a 21 nucleotide nucleic acid molecule” means that 18, 19, 20, or 21
nucleotides have the indicated property. When at least is present before a series of numbers or a range, it is
understood that “at least” can modify each of the numbers in the series or range.

As used herein, “no more than” or “or less” is understood as the value adjacent to the phrase and
logical lower values or integers, as logical from context, to zero. For example, a duplex with an overhang of
“no more than 2 nucleotides™ has a 2, 1, or 0 nucleotide overhang. When “no more than™ is present before a
series of numbers or a range, it is understood that “no more than” can modify each of the numbers in the
series or range.

As used herein, the term “at least about”, when referring to a measurable value such as a parameter,
an amount, and the like, is meant to encompass variations of +/-20%, preferably +/-10%, more preferably
+/-5%, and still more preferably +/-1% from the specified value, insofar such variations are appropriate to
perform in the disclosed invention. For example, the inhibition of expression of the LRRK?2 gene by “at least
about 25%” means that the inhibition of expression of the LRRK?2 gene can be measured to be any value +/-
20% of the specified 25%, i.e., 20%, 30 % or any intermediary value between 20-30%.

As used herein, “control level” refers to the levels of expression of a gene, or expression level of an
RNA molecule or expression level of one or more proteins or protein subunits, in a non-modulated cell,
tissue or a system identical to the cell, tissue or a system where the RNAi agents, described herein, are
expressed. The cell, tissue or a system where the RNA1 agents are expressed, have at least 5%, 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 2-fold, 3-fold, 4-fold, 5-fold or more expression of the gene,
RNA and/or protein described above from that observed in the absence of the RNAi agent. The % and/or

fold difference can be calculated relative to the control levels, for example,
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[expression with RN A1 agent— expression without RNAI agent]
% difference = X 100

expression without RNAI agent

As used herein, methods of detection can include determination that the amount of analyte present
is below the level of detection of the method.

In the event of a conflict between an indicated target site and the nucleotide sequence for a sense or
antisense strand, the indicated sequence takes precedence.

In the event of a conflict between a chemical structure and a chemical name, the chemical structure
takes precedence.

The term “LRRK2” gene, also known as “DRDN,” “RIPK7,” “PARKS,” “AURAL17,” “ROCO2”,
and “leucine-rich repeat kinase 2,” refers to the gene encoding for a protein called Dardarin. The LRRK?2
gene 1s active in the brain and other tissues throughout the body. LRRK?2 is expressed in many regions of the
brain, including microglia, oligodendrocytes, neurons and astrocytes. Expression in cells of both the innate
and adaptive immune system have also been reported.

LRRK?2 encodes for a protein known as Dardarin, which contains multiple functional domains,
including a leucine-rich repeat (LRR) domain, a GTPase domain, a kinase domain, and a WD40 domain.
Dardarin likely function as both an active GTPase and kinase. Being a large protein with several different
functional and protein-interacting domains, LRRK2 may have different binding partners in different cell
types. In support of multiple functions due to multiple protein-interacting domains, LRRK?2 has been shown
in vitro to influence regulation of autophagy, macroautophagy, ceramide metabolism, neurite outgrowth,
vesicular trafficking, cytoskeletal components, and cell signaling pathways involving nuclear factor of
activated T cells (NFAT), Wnt, and nuclear factor-kB. One of the domains of the dardarin protein is a
leucine-rich region that appear to play a role in activities that require interactions with other proteins, such
as transmitting signals or helping to assemble the cell's structural framework (cytoskeleton). Other parts of
the Dardarin protein are also thought to be involved in protein-protein interactions. Dardarin has kinase and
GTPase activity. Proteins with kinase activity assist in the transfer of a phosphate group (a cluster of oxygen
and phosphorus atoms) from the energy molecule ATP to amino acids in certain proteins. This
phosphorylation is an essential step in turning on and off many cell activities. Among the kinase substrates
of LRRK2 are a subset of the Rab GTPases (guanosine triphosphatases), including Rab10, which has been
implicated in the maintenance of endoplasmic reticulum, vesicle trafficking, and autophagy (Eguchi ¢t al.,
Proc Nat Acad Sci 2018;15(39) E9115-E9124). LRRK2-induced phosphorylation of Rab10 likely inhibits
its function by preventing binding to Rab GDP (guanosine diphosphate) dissociation inhibitor factors
necessary for membrane delivery and recycling. Aberrantly enhanced LRRK?2 kinase activity has been linked
to the reduced activity of Rabl0 and its effectors (Maio et al., Science Translational Medicine 25 Jul 2013:
Vol. 10, Issue 451, eaar5429.) The GTPase activity of Dardarin is associated with a region of the protein
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called the ROC domain. The ROC domain may help control the overall shape of the Dardarin protein. At
least 20 different mutations in the LRRK?2 gene have been implicated as the cause of inherited and sporadic
Parkinson’s disease. Missense mutations in LRRK? cause familial Parkinson’s discase. Additionally,
genome-wide association studies involving scanning markers across the genomes of many patients with
Parkinson’s to associate specific genetic variations with Parkinson’s point to the LRRK?2 locus as a risk factor
for Parkinson’s. Expression quantitative trait loci (¢QTL) analysis to identify genetic variants that affect the
expression of one or more genes suggest that the expression of LRRK? is increased about 2 fold in sporadic
Parkinson’s disease.

LRRK?2 polymorphisms have been associated with inflammatory bowel discase (e.g., Crohn’s
disease) and leprosy, demonstrating a link to immune function. Recently, increased expression of LRRK?
in monocytes following [FN-y stimulation was reported, leading to a possible mechanism of LRRK?2
mediated pathophysiology in PD where LRRK2 may play a role as a regulator of inflammatory and immune
responses that modulates the risk for neurodegeneration. Although the mechanisms of LRRK? mediated
pathology are still being investigated, increased expression of WT and/or mutated ZLRRK?2 in cells from PD
patients, likely causes a dysregulation of function and activation in cells of both the innate and adaptive
immune system, resulting in an undesirable inflammatory response and subsequent neurodegeneration in
PD. Of note, a large proportion (e.g., about up to 30-40%) of people with IBD go on to develop PD.

Mutations in the LRRK?2 gene have also been associated in more peripheral processes, such as
kidney functions, in rats and mice. Although LRRK?2 knockout animals have a kidney defect, they are
protected against AKI and CKD in rodent models. LRRK? knockdown in zebrafish is known to cause
developmental perturbations such as axis curvature defects, ocular abnormalities, and edema in the eyes,
lens, and otic vesicles (Prabhudesai, et al. (2016) Neuroscience Research Vol. 94, Issue 8:717-735)

Exemplary nucleotide and amino acid sequences of LRRK2 can be found, for example, at GenBank
Accession No. NM_198578 .4 (Homo sapiens LRRK2, SEQ ID NO: 1, reverse complement, SEQ ID NO: 2);
XM_024448833.1 (Homo sapiens LRRK? transcript variant X3, SEQ ID NO: 1808, reverse complement,
SEQ ID NO: 1809); GenBank Accession No.: XM_015151449.2 (Macaca fascicularis LRRK2, SEQ ID NO:
3, reverse complement, SEQ ID NO: 4); GenBank Accession No. NM_025730.3 (Mus musculus LRRK?2,
SEQ ID NO: 5; reverse complement, SEQ ID NO: 6); and GenBank Accession No.. NM_001191789.1
(Rattus norvegicus LRRK?2, SEQ ID NO: 7, reverse complement, SEQ ID NO: 8).

The nucleotide sequence of the genomic region of human chromosome harboring the ZRRK? gene
may be found in, for example, the Genome Reference Consortium Human Build 38 (also referred to as
Human Genome build 38 or GRCh38) available at GenBank. The nucleotide sequence of the genomic region
of human chromosome 12 harboring the LRRK 2 gene may also be found at, for example, GenBank Accession
No. NC _000012.12, corresponding to nucleotides 40196744-40369285 of human chromosome 12. The
nucleotide sequence of the human LRRK2 gene may be found in, for example, GenBank Accession No.
NG _011709.1
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Further examples of LRRK2 sequences can be found in publically available databases, for example,
GenBank, OMIM, and UniProt.

Additional information on LRRK? can be found, for example, at the NCBI web site that refers to
gene 120892 . The term LRRK?2 as used herein also refers to variations of the LRRK?2 gene including variants
provided in the clinical variant database, for example, at the NCBI clinical variants web site that refers to
the term NM_ 198578 4.

The entire contents of each of the foregoing GenBank Accession numbers and the Gene database
numbers are incorporated herein by reference as of the date of filing this application.

As used herein, “target sequence” refers to a contiguous portion of the nucleotide sequence of an
mRNA molecule formed during the transcription of a LRRK?2 gene, including both a primary transcription
product and a mRNA that is a product of RNA processing of a primary transcription product. In one
embodiment, the target portion of the sequence is at least long enough to serve as a substrate for RNAi-
directed cleavage at or near that portion of the nucleotide sequence of an mRNA molecule formed during
the transcription of a LRRK?2 gene.

The target sequence is about 13-30 nucleotides in length. For example, the target sequence can be
from about 15-30 nucleotides, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24,15-23, 15-22, 15-21, 15-20, 15-19,
15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29,
19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25,
20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in
length. In certain embodiments, the target sequence is 19-23 nucleotides in length, optionally 21-23
nucleotides in length. Ranges and lengths intermediate to the above recited ranges and lengths are also
contemplated to be part of the disclosure.

As used herein, the term “strand comprising a sequence” refers to an oligonucleotide comprising a
chain of nucleotides that is described by the sequence referred to using the standard nucleotide nomenclature.
“G,” “C.” “A,” “T”, and “U” each generally stand for a nucleotide that contains guanine, cytosine, adenine,
thymidine, and uracil as a base, respectively in the context of a modified or unmodified nucleotide. However,
it will be understood that the term “ribonucleotide™ or “nucleotide” can also refer to a modified nucleotide,
as further detailed below, or a surrogate replacement moiety (see, e.g., Table 2). The skilled person is well
aware that guanine, cytosine, adenine, thymidine, and uracil can be replaced by other moieties without
substantially altering the base pairing properties of an oligonucleotide comprising a nucleotide bearing such
replacement moicty. For example, without limitation, a nucleotide comprising inosing as its base can base
pair with nucleotides containing adenine, cytosine, or uracil. Hence, nucleotides containing uracil, guanine,
or adenine can be replaced in the nucleotide sequences of dsRNA featured in the disclosure by a nucleotide
containing, for example, inosine. In another example, adenine and cytosine anywhere in the oligonucleotide

can be replaced with guanine and uracil, respectively to form G-U Wobble base pairing with the target
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mRNA. Sequences containing such replacement moieties are suitable for the compositions and methods
featured in the disclosure.

The terms “iIRNA”, “RNAi agent,” “IRNA agent,” “RNA interference agent” as used
interchangeably herein, refer to an agent that contains RNA as that term is defined herein, and which
mediates the targeted cleavage of an RNA transcript via an RNA-induced silencing complex (RISC)
pathway. RNA interference (RNAI) is a process that directs the sequence-specific degradation of mRNA.
RNAi modulates, e.g., inhibits, the expression of LRRK?2 in a cell, e.g., a cell within a subject, such as a
mammalian subject.

In one embodiment, an RNAi agent of the disclosure includes a single stranded RNA1 that interacts
with a target RNA sequence, e.g., a LRRK? target mRNA sequence, to direct the cleavage of the target RNA.
Without wishing to be bound by theory it is believed that long double stranded RNA introduced into cells is
broken down into double-stranded short interfering RNAs (siRNAs) comprising a sense strand and an
antisense strand by a Type I1I endonuclease known as Dicer (Sharp ez al. (2001) Genes Dev. 15:485). Dicer,
a ribonuclease-IlI-like enzyme, processes this dsSRNA into 19-23 base pair short interfering RNAs with
characteristic two base 3' overhangs (Bernstein, er af., (2001) Narure 409:363). These siRNAs are then
incorporated into an RNA-induced silencing complex (RISC) where one or more helicases unwind the
siRNA duplex, enabling the complementary antisense strand to guide target recognition (Nykanen, ef al.,
(2001) Cell 107:309). Upon binding to the appropriate target mRNA, one or more endonucleases within the
RISC cleave the target to induce silencing (Elbashir, et al., (2001) Genes Dev. 15:188). Thus, in one aspect
the disclosure relates to a single stranded RNA (ssRNA) (the antisense strand of a siRNA duplex) generated
within a cell and which promotes the formation of a RISC complex to effect silencing of the target gene, i.e.,
a LRRK? gene. Accordingly, the term “siRNA” is also used herein to refer to an RNAI as described above.

In another embodiment, the RN A1 agent may be a single-stranded RNA that is introduced into a cell
or organism to inhibit a target mRNA. Single-stranded RNAi agents bind to the RISC endonuclease,
Argonaute 2, which then cleaves the target mRNA. The single-stranded siRNAs are generally 15-30
nucleotides and are chemically modified. The design and testing of single-stranded RNAs are described in
U.S. Patent No. 8,101,348 and in Lima et a/., (2012) Cell 150:883-894, the entire contents of each of which
are hereby incorporated herein by reference. Any of the antisense nucleotide sequences described herein may
be used as a single-stranded siRNA as described herein or as chemically modified by the methods described
in Lima et al., (2012) Cell 150:883-894.

In another embodiment, a “RNAi agent” for use in the compositions and methods of the disclosure
is a double stranded RNA and is referred to herein as a “double stranded RNAi agent,” “double stranded
RNA (dsRNA) molecule,” “dsRNA agent,” or “dsRNA”. The term “dsRNA” refers to a complex of
ribonucleic acid molecules, having a duplex structure comprising two anti-parallel and substantially
complementary nucleic acid strands, referred to as having “sense” and “antisense™ orientations with respect

to a target RNA, ie, a LRRK? gene. In some embodiments of the disclosure, a double stranded RNA
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(dsRNA) triggers the degradation of a target RNA, e.g., an mRNA, through a post-transcriptional gene-
silencing mechanism referred to herein as RNA interference or RNA1L

In general, a dsRNA molecule can include ribonucleotides, but as described in detail herein, each or
both strands can also include one or more non-ribonucleotides, e.g., a deoxyribonucleotide, a modified
nucleotide. In addition, as used in this specification, an “RNAi agent” may include ribonucleotides with
chemical modifications; an RNAi agent may include substantial modifications at multiple nucleotides. As
used herein, the term “modified nucleotide™ refers to a nucleotide having, independently, a modified sugar
moicty, a modified internucleotide linkage, or a modified nucleobase. Thus, the term modified nucleotide
encompasses substitutions, additions or removal of, e.g., a functional group or atom, to internucleoside
linkages, sugar moieties, or nucleobases. The modifications suitable for use in the agents of the disclosure
include all types of modifications disclosed herein or known in the art. Any such modifications, as used in a
siRNA type molecule, are encompassed by “RNAi agent™ for the purposes of this specification and claims.

In certain embodiments of the instant disclosure, inclusion of a deoxy-nucleotide if present within
an RNAI agent can be considered to constitute a modified nucleotide.

The duplex region may be of any length that permits specific degradation of a desired target RNA
through a RISC pathway, and may range from about 15-36 base pairs in length, for example, about 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 basc pairs in length, such as
about 15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-
30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-
26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-
22,20-21, 21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs in length. In certain
embodiments, the duplex region is 19-21 base pairs in length, e.g., 21 base pairs in length. Ranges and
lengths intermediate to the above recited ranges and lengths are also contemplated to be part of the disclosure.

The two strands forming the duplex structure may be different portions of one larger RNA molecule,
or they may be separate RNA molecules. Where the two strands are part of one larger molecule, they may
be connected by an uninterrupted chain of nucleotides between the 3’-end of one strand and the 5’-end of
the respective other strand forming the duplex structure, with the connecting RNA chain is referred to as a
“hairpin loop.” A hairpin loop can comprise at least one unpaired nucleotide. In some embodiments, the
hairpin loop can comprise at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least
20, at least 23 or more unpaired nucleotides or nucleotides not directed to the target site of the dsRNA. In
some embodiments, the hairpin loop can be 10 or fewer nucleotides. In some embodiments, the hairpin loop
can be 8 or fewer unpaired nucleotides. In some embodiments, the hairpin loop can be 4-10 unpaired
nucleotides. In some embodiments, the hairpin loop can be 4-8 nucleotides.

Where the two substantially complementary strands of a dsRNA are comprised by separate RNA
molecules, those molecules need not, but can be covalently connected. In certain embodiments where the

two strands are connected covalently by means other than an uninterrupted chain of nucleotides between the
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3’-end of one strand and the 5°-end of the respective other strand forming the duplex structure, the connecting
structure is referred to as a “linker” (though it is noted that certain other structures defined elsewhere herein
can also be referred to as a “linker”). The RNA strands may have the same or a different number of
nucleotides. The maximum number of base pairs is the number of nucleotides in the shortest strand of the
dsRNA minus any overhangs that are present in the duplex. In addition to the duplex structure, an RNAi
may comprise one or more nucleotide overhangs. In one embodiment of the RNA1 agent, at least one strand
comprises a 3~ overhang of at least 1 nucleotide. In another embodiment, at least one strand comprises a 3
overhang of at least 2 nucleotides, e.g., 2, 3, 4, 5,6, 7,9, 10, 11, 12, 13, 14, or 15 nucleotides. In other
embodiments, at least one strand of the RNAI agent comprises a 5° overhang of at least 1 nucleotide. In
certain embodiments, at least one strand comprises a 5” overhang of at least 2 nucleotides, e.g., 2, 3, 4, 5, 6,
7,9,10,11, 12, 13, 14, or 15 nucleotides. In still other embodiments, both the 3 and the 5” end of one strand
of the RNAi agent comprise an overhang of at least 1 nucleotide.

In one embodiment, an RNA1 agent of the disclosure is a dsRNA, each strand of which independently
comprises 19-23 nucleotides, that interacts with a target RNA sequence, e.g., a LRRK2 target mRNA
sequence, to direct the cleavage of the target RNA.

In some embodiments, an iIRNA of the invention is a dsSRNA of 24-30 nucleotides that interacts with
atarget RNA sequence, e.g., a LRRK? target mRNA sequence, to direct the cleavage of the target RNA.

As used herein, the term “nucleotide overhang™ refers to at least one unpaired nucleotide that
protrudes from the duplex structure of an RNAi agent, e.g., a dsSRNA. For example, when a 3'-end of one
strand of a dsRNA extends beyond the 5'-end of the other strand, or vice versa, there is a nucleotide overhang.
A dsRNA can comprise an overhang of at least one nucleotide; alteratively, the overhang can comprise at
least two nucleotides, at least three nucleotides, at least four nucleotides, at least five nucleotides or more. A
nucleotide overhang can comprise or consist of a nucleotide/nucleoside analog, including a
deoxynucleotide/nucleoside. The overhang(s) can be on the sense strand, the antisense strand or any
combination thereof. Furthermore, the nucleotide(s) of an overhang can be present on the 5'-end, 3'-end or
both ends of either an antisense or sense strand of a dsRNA.

In one embodiment, the antisense strand of a dsRNA has a 1-10 nucleotides, e.g., a 1, 2, 3,4, 5, 6,
7, 8,9, or 10 nucleotides, overhang at the 3°-end or the 5°-end. In one embodiment, the sense strand of a
dsRNA has a 1-10 nucleotide, e.g., a 1,2, 3,4, 5, 6,7, 8, 9, or 10 nucleotides, overhang at the 3’-end or the
5’-end. In another embodiment, one or more of the nucleotides in the overhang is replaced with a nucleoside
thiophosphate.

In certain embodiments, the antisense strand of a dsRNA has a 1-10 nucleotide, e.g., 0-3, 1-3, 2-4,
2-5,4-10,5-10,e.g.,a1,2,3,4,5,6,7, 8,9, or 10 nucleotides, overhang at the 3’-end or the 5’-end. In one
embodiment, the sense strand of a dsRNA has a 1-10 nucleotide, e.g., a 1, 2, 3,4, 5,6, 7,8, 9, or 10
nucleotides, overhang at the 3’-end or the 5°-end. In another embodiment, one or more of the nucleotides in

the overhang is replaced with a nucleoside thiophosphate.
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In certain embodiments, the overhang on the sense strand or the antisense strand, can include
extended lengths longer than 10 nucleotides, e.g., 1-30 nucleotides, 2-30 nucleotides, 10-30 nucleotides, or
10-15 nucleotides in length. In certain embodiments, an extended overhang is on the sense strand of the
duplex. In certain embodiments, an extended overhang is present on the 3’end of the sense strand of the
duplex. In certain embodiments, an extended overhang is present on the 5’end of the sense strand of the
duplex. In certain embodiments, an extended overhang is on the antisense strand of the duplex. In certain
embodiments, an extended overhang is present on the 3’end of the antisense strand of the duplex. In certain
embodiments, an extended overhang is present on the 5°end of the antisense strand of the duplex. In certain
embodiments, one or more of the nucleotides in the overhang is replaced with a nucleoside thiophosphate.
In certain embodiments, the overhang includes a self-complementary portion such that the overhang is
capable of forming a hairpin structure that is stable under physiological conditions.

The terms “blunt” or “blunt ended” as used herein in reference to a dsSRNA mean that there are no
unpaired nucleotides or nucleotide analogs at a given terminal end of a dsRNA, i.e., no nucleotide overhang.
One or both ends of a dSRNA can be blunt. Where both ends of a dsSRNA are blunt, the dsSRNA is said to be
blunt ended. To be clear, a “blunt ended” dsRNA is a dsRNA that is blunt at both ends, i.e., no nucleotide
overhang at either end of the molecule. Most often such a molecule is double stranded over its entire length.

The term “antisense strand” or “guide strand” refers to the strand of an RNAi agent, e.g., a dsSRNA,
which includes a region that is substantially complementary to a target sequence, e.g., a LRRK2 mRNA.

As used herein, the term “region of complementarity” refers to the region on the antisense strand
that is substantially complementary to a sequence, for example a target sequence, e.g., a LRRK2 nucleotide
sequence, as defined herein. Where the region of complementarity is not fully complementary to the target
sequence, the mismatches can be in the internal or terminal regions of the molecule. Generally, the most
tolerated mismatches are in the terminal regions, e.g., within 5, 4, 3, or 2 nucleotides of the 5°- or 3°-terminus
of the RNAIi agent. In some embodiments, a double stranded RNA agent of the invention includes a
nucleotide mismatch in the antisense strand. In some embodiments, the antisense strand of the double
stranded RNA agent of the invention includes no more than 4 mismatches with the target mRNA, ¢.g., the
antisense strand includes 4, 3, 2, 1, or 0 mismatches with the target mRNA. In some embodiments, the
antisense strand double stranded RNA agent of the invention includes no more than 4 mismatches with the
sense strand, e.g., the antisense strand includes 4, 3, 2, 1, or 0 mismatches with the sense strand. In some
embodiments, a double stranded RNA agent of the invention includes a nucleotide mismatch in the sense
strand. In some embodiments, the sense strand of the double stranded RNA agent of the invention includes
no more than 4 mismatches with the antisense strand, e.g., the sense strand includes 4, 3, 2, 1, or 0
mismatches with the antisense strand. In some embodiments, the nucleotide mismatch is, for example, within
5, 4, 3 nucleotides from the 3’-end of the iRNA. In another embodiment, the nucleotide mismatch is, for
example, in the 3”-terminal nucleotide of the iIRNA agent. In some embodiments, the mismatch(s) is not in

the seed region.

23



10

15

20

25

30

35

WO 2023/278607 PCT/US2022/035561

Thus, an RNAi agent as described herein can contain one or more mismatches to the target sequence.
In one embodiment, an RNA1 agent as described herein contains no more than 3 mismatches (i.e., 3,2, 1, or
0 mismatches). In one embodiment, an RNAi agent as described herein contains no more than 2 mismatches.
In one embodiment, an RNAi agent as described herein contains no more than 1 mismatch. In one
embodiment, an RNAi agent as described herein contains 0 mismatches. In certain embodiments, when the
antisense strand of the RNAi agent contains mismatches to the target sequence, then the mismatch can
optionally be restricted to be within the last 5 nucleotides from either the 5°- or 3’-end of the region of
complementarity. For example, in such embodiments, for a 23 nucleotide RNAI agent, the strand which is
complementary to a region of a LRRK? gene, generally does not contain any mismatch within the central 13
nucleotides. The methods described herein or methods known in the art can be used to determine whether
an RNAI agent containing a mismatch to a target sequence is effective in inhibiting the expression of a
LRRK? gene. For example, Jackson er al. (Nat. Biotechnol. 2003;21: 635-637) described an expression
profile study where the expression of a small set of genes with sequence identity to the MAPK14 siRNA
only at 12-18 nt of the sense strand, was down-regulated with similar kinetics to MAPK14. Similarly, Lin
et al., (Nucleic Acids Res. 2005; 33(14): 4527-4535) using qPCR and reporter assays, showed that a 7 nt
complementation between a siRNA and a target is sufficient to cause mRNA degradation of the target.
Consideration of the efficacy of RNAi agents with mismatches in inhibiting expression of a LRRK?2 gene is
important, especially if the particular region of complementarity in a LRRK2 gene is known to have
polymorphic sequence variation within the population.

As used herein, “substantially all of the nucleotides are modified” are largely but not wholly
modified and can include not more than 3, 4, 3, 2, or 1 unmodified nucleotide.

The term “sense strand” or "passenger strand" as used herein, refers to the strand of an RNAi agent
that includes a region that is substantially complementary to a region of the antisense strand as that term 1s
defined herein.

As used herein, the term “cleavage region” refers to a region that is located immediately adjacent to
the cleavage site. The cleavage site is the site on the target at which cleavage occurs. In some embodiments,
the cleavage region comprises three bases on either end of, and immediately adjacent to, the cleavage site.
In some embodiments, the cleavage region comprises two bases on either end of, and immediately adjacent
to, the cleavage site. In some embodiments, the cleavage site specifically occurs at the site bound by
nucleotides 10 and 11 of the antisense strand, and the cleavage region comprises nucleotides 11, 12 and 13.

As used herein, and unless otherwise indicated, the term “complementary,” when used to describe a
first nucleotide sequence in relation to a second nucleotide sequence, refers to the ability of an
oligonucleotide or polynucleotide comprising the first nucleotide sequence to hybridize and form a duplex
structure under certain conditions with an oligonucleotide or polynucleotide comprising the second
nucleotide sequence, as will be understood by the skilled person. Such conditions can be, for example,
“stringent conditions”, including but not limited to, 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50
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°C or 70 °C for 12-16 hours followed by washing (see, e.g., “Molecular Cloning: A Laboratory Manual,
Sambrook, et al. (1989) Cold Spring Harbor Laboratory Press). As used herein, “stringent conditions” or
“stringent hybridization conditions™ refers to conditions under which an antisense compound hybridizes to
its target sequence, but to a minimal number of other sequences. Stringent conditions are sequence-
dependent and are different in different circumstances, and “stringent conditions” under which antisense
compounds hybridize to a target sequence are determined by the nature and composition of the antisense
compounds and the assays in which they are being investigated. Other conditions, such as physiologically
relevant conditions as can be encountered inside an organism, can apply. The skilled person can determine
the set of conditions most appropriate for a test of complementarity of two sequences in accordance with the
ultimate application of the hybridized nucleotides.

Complementary sequences within an RNAi agent, e.g., within a dsRNA as described herein, include
base-pairing of the oligonucleotide or polynucleotide comprising a first nucleotide sequence to an
oligonucleotide or polynucleotide comprising a second nucleotide sequence over the entire length of one or
both nucleotide sequences. Such sequences can be referred to as “fully complementary” with respect to cach
other herein. However, where a first sequence is referred to as “substantially complementary” with respect
to a second sequence herein, the two sequences can be fully complementary, or they can form one or more,
but generally not more than 5, 4, 3 or 2 mismatched base pairs upon hybridization for a duplex up to 30 base
pairs. In some embodiments, the “substantially complementary” sequences disclosed herein comprise a
contiguous nucleotide sequence which is at least about 80% complementary over its entire length to the
equivalent region of the target LRRK? sequence, such as about 85%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% complementary.
However, where two oligonucleotides are designed to form, upon hybridization, one or more single stranded
overhangs, such overhangs shall not be regarded as mismatches with regard to the determination of
complementarity. For example, a dsSRNA comprising one oligonucleotide 21 nucleotides in length and
another oligonucleotide 23 nucleotides in length, wherein the longer oligonucleotide comprises a sequence
of 21 nucleotides that is fully complementary to the shorter oligonucleotide, can yet be referred to as “fully
complementary” for the purposes described herein.

“Complementary” sequences, as used herein, can also include, or be formed entirely from, non-
Watson-Crick base pairs or base pairs formed from non-natural and modified nucleotides, in so far as the
above requirements with respect to their ability to hybridize are fulfilled. Such non-Watson-Crick base pairs
include, but are not limited to, G:U Wobble or Hoogsteen base pairing.

The terms “complementary,” “fully complementary” and “substantially complementary” herein can
be used with respect to the base matching between two oligonucleotides or polynucleotides, such as the sense
strand and the antisense strand of a dsRNA, or between the antisense strand of an RNAi agent and a target

sequence, as is understood from the context of their use.
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Asused herein, a polynucleotide that is “substantially complementary to at least part of ” a messenger
RNA (mRNA) refers to a polynucleotide that is substantially complementary to a contiguous portion of the
mRNA of interest (e.g., an mRNA encoding LRRK?2). For example, a polynucleotide is complementary to
at least a part of a LRRK2 mRNA if the sequence is substantially complementary to a non-interrupted portion
of an mRNA encoding LRRK?2.

Accordingly, in some embodiments, the antisense polynucleotides disclosed herein are fully
complementary to the target LRRK2 sequence. In other embodiments, the antisense polynucleotides
disclosed herein are substantially complementary to the target LRRK2 sequence and comprise a contiguous
nucleotide sequence which is at least 80% complementary over its entire length to the equivalent region of
the nucleotide sequence of any one of SEQ ID NOs:1, 3, 5, 7 and 1808, or a fragment of any one of SEQ ID
NOs: 1, 3, 5, 7 and 1808, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about 99% complementary.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target LRRK?2 sequence and comprise a contiguous nucleotide sequence
which is at least 80% complementary over its entire length to a fragment of SEQ ID NO: 1 selected from the
group of nucleotides 1458-1478, 1484-1504, 1761-1781, 1950-1970, 2076-2096, 2094-2114, 2212-2232,
2213-2233, 2268-2288, 2431-2451, 2529-2549, 2565-2585, 2566-2586, 2569-2589, 2583-2603, 2605-2625,
2657-26717,2764-2784,2867-2887, 2881-2901, 2883-2903, 3022-3042, 3198-3218, 3330-3350, 3348-3368,
3395-3415, 3629-3649, 3630-3650, 3712-3732, 3713-3733, 3715-3735, 3717-3737, 3720-3740, 3727-3747,
3796-3816, 3800-3820, 3822-3842, 3829-3849, 3875-3895, 3971-3991, 4130-4150, 4443-4463, 4447-4467,
4449-4469, 4478-4498, 4488-4508, 4619-4639, 4652-4672, 4868-4888, 4950-4970, 4970-4990, 4971-4991,
4972-4992, 5092-5112, 5202-5222, 5226-5246, 5232-5252, 5233-5253, 5273-5293, 5318-5338, 5367-5387,
5368-5388, 5370-5390, 5373-5393, 5425-5445, 5443-5463, 5457-5477, 5461-5481, 5471-5491, 5475-5495,
5501-5521, 5557-55717, 5640-5660, 5646-5666, 5659-5679, 5674-5694, 5675-5693, 5676-5696, 5682-5702,
5684-5704, 5722-5742, 5725-5745, 5778-3798, 5779-5799, 5793-5813, 5964-5984, 5965-5985, 5984-6004,
6029-6049, 6092-6112, 6093-6113, 6094-6114, 6096-6116, 6127-6147,6143-6163, 6165-6185, 6172-6192,
6173-6193, 6174-6194, 6175-6195, 6198-6218, 6319-6339, 6339-6359, 6418-6438, 6531-6551, 6536-6556,
6541-6561, 6573-6393, 6662-6682, 6730-6750, 6740-6760, 6742-6762, 6786-6806, 6791-6811, 6803-6823,
6804-6824, 6805-6825, 6807-6827, 6810-6830, 6811-6831, 6812-6832, 6818-6838, 6872-6892, 7004-7024,
7018-7038, 7020-7040, 7027-7047, 7028-7048, 7085-7105, 7103-7123, 7115-7135, 7121-7141, 7127-7147,
7242-7262, 7348-7368, 7397-7417, 7404-7424, 7405-7425, 7421-7441, 7443-7463, T444-7464, T445-7463,
7493-7513, 7535-7555, 7538-7558, 7539-7559, 7593-7613, 7629-7649, 7637-7657, 7638-7658, 7639-7659,
7671-7691, 7727-7747, 7729-7749, 8134-8154, 8135-8155, 1484-1504, 1488-1508, 1755-1775,1761-1781,
1905-1925, 1945-1965, 1950-1970, 2029-2049, 2207-2227, 2212-2232, 2213-2233, 2431-2451, 2529-2549,
2565-2585, 2569-2589, 2648-2668, 2764-2784, 2874-2894, 2881-2901, 3051-3071, 3193-3213, 3198-3218,
3208-3228, 3330-3350, 3331-3351, 3350-3370, 3380-3400, 3390-3410, 3395-3415, 3573-3593, 3622-3642,
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3632-3652, 3712-3732, 3715-3735, 3717-3737,3718-3738, 3740-3760, 3795-3815, 3806-3826, 3829-3849,
3830-3850, 3938-3958, 3950-3970, 3971-3991, 4367-4387, 4376-4396, 4444-4464, 4446-4466, 4447-4467,
4551-4571, 4554-4574, 4704-4724, 4834-4854, 4839-4859, 4925-4945, 4970-4990, 4971-4991, 4972-4992,
5058-5078, 5092-5112, 5128-5148, 5196-5216, 5226-5246, 5275-5295, 5322-5342, 5349-5369, 5352-5372,
5365-5385, 5367-5387, 5368-5388, 5370-5390, 5373-5393, 5461-5481, 5475-5495, 5482-5502, 5515-5535,
5516-5536, 5541-5561, 5557-3577, 5607-5627, 5635-5655, 5641-5661, 5643-5663, 5644-3664, 5646-5666,
5655-5675, 5659-5679, 5660-5680, 5671-5691, 5674-5694, 5682-5702, 5683-5703, 5684-5704, 5721-5741,
5757-3771, 5763-5783, 5772-3792, 5773-5793, 5776-5796, 5777-5797, 5778-5798, 5779-5799, 5793-3813,
5794-3814, 5964-5984, 5965-3985, 5966-5986, 5980-6000, 5984-6004, 6029-6049, 6030-6050, 6071-6091,
6092-6112, 6093-6113, 6095-6115, 6129-6149, 6135-6155, 6136-6156 ,6142-6162, 6145-6165, 6171-6191,
6172-6192, 6174-6194, 6175-6193, 6178-6198, 6180-6200, 6196-6216, 6197-6217, 6198-6218, 6344-6364,
6355-6373, 6520-6540, 6536-6556, 6338-6358, 6539-6559, 6541-6561, 6723-6743, 6724-6744, 6729-6749,
6730-6750, 6737-6757, 6740-6760, 6742-6762, 6743-6763, 6786-6806, 6787-6807, 6791-6811, 6793-6813,
6794-6814, 6803-6823, 6805-6823, 6806-6826, 6807-6827, 6808-6828, 6810-6830, 6811-6831, 6812-6832,
6813-6833, 6814-6834, 6818-6838, 6828-6848, 6829-6849, 6834-6854, 6872-6892, 6918-6938, 6919-6939,
6920-6940, 6922-6942, 6989-7009, 7004-7024, 7012-7032, 7023-7043, 7035-7055, 7036-7056, 7041-7061,
7085-7105, 7103-7123, 7114-7134, 7116-7136, 7121-7141,7129-7149, 7146-7166, 7149-7169, 7242-7262,
7247-7267, 7303-7323, 7348-7368, 7353-7373, 7397-7417, 7404-7424, 7405-7425, 7443-7463, 7493-7513,
7533-7553, 7538-7558, 7539-7559, 7593-7613, 7627-7647, 7629-7649, 7727-7747, 8005-8025, 8007-8027
and 8134-8154 of SEQ ID NO: L, such as about 85%, about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, or about 99% complementary. Ranges intermediate to
the above recited ranges are also contemplated to be part of the disclosure.

In some embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to a fragment of a target LRRK?2 sequence and comprise a contiguous nucleotide sequence
which is at least 80% complementary over its entire length to a fragment of SEQ ID NO: 1808 selected from
the group of nucleotides 212-232, 238-258, 515-535, 704-724, 830-850, 848-868, 966-986, 967-987, 1022-
1042, 1185-1205, 1283-1303, 1319-1339, 1320-1340, 1323-1343, 1337-1357, 1359-1379, 1411-1431, 1518-
1538, 1621-1641, 1635-1655, 1637-1657, 1776-1796, 1952-1972, 2084-2104, 2102-2122, 2149-2169, 2383-
2403, 2384-2404, 2466-2486, 2467-2487, 2469-2489, 2471-2491, 2474-2494_2481-2501, 2550-2570, 2554-
2574,2576-2596, 2583-2603, 2629-2649, 2725-2745, 2884-2904, 3197-3217,3201-3221, 3203-3223, 3232-
3252,3242-3262,3373-3393,3406-3426, 3622-3642, 3704-3724,3724-3744,3725-3745, 3726-3746, 3846-
3866, 3956-3976, 3980-4000, 3986-4006, 3987-4007, 4027-4047, 4072-4092, 4121-4141, 4122-4142, 4124-
4144, 4127-4147,4179-4199, 4197-4217,4211-4231, 4215-4235, 4225-4245_4229-4249_4255-4275, 4311-
4331, 4394-4414, 4400-4420, 4413-4433, 4428-4448, 4429-4449, 4430-4450, 4436-4456, 4438-4458, 4476-
4496, 4479-4499, 4532-4552, 4533-4553, 4547-4567, 4718-4738, 4719-4739, 4738-4758, 4783-4803, 4846-
4866, 4847-4867, 4848-4868, 4850-4870, 4881-4901, 4897-4917, 4919-4939, 4926-4946, 4927-4947_4928-
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4948, 4929-4949, 4952-4972, 5073-5093, 5093-5113, 5172-5192, 5285-3305, 5290-5310, 5295-3315, 5327-
5347, 5416-5436, 5484-5504, 5494-5514, 5496-3516, 5540-5560, 5545-3565,5557-5577, 5558-5578, 5559-
5579, 5561-5581, 5564-5584, 5565-5585, 5566-5586, 5572-5592, 5626-5646, 5758-5778, 5772-5792, 5774~
5794, 5781-5801, 5782-5802, 5839-5859, 5857-3877, 5869-5889, 5875-3895, 5881-5901, 5996-6016, 6102-
6122,6151-6171, 6158-6178,6159-6179,6175-6195, 6197-6217, 6198-6218, 6199-6219, 6247-6267, 6289-
6309, 6292-6312, 6293-6313, 6347-6367, 6383-6403, 6391-6411, 6392-6412, 6393-6413, 6425-6445, 6481 -
6501, 6483-6503, 6888-6908 and 6889-6909 of SEQ ID NO: 1808, such as about 85%, about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99%
complementary. Ranges intermediate to the above recited ranges are also contemplated to be part of the
disclosure.

In other embodiments, the antisense polynucleotides disclosed herein are substantially
complementary to the target LRRK?2 sequence and comprise a contiguous nucleotide sequence which is at
least about 80% complementary over its entire length to any one of the sense strand nucleotide sequences in
any one of any one of Tables 3-7, or a fragment of any one of the sense strand nucleotide sequences in any
one of Tables 3-7, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, or 100% complementary.

In one embodiment, an RNA1 agent of the disclosure includes a sense strand that is substantially
complementary to an antisense polynucleotide which, in turn, is the same as a target LRRK? sequence, and
wherein the sense strand polynucleotide comprises a contiguous nucleotide sequence which is at least about
80% complementary over its entire length to the equivalent region of the nucleotide sequence of SEQ ID
NOs: 1, 3, 5, 7 and 1808, or a fragment of any onc of SEQ ID NOs: 1, 3, 5, 7 and 1808, such as about 85%,
about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99%, or 100% complementary.

In some embodiments, an iRNA of the invention includes a sense strand that is substantially
complementary to an antisense polynucleotide which, in turn, is complementary to atarget LRRK?2 sequence,
and wherein the sense strand polynucleotide comprises a contiguous nucleotide sequence which is at least
about 80% complementary over its entire length to any one of the antisense strand nucleotide sequences in
any one of any one of Tables 3-7, or a fragment of any one of the antisense strand nucleotide sequences in
any one of Tables 3-7, such as about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, or 100% complementary.

In certain embodiments, the sense and antisense strands are selected from any one of duplexes AD-
1624152, AD-1624178, AD-1624412, AD-1624595, AD-1624721, AD-1624739, AD-1624856, AD-
1624857, AD-1624894, AD-1625057, AD-1625155, AD-1625191, AD-1625192, AD-1625195, AD-
1625209, AD-1625230, AD-1625282, AD-1625389, AD-1625485, AD-1625499, AD-1625501, AD-
1625610, AD-1625786, AD-1625910, AD-1625928, AD-1625975, AD-1626183, AD-1626184, AD-
1626265, AD-1626266, AD-1626268, AD-1626270, AD-1626273, AD-1626280, AD-1626349, AD-
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1626353,
1626925,
1627390,
1627631,
1627772,
1627896,
1628044,
1628133,
1628383,
1628443,
1628759,
1629007,
1629032,
1629223,
1629419,
1629620,
1629799,
1630135,
1631024,
1631031,
1631038,
1631043,
1631052,
1631059,
1631066,
1631073,
1631080,
1631087,
1631094,
1631101,
1631108,
1631115,
1631122,
1631129,
1631136,
1631143,

AD-1626375,
AD-1626927,
AD-1627410,
AD-1627632,
AD-1627820,
AD-1627952,
AD-1628050,
AD-1628253,
AD-1628385,
AD-1628444,
AD-1628764,
AD-1629012,
AD-1629033,
AD-1629224,
AD-1629524,
AD-1629621,
AD-1629807,
AD-1630136,
AD-1631025,
AD-1631032,
AD-1631039,
AD-1631046,
AD-1631053,
AD-1631060,
AD-1631067,
AD-1631074,
AD-1631081,
AD-1631088,
AD-1631095,
AD-1631102,
AD-1631109,
AD-1631116,
AD-1631123,
AD-1631130,
AD-1631137,
AD-1631144,

AD-1626382,
AD-1626936,

AD-1627672,
AD-1627838,
AD-1628008,
AD-1628052,
AD-1628254,
AD-1628396,
AD-1628467,
AD-1628794,
AD-1629024,
AD-1629039,
AD-1629263,
AD-1629573,
AD-1629665,
AD-1629808,
AD-1631019,
AD-1631026,
AD-1631033,
AD-1631040,
AD-1631047,
AD-1631054,
AD-1631061,
AD-1631068,
AD-1631075,
AD-1631082,
AD-1631089,
AD-1631096,
AD-1631103,
AD-1631110,
AD-1631117,
AD-1631124,
AD-1631131,
AD-1631138,
AD-1631145,
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AD-1626428, AD-1626524, AD-1626636, AD-1626921,

AD-1626946, AD-1627077, AD-1627110,
AD-1627411, AD-1627412, AD-1627511, AD, 1627601,
AD-1627767,
AD-1627866,
AD-1628042,
AD-1628118.
AD-1628381,
AD-1628441,
AD-1628668.
AD-1628961,
AD-1629028.
AD-1629214,
AD-1629298,
AD-1629597,
AD-1629711,
AD-1629876,
AD-1631022,
AD-1631029,
AD-1631036,
AD-1631043,
AD-1631050,
AD-1631057,
AD-1631064,
AD-1631071,
AD-1631078,
AD-1631085,
AD-1631092,
AD-1631099,
AD-1631106,
AD-1631113,
AD-1631120,
AD-1631127,
AD-1631134,
AD-1631141,
AD-1631148,

AD-1627717,
AD-1627852,
AD-1628014,
AD-1628070,
AD-1628273,
AD-1628412,
AD-1628570,
AD-1628883,
AD-1629025,
AD-1629092,
AD-1629280,
AD-1629580,
AD-1629707,
AD-1629809,
AD-1631020,
AD-1631027,
AD-1631034,
AD-1631041,
AD-1631048,
AD-1631055,
AD-1631062,
AD-1631069,
AD-1631076,
AD-1631083,
AD-1631090,
AD-1631097,
AD-1631104,
AD-1631111,
AD-1631118,
AD-1631125,
AD-1631132,
AD-1631139,
AD-1631146,

29

AD-1627766,
AD-1627856,
AD-1628027,
AD-1628073,
AD-1628318,
AD-1628434,
AD-1628590,
AD-1628951,
AD-1629026,
AD-1629200,
AD-1629292,
AD-1629581,
AD-1629710,
AD-1629838,
AD-1631021,
AD-1631028,
AD-1631035,
AD-1631042,
AD-1631049,
AD-1631036,
AD-1631063,
AD-1631070,
AD-1631077,
AD-1631084,
AD-1631091,
AD-1631098,
AD-1631105,
AD-1631112,
AD-1631119,
AD-1631126,
AD-1631133,
AD-1631140,
AD-1631147,

AD-1627308,
AD-1627625,
AD-1627769,
AD-1627870,
AD-1628043,
AD-1628119,
AD-1628382,
AD-1628442,
AD-1628754,
AD-1628963,
AD-1629031,
AD-1629216,
AD-1629304,
AD-1629619,
AD-1629763,
AD-1629878,
AD-1631023,
AD-1631030,
AD-1631037,
AD-1631044,
AD-1631051,
AD-1631058,
AD-1631065,
AD-1631072,
AD-1631079,
AD-1631086,
AD-1631093,
AD-1631100,
AD-1631107,
AD-1631114,
AD-1631121,
AD-1631128,
AD-1631135,
AD-1631142,
AD-1631149,

AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
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1631150,
1631157,
1631164,
1631171,
1631178,
1631185,
1631192,
1631199,
1631206,
1631213,
1631220,
1807339,
1807346,
1807353,
1807360,
1807367,
1807374,
1807381,
1807388,
1807395,
1807402,
1807409,

AD-1631151,
AD-1631158,
AD-1631165,
AD-1631172,
AD-1631179,
AD-1631186,
AD-1631193,
AD-1631200,
AD-1631207,
AD-1631214,
AD-1631221,
AD-1807340,
AD-1807347,
AD-1807354,
AD-1807361,
AD-1807368,
AD-1807375,
AD-1807382,
AD-1807389,
AD-1807396,
AD-1807403,
AD-1807410,

AD-1631152,
AD-1631159,
AD-1631166,
AD-1631173,
AD-1631180,
AD-1631187,
AD-1631194,
AD-1631201,
AD-1631208,
AD-1631215,
AD-1807334,
AD-1807341,
AD-1807348,
AD-1807355,
AD-1807362,
AD-1807369,
AD-1807376,
AD-1807383,
AD-1807390,
AD-1807397,
AD-1807404,
AD-1807411,

AD-16311353,
AD-1631160,
AD-1631167,
AD-1631174,
AD-1631181,
AD-1631188,
AD-1631195,
AD-1631202,
AD-1631209,
AD-1631216,
AD-1807335,
AD-1807342,
AD-1807349,
AD-1807356,
AD-1807363,
AD-1807370,
AD-1807377,
AD-1807384,
AD-1807391,
AD-1807398,
AD-1807403,
AD-1807412,

AD-1631154,
AD-1631161,
AD-1631168,
AD-1631175,
AD-1631182,
AD-1631189,
AD-1631196,
AD-1631203,
AD-1631210,
AD-1631217,
AD-1807336,
AD-1807343,
AD-1807350,
AD-1807357,
AD-1807364,
AD-1807371,
AD-1807378,
AD-1807385,
AD-1807392,
AD-1807399,
AD-1807406,
AD-1807413,
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AD-1631155,
AD-1631162,
AD-1631169,
AD-1631176,
AD-1631183,
AD-1631190,
AD-1631197,
AD-1631204,
AD-1631211,
AD-1631218,
AD-1807337,
AD-1807344,
AD-1807351,
AD-1807338,
AD-1807365,
AD-1807372,
AD-1807379,
AD-1807386,
AD-1807393,
AD-1807400,
AD-1807407,
AD-1807414,

AD-1631156,
AD-1631163,
AD-1631170,
AD-1631177,
AD-1631184,
AD-1631191,
AD-1631198,
AD-1631203,
AD-1631212,
AD-1631219,
AD-1307338,
AD-1807345,
AD-1807352,
AD-1807359,
AD-1807366,
AD-1807373,
AD-1807380,
AD-1807387,
AD-1807394,
AD-1807401,
AD-1807408,
AD-1807415,

AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-

1807416, AD-1807417, AD-1807418, AD-1807419, AD-1807420, AD-1807421, AD-1807422, and AD-

1807423.

In one embodiment, the antisense strand comprises at least 15 contiguous nucleotides differing by

no more than three nucleotides from any one of the antisense strand nucleotide sequences of a duplex selected
from the group consisting of AD-1624152, AD-1624178, AD-1624412, AD-1624595, AD-1624721, AD-

1624739,
1625192,
1625499,
1626183,
1626280,
1626636,
1627110,
1627601,
1627767,

AD-1624856,
AD-1625195,
AD-1625501,
AD-1626184,
AD-1626349,
AD-1626921,
AD-1627308,
AD-1627625,
AD-1627769,

AD-1624857,
AD-1625209,
AD-1625610,
AD-1626265,
AD-1626353,
AD-1626925,
AD-1627390,
AD-1627631,
AD-1627772,

AD-1624894,
AD-1625230,
AD-1625786,
AD-1626266,
AD-1626375, AD-1626382,
AD-1626927, AD-1626936,
AD-1627410, AD-1627411,
AD-1627632, AD-1627672,
AD-1627820, AD-1627838,

AD-1625057,
AD-1625282,
AD-1625910,
AD-1626268,
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AD-1625155,
AD-1625389,
AD-1625928,
AD-1626270,
AD-1626428,
AD-1626946,
AD-1627412,
AD-1627717,
AD-1627852,

AD-1625191,
AD-1625485,
AD-1625975,
AD-1626273,
AD-1626524,
AD-1627077,
AD-1627511,
AD-1627766,
AD-1627856,
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1627866,
1628042,
1628118,
1628381,
1628441,
1628668,
1628961,
1629028,
1629214,
1629298,
1629397,
1629711,
1629876,
1631022,
1631029,
1631036,
1631043,
1631050,
1631057,
1631064,
1631071,
1631078,
1631085,
1631092,
1631099,
1631106,
1631113,
1631120,
1631127,
1631134,
1631141,
1631148,
1631155,
1631162,
1631169,
1631176,

AD-1627870,
AD-1628043,
AD-1628119,
AD-1628382,
AD-1628442,
AD-1628754,
AD-1628963,
AD-1629031,
AD-1629216,
AD-1629304,
AD-1629619,
AD-1629763,
AD-1629878,
AD-1631023,
AD-1631030,
AD-1631037,
AD-1631044,
AD-1631051,
AD-1631058,
AD-1631065,
AD-1631072,
AD-1631079,
AD-1631086,
AD-1631093,
AD-1631100,
AD-1631107,
AD-1631114,
AD-1631121,
AD-1631128,
AD-1631135,
AD-1631142,
AD-1631149,
AD-1631156,
AD-1631163,
AD-1631170,
AD-1631177,

AD-1627896,
AD-1628044,
AD-1628133,
AD-1628383,
AD-1628443,
AD-1628759,
AD-1629007,
AD-1629032,
AD-1629223,
AD-1629419,
AD-1629620,
AD-1629799,
AD-1630135,
AD-1631024,
AD-1631031,
AD-1631038,
AD-1631045,
AD-1631052,
AD-1631059,
AD-1631066,
AD-1631073,
AD-1631080,
AD-1631087,
AD-1631094,
AD-1631101,
AD-1631108,
AD-1631115,
AD-1631122,
AD-1631129,
AD-1631136,
AD-1631143,
AD-1631150,
AD-1631157,
AD-1631164,
AD-1631171,
AD-1631178,

AD-1627952,
AD-1628050,
AD-1628253,
AD-1628385,
AD-1628444,
AD-1628764,
AD-1629012,
AD-1629033,
AD-1629224,
AD-1629524,
AD-1629621,
AD-1629807,
AD-1630136,
AD-1631025,
AD-1631032,
AD-1631039,
AD-1631046,
AD-1631053,
AD-1631060,
AD-1631067,
AD-1631074,
AD-1631081,
AD-1631088,
AD-1631095,
AD-1631102,
AD-1631109,
AD-1631116,
AD-1631123,
AD-1631130,
AD-1631137,
AD-1631144,
AD-1631151,
AD-1631158,
AD-1631165,
AD-1631172,
AD-1631179,
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AD-1628008,
AD-1628052,
AD-1628254,
AD-1628396,
AD-1628467,
AD-1628794,
AD-1629024,
AD-1629039,
AD-1629263,
AD-1629573,
AD-1629663,
AD-1629808,
AD-1631019,
AD-1631026,
AD-1631033,
AD-1631040,
AD-1631047,
AD-1631054,
AD-1631061,
AD-1631068,
AD-1631075,
AD-1631082,
AD-1631089,
AD-1631096,
AD-1631103,
AD-1631110,
AD-1631117,
AD-1631124,
AD-1631131,
AD-1631138,
AD-16311453,
AD-1631152,
AD-1631159,
AD-1631166,
AD-1631173,
AD-1631180,
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AD-1628014,
AD-1628070,
AD-1628273,
AD-1628412,
AD-1628570,
AD-1628883,
AD-1629025,
AD-1629092,
AD-1629280,
AD-1629580,
AD-1629707,
AD-1629809,
AD-1631020,
AD-1631027,
AD-1631034,
AD-1631041,
AD-1631048,
AD-1631055,
AD-1631062,
AD-1631069,
AD-1631076,
AD-1631083,
AD-1631090,
AD-1631097,
AD-1631104,
AD-1631111,
AD-1631118,
AD-1631125,
AD-1631132,
AD-1631139,
AD-1631146,
AD-1631153,
AD-1631160,
AD-1631167,
AD-1631174,
AD-1631181,

AD-1628027,
AD-1628073,
AD-1628318,
AD-1628434,
AD-1628590,
AD-1628951,
AD-1629026,
AD-1629200,
AD-1629292,
AD-1629581,
AD-1629710,
AD-1629838,
AD-1631021,
AD-1631028,
AD-1631035,
AD-1631042,
AD-1631049,
AD-1631056,
AD-1631063,
AD-1631070,
AD-1631077,
AD-1631084,
AD-1631091,
AD-1631098,
AD-1631105,
AD-1631112,
AD-1631119,
AD-1631126,
AD-1631133,
AD-1631140,
AD-1631147,
AD-1631154,
AD-1631161,
AD-1631168,
AD-1631175,
AD-1631182,

AD-
AD-
AD-
AD-
AD-
AD-
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AD-
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AD-
AD-
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1631183, AD-1631184, AD-1631185, AD-1631186, AD-1631187, AD-1631188, AD-1631189, AD-
1631190, AD-1631191, AD-1631192, AD-1631193, AD-1631194, AD-1631195, AD-1631196, AD-
1631197, AD-1631198, AD-1631199, AD-1631200, AD-1631201, AD-1631202, AD-1631203, AD-
1631204, AD-1631205, AD-1631206, AD-1631207, AD-1631208, AD-1631209, AD-1631210, AD-
1631211, AD-1631212, AD-1631213, AD-1631214, AD-1631215, AD-1631216, AD-1631217, AD-
1631218, AD-1631219, AD-1631220 and AD-1631221, AD-1807334, AD-1807335, AD-1807336, AD-
1807337, AD-1807338, AD-1807339, AD-1807340, AD-1807341, AD-1807342, AD-1807343, AD-
1807344, AD-1807345, AD-1807346, AD-1807347, AD-1807348, AD-1807349, AD-1807350, AD-
1807351, AD-1807352, AD-1807353, AD-1807354, AD-1807355, AD-1807336, AD-1807357, AD-
1807358, AD-1807359, AD-1807360, AD-1807361, AD-1807362, AD-1807363, AD-1807364, AD-
1807365, AD-1807366, AD-1807367, AD-1807368, AD-1807369, AD-1807370, AD-1807371, AD-
1807372, AD-1807373, AD-1807374, AD-1807375, AD-1807376, AD-1807377, AD-1807378, AD-
1807379, AD-1807380, AD-1807381, AD-1807382, AD-1807383, AD-1807384, AD-1807385, AD-
1807386, AD-1807387, AD-1807388, AD-1807389, AD-1807390, AD-1807391, AD-1807392, AD-
1807393, AD-1807394, AD-1807395, AD-1807396, AD-1807397, AD-1807398, AD-1807399, AD-
1807400, AD-1807401, AD-1807402, AD-1807403, AD-1807404, AD-1807405, AD-1807406, AD-
1807407, AD-1807408, AD-1807409, AD-1807410, AD-1807411, AD-1807412, AD-1807413, AD-
1807414, AD-1807415, AD-1807416, AD-1807417, AD-1807418, AD-1807419, AD-1807420, AD-
1807421, AD-1807422, and AD-1807423.

In one embodiment, at least partial suppression of the expression of a LRRK?2 gene, is assessed by a
reduction of the amount of LRRK2 mRNA, e.g., sense mRNA, antisense mRNA, total LRRK2 mRNA, which
can be isolated from or detected in a first cell or group of cells in which a LRRK?2 gene is transcribed and
which has or have been treated such that the expression of a LRRK? gene is inhibited, as compared to a
second cell or group of cells substantially identical to the first cell or group of cells but which has or have
not been so treated (control cells). The degree of inhibition (g.g., percent remaining mRNA expression) may

be expressed in terms of:

(mRNA in control cells)- (mRNA in treated cells)
(mRNA in control cells)

X 100%

The phrase “contacting a cell with an RNAi agent,” such as a dsRNA, as used herein, includes
contacting a cell by any possible means. Contacting a cell with an RNAI agent includes contacting a cell in
vitro with the RNA1 agent or contacting a cell in vivo with the RNAI agent. The contacting may be done
directly or indirectly. Thus, for example, the RNAi agent may be put into physical contact with the cell by
the individual performing the method, or alternatively, the RNA1 agent may be put into a situation that

permits or causes it to subsequently come into contact with the cell.
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Contacting a cell in vitro may be done, for example, by incubating the cell with the RNAI agent.
Contacting a cell in vivo may be done, for example, by injecting the RN A1 agent into or near the tissue where
the cell is located, or by injecting the RNA1 agent into another area, e.g., the central nervous system (CNS),
optionally via intrathecal, intravitreal, intracisternal or other injection, or to the bloodstream (i.c.,
intravenous) or the subcutaneous space, such that the agent subsequently reaches the tissue where the cell to
be contacted is located. For example, the RNAi agent may contain or be coupled to aligand, e.g., alipophilic
moiety or moicties as described below and further detailed, e.g., in PCT/US2019/031170, which is
incorporated herein by reference, that directs or otherwise stabilizes the RNAi agent at a site of interest, e. g.,
the CNS. Combinations of in vitro and in vivo methods of contacting are also possible. For example, a cell
may also be contacted in vitro with an RNA1 agent and subsequently transplanted into a subject.

In one embodiment, contacting a cell with an RNAi agent includes “introducing” or “delivering the
RNAI agent into the cell” by facilitating or effecting uptake or absorption into the cell. Absorption or uptake
of an RNAIi agent can occur through unaided diffusive or active cellular processes, or by auxiliary agents or
devices. Introducing an RNAi agent into a cell may be in vitro or in vivo. For example, for in vivo
introduction, an RNAIi agent can be injected into a tissue site or administered systemically. In vitro
introduction into a cell includes methods known in the art such as electroporation and lipofection. Further
approaches are described herein below or are known in the art.

The term “lipophile” or “lipophilic moiety” broadly refers to any compound or chemical moiety
having an affinity for lipids. One way to characterize the lipophilicity of the lipophilic moiety is by the
octanol-water partition coefficient, logKow, where Koy 1s the ratio of a chemical’s concentration in the
octanol-phase to its concentration in the aqueous phase of a two-phase system at equilibrium. The octanol-
water partition coefficient is a laboratory-measured property of a substance. However, it may also be
predicted by using cocfficients attributed to the structural components of a chemical which are calculated
using first-principle or empirical methods (see, for example, Tetko et al., J. Chem. Inf Comput. Sci. 41:1407-
21 (2001), which is incorporated herein by reference in its entirety). It provides a thermodynamic measure
of the tendency of the substance to prefer a non-aqueous or oily milien rather than water (i.e. its
hydrophilic/lipophilic balance). In principle, a chemical substance is lipophilic in character when its logKow
exceeds 0. Typically, the lipophilic moiety possesses a logKow exceeding 1, exceeding 1.5, exceeding 2,
exceeding 3, exceeding 4, exceeding 5, or exceeding 10. For instance, the logKey of 6-amino hexanol, for
instance, is predicted to be approximately 0.7. Using the same method, the logKow of cholesteryl N-(hexan-
6-0l) carbamate is predicted to be 10.7.

The lipophilicity of a molecule can change with respect to the functional group it carries. For
instance, adding a hydroxyl group or amine group to the end of a lipophilic moiety can increase or decrease
the partition coefficient (e.g., logKow) value of the lipophilic moicty.

Altematively, the hydrophobicity of the double-stranded RNAI agent, conjugated to one or more

lipophilic moieties, can be measured by its protein binding characteristics. For instance, in certain
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embodiments, the unbound fraction in the plasma protein binding assay of the double-stranded RNAI agent
could be determined to positively correlate to the relative hydrophobicity of the double-stranded RNA1 agent,
which could then positively correlate to the silencing activity of the double-stranded RNA1 agent.

In one embodiment, the plasma protein binding assay determined is an electrophoretic mobility shift
assay (EMSA) using human serum albumin protein. An exemplary protocol of this binding assay is
illustrated in detail in, e.g., PCT/US2019/031170. Briefly, duplexes were incubated with human serum
albumin and the unbound fraction was determined. Exemplary assay protocol includes duplexes at a stock
concentration of 10 uM, diluted to a final concentration of 0.5 uM (20 uL total volume) containing 0, 20, or
90% serum in 1x PBS. The samples can be mixed, centrifuged for 30 seconds, and subsequently incubated
at room temperature for 10 minutes. Once incubation step is completed, 4 uL of 6x EMSA Gel-loading
solution can be added to each sample, centrifuged for 30 seconds, and 12 pL of each sample can be loaded
onto a 26 well BioRad 10% PAGE (polyacrylamide gel electrophoresis). The gel can be run for 1 hour at
100 volts. After completion of the run, the gel is removed from the casing and washed in 50 mL of 10% TBE
(Tris base, boric acid and EDTA). Once washing is complete, 5 uL of SYBR Gold can be added to the gel,
which is then allowed to incubate at room temperature for 10 minutes, and the gel-washed again in 50 mL
of 10% TBE. In this exemplary assay, a Gel Doc XR+ gel documentation system may be used to read the
gel using the following parameters: the imaging application set to SYBR Gold, the size set to Bio-Rad
criterion gel, the exposure set to automatic for intense bands, the highlight saturated pixels may be tumed
one and the color is set to gray. The detection, molecular weight analysis, and output can all disabled. Once
a clean photo of the gel is obtained Image Lab 5.2 may be used to process the image. The lanes and bands
can be manually set to measure band intensity. Band intensities of each sample can be normalized to PBS to
obtain the fraction of unbound siRNA. From this measurement relative hydrophobicity can determined. The
hydrophobicity of the double-stranded RNAi1 agent, measured by fraction of unbound siRNA in the binding
assay, exceeds 0.15, exceeds 0.2, exceeds 0.25, exceeds 0.3, exceeds 0.35, exceeds 0.4, exceeds 0.45, or
exceeds 0.5 for an enhanced in vivo delivery of siRNA.

Accordingly, conjugating the lipophilic moieties to the intemal position(s) of the double-stranded
RNAI agent provides improved hydrophobicity for the enhanced in vivo delivery of siRNA.

The term “lipid nanoparticle” or “LNP” is a vesicle comprising a lipid layer encapsulating a
pharmaceutically active molecule, such as a nucleic acid molecule, e.g., a rNAi agent or a plasmid from
which an RNA1 agent is transcribed. LNPs are described in, for example, U.S. Patent Nos. 6,858,225,
6,815,432, 8,158,601, and 8,058,069, the entire contents of which are hercby incorporated herein by
reference.

As used herein, a “subject” is an animal, such as a mammal, including a primate (such as a human,
a non-human primate, e.g., a monkey, and a chimpanzee), or a non-primate (such as a rat, or a mouse). In a
preferred embodiment, the subject is a human, such as a human being treated or assessed for a disease,

disorder, or condition that would benefit from reduction in LRRK? expression; a human at risk for a disease,
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disorder, or condition that would benefit from reduction in LRRK2 expression; a human having a disease,
disorder, or condition that would benefit from reduction in LRRK?2 expression; or human being treated for a
discase, disorder, or condition that would benefit from reduction in LRRK2 expression as described herein.
In some embodiments, the subject is a female human. In other embodiments, the subject is a male human.
In one embodiment, the subject is an adult subject. In one embodiment, the subject is a pediatric subject. In
another embodiment, the subject is a juvenile subject, i.e., a subject below 20 years of age.

As used herein, the terms “treating” or “treatment” refer to a beneficial or desired result including,
but not limited to, alleviation or amelioration of one or more signs or symptoms associated with LRRK2 gene
expression or LRRK?2 protein production, e.g., LRRK?-associated discases, such as LRRK2-associated
disease. "Treatment" can also mean prolonging survival as compared to expected survival in the absence of
treatment.

The term “lower” in the context of the level of LRRK? in a subject or a disease marker or symptom
refers to a statistically significant decrease in such level. The decrease can be, for example, at least 10%,
15%, 20%, 25%, 30%, %, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more. In
certain embodiments, a decrease is at least 20%. In certain embodiments, the decrease is at least 50% in a
discase marker, e.g., the level of sense- or antisense-containing foci and/or the level of aberrant dipeptide
repeat protein, e.g., a decrease of 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or more. In some
embodiments, a decrease is at least about 25% in a disease marker, e.g, LRRK2 protein and/or gene
expression level is decreased by, e.g., at least about 25%, at least about 30%, at least about 40%, at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, or at least about
95%. “Lower” in the context of the level of LRRK?2 in a subject is preferably down to a level accepted as
within the range of normal for an individual without such disorder. In certain embodiments, “lower” is the
decrease in the difference between the level of a marker or symptom for a subject suffering from a disease
and a level accepted within the range of normal for an individual, e.g., the level of decrease in bodyweight
between an obese individual and an individual having a weight accepted within the range of normal.

As used herein, “prevention” or “preventing,” when used in reference to a disease, disorder, or
condition thereof, that would benefit from a reduction in expression of a LRRK?2 gene or production of a
LRRK?2 protein, refers to a reduction in the likelihood that a subject will develop a symptom associated with
such a disease, disorder, or condition, e.g., a symptom of a LRRK2-associated disease. The failure to develop
a disease, disorder, or condition, or the reduction in the development of a symptom associated with such a
discase, disorder, or condition (e.g., by at least about 10% on a clinically accepted scale for that disease or
disorder), or the exhibition of delayed symptoms delayed (e.g., by days, weeks, months or years) is
considered effective prevention.

As used herein, the term “LRRK2-associated discase™ or “LRRK2-associated disorder” includes any
disease or disorder that would benefit from reduction in the expression and/or activity of LRRK2. Exemplary

LRRK2-associated discases include those discases in which subjects carry missense mutations and/or
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deletions in the LRRK?2 gene, e.g., Neurodegenerative disease such as Parkinson’s disease (PD), Crohn’s
disease and ocular disorders. Neurodegenerative diseases include, but are not limited to, Parkinson’s Disease,
Amyotrophic Lateral Sclerosis (ALS), Alzheimer’s Disease, Huntington’s disease, Schizophrenia,
progressive myoclonic epilepsy (Unver-Richt-Lundberg Lafora disease), Hallervorden-Spatz Disease,
Retinitis Pigmentosa, Xeroderma Pigmentosum, and Melanin-related diseases. An “ocular disorder,” or
“ocular system disorder”, as used herein referes to any disorder system of the eye and its visual system (e.g.,
cornea, lens, and fluids). Non-limiting examples of ocular disorders include edema in the eyes, lens, and otic
vesicles.

A LRRK?2 missense mutation, e.g., G2019S, A2016T, may be found in subjects with either familial
or sporadic Parkinson’s disease. The mutations may lead to a two- or three-fold increase in kinase activity,
which may result in activation of the neuronal death signaling pathway.

Subjects having missense mutations in the LRRK2 gene can present as an autosomal dominant
discase and is the most common form of familial PD, accounting for 1-2% of all PD cases. The common
pathogenic mutations in LRRK?2 associated with PD reside in the GTPase and kinase domains with the most
prevalent mutation, the G2019S mutation, in the kinase domain.

“Therapeutically effective amount,” as used herein, is intended to include the amount of an RNAi
agent that, when administered to a subject having a LRRK?-associated disease, is sufficient to effect
treatment of the disease (e.g., by diminishing, ameliorating, or maintaining the existing disease or one or
more symptoms of disease). The “therapeutically effective amount” may vary depending on the RNAi agent,
how the agent is administered, the disease and its severity and the history, age, weight, family history, genetic
makeup, the types of preceding or concomitant treatments, if any, and other individual characteristics of the
subject to be treated.

“Prophylactically effective amount,” as used herein, is intended to include the amount of an RNA1
agent that, when administered to a subject having a LRRK2-associated disorder, is sufficient to prevent or
ameliorate the disease or one or more symptoms of the discase. Ameliorating the disease includes slowing
the course of the disease or reducing the severity of later-developing disease. The "prophylactically effective
amount" may vary depending on the RNAi agent, how the agent is administered, the degree of risk of disease,
and the history, age, weight, family history, genetic makeup, the types of preceding or concomitant
treatments, if any, and other individual characteristics of the patient to be treated.

A “therapeutically-effective amount” or “prophylactically effective amount” also includes an
amount of an RNAi agent that produces some desired local or systemic effect at a reasonable benefit/risk
ratio applicable to any treatment. An RNAi agent employed in the methods of the present disclosure may be
administered in a sufficient amount to produce a reasonable benefit/risk ratio applicable to such treatment.

The phrase “pharmaceutically acceptable” is employed herein to refer to those compounds,

materials, compositions, or dosage forms which are, within the scope of sound medical judgment, suitable
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for use in contact with the tissues of human subjects and animal subjects without excessive toxicity, irritation,
allergic response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.

The phrase “pharmaccutically-acceptable carrier” as used herein means a pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient, manufacturing
aid (e.g., lubricant, talc magnesium, calcium or zinc stearate, or steric acid), or solvent encapsulating
material, involved in carrying or transporting the subject compound from one organ, or portion of the body,
to another organ, or portion of the body. Each carrier must be "acceptable” in the sense of being compatible
with the other ingredients of the formulation and not injurious to the subject being treated. Some examples
of materials which can serve as pharmaceutically-acceptable carriers include: (1) sugars, such as lactose,
glucose and sucrose; (2) starches, such as com starch and potato starch; (3) cellulose, and its derivatives,
such as sodium carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5)
malt; (6) gelatin; (7) lubricating agents, such as magnesium state, sodium lauryl sulfate and talc; (8)
excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, cottonseed oil, safflower
oil, sesame oil, olive oil, com oil and soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such
as glycerin, sorbitol, mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate;
(13) agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid;
(16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20) pH buffered
solutions; (21) polyesters, polycarbonates or polyanhydrides; (22) bulking agents, such as polypeptides and
amino acids (23) serum component, such as serum albumin, HDL and LDL; and (22) other non-toxic
compatible substances employed in pharmaceutical formulations.

The term “sample,” as used herein, includes a collection of similar fluids, cells, or tissues isolated
from a subject, as well as fluids, cells, or tissues present within a subject. Examples of biological fluids
include blood, serum and serosal fluids, plasma, cerebrospinal fluid, ocular fluids, lymph, urine, saliva, and
the like. Tissue samples may include samples from tissues, organs or localized regions. For example, samples
may be derived from particular organs, parts of organs, or fluids or cells within those organs. In certain
embodiments, samples may be derived from the brain (e.g., whole brain or certain segments of brain, e.g.,
striatum, or certain types of cells in the brain, such as, e.g., neurons and glial cells (astrocytes,
oligodendrocytes, microglial cells)). In some embodiments, a “sample derived from a subject” refers to blood
drawn from the subject or plasma or serum derived therefrom. In further embodiments, a “sample derived
from a subject” refers to brain tissue (or subcomponents thereof) or retinal tissue (or subcomponents thereof)
derived from the subject.

The term “substituted” refers to the replacement of one or more hydrogen radicals in a given
structure with the radical of a specified substituent including, but not limited to: alkyl, alkenyl, alkynyl, aryl,
heterocyclyl, halo, thiol, alkylthio, arylthio, alkylthioalkyl, arylthioalkyl, alkylsulfonyl, alkylsulfonylalkyl,
arylsulfonylalkyl, alkoxy, aryloxy, aralkoxy, aminocarbonyl, alkylaminocarbonyl, arylaminocarbonyl,

alkoxycarbonyl, aryloxycarbonyl, haloalkyl, amino, trifluoromethyl, cvano, nitro, alkylamino, arylamino,
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alkylaminoalkyl,  arylaminoalkyl,  aminoalkylamino,  hydroxy, alkoxyalkyl, carboxyalkyl,
alkoxycarbonylalkyl, aminocarbonylalkyl, acyl, aralkoxycarbonyl, carboxylic acid, sulfonic acid, sulfonyl,
phosphonic acid, aryl, heteroaryl, heterocyclic, and aliphatic. It is understood that the substituent can be
further substituted.

The term “alkyl” refers to saturated and unsaturated non-aromatic hydrocarbon chains that may be
a straight chain or branched chain, containing the indicated number of carbon atoms (these include without
limitation propyl, allyl, or propargyl), which may be optionally inserted with N, O, or S. For example, “(Cl-
C6) alkyl” means a radical having from 1 6 carbon atoms in a linear or branched arrangement. “(C1-C6)
alkyl” includes, for example, methyl, ethyl, propyl, iso-propyl, n-butyl, tert-butyl, pentyl and hexyl. In
certain embodiments, a lipophilic moiety of the instant disclosure can include a C6-C18 alkyl hydrocarbon
chain.

The term “alkylene” refers to an optionally substituted saturated aliphatic branched or straight chain
divalent hydrocarbon radical having the specified number of carbon atoms. For example, “(C1-C6) alkylene”
means a divalent saturated aliphatic radical having from 1-6 carbon atoms in a linear arrangement, ¢.g.,
[(CHy)n] , where n is an integer from 1 to 6. “(C1-C6) alkylene” includes methylene, ethylene, propylene,
butylene, pentylene and hexylene. Altematively, “(C1-C6) alkylene” means a divalent saturated radical
having from 1-6 carbon atoms in a branched arrangement, for example: [(CH,CH.CH,CH,CH(CH3)],
[(CH,CH,CH,CH,C(CHs),], [(CH.C(CH3),CH(CHz3))], and the like. The term “alkylenedioxo™ refers to a
divalent species of the structure —O—R—O—, in which R represents an alkylene.

The term “mercapto” refers to an —SH radical. The term “thioalkoxy™ refers to an —S— alkyl
radical.

The term “halo” refers to any radical of fluorine, chlorine, bromine or iodine. “Halogen” and “halo”
are used interchangeably herein.

As used herein, the term “cycloalkyl” means a saturated or unsaturated nonaromatic hydrocarbon
ring group having from 3 to 14 carbon atoms, unless otherwise specified. For example, “(C3-C10)
cycloalkyl” means a hydrocarbon radical of a (3-10)-membered saturated aliphatic cyclic hydrocarbon ring.
Examples of cycloalkyl groups include, but are not limited to, cyclopropyl, methyl-cyclopropyl, 2,2-
dimethyl-cyclobutyl, 2-ethyl-cyclopentyl, cyclohexyl, etc. Cycloalkyls may include multiple spiro- or fused
rings. Cycloalkyl groups are optionally mono-, di-, tri-, tetra-, or penta-substituted on any position as
permitted by normal valency.

As used herein, the term “alkenyl” refers to a non-aromatic hydrocarbon radical, straight or
branched, containing at least one carbon-carbon double bond, and having from 2 to 10 carbon atoms unless
otherwise specified. Up to five carbon-carbon double bonds may be present in such groups. For example,
“C2-C6” alkenyl is defined as an alkenyl radical having from 2 to 6 carbon atoms. Examples of alkenyl
groups include, but are not limited to, ethenyl, propenyl, butenyl, and cyclohexenyl. The straight, branched,

or cyclic portion of the alkenyl group may contain double bonds and is optionally mono-, di-, tri-, tetra-, or
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penta-substituted on any position as permitted by normal valency. The term “cycloalkenyl” means a
monocyclic hydrocarbon group having the specified number of carbon atoms and at least one carbon-carbon
double bond.

As used herein, the term “alkynyl” refers to a hydrocarbon radical, straight or branched, containing
from 2 to 10 carbon atoms, unless otherwise specified, and containing at least one carbon-carbon triple bond.
Up to 5 carbon-carbon triple bonds may be present. Thus, “C2-C6 alkynyl” means an alkynyl radical having
from 2 to 6 carbon atoms. Examples of alkynyl groups include, but are not limited to, ethynyl, 2-propynyl,
and 2-butynyl. The straight or branched portion of the alkynyl group may contain triple bonds as permitted
by normal valency, and may be optionally mono-, di-, tri-, tetra-, or penta-substituted on any position as
permitted by normal valency.

As used herein, “alkoxyl” or “alkoxy” refers to an alkyl group as defined above with the indicated
number of carbon atoms attached through an oxygen bridge. For example, “(C1-C3)alkoxy” includes
methoxy, ethoxy and propoxy. For example, “(C1-Cé6)alkoxy”, is intended to include C1, C2, C3, C4, C5,
and C6 alkoxy groups. For example, “(C1-C8)alkoxy”, is intended to include C1, C2, C3, C4, C5, Cé, C7,
and C8 alkoxy groups. Examples of alkoxy include, but are not limited to, methoxy, ethoxy, n-propoxy, i-
propoxy, n-butoxy, s-butoxy, t-butoxy, n-pentoxy, s-pentoxy, n-heptoxy, and n-octoxy. “Alkylthio” means
an alkyl radical attached through a sulfur linking atom. The terms “alkylamino” or “aminoalkyl”, means an
alkyl radical attached through an NH linkage. “Dialkylamino™ means two alkyl radical attached through a
nitrogen linking atom. The amino groups may be unsubstituted, monosubstituted, or di-substituted. In some
embodiments, the two alkyl radicals are the same (¢.g., N,N-dimethylamino). In some embodiments, the two
alkyl radicals are different (¢.g., N-ethyl-N-methylamino).

As used herein, “aryl” or “aromatic” means any stable monocyclic or polycyclic carbon ring of up
to 7 atoms in each ring, wherein at least one ring is aromatic. Examples of aryl groups include, but are not
limited to, phenyl, naphthyl, anthracenyl, tetrahydronaphthyl, indanyl, and biphenyl. In cases where the aryl
substituent is bicyclic and one ring is non-aromatic, it is understood that attachment is via the aromatic ring.
Aryl groups are optionally mono-, di-, tri-, tetra-, or penta-substituted on any position as permitted by normal
valency. The term “arylalkyl” or the term “aralkyl” refers to alkyl substituted with an aryl. The term
“arylalkoxy” refers to an alkoxy substituted with aryl.

“Hetero” refers to the replacement of at least one carbon atom in a ring system with at least one
heteroatom selected from N, S and O. “Hetero” also refers to the replacement of at least one carbon atom in
an acyclic system. A hetero ring system or a hetero acyclic system may have, for example, 1, 2 or 3 carbon
atoms replaced by a heteroatom.

As used herein, the term “heteroaryl” represents a stable monocyclic or polycyclic ring of up to 7
atoms in each ring, wherein at Ieast one ring is aromatic and contains from 1 to 4 heteroatoms selected from
the group consisting of O, N and S. Examples of heteroaryl groups include, but are not limited to, acridinyl,

carbazolyl, cinnolinyl, quinoxalinyl, pyrrazolyl, indolyl, benzotriazolyl, furanyl, thienyl, benzothienyl,
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benzofuranyl, benzimidazolonyl, benzoxazolonyl, quinolinyl, isoquinolinyl, dihydroisoindolonyl,
imidazopyridinyl, isoindolonyl, indazolyl, oxazolyl, oxadiazolyl, isoxazolyl, indolyl, pyrazinyl, pyridazinyl,
pyridinyl, pyrimidinyl, pyrrolyl, tetrahydroquinoline. “Heteroaryl” is also understood to include the N-oxide
derivative of any nitrogen-containing heteroaryl. In cases where the heteroaryl substituent is bicyclic and
one ring is non-aromatic or contains no heteroatoms, it is understood that attachment is via the aromatic ring
or via the heteroatom containing ring. Heteroaryl groups are optionally mono-, di-, tri-, tetra-, or penta-
substituted on any position as permitted by normal valency.

As used herein, the term “heterocycle,” “heterocyelic,” or “heterocyclyl” means a 3- to 14-
membered aromatic or nonaromatic heterocvcle containing from 1 to 4 heteroatoms selected from the group
consisting of O, N and S, including polycyclic groups. As used herein, the term “heterocyclic” is also
considered to be synonymous with the terms “heterocycle” and “heterocyclyl” and is understood as also
having the same definitions set forth herein. “Heterocyclyl” includes the above mentioned heteroaryls, as
well as dihydro and tetrahydro analogs thereof. Examples of heterocyclyl groups include, but are not limited
to, azetidinyl, benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyl, benzotriazolyl,
benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, furanyl, imidazolyl, indolinyl, indolyl,
indolazinyl, indazolyl, isobenzofuranyl, isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl, naphthpyridinyl,
oxadiazolyl, oxooxazolidinyl, oxazolyl, oxazoline, oxopiperazinyl, oxopyrrolidinyl, oxomorpholinyl,
isoxazoline, oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridopyridinyl, pyridazinyl, pyridyl,
pyridinonyl, pyrimidyl, pyrimidinonyl, pyrmrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl,
tetrahydrofuranyl, tetrahydrothiopyranyl, tetrahydroisoquinolinyl, tetrazolyl, tetrazolopyridyl, thiadiazolyl,
thiazolyl, thienyl, triazolyl, 1,4-dioxanyl, hexahydroazepinyl, piperazinyl, piperidinyl, pyridin-2-onyl,
pyrrolidinyl,  morpholinyl,  thiomorpholinyl,  dihvdrobenzoimidazolyl,  dihydrobenzofuranyl,
dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydrofuranyl, dihydroimidazolyl, dihydroindolyl,
dihydroisooxazolyl, dihydroisothiazolyl, dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl,
dihydropyrazolyl,  dihydropyridinyl,  dihydropyrimidinyl,  dihvdropyrrolyl,  dihydroquinolinyl,
dihydrotetrazolyl, dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl, dihydrotriazolyl,
dihydroazetidinyl,  dioxidothiomorpholinyl, = methylenedioxybenzoyl,  tetrahydrofuranyl, = and
tetrahydrothienyl, and N-oxides thereof. Attachment of a heterocyclyl substituent can occur via a carbon
atom or via a heteroatom. Heterocyclyl groups are optionally mono-, di-, tri-, tetra-, or penta-substituted on
any position as permitted by normal valency.

“Heterocycloalkyl” refers to a cycloalkyl residue in which one to four of the carbons is replaced by
a heteroatom such as oxygen, nitrogen or sulfur. Examples of heterocycles whose radicals are heterocyclyl
groups include tetrahydropyran, morpholine, pyrrolidine, piperidine, thiazolidine, oxazole, oxazoline,
isoxazole, dioxane, tetrahydrofuran and the like.

The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12 membered bicyclic, or

11-14 membered tricyclic ring system having 1-3 heteroatoms if monocyclic, 1-6 heteroatoms if bicyclic, or
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1-9 heteroatoms if tricyclic, said heteroatoms selected from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or
1-9 heteroatoms of N, O, or S if monocyclic, bicyclic, or tricyclic, respectively), wherein 0, 1, 2, 3, or 4
atoms of each ring may be substituted by a substituent. Examples of heteroaryl groups include pyridyl, furyl
or furanyl, imidazolyl, benzimidazolyl, pyrimidinyl, thiophenyl or thienyl, quinolinyl, indolyl, thiazolyl, and
the like. The term “heteroarylalkyl” or the term “heteroaralkyl” refers to an alkyl substituted with a
heteroaryl. The term “heteroarylalkoxy” refers to an alkoxy substituted with heteroaryl.

The term “cycloalkyl” as employed herein includes saturated and partially unsaturated cyclic
hydrocarbon groups having 3 to 12 carbons, for example, 3 to § carbons, and, for example, 3 to 6 carbons,
wherein the cycloalkyl group additionally may be optionally substituted. Cycloalkyl groups include, without
limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, and
cyclooctyl.

The term “acyl” refers to an alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl, heterocyclylcarbonyl,
or heteroarylcarbonyl substituent, any of which may be further substituted by substituents.

As used herein, “keto” refers to any alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, heterocyclyl,
heteroaryl, or aryl group as defined herein attached through a carbonyl bridge.

Examples of keto groups include, but are not limited to, alkanoyl (e.g., acetyl, propionyl, butanoyl,
pentanoyl, hexanoyl), alkenoyl (e.g., acryloyl) alkynoyl (e.g., ethynoyl, propynoyl, butynoyl, pentynoyl,
hexynoyl), aryloyl (e.g., benzoyl), heteroaryloyl (¢.g., pyrroloyl, imidazoloyl, quinolinoyl, pyridinoyl).

As used herein, “alkoxycarbonyl” refers to any alkoxy group as defined above attached through a
carbonyl bridge (i.e., —C(0)0-alkyl). Examples of alkoxycarbonyl groups include, but are not limited to,
methoxycarbonyl,  ethoxycarbonyl, iso-propoxycarbonyl, n-propoxycarbonyl, t-butoxycarbonyl,
benzyloxycarbonyl or n-pentoxycarbonyl.

As used herein, “aryloxycarbonyl” refers to any aryl group as defined herein attached through an
oxycarbonyl bridge (i.c., —C(0)0O-aryl). Examples of aryloxycarbonyl groups include, but are not limited
to, phenoxycarbonyl and naphthyloxycarbonyl.

As used herein, “heteroaryloxycarbonyl” refers to any heteroaryl group as defined herein attached
through an oxycarbonyl bridge (i.c., —C(0)O-heteroaryl). Examples of heteroaryloxycarbonyl groups
include, but are not limited to, 2-pyridyloxycarbonyl, 2-oxazolyloxycarbonyl, 4-thiazolyloxycarbonyl, or
pyrimidinyloxycarbonyl.

The term “oxo” refers to an oxygen atom, which forms a carbonyl when attached to carbon, an N-
oxide when attached to nitrogen, and a sulfoxide or sulfone when attached to sulfur.

The person of ordinary skill in the art would readily understand and appreciate that the compounds
and compositions disclosed herein may have certain atoms (e.g., N, O, or S atoms) in a protonated or
deprotonated state, depending upon the environment in which the compound or composition is placed.
Accordingly, as used herein, the structures disclosed herein envisage that certain functional groups, such as,

for example, OH, SH, or NH, may be protonated or deprotonated. The disclosure herein 1s intended to cover
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the disclosed compounds and compositions regardless of their state of protonation based on the pH of the

environment, as would be readily understood by the person of ordinary skill in the art.

IL RNAI Agents of the Disclosure

Described herein are RNAi agents that inhibit the expression of a LRRK? gene. In one embodiment,
the RNAI agent includes double stranded ribonucleic acid (dsSRNA) molecules for inhibiting the expression
ofa LRRK?2 gene in a cell, such as a cell within a subject, e.g., amammal, such as a human having a LRRK2-
associated disease. The dsRNA includes an antisense strand having a region of complementarity which is
complementary to at least a part of an mRNA formed in the expression of a LRRK? gene. The region of
complementarity is about 15-30 nucleotides or less in length. Upon contact with a cell expressing the LRRK?2
gene, the RNAI agent inhibits the expression of the LRRK2 gene (e.g., a human gene, a primate gene, a non-
primate gene) by at least 25%, or higher as described herein, when compared to a similar cell not contacted
with the RNAI agent or an RNAi agent not complementary to the LRRK? gene. Expression of the LRRK2
gene may be assayed by, for example, a PCR or branched DNA (bDNA)-based method, or by a protein-
based method, such as by immunofluorescence analysis, using, for example, western blotting or
flowcytometric techniques. In one embodiment, the level of knockdown is assayed in human A549 cells
using an assay method provided in Example 1 below. In some embodiments, the level of knockdown is
assayed in primary mouse hepatocytes. In another embodiment, the level of knockdown is assayed in Cos-
7. In yet another embodiment, the level of knockdown is assayed in BE(2)-C cells. In some embodiments,
the level of knockdown is assayed in Neuro-2a cells. In some embodiments, the level of knockdown is
assayed in A549 cells.

A dsRNA includes two RNA strands that are complementary and hybridize to form a duplex
structure under conditions in which the dsRNA is used. One strand of a dsRNA (the antisense strand)
includes a region of complementarity that is substantially complementary, or fully complementary, to a target
sequence. The target sequence can be derived from the sequence of an mRNA formed during the expression
ofa LRRK? gene. The other strand (the sense strand) includes a region that is complementary to the antisense
strand, such that the two strands hybridize and form a duplex structure when combined under suitable
conditions. As described elsewhere herein and as known in the art, the complementary sequences of a dsRNA
can also be contained as self-complementary regions of a single nucleic acid molecule, as opposed to being
on separate oligonucleotides.

Generally, the duplex structure is 15 to 30 base pairs in length, e.g., 15-29, 15-28, 15-27, 15-26, 15-
25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-29, 18-28, 18-27, 18-26, 18-25, 18-
24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-25, 19-24, 19-23, 19-22, 19-21, 19-
20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-21, 21-30, 21-29, 21-28, 21-27, 21-
26, 21-25,21-24, 21-23, or 21-22 base pairs in length. In certain embodiments, the duplex structure is 18 to
25 base pairs in length, e.g., 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-25, 19-24, 19-23, 19-22, 19-21,
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19-20, 20-25, 20-24,20-23, 20-22, 20-21, 21-25, 21-24, 21-23, 21-22, 22-25, 22-24, 22-23, 23-25, 23-24 or
24-25 base pairs in length, for example, 19-21 basepairs in length. Ranges and lengths intermediate to the
above recited ranges and lengths are also contemplated to be part of the disclosure.

Similarly, the region of complementarity to the target sequence is 15 to 30 nucleotides in length,
e.g., 15-29,15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30, 18-
29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26, 19-
25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22, 20-
21,21-30,21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 nucleotides in length, for example 19-
23 nucleotides in length or 21-23 nucleotides in length. Ranges and lengths intermediate to the above recited
ranges and lengths are also contemplated to be part of the disclosure.

In some embodiments, the duplex structure is 19 to 30 base pairs in length. Similarly, the region of
complementarity to the target sequence is 19 to 30 nucleotides in length.

In some embodiments, the dsRNA is 15 to 23 nucleotides in length, 19 to 23 nucleotides in length,
or 25 to 30 nucleotides in length. In general, the dsSRNA is long enough to serve as a substrate for the Dicer
enzyme. For example, it is well known in the art that dsRNAs longer than about 21-23 nucleotides can serve
as substrates for Dicer. As the ordinarily skilled person also recognizes, the region of an RNA targeted for
cleavage is most often be part of a larger RNA molecule, often an mRNA molecule. Where relevant, a “part”
of an mRNA target is a contiguous sequence of an mRNA target of sufficient length to allow it to be a
substrate for RNAi-directed cleavage (i.e., cleavage through a RISC pathway).

One of skill in the art also recognizes that the duplex region is a primary functional portion of a
dsRNA, e.g., a duplex region of about 15 to 36 base pairs, e.g., 15-36, 15-35, 15-34, 15-33, 15-32, 15-31,
15-30, 15-29, 15-28, 15-27, 15-26, 15-25, 15-24, 15-23, 15-22, 15-21, 15-20, 15-19, 15-18, 15-17, 18-30,
18-29, 18-28, 18-27, 18-26, 18-25, 18-24, 18-23, 18-22, 18-21, 18-20, 19-30, 19-29, 19-28, 19-27, 19-26,
19-25, 19-24, 19-23, 19-22, 19-21, 19-20, 20-30, 20-29, 20-28, 20-27, 20-26, 20-25, 20-24,20-23, 20-22,
20-21,21-30, 21-29, 21-28, 21-27, 21-26, 21-25, 21-24, 21-23, or 21-22 base pairs, for example, 19-21 base
pairs. Thus, in one embodiment, to the extent that it becomes processed to a functional duplex, of e.g., 15-
30 base pairs, that targets a desired RNA for cleavage, an RNA molecule or complex of RNA molecules
having a duplex region greater than 30 base pairs is a dsSRNA. Thus, an ordinarily skilled artisan recognizes
that in one embodiment, a miRNA is adsRNA. In another embodiment, a dsSRNA is not a naturally occurring
miRNA. In another embodiment, an RNA1 agent useful to target LRRK? expression is not generated in the
target cell by cleavage of a larger dsSRNA.

A dsRNA as described herein can further include one or more single-stranded nucleotide overhangs
e.g, 1,2, 3, or 4 nucleotides. A nucleotide overhang can comprise or consist of a nucleotide/nucleoside
analog, including a deoxynucleotide/nucleoside. The overhang(s) can be on the sense strand, the antisense
strand or any combination thereof. Furthermore, the nucleotide(s) of an overhang can be present on the 5'-

end, 3'-end or both ends of either an antisense or sense strand of a dsRNA.
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A dsRNA can be synthesized by standard methods known in the art. Double stranded RNAi
compounds of the invention may be prepared using a two-step procedure. First, the individual strands of the
double stranded RNA molecule are prepared separately. Then, the component strands are annealed. The
individual strands of the dsSRNA compound can be prepared using solution-phase or solid-phase organic
synthesis or both. Organic synthesis offers the advantage that the oligonucleotide strands comprising
unnatural or modified nucleotides can be easily prepared. Similarly, single-stranded oligonucleotides of the
invention can be prepared using solution-phase or solid-phase organic synthesis or both.

In one aspect, a dsRNA of the disclosure includes at least two nucleotide sequences, a sense sequence
and an antisense sequence. The sense strand sequence for LRRK2 may be selected from the group of
sequences provided in any one of Tables 3-7, and the corresponding nucleotide sequence of the antisense
strand of the sense strand may be selected from the group of sequences of any one of Tables 3-7. In this
aspect, one of the two sequences is complementary to the other of the two sequences, with one of the
sequences being substantially complementary to a sequence of an mRNA generated in the expression of a
LRRK?2 gene. As such, in this aspect, a dsRNA includes two oligonucleotides, where one oligonucleotide is
described as the sense strand (passenger strand) in any one of Tables 3-7, and the second oligonucleotide is
described as the corresponding antisense strand (guide strand) of the sense strand in any one of Tables 3-7.

In one embodiment, the substantially complementary sequences of the dsRNA are contained on
separate oligonucleotides. In another embodiment, the substantially complementary sequences of the dsSRNA
are contained on a single oligonucleotide.

It will be understood that, although the sequences in Table 5 and 7 are described as modified or
conjugated sequences, the RNA of the RNAi agent of the disclosure e.g., a dSRNA of the disclosure, may
comprise any one of the sequences set forth in any one of Tables 3-4 and 6 that is un-modified, un-
conjugated, or modified or conjugated differently than described therein. For example, although the sense
strands of the agents of the invention may be conjugated to a GalNAc ligand, these agents may be conjugated
to a moiety that directs delivery to the CNS, e.g., a C16 ligand, as described herein. In one embodiment, the
lipophilic moiety contains a saturated or unsaturated C16 hydrocarbon chain (e.g., a linear C16 alkyl or
alkenyl). A lipophilic ligand can be included in any of the positions provided in the instant application. In
some embodiments, the lipophilic moiety is conjugated to a nucleobase, sugar moiety, or interucleosidic
linkage of the double-stranded iRNA agent. For example, a C16 ligand may be conjugated via the 2°-oxygen

of a ribonucleotide as shown in the following structure:
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where * denotes a bond to an adjacent nucleotide, and B is a nucleobase or a nucl:sobase analog, optionally
where B is adenine, guanine, cytosine, thymine or uracil. Design and Synthesis of the ligands and monomers
provided herein are described, for example, in PCT publication Nos. W02019/217459, W02020/132227,
and W02020/257194, contents of which are incorporated herein by reference in their entirety.

In some embodiments, the double-stranded IRNA agent further comprises a phosphate or phosphate
mimic at the 5’-end of the antisense strand. In one embodiment, the phosphate mimic is a 5 -vinyl
phosphonate (VP). In some embodiments, the 5°-end of the antisense strand of the double-stranded iRNA
agent does not contain a 5’-vinyl phosphonate (VP).

The skilled person is well aware that dsSRNAs having a duplex structure of about 20 to 23 base pairs,
e.g., 21, base pairs have been hailed as particularly effective in inducing RNA interference (Elbashir ef a/.,
(2001) EMBO J., 20:6877-6888). However, others have found that shorter or longer RNA duplex structures
can also be effective (Chu and Rana (2007) RNA 14:1714-1719; Kim et al. (2005) Nat Biotech 23:222-226).
In the embodiments described above, by virtue of the nature of the oligonucleotide sequences provided
herein, dsRNAs described herein can include at least one strand of a length of minimally 21 nucleotides. It
can be reasonably expected that shorter duplexes minus only a few nucleotides on one or both ends can be
similarly effective as compared to the dsRNAs described above. Hence, dsRNAs having a sequence of at
least 15, 16, 17, 18, 19, 20, or more contiguous nucleotides derived from one of the sequences provided
herein, and differing in their ability to inhibit the expression of a LRRK2 gene by at least about 25%, at least
about 30%, at least about 40%, at least about 50%, at least about 60%, at lcast about 70%, at least about
80%, at least about 90%, or at least about 95%inhibition relative to a control level, from a dsSRNA comprising
the full sequence using the in vitro assay with, e.g., A549 cells and a 10 nM concentration of the RNA agent
and the PCR assay as provided in the examples herein, are contemplated to be within the scope of the present
disclosure. In some embodiments, inhibition from a dsRNA comprising the full sequence was measured
using the in vitro assay with primary mouse hepatocytes.

In addition, the RNA agents described herein identify a site(s) in a LRRK2 mRNA transcript that is
susceptible to RISC-mediated cleavage. As such, the present disclosure further features RNA1 agents that
target within this site(s). As used herein, an RNA1 agent is said to “target within” a particular site of an
mRNA transcript if the RNAI agent promotes cleavage of the mRNA transcript anywhere within that

particular site. Such an RNAi agent generally includes at least about 15 contiguous nucleotides, preferably
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at least 19 nucleotides, from one of the sequences provided herein coupled to additional nucleotide sequences
taken from the region contiguous to the selected sequence in a LRRK2 gene.

An RNA target may have regions, or spans of the target RNA’s nucleotide sequence, which are
relatively more susceptible or amenable than other regions of the RNA target to mediating cleavage of the
RNA target via RNA interference induced by the binding of an RNA1 agent to that region. The increased
susceptibility to RNA interference within such “hotspot regions™ (or simply “hotspots”) means that iIRNA
agents targeting the region will likely have higher efficacy in inducing iRNA interference than iRNA agents
which target other regions of the target RNA. For example, without being bound by theory, the accessibility
of a target region of a target RNA may influence the efficacy of iRNA agents which target that region, with
some hotspot regions having increased accessibility. Secondary structures, for instance, that form in the
RNA target (¢.g., within or proximate to hotspot regions) may affect the ability of the iIRNA agent to bind
the target region and induce RNA interference.

According to certain aspects of the invention, an iRNA agent may be designed to target a hotspot
region of any of the target RNAs described herein, including any identified portions of a target RNA (e.g., a
particular exon). As used herein, a hotspot region may refer to an approximately 19-200, 19-150, 19-100,
19-75, 19-30, 21-200, 21-150, 21-100, 21-75, 21-50, 50-200, 50-150, 50-100, 50-75, 75-200, 75-150, 75-
100, 100-200, or 100-150 nucleotide region of a target RNA sequence for which targeting using RNAi agents
provides an observably higher probability of efficacious silencing relative to targeting other regions of the
same target RNA. According to certain aspects of the invention, a hotspot region may comprise a limited
region of the target RNA, and in some cases, a substantially limited region of the target, including for
example, less than half of the length of the target RNA, such as about 5%, 10%, 15%, 20%, 25%, or 30% of
the length of the target RNA. Conversely, the other regions against which a hotspot is compared may
cumulatively comprise at least a majority of the length of the target RNA. For example, the other regions
may cumulatively comprise at least about 60%, or at least about 70%, or at least about 80%, or at least about
90%, or at lcast about 95% of the length of the target RNA.

Compared regions of the target RNA may be empirically evaluated for identification of hotspots using
efficacy data obtained from in vitro or in vivo screening assays. For example, RNAi agents targeting various
regions that span a target RNA may be compared for frequency of efficacious iRNA agents (e.g., the amount
by which target gene expression is inhibited, such as measured by mRNA expression or protein expression)
that bind each region. In general, a hotspot can be recognized by observing clustering of multiple efficacious
RNAI agents that bind to a limited region of the RNA target. A hotspot may be sufficiently characterized as
such by observing efficacy of iIRNA agents which cumulatively span at least about 60% of the target region
identified as a hotspot, such as about 70%, about 80%, about 90%, or about 95% or more of the length of

the region, including both ends of the region (i.c. at least about 60%, 70%, 80%, 90%, or 95% or more of
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the nucleotides within the region, including the nucleotides at each end of the region, were targeted by an
iRNA agent). According to some aspects of the invention, an iRNA agent which demonstrates at least about
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% inhibition over the region (¢.g., no more than
about 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5% mRNA remaining) may be identified as
efficacious.

Amenability to targeting of RNA regions may also be assessed using quantitative comparison of
inhibition measurements across different regions of a defined size (e.g., 25, 30, 40, 50, 60, 70, 80, 90, or
100, 110, 120, 130, 140, 150, 160, 170, 180, 190, or 200 nts). For example, an average level of inhibition
may be determined for each region and the averages of cach region may be compared. The average level of
mhibition within a hotspot region may be substantially higher than the average of averages for all evaluated
regions. According to some aspects, the average level of inhibition in a hotspot region may be at least about
10%, 20%, 30%, 40%, or 50% higher than the average of averages. According to some aspects, the average
level of inhibition in a hotspot region may be at least about 1.0, 1.1, 1.2, 13,14, 1.51.6,1.7,1.8.1.9,0r2.0
standard deviations above the average of averages. The average level of inhibition may be higher by a
statistically significant (e.g., p < 0.05) amount. According to some aspects, each inhibition measurement
within a hotspot region may be above a threshold amount (e.g., at or below a threshold amount of mRNA
remaining). According to some aspects, each inhibition measurement within the region may be substantially
higher than an average of all inhibition measurements across all the measured regions. For example, each
inhibition measurement in a hotspot region may be at least about 10%, 20%, 30%, 40%, or 50% higher than
the average of all inhibition measurements. According to some aspects, each inhibition measurement may
be at least about 1.0, 1.1, 1.2, 1.3, 14,1516, 1.7, 1.8. 1.9, or 2.0 standard deviations above the average of
all inhibition measurements. Each inhibition measurement may be higher by a statistically significant (e.g.,
p <0.05) amount than the average of all inhibition measurements. A standard for evaluating a hotspot may
comprise various combinations of the above standards where compatible (¢.g., an average level of inhibition
of at least about a first amount and having no inhibition measurements below a threshold level of a second
amount, lesser than the first amount).

[t is therefore expressly contemplated that any iRNA agent, including the specific exemplary iRNA
agents described herein, which targets a hotspot region of a target RNA, may be preferably selected for
inducing RNA interference of the target mRNA as targeting such a hotspot region is likely to exhibit a robust
inhibitory response relative to targeting a region which is not a hotspot region. RNAi agents targeting target
sequences that substantially overlap (e.g., by at least about 70%, 75%, 80%, 85%, 90%, 95% of the target
sequence length) or, preferably, that reside fully within the hotspot region may be considered to target the
hotspot region. Hotspot regions of the RNA target(s) of the instant invention may include any region for

which the data disclosed herein demonstrates higher frequency of targeting by efficacious RNA1 agents,
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including by any of the standards described elsewhere herein, whether or not the range(s) of such hotspot
region(s) are explicitly specified.

In various embodiments, a dsRNA agent of the present invention targets a hotspot region of an
mRNA encoding LRRK2. In one embodiment, the hotspot region comprises nucleotides 3620-3652, 3794-
3849, 5194-5222, 5366-5393, 5423-5463, 5674-5704, 5720-5745, 6090-6114, 6125-6156, 6518-6561, 6721-
6750, 6740-6763, 7016-7061, 7083-7123, 7112-7136, 7125-7169, 7346-7373, 7441-7465, 7591-7659, 7636-
7659, 8132-8155, 3627-3650, 5194-5222, 5674-5702, 5720-5745, 6091-6114, 6529-6559, 7034-7061, 7441-
7465, and 7636-7659 of SEQ ID NO: 1. The dsRNA agent may be selected from the group consisting of
AD-1627308, AD-1631049, AD-1631050, AD-1626349, AD-1626353, AD-1626375, AD-1626382, AD-
1631080, AD-1807348, AD-1807393, AD-1631088, AD-1631089, AD-1631090, AD-1631108, AD-
1807416, AD-1807371, AD-1627767, AD-1627769, AD-1627772, AD-1631109, AD-1631110, AD-
1631111, AD-1627820, AD-1627838, , AD-1628042, AD-1628043, AD-1628044, AD-1628050, AD-
1628052,, AD-1628070, AD-1631108, AD-1631109, AD-1631110, AD-1631111, AD-1807397, AD-
1807352, , AD-1628073, AD-1807374, AD-1807419, AD-1628381, AD-1628382, AD-1628383, AD-
1631131, AD-1631132, AD-1631133, AD-1628396, AD-1807361, AD-1807406, AD-1631150, AD-
1631151, AD-1631152, AD-1631153, AD-1631154, AD-1631155, AD-1631156, AD-1631157, AD-
1631158, AD-1631160, AD-1631161, AD-1631162, AD-1807357, AD-1807402, AD-1628961, AD-
1628963, AD-1629214, AD-1629216, AD-1629223, AD-1629224, AD-1629263, AD-1629280, AD-
1631194, AD-1631195, AD-1631196, AD-1631197, AD-1807363, AD-1807408, AD-1629304, AD-
1629524, AD-1631205, AD-1631206, AD-1807337, AD-1807354, AD-1807382, AD-1807399, AD-
1629619, AD-1629620, AD-1629621, AD-1631210, AD-1807355, AD-1807377, AD-1807400, AD-
1807422, AD-1629763, AD-1631215, AD-1631216, AD-1631217, AD-1807335, AD-1807336, AD-
1807376, AD-1807380, AD-1807381, AD-1807421, AD-1630135, AD-1630136, AD-1631221, AD-
1807369, AD-1807414, AD-1807364, AD-1807409, AD-1629808, and AD-1629809.

III.  Modified RNAi Agents of the Disclosure

In one embodiment, the RNA of the RNA1 agent of the disclosure e.g., a dsSRNA, is un-modified,
and does not comprise modified nucleotides, e.g., chemical modifications or conjugations known in the art
and described herein. In preferred embodiments, the RNA of an RNAi agent of the disclosure, e.g., a dSRNA,
is chemically modified to enhance stability or other beneficial characteristics. In certain embodiments of the
disclosure, substantially all of the nucleotides of an RNAi agent of the disclosure are modified. In other
embodiments of the disclosure, all of the nucleotides of an RNAi agent of the disclosure are modified. RNAi
agents of the disclosure in which “substantially all of the nucleotides are modified” are largely but not wholly
modified and can include not more than 5, 4, 3, 2, or unmodified nucleotides. In still other embodiments of

the disclosure, RNAI agents of the disclosure can include not more than 5, 4, 3, 2 or 1 modified nucleotides.
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The nucleic acids featured in the disclosure can be synthesized or modified by methods well
established in the art, such as those described in “Current protocols in nucleic acid chemistry,” Beaucage,
S.L. et al (Edrs.), John Wiley & Sons, Inc., New York, NY, USA, which is hereby incorporated herein by
reference. Modifications include, for example, end modifications, e.g., 5-end modifications
(phosphorylation, conjugation, inverted linkages) or 3’-end modifications (conjugation, DNA nucleotides,
inverted linkages, efc.); base modifications, e.g., replacement with stabilizing bases, destabilizing bases, or
bases that base pair with an expanded repertoire of partners, removal of bases (abasic nucleotides), or
conjugated bases; sugar modifications (e.g., at the 2’-position or 4’-position) or replacement of the sugar; or
backbone modifications, including modification or replacement of the phosphodiester linkages. Specific
examples of RNA1 agents useful in the embodiments described herein include, but are not limited to, RNAs
containing modified backbones or no natural internucleoside linkages. RNAs having modified backbones
include, among others, those that do not have a phosphorus atom in the backbone. For the purposes of this
specification, and as sometimes referenced in the art, modified RNAs that do not have a phosphorus atom in
their intermucleoside backbone can also be considered to be oligonucleosides. In some embodiments, a
modified RNAi agent has a phosphorus atom in its internucleoside backbone.

Modified RNA backbones include, for example, phosphorothioates, chiral phosphorothioates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl phosphonates
including 3'-alkylene phosphonates and chiral phosphonates, phosphinates, phosphoramidates including 3'-
amino phosphoramidate and aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, and boranophosphates having normal 3'-5' linkages,
2'-5"-linked analogs of these, and those having inverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5'to 5'-3' or 2'-5'to 5'-2'. Various salts, mixed salts and free acid forms are also included.
In some embodiments of the invention, the dsRNA agents of the invention are in a free acid form. In other
embodiments of the invention, the dsSRNA agents of the invention are in a salt form. In one embodiment, the
dsRNA agents of the invention are in a sodium salt form. In certain embodiments, when the dsSRNA agents
of the invention are in the sodium salt form, sodium ions are present in the agent as counterions for
substantially all of the phosphodiester and/or phosphorothiotate groups present in the agent. Agents in which
substantially all of the phosphodiester and/or phosphorothioate linkages have a sodium counterion include
not more than 5, 4, 3, 2, or 1 phosphodiester and/or phosphorothioate linkages without a sodium counterion.
In some embodiments, when the dsRNA agents of the invention are in the sodium salt form, sodium ions are
present in the agent as counterions for all of the phosphodiester and/or phosphorothiotate groups present in
the agent.

Representative U.S. patents that teach the preparation of the above phosphorus-containing linkages
include, but are not limited to, U.S. Patent Nos. 3,687,808; 4,469,863; 4,476,301, 5,023,243; 5,177,195;
5,188,897, 5,264,423, 5,276,019, 5,278,302; 5,286,717, 5,321,131; 5,399,676, 5,405,939; 5,453,496;
5,455,233, 5,466,677, 5,476,925, 5,519,126, 5,536,821, 5,541,316; 5,550,111; 5,563,253; 5,571,799,
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5,587,361; 5,625,050; 6,028,188; 6,124,445, 6,160,109; 6,169,170; 6,172,209; 6, 239,265; 6,277,603,
6,326,199; 6,346,614, 6,444.423; 6,531,590, 6,534,639, 6,608,035, 6,683,167, 6,858,715, 6,867,294,
6,878.805; 7,015,315; 7,041,816; 7,273,933; 7,321,029; and US Pat RE39464, the entire contents of each of
which are hereby incorporated herein by reference.

Modified RNA backbones that do not include a phosphorus atom therein have backbones that are
formed by short chain alkyl or cycloalkyl internucleoside linkages, mixed heteroatoms and alkyl or
cycloalkyl internucleoside linkages, or one or more short chain heteroatomic or heterocyclic internucleoside
linkages. These include those having morpholino linkages (formed in part from the sugar portion of a
nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and thioformacetyl
backbones; methylene formacetyl and thioformacetyl backbones; alkene containing backbones; sulfamate
backbones; methyleneimino and methylenehydrazino backbones; sulfonate and sulfonamide backbones;
amide backbones; and others having mixed N, O, S and CH, component parts.

Representative U.S. patents that teach the preparation of the above oligonucleosides include, but are
not limited to, U.S. Patent Nos. 5,034,506 5,166,315; 5,185,444; 5,214,134;5,216,141; 5,235,033; 5,64,562;
5,264,564; 5405938, 5434257, 5,466,677, 5,470,967, 5489,677, 5,541,307, 5,561,225, 5,596,086;
5,602,240; 5,608.046; 5,610,289; 5,618,704; 5,623,070; 5,663,312; 5,633,360, 5,677,437, and, 5,677,439,
the entire contents of each of which are hereby incorporated herein by reference.

In other embodiments, suitable RNA mimetics are contemplated for use in RNAI1 agents, in which
both the sugar and the internucleoside linkage, i.e., the backbone, of the nucleotide units are replaced with
alternate groups. The nucleobase units are maintained for hybridization with an appropriate nucleic acid
target compound. One such oligomeric compound, a RNA mimetic that has been shown to have excellent
hybridization properties, is referred to as a peptide nucleic acid (PNA). In PNA compounds, the sugar
backbone of an RNA is replaced with an amide containing backbone, in particular an aminoethylglycine
backbone. The nucleobases are retained and are bound directly or indirectly to aza nitrogen atoms of the
amide portion of the backbone. Representative U.S. patents that teach the preparation of PNA compounds
include, but are not limited to, U.S. Patent Nos. 5,539,082; 5,714,331; and 5,719,262, the entire contents of
each of which are hereby incorporated herein by reference. Additional PNA compounds suitable for use in
the RN A1 agents of the disclosure are described in, for example, in Nielsen et al., Science, 1991, 254, 1497-
1500.

Some embodiments featured in the disclosure include RNAs with phosphorothioate backbones and
oligonucleosides with heteroatom backbones, and in particular --CH,--NH--CH»-, --CH»--N(CH3)--0--CH,-
-[known as a methylene (methylimino) or MMI backbone], --CH,--O--N(CH;)--CH;--, --CH,--N(CH3)--
N(CH3;)--CH;-- and --N(CH3)--CH,--CHa-- of the above-referenced U.S. Patent No. 5,489,677, and the
amide backbones of the above-referenced U.S. Patent No. 5,602,240. In some embodiments, the RNAs
featured herein have morpholino backbone structures of the above-referenced US5,034,506. The native
phosphodiester backbone can be represented as -O-P(0)(OH)-OCH,-.
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Modified RNAs can also contain one or more substituted sugar moieties. The RNAIi agents, e.g.,
dsRNAs, featured herein can include one of the following at the 2'-position: OH; F; O-, S-, or N-alkyl; O-,
S-, or N-alkenyl; O-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl can be
substituted or unsubstituted C; to Ci alkyl or C; to Cio alkenyl and alkynyl. Exemplary suitable
modifications include O[(CH2),0] mCH3, O(CH,) OCH3, O(CH,),NH,, O(CH>) ,CH;, O(CH,),ONH,, and
O(CH>),ON[(CH2).CH3)]>, where n and m are from 1 to about 10. In other embodiments, dsRNAs include
one of the following at the 2' position: C; to Cyo alkyl, substituted alkyl, alkaryl, aralkyl, O-alkaryl or O-
aralkyl, SH, SCH3, OCN, Cl, Br, CN, CFs, OCF;, SOCH3, SO,CH3, ONO,, NO,, N3, NH;, heterocycloalkyl,
heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted silyl, an RNA cleaving group, a reporter
group, an intercalator, a group for improving the pharmacokinetic properties of an RNAi agent, or a group
for improving the pharmacodynamic properties of an RNAi agent, and other substituents having similar
propetties. In some embodiments, the modification includes a 2'-methoxyethoxy (2'-0--CH,CH,0CH3, also
known as 2'-0-(2-methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta, 1995, 78:486-504) i.e., an
alkoxy-alkoxy group. Another exemplary modification is 2'-dimethylaminooxyethoxy, ie., a
O(CH,),0ON(CH3), group, also known as 2'-DMAOE, as described in examples herein below, and 2'-
dimethylaminoethoxyethoxy (also known in the art as 2'-O-dimethylaminoethoxyethyl or 2-DMAEQE), i.e.,
2'-0--CH;--0--CH;--N(CHs)s. Further exemplary modifications include: 5’-Me-2’-F nucleotides, 5°-Me-2’-
OMe nucleotides, 5°-Me-2’-deoxynucleotides, (both R and S isomers in these three families), 2°-
alkoxyalkyl; and 2°-NMA (N-methylacetamide).

Other modifications include 2'-methoxy (2'-OCHs), 2'-aminopropoxy (2'-OCH,CH,CH,NH>), 2°-O-
hexadecyl, and 2'-fluoro (2'-F). Similar modifications can also be made at other positions on the RNA of an
RNAI agent, particularly the 3' position of the sugar on the 3' terminal nucleotide or in 2'-5' linked dsRNAs
and the 5' position of 5' terminal nucleotide. RNA1 agents can also have sugar mimetics such as cyclobutyl
moieties in place of the pentofuranosyl sugar. Representative U.S. patents that teach the preparation of such
modified sugar structures include, but are not limited to, U.S. Pat. Nos. 4,981,957, 5,118,800; 5,319,080,
5,359,044, 5393878, 5,446,137, 5,466,786, 5,514,785, 5519,134; 5567811, 5,576,427; 5,591,722,
5,597,909; 5,610,300; 5,627,033, 5,639,873; 5,646,263, 5,658,873; 5,670,633; and 5,700,920, certain of
which are commonly owned with the instant application. The entire contents of each of the foregoing are
hereby incorporated herein by reference.

An RNAI agent of the disclosure can also include nucleobase (often referred to in the art simply as
“base™) modifications or substitutions. As used herein, “unmodified” or “natural” nucleobases include the
purine bases adenine (A) and guanine (G), and the pyrimidine bases thymine (T), cytosine (C) and uracil
(U). Modified nucleobases include other synthetic and natural nucleobases such as 5-methylcytosine (5-me-
(), S-hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl
derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 2-thiouracil,

2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil,
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cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl
anal other 8-substituted adenines and guanines, 3-halo, particularly 5-bromo, 5-trifluoromethyl and other 3-
substituted uracils and cytosines, 7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine, 7-
deazaguanine and 7-daazaadenine and 3-deazaguanine and 3-deazaadenine. Further modified nucleobases
include those disclosed in U.S. Pat. No. 3,687,808, those disclosed in Modified Nucleosides in Biochemistry,
Biotechnology and Medicine, Herdewijn, P. ed. Wiley-VCH, 2008; those disclosed in The Concise
Encyclopedia Of Polymer Science And Engineering, pages 858-859, Kroschwitz, J. L, ed. John Wiley &
Sons, 1990, these disclosed by Englisch et al., (1991) Angewandte Chemie, International Edition, 30:613,
and those disclosed by Sanghvi, Y S., Chapter 15, dsSRNA Rescarch and Applications, pages 289-302,
Crooke, S. T. and Lebleu, B., Ed., CRC Press, 1993. Certain of these modified nucleobases are particularly
useful for increasing the binding affinity of the oligomeric compounds featured in the disclosure. These
include 5-substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and O-6 substituted purines, including 2-
aminopropyladenine, S-propynyluracil and 5-propynylcytosine. 5-methylcytosine substitutions have been
shown to increase nucleic acid duplex stability by 0.6-1.2 °C (Sanghvi, Y. S., Crooke, S. T. and Lebleu, B,
Eds., dsRNA Research and Applications, CRC Press, Boca Raton, 1993, pp. 276-278) and are exemplary
base substitutions, even more particularly when combined with 2'-O-methoxyethyl sugar modifications.

Representative U.S. patents that teach the preparation of certain of the above noted modified
nucleobases as well as other modified nucleobases include, but are not limited to, the above noted U.S. Patent
Nos. 3,687,808, 4,845,205; 5,130,302; 5,134,066; 5,175,273, 5,367,066, 5,432,272 5,457,187, 5,459,255,
5,484 .908; 5502177, 5,525,711; 5,552,540, 5.587.469; 5,594,121, 5,596,091, 5,614,617, 5,681,941;
3,750,692; 6,015,886, 6,147,200, 6,166,197; 6,222,025, 6,235,887, 6,380,368, 6,528,640; 6,639,062;
6,617,438, 7,045,610; 7,427,672, and 7,495,088, the entire contents of each of which are hereby incorporated
herein by reference.

An RNAi agent of the disclosure can also be modified to include one or more bicyclic sugar moieties.
A “bicyclic sugar” is a furanosyl ring modified by the bridging of two atoms. A “bicyclic nucleoside™
(“BNA”) is a nucleoside having a sugar moicty comprising a bridge connecting two carbon atoms of the
sugar ring, thereby forming a bicyclic ring system. In certain embodiments, the bridge connects the 4'-carbon
and the 2'-carbon of the sugar ring. Thus, in some embodiments an agent of the disclosure may include one
or more locked nucleic acids (LNA). A locked nucleic acid is a nucleotide having a modified ribose moiety
in which the ribose moiety comprises an extra bridge connecting the 2' and 4' carbons. In other words, an
LNA is a nucleotide comprising a bicyclic sugar moicty comprising a 4'-CH2-0-2' bridge. This structure
effectively "locks" the ribose in the 3'-endo structural conformation. The addition of locked nucleic acids to
siIRNAs has been shown to increase siRNA stability in serum, and to reduce off-target effects (Elmen, J. et
al., (2005) Nucleic Acids Research 33(1):439-447; Mook, OR. et al., (2007) Mol Canc Ther 6(3):833-843;
Grunweller, A. et al., (2003) Nucleic Acids Research 31(12):3185-3193). Examples of bicyclic nucleosides

for use in the polynucleotides of the disclosure include without limitation nucleosides comprising a bridge
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between the 4’ and the 2' ribosyl ring atoms. In certain embodiments, the antisense polynucleotide agents of
the disclosure include one or more bicyclic nucleosides comprising a 4' to 2’ bridge. Examples of such 4 to
2" bridged bicyclic nucleosides, include but are not limited to 4'-(CH2)—0-2" (LNA); 4'-(CH,)—S-2'; 4'-
(CH;)>—O0-2" (ENA); 4'-CH(CH3)—O0-2' (also referred to as “constrained ethyl” or “cEt”) and 4'-
CH(CH,OCH3)—O0-2' (and analogs thereof; see, e.g., U.S. Pat. No. 7,399,845); 4'-C(CH3)(CH3;)—O0-2’ (and
analogs thereof; see e.g., US Patent No. 8,278,283); 4'-CH>—N(OCH3)-2’ (and analogs thereof;, see e.g., US
Patent No. 8,278.425); 4'-CH,—0—N(CH3)-2' (see, e.g.,U.S. Patent Publication No. 2004/0171570); 4'-
CH>—N(R)—O0-2', wherein R is H, C-Cy; alkyl, or a protecting group (see, e.g., U.S. Pat. No. 7,427,672);,
4'-CH,—C(H)(CHs)-2’ (sce, e.g., Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-134); and 4-CH,—
C(=CH»)-2' (and analogs thereof; see, e.g., US Patent No. 8,278,426). The entire contents of each of the
foregoing are hereby incorporated herein by reference.

Additional representative US Patents and US Patent Publications that teach the preparation of locked
nucleic acid nucleotides include, but are not limited to, the following: US Patent Nos. 6,268,490; 6,525,191,
6,670,461; 6,770,748; 6,794,499, 6,998,484; 7,053,207, 7,034,133;7,084,125; 7,399,845; 7,427,672;
7,569,686; 7,741,457, 8,022,193; 8,030,467, 8,278 425; 8,278,426; 8,278,283, US 2008/0039618; and US
2009/0012281, the entire contents of each of which are hereby incorporated herein by reference.

Any of the foregoing bicyclic nucleosides can be prepared having one or more stereochemical sugar
configurations including for example o-L-ribofuranose and f-D-ribofuranose (see WO 99/14226).

An RNAI agent of the disclosure can also be modified to include one or more constrained ethyl
nucleotides. As used herein, a "constrained ethyl nucleotide” or "cEt" is a locked nucleic acid comprising a
bicyclic sugar moicty comprising a 4'-CH(CH;)-0-2' bridge. In one embodiment, a constrained cthyl
nucleotide is in the S conformation referred to herein as “S-cEt.”

An RNAIi agent of the disclosure may also include one or more “conformationally restricted
nucleotides” (“CRN”). CRN are nucleotide analogs with a linker connecting the C2’and C4” carbons of
ribose or the C3 and -C5’ carbons of ribose. CRN lock the ribose ring into a stable conformation and increase
the hybridization affinity to mRNA. The linker is of sufficient length to place the oxygen in an optimal
position for stability and affinity resulting in less ribose ring puckering.

Representative publications that teach the preparation of certain of the above noted CRN include,
but are not limited to, US 2013/0190383; and WO 2013/036868, the entire contents of cach of which are
hereby incorporated herein by reference.

In some embodiments, an RNAi agent of the disclosure comprises one or more monomers that are
UNA (unlocked nucleic acid) nucleotides. UNA is unlocked acyclic nucleic acid, wherein any of the bonds
of the sugar has been removed, forming an unlocked "sugar" residue. In one example, UNA also
encompasses monomer with bonds between C1'-C4' have been removed (i.e. the covalent carbon-oxygen-
carbon bond between the C1' and C4' carbons). In another example, the C2'-C3' bond (7.e. the covalent
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carbon-carbon bond between the C2' and C3' carbons) of the sugar has been removed (see Nuc. Acids Symp.
Series, 52, 133-134 (2008) and Fluiter et al., Mol. Biosyst., 2009, 10, 1039 hereby incorporated by reference).

Representative U.S. publications that teach the preparation of UNA include, but are not limited to,
US8,314,227; and US Patent Publication Nos. 2013/0096289; 2013/0011922; and 2011/0313020, the entire
contents of each of which are hereby incorporated herein by reference.

An RNAI agent of the disclosure may also include one or more “cyclohexene nucleic acids™ or
(“CeNA”). CeNA are nucleotide analogs with a replacement of the furanose moicty of DNA by a
cyclohexene ring. Incorporation of cylcohexenyl nucleosides in a DNA chain increases the stability of a
DNA/RNA hybrid. CeNA is stable against degradation in serum and a CeNA/RNA hybrid is able to activate
E. Coli RNase H, resulting in cleavage of the RNA strand. (see Wang et al., Am. Chem. Soc. 2000, 122, 36,
8595-8602, hereby incorporated by reference).

Potentially stabilizing modifications to the ends of RNA molecules can include N-
(acetylaminocaproyl)-4-hydroxyprolinol (Hyp-C6-NHAc), N-(caproyl-4-hydroxyprolinol (Hyp-C6), N-
(acetyl-4-hydroxyprolinol (Hyp-NHAc), thymidine-2'-O-deoxythymidine (ether), N-(aminocaproyl)-4-
hydroxyprolinol (Hyp-C6-amino), 2-docosanoyl-uridine-3"- phosphate, inverted base dT(idT) and others.
Disclosure of this modification can be found in WO 2011/005861.

Other modifications of an RNA1 agent of the disclosure include a 5 phosphate or 5° phosphate
mimic, e.g., a 5’-terminal phosphate or phosphate mimic on the antisense strand of an RNAi agent. Suitable
phosphate mimics are disclosed in, for example US 2012/0157511, the entire contents of which are

incorporated herein by reference.

A. Modified RNAi agents Comprising Motifs of the Disclosure

In certain aspects of the disclosure, the double-stranded RNA1 agents of the disclosure include agents
with chemical modifications as disclosed, for example, in WO 2013/075035, the entire contents of which
are incorporated herein by reference. As shown herein and in WO 2013/075035, one or more motifs of three
identical modifications on three consecutive nucleotides may be introduced into a sense strand or antisense
strand of an RNAIi agent, particularly at or near the cleavage site. In some embodiments, the sense strand
and antisense strand of the RNAi agent may otherwise be completely modified. The introduction of these
motifs interrupts the modification pattern, if present, of the sense or antisense strand. The RNAi agent may
be optionally conjugated with a lipophilic ligand, e.g., a C16 ligand, for instance on the sense strand. The
RNAI agent may be optionally modified with a (S)-glycol nucleic acid (GNA) modification, for instance on
one or more residues of the antisense strand. The resulting RNAi agents may present improved gene silencing
activity.

Accordingly, the disclosure provides double stranded RNAi agents capable of inhibiting the
expression of a target gene (i.e., a LRRK2 gene) in vivo. The RNAI agent comprises a sense strand and an
antisense strand. Each strand of the RNA1 agent may be 15-30 nucleotides in length. For example, cach

strand may be 16-30 nucleotides in length, 17-30 nucleotides in length, 25-30 nucleotides in length, 27-30
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nucleotides in length, 17-23 nucleotides in length, 17-21 nucleotides in length, 17-19 nucleotides in length,
19-25 nucleotides in length, 19-23 nucleotides in length, 19-21 nucleotides in length, 21-25 nucleotides in
length, or 21-23 nucleotides in length. In certain embodiments, each strand is 19-23 nucleotides in length.

The sense strand and antisense strand typically form a duplex double stranded RNA (“dsRNA”),
also referred to herein as an “RNAi agent.” The duplex region of an RNAi agent may be 15-30 nucleotide
pairs in length. For example, the duplex region can be 16-30 nucleotide pairs in length, 17-30 nucleotide
pairs in length, 27-30 nucleotide pairs in length, 17 - 23 nucleotide pairs in length, 17-21 nucleotide pairs in
length, 17-19 nucleotide pairs in length, 19-25 nucleotide pairs in length, 19-23 nucleotide pairs in length,
19- 21 nucleotide pairs in length, 21-25 nucleotide pairs in length, or 21-23 nucleotide pairs in length. In
another example, the duplex region is selected from 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27
nucleotides in length. In preferred embodiments, the duplex region is 19-21 nucleotide pairs in length.

In one embodiment, the RNAi agent may contain one or more overhang regions or capping groups
at the 3’-end, 5’-end, or both ends of one or both strands. The overhang can be 1-6 nucleotides in length, for
instance 2-6 nucleotides in length, 1-3 nucleotides in length, 2-5 nucleotides in length, 1-4 nucleotides in
length, 2-4 nucleotides in length, 1-3 nucleotides in length, 2-3 nucleotides in length, or 1-2 nucleotides in
length. In preferred embodiments, the nucleotide overhang region is 2 nucleotides in length. The overhangs
can be the result of one strand being longer than the other, or the result of two strands of the same length
being staggered. The overhang can form a mismatch with the target mRNA or it can be complementary to
the gene sequences being targeted or can be another sequence. The first and second strands can also be
joined, e.g., by additional bases to form a hairpin, or by other non-base linkers.

In one embodiment, the nucleotides in the overhang region of the RNAi agent can cach
independently be a modified or unmodified nucleotide including, but no limited to 2’-sugar modified, such
as, 2-F, 2°-0O-methyl, thymidine (T), and any combinations thereof.

For example, TT can be an overhang sequence for either end on cither strand. The overhang can
form a mismatch with the target mRNA or it can be complementary to the gene sequences being targeted or
can be another sequence.

The 5°- or 3’- overhangs at the sense strand, antisense strand or both strands of the RNAi agent may
be phosphorylated. In some embodiments, the overhang region(s) contains two nucleotides having a
phosphorothioate between the two nucleotides, where the two nucleotides can be the same or different. In
one embodiment, the overhang is present at the 3”-end of the sense strand, antisense strand, or both strands.
In one embodiment, this 3’ -overhang is present in the antisense strand. In one embodiment, this 3°-overhang
is present in the sense strand.

The RNA1 agent may contain only a single overhang, which can strengthen the interference activity
ofthe RNAI, without affecting its overall stability. For example, the single-stranded overhang may be located
at the 3'-terminal end of the sense strand or, alternatively, at the 3'-terminal end of the antisense strand. The

RNAIi may also have a blunt end, located at the 5°-end of the antisense strand (i.c., the 3’-end of the sense
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strand) or vice versa. Generally, the antisense strand of the RNAI has a nucleotide overhang at the 3’-end,
and the 5°-end 1s blunt. While not wishing to be bound by theory, the asymmetric blunt end at the 5°-end of
the antisense strand and 3’-end overhang of the antisense strand favor the guide strand loading into RISC
process.

In one embodiment, the RNAi agent is double blunt-ended and 19 nucleotides in length, wherein the
sense strand contains at least one motif of three 2°-F modifications on three consecutive nucleotides at
positions 7, 8, and 9 from the 5’end. The antisense strand contains at least one motif of three 2”-0-methyl
modifications on three consecutive nucleotides at positions 11, 12, and 13 from the 5’end.

In another embodiment, the RNA1 agent is double blunt-ended and 20 nucleotides in length, wherein
the sense strand contains at least one motif of three 2’-F modifications on three consecutive nucleotides at
positions 8, 9, and 10 from the 5’end. The antisense strand contains at least one motif of three 2°-O-methyl
modifications on three consecutive nucleotides at positions 11, 12, and 13 from the 5’end.

In yet another embodiment, the RNA1 agent is double blunt-ended and 21 nucleotides in length,
wherein the sense strand contains at least one motif of three 2°-F modifications on three consecutive
nucleotides at positions 9, 10, and 11 from the 5’end. The antisense strand contains at least one motif of
three 2°-O-methyl modifications on three consecutive nucleotides at positions 11, 12, and 13 from the 5’end.

In one embodiment, the RNA1 agent comprises a 21 nucleotide sense strand and a 23 nucleotide
antisense strand, wherein the sense strand contains at least one motif of three 2°-F modifications on three
consecutive nucleotides at positions 9, 10, and 11 from the 5’end; the antisense strand contains at least one
motif of three 27-O-methyl modifications on three consecutive nucleotides at positions 11, 12, and 13 from
the 5’end, wherein one end of the RNAI agent is blunt, while the other end comprises a 2 nucleotide
overhang.The 2 nucleotide overhang can be at the 3’-end of the antisense strand. When the 2 nucleotide
overhang is at the 3’-end of the antisense strand, there may be two phosphorothioate internucleotide linkages
between the terminal three 3 -nucleotides of the antisense strand, wherein two of the three nucleotides are
the overhang nucleotides, and the third nucleotide is a paired nucleotide next to the overhang nucleotide. In
one embodiment, the RNAi1 agent additionally has two phosphorothioate internucleotide linkages between
the terminal three nucleotides at both the 5°-end of the sense strand and at the 5’-end of the antisense strand.
In one embodiment, every nucleotide in the sense strand and the antisense strand of the RNAi agent,
including the nucleotides that are part of the motifs are modified nucleotides. In one embodiment each
residue 1s independently modified with a 2°-O-methyl or 2°-fluoro, e.g., in an alternating motif. Optionally,
the RNAI1 agent further comprises a ligand (e.g., a lipophilic ligand, optionally a C16 ligand).

In one embodiment, the RNAi agent comprises a sense and an antisense strand, wherein the sense
strand 1s 25-30 nucleotide residues in length, wherein starting from the 5' terminal nucleotide (position 1)
positions 1 to 23 of the first strand comprise at least 8 ribonucleotides; the antisense strand is 36-66
nucleotide residues in length and, starting from the 3' terminal nucleotide, comprises at least 8

ribonucleotides in the positions paired with positions 1- 23 of sense strand to form a duplex; wherein at least
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the 3 ' terminal nucleotide of antisense strand is unpaired with sense strand, and up to 6 consecutive 3'
terminal nucleotides are unpaired with sense strand, thereby forming a 3' single stranded overhang of 1-6
nucleotides; wherein the 5' terminus of antisense strand comprises from 10-30 consecutive nucleotides which
are unpaired with sense strand, thereby forming a 10-30 nucleotide single stranded 5' overhang; wherein at
least the sense strand 5' terminal and 3' terminal nucleotides are base paired with nucleotides of antisense
strand when sense and antisense strands are aligned for maximum complementarity, thereby forming a
substantially duplexed region between sense and antisense strands; and antisense strand is sufficiently
complementary to a target RNA along at least 19 ribonucleotides of antisense strand length to reduce target
gene expression when the double stranded nucleic acid is introduced into a mammalian cell; and wherein the
sense strand contains at least one motif of three 2°-F modifications on three consecutive nucleotides, where
at least one of the motifs occurs at or near the cleavage site. The antisense strand contains at least one motif
of three 2°-O-methyl modifications on three consecutive nucleotides at or near the cleavage site.

In one embodiment, the RNA1 agent comprises sense and antisense strands, wherein the RNA1 agent
comprises a first strand having a length which is at least 25 and at most 29 nucleotides and a second strand
having a length which is at most 30 nucleotides with at least one motif of three 2°-O-methyl modifications
on three consecutive nucleotides at position 11, 12, and 13 from the 5° end; wherein the 3” end of the first
strand and the 5” end of the second strand form a blunt end and the second strand is 1-4 nucleotides longer
at its 3° end than the first strand, wherein the duplex region which is at least 25 nucleotides in length, and
the second strand is sufficiently complementary to a target mRNA along at least 19 nucleotide of the second
strand length to reduce target gene expression when the RNAi agent is introduced into a mammalian cell,
and wherein dicer cleavage of the RNAI agent preferentially results in an siRNA comprising the 3 end of
the second strand, thereby reducing expression of the target gene in the mammal. Optionally, the RNAi agent
further comprises a ligand.

In one embodiment, the sense strand of the RNA1 agent contains at least one motif of three identical
modifications on three consecutive nucleotides, where one of the motifs occurs at the cleavage site in the
sense strand.

In one embodiment, the antisense strand of the RNA1 agent can also contain at least one motif of
three identical modifications on three consecutive nucleotides, where one of the motifs occurs at or near the
cleavage site in the antisense strand.

For an RNAI agent having a duplex region of 17-23 nucleotide in length, the cleavage site of the
antisense strand is typically around the 10, 11 and 12 positions from the 5°-end. Thus the motifs of three
identical modifications may occur at the 9, 10, and 11 positions; 10, 11, and 12 positions; 11, 12, and 13
positions; 12, 13, and 14 positions; or 13, 14, and 15 positions of the antisense strand, the count starting from
the 1™ nucleotide from the 5°-end of the antisense strand, or, the count starting from the 1% paired nucleotide
within the duplex region from the 5’°- end of the antisense strand. The cleavage site in the antisense strand

may also change according to the length of the duplex region of the RNAi from the 5°-end.

57



10

15

20

25

30

35

WO 2023/278607 PCT/US2022/035561

The sense strand of the RNAi agent may contain at least one motif of three identical modifications
on three consecutive nucleotides at the cleavage site of the strand; and the antisense strand may have at least
one motif of three identical modifications on three consecutive nucleotides at or near the cleavage site of the
strand. When the sense strand and the antisense strand form a dsRNA duplex, the sense strand and the
antisense strand can be so aligned that one motif of the three nucleotides on the sense strand and one motif
of the three nucleotides on the antisense strand have at least one nucleotide overlap, i.e., at least one of the
three nucleotides of the motif in the sense strand forms a base pair with at least one of the three nucleotides
of the motif in the antisense strand. Alteratively, at least two nucleotides may overlap, or all three
nucleotides may overlap.

In one embodiment, the sense strand of the RNA1 agent may contain more than one motif of three
identical modifications on three consecutive nucleotides. The first motif may occur at or near the cleavage
site of the strand and the other motifs may be a wing modification. The term “wing modification” herein
refers to a motif occurring at another portion of the strand that is separated from the motif at or near the
cleavage site of the same strand. The wing modification is either adjacent to the first motif or is separated
by at least one or more nucleotides. When the motifs are immediately adjacent to each other then the
chemistry of the motifs are distinct from each other and when the motifs are separated by one or more
nucleotide than the chemistries can be the same or different. Two or more wing modifications may be
present. For instance, when two wing modifications are present, each wing modification may occur at one
end relative to the first motif which is at or near cleavage site or on either side of the lead motif.

Like the sense strand, the antisense strand of the RNA1 agent may contain more than one motif of
three identical modifications on three consecutive nucleotides, with at least one of the motifs occurring at or
near the cleavage site of the strand. This antisense strand may also contain one or more wing modifications
in an alignment similar to the wing modifications that may be present on the sense strand.

In one embodiment, the wing modification on the sense strand or antisense strand of the RNAi agent
typically does not include the first one or two terminal nucleotides at the 3°-end, 5°-end or both ends of the
strand.

In another embodiment, the wing modification on the sense strand or antisense strand of the RNAi1
agent typically does not include the first one or two paired nucleotides within the duplex region at the 3’-
end, 5’-end or both ends of the strand.

When the sense strand and the antisense strand of the RNAi agent each contain at least one wing
modification, the wing modifications may fall on the same end of the duplex region, and have an overlap of
one, two or three nucleotides.

When the sense strand and the antisense strand of the RNAi agent each contain at least two wing
modifications, the sense strand and the antisense strand can be so aligned that two modifications each from
one strand fall on one end of the duplex region, having an overlap of one, two or three nucleotides; two

modifications cach from one strand fall on the other end of the duplex region, having an overlap of one, two
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or three nucleotides; two modifications one strand fall on each side of the lead motif, having an overlap of
one, two, or three nucleotides in the duplex region.

In one embodiment, the RNAI agent comprises mismatch(es) with the target, within the duplex, or
combinations thereof. The mismatch may occur in the overhang region or the duplex region. The base pair
may be ranked on the basis of their propensity to promote dissociation or melting (e.g., on the free energy
of association or dissociation of a particular pairing, the simplest approach is to examine the pairs on an
individual pair basis, though next neighbor or similar analysis can also be used). In terms of promoting
dissociation: A:U is preferred over G:C; G:U is preferred over G:C; and L.C is preferred over G:C
(I=inosine). Mismatches, e.g., non-canonical or other than canonical pairings (as described elsewhere herein)
are preferred over canonical (A:T, A:U, G:C) pairings; and pairings which include a universal base are
preferred over canonical pairings.

In one embodiment, the RNAi agent comprises at least one of the first 1, 2, 3, 4, or 5 base pairs
within the duplex regions from the 5°- end of the antisense strand independently selected from the group of:
A:U, G:U, I.C, and mismatched pairs, e.g., non-canonical or other than canonical pairings or pairings which
include a universal base, to promote the dissociation of the antisense strand at the 5’-end of the duplex.

In one embodiment, the nucleotide at the 1 position within the duplex region from the 5’-end in the
antisense strand is selected from the group consisting of A, dA, dU, U, and dT. Alternatively, at least one of
the first 1, 2 or 3 base pair within the duplex region from the 5°- end of the antisense strand is an AU base
pair. For example, the first base pair within the duplex region from the 5°- end of the antisense strand is an
AU base pair.

In another embodiment, the nucleotide at the 3°-end of the sense strand is deoxythimidine (dT). In
another embodiment, the nucleotide at the 3°-end of the antisense strand is deoxythimidine (dT). In one
embodiment, there 1s a short sequence of deoxy-thymine nucleotides, for example, two dT nucleotides on
the 3’-end of the sense or antisense strand.

In one embodiment, the sense strand sequence may be represented by formula (I):

5'mp-Na-(X X X)itNo-Y Y Y -No-(Z Z Z );-Nang 3' 1))

wherein:

1and j are each independently 0 or 1;

p and q are each independently 0-6;

each N, independently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nucleotides;

each N, independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

each np and ng independently represent an overhang nucleotide;

wherein Nb and Y do not have the same modification; and
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XXX, YYY and ZZZ each independently represent one motif of three identical modifications on
three consecutive nucleotides. Preferably YYY is all 2°-F modified nucleotides.

In one embodiment, the N, or Ny comprise modifications of alternating pattern.

In one embodiment, the YYY motif occurs at or near the cleavage site of the sense strand. For
example, when the RNAi agent has a duplex region of 17-23 nucleotides in length, the YYY motif can occur
at or the vicinity of the cleavage site (e.g.: can occur at positions 6, 7, 8,7, 8, 9, 8,9, 10, 9, 10, 11, 10, 11,12
or 11, 12, 13) of the sense strand, the count starting from the 1% nucleotide, from the 5’-end; or optionally,
the count starting at the 1% paired nucleotide within the duplex region, from the 5’- end.

In one embodiment, 1is 1 and jis 0, oriis 0 and j is 1, or both 1 and j are 1. The sense strand can
therefore be represented by the following formulas:

5'np-Na-YYY-Ny-ZZZ-Ny-ng 3' (Ib);

5' ng-Ng-XXX-Np-YYY-Ngng 3' (Ic); or

5' np-Ng-XXX-Np-YYY-Np-ZZZ-Na-ng 3' (Id).

When the sense strand is represented by formula (Ib), Ny represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides.

Each N, independently can represent an oligonucleotide sequence comprising 2-20, 2-15, or 2-10
modified nucleotides.

When the sense strand is represented as formula (Ic), N, represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-10, 0-7, 0-3, 0-4, 0-2 or 0 modified nucleotides. Each N, can independently represent
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the sense strand is represented as formula (Id), each N, independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Preferably, Ny, is 0,
1,2, 3,4, 5 or 6. Each N, can independently represent an oligonucleotide sequence comprising 2-20, 2-15,
or 2-10 modified nucleotides.

Each of X, Y and Z may be the same or different from each other.

In other embodiments, 11s 0 and j is 0, and the sense strand may be represented by the formula:

5'np-Na-YYY- Nyng 3' (Ta).

When the sense strand is represented by formula (Ia), each N, independently can represent an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

In one embodiment, the antisense strand sequence of the RNA1 may be represented by formula (Ie):

5'ng-No'(Z’Z'ZW-Np'-Y'Y'Y'-Ny -(X'X'X')-N'anp' 3 (Ie)

wherein:

k and | are cach independently 0 or 1;

p and q” are cach independently 0-6;
each N, independently represents an oligonucleotide sequence comprising 0-25 modified nucleotides, each

sequence comprising at least two differently modified nucleotides;
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each Ny’ independently represents an oligonucleotide sequence comprising 0-10 modified nucleotides;

each ny’ and ng' independently represent an overhang nucleotide;

wherein Ny” and Y~ do not have the same modification;

and X'X'X', YY'Y' and Z'Z'Z' each independently represent one motif of three identical modifications on
three consecutive nucleotides.

In one embodiment, the N,” or Ny’ comprise modifications of altemating pattern.

The Y'Y'Y' motif occurs at or near the cleavage site of the antisense strand. For example, when the
RNAI agent has a duplex region of 17-23nucleotidein length, the Y'Y'Y' motif can occur at positions 9, 10,
11,10, 11, 12; 11, 12, 13; 12, 13, 14; or 13, 14, 15 of the antisense strand, with the count starting from the
1" nucleotide, from the 5’-end; or optionally, the count starting at the 1% paired nucleotide within the duplex
region, from the 5°- end. Preferably, the Y'Y'Y' motif occurs at positions 11, 12, 13.

In one embodiment, Y'Y'Y' motif is all 2’-OMe modified nucleotides.

In one embodiment, kis 1 and11s 0, orkisOand l11s 1, or both k and 1 are 1.

The antisense strand can therefore be represented by the following formulas:

5'ng-Ny'-Z'Z'Z'-Ny'-Y'Y'Y'-Ny'-n, 3' (If);

5'ng-Na-Y'Y'Y'-No'-X'X'X'-np 3' (Ig); or

5'ng-Ny'- Z'Z'Z'-Np'-Y'Y'Y'-Np'- X'X'X'-N,"-ny 3' (Ih).

When the antisense strand is represented by formula (If), Ny, represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-10, 0-7, 0-3, 0-4, 0-2 or 0 modified nucleotides. Each N;’ independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as formula (Ig), Ny™ represents an oligonucleotide sequence
comprising 0-10, 0-7, 0-10, 0-7, 0-3, 0-4, 0-2 or 0 modified nucleotides. Each N;’ independently represents
an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the antisense strand is represented as formula (Ih), each Ny independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N’
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.
Preferably, Nyis 0, 1, 2, 3,4, Sor 6.

In other embodiments, k is 0 and 1 is 0 and the antisense strand may be represented by the formula:

5'np-Na-YY’Y - No-ng 3' (a).

When the antisense strand is represented as formula (Ie), each Ny independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

Each of X', Y’ and Z' may be the same or different from each other.

Each nucleotide of the sense strand and antisense strand may be independently modified with LNA,
UNA, CeNA, 2’-methoxyethyl, 2°-O-methyl, 2°-O-allyl, 2°-C- allyl, 2°-hydroxyl, or 2’-fluoto. For example,

each nucleotide of the sense strand and antisense strand is independently modified with 2’-0-methyl or 2’-
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fluoro. Each X, Y, Z, X', Y' and Z', in particular, may represent a 2°-O-methyl modification or a 2°-fluoro
modification.

In one embodiment, the sense strand of the RNA1 agent may contain YYY motif occurring at 9, 10
and 11 positions of the strand when the duplex region is 21 nt, the count starting from the 1* nucleotide from
the 5°-end, or optionally, the count starting at the 1¥ paired nucleotide within the duplex region, from the 5°-
end; and Y represents 2°-F modification. The sense strand may additionally contain XXX motif or ZZZ
motifs as wing modifications at the opposite end of the duplex region; and XXX and ZZZ each independently
represents a 2°-OMe modification or 2°-F modification.

In one embodiment the antisense strand may contain Y'Y'Y' motif occurring at positions 11, 12, 13
of the strand, the count starting from the 1% nucleotide from the 5’-end, or optionally, the count starting at
the 1* paired nucleotide within the duplex region, from the 5°- end; and Y' represents 2°-O-methyl
modification. The antisense strand may additionally contain X'X'X' motif or Z'Z'Z' motifs as wing
modifications at the opposite end of the duplex region; and X'X'X" and Z'Z'Z' each independently represents
a 2’-OMe modification or 2’-F modification.

The sense strand represented by any one of the above formulas (Ia), (Ib), (Ic), and (Id) forms a duplex
with a antisense strand being represented by any one of formulas (Ie), (If), (Ig), and (Ih), respectively.

Accordingly, the RNA1 agents for use in the methods of the disclosure may comprise a sense strand

and an antisense strand, each strand having 14 to 30 nucleotides, the RNAI duplex represented by formula

(I):

sense: 5'"np-Ne-(X X X)i-No- Y Y Y -Np-(Z Z Z)i-Nyng 3'
antisense: 3'np Ny (XXX )%-No -Y'Y'Y'-Ny (Z'Z'Z'1-N, -ng 5' (Ii)
wherein:

1,], k, and 1 are each independently 0 or 1;

p. P, g, and q" are each independently 0-6;

each N, and N, independently represents an oligonucleotide sequence comprising 0-25 modified
nucleotides, each sequence comprising at least two differently modified nucleotides;

each Ny and Ny, independently represents an oligonucleotide sequence comprising 0-10 modified
nucleotides;

wherein

each ny’, np, ng’, and ng, each of which may or may not be present, independently represents an
overhang nucleotide; and

XXX, YYY, ZZZ, X'X'X', YY'Y', and Z'Z'Z' each independently represent one motif of three
identical modifications on three consecutive nucleotides.

In one embodiment, 1 is 0 and jis 0; oriis 1 and j is 0; oriis 0 and j is 1; or both i and j are 0; or
both i and j are 1. In another embodiment, k is O and 1 is O; ork is 1 and L is 0; k is O and 1 is 1; or both k and

lare 0; or both k and 1 are 1.
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Exemplary combinations of the sense strand and antisense strand forming an RNAi duplex include
the formulas below:

5'mp-Na-Y Y Y -Nyng 3'

30y -Na-Y'Y'Y' Nyng 3" (Tj)

5'mp-Na-Y Y'Y -Ny-Z Z Z -Nyng 3'

3'np -Na-Y'Y'Y'-Ny -Z'Z'Z'-Nanq 5 (Ik)

5'np-Na- X X X -Np-Y Y Y - Nynng 3'

3'1np Ny -X'X'X'-Np -Y'Y'Y'-N, -nq 5' (I1)

5'mp-Na-X XX -Np-YY Y -Np-Z Z Z -Ny-ng 3'

3'np Ny -X'X'X' Ny -Y'Y'Y'-Ny -Z'Z'Z'-Ny-ng 5' (Im)

When the RNAIi agent is represented by formula (Ij), each N, independently represents an
oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAi1 agent is represented by formula (Ik), each Np independently represents an
oligonucleotide sequence comprising 1-10, 1-7, 1-5 or 1-4 modified nucleotides. Each N, independently
represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAI agent is represented as formula (Il), each Ny, Ny’ independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or Omodified nucleotides. Each N,
independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified nucleotides.

When the RNAI agent is represented as formula (Im), each Ny, Ny’ independently represents an
oligonucleotide sequence comprising 0-10, 0-7, 0-10, 0-7, 0-5, 0-4, 0-2 or 0 modified nucleotides. Each N,,
N. independently represents an oligonucleotide sequence comprising 2-20, 2-15, or 2-10 modified
nucleotides. Each of N, N,*, N and Ny, independently comprises modifications of alternating pattern.

In one embodiment, when the RNA1 agent is represented by formula (Im), the N, modifications are
2'-0O-methyl or 2'-fluoro modifications. In another embodiment, when the RNAi agent is represented by
formula (Im), the N, modifications are 2'-0-methyl or 2'-fluoro modifications and n,’ >0 and at least one ny'
is linked to a neighboring nucleotide a via phosphorothioate linkage. In yet another embodiment, when the
RNAI agent is represented by formula (Im), the N, modifications are 2'-O-methyl or 2’-fluoro modifications
.ny' >0 and at least one ny' is linked to a neighboring nucleotide via phosphorothioate linkage, and the sense
strand is conjugated to one or more Cl16 (or related) moiceties attached through a bivalent or trivalent
branched linker (described below). In another embodiment, when the RNA1 agent is represented by formula
(IlIm), the N, modifications are 2'-0-methyl or 2'-fluoro modifications , n,' >0 and at least one ny' is linked
to a neighboring nucleotide via phosphorothioate linkage, the sense strand comprises at least one
phosphorothioate linkage, and the sense strand is conjugated to one or more lipophilic, e.g., C16 (or related)
moicties, optionally attached through a bivalent or trivalent branched linker.

In one embodiment, when the RNAI agent is represented by formula (), the N, modifications are

2'-0-methyl or 2'-fluoro modifications , n,' >0 and at least one ny' is linked to a neighboring nucleotide via
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phosphorothioate linkage, the sense strand comprises at least one phosphorothioate linkage, and the sense
strand is conjugated to one or more lipophilic, e.g., C16 (or related) moieties attached through a bivalent or
trivalent branched linker.

In one embodiment, the RNAI agent is a multimer containing at least two duplexes represented by
formula (Ii), (Ij), (Ik), (Il), and (Im), wherein the duplexes are connected by a linker. The linker can be
cleavable or non-cleavable. Optionally, the multimer further comprises a ligand. Each of the duplexes can
target the same gene or two different genes; or each of the duplexes can target same gene at two different
target sites.

In one embodiment, the RNAi agent is a multimer containing three, four, five, six or more duplexes
represented by formula (1), (Ij), (Ik), (I1), and (Im), wherein the duplexes are connected by a linker. The
linker can be cleavable or non-cleavable. Optionally, the multimer further comprises a ligand. Each of the
duplexes can target the same gene or two different genes; or each of the duplexes can target same gene at
two different target sites.

In one embodiment, two RNAI agents represented by formula (Ih), (Ij), (Ik), (I1), and (Im) are linked
to each other at the 5” end, and one or both of the 3° ends and are optionally conjugated to to a ligand. Each
of the agents can target the same gene or two different genes; or each of the agents can target same gene at
two different target sites.

Various publications describe multimeric RNA1 agents that can be used in the methods of the
disclosure.  Such publications include WO02007/091269, WO02010/141511, WO2007/117686,
W02009/014887, and W02011/031520; and US 7858769, the entire contents of each of which are hereby
incorporated herein by reference.

In certain embodiments, the compositions and methods of the disclosure include a vinyl phosphonate
(VP) modification of an RNA1 agent as described herein. In exemplary embodiments, a vinyl phosphonate

of the disclosure has the following structure:

A vinyl phosphonate of the instant disclosure may be attached to either the antisense or the sense strand of
a dsRNA of the disclosure. In certain embodiments, a vinyl phosphonate of the instant disclosure is attached
to the antisense strand of a dsRNA, optionally at the 5” end of the antisense strand of the dSRNA. The dsRNA
agent can comprise a phosphorus-containing group at the 5’-end of the sense strand or antisense strand. The
5’-end phosphorus-containing group can be 5’-end phosphate (5°-P), 5°-end phosphorothioate (5°-PS), 5°-
end phosphorodithioate (5°-PS2), 5°-end vinylphosphonate (5°-VP), 5’-end methylphosphonate (MePhos),
or 5’-deoxy-5’-C-malonyl. When the 5’-end phosphorus-containing group is 5’-end vinylphosphonate (5’-
VP), the 5°-VP can be either 5°-E-VP isomer (i.e., trans-vinylphosphonate,
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A

O
\), 5'-Z-VP isomer (i.c., cis-vinylphosphonate, , or
mixtures thereof.

For example, when the phosphate mimic is a 5’-E-vinyl phosphonate (VP), the 5 -terminal

5  nucleotide can have the following structure,

OH
0=P-OH
o

HO
O R
*’P

\\O
wherein * indicates the location of the bond to 5’ -position of the adjacent nucleotide;
R is hydrogen, hydroxy, methoxy, or fluoro (¢.g., methoxy), or another modification described
herein; and
10 B is a nucleobase or a modified nucleobase, optionally where B is adenine, guanine, cytosine,

thymine or uracil (¢.g., uracil or adenine).

Vinyl phosphate modifications are also contemplated for the compositions and methods of the

instant disclosure. An exemplary vinyl phosphate structure is:

F— 0
HC N
00— P— OH
!
OH
15 i. Thermally Destabilizing Modifications

In certain embodiments, a dsSRNA molecule can be optimized for RNA interference by incorporating
thermally destabilizing modifications in the seed region of the antisense strand. As used herein “seed region™
means at positions 2-9 of the 5’-end of the referenced strand. For example, thermally destabilizing
modifications can be incorporated in the seed region of the antisense strand to reduce or inhibit off-target

20  gene silencing.

The term “thermally destabilizing modification(s)” includes modification(s) that would result with

a dsRNA with a lower overall melting temperature (Tm) than the Tm of the dsRNA without having such

modification(s). For example, the thermally destabilizing modification(s) can decrease the Tm of the dsRNA
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by 1-4 °C, such as one, two, three or four degrees Celcius. And, the term “thermally destabilizing nucleotide”

refers to a nucleotide containing one or more thermally destabilizing modifications.

It has been discovered that dsRNAs with an antisense strand comprising at least one thermally

destabilizing modification of the duplex within the first 9 nucleotide positions, counting from the 5 end, of

5  the antisense strand have reduced off-target gene silencing activity. Accordingly, in some embodiments, the

antisense strand comprises at least one (e.g., one, two, three, four, five or more) thermally destabilizing

modification of the duplex within the first 9 nucleotide positions of the 5” region of the antisense strand. In

some embodiments, one or more thermally destabilizing modification(s) of the duplex is/are located in

positions 2-9, such as positions 4-8, from the 5°-end of the antisense strand. In some further embodiments,

10 the thermally destabilizing modification(s) of the duplex is/are located at position 6, 7 or 8 from the 5”-end

of the antisense strand. In still some further embodiments, the thermally destabilizing modification of the

duplex is located at position 7 from the 5°-end of the antisense strand. In some embodiments, the thermally

destabilizing modification of the duplex is located at position 2, 3, 4, 5 or 9 from the 5’-end of the antisense

strand.

15 The thermally destabilizing modifications can include, but are not limited to, abasic modification;

mismatch with the opposing nucleotide in the opposing strand; and sugar modification such as 2’-deoxy

modification or acyclic nucleotide, e.g., unlocked nucleic acids (UNA) or glycol nucleic acid (GNA).

Exemplified abasic modifications include, but are not limited to the following:

\ \ \

bj o) 0
% * ] R" F Rl
R R%/ R R;S/

0 0 Q

T T l
1 1 !
| ! !
| 1 !

20  Wherein R =H, Mg, Et or OMe; R’ =H, Mg, Et or OM¢; R” =H, Me, Et or OMe

W W o
. 6 T Y
B 5 B N
o]
7 \—f %_7° o
5{0 O\ O 0L ; ‘1{ 0 X m{‘(')
Mod2
; Mod3 Mod4 Mod5
2'-OMe Abasic . ;
( Spacer) (3'-OMe) (5'-Me) (Hyp-spacer)
X = OMe, F
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wherein B is a modified or unmodified nucleobase.

Exemplified sugar modifications include, but are not limited to the following:
0

\f‘\NH
bo) o B \O_lfo?B \\\O_( ngo
R o R

2-deoxy unlocked nucleic acid glycol nucleic acid
R=H, OH, O-alkyl R=H, OH, O-alkyl
0 0%0 B
R R'? :
NH e
\ \fj\,g o R \ 5
N N™ S0 ! \ B o rB
o—, . o o o
R unlocked nucleic acid —w —w
e R= H, OH, CH,, CH,CH3, O-alkyl, NH,, NHMe, NMe, 5 R 0
' R'= H, OH, CHj, CH,CHs, O-alkyl, NH,, NHMe, NMe, ; |
glycol nudleic acid R"=H, OH, CHa, CHaCHs, O-alkyl, NHy, NHMe, NMe, R'= H, methyl, ethyl
R= H, OH, O-alkyl R" = H, OH, CH,, CH,CHj, O-alkyl, NH,, NHMe, NMe,

R™ = H, OH, CHs, CH,CHs, O-alkyl, NH,, NHMe, NMe;

wherein B is a modified or unmodified nucleobase.

In some embodiments the thermally destabilizing modification of the duplex is selected from the

group consisting of:

|0 )
B B "’)\o B
O LSO /o:
(o)
O\; ; “w , and 0\;

wherein B is a modified or unmodified nucleobase and the asterisk on each structure represents either R, S

or Facemic.
The term "acyclic nucleotide” refers to any nucleotide having an acyclic ribose sugar, for example,
where any of bonds between the ribose carbons (e.g., C1°-C2°, C2°-C3°, C3°-C4°, C4°-04°, or C1’-04’) is

absent or at least one of ribose carbons or oxygen (e.g., C1°, C2°, C3°, C4’ or 04°) arc independently or in
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combination absent from the nucleotide. In some embodiments, acyclic nucleotide is

| |
RV ESS A
Lo
2
0 R1R fe} R2 p RW [
AWM* A1M~ 7 7“u or ;i

, , wherein B is a modified or
unmodified nucleobase, R' and R? independently are H, halogen, ORs, or alkyl; and Rs is H, alkyl, cycloalkyl,
aryl, aralkyl, heteroaryl or sugar). The acyclic derivative provides greater backbone flexibility without
affecting the Watson-Crick pairings. The acyclic nucleotide can be linked via 2°-5” or 3°-5” linkage.

The term ‘GNA’ refers to glycol nucleic acid which is a polymer similar to DNA or RNA but

differing in the composition of its “backbone” in that is composed of repeating glycerol units linked by

phosphodiester bonds:
A
| “H
0
OQ“\P/
/ \\O B

(RGNA

The thermally destabilizing modification of the duplex can be mismatches (i.e., noncomplementary
base pairs) between the thermally destabilizing nucleotide and the opposing nucleotide in the opposite strand
within the dsRNA duplex. Exemplary mismatch base pairs include G:G, G:A, G:U, G:T, A:A, A:C, C.C,
C:U, C.T, U:U, T:T, U:T, or a combination thereof. Other mismatch base pairings known in the art are also
amenable to the present invention. A mismatch can occur between nucleotides that are either naturally
occurring nucleotides or modified nucleotides, i.e., the mismatch base pairing can occur between the
nucleobases from respective nucleotides independent of the modifications on the ribose sugars of the
nucleotides. In certain embodiments, the dSRNA molecule contains at least one nucleobase in the mismatch

pairing that is a 2°-deoxy nucleobase; e.g., the 2°-deoxy nucleobase is in the sense strand.
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In some embodiments, the thermally destabilizing modification of the duplex in the seed region of
the antisense strand includes nucleotides with impaired Watson-Crick hydrogen-bonding to complementary

base on the target mRNA, such as:

o o “NH SN SNH N7
~ ~ N
N N N N N N
A\% A\JI\> VS iﬁ» OO U0
HNT NN HNT N7 N kN/ N N NN NT TN
. e s s e v
HN N 0 H | 0 0
O N._0
z NT N Ox N0 N
\ l )\ l )j —~N. ~ Y k\ |\ k\ I \>
07N O™ N 07N —NF N N
ok b A o
\N/ \NH \N/ NH, NH \N/
N A A N N N
fj\>|,\|/\|,\>fi\> (Y
NE N NN N“ N NN NZ N NZ N
L o o o o e
5 More examples of abasic nucleotide, acyclic nucleotide modifications (including UNA and GNA),

and mismatch modifications have been described in detail in WO 2011/133876, which is herein incorporated
by reference in its entirety. The thermally destabilizing modifications may also include universal base with
reduced or abolished capability to form hydrogen bonds with the opposing bases, and phosphate
modifications.

10 In some embodiments, the thermally destabilizing modification of the duplex includes nucleotides
with non-canonical bases such as, but not limited to, nucleobase modifications with impaired or completely
abolished capability to form hydrogen bonds with bases in the opposite strand. These nucleobase
modifications have been evaluated for destabilization of the central region of the dsRNA duplex as described
in WO 2010/0011895, which is herein incorporated by reference in its entirety. Exemplary nucleobase

15  modifications are:

0
N N NfN /NfN
4 a4 ¢ ]
¢ L/ <T A | P,

@aana

inosine nebularine 2-aminopurine
F
NO F
NO, 2 N CH;
a /] \ ¢ N
F N N N CHs </
2‘4- . ‘ ) wanan
difluorotoluene ~ 5-nitroindole 3-nitropyrrole  4-Fluoro-6- 4-Methylbenzimidazole
methylbenzimidazole
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In some embodiments, the thermally destabilizing modification of the duplex in the seed region of

the antisense strand includes one or more a-nucleotide complementary to the base on the target mRNA, such

as:
o H o
N N 0 —=N
YNo = 0 =N
#O/\(O—7.\\N\j ;\o/\(ci?”\DNHZ L(_C)J"‘NWO §_ o] .\\N%NHZ
s K s = Nk‘/NH \N
5 - o > 0o R R Nx
AL LT v W w9 RO

wherein R 1s H, OH, OCHs, F, NH,, NHMe, NMe; or O-alkyl.
Exemplary phosphate modifications known to decrease the thermal stability of dsRNA duplexes
compared to natural phosphodiester linkages are:

0 9 0 ¢ 9 9
O=II3—SH O=I|3—CH3 O=I|3 CH,—-COOH O=I|3—R O=F|’ NH-R O=I|3—O-R
R = alkyl

The alkyl for the R group can be a C,-Csalkyl. Specific alkyls for the R group include, but are not
limited to methyl, ethyl, propyl, isopropyl, butyl, pentyl and hexyl.

As the skilled artisan recognizes, in view of the functional role of nucleobases is defining specificity
of an RNAI1 agent of the disclosure, while nucleobase modifications can be performed in the various manners
as described herein, e.g., to introduce destabilizing modifications into an RNAi agent of the disclosure, e.g.,
for purpose of enhancing on-target effect relative to off-target effect, the range of modifications available
and, in general, present upon RNAI agents of the disclosure tends to be much greater for non-nucleobase
modifications, e.g., modifications to sugar groups or phosphate backbones of polyribonucleotides. Such
modifications are described in greater detail in other sections of the instant disclosure and are expressly
contemplated for RNAi agents of the disclosure, either possessing native nucleobases or modified
nucleobases as described above or elsewhere herein.

In addition to the antisense strand comprising a thermally destabilizing modification, the dsRNA
can also comprise one or more stabilizing modifications. For example, the dsRNA can comprise at least two
(e.g., two, three, four, five, six, seven, eight, nine, ten or more) stabilizing modifications. Without limitations,
the stabilizing modifications all can be present in one strand. In some embodiments, both the sense and the
antisense strands comprise at least two stabilizing modifications. The stabilizing modification can occur on
any nucleotide of the sense strand or antisense strand. For instance, the stabilizing modification can occur
on every nucleotide on the sense strand or antisense strand; each stabilizing modification can occur in an
altemating pattern on the sense strand or antisense strand; or the sense strand or antisense strand comprises
both stabilizing modification in an alternating pattern. The alterating pattern of the stabilizing modifications

on the sense strand may be the same or different from the antisense strand, and the alternating pattern of the
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stabilizing modifications on the sense strand can have a shift relative to the alternating pattern of the
stabilizing modifications on the antisense strand.

In some embodiments, the antisense strand comprises at least two (e.g., two, three, four, five, six,
seven, eight, nine, ten or more) stabilizing modifications. Without limitations, a stabilizing modification in
the antisense strand can be present at any positions. In some embodiments, the antisense comprises
stabilizing modifications at positions 2, 6, 8, 9, 14, and 16 from the 5’-end. In some other embodiments, the
antisense comprises stabilizing modifications at positions 2, 6, 14, and 16 from the 5’-end. In still some other
embodiments, the antisense comprises stabilizing modifications at positions 2, 14, and 16 from the 5’-end.

In some embodiments, the antisense strand comprises at least one stabilizing modification adjacent
to the destabilizing modification. For example, the stabilizing modification can be the nucleotide at the 5°-
end or the 3’-end of the destabilizing modification, i.e., at position -1 or +1 from the position of the
destabilizing modification. In some embodiments, the antisense strand comprises a stabilizing modification
at cach of the 57-end and the 3°-end of the destabilizing modification, i.e., positions -1 and +1 from the
position of the destabilizing modification.

In some embodiments, the antisense strand comprises at least two stabilizing modifications at the
3’-end of the destabilizing modification, i.e., at positions +1 and +2 from the position of the destabilizing
modification.

In some embodiments, the sense strand comprises at least two (e.g., two, three, four, five, six, seven,
eight, nine, ten or more) stabilizing modifications. Without limitations, a stabilizing modification in the sense
strand can be present at any positions. In some embodiments, the sense strand comprises stabilizing
modifications at positions 7, 10, and 11 from the 5’-end. In some other embodiments, the sense strand
comprises stabilizing modifications at positions 7, 9, 10, and 11 from the 5’-end. In some embodiments, the
sense strand comprises stabilizing modifications at positions opposite or complementary to positions 11, 12,
and 15 of the antisense strand, counting from the 5°-end of the antisense strand. In some other embodiments,
the sense strand comprises stabilizing modifications at positions opposite or complementary to positions 11,
12, 13, and 15 of the antisense strand, counting from the 5’-end of the antisense strand. In some
embodiments, the sense strand comprises a block of two, three, or four stabilizing modifications.

In some embodiments, the sense strand does not comprise a stabilizing modification in position
opposite or complementary to the thermally destabilizing modification of the duplex in the antisense strand.

Exemplary thermally stabilizing modifications include, but are not limited to, 2’-fluoro
modifications. Other thermally stabilizing modifications include, but are not limited to, LNA.

In some embodiments, the dsRNA of the disclosure comprises at least four (e.g., four, five, six,
seven, eight, nine, ten, or more) 2’°-fluoro nucleotides. Without limitations, the 2°-fluoro nucleotides all can
be present in one strand. In some embodiments, both the sense and the antisense strands comprise at least
two 2’-fluoro nucleotides. The 2°-fluoro modification can occur on any nucleotide of the sense strand or

antisense strand. For instance, the 2’-fluoro modification can occur on every nucleotide on the sense strand
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or antisense strand; each 2’-fluoro modification can occur in an alternating pattern on the sense strand or
antisense strand; or the sense strand or antisense strand comprises both 2°-fluoro modifications in an
altemating pattern. The alternating pattem of the 2’-fluoro modifications on the sense strand may be the
same or different from the antisense strand, and the altemating pattern of the 2”-fluoro modifications on the
sense strand can have a shift relative to the alternating pattern of the 2’-fluoro modifications on the antisense
strand.

In some embodiments, the antisense strand comprises at least two (e.g., two, three, four, five, six,
seven, ¢ight, nine, ten, or more) 2°-fluoro nucleotides. Without limitations, a 2’-fluoro modification in the
antisense strand can be present at any positions. In some embodiments, the antisense comprises 2’-fluoro
nucleotides at positions 2, 6, 8, 9, 14, and 16 from the 5 -end. In some other embodiments, the antisense
comprises 2°-fluoro nucleotides at positions 2, 6, 14, and 16 from the 5°-end. In still some other
embodiments, the antisense comprises 2’-fluoro nucleotides at positions 2, 14, and 16 from the 5’-end.

In some embodiments, the antisense strand comprises at least one 2’-fluoro nucleotide adjacent to
the destabilizing modification. For example, the 2’-fluoro nucleotide can be the nucleotide at the 5™-end or
the 3°-end of the destabilizing modification, i.e., at position -1 or +1 from the position of the destabilizing
modification. In some embodiments, the antisense strand comprises a 2’-fluoro nucleotide at each of the 5°-
end and the 3’-end of the destabilizing modification, i.e., positions -1 and +1 from the position of the
destabilizing modification.

In some embodiments, the antisense strand comprises at least two 2’-fluoro nucleotides at the 3’-
end of the destabilizing modification, i.e., at positions +1 and +2 from the position of the destabilizing
modification.

In some embodiments, the sense strand comprises at least two (e.g., two, three, four, five, six, seven,
eight, nine, ten or more) 2’-fluoro nucleotides. Without limitations, a 2’-fluoro modification in the sense
strand can be present at any positions. In some embodiments, the antisense comprises 2’-fluoro nucleotides
at positions 7, 10, and 11 from the 5’-end. In some other embodiments, the sense strand comprises 2’-fluoro
nucleotides at positions 7, 9, 10, and 11 from the 5°-end. In some embodiments, the sense strand comprises
2’-fluoro nucleotides at positions opposite or complementary to positions 11, 12, and 15 of the antisense
strand, counting from the 5°-end of the antisense strand. In some other embodiments, the sense strand
comprises 2’-fluoro nucleotides at positions opposite or complementary to positions 11, 12, 13, and 15 of
the antisense strand, counting from the 5°-end of the antisense strand. In some embodiments, the sense strand
comprises a block of two, three or four 2°-fluoro nucleotides.

In some embodiments, the sense strand does not comprise a 2°-fluoro nucleotide in position opposite
or complementary to the thermally destabilizing modification of the duplex in the antisense strand.

In some embodiments, the dSRNA molecule of the disclosure comprises a 21 nucleotides (nt) sense
strand and a 23 nucleotides (nt) antisense, wherein the antisense strand contains at least one thermally

destabilizing nucleotide, where the at least one thermally destabilizing nucleotide occurs in the seed region
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of the antisense strand (i.e., at position 2-9 of the 5’-end of the antisense strand), wherein one end of the
dsRNA is blunt, while the other end is comprises a 2 nt overhang, and wherein the dsRNA optionally further
has at least one (e.g., one, two, three, four, five, six or all seven) of the following characteristics: (1) the
antisense comprises 2, 3, 4, 5 or 6 2’-fluoro modifications; (i1) the antisense comprises 1, 2, 3, 4 or 5
phosphorothioate intemucleotide linkages; (iii) the sense strand is conjugated with a ligand; (iv) the sense
strand comprises 2, 3, 4 or 5 2’-fluoro modifications; (v) the sense strand comprises 1, 2, 3, 4 or 5
phosphorothioate internucleotide linkages; (vi) the dsSRNA comprises at least four 2”-fluoro modifications;
and (vii) the dsRNA comprises a blunt end at 5°-end of the antisense strand. Preferably, the 2 nt overhang is
at the 3°-end of the antisense.

In some embodiments, the dsRNA molecule of the disclosure comprising a sense and antisense
strands, wherein: the sense strand is 23-30 nucleotide residues in length, wherein starting from the 3' terminal
nucleotide (position 1), positions 1 to 23 of said sense strand comprise at least 8 ribonucleotides; antisense
strand is 36-66 nucleotide residues in length and, starting from the 3' terminal nucleotide, at least 8
ribonucleotides in the positions paired with positions 1- 23 of sense strand to form a duplex; wherein at least
the 3 ' terminal nucleotide of antisense strand is unpaired with sense strand, and up to 6 consecutive 3'
terminal nucleotides are unpaired with sense strand, thereby forming a 3' single stranded overhang of 1-6
nucleotides; wherein the 5' terminus of antisense strand comprises from 10-30 consecutive nucleotides which
are unpaired with sense strand, thereby forming a 10-30 nucleotide single stranded 5' overhang; wherein at
least the sense strand 5' terminal and 3' terminal nucleotides are base paired with nucleotides of antisense
strand when sense and antisense strands are aligned for maximum complementarity, thereby forming a
substantially duplexed region between sense and antisense strands; and antisense strand is sufficiently
complementary to a target RNA along at least 19 ribonucleotides of antisense strand length to reduce target
gene expression when said double stranded nucleic acid is introduced into a mammalian cell; and wherein
the antisense strand contains at least one thermally destabilizing nucleotide, where at least one thermally
destabilizing nucleotide is in the seed region of the antisense strand (i.e. at position 2-9 of the 5°-end of the
antisense strand). For example, the thermally destabilizing nucleotide occurs between positions opposite or
complementary to positions 14-17 of the 5’-end of the sense strand, and wherein the dsRNA optionally
further has at least one (e.g., one, two, three, four, five, six or all seven) of the following characteristics: (i)
the antisense comprises 2, 3, 4, 5, or 6 2’-fluoro modifications; (ii) the antisense comprises 1, 2, 3, 4, or 5
phosphorothioate intemucleotide linkages; (iii) the sense strand is conjugated with a ligand; (iv) the sense
strand comprises 2, 3, 4, or 5 2’-fluoro modifications; (v) the sense strand comprises 1, 2, 3, 4. or 5
phosphorothioate internucleotide linkages, and (vi) the dsRNA comprises at least four 2’-fluoro
modifications; and (vii) the dsSRNA comprises a duplex region of 12-30 nucleotide pairs in length.

In some embodiments, the dsSRNA molecule of the disclosure comprises a sense and antisense
strands, wherein said dsSRNA molecule comprises a sense strand having a length which is at least 25 and at

most 29 nucleotides and an antisense strand having a length which is at most 30 nucleotides with the sense
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strand comprises a modified nucleotide that is susceptible to enzymatic degradation at position 11 from the
5%end, wherein the 3° end of said sense strand and the 5” end of said antisense strand form a blunt end and
said antisense strand is 1-4 nucleotides longer at its 3” end than the sense strand, wherein the duplex region
which is at least 25 nucleotides in length, and said antisense strand is sufficiently complementary to a target
mRNA along at least 19 nt of said antisense strand length to reduce target gene expression when said dsRNA
molecule is introduced into a mammalian cell, and wherein dicer cleavage of said dsRNA preferentially
results in an siRNA comprising said 3™ end of said antisense strand, thereby reducing expression of the target
gene in the mammal, wherein the antisense strand contains at least one thermally destabilizing nucleotide,
where the at least one thermally destabilizing nucleotide is in the seed region of the antisense strand (i.e. at
position 2-9 of the 5"-end of the antisense strand), and wherein the dsSRNA optionally further has at least one
(e.g., one, two, three, four, five, six or all seven) of the following characteristics: (i) the antisense comprises
2,3, 4,5, or 6 2’-fluoro modifications; (ii) the antisense comprises 1, 2, 3, 4, or 5 phosphorothioate
internucleotide linkages; (iii) the sense strand is conjugated with a ligand; (iv) the sense strand comprises 2,
3, 4, or 5 2°fluoro modifications; (v) the sense strand comprises 1, 2, 3, 4, or 5 phosphorothioate
internucleotide linkages; and (vi) the dsSRNA comprises at least four 2’-fluoro modifications; and (vii) the
dsRNA has a duplex region of 12-29 nucleotide pairs in length.

In some embodiments, every nucleotide in the sense strand and antisense strand of the dsRNA
molecule may be modified. Each nucleotide may be modified with the same or different modification which
can include one or more alteration of one or both of the non-linking phosphate oxygens or of one or more of
the linking phosphate oxygens; alteration of a constituent of the ribose sugar, e.g., of the 2" hydroxyl on the
ribose sugar; wholesale replacement of the phosphate moiety with “dephospho™ linkers; modification or
replacement of a naturally occurring base; and replacement or modification of the ribose-phosphate
backbone.

As nucleic acids are polymers of subunits, many of the modifications occur at a position which is
repeated within a nucleic acid, e.g., a modification of a base, or a phosphate moiety, or a non-linking O ofa
phosphate moiety. In some cases, the modification occurs at all of the subject positions in the nucleic acid
but in many cases it does not. By way of example, a modification may only occur at a 3" or 5’ terminal
position, may only occur in a terminal region, e.g., at a position on a terminal nucleotide or in the last 2, 3,
4.5, or 10 nucleotides of a strand. A modification may occur in a double strand region, a single strand region,
or in both. A modification may occur only in the double strand region of an RNA or may only occur in a
single strand region of an RNA. E.g., a phosphorothioate modification at a non-linking O position may only
occur at one or both termini, may only occur in a terminal region, e.g., at a position on a terminal nucleotide
orinthelast 2, 3,4, 5, or 10 nucleotides of a strand, or may occur in double strand and single strand regions,
particularly at termini. The 5 end or ends can be phosphorylated.

It may be possible, e.g., to enhance stability, to include particular bases in overhangs, or to include

modified nucleotides or nucleotide surrogates, in single strand overhangs, e.g., in a 5 or 3” overhang, or in
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both. £.g., it can be desirable to include purine nucleotides in overhangs. In some embodiments all or some
of the bases ina 3” or 5” overhang may be modified, e. g., with a modification described herein. Modifications
can include, e.g., the use of modifications at the 2” position of the ribose sugar with modifications that are
known in the art, e.g., the use of deoxyribonucleotides, 2°-deoxy-2 -fluoro (2°-F) or 2°-O-methyl modified
instead of the ribosugar of the nucleobase, and modifications in the phosphate group, e.g., phosphorothioate
modifications. Overhangs need not be homologous with the target sequence.

In some embodiments, each residue of the sense strand and antisense strand is independently
modified with locked nucleic acid (LNA), unlocked nucleic acid (UNA), cyclohexene nucleic acid (CeNA),
2’-methoxyethyl, 2°- O-methyl, 2°-O-allyl, 2°-C- allyl, 2°-deoxy, or 2’-fluoro. The strands can contain more
than one modification. In some embodiments, each residue of the sense strand and antisense strand is
independently modified with 2°-O-methyl or 2°-fluoro. It is to be understood that these modifications are in
addition to the at least one thermally destabilizing modification of the duplex present in the antisense strand.

At least two different modifications are typically present on the sense strand and antisense strand.
Those two modifications may be the 2’-deoxy, 2°- O-methyl or 2°-fluoro modifications, acyclic nucleotides
or others. In some embodiments, the sense strand and antisense strand each comprises two differently
modified nucleotides selected from 2°-O-methyl or 2°-deoxy. In some embodiments, each residue of the
sense strand and antisense strand is independently modified with 2'-O-methyl nucleotide, 2’-deoxy
nucleotide, 2'-deoxy-2’-fluoro nucleotide, 2'-O-N-methylacetamido (2'-O-NMA) nucleotide, a 2'-O-
dimethylaminoethoxyethyl (2'-O-DMAEOQE) nucleotide, 2'-O-aminopropyl (2'-O-AP) nucleotide, or 2'-ara-
Fnucleotide. Again, it is to be understood that these modifications are in addition to the at least one thermally
destabilizing modification of the duplex present in the antisense strand.

In some embodiments, the dsSRNA molecule of the disclosure comprises modifications of an
alternating pattern, particular in the B1, B2, B3, B1°, B2’, B3’, B4 regions. The term “alternating motif” or
“alternative pattern” as used herein refers to a motif having one or more modifications, cach modification
occurring on alternating nucleotides of one strand. The alternating nucleotide may refer to one per every
other nucleotide or one per every three nucleotides, or a similar pattern. For example, if A, B and C cach
represent one type of modification to the nucleotide, the alterating motif can be “ABABABABABAB....”
“AABBAABBAABB...,” “AABAABAABAAB...,” “AAABAAABAAAB...,” “AAABBBAAABBB...,”
or “ABCABCABCABC...,” etc.
The type of modifications contained in the alternating motif may be the same or different. For example, if
A, B, C, D cach represent one type of modification on the nucleotide, the alterating pattemn, i.e.,
modifications on every other nucleotide, may be the same, but each of the sense strand or antisense strand
can be sclected from several possibilities of modifications within the altemating motif such as
“ABABAB...”, “ACACAC...” “BDBDBD...” or “CDCDCD...,” ¢tc.

In some embodiments, the dsRNA molecule of the disclosure comprises the modification pattern for

the alternating motif on the sense strand relative to the modification pattern for the alternating motif on the
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antisense strand is shifted. The shift may be such that the modified group of nucleotides of the sense strand
corresponds to a differently modified group of nucleotides of the antisense strand and vice versa. For
example, the sense strand when paired with the antisense strand in the dsSRNA duplex, the altemating motif
in the sense strand may start with “ABABAB” from 5°-3” of the strand and the alternating motif in the
antisense strand may start with “BABABA” from 3°-5of the strand within the duplex region. As another
example, the altemating motif in the sense strand may start with “AABBAABB” from 5°-3” of the strand
and the alternating motif in the antisense strand may start with “BBAABBAA” from 3°-5 of the strand within
the duplex region, so that there is a complete or partial shift of the modification patterns between the sense
strand and the antisense strand.

The dsRNA molecule of the disclosure may further comprise at least one phosphorothioate or
methylphosphonate internucleotide linkage. The phosphorothioate or methylphosphonate internucleotide
linkage modification may occur on any nucleotide of the sense strand or antisense strand or both in any
position of the strand. For instance, the intemucleotide linkage modification may occur on every nucleotide
on the sense strand or antisense strand; each internucleotide linkage modification may occur in an alternating
pattern on the sense strand or antisense strand; or the sense strand or antisense strand comprises both
internucleotide linkage modifications in an alternating pattern. The alternating pattern of the internucleotide
linkage modification on the sense strand may be the same or different from the antisense strand, and the
altemating pattern of the intermucleotide linkage modification on the sense strand may have a shift relative
to the alternating pattern of the internucleotide linkage modification on the antisense strand.

In some embodiments, the dSRNA molecule comprises the phosphorothioate or methylphosphonate
intemucleotide linkage modification in the overhang region. For example, the overhang region comprises
two nucleotides having a phosphorothioate or methylphosphonate internucleotide linkage between the two
nucleotides. Internucleotide linkage modifications also may be made to link the overhang nucleotides with
the terminal paired nucleotides within duplex region. For example, at least 2, 3, 4, or all the overhang
nucleotides may be linked through phosphorothioate or methylphosphonate internucleotide linkage, and
optionally, there may be additional phosphorothioate or methylphosphonate intemucleotide linkages linking
the overhang nucleotide with a paired nucleotide that is next to the overhang nucleotide. For instance, there
may be at least two phosphorothioate internucleotide linkages between the terminal three nucleotides, in
which two of the three nucleotides are overhang nucleotides, and the third is a paired nucleotide next to the
overhang nucleotide. Preferably, these terminal three nucleotides may be at the 3’-end of the antisense strand.

In some embodiments, the sense strand of the dsSRNA molecule comprises 1-10 blocks of two to ten
phosphorothioate or methylphosphonate internucleotide linkages separated by 1,2, 3,4,5,6,7, 8,9, 10, 11,
12, 13, 14, 15, or 16 phosphate interucleotide linkages, wherein one of the phosphorothioate or
methylphosphonate internucleotide linkages is placed at any position in the oligonucleotide sequence and

the said sense strand is paired with an antisense strand comprising any combination of phosphorothioate,
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methylphosphonate and phosphate internucleotide linkages or an antisense strand comprising either
phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks of two
phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3,4,5,6,7, 8,9, 10, 11,
12, 13, 14, 15, 16, 17, or 18 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methylphosphonate internucleotide linkages is placed at any position in the oligonucleotide sequence and
the said antisense strand is paired with a sense strand comprising any combination of phosphorothioate,
methylphosphonate and phosphate internucleotide linkages or an antisense strand comprising either
phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks of three
phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4,5,6,7, 8, 9, 10, 11,
12, 13, 14, 15, or 16 phosphate internucleotide linkages, wherein one of the phosphorothioate or
methylphosphonate internucleotide linkages is placed at any position in the oligonucleotide sequence and
the said antisense strand is paired with a sense strand comprising any combination of phosphorothioate,
methylphosphonate and phosphate internucleotide linkages or an antisense strand comprising either
phosphorothioate or methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsSRNA molecule comprises two blocks of four
phosphorothioate or methvlphosphonate internucleotide linkages separated by 1, 2, 3,4,5,6,7, 8,9, 10, 11,
12, 13, or 14 phosphate intemucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said antisense
strand is paired with a sense strand comprising any combination of phosphorothioate, methylphosphonate
and phosphate internucleotide linkages or an antisense strand comprising either phosphorothioate or
methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks of five
phosphorothioate or methylphosphonate internucleotide linkages separated by 1,2, 3, 4,5, 6,7, 8,9, 10, 11,
or 12 phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said antisense
strand is paired with a sense strand comprising any combination of phosphorothioate, methylphosphonate
and phosphate internucleotide linkages or an antisense strand comprising either phosphorothioate or
methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dSRNA molecule comprises two blocks of six
phosphorothioate or methylphosphonate internucleotide linkages separated by 1,2,3,4,5,6,7,8,9, or 10
phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said antisense

strand is paired with a sense strand comprising any combination of phosphorothioate, methylphosphonate
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and phosphate internucleotide linkages or an antisense strand comprising either phosphorothioate or
methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks of seven
phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4, 5, 6, 7, or 8
phosphate internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate
internucleotide linkages is placed at any position in the oligonucleotide sequence and the said antisense
strand is paired with a sense strand comprising any combination of phosphorothioate, methylphosphonate
and phosphate internucleotide linkages or an antisense strand comprising either phosphorothioate or
methylphosphonate or phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks of eight
phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, 4, 5, or 6 phosphate
internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate internucleotide
linkages is placed at any position in the oligonucleotide sequence and the said antisense strand is paired with
a sense strand comprising any combination of phosphorothioate, methylphosphonate and phosphate
internucleotide linkages or an antisense strand comprising either phosphorothioate or methylphosphonate or
phosphate linkage.

In some embodiments, the antisense strand of the dsRNA molecule comprises two blocks of nine
phosphorothioate or methylphosphonate internucleotide linkages separated by 1, 2, 3, or 4 phosphate
internucleotide linkages, wherein one of the phosphorothioate or methylphosphonate internucleotide
linkages is placed at any position in the oligonucleotide sequence and the said antisense strand is paired with
a sense strand comprising any combination of phosphorothioate, methylphosphonate and phosphate
internucleotide linkages or an antisense strand comprising either phosphorothioate or methylphosphonate or
phosphate linkage.

In some embodiments, the dsSRNA molecule of the disclosure further comprises one or more
phosphorothioate or methylphosphonate internucleotide linkage modification within 1-10 of the termini
position(s) of the sense or antisense strand. For example, at least 2, 3,4, 5, 6, 7, 8, 9, or 10 nucleotides may
be linked through phosphorothioate or methylphosphonate internucleotide linkage at one end or both ends
of the sense or antisense strand.

In some embodiments, the dSRNA molecule of the disclosure further comprises one or more
phosphorothioate or methylphosphonate internucleotide linkage modification within 1-10 nucleotides of the
internal region of the duplex of each of the sense or antisense strand. For example, at least 2, 3,4, 5.6, 7, 8,
9, or 10 nucleotides may be linked through phosphorothioate or methylphosphonate internucleotide linkage
at positions 8-16 of the duplex region counting from the 5°-end of the sense strand; the dsRNA molecule can
optionally further comprise one or more phosphorothioate or methylphosphonate internucleotide linkage

modification within 1-10 nucleotides of the termini position(s).
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In some embodiments, the dsSRNA molecule of the disclosure further comprises one to five
phosphorothioate or methylphosphonate internucleotide linkage modification(s) within position 1-5 and one
to five phosphorothioate or methylphosphonate internucleotide linkage modification(s) within position 18-
23 of the sense strand (counting from the 5°-end), and one to five phosphorothioate or methylphosphonate
internucleotide linkage modifications at positions 1 and 2, and one to five within positions 18-23 of the
antisense strand (counting from the 5°-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate interucleotide linkage modification within positions 1-5 and one¢ phosphorothioate or
methylphosphonate internucleotide linkage modification within positions 18-23 of the sense strand (counting
from the 5°-end), and one phosphorothioate internucleotide linkage modification at position 1 or 2, and two
phosphorothioate or methylphosphonate internucleotide linkage modifications within positions 18-23 of the
antisense strand (counting from the 5°-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 and one phosphorothioate
internucleotide linkage modification within positions 18-23 of the sense strand (counting from the 5’-end),
and one phosphorothioate internucleotide linkage modification at position 1 or 2, and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from the 5°-
end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within positions 1-5 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the sense strand (counting from the 5’ -end),
and one phosphorothioate internucleotide linkage modification at position 1 or 2, and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from the 5°-
end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within positions 1-5 and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the sense strand (counting from the 5°-end),
and one phosphorothioate internucleotide linkage modification at position 1 or 2, and one phosphorothioate
interucleotide linkage modification within positions 18-23 of the antisense strand (counting from the 5°-
end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within positions 1-5 and one phosphorothioate
internucleotide linkage modification within positions 18-23 of the sense strand (counting from the 5°-end),
and two phosphorothioate internucleotide linkage modifications at positions 1 and 2, and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand

(counting from the 5’-end).
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In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate intemucleotide linkage modification within positions 1-5 and one within positions 18-23
of the sense strand (counting from the 5°-end), and two phosphorothioate intemucleotide linkage
modifications at positions 1 and 2, and one phosphorothioate intemucleotide linkage modification within
positions 18-23 of the antisense strand (counting from the 5°-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification within position 1-5 (counting from the 5’-end) of the
sense strand, and two phosphorothioate internucleotide linkage modifications at positions 1 and 2, and one
phosphorothioate internucleotide linkage modification within positions 18-23 of the antisense strand
(counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within position 1-5 (counting from the 5°-end) of the
sense strand, and one phosphorothioate internucleotide linkage modification at position 1 or 2, and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within positions 1-5 and one within positions 18-23
of the sense strand (counting from the 5°-end), and two phosphorothioate intemucleotide linkage
modifications at positions 1 and 2, and one phosphorothioate intemucleotide linkage modification within
positions 18-23 of the antisense strand (counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within positions 1-5 and one phosphorothioate
internucleotide linkage modification within positions 18-23 of the sense strand (counting from the 5’-end),
and two phosphorothioate internucleotide linkage modifications at positions 1 and 2, and two
phosphorothioate internucleotide linkage modifications within positions 18-23 of the antisense strand
(counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications within positions 1-5 and one phosphorothioate
interucleotide linkage modification within positions 18-23 of the sense strand (counting from the 5’-end),
and one phosphorothioate internucleotide linkage modification at position 1 or 2, and two phosphorothioate
internucleotide linkage modifications within positions 18-23 of the antisense strand (counting from the 5°-
end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate internucleotide linkage modifications at positions 1 and 2, and two phosphorothioate

internucleotide linkage modifications at positions 20 and 21 of the sense strand (counting from the 5’-end),
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and one phosphorothioate internucleotide linkage modification at position 1 and one at position 21 of the
antisense strand (counting from the 5°-end).

In some cmbodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5’-end), and two
phosphorothioate intemucleotide linkage modifications at positions 1 and 2, and two phosphorothioate
internucleotide linkage modifications at positions 20 and 21 the antisense strand (counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate intemucleotide linkage modifications at positions 1 and 2, and two phosphorothioate
internucleotide linkage modifications at position 21 and 22 of the sense strand (counting from the 5”-end),
and one phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the antisense strand (counting from the 5°-end).

In some cmbodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5’°-end), and two
phosphorothioate internucleotide linkage modifications at positions 1 and 2, and two phosphorothioate
internucleotide linkage modifications at positions 21 and 22 the antisense strand (counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises two
phosphorothioate intemucleotide linkage modifications at positions 1 and 2, and two phosphorothioate
internucleotide linkage modifications at position 22 and 23 of the sense strand (counting from the 57-end),
and one phosphorothioate internucleotide linkage modification at positions 1 and one phosphorothioate
internucleotide linkage modification at position 21 of the antisense strand (counting from the 5’-end).

In some embodiments, the dsRNA molecule of the disclosure further comprises one
phosphorothioate internucleotide linkage modification at position 1, and one phosphorothioate
internucleotide linkage modification at position 21 of the sense strand (counting from the 5°-end), and two
phosphorothioate intemucleotide linkage modifications at positions 1 and 2, and two phosphorothioate
internucleotide linkage modifications at positions 23 and 23 the antisense strand (counting from the 5’-end).

In some embodiments, compound of the disclosure comprises a pattern of backbone chiral centers.
In some embodiments, a common pattern of backbone chiral centers comprises at least 5 internucleotidic
linkages in the Sp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises at least 6 intermucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 7 intemucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises at least 8 internucleotidic
linkages in the Sp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises at least 9 interucleotidic linkages in the Sp configuration. In some embodiments, a common

pattern of backbone chiral centers comprises at least 10 internucleotidic linkages in the Sp configuration. In
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some embodiments, a common pattern of backbone chiral centers comprises at least 11 internucleotidic
linkages in the Sp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises at least 12 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 13 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises at least 14 internucleotidic
linkages in the Sp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises at least 15 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 16 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises at least 17 internucleotidic
linkages in the Sp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises at least 18 internucleotidic linkages in the Sp configuration. In some embodiments, a common
pattern of backbone chiral centers comprises at least 19 internucleotidic linkages in the Sp configuration. In
some embodiments, a common pattern of backbone chiral centers comprises no more than 8 internucleotidic
linkages in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 7 internucleotidic linkages in the Rp configuration. In some embodiments, a
common pattern of backbone chiral centers comprises no more than 6 internucleotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises no more than
5 internucleotidic linkages in the Rp configuration. In some embodiments, a common pattern of backbone
chiral centers comprises no more than 4 internucleotidic linkages in the Rp configuration. In some
embodiments, a common pattern of backbone chiral centers comprises no more than 3 intemucleotidic
linkages in the Rp configuration. In some embodiments, a common pattern of backbone chiral centers
comprises no more than 2 internucleotidic linkages in the Rp configuration. In some embodiments, a
common pattern of backbone chiral centers comprises no more than 1 internucleotidic linkages in the Rp
configuration. In some embodiments, a common pattern of backbone chiral centers comprises no more than
8 internucleotidic linkages which are not chiral (as a non-limiting example, a phosphodiester). In some
embodiments, a common pattern of backbone chiral centers comprises no more than 7 intemucleotidic
linkages which are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 6 intemucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 5 internucleotidic linkages which are not chiral. In some
embodiments, a common pattern of backbone chiral centers comprises no more than 4 internucleotidic
linkages which are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises
no more than 3 internucleotidic linkages which are not chiral. In some embodiments, a common pattern of
backbone chiral centers comprises no more than 2 internucleotidic linkages which are not chiral. In some
embodiments, a common pattern of backbone chiral centers comprises no more than 1 internucleotidic
linkages which are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises

at least 10 internucleotidic linkages in the Sp configuration, and no more than 8 internucleotidic linkages
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which are not chiral. In some embodiments, a common pattern of backbone chiral centers comprises at least
11 internucleotidic linkages in the Sp configuration, and no more than 7 internucleotidic linkages which are
not chiral. In some embodiments, a common pattern of backbone chiral centers comprises at least 12
internucleotidic linkages in the Sp configuration, and no more than 6 interucleotidic linkages which are not
chiral. In some embodiments, a common pattern of backbone chiral centers comprises at least 13
intemucleotidic linkages in the Sp configuration, and no more than 6 internucleotidic linkages which are not
chiral. In some embodiments, a common pattern of backbone chiral centers comprises at least 14
interucleotidic linkages in the Sp configuration, and no more than 5 internucleotidic linkages which are not
chiral. In some embodiments, a common pattern of backbone chiral centers comprises at least 15
internucleotidic linkages in the Sp configuration, and no more than 4 internucleotidic linkages which are not
chiral. In some embodiments, the internucleotidic linkages in the Sp configuration are optionally contiguous
or not contiguous. In some embodiments, the internucleotidic linkages in the Rp configuration are optionally
contiguous or not contiguous. In some embodiments, the internucleotidic linkages which are not chiral are
optionally contiguous or not contiguous.

In some embodiments, compound of the disclosure comprises a block is a stereochemistry block. In
some embodiments, a block is an Rp block in that each intemucleotidic linkage of the block is Rp. In some
embodiments, a 5’-block is an Rp block. In some embodiments, a 3’-block is an Rp block. In some
embodiments, a block is an Sp block in that each internucleotidic linkage of the block is Sp. In some
embodiments, a 5’-block is an Sp block. In some embodiments, a 3’-block is an Sp block. In some
embodiments, provided oligonucleotides comprise both Rp and Sp blocks. In some embodiments, provided
oligonucleotides comprise one or more Rp but no Sp blocks. In some embodiments, provided
oligonucleotides comprise one or more Sp but no Rp blocks. In some embodiments, provided
oligonucleotides comprise one or more PO blocks wherein cach internucleotidic linkage in a natural
phosphate linkage.

In some embodiments, compound of the disclosure comprises a 5°-block is an Sp block wherein
cach sugar moicty comprises a 2’-F modification. In some embodiments, a 5°-block is an Sp block wherein
each of interucleotidic linkage is a modified internucleotidic linkage and each sugar moiety comprises a 2’-
F modification. In some embodiments, a 5’-block is an Sp block wherein each of internucleotidic linkage is
a phosphorothioate linkage and each sugar moiety comprises a 2°-F modification. In some embodiments, a
5-block comprises 4 or more nucleoside units. In some embodiments, a 5’-block comprises 5 or more
nucleoside units. In some embodiments, a 5’-block comprises 6 or mor¢ nucleoside units. In some
embodiments, a 5’-block comprises 7 or more nucleoside units. In some embodiments, a 3’-block is an Sp
block wherein each sugar moiety comprises a 2’-F modification. In some embodiments, a 3°-block is an Sp
block wherein each of internucleotidic linkage is a modified internucleotidic linkage and cach sugar moiety
comprises a 2°-F modification. In some embodiments, a 3’-block is an Sp block wherein each of

internucleotidic linkage is a phosphorothioate linkage and each sugar moiety comprises a 2°-F modification.
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In some embodiments, a 3°-block comprises 4 or more nucleoside units. In some embodiments, a 3’-block
comprises 5 or more nucleoside units. In some embodiments, a 3’-block comprises 6 or more nucleoside
units. In some embodiments, a 3’-block comprises 7 or more nucleoside units.

In some embodiments, compound of the disclosure comprises a type of nucleoside in a region or an
oligonucleotide is followed by a specific type of internucleotidic linkage, e.g., natural phosphate linkage,
modified internucleotidic linkage, Rp chiral internucleotidic linkage, Sp chiral internucleotidic linkage, etc.
In some embodiments, A is followed by Sp. In some embodiments, A is followed by Rp. In some
embodiments, A is followed by natural phosphate linkage (PO). In some embodiments, U is followed by Sp.
In some embodiments, U is followed by Rp. In some embodiments, U is followed by natural phosphate
linkage (PO). In some embodiments, C is followed by Sp. In some embodiments, C is followed by Rp. In
some embodiments, C is followed by natural phosphate linkage (PO). In some embodiments, G is followed
by Sp. In some embodiments, G is followed by Rp. In some embodiments, G is followed by natural phosphate
linkage (PO). In some embodiments, C and U are followed by Sp. In some embodiments, C and U are
followed by Rp. In some embodiments, C and U are followed by natural phosphate linkage (PO). In some
embodiments, A and G are followed by Sp. In some embodiments, A and G are followed by Rp.

In some embodiments, the antisense strand comprises phosphorothioate internucleotide linkages
between nucleotide positions 21 and 22, and between nucleotide positions 22 and 23, wherein the antisense
strand contains at least one thermally destabilizing modification of the duplex located in the seed region of
the antisense strand (i.e., at position 2-9 of the 5’-end of the antisense strand), and wherein the dsRNA
optionally further has at least one (e.g., one, two, three, four, five, six, seven or all eight) of the following
characteristics: (1) the antisense comprises 2, 3, 4, 5 or 6 2°-fluoro modifications; (ii) the antisense comprises
3, 4 or 5 phosphorothioate internucleotide linkages; (iii) the sense strand is conjugated with a ligand; (iv) the
sense strand comprises 2, 3, 4 or 5 2’°-fluoro modifications; (v) the sense strand comprises 1, 2, 3, 4 or 5
phosphorothioate internucleotide linkages; (vi) the dsSRNA comprises at least four 2°-fluoro modifications;
(vii) the dsRNA comprises a duplex region of 12-40 nucleotide pairs in length; and (viii) the dsSRNA has a
blunt end at 5°-end of the antisense strand.

In some embodiments, the antisense strand comprises phosphorothioate internucleotide linkages between
nucleotide positions 1 and 2, between nucleotide positions 2 and 3, between nucleotide positions 21 and 22,
and between nucleotide positions 22 and 23, wherein the antisense strand contains at least one thermally
destabilizing modification of the duplex located in the seed region of the antisense strand (i.e., at position 2-
9 of the 5°-end of the antisense strand), and wherein the dsSRNA optionally further has at least one (e.g., one,
two, three, four, five, six, seven or all eight) of the following characteristics: (i) the antisense comprises 2,
3,4, 5 or 6 2°-fluoro modifications; (i1) the sense strand is conjugated with a ligand; (ii1) the sense strand
comprises 2, 3, 4 or 5 2°-fluoro modifications; (iv) the sense strand comprises 1, 2, 3, 4 or 5 phosphorothioate

internucleotide linkages; (v) the dsSRNA comprises at least four 2’-fluoro modifications; (vi) the dsRNA
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comprises a duplex region of 12-40 nucleotide pairs in length; (vii) the dsRNA comprises a duplex region
of 12-40 nucleotide pairs in length; and (vii1) the dsRNA has a blunt end at 5’-end of the antisense strand.

In some¢ embodiments, the sense strand comprises phosphorothioate internucleotide linkages
between nucleotide positions 1 and 2, and between nucleotide positions 2 and 3, wherein the antisense strand
contains at least one thermally destabilizing modification of the duplex located in the seed region of the
antisense strand (i.e., at position 2-9 of the 5’-end of the antisense strand), and wherein the dsSRNA optionally
further has at least one (e.g., one, two, three, four, five, six, seven or all eight) of the following characteristics:
(1) the antisense comprises 2, 3, 4, 5 or 6 2°-fluoro modifications; (ii) the antisense comprises 1,2, 3, 4 or 5
phosphorothioate intemucleotide linkages; (iii) the sense strand is conjugated with a ligand; (iv) the sense
strand comprises 2, 3, 4 or 5 2’-fluoro modifications; (v) the sense strand comprises 3, 4 or 5
phosphorothioate intemnucleotide linkages; (vi) the dSRNA comprises at least four 2’-fluoro modifications;
(vii) the dsRNA comprises a duplex region of 12-40 nucleotide pairs in length; and (viii) the dsRNA has a
blunt end at 5°-end of the antisense strand.

In some embodiments, the sense strand comprises phosphorothioate internucleotide linkages
between nucleotide positions 1 and 2, and between nucleotide positions 2 and 3, the antisense strand
comprises phosphorothioate internucleotide linkages between nucleotide positions 1 and 2, between
nucleotide positions 2 and 3, between nucleotide positions 21 and 22, and between nucleotide positions 22
and 23, wherein the antisense strand contains at least one thermally destabilizing modification of the duplex
located in the seed region of the antisense strand (i.e., at position 2-9 of the 5’-end of the antisense strand),
and wherein the dsRNA optionally further has at least one (e.g., one, two, three, four, five, six or all seven)
of the following characteristics: (i) the antisense comprises 2, 3, 4, 5 or 6 2’-fluoro modifications; (ii) the
sense strand is conjugated with a ligand; (iii) the sense strand comprises 2, 3, 4 or 5 2’-fluoro modifications;
(1v) the sense strand comprises 3, 4 or 5 phosphorothioate internucleotide linkages; (v) the dSRNA comprises
at least four 2’-fluoro modifications; (vi) the dSRNA comprises a duplex region of 12-40 nucleotide pairs in
length; and (vii) the dsSRNA has a blunt end at 5°-end of the antisense strand.

In some embodiments, the dsRNA molecule of the disclosure comprises mismatch(es) with the
target, within the duplex, or combinations thereof. The mismatch can occur in the overhang region or the
duplex region. The base pair can be ranked on the basis of their propensity to promote dissociation or melting
(e.g., on the free energy of association or dissociation of a particular pairing, the simplest approach is to
examine the pairs on an individual pair basis, though next neighbor or similar analysis can also be used). In
terms of promoting dissociation: A:U is preferred over G:C; G:U is preferred over G:C; and I:C is preferred
over G:C (I=inosine). Mismatches, e.g., non-canonical or other than canonical pairings (as described
elsewhere herein) are preferred over canonical (A:T, A:U, G:C) pairings; and pairings which include a
universal base are preferred over canonical pairings.

In some embodiments, the dsSRNA molecule of the disclosure comprises at least one of the first 1, 2,

3, 4, or 5 base pairs within the duplex regions from the 5°- end of the antisense strand can be chosen
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independently from the group of: A:U, G:U, I.C, and mismatched pairs, e.g., non-canonical or other than
canonical pairings or pairings which include a universal base, to promote the dissociation of the antisense
strand at the 5’-end of the duplex.

In some embodiments, the nucleotide at the 1 position within the duplex region from the 5°-end in
the antisense strand is selected from the group consisting of A, dA, dU, U, and dT. Alternatively, at least
one of the first 1, 2 or 3 base pair within the duplex region from the 5°- end of the antisense strand is an AU
base pair. For example, the first base pair within the duplex region from the 5°- end of the antisense strand
is an AU base pair.

It was found that introducing 4’-modified or 5’-modified nucleotide to the 3’-end of a
phosphodiester (PO), phosphorothioate (PS), or phosphorodithioate (PS2) linkage of a dinucleotide at any
position of single stranded or double stranded oligonucleotide can exert steric effect to the internucleotide
linkage and, hence, protecting or stabilizing it against nucleases. In some embodiments, the introduction of
a4’-modified or a 5’-modified nucleotide to the 3°-end of a PO, PS, or PS2 linkage of a dinucleotide modifies
the second nucleotide in the dinucleotide pair. In other embodiments, the introduction of a 4’-modified or a
5’-modified nucleotide to the 3’-end of a PO, PS, or PS2 linkage of a dinucleotide modifies the nucleotide
at the 3’-end of the dinucleotide pair.

In some embodiments, 5”-modified nucleotide is introduced at the 3’-end of a dinucleotide at any
position of single stranded or double stranded siRNA. For instance, a 5’-alkylated nucleotide may be
introduced at the 3’-end of a dinucleotide at any position of single stranded or double stranded siRNA. The
alkyl group at the 5° position of the ribose sugar can be racemic or chirally pure R or S isomer. An exemplary
5’-alkylated nucleotide is 5°-methyl nucleotide. The 5°-methyl can be either racemic or chirally pure R or S
isomer.

In some embodiments, 4’-modified nucleotide is introduced at the 3’-end of a dinucleotide at any
position of single stranded or double stranded siRNA. For instance, a 4’-alkylated nucleotide may be
introduced at the 3’-end of a dinucleotide at any position of single stranded or double stranded siRNA. The
alkyl group at the 4” position of the ribose sugar can be racemic or chirally pure R or S isomer. An exemplary
4”-alkylated nucleotide is 4’-methyl nucleotide. The 4’-methyl can be either racemic or chirally pure R or §
isomer. Alternatively, a 4’-0O-alkylated nucleotide may be introduced at the 3’-end of a dinucleotide at any
position of single stranded or double stranded siRNA. The 4°-O-alkyl of the ribose sugar can be racemic or
chirally pure R or §isomer. An exemplary 4’-O-alkylated nucleotide is 4’-O-methyl nucleotide. The 4’-O-
methyl can be either racemic or chirally pure R or S isomer.

In some embodiments, 5’-alkylated nucleotide is introduced at any position on the sense strand or
antisense strand of a dsRNA, and such modification maintains or improves potency of the dsRNA. The 5°-
alkyl can be either racemic or chirally pure R or S isomer. An exemplary 5°-alkylated nucleotide is 5°-methyl

nucleotide. The 5’-methyl can be either racemic or chirally pure R or $ isomer.
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In some embodiments, 4’-alkylated nucleotide is introduced at any position on the sense strand or
antisense strand of a dsRNA, and such modification maintains or improves potency of the dsSRNA. The 4°-
alkyl can be either racemic or chirally pure R or S isomer. An exemplary 4’-alkylated nucleotide is 4’-methyl
nucleotide. The 4’-methyl can be either racemic or chirally pure R or § isomer.

In some embodiments, 4°-O-alkylated nucleotide is introduced at any position on the sense strand
or antisense strand of a dsSRNA, and such modification maintains or improves potency of the dsRNA. The
5’-alkyl can be either racemic or chirally pure R or § isomer. An exemplary 4’-O-alkylated nucleotide is 4’-
O-methyl nucleotide. The 4’-O-methyl can be either racemic or chirally pure R or §'isomer.

In some embodiments, the dsSRNA molecule of the disclosure can comprise 2°-5” linkages (with 2°-
H, 2’-OH and 2°-OMe and with P=0 or P=S). For example, the 2°-5" linkages modifications can be used to
promote nuclease resistance or to inhibit binding of the sense to the antisense strand, or can be used at the 5’
end of the sense strand to avoid sense strand activation by RISC.

In another embodiment, the dsRNA molecule of the disclosure can comprise L-sugars (e.g., L-
ribose, L-arabinose with 2°-H, 2’-OH and 2°-OMe). For example, these L sugars modifications can be used
to promote nuclease resistance or to inhibit binding of the sense to the antisense strand, or can be used at the
5" end of the sense strand to avoid sense strand activation by RISC.

Various publications describe multimeric siRNA which can all be used with the dsRNA of the
disclosure. Such publications include W02007/091269, US 7858769, W02010/141511, W02007/117686,
W02009/014887, and WO2011/031520 which are hereby incorporated by their entirely.

As described in more detail below, the RNAI1 agent that contains conjugations of one or more
carbohydrate moietics to an RNA1 agent may improve one or more properties of the RNAi agent. In many
cases, the carbohydrate moiety is attached to a modified subunit of the RNAi agent. For example, the ribose
sugar of one or more ribonucleotide subunits of a dSRNA agent can be replaced with another moiety, e.g., a
non-carbohydrate (e.g., cyclic) carrier to which is attached a carbohydrate ligand. A ribonucleotide subunit
in which the ribose sugar of the subunit has been so replaced is referred to herein as a ribose replacement
modification subunit (RRMS). A cyclic carrier may be a carbocyclic ring system, i.e., all ring atoms are
carbon atoms, or a heterocyclic ring system, 7.e., one or more ring atoms may be a heteroatom, e. g., nitrogen,
oxygen, sulfur. The cyclic carrier may be a monocyclic ring system, or may contain two or more rings, e.g.
fused rings. The cyclic carrier may be a fully saturated ring system, or it may contain one or more double
bonds.

The ligand may be attached to the polynucleotide via a carrier. The carriers include (i) at least one
“packbone attachment point,” such as two “backbone attachment points” and (ii) at least one “tethering
attachment point.” A “backbone attachment point™ as used herein refers to a functional group, e.g. a hydroxyl
group, or generally, a bond available for, and that is suitable for incorporation of the carrier into the
backbone, e.g., the phosphate, or modified phosphate, e.g., sulfur containing, backbone, of a ribonucleic

acid. A “tethering attachment point” (TAP) in some embodiments refers to a constituent ring atom of the
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cyclic carrier, e.g., a carbon atom or a heteroatom (distinct from an atom which provides a backbone
attachment point), that connects a selected moicty. The moiety can be, e.g., a carbohydrate, e.g.
monosaccharide, disaccharide, trisaccharide, tetrasaccharide, oligosaccharide and polysaccharide.
Optionally, the selected moiety is connected by an intervening tether to the cyclic carrier. Thus, the cyclic
carrier may include a functional group, e.g., an amino group, or generally, provide a bond, that is suitable
for incorporation or tethering of another chemical entity, e.g., a ligand to the constituent ring.

The RNAi agents may be conjugated to a ligand via a carrier, wherein the carrier can be cyclic group
or acyclic group. The cyclic group can be selected from pyrrolidinyl, pyrazolinyl, pyrazolidinyl,
imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl, [1,3]dioxolane, oxazolidinyl, isoxazolidinyl,
morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl, pyridazinonyl, tetrahydrofuryl and and
decalinyl. The acyclic group can be selected from serinol backbone or diethanolamine backbone.

In certain specific embodiments, the RNAi agent for use in the methods of the disclosure is an agent

selected from the group of agents listed in any one of Tables 3-7. These agents may further comprise a ligand.

IV.  iRNAs Conjugated to Ligands

Another modification of the RNA of an iRNA of the invention involves chemically linking to the
iRNA one or more ligands, moieties or conjugates that enhance the activity, cellular distribution or cellular
uptake of the iRNA, e.g., into a cell. Such moieties include but are not limited to lipid moieties such as a
cholesterol moiety (Letsinger et al., Proc. Natl. Acid. Sci. USA, 1989, 86: 6553-6556), cholic acid
(Manocharan et al., Biorg. Med. Chem. Let, 1994, 4:1053-1060), a thioether, e.g., beryl-S-tritylthiol
(Manoharan ez al., Ann. N.Y. Acad. Sci., 1992, 660:306-309; Manoharan et al., Biorg. Med. Chem. Let., 1993,
3:2765-2770), a thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 20:533-538), an aliphatic chain,
e.g., dodecandiol or undecyl residues (Saison-Behmoaras et al., EMBO J, 1991, 10:1111-1118; Kabanov et
al., FEBS Lett., 1990, 259:327-330; Svinarchuk et al., Biochimie, 1993, 75:49-54), a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-rac-glvcero-3-phosphonate (Manoharan
et al., Tetrahedron Lett., 1995, 36:3651-3654; Shea et al., Nucl Acids Res., 1990, 18:3777-3783), a
polyamine or a polyethylene glycol chain (Manoharan et al., Nucleosides & Nucleotides, 1995, 14:969-973),
or adamantane acetic acid (Manoharan ef al., Tetrahedron Lett., 1995, 36:3651-3654), a palmityl moiety
(Mishra et al., Biochim. Biophys. Acta, 1995, 1264:229-237), or an octadecylamine or hexylamino-
carbonyloxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277:923-937).

In certain embodiments, a ligand alters the distribution, targeting or lifetime of an iRNA agent into
which it is incorporated. In some embodiments, a ligand provides an enhanced affinity for a selected target,
e.g., molecule, cell or cell type, compartment, e.g., a cellular or organ compartment, tissue, organ or region
of the body, as, e.g., compared to a species absent such a ligand. Typical ligands do not take part in duplex

pairing in a duplexed nucleic acid.
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Ligands can include a naturally occurring substance, such as a protein (e.g., human serum albumin
(HSA), low-density lipoprotein (LDL), or globulin); carbohydrate (e.g., a dextran, pullulan, chitin, chitosan,
mnulin, cyclodextrin or hyaluronic acid); or a lipid. The ligand may also be a recombinant or synthetic
molecule, such as a synthetic polymer, e.g., a synthetic polyamino acid. Examples of polyamino acids
include polyamino acid is a polylysine (PLL), poly L-aspartic acid, poly L-glutamic acid, styrene-maleic
acid anhydride copolymer, poly(L-lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride
copolymer, N-(2-hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol (PEG),
polyvinyl alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL), spermine,
spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine, dendrimer polyamine,
arginine, amidine, protamine, cationic lipid, cationic porphyrin, quaternary salt of a polyamine, or an o
helical peptide.

Ligands can also include targeting groups, e.g., a cell or tissue targeting agent, e.g., a lectin,
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a kidney cell. A
targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant protein A, Mucin
carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine
multivalent mannose, multivalent fucose, glycosylated polyaminoacids, multivalent galactose, transferrin,
bisphosphonate, polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12,
biotin, or an RGD peptide or RGD peptide mimetic. In certain embodiments, the ligand 1s a multivalent
galactose, e.g., an N-acetyl-galactosamine.

Other examples of ligands include dyes, intercalating agents (e.g. acridines), cross-linkers (e.g.
psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic aromatic hydrocarbons
(e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g. EDTA), lipophilic molecules, e.g.,
cholesterol, cholic acid, adamantane acetic acid, 1-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-
O(hexadecyl)glycerol, geranyloxyhexyl group, hexadecylglycerol, bomeol, menthol, 1,3-propanediol,
heptadecyl group, palmitic acid, myristic acid,03-(oleoyl)lithocholic acid, O3-(oleoyl)cholenic acid,
dimethoxytrityl, or phenoxazine)and peptide conjugates (e. g., antennapedia peptide, Tat peptide), alkylating
agents, phosphate, amino, mercapto, PEG (e.g., PEG-40K), mPEG, [mPEG],, polyamino, alkyl, substituted
alkyl, radiolabeled markers, enzymes, haptens (e.g. biotin), transport/absorption facilitators (e.g., aspirin,
vitamin E, folic acid), synthetic ribonucleases (e.g., imidazole, bisimidazole, histamine, imidazole clusters,
acridine-imidazole conjugates, Eu(3+) complexes of tetraazamacrocycles), dinitrophenyl, HRP, or AP.

Ligands can be proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific affinity
for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such as a cancer cell,
endothelial cell, or bone cell. Ligands may also include hormones and hormone receptors. They can also
include non-peptidic species, such as lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose,

multivalent galactose, N-acetyl-galactosamine, N-acetyl-glucosamine, multivalent mannose, or multivalent
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fucose. The ligand can be, for example, a lipopolysaccharide, an activator of p38 MAP kinase, or an activator
of NF-«xB.

The ligand can be a substance, e.g., a drug, which can increase the uptake of the iIRNA agent into
the cell, for example, by disrupting the cell’s cytoskeleton, e.g., by disrupting the cell’s microtubules,
microfilaments, or intermediate filaments. The drug can be, for example, taxol, vincristine, vinblastine,
cytochalasin, nocodazole, japlakinolide, latrunculin A, phalloidin, swinholide A, indanocine, or myoservin.

In some embodiments, a ligand attached to an iRNA as described herein acts as a pharmacokinetic
modulator (PK modulator). PK modulators include lipophiles, bile acids, steroids, phospholipid analogues,
peptides, protein binding agents, polyethylene glycol (PEG), vitamins efc. Exemplary PK modulators
include, but are not limited to, cholesterol, fatty acids, cholic acid, lithocholic acid, dialkylglycerides,
diacylglyceride, phospholipids, sphingolipids, naproxen, ibuprofen, vitamin E, biotin ezc. Oligonucleotides
that comprise a number of phosphorothioate linkages are also known to bind to serum protein, thus short
oligonucleotides, e. g, oligonucleotides of about 5 bases, 10 bases, 15 bases or 20 bases, comprising multiple
of phosphorothioate linkages in the backbone are also amenable to the present invention as ligands (e.g. as
PK modulating ligands). In addition, aptamers that bind serum components (e.g. serum proteins) are also
suitable for use as PK modulating ligands in the embodiments described herein.

Ligand-conjugated iRNAs of the invention may be synthesized by the use of an oligonucleotide that
bears a pendant reactive functionality, such as that derived from the attachment of a linking molecule onto
the oligonucleotide (described below). This reactive oligonucleotide may be reacted directly with
commercially-available ligands, ligands that are synthesized bearing any of a variety of protecting groups,
or ligands that have a linking moiety attached thereto.

The oligonucleotides used in the conjugates of the present invention may be conveniently and
routinely made through the well-known technique of solid-phase synthesis. Equipment for such synthesis is
sold by several vendors including, for example, Applied Biosystems® (Foster City, Calif.). Any other means
for such synthesis known in the art may additionally or alternatively be employed. It is also known to use
similar techniques to prepare other oligonucleotides, such as the phosphorothioates and alkylated derivatives.

In the ligand-conjugated oligonucleotides and ligand-molecule bearing sequence-specific linked
nucleosides of the present invention, the oligonucleotides and oligonucleosides may be assembled on a
suitable DNA synthesizer utilizing standard nucleotide or nucleoside precursors, or nucleotide or nucleoside
conjugate precursors that already bear the linking moiety, ligand-nucleotide or nucleoside-conjugate
precursors that already bear the ligand molecule, or non-nucleoside ligand-bearing building blocks.

When using nucleotide-conjugate precursors that already bear a linking moiety, the synthesis of the
sequence-specific linked nucleosides is typically completed, and the ligand molecule is then reacted with the
linking moiety to form the ligand-conjugated oligonucleotide. In some embodiments, the oligonucleotides
or linked nucleosides of the present invention are synthesized by an automated synthesizer using

phosphoramidites derived from ligand-nucleoside conjugates in addition to the standard phosphoramidites
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and non-standard phosphoramidites that are commercially available and routinely used in oligonucleotide
synthesis.

A Lipid Conjugates

In certain embodiments, the ligand or conjugate is a lipid or lipid-based molecule. Such a lipid or
lipid-based molecule can typically bind a serum protein, such as human serum albumin (HSA). An HSA
binding ligand allows for distribution of the conjugate to a target tissue, e.g., a non-kidney target tissue of
the body. For example, the target tissue can be the liver, including parenchymal cells of the liver. Other
molecules that can bind HSA can also be used as ligands. For example, naproxen or aspirin can be used. A
lipid or lipid-based ligand can (a) increase resistance to degradation of the conjugate, (b) increase targeting
or transport into a target cell or cell membrane, or (c) can be used to adjust binding to a serum protein, e.g.,
HSA.

A lipid-based ligand can be used to modulate, e.g., control (e.g., inhibit) the binding of the conjugate
to a target tissue. For example, a lipid or lipid-based ligand that binds to HSA more strongly is less likely to
be targeted to the kidney and therefore less likely to be cleared from the body. A lipid or lipid-based ligand
that binds to HSA less strongly can be used to target the conjugate to the kidney.

In certain embodiments, the lipid-based ligand binds HSA. For example, the ligand can bind HSA
with a sufficient affinity such that distribution of the conjugate to a non-kidney tissue is enhanced. However,
the affinity is typically not so strong that the HSA-ligand binding cannot be reversed.

In certain embodiments, the lipid-based ligand binds HSA weakly or not at all, such that distribution
of the conjugate to the kidney is enhanced. Other moieties that target to kidney cells can also be used in place
of or in addition to the lipid-based ligand.

In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target cell, e.g., a
proliferating cell. These are particularly useful for treating disorders characterized by unwanted cell
proliferation, e.g., of the malignant or non-malignant type, e.g., cancer cells. Exemplary vitamins include
vitamin A, E, and K. Other exemplary vitamins include are B vitamin, e.g., folic acid, B12, riboflavin, biotin,
pyridoxal or other vitamins or nutrients taken up by cancer cells. Also included are HSA and low density
lipoprotein (LDL).

B. Cell Permeation Agents

In another aspect, the ligand is a cell-permeation agent, such as a helical cell-permeation agent. In
certain embodiments, the agent is amphipathic. An exemplary agent is a peptide such as tat or antennopedia.
Ifthe agent is a peptide, it can be modified, including a peptidylmimetic, invertomers, non-peptide or pseudo-
peptide linkages, and use of D-amino acids. The helical agent is typically an a-helical agent and can have a
lipophilic and a lipophobic phase.

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to herein as an
oligopeptidomimetic) is a molecule capable of folding into a defined three-dimensional structure similar to

anatural peptide. The attachment of peptide and peptidomimetics to iIRNA agents can affect pharmacokinetic
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distribution of the iRNA, such as by enhancing cellular recognition and absorption. The peptide or
peptidomimetic moiety can be about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, or
50 amino acids long.

A peptide or peptidomimetic can be, for example, a cell permeation peptide, cationic peptide,
amphipathic peptide, or hydrophobic peptide (e.g., consisting primarily of Tyr, Trp, or Phe). The peptide
moiety can be a dendrimer peptide, constrained peptide or crosslinked peptide. In another altemative, the
peptide moiety can include a hydrophobic membrane translocation sequence (MTS). An exemplary
hydrophobic MTS-containing peptide is RFGF having the amino acid sequence AAVALLPAVLLALLAP
(SEQ ID NO: 9). An RFGF analogue (e.g., amino acid sequence AALLPVLLAAP (SEQ ID NO: 10))
containing a hydrophobic MTS can also be a targeting moiety. The peptide moiety can be a “delivery”
peptide, which can carry large polar molecules including peptides, oligonucleotides, and protein across cell
membranes. For example, sequences from the HIV Tat protein (GRKKRRQRRRPPQ (SEQ ID NO: 1806))
and the Drosophila Antennapedia protein (RQIKIWFQNRRMKWKK (SEQ ID NO: 1807)) have been
found to be capable of functioning as delivery peptides. A peptide or peptidomimetic can be encoded by a
random sequence of DNA, such as a peptide identified from a phage-display library, or one-bead-one-
compound (OBOC) combinatorial library (Lam et al., Nature, 354:82-84, 1991). Typically, the peptide or
peptidomimetic tethered to a dsRNA agent via an incorporated monomer unit is a cell targeting peptide such
as an arginine-glycine-aspartic acid (RGD)-peptide, or RGD mimic. A peptide moiety can range in length
from about 5 amino acids to about 40 amino acids. The peptide moieties can have a structural modification,
such as to increase stability or direct conformational properties. Any of the structural modifications described
below can be utilized.

An RGD peptide for use in the compositions and methods of the invention may be linear or cyclic,
and may be modified, e.g., glycosylated or methylated, to facilitate targeting to a specific tissue(s). RGD-
containing peptides and peptidiomimemtics may include D-amino acids, as well as synthetic RGD mimics.
In addition to RGD, one can use other moieties that target the integrin ligand. Preferred conjugates of this
ligand target PECAM-1 or VEGF.

An RGD peptide moiety can be used to target a particular cell type, e.g., a tumor cell, such as an
endothelial tumor cell or a breast cancer tumor cell (Zitzmann et al., Cancer Res., 62:5139-43, 2002). An
RGD peptide can facilitate targeting of an dsRNA agent to tumors of a variety of other tissues, including the
lung, kidney, spleen, or liver (Aoki et al., Cancer Gene Therapy 8:783-7817, 2001). Typically, the RGD
peptide facilitates targeting of an iRNA agent to the kidney. The RGD peptide can be linear or cyclic, and
can be modified, e.g., glycosylated or methylated to facilitate targeting to specific tissues. For example, a
glycosylated RGD peptide can deliver an iRNA agent to a tumor cell expressing avB; (Haubner et al., Jour.
Nucl. Med., 42:326-336, 2001).

A “cell permeation peptide” is capable of permeating a cell, e.g., a microbial cell, such as a bacterial

or fungal cell, or a mammalian cell, such as a human cell. A microbial cell-permeating peptide can be, for
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example, an o-helical linear peptide (e.g., LL-37 or Ceropin P1), a disulfide bond-containing peptide (e.g.,
a -defensin, B-defensin or bactenecin), or a peptide containing only one or two dominating amino acids (e.g.,
PR-39 or indolicidin). A cell permeation peptide can also include a nuclear localization signal (NLS). For
example, a cell permeation peptide can be a bipartite amphipathic peptide, such as MPG, which is derived
from the fusion peptide domain of HIV-1 gp41 and the NLS of SV40 large T antigen (Simeoni et al., Nucl.
Acids Res. 31:2717-2724, 2003).

C Carbohydrate Conjugates

In some embodiments of the compositions and methods of the invention, an iRNA further comprises
a carbohydrate. The carbohydrate conjugated iRNA are advantageous for the in vivo delivery of nucleic
acids, as well as compositions suitable for in vivo therapeutic use, as described herein. As used herein,
“carbohydrate” refers to a compound which is either a carbohydrate per se made up of one or more
monosaccharide units having at least 6 carbon atoms (which can be linear, branched or cyclic) with an
oxygen, nitrogen or sulfur atom bonded to each carbon atom; or a compound having as a part thereof a
carbohydrate moiety made up of one or more monosaccharide units each having at least six carbon atoms
(which can be linear, branched or cyclic), with an oxygen, nitrogen or sulfur atom bonded to each carbon
atom. Representative carbohydrates include the sugars (mono-, di-, tri- and oligosaccharides containing from
about 4, 5, 6, 7, 8, or 9 monosaccharide units), and polysaccharides such as starches, glycogen, cellulose and
polysaccharide gums. Specific monosaccharides include C5 and above (e.g., C3, C6, C7, or C8) sugars; di-
and tri-saccharides include sugars having two or three monosaccharide units (e.g., C5, C6, C7, or C8).

In certain embodiments, a carbohydrate conjugate comprises a monosaccharide. In certain
embodiments, the monosaccharide is an N-acetylgalactosamine (GalNAc). GalNAc conjugates, which
comprise one or more N-acetylgalactosamine (GalNAc) derivatives, are described, for example, in US
8,106,022, the entire content of which is hereby incorporated herein by reference. In some embodiments, the
GalNAc conjugate serves as a ligand that targets the iRNA to particular cells. In some embodiments, the
GalNAc conjugate targets the iRNA to liver cells, e.g., by serving as a ligand for the asialoglycoprotein
receptor of liver cells (e.g., hepatocytes).

In some embodiments, the carbohydrate conjugate comprises one or more GalNAc derivatives. The
GalNAc derivatives may be attached via a linker, e.g., a bivalent or trivalent branched linker. In some
embodiments the GalNAc conjugate is conjugated to the 3™ end of the sense strand. In some embodiments,
the GalNAc conjugate is conjugated to the IRNA agent (e.g., to the 3” end of the sense strand) via a linker,
e.g., alinker as described herein. In some embodiments the GalNAc conjugate is conjugated to the 5° end of
the sense strand. In some embodiments, the GaINAc conjugate is conjugated to the IRNA agent (e.g., to the
5 end of the sense strand) via a linker, e.g., a linker as described herein.

In certain embodiments of the invention, the GalNAc or GalNAc¢ derivative is attached to an iRNA
agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc derivative is

attached to an iIRNA agent of the invention via a bivalent linker. In yet other embodiments of the invention,
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the GalNAc or GalNAc derivative is attached to an iRNA agent of the invention via a trivalent linker. In
other embodiments of the invention, the GalNAc or GalNAc derivative is attached to an iRNA agent of the
invention via a tetravalent linker.

In certain embodiments, the double stranded RNAi agents of the invention comprise one GalNAc or
GalNAc derivative attached to the iRNA agent. In certain embodiments, the double stranded RNAi agents
of the invention comprise a plurality (e.g., 2, 3, 4, 5, or 6) GaINAc or GalNAc derivatives, each
independently attached to a plurality of nucleotides of the double stranded RNAi agent through a plurality
of monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention are part
of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-end of one strand
and the 5’-end of the respective other strand forming a hairpin loop comprising, a plurality of unpaired
nucleotides, each unpaired nucleotide within the hairpin loop may independently comprise a GalNAc or
GalNAc derivative attached via a monovalent linker. The hairpin loop may also be formed by an extended
overhang in one strand of the duplex.

In some embodiments, for example, when the two strands of an iRNA agent of the invention are part
of one larger molecule connected by an uninterrupted chain of nucleotides between the 3°-end of one strand
and the 5’-end of the respective other strand forming a hairpin loop comprising, a plurality of unpaired
nucleotides, each unpaired nucleotide within the hairpin loop may independently comprise a GalNAc¢ or
GalNAc derivative attached via a monovalent linker. The hairpin loop may also be formed by an extended
overhang in one strand of the duplex.

In some embodiments, the GalNAc conjugate is

0 0
Ho °H
0
HO O\/\/\ﬂ’ﬁ/\/\u 0
ACHN 0 Formula II.

In some embodiments, the RNAi agent is attached to the carbohydrate conjugate via a linker as

shown in the following schematic, wherein X is O or S
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o] H ,wherein Y is O or S and n 1s 3 -6 (Formula XXIV);

N
Y 0

NHAc Formula XX VI,

, wherein X 1s O or S (Formula XXVII);
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(Formula XXXIV)
In certain embodiments, a carbohydrate conjugate for use in the compositions and methods of the
invention is a monosaccharide. In certain embodiments, the monosaccharide is an N-acetylgalactosamine,

such as

0 0 o)
Ho °H
0
HO O\/\/\W”’\/\N o)
AcHN 0 Formula II.

Another representative carbohydrate conjugate for use in the embodiments described herein

includes, but is not limited to,
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(Formula XXXYV),
when one of X or Y is an oligonucleotide, the other is a hydrogen.
In some embodiments, a suitable ligand is a ligand disclosed in WO 2019/055633, the entire contents

of which are incorporated herein by reference. In one embodiment the ligand comprises the structure below:
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(Formula XXXVI).

In certain embodiments, the RNAI agents of the disclosure may include GalNAc ligands, even if
such GalNAc ligands are currently projected to be of limited value for the preferred intrathecal/CNS delivery
route(s) of the instant disclosure.

In certain embodiments of the invention, the GaINAc or GalNAc derivative is attached to an iRNA
agent of the invention via a monovalent linker. In some embodiments, the GalNAc or GalNAc derivative is
attached to an IRNA agent of the invention via a bivalent linker. In yet other embodiments of the invention,
the GalNAc or GalNAc derivative is attached to an iIRNA agent of the invention via a trivalent linker.

In one embodiment, the double stranded RNAi agents of the invention comprise one or more
GalNAc or GalNAc derivative attached to the iRNA agent. The GaINAc may be attached to any nucleotide
via a linker on the sense strand or antsisense strand. The GalNac may be attached to the 5°-end of the sense
strand, the 3” end of the sense strand, the 5°-end of the antisense strand, or the 3° —end of the antisense strand.

In one embodiment, the GalNAc is attached to the 3” end of the sense strand, e.g., via a trivalent linker.
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In other embodiments, the double stranded RNAI agents of the invention comprise a plurality (e.g.,
2,3,4, 5, or 6) GalNAc or GalNAc derivatives, each independently attached to a plurality of nucleotides of
the double stranded RNA1 agent through a plurality of linkers, e.g., monovalent linkers.

In some embodiments, for example, when the two strands of an iRNA agent of the invention is part
of one larger molecule connected by an uninterrupted chain of nucleotides between the 3’-end of one strand
and the 5’-end of the respective other strand forming a hairpin loop comprising, a plurality of unpaired
nucleotides, each unpaired nucleotide within the hairpin loop may independently comprise a GalNAc or
GalNAc derivative attached via a monovalent linker.

In some embodiments, the carbohydrate conjugate further comprises one or more additional ligands
as described above, such as, but not limited to, a PK modulator or a cell permeation peptide.

Additional carbohydrate conjugates and linkers suitable for use in the present invention include those
described in WO 2014/179620 and WO 2014/179627, the entire contents of each of which are incorporated
herein by reference.

D. Linkers

In some embodiments, the conjugate or ligand described herein can be attached to an iRNA
oligonucleotide with various linkers that can be cleavable or non-cleavable.

The term “linker” or “linking group” means an organic moiety that connects two parts of a
compound, e.g., covalently attaches two parts of a compound. Linkers typically comprise a direct bond or
an atom such as oxygen or sulfur, a unit such as NR8, C(0), C(O)NH, SO, SO, SO,NH or a chain of atoms,
such as, but not limited to, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted
or unsubstituted alkynyl, arylalkyl, arylalkenyl, arylalkynyl, heteroarylalkyl, heteroarylalkenyl,
heteroarylalkynyl, heterocyclvlalkyl, heterocyclylalkenyl, heterocyclylalkynyl, aryl, heteroaryl,
heterocyclyl, cycloalkyl, cycloalkenyl, alkylarylalkyl, alkylarylalkenyl, alkylarylalkynyl, alkenylarylalkyl,
alkenylarylalkenyl, alkenylarylalkynyl, alkynylarylalkyl, alkynylarylalkenyl, alkynylarylalkynyl,
alkylheteroarylalkyl, alkylheteroarylalkenyl, alkylheteroarylalkynyl, alkenylheteroarylalkyl,
alkenylheteroarylalkenyl, alkenylheteroarvlalkynyl, alkynylheteroarylalkyl, alkynylheteroarylalkenyl,
alkynylheteroarylalkynyl, alkylheterocyclylalkyl, alkylheterocyclylalkenyl, —alkylhererocyclylalkynyl,
alkenylheterocyclylalkyl, alkenylheterocyclylalkenyl, alkenylheterocyclylalkynyl,
alkynylheterocyclylalkyl, alkynylheterocyclylalkenyl, alkynylheterocyclylalkynyl, alkylaryl, alkenylaryl,
alkynylaryl, alkylheteroaryl, alkenylheteroaryl, alkynylhereroaryl, which one or more methylenes can be
interrupted or terminated by O, S, S(0), SO, N(R8), C(O), substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, substituted or unsubstituted heterocyclic; where R8 is hydrogen, acyl, aliphatic or
substituted aliphatic. In certain embodiments, the linker is between about 1-24 atoms, 2-24, 3-24, 4-24, 5-
24, 6-24, 6-18, 7-18, 8-18 atoms, 7-17, 8-17, 6-16, 7-16, or 8-16 atoms.

A cleavable linking group is one which is sufficiently stable outside the cell, but which upon entry

into a target cell is cleaved to release the two parts the linker is holding together. In a preferred embodiment,
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the cleavable linking group is cleaved at least about 10 times, 20, times, 30 times, 40 times, 50 times, 60
times, 70 times, 80 times, 90 times or more, or at least about 100 times faster in a target cell or under a first
reference condition (which can, e.g., be selected to mimic or represent intracellular conditions) than in the
blood of a subject, or under a second reference condition (which can, e.g., be selected to mimic or represent
conditions found in the blood or serum).

Cleavable linking groups are susceptible to cleavage agents, e.g., pH, redox potential or the presence
of degradative molecules. Generally, cleavage agents are more prevalent or found at higher levels or
activities inside cells than in serum or blood. Examples of such degradative agents include: redox agents
which are selected for particular substrates or which have no substrate specificity, including, e.g., oxidative
or reductive enzymes or reductive agents such as mercaptans, present in cells, that can degrade a redox
cleavable linking group by reduction; esterases; endosomes or agents that can create an acidic environment,
e.g., those that result in a pH of five or lower; enzymes that can hydrolyze or degrade an acid cleavable
linking group by acting as a general acid, peptidases (which can be substrate specific), and phosphatases.

A cleavable linkage group, such as a disulfide bond can be susceptible to pH. The pH of human
serum is 7.4, while the average intracellular pH is slightly lower, ranging from about 7.1-7.3. Endosomes
have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even more acidic pH at around 5.0.
Some linkers have a cleavable linking group that is cleaved at a preferred pH, thereby releasing a cationic
lipid from the ligand inside the cell, or into the desired compartment of the cell.

A linker can include a cleavable linking group that is cleavable by a particular enzyme. The type of
cleavable linking group incorporated into a linker can depend on the cell to be targeted. For example, a liver-
targeting ligand can be linked to a cationic lipid through a linker that includes an ester group. Liver cells are
rich in esterases, and therefore the linker is cleaved more efficiently in liver cells than in cell types that are
not esterase-rich. Other cell-types rich in esterases include cells of the lung, renal cortex, and testis.

Linkers that contain peptide bonds can be used when targeting cell types rich in peptidases, such as
liver cells and synoviocytes.

In general, the suitability of a candidate cleavable linking group can be evaluated by testing the
ability of a degradative agent (or condition) to cleave the candidate linking group. It is also desirable to also
test the candidate cleavable linking group for the ability to resist cleavage in the blood or when in contact
with other non-target tissue. Thus, one can determine the relative susceptibility to cleavage between a first
and a second condition, where the first is selected to be indicative of cleavage in a target cell and the second
is selected to be indicative of cleavage in other tissues or biological fluids, e.g.. blood or serum. The
evaluations can be carried out in cell free systems, in cells, in cell culture, in organ or tissue culture, or in
whole animals. It can be useful to make initial evaluations in cell-free or culture conditions and to confirm
by further evaluations in whole animals. In preferred embodiments, useful candidate compounds are cleaved
at least about 2, 4, 10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro
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conditions selected to mimic intracellular conditions) as compared to blood or serum (or under in vitro
conditions selected to mimic extracellular conditions).

i Redox cleavable linking groups

In certain embodiments, a cleavable linking group is a redox cleavable linking group that is cleaved
upon reduction or oxidation. An example of reductively cleavable linking group is a disulphide linking group
(-S-S-). To determine if a candidate cleavable linking group is a suitable “reductively cleavable linking
group,” or for example is suitable for use with a particular iIRNA moiety and particular targeting agent one
can look to methods described herein. For example, a candidate can be evaluated by incubation with
dithiothreitol (DTT), or other reducing agent using reagents know in the art, which mimic the rate of cleavage
which would be observed in a cell, e.g., a target cell. The candidates can also be evaluated under conditions
which are selected to mimic blood or serum conditions. In one, candidate compounds are cleaved by at most
about 10% in the blood. In other embodiments, useful candidate compounds are degraded at least about 2,
4,10, 20, 30, 40, 50, 60, 70, 80, 90, or about 100 times faster in the cell (or under in vitro conditions selected
to mimic intracellular conditions) as compared to blood (or under in vitro conditions selected to mimic
extracellular conditions). The rate of cleavage of candidate compounds can be determined using standard
enzyme kinetics assays under conditions chosen to mimic mtracellular media and compared to conditions
chosen to mimic extracellular media.

i, Phosphate-based cleavable linking groups

In certain embodiments, a cleavable linker comprises a phosphate-based cleavable linking group. A
phosphate-based cleavable linking group is cleaved by agents that degrade or hydrolyze the phosphate group.
An example of an agent that cleaves phosphate groups in cells are enzymes such as phosphatases in cells.
Examples of phosphate-based linking groups are -O-P(0)(ORk)-0-, -O-P(S)(ORk)-O-, -O-P(S)(SRk)-O-, -
S-P(0)(ORk)-0O-, -O-P(0)(ORKk)-S-, -S-P(0)(ORk)-S-, -O-P(S)(ORk)-S-, -S-P(S)(ORk)-0-, -O-P(O)(Rk)-
0-, -0-P(S)(Rk)-0-, -S-P(O)Rk)-0-, -S-P(S)(Rk)-O-, -S-P(O)(Rk)-S-, -O-P(S)(Rk)-S-. Exemplary
embodiments are -O-P(0)(OH)-O-, -O-P(S)(OH)-O-, -O-P(S)(SH)-O-, -S-P(0)(OH)-O-, -O-P(0)(OH)-S-,
-S-P(0)(OH)-S-, -0-P(S)(OH)-S-, -S-P(S)(OH)-O-, -O-P(O)(H)-O-, -O-P(S)(H)-0-, -S-P(0)(H)-O, -S-
P(S)(H)-0O-, -S-P(0)(H)-S-, -0-P(S)(H)-S-, wherein Rk at each occurrence can be, independently, C1-
C20 alkyl, C1-C20 haloalkyl, C6-C10 aryl, or C7-C12 aralkyl. In certain embodiments a phosphate-
based linking group is -O-P(0)(OH)-O-. These candidates can be evaluated using methods analogous to
those described above.

i, Acid cleavable linking groups

In certain embodiments, a cleavable linker comprises an acid cleavable linking group. An acid
cleavable linking group is a linking group that is cleaved under acidic conditions. In certain embodiments
acid cleavable linking groups are cleaved in an acidic environment with a pH of about 6.5 or lower (e.g.,
about 6.0, 5.75, 5.5, 5.25, 5.0, or lower), or by agents such as enzymes that can act as a general acid. In a

cell, specific low pH organelles, such as endosomes and lysosomes can provide a cleaving environment for
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acid cleavable linking groups. Examples of acid cleavable linking groups include but are not limited to
hydrazones, esters, and esters of amino acids. Acid cleavable groups can have the general formula -C=NN-
, C(0)0, or -0C(0). One exemplary embodiment is when the carbon attached to the oxygen of the ester
(the alkoxy group) is an aryl group, substituted alkyl group, or tertiary alkyl group such as dimethyl pentyl
or t-butyl. These candidates can be evaluated using methods analogous to those described above.

. Ester-based cleavable linking groups

In certain embodiments, a cleavable linker comprises an ester-based cleavable linking group. An
ester-based cleavable linking group is cleaved by enzymes such as esterases and amidases in cells. Examples
of ester-based cleavable linking groups include but are not limited to esters of alkylene, alkenylene and
alkynylene groups. Ester cleavable linking groups have the general formula -C(0)O-, or -OC(0)-. These
candidates can be evaluated using methods analogous to those described above.

v. Peptide-based cleavable linking groups

In yet another embodiment, a cleavable linker comprises a peptide-based cleavable linking group.
A peptide-based cleavable linking group is cleaved by enzymes such as peptidases and proteases in cells.
Peptide-based cleavable linking groups are peptide bonds formed between amino acids to yield oligopeptides
(e.g., dipeptides, tripeptides efc.) and polypeptides. Peptide-based cleavable groups do not include the amide
group (-C(O)NH-). The amide group can be formed between any alkylene, alkenylene or alkynelene. A
peptide bond is a special type of amide bond formed between amino acids to yield peptides and proteins.
The peptide based cleavage group is generally limited to the peptide bond (i.e., the amide bond) formed
between amino acids yielding peptides and proteins and does not include the entire amide functional group.
Peptide-based cleavable linking groups have the general formula —- NHCHR*C(O)NHCHREC(0)- where R*
and R are the R groups of the two adjacent amino acids. These candidates can be evaluated using methods
analogous to those described above.

In some embodiments, an iRNA of the invention is conjugated to a carbohydrate through a linker.
Non-limiting examples of iRNA carbohydrate conjugates with linkers of the compositions and methods of

the invention include, but are not limited to,
OH LOH

Q H H
N N

0. 0
HO N
AcHN w HQ
0] 4
OH OH 5
T o oo !
O. N N Q

HO N

N V\qg TO(\/ MO

OH OH
0 H H
HO O\A/WN\/\/N 0

AcHN 5 (Formula XXXVII),
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! (Formula XXXVIII),
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Ho QO
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0 o}
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(Formula XLIV), when one of X or Y is an oligonucleotide, the other is a hydrogen.
5 In certain embodiments of the compositions and methods of the invention, a ligand is one or more

“GalNAc” (N-acetylgalactosamine) derivatives attached through a bivalent or trivalent branched linker.
In certain embodiments, a dsSRNA of the invention is conjugated to a bivalent or trivalent branched

linker selected from the group of structures shown in any of formula (XLV) — (XLVI):

2A_2A p2A| 2A | 2A 3A N3AR3AL____ 3a3A
PQT R T /LP-Q-R T
q . q
N
2B 2B p2B| 28,28 3B 3B p3Bl 3B 3B
P-Q°°-R 2BTL \t\p QR 3BTL
q q
Formula XLV i Formula XLVI,
_QSA_RsA , oA 5A
PAQHARMA | T4A | 4A L %
4A
5B 5B p 5B 58_| 58
q P°-Q°°R }FT L
pB_Q*BR4B —T4B. 8B SC_SC_p3CL—T5¢ | 5¢
Q q‘B PH-Q R TL
q
10 Formula XLVII, Formula XLVIII,

B, q3A, q3B, q4A, g4B, q3A, #5R and 3" renvagent independently for cach
occurrence 0-20 and wherein the repeating unit can be the same or different; P?A, P28 P34 p3B piA piB p3A
P3B, P, T2, T%8, T%A, T8, T*A, T*B, T**, T°B, T°C are each independently for each occurrence absent, CO,
NH, 0, S, OC(0), NHC(0), CH,, CH,NH or CH,0; Q*, Q8, Q*, Q%8, Q*A, Q*B, Q*A, Q%8, Q*C are

15 independently for each occurrence absent, alkylene, substituted alkylene wherin one or more methylenes can
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be interrupted or terminated by one or more of O, S, S(0), SO2, N(RY), C(R*)=C(R""), C=C or C(0); R*,
R R* R R* R* R* R® R are each independently for each occurrence absent, NH, O, S, CHs,

o)

P

>

0
HO
C(0)0, C(O)NH, NHCH(R?)C(0), -C(0)-CH(R")-NH-, CO, CH=N-O, s . H

5—S S—S
0 kG
, ,J‘V\/ \or heterocyelyl;

L L% L L% L* L L L*® and L° represent the ligand; i.e. each independently for each
occurrence a monosaccharide (such as GalNAc), disaccharide, trisaccharide, tetrasaccharide,
oligosaccharide, or polysaccharide; andR® is H or amino acid side chain. Trivalent conjugating GalNAc
derivatives are particularly useful for use with RNAi agents for inhibiting the expression of a target gene,
such as those of formula (XLIX):

pSA_QSARSA | ——TOALSA

q
pSB.QE.RSE = 156 B
q

psC.QSCRSC ]T T5C,| 5C

q
(Formula XLIX),

wherein L**, L°® and L represent a monosaccharide, such as GalNAc derivative.

Examples of suitable bivalent and trivalent branched linker groups conjugating GalNAc derivatives
mnclude, but are not limited to, the structures recited above as formulas II, VII, XI, X, and XIII.

Representative U.S. Patents that teach the preparation of RNA conjugates include, but are not limited
to, U.S. Patent Nos. 4,828979; 4,948,882, 5218,105; 5,525,465; 5,541,313; 5,545,730, 5,552,538;
5,578,717, 5,580,731; 5,591,584; 5,109,124; 5,118,802; 5,138,045, 5,414,077, 5,486,603; 5,512,439,
5,578,718; 5,608,046, 4,587,044; 4,605,735; 4,667,025, 4,762,779, 4,789,737, 4,824,941; 4,835,263;
4,876,335, 4,904,582, 4,958,013; 5,082,830; 5,112,963, 5,214,136, 5,082,830; 5,112,963; 5,214,136
5,245,022, 5,254,469, 5,258,506, 5,262,536; 5,272,250, 5,292,873; 5,317,098; 5,371,241, 5,391,723;
5,416,203, 5451,463; 5,510,475, 5,512,667, 5,514,785; 5,565,552, 5,567.810; 5,574,142, 5,585,481;
5,587,371, 5,595,726, 5,597,696; 5,599,923, 5,599,928.5,688,941; 6,294,664, 6,320,017, 6,576,752,
6,783,931, 6,900,297, 7,037,646; and 8,106,022, the entire contents of each of which are hereby incorporated
herein by reference.

It is not necessary for all positions in a given compound to be uniformly modified, and in fact more
than one of the aforementioned modifications can be incorporated in a single compound or even at a single
nucleoside within an iRNA. The present invention also includes iIRNA compounds that are chimeric

compounds.
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“Chimeric” IRNA compounds or “chimeras,” in the context of this invention, are iRNA compounds,
preferably dsRNA agents, that contain two or more chemically distinct regions, each made up of at least one
monomer unit, i.e., a nucleotide in the case of a dsSRNA compound. These iRNAs typically contain at least
one region wherein the RNA is modified so as to confer upon the iRNA increased resistance to nuclease
degradation, increased cellular uptake, or increased binding affinity for the target nucleic acid. An additional
region of the iRNA can serve as a substrate for enzymes capable of cleaving RNA:DNA or RNA:RNA
hybrids. By way of example, RNase H is a cellular endonuclease which cleaves the RNA strand of an
RNA:DNA duplex. Activation of RNase H, therefore, results in cleavage of the RNA target, thereby greatly
enhancing the efficiency of iRNA inhibition of gene expression. Consequently, comparable results can often
be obtained with shorter iRNAs when chimeric dsRNAs are used, compared to phosphorothioate deoxy
dsRNAs hybridizing to the same target region. Cleavage of the RNA target can be routinely detected by gel
electrophoresis and, if necessary, associated nucleic acid hybridization techniques known in the art.

In certain instances, the RNA of an iRNA can be modified by a non-ligand group. A number of non-
ligand molecules have been conjugated to iIRNAs in order to enhance the activity, cellular distribution or
cellular uptake of the iRNA, and procedures for performing such conjugations are available in the scientific
literature. Such non-ligand moicties have included lipid moieties, such as cholesterol (Kubo, T. ef al.,
Biochem. Biophys. Res. Comm., 2007, 365(1):54-61; Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989,
86:6553), cholic acid (Manoharan ef al., Bioorg. Med. Chem. Lett., 1994, 4:1053), a thioether, e.g., hexyl-
S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660:306; Manoharan et al., Bioorg. Med. Chem.
Let., 1993, 3:2765), a thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 20:333), an aliphatic chain,
e.g., dodecandiol or undecyl residues (Saison-Behmoaras ef al., EMBO J., 1991, 10:111; Kabanov et al.,
FEBS Lett., 1990, 259:327; Svinarchuk et al., Biochimie, 1993, 75:49), a phospholipid, e.g., di-hexadecyl-
rac-glycerol or tricthylammonium 1,2-di-O-hexadecyl-rac-glycero-3-H-phosphonate (Manoharan et al.,
Tetrahedron Lett., 1995, 36:3651; Shea et al., Nucl Acids Res., 1990, 18:3777), a polyamin¢ or a
polyethylene glycol chain (Manoharan er al., Nucleosides & Nucleotides, 1995, 14:969), or adamantane
acetic acid (Manoharan et al., Tetrahedron Lett., 1995, 36:3651), a palmityl moiety (Mishra et al., Biochim.
Biophys. Acta, 1995, 1264:229), or an octadecylamine or hexylamino-carbonyl-oxycholesterol moiety
(Crooke et al., J. Pharmacol. Exp. Ther., 1996, 277:923). Representative United States patents that teach the
preparation of such RNA conjugates have been listed above. Typical conjugation protocols involve the
synthesis of RNAs bearing an aminolinker at one or more positions of the sequence. The amino group is
then reacted with the molecule being conjugated using appropriate coupling or activating reagents. The
conjugation reaction can be performed either with the RNA still bound to the solid support or following
cleavage of the RNA, in solution phase. Purification of the RNA conjugate by HPLC typically affords the

pure conjugate.

112



10

15

20

25

30

35

WO 2023/278607 PCT/US2022/035561

V. Delivery of an RNAi Agent of the Disclosure

The delivery of an RNAi agent of the disclosure to acell e.g., a cell within a subject, such as a human
subject (e.g., a subject in need thereof, such as a subject having a LRRK?-associated disorder, e.g., LRRK2-
associated disease, can be achieved in a number of different ways. For example, delivery may be performed
by contacting a cell with an RNAi agent of the disclosure either in vitro or in vivo. In vivo delivery may also
be performed directly by administering a composition comprising an RNAi agent, e.g, a dsRNA, to a
subject. Alternatively, in vivo delivery may be performed indirectly by administering one or more vectors
that encode and direct the expression of the RNAi agent. These alternatives are discussed further below.

In general, any method of delivering a nucleic acid molecule (ix vitro or in vivo) can be adapted for
use with an RNAI agent of the disclosure (see e.g., Akhtar S. and Julian RL., (1992) Trends Cell. Biol.
2(5):139-144 and W0O94/02595, which are incorporated herein by reference in their entireties). For in vivo
delivery, factors to consider in order to deliver an RNA1 agent include, for example, biological stability of
the delivered agent, prevention of non-specific effects, and accumulation of the delivered agent in the target
tissue. The non-specific effects of an RNAI agent can be minimized by local administration, for example, by
direct injection or implantation into a tissue or topically administering the preparation. Local administration
to a treatment site maximizes local concentration of the agent, limits the exposure of the agent to systemic
tissues that can otherwise be harmed by the agent or that can degrade the agent, and permits a lower total
dose of the RNAI agent to be administered. Several studies have shown successful knockdown of gene
products when an RNAi agent is administered locally. For example, intraocular delivery of a VEGF dsRNA
by intravitreal injection in cynomolgus monkeys (Tolentino, MJ. et al., (2004) Retina 24:132-138) and
subretinal injections in mice (Reich, SJ. er al. (2003) Mol. Vis. 9:210-216) were both shown to prevent
neovascularization in an experimental model of age-related macular degeneration. In addition, direct
intratumoral injection of a dsRNA in mice reduces tumor volume (Pille, J. et al. (2005) Mol. Ther. 11:267-
274) and can prolong survival of tumor-bearing mice (Kim, WJ. et al., (2006) Mol. Ther. 14:343-350; Li, S.
et al., (2007) Mol. Ther. 15:515-523). RNA interference has also shown success with local delivery to the
CNS by direct injection (Dom, G. et al., (2004) Nucleic Acids 32:¢49; Tan, PH. et al. (2005) Gene Ther.
12:59-66; Makimura, H. et a.l (2002) BMC Neurosci. 3:18; Shishkina, GT., et al. (2004) Neuroscience
129:521-528; Thakker, ER., er al. (2004) Proc. Natl. Acad. Sci. U.S.A. 101:17270-17275, Akaneya,Y ., et al.
(2005) J. Neurophysiol. 93:594-602) and to the lungs by intranasal administration (Howard, KA. e al.,
(2006) Mol. Ther. 14:476-484; Zhang, X. et al., (2004) J. Biol. Chem. 279:10677-10684; Bitko, V. et al.,
(2005) Nat. Med. 11:50-55). For administering an RNAi agent systemically for the treatment of a disease,
the RNA can be modified or altematively delivered using a drug delivery system; both methods act to prevent
the rapid degradation of the dsRNA by endo- and exo-nucleases 77 vivo. Modification of the RNA or the
pharmaceutical carrier can also permit targeting of the RNA1 agent to the target tissue and avoid undesirable
off-target effects (e.g., without wishing to be bound by theory, use of GNAs as described herein has been
identified to destabilize the seed region of a dsRNA, resulting in enhanced preference of such dsRNAs for
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on-target effectiveness, relative to off-target effects, as such off-target effects are significantly weakened by
such seed region destabilization). RNA1 agents can be modified by chemical conjugation to lipophilic groups
such as cholesterol to enhance cellular uptake and prevent degradation. For example, an RNAi agent directed
against ApoB conjugated to a lipophilic cholesterol moiety was injected systemically into mice and resulted
in knockdown of apoB mRNA in both the liver and jejunum (Soutschek, J. ez al., (2004) Nature 432:173-
178). Conjugation of an RNAI agent to an aptamer has been shown to inhibit tumor growth and mediate
tumor regression in a mouse model of prostate cancer (McNamara, JO. et al., (2006) Nat. Biotechnol.
24:1005-1015). In an alternative embodiment, the RNAi agent can be delivered using drug delivery systems
such as a nanoparticle, a dendrimer, a polymer, liposomes, or a cationic delivery system. Positively charged
cationic delivery systems facilitate binding of molecule RNAi agent (negatively charged) and also enhance
interactions at the negatively charged cell membrane to permit efficient uptake of an RNAi agent by the cell.
Cationic lipids, dendrimers, or polymers can either be bound to an RNAI agent, or induced to form a vesicle
or micelle (see e.g., Kim SH. et al., (2008) Journal of Controlled Release 129(2):107-116) that encases an
RNAi agent. The formation of vesicles or micelles further prevents degradation of the RNAi agent when
administered systemically. Methods for making and administering cationic- RNAi agent complexes are well
within the abilities of one skilled in the art (see e.g., Sorensen, DR., ef al. (2003) J. Mol. Biol 327:761-766;
Verma, UN. et al., (2003) Clin. Cancer Res. 9:1291-1300; Amold, AS et al. (2007) J. Hypertens. 25:197-
205, which are incorporated herein by reference in their entirety). Some non-limiting examples of drug
delivery systems useful for systemic delivery of RNAi agents include DOTAP (Sorensen, DR, et al (2003),
supra; Verma, UN. et a/., (2003), supra), Oligofectamine, "solid nucleic acid lipid particles" (Zimmermann,
TS. et al., (2006) Nature 441:111-114), cardiolipin (Chien, PY. et al., (2005) Cancer Gene Ther. 12:321-
328; Pal, A. etal., (2005) Int J. Oncol. 26:1087-1091), polyethyleneimine (Bonnet ME. et al., (2008) Pharm.
Res. Aug 16 Epub ahead of print; Aigner, A. (2006) J. Biomed. Biotechnol. 71659), Arg-Gly-Asp (RGD)
peptides (Liu, S. (2006) Mol. Pharm. 3:472-487), and polyamidoamines (Tomalia, DA. et al., (2007)
Biochem. Soc. Trans. 35:61-67; Yoo, H. et al., (1999) Pharm. Res. 16:1799-1804). In some embodiments,
an RNAI agent forms a complex with cyclodextrin for systemic administration. Methods for admnistration
and pharmaceutical compositions of RNAi agents and cyclodextrins can be found in U.S. Patent No. 7, 427,
603, which is herein incorporated by reference in its entirety.

Certain aspects of the instant disclosure relate to a method of reducing the expression of a LRRK?2
target gene in a cell, comprising contacting said cell with the double-stranded RNA1 agent of the disclosure.
In onc embodiment, the cell is an extraheptic cell, optionally a CNS cell, such as a brain cell. In other
embodiment, the cell is an extraheptic cell, optionally an ocular cell.

Another aspect of the disclosure relates to a method of reducing the expression of a LRRK? target
gene in a subject, comprising administering to the subject the double-stranded RNA1 agent of the disclosure.

Another aspect of the disclosure relates to a method of treating a subject having a CNS disorder

(neurodegenerative disorder), comprising administering to the subject a therapeutically effective amount of
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the double-stranded LRRK2-targeting RNAi agent of the disclosure, thereby treating the subject. Exemplary
CNS disorders that can be treated by the method of the disclosure include LRRK?-associated disease CNS
disorder such as Parkinson’s disease.

Another aspect of the disclosure relates to a method of treating a subject having an ocular system
disorder, comprising administering to the subject a therapeutically effective amount of the double-stranded
LRRK?-targeting RNAi agent of the disclosure, thereby treating the subject. Exemplary ocular disorders that
can be treated by the method of the disclosure include ZRRK2-associated ocular diseases such as edema in
the eyes, lens, and otic vesicles.

Non-limiting Exemplary CNS disorders that can be treated by the method of the disclosure include
CNS disorder such as tauopathy, Alzheimer disease, frontotemporal dementia (FTD), behavioral variant
frontotemporal dementia (bvFTD), nonfluent variant primary progressive aphasia (nfvPPA), primary
progressive aphasia - semantic (PPA-S), primary progressive aphasia - logopenic (PPA-L), frontotemporal
dementia with parkinsonism linked to chromosome 17 (FTDP-17), Pick’s discase (PiD), argyrophilic grain
disease (AGD), multiple system tauopathy with presenile dementia (MSTD), white matter tauopathy with
globular glial inclusions (FTLD with GGIs), FTLD with MAPT mutations, neurofibrillary tangle (NFT)
dementia, FTD with motor neuron discase, amyotrophic lateral sclerosis (ALS), corticobasal syndrome
(CBS), corticobasal degeneration (CBD), progressive supranuclear palsy (PSP), Parkinson’s disease,
postencephalitic Parkinsonism, Niemann-Pick disease, Huntington disease, type 1 myotonic dystrophy, and
Down syndrome (DS), Crohn’s disease.

In one embodiment, the double-stranded RNA1 agent is administered intrathecally. By intrathecal
administration of the double-stranded RNAi agent, the method can reduce the expression of a LRRK2 target
gene in a brain (e.g., striatum) or spine tissue, for instance, cortex, cerebellum, cervical spine, lumbar spine,
and thoracic spine, immune cells such as monocytes and T-cells.

For case of exposition the formulations, compositions and methods in this section are discussed
largely with regard to modified siRNA compounds. It may be understood, however, that these formulations,
compositions and methods can be practiced with other siRNA compounds, e.g., unmodified siRNA
compounds, and such practice is within the disclosure. A composition that includes an RNAi agent can be
delivered to a subject by a variety of routes. Exemplary routes include: intrathecal, intravenous, topical,
rectal, anal, vaginal, nasal, pulmonary, and ocular.

The RNAI agents of the disclosure can be incorporated into pharmaceutical compositions suitable
for administration. Such compositions typically include one or more species of RNAi agent and a
pharmaceutically acceptable carrier. As used herein the language “pharmaceutically acceptable carrier” is
intended to include any and all solvents, dispersion media, coatings, antibacterial and antifungal agents,
isotonic and absorption delaying agents, and the like, compatible with pharmaceutical administration. The
use of such media and agents for pharmaceutically active substances is well known in the art. Except insofar

as any conventional media or agent is incompatible with the active compound, use thereof in the
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compositions is contemplated. Supplementary active compounds can also be incorporated into the
compositions.

The pharmaceutical compositions of the present disclosure may be administered in a number of ways
depending upon whether local or systemic treatment is desired and upon the area to be treated.
Administration may be topical (including ophthalmic, vaginal, rectal, intranasal, transdermal), intrathecal,
oral, or parenteral. Parenteral administration includes intravenous drip, subcutaneous, intraperitoneal or
intramuscular injection, or intrathecal or intraventricular administration.

The route and site of administration may be chosen to enhance targeting. For example, to target
neural or spinal tissue, intrathecal injection would be a logical choice. Lung cells might be targeted by
administering the RN A1 agent in acrosol form. The vascular endothelial cells could be targeted by coating a
balloon catheter with the RNAi agent and mechanically introducing the RNA.

Formulations for topical administration may include transdermal patches, ointments, lotions,
creams, gels, drops, suppositories, sprays, liquids, and powders. Conventional pharmaceutical carriers,
aqueous, powder or oily bases, thickeners and the like may be necessary or desirable. Coated condoms,
gloves and the like may also be useful.

Compositions for oral administration include powders or granules, suspensions or solutions in water,
syrups, elixirs or non-aqueous media, tablets, capsules, lozenges, or troches. In the case of tablets, carriers
that can be used include lactose, sodium citrate and salts of phosphoric acid. Various disintegrants such as
starch, and lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc, are commonly used
in tablets. For oral administration in capsule form, useful diluents are lactose and high molecular weight
polyethylene glycols. When aqueous suspensions are required for oral use, the nucleic acid compositions
can be combined with emulsifying and suspending agents. If desired, certain sweetening or flavoring agents
can be added.

Compositions for intrathecal or intraventricular administration may include sterile aqueous solutions
which may also contain buffers, diluents, and other suitable additives.

Formulations for parenteral administration may include sterile aqueous solutions which may also
contain buffers, diluents, and other suitable additives. Intraventricular injection may be facilitated by an
intraventricular catheter, for example, attached to a reservoir. For intravenous use, the total concentration of
solutes may be controlled to render the preparation isotonic.

In one embodiment, the administration of the siRNA compound, e.g., a double-stranded siRNA
compound, or ssiRNA compound, composition is parenteral, e.g., intravenous (e.g., as a bolus or as a
diffusible infusion), intradermal, intraperitoneal, intramuscular, intrathecal, intraventricular, intracranial,
subcutaneous, transmucosal, buccal, sublingual, endoscopic, rectal, oral, vaginal, topical, pulmonary,
intranasal, urethral, or ocular. Administration can be provided by the subject or by another person, e.g., a
health care provider. The medication can be provided in measured doses or in a dispenser which delivers a

metered dose. Selected modes of delivery are discussed in more detail below.
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A Intrathecal Administration.

In one embodiment, the double-stranded RNA1 agent is delivered by intrathecal imjection (ie.,
injection into the spinal fluid which bathes the brain and spinal cord tissue). Intrathecal injection of RNAi
agents into the spinal fluid can be performed as a bolus injection or via minipumps which can be implanted
beneath the skin, providing a regular and constant delivery of siRNA into the spinal fluid. The circulation of
the spinal fluid from the choroid plexus, where it is produced, down around the spinal chord and dorsal root
ganglia and subsequently up past the cerebellum and over the cortex to the arachnoid granulations, where
the fluid can exit the CNS, that, depending upon size, stability, and solubility of the compounds injected,
molecules delivered intrathecally could hit targets throughout the entire CNS.

In some embodiments, the intrathecal administration is via a pump. The pump may be a surgically
implanted osmotic pump. In one embodiment, the osmotic pump is implanted into the subarachnoid space
of the spinal canal to facilitate intrathecal administration.

In some embodiments, the intrathecal administration is via an intrathecal delivery system for a
pharmaceutical including a reservoir containing a volume of the pharmaceutical agent, and a pump
configured to deliver a portion of the pharmaceutical agent contained in the reservoir. More details about
this intrathecal delivery system may be found in WO 2015/116658, which is incorporated by reference in its
entirety.

The amount of intrathecally injected RNAI agents may vary from one target gene to another target
gene and the appropriate amount that has to be applied may have to be determined individually for each
target gene. Typically, this amount ranges from 10 pg to 2 mg, preferably 50 pg to 1500 pg, more preferably
100 pg to 1000 pg.

B. Vector encoded RNAi agents of the Disclosure

RNAI agents targeting the LRRK?2 gene can be expressed from transcription units inserted into DNA
or RNA vectors (see, e.g., Couture, A, et al., TIG. (1996), 12:5-10; WO 00/22113, WO 00/22114, and US
6,054,299). Expression is preferably sustained (months or longer), depending upon the specific construct
used and the target tissue or cell type. These transgenes can be introduced as a linear construct, a circular
plasmid, or a viral vector, which can be an integrating or non-integrating vector. The transgene can also be
constructed to permit it to be inherited as an extrachromosomal plasmid (Gassmann, et al., (1995) Proc.
Natl. Acad. Sci. USA 92:1292).

The individual strand or strands of an RNAi agent can be transcribed from a promoter on an
expression vector. Where two separate strands are to be expressed to generate, for example, a dSRNA, two
separate expression vectors can be co-introduced (e.g., by transfection or infection) into a target cell.
Altematively, each individual strand of a dsSRNA can be transcribed by promoters both of which are located
on the same expression plasmid. In one embodiment, a dsRNA is expressed as inverted repeat
polynucleotides joined by a linker polynucleotide sequence such that the dsSRNA has a stem and loop

structure.
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RNAI agent expression vectors are generally DNA plasmids or viral vectors. Expression vectors
compatible with eukaryotic cells, preferably those compatible with vertebrate cells, can be used to produce
recombinant constructs for the expression of an RNAi agent as described herein. Delivery of RNAi agent
expressing vectors can be systemic, such as by intravenous or intramuscular administration, by
administration to target cells ex-planted from the patient followed by reintroduction into the patient, or by
any other means that allows for introduction into a desired target cell.

Viral vector systems which can be utilized with the methods and compositions described herein
include, but are not limited to, (a) adenovirus vectors; (b) retrovirus vectors, including but not limited to
lentiviral vectors, moloney murine leukemia virus, efc.; (c) adeno- associated virus vectors; (d) herpes
simplex virus vectors; (¢) SV 40 vectors; (f) polyoma virus vectors; (g) papilloma virus vectors; (h)
picornavirus vectors; (i) pox virus vectors such as an orthopox, e.g., vaccinia virus vectors or avipox, e.g.
canary pox or fowl pox; and (j) a helper-dependent or gutless adenovirus. Replication-defective viruses can
also be advantageous. Different vectors may or may not become incorporated into the cells” genome. The
constructs can include viral sequences for transfection, if desired. Altematively, the construct can be
incorporated into vectors capable of episomal replication, e.g. EPV and EBV vectors. Constructs for the
recombinant expression of an RNAi agent generally require regulatory elements, e.g., promoters, enhancers,
etc., to ensure the expression of the RNAi agent in target cells. Other aspects to consider for vectors and

constructs are known in the art.

VI. Pharmaceutical Compositions of the Invention

The present disclosure also includes pharmaceutical compositions and formulations which include
the RNAi agents of the disclosure. In one embodiment, provided herein are pharmaceutical compositions
containing an RNAi agent, as described herein, and a pharmaceutically acceptable carrier. The
pharmaceutical compositions containing the RNAi agent are useful for treating a disease or disorder
associated with the expression or activity of LRRK2, e.g., LRRK2-associated disease.

In some embodiments, the pharmaceutical compositions of the invention are sterile. In another
embodiment, the pharmaceutical compositions of the invention are pyrogen free.

Such pharmaceutical compositions are formulated based on the mode of delivery. One example is
compositions that are formulated for systemic administration via parenteral delivery, e.g., by intravenous
(IV), intramuscular (IM), or for subcutancous (subQ) delivery. Another example is compositions that are
formulated for direct delivery into the CNS, e.g., by intrathecal or intravitreal routes of injection, optionally
by infusion into the brain (e.g., striatum), such as by continuous pump infusion.

The pharmaceutical compositions of the disclosure may be administered in dosages sufficient to
inhibit expression of a LRRKZ gene. In general, a suitable dose of an RNAi agent of the disclosure is in the
range of about 0.001 to about 200.0 milligrams per kilogram body weight of the recipient per day, generally
in the range of about 1 to 50 mg per kilogram body weight per day.
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A repeat-dose regimen may include administration of a therapeutic amount of an RNAI agent on a
regular basis, such as monthly to once every six months. In certain embodiments, the RNAI1 agent is
administered about once per quarter (i.e., about once every three months) to about twice per year.

After an initial treatment regimen (e.g., loading dose), the treatments can be administered on a less
frequent basis.

In other embodiments, a single dose of the pharmaceutical compositions can be long lasting, such
that subsequent doses are administered at not more than 1, 2, 3, or 4 or more month intervals. In some
embodiments of the disclosure, a single dose of the pharmaceutical compositions of the disclosure is
administered once per month. In other embodiments of the disclosure, a single dose of the pharmaceutical
compositions of the disclosure 1s administered once per quarter to twice per year.

The skilled artisan will appreciate that certain factors can influence the dosage and timing required
to effectively treat a subject, including but not limited to the severity of the disease or disorder, previous
treatments, the general health or age of the subject, and other diseases present. Moreover, treatment of a
subject with a therapeutically effective amount of a composition can include a single treatment or a series of
treatments.

Advances in mouse genetics have generated a number of mouse models for the study of various
human diseases, such as Parkinson’s disease that would benefit from reduction in the expression of LRRK?2.
Such models can be used for in vivo testing of RNAI agents, as well as for determining a therapeutically
effective dose. Suitable rodent models are known in the art and include, for example, those described in, for
example, Cepeda, et al. (ASN Neuro (2010) 2(2):¢00033) and Pouladi, et al. (Nat Reviews (2013) 14:708).

The pharmaceutical compositions of the present disclosure can be administered in a number of ways
depending upon whether local or systemic treatment is desired and upon the area to be treated.
Administration can be topical (e.g., by a transdermal patch), pulmonary, e.g., by inhalation or insufflation of
powders or acrosols, including by nebulizer; intratracheal, intranasal, epidermal and transdermal, oral or
parenteral. Parenteral administration includes intravenous, intraarterial, subcutaneous, intraperitoneal or
intramuscular injection or infusion; subdermal, e.g., via an implanted device; or intracranial, e.g., by
intraparenchymal, intrathecal or intraventricular, administration.

The RNAI agents can be delivered in a manner to target a particular tissue, such as the CNS (e.g.,
neuronal, glial or vascular tissue of the brain).

Pharmaceutical compositions and formulations for topical administration can include transdermal
patches, ointments, lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like can be necessary or desirable.
Coated condoms, gloves and the like can also be useful. Suitable topical formulations include those in which
the RNA1 agents featured in the disclosure are in admixture with a topical delivery agent such as lipids,
liposomes, fatty acids, fatty acid esters, steroids, chelating agents and surfactants. Suitable lipids and

liposomes include neutral (e.g., dioleoylphosphatidyl DOPE ethanolamine, dimyristoylphosphatidyl choline
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DMPC, distearolyphosphatidyl choline) negative (e.g., dimyristoylphosphatidyl glycerol DMPG) and
cationic (e.g., dioleoyltetramethylaminopropyl DOTAP and dioleoylphosphatidyl ethanolamine DOTMA).
RNAi agents featured in the disclosure can be encapsulated within liposomes or can form complexes thereto,
in particular to cationic liposomes. Alternatively, RNAi agents can be complexed to lipids, in particular to
cationic lipids. Suitable fatty acids and esters include but are not limited to arachidonic acid, oleic acid,
eicosanoic acid, lauric acid, caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid,
linolenic acid, dicaprate, tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-
2-one, an acylcarnitine, an acylcholine, or a Ci alkyl ester (e.g., isopropylmyristate IPM), monoglyceride,
diglyceride or pharmaceutically acceptable salt thereof. Topical formulations are described in detail in US
6,747,014, which is incorporated herein by reference.

A.  RNAi Agent Formulations Comprising Membranous Molecular Assemblies

An RNAI1 agent for use in the compositions and methods of the disclosure can be formulated for
delivery in a membranous molecular assembly, e.g., a liposome or a micelle. As used herein, the term
“liposome” refers to a vesicle composed of amphiphilic lipids arranged in at least one bilayer, e.g., one
bilayer or a plurality of bilayers. Liposomes include unilamellar and multilamellar vesicles that have a
membrane formed from a lipophilic material and an aqueous interior. The aqueous portion contains the RNAi
agent composition. The lipophilic material isolates the aqueous interior from an aqueous exterior, which
typically does not include the RNAi agent composition, although in some examples, it may. Liposomes are
useful for the transfer and delivery of active ingredients to the site of action. Because the liposomal
membrane is structurally similar to biological membranes, when liposomes are applied to a tissue, the
liposomal bilayer fuses with bilayer of the cellular membranes. As the merging of the liposome and cell
progresses, the intemal aqueous contents that include the RNAI agent are delivered into the cell where the
RNAI agent can specifically bind to a target RNA and can mediate RNAi. In some embodiments, the
liposomes are also specifically targeted, e.g., to direct the RNAi agent to particular cell types.

A liposome containing an RNA1 agent can be prepared by a variety of methods. In one example, the
lipid component of a liposome is dissolved in a detergent so that micelles are formed with the lipid
component. For example, the lipid component can be an amphipathic cationic lipid or lipid conjugate. The
detergent can have a high critical micelle concentration and may be nonionic. Exemplary detergents include
cholate, CHAPS, octylglucoside, deoxycholate, and lauroyl sarcosine. The RNAi agent preparation is then
added to the micelles that include the lipid component. The cationic groups on the lipid interact with the
RNAI agent and condense around the RNAI agent to form a liposome. After condensation, the detergent is
removed, e.g., by dialysis, to yield a liposomal preparation of RNAi agent.

If necessary a carrier compound that assists in condensation can be added during the condensation
reaction, e.g., by controlled addition. For example, the carrier compound can be a polymer other than a

nucleic acid (e.g., spermine or spermidine). pH can also be adjusted to favor condensation.
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Methods for producing stable polynucleotide delivery wvehicles, which incorporate a
polynucleotide/cationic lipid complex as structural components of the delivery vehicle, are further described
i, e.g, WO 96/37194, the entire contents of which are incorporated herein by reference. Liposome
formation can also include one or more aspects of exemplary methods described in Felgner, P. L. ef al.,
(1987) Proc. Natl. Acad. Sci. USA 8:7413-7417; United States Patent No. 4,897,355; United States Patent
No. 5,171,678; Bangham er al., (1965) M. Mol. Biol. 23:238; Olson et al., (1979) Biochim. Biophys. Acta
557:9; Szoka et al., (1978) Proc. Natl. Acad. Sci. 75: 4194; Mayhew et al., (1984) Biochim. Biophys. Acta
775:169; Kim et al., (1983) Biochim. Biophys. Acta 728:339; and Fukunaga er al., (1984) Endocrinol.
115:757. Commonly used techniques for preparing lipid aggregates of appropriate size for use as delivery
vehicles include sonication and freeze-thaw plus extrusion (see, e.g., Mayer et al., (1986) Biochim. Biophys.
Acta 858:161. Microfluidization can be used when consistently small (50 to 200 nm) and relatively uniform
aggregates are desired (Mayhew et al., (1984) Biochim. Biophys. Acta 775:169. These methods are readily
adapted to packaging RNA1 agent preparations into liposomes.

Liposomes fall into two broad classes. Cationic liposomes are positively charged liposomes which
interact with the negatively charged nucleic acid molecules to form a stable complex. The positively charged
nucleic acid/liposome complex binds to the negatively charged cell surface and is internalized in an
endosome. Due to the acidic pH within the endosome, the liposomes are ruptured, releasing their contents
into the cell cytoplasm (Wang et al. (1987) Biochem. Biophys. Res. Commun., 147:980-985).

Liposomes, which are pH-sensitive or negatively charged, entrap nucleic acids rather than complex
with them. Since both the nucleic acid and the lipid are similarly charged, repulsion rather than complex
formation occurs. Nevertheless, some nucleic acid is entrapped within the aqueous interior of these
liposomes. pH sensitive liposomes have been used to deliver nucleic acids encoding the thymidine kinase
gene to cell monolayers in culture. Expression of the exogenous gene was detected in the target cells (Zhou
et al. (1992) Journal of Controlled Release, 19:269-274).

One major type of liposomal composition includes phospholipids other than naturally-derived
phosphatidylcholine. Neutral liposome compositions, for example, can be formed from dimyrstoyl
phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPC). Anionic liposome compositions
generally are formed from dimyristoyl phosphatidylglycerol, while anionic fusogenic liposomes are formed
primarily from dioleoyl phosphatidylethanolamine (DOPE). Another type of liposomal composition is
formed from phosphatidylcholine (PC) such as, for example, soybean PC, and egg PC. Another type is
formed from mixtures of phospholipid or phosphatidylcholine or cholesterol.

Examples of other methods to introduce liposomes into cells in vitro and in vivo include United
States Patent No. 5,283,185; United States Patent No. 5,171,678; WO 94/00569; WO 93/24640; WO
91/16024; Felgner, (1994) J. Biol. Chem. 269:2550; Nabel, (1993) Proc. Natl. Acad. Sci. 90:11307; Nabel,
(1992) Human Gene Ther. 3:649; Gershon, (1993) Biochem. 32:7143; and Strauss, (1992) EMBO J. 11:417.
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Non-ionic liposomal systems have also been examined to determine their utility in the delivery of
drugs to the skin, in particular systems comprising non-ionic surfactant and cholesterol. Non-ionic liposomal
formulations comprising Novasome™ I (glyceryl dilaurate/cholesterol/polyoxyethylene-10-stearyl ether)
and Novasome™ II (glyceryl distearate/cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver
cyclosporin-A into the dermis of mouse skin. Results indicated that such non-ionic liposomal systems were
effective in facilitating the deposition of cyclosporine A into different layers of the skin (Hu et al., (1994)
S.T.P.Pharma. Sci., 4(6):466).

Liposomes also include “sterically stabilized” liposomes, a term which, as used herein, refers to
liposomes comprising one or more specialized lipids that, when incorporated into liposomes, result in
enhanced circulation lifetimes relative to liposomes lacking such specialized lipids. Examples of sterically
stabilized liposomes are those in which part of the vesicle-forming lipid portion of the liposome (A)
comprises one or more glycolipids, such as monosialoganglioside Gwi, or (B) is derivatized with one or more
hydrophilic polymers, such as a polyethylene glycol (PEG) moiety. While not wishing to be bound by any
particular theory, it is thought in the art that, at least for sterically stabilized liposomes containing
gangliosides, sphingomyelin, or PEG-derivatized lipids, the enhanced circulation half-life of these sterically
stabilized liposomes derives from a reduced uptake into cells of the reticuloendothelial system (RES) (Allen
etal., (1987) FEBS Letters, 223:42; Wu et al., (1993) Cancer Research, 53:3765).

Various liposomes comprising one or more glycolipids are known in the art. Papahadjopoulos et a/.
(Ann. N.Y. Acad. Sci., (1987), 507:64) reported the ability of monosialoganglioside G, galactocerebroside
sulfate and phosphatidylinositol to improve blood half-lives of liposomes. These findings were expounded
upon by Gabizon et al. (Proc. Natl. Acad. Sci. U.S.A., (1988), 85:6949). United States Patent No. 4,837,028
and WO 88/04924, both to Allen et al., disclose liposomes comprising (1) sphingomyelin and (2) the
ganglioside Gvi or a galactocerebroside sulfate ester. United States Patent No. 5,543,152 (Webb ez al.)
discloses liposomes comprising sphingomyelin. Liposomes comprising 1,2-sn-
dimyristoylphosphatidylcholine are disclosed in WO 97/13499 (Lim et al).

In one embodiment, cationic liposomes are used. Cationic liposomes possess the advantage of being
able to fuse to the cell membrane. Non-cationic liposomes, although not able to fuse as efficiently with the
plasma membrane, are taken up by macrophages in vivo and can be used to deliver RNAI agents to
macrophages.

Further advantages of liposomes include: liposomes obtained from natural phospholipids are
biocompatible and biodegradable; liposomes can incorporate a wide range of water and lipid soluble drugs;
liposomes can protect encapsulated RNAi agents in their internal compartments from metabolism and
degradation (Rosoff, in "Pharmaceutical Dosage Forms," Lieberman, Rieger and Banker (Eds.), 1988,
volume 1, p. 245). Important considerations in the preparation of liposome formulations are the lipid surface

charge, vesicle size and the aqueous volume of the liposomes.
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A positively charged synthetic cationic  lipid, N-[1-(2,3-dioleyloxy)propyl]-N,N,N-
trimethylammonium chloride (DOTMA) can be used to form small liposomes that interact spontancously
with nucleic acid to form lipid-nucleic acid complexes which are capable of fusing with the negatively
charged lipids of the cell membranes of tissue culture cells, resulting in delivery of RNAi agent (see, e.g.,
Felgner, P. L. eral., (1987) Proc. Natl. Acad. Sci. USA 8:7413-7417, and United States Patent No.4,897,355
for a description of DOTMA and its use with DNA).

A DOTMA analogue, 1,2-bis(oleoyloxy)-3-(trimethylammonia)propane (DOTAP) can be used in
combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™ Bethesda Research
Laboratories, Gaithersburg, Md.) is an effective agent for the delivery of highly anionic nucleic acids into
living tissue culture cells that comprise positively charged DOTMA liposomes which interact spontancously
with negatively charged polynucleotides to form complexes. When enough positively charged liposomes are
used, the net charge on the resulting complexes is also positive. Positively charged complexes prepared in
this way spontancously attach to negatively charged cell surfaces, fuse with the plasma membrane, and
efficiently deliver functional nucleic acids into, for example, tissue culture cells. Another commercially
available cationic lipid, 1,2-bis(oleoyloxy)-3,3-(trimethylammonia)propane (“DOTAP”) (Bochringer
Mannheim, Indianapolis, Indiana) differs from DOTMA in that the oleoyl moieties are linked by ester, rather
than ether linkages.

Other reported cationic lipid compounds include those that have been conjugated to a variety of
moicties including, for example, carboxyspermine which has been conjugated to one of two types of lipids
and includes compounds such as 5-carboxyspermylglycine dioctaoleoylamide (“DOGS”) (Transfectam™,
Promega, Madison, Wisconsin) and dipalmitoylphosphatidylethanolamine S-carboxyspermyl-amide
(“DPPES”) (see, e.g., United States Patent No. 5,171,678).

Another cationic lipid conjugate includes derivatization of the lipid with cholesterol (“DC-Chol”)
which has been formulated into liposomes in combination with DOPE (See, Gao, X. and Huang, L., (1991)
Biochim. Biophys. Res. Commun. 179:280). Lipopolylysine, made by conjugating polylysine to DOPE, has
been reported to be effective for transfection in the presence of serum (Zhou, X. er al., (1991) Biochim.
Biophys. Acta 1065:8). For certain cell lines, these liposomes containing conjugated cationic lipids, are said
to exhibit lower toxicity and provide more efficient transfection than the DOTMA -containing compositions.
Other commercially available cationic lipid products include DMRIE and DMRIE-HP (Vical, La Jolla,
California) and Lipofectamine (DOSPA) (Life Technology, Inc., Gaithersburg, Maryland). Other cationic
lipids suitable for the delivery of oligonucleotides are described in WO 98/39359 and WO 96/37194.

Liposomal formulations are particularly suited for topical administration with liposomes presenting
several advantages over other formulations. Such advantages include reduced side effects related to high
systemic absorption of the administered drug, increased accumulation of the administered drug at the desired
target, and the ability to administer RNA1 agent into the skin. In some implementations, liposomes are used

for delivering RNA1 agent to epidermal cells and also to enhance the penetration of RNA1 agent into dermal
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tissues, e.g., into skin. For example, the liposomes can be applied topically. Topical delivery of drugs
formulated as liposomes to the skin has been documented (see, e.g., Weiner et al., (1992) Journal of Drug
Targeting, vol. 2,405-410 and du Plessis et al., (1992) Antiviral Research, 18:259-265; Mannino, R. J. and
Fould-Fogerite, S., (1998) Biotechniques 6:682-690; Itani, T. et al., (1987) Gene 56:267-276; Nicolau, C. et
al. (1987) Meth. Enzymol. 149:157-176; Straubinger, R. M. and Papahadjopoulos, D. (1983) Meth. Enzymol.
101:512-527; Wang, C. Y. and Huang, L., (1987) Proc. Natl. Acad. Sci. USA 84:7851-7855).

Non-ionic¢ liposomal systems have also been examined to determine their utility in the delivery of
drugs to the skin, in particular systems comprising non-ionic surfactant and cholesterol. Non-ionic liposomal
formulations comprising Novasome I (glyceryl dilaurate/cholesterol/polyoxyethylene-10-stearyl ether) and
Novasome II (glyceryl distearate/ cholesterol/polyoxyethylene-10-stearyl ether) were used to deliver a drug
into the dermis of mouse skin. Such formulations with RNA1 agent are useful for treating a dermatological
disorder.

Liposomes that include RNAi agents can be made highly deformable. Such deformability can enable
the liposomes to penetrate through pore that are smaller than the average radius of the liposome. For example,
transfersomes are a type of deformable liposomes. Transferosomes can be made by adding surface edge
activators, usually surfactants, to a standard liposomal composition. Transfersomes that include RNAi agent
can be delivered, for example, subcutaneously by infection in order to deliver RNAI agent to keratinocytes
in the skin. In order to cross intact mammalian skin, lipid vesicles must pass through a series of fine pores,
each with a diameter less than 50 nm, under the influence of a suitable transdermal gradient. In addition, due
to the lipid properties, these transferosomes can be self-optimizing (adaptive to the shape of pores, e.g., in
the skin), self-repairing, and can frequently reach their targets without fragmenting, and often self-loading.

Other formulations amenable to the present disclosure are described in United States provisional
application serial Nos. 61/018,616, filed January 2, 2008; 61/018,611, filed January 2, 2008; 61/039,748,
filed March 26, 2008; 61/047,087, filed April 22, 2008 and 61/051,528, filed May 8, 2008. PCT application
number PCT/US2007/080331, filed October 3, 2007, also describes formulations that are amenable to the
present disclosure.

Transfersomes, yet another type of liposomes, are highly deformable lipid aggregates which are
attractive candidates for drug delivery vehicles. Transfersomes can be described as lipid droplets which are
so highly deformable that they are easily able to penetrate through pores which are smaller than the droplet.
Transfersomes are adaptable to the environment in which they are used, e.g., they are self-optimizing
(adaptive to the shape of pores in the skin), self-repairing, frequently reach their targets without fragmenting,
and often self-loading. To make transfersomes it is possible to add surface edge-activators, usually
surfactants, to a standard liposomal composition. Transfersomes have been used to deliver serum albumin
to the skin. The transfersome-mediated delivery of serum albumin has been shown to be as effective as

subcutaneous injection of a solution containing serum albumin.
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Surfactants find wide application in formulations such as those described herein, particularlay in
emulsions (including microemulsions) and liposomes. The most common way of classifying and ranking the
properties of the many different types of surfactants, both natural and synthetic, is by the use of the
hydrophile/lipophile balance (HLB). The nature of the hydrophilic group (also known as the "head")
provides the most useful means for categorizing the different surfactants used in formulations (Rieger, in
Phammaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y ., 1988, p. 285).

If the surfactant molecule is not ionized, it is classified as a nonionic surfactant. Nonionic surfactants
find wide application in pharmaceutical and cosmetic products and are usable over a wide range of pH values.
In general, their HLB values range from 2 to about 18 depending on their structure. Nonionic surfactants
include nonionic esters such as ethylene glycol esters, propylene glycol esters, glycervl esters, polyglyceryl
esters, sorbitan esters, sucrose esters, and ethoxylated esters. Nonionic alkanolamides and ethers such as
fatty alcohol ethoxylates, propoxylated alcohols, and ethoxvlated/propoxylated block polymers are also
included in this class. The polyoxyethylene surfactants are the most popular members of the nonionic
surfactant class.

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in water, the
surfactant is classified as anionic. Anionic surfactants include carboxylates such as soaps, acyl lactylates,
acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates and ethoxylated alkyl sulfates,
sulfonates such as alkyl benzene sulfonates, acyl iscthionates, acyl taurates and sulfosuccinates, and
phosphates. The most important members of the anionic surfactant class are the alkyl sulfates and the soaps.

If the surfactant molecule carries a positive charge when it is dissolved or dispersed in water, the
surfactant is classified as cationic. Cationic surfactants include quaternary ammonium salts and ethoxylated
amines. The quaternary ammonium salts are the most used members of this class.

If the surfactant molecule has the ability to carry either a positive or negative charge, the surfactant
is classified as amphoteric. Amphoteric surfactants include acrylic acid derivatives, substituted alkylamides,
N-alkylbetaines and phosphatides.

The use of surfactants in drug products, formulations and in emulsions has been reviewed (Rieger, in
Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, N.Y ., 1988, p. 285).

The RNAIi agent for use in the methods of the disclosure can also be provided as micellar
formulations. “Micelles” are defined herein as a particular type of molecular assembly in which
amphipathic molecules are arranged in a spherical structure such that all the hydrophobic portions of the
molecules are directed inward, leaving the hydrophilic portions in contact with the surrounding aqueous
phase. The converse arrangement exists if the environment is hydrophobic.

A mixed micellar formulation suitable for delivery through transdermal membranes may be prepared
by mixing an aqueous solution of the siRNA composition, an alkali metal Cs to Cy, alkyl sulphate, and a
micelle forming compounds. Exemplary micelle forming compounds include lecithin, hyaluronic acid,

pharmaceutically acceptable salts of hyaluronic acid, glycolic acid, lactic acid, chamomile extract,
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cucumber extract, oleic acid, linoleic acid, linolenic acid, monoolein, monooleates, monolaurates, borage
oil, evening of primrose oil, menthol, trihydroxy oxo cholanyl glycine and pharmaceutically acceptable
salts thereof, glycerin, polyglycerin, lysine, polylysine, triolein, polyoxyethvlene ethers and analogues
thereof, polidocanol alkyl ethers and analogues thereof, chenodeoxycholate, deoxycholate, and mixtures
thereof. The micelle forming compounds may be added at the same time or after addition of the alkali metal
alkyl sulphate. Mixed micelles will form with substantially any kind of mixing of the ingredients but
vigorous mixing in order to provide smaller size micelles.

In one method a first micellar composition is prepared which contains the siRNA composition and
at least the alkali metal alkyl sulphate. The first micellar composition is then mixed with at least three
micelle forming compounds to form a mixed micellar composition. In another method, the micellar
composition is prepared by mixing the siRNA composition, the alkali metal alkyl sulphate and at least one
of the micelle forming compounds, followed by addition of the remaining micelle forming compounds,
with vigorous mixing.

Phenol or m-cresol may be added to the mixed micellar composition to stabilize the formulation and
protect against bacterial growth. Alternatively, phenol or m-cresol may be added with the micelle forming
ingredients. An isotonic agent such as glycerin may also be added after formation of the mixed micellar
composition.

For delivery of the micellar formulation as a spray, the formulation can be put into an aerosol
dispenser and the dispenser is charged with a propellant. The propellant, which is under pressure, is in liquid
form 1in the dispenser. The ratios of the ingredients are adjusted so that the aqueous and propellant phases
become one, i.e., there is one phase. If there are two phases, it is necessary to shake the dispenser prior to
dispensing a portion of the contents, e.g., through a metered valve. The dispensed dose of pharmaceutical
agent is propelled from the metered valve 1n a fine spray.

Propellants may include hydrogen-containing chlorofluorocarbons, hydrogen-containing
fluorocarbons, dimethyl ether and diethyl ether. In certain embodiments, HFA 134a (1,1,1,2
tetrafluorocthane) may be used.

The specific concentrations of the essential ingredients can be determined by relatively
straightforward experimentation. For absorption through the oral cavities, it is often desirable to increase,
e.g., at least double or triple, the dosage for through injection or administration through the gastrointestinal
tract.

B. Lipid particles

RNAI agents, e.g., dsRNAs of in the disclosure may be fully encapsulated in a lipid formulation,

e.g., aLNP, or other nucleic acid-lipid particle.
As used herein, the term "LNP" refers to a stable nucleic acid-lipid particle. LNPs typically contain
a cationic lipid, a non-cationic lipid, and a lipid that prevents aggregation of the particle (e.g., a PEG-lipid

conjugate). LNPs are extremely useful for systemic applications, as they exhibit extended circulation
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lifetimes following intravenous (i.v.) injection and accumulate at distal sites (e.g., sites physically separated
from the administration site). LNPs include "pSPLP," which inchede an encapsulated condensing agent-
nucleic acid complex as set forth in WO 00/03683. The particles of the present disclosure typically have a
mean diameter of about 50 nm to about 150 nm, more typically about 60 nm to about 130 nm, more typically
about 70 nm to about 110 nm, most typically about 70 nm to about 90 nm, and are substantially nontoxic. In
addition, the nucleic acids when present in the nucleic acid- lipid particles of the present disclosure are
resistant in aqueous solution to degradation with a nuclease. Nucleic acid-lipid particles and their method of
preparation are disclosed in, e.g., U.S. Patent Nos. 5,976,567, 5,981,501; 6,534,484; 6,586,410, 6,815,432,
United States Patent Publication No. 2010/0324120 and WO 96/40964.

In one embodiment, the lipid to drug ratio (mass/mass ratio) (e.g., lipid to dsRNA ratio) will be in
the range of from about 1:1 to about 50:1, from about 1:1 to about 25:1, from about 3:1 to about 15:1, from
about 4:1 to about 10:1, from about 5:1 to about 9:1, or about 6:1 to about 9:1. Ranges intermediate to the
above recited ranges are also contemplated to be part of the disclosure.

Certain specific LNP formulations for delivery of RNAi agents have been described in the art,
including, e.g., “LNPO1” formulations as described in, e.g., WO 2008/042973, which is hereby incorporated
by reference.

Additional exemplary lipid-dsRNA formulations are identified in the Table 1 below.

Table 1. Additional Exemplary Lipid-dsRNA Formulations

cationic lipid/non-cationic
Tonizable/Cationic Lipid lipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio
DLinDMA/DPPC/Cholesterol/PEG-
1,2-Dilinolenyloxy-N,N- cDMA
SNALP-1 A } .
dimethylaminopropane (DLinDMA) (57.1/7.1/34.4/1.4)
lipid:siRNA ~ 7:1
N . ‘ XTC/DPPC/Cholesterol/PEG-cDMA
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
2-XTC . 57.1/7.1/34.4/1.4
dioxolane (XTC) o
lipid:siRNA ~ 7:1
- ) ‘ XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[ 1,3]-
LNPO3 , 575/75/315/3.5
dioxolane (XTC) .
lipid:siRNA ~ 6:1
N ) ‘ XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNP06 , 575/75/31.5/3.5
dioxolane (XTC) o
lipid:siRNA ~ 11:1
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Tonizable/Cationic Lipid

cationic lipid/non-cationic
lipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio

2,2-Dilinoleyl-4-dimethylaminoethyl-[ 1,3]-

XTC/DSPC/Cholesterol/PEG-DMG

LNPO7 ' 60/7.5/31/1.3,
dioxolane (XTC) L
lipid:siRNA ~ 6:1
N _ . XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNPO8 ' 60/7.5/31/1.5,
dioxolane (XTC) L
lipid:siRNA ~ 11:1
N ' 4 XTC/DSPC/Cholesterol/PEG-DMG
2,2-Dilinoleyl-4-dimethylaminoethyl-[1,3]-
LNP09 _ 50/10/38.5/1.5
dioxolane (XTC) o
Lipid:siRNA 10:1
(3aR,3s,6a8)-N,N-dimethyl-2,2-
, ALN100/DSPC/Cholesterol/PEG-
di((9Z,12Z)-octadeca-9,12-
DMG
LNP10 dienyl)tetrahydro-3aH-
‘ ‘ 50/10/38.5/1.5
cyclopentald][1,3]dioxol-5-amine S
Lipid:siRNA 10:1
(ALN100)
(6Z,97.287,31Z)-heptatriaconta-6,9,28,31- | MC-3/DSPC/Cholesterol/PEG-DMG
LNP11 tetracn-19-y1 4-(dimethylamino)butanoate | 50/10/38.5/1.5
(MC3) Lipid:siRNA 10:1
L 1'-(2-(4-(2-((2-(bis(2-
' Tech G1/DSPC/Cholesterol/PEG-
hydroxydodecyl)amino)ethyl)(2- DMG
LNPI2 hydroxydodecyl)amino)ethyl)piperazin-1-
YO y.) ) JethyDpip 50/10/38.5/1.5
yl)ethylazanediyl)didodecan-2-ol (Tech S
Lipid:siRNA 10:1
Gl
XTC/DSPC/Chol/PEG-DMG
LNP13 XTC 50/10/38.5/1.5
Lipid:siRNA: 33:1
MC3/DSPC/Chol/PEG-DMG
LNP14 MC3 40/15/40/5
Lipid:siRNA: 11:1
MC3/DSPC/Chol/PEG-DSG/GalNAc-
PEG-DSG
LNPI135 MC3
50/10/35/4.5/0.5

Lipid:siRNA: 11:1

128




10

WO 2023/278607 PCT/US2022/035561

cationic lipid/non-cationic
Tonizable/Cationic Lipid lipid/cholesterol/PEG-lipid conjugate
Lipid:siRNA ratio
MC3/DSPC/Chol/PEG-DMG
LNP16 MC3 50/10/38.5/1.5

Lipid:siRNA: 7:1
MC3/DSPC/Chol/PEG-DSG
LNP17 MC3 50/10/38.5/1.5

Lipid:siRNA: 10:1
MC3/DSPC/Chol/PEG-DMG
LNP18 MC3 50/10/38.5/1.5

Lipid:siRNA: 12:1
MC3/DSPC/Chol/PEG-DMG
LNPI19 MC3 50/10/35/5

Lipid:siRNA: 8:1
MC3/DSPC/Chol/PEG-DPG
LNP20 MC3 50/10/38.5/1.5

Lipid:siRNA: 10:1
C12-200/DSPC/Chol/PEG-DSG

LNP21 C12-200 50/10/38.5/1.5
Lipid:siRNA: 7:1
XTC/DSPC/Chol/PEG-DSG
LNP22 XTC 50/10/38.5/1.5

Lipid:siRNA: 10:1

DSPC: distearoylphosphatidylcholine; DPPC: dipalmitoylphosphatidylcholine; PEG-DMG: PEG-
didimyristoyl glycerol (C14-PEG, or PEG-C14) (PEG with avg mol wt of 2000); PEG-DSG: PEG-distyryl
glycerol (C18-PEG, or PEG-C18) (PEG with avg mol wt of 2000); PEG-cDMA: PEG-carbamoyl-1,2-
dimyristyloxypropylamine (PEG with avg mol wt of 2000) and SNALP (1,2-Dilinolenyloxy-N,N-
dimethylaminopropane (DLinDMA)) comprising formulations are described in WO 2009/127060, which is
hereby incorporated by reference.

XTC comprising formulations are described in WO 2010/088537, the entire contents of which are
hereby incorporated herein by reference.
MC3 comprising formulations are described, e.g., in United States Patent Publication No. 2010/0324120,

the entire contents of which are hereby incorporated by reference.
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ALNY-100 comprising formulations are described in WO 2010/054406, the entire contents of which
are hereby incorporated herein by reference.

C12-200 comprising formulations are described in WO 2010/129709, the entire contents of which
are hereby incorporated herein by reference.

Compositions and formulations for oral administration include powders or granules,
microparticulates, nanoparticulates, suspensions or solutions in water or non-aqueous media, capsules, gel
capsules, sachets, tablets or minitablets. Thickeners, flavoring agents, diluents, emulsifiers, dispersing aids
or binders can be desirable. In some embodiments, oral formulations are those in which dsRNAs featured in
the disclosure are administered in conjunction with one or more penetration enhancer surfactants and
chelators. Suitable surfactants include fatty acids or esters or salts thereof, bile acids or salts thereof. Suitable
bile acids/salts include chenodeoxycholic acid (CDCA) and ursodeoxychenodeoxycholic acid (UDCA),
cholic acid, dehydrocholic acid, deoxycholic acid, glucholic acid, glycholic acid, glycodeoxycholic acid,
taurocholic acid, taurodeoxycholic acid, sodium tauro-24,25-dihydro-fusidate and sodium
glycodihydrofusidate. Suitable fatty acids include arachidonic acid, undecanoic acid, oleic acid, lauric acid,
caprylic acid, capric acid, myristic acid, palmitic acid, stearic acid, linoleic acid, linolenic acid, dicaprate,
tricaprate, monoolein, dilaurin, glyceryl 1-monocaprate, 1-dodecylazacycloheptan-2-one, an acylcarnitine,
an acylcholine, or a monoglyceride, a diglyceride or a pharmaceutically acceptable salt thereof (e.g.,
sodium). In some embodiments, combinations of penctration enhancers are used, for example, fatty
acids/salts in combination with bile acids/salts. One exemplary combination is the sodium salt of lauric acid,
capric acid and UDCA. Further penetration enhancers include polyoxyethylene-9-lauryl ether,
polyoxyethylene-20-cetyl ether. DsSRNAs featured in the disclosure can be delivered orally, in granular form
including sprayed dried particles, or complexed to form micro or nanoparticles. DsRNA complexing agents
include  poly-amino  acids; polyimines; polyacrylates; polyalkylacrylates,  polyoxethanes,
polyalkylcyanoacrylates; cationized gelatins, albumins, starches, acrylates, polyethyleneglycols (PEG) and
starches; polyalkylcyanoacrylates; DEAE-derivatized polyimines, pollulans, celluloses and starches.
Suitable complexing agents include chitosan, N-trimethylchitosan, poly-L-lysine, polyhistidine,
polyomithine, polyspermines, protamine, polyvinylpyridine, polythiodiethylaminomethylethylene
P(TDAE), polyaminostyrene (e.g, p-amino), poly(methylcyanoacrylate), poly(ethylcyanoacrylate),
poly(butylcyanoacrylate), poly(isobutylcyanoacrylate), poly(isohexylcynaoacrylate), DEAE-methacrylate,
DEAE-hexylacrylate, DEAE-acrylamide, DEAE-albumin and DEAE-dextran, polymethylacrylate,
polyhexylacrylate, poly(D.L-lactic acid), poly(DL-lactic-co-glycolic acid (PLGA), alginate, and
polyethyleneglycol (PEG). Oral formulations for dsSRNAs and their preparation are described in detail in
U.S. Patent 6,887,906, U.S. 2003/0027780, and U.S. Patent No. 6,747,014, each of which is incorporated
herein by reference.

Compositions and formulations for parenteral, intraparenchvmal (into the brain), intrathecal,

intraventricular or intrahepatic administration can include sterile aqueous solutions which can also contain
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buffers, diluents and other suitable additives such as, but not limited to, penetration enhancers, carrier
compounds and other pharmaceutically acceptable carriers or excipients.

Pharmaceutical compositions of the present disclosure include, but are not limited to, solutions,
emulsions, and liposome-containing formulations. These compositions can be generated from a variety of
components that include, but are not limited to, preformed liquids, self-emulsifving solids and self-
emulsifying semisolids. Particularly preferred are formulations that target the brain when treating LRRK2-
associated diseases or disorders.

The pharmaceutical formulations of the present disclosure, which can conveniently be presented in
unit dosage form, can be prepared according to conventional techniques well known in the pharmaceutical
industry. Such techniques include the step of bringing into association the active ingredients with the
pharmaceutical carrier(s) or excipient(s). In general, the formulations are prepared by uniformly and
intimately bringing into association the active ingredients with liquid carriers or finely divided solid carriers
or both, and then, if necessary, shaping the product.

The compositions of the present disclosure can be formulated into any of many possible dosage
forms such as, but not limited to, tablets, capsules, gel capsules, liquid syrups, soft gels, suppositories, and
encmas. The compositions of the present disclosure can also be formulated as suspensions in aqueous, non-
aqueous or mixed media. Aqueous suspensions can further contain substances which increase the viscosity
of the suspension including, for example, sodium carboxymethylcellulose, sorbitol or dextran. The
suspension can also contain stabilizers.

C. Additional Formulations

i Emulsions

The compositions of the present disclosure can be prepared and formulated as emulsions. Emulsions
are typically heterogeneous systems of one liquid dispersed in another in the form of droplets usually
exceeding 0. Ium in diameter (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV, Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY;
Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y ., volume 1, p. 199; Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., Volume 1, p. 245; Block in Pharmaceutical Dosage
Forms, Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 2, p.
335; Higuchi er al., in Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p.
301). Emulsions are often biphasic systems comprising two immiscible liquid phases intimately mixed and
dispersed with each other. In general, emulsions can be of either the water-in-oil (w/0) or the oil-in-water
(o/w) variety. When an aqueous phase is finely divided into and dispersed as minute droplets into a bulk oily
phase, the resulting composition is called a water-in-oil (w/0) emulsion. Alternatively, when an oily phase
is finely divided into and dispersed as minute droplets into a bulk aqueous phase, the resulting composition

is called an oil-in-water (o/w) emulsion. Emulsions can contain additional components in addition to the
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dispersed phases, and the active drug which can be present as a solution in either aqueous phase, oily phase
or itself as a separate phase. Pharmaceutical excipients such as emulsifiers, stabilizers, dyes, and anti-
oxidants can also be present in emulsions as needed. Pharmaceutical emulsions can also be multiple
emulsions that are comprised of more than two phases such as, for example, in the case of oil-in-water-in-
oil (o/w/o) and water-in-oil-in-water (w/o/w) emulsions. Such complex formulations often provide certain
advantages that simple binary emulsions do not. Multiple emulsions in which individual oil droplets of an
o/w emulsion enclose small water droplets constitute a w/o/w emulsion. Likewise, a system of oil droplets
enclosed in globules of water stabilized in an oily continuous phase provides an o/w/o emulsion.

Emulsions are characterized by little or no thermodynamic stability. Often, the dispersed or
discontinuous phase of the emulsion is well dispersed into the external or continuous phase and maintained
in this form through the means of emulsifiers or the viscosity of the formulation. Either of the phases of the
emulsion can be a semisolid or a solid, as is the case of emulsion-style ointment bases and creams. Other
means of stabilizing emulsions entail the use of emulsifiers that can be incorporated into either phase of the
emulsion. Emulsifiers can broadly be classified into four categories: synthetic surfactants, naturally
occurring emulsifiers, absorption bases, and finely dispersed solids (see e.g., Ansel's Pharmaceutical Dosage
Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams
& Wilkins (8th ed.), New York, NY; Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 199).

Synthetic surfactants, also known as surface active agents, have found wide applicability in the
formulation of emulsions and have been reviewed in the literature (see e.g., Ansel's Pharmaceutical Dosage
Forms and Drug Delivery Systems, Allen, LV ., Popovich NG., and Ansel HC., 2004, Lippincott Williams
& Wilkins (8th ed.), New York, NY; Rieger, in Pharmaceutical Dosage Forms, Lieberman, Rieger and
Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 285; Idson, in Pharmaceutical
Dosage Forms, Licberman, Rieger and Banker (Eds.), Marcel Dekker, Inc., New York, N.Y ., 1988, volume
1, p. 199). Surfactants are typically amphiphilic and comprise a hydrophilic and a hydrophobic portion, The
ratio of the hydrophilic to the hydrophobic nature of the surfactant has been termed the hydrophile/lipophile
balance (HLB) and is a valuable tool in categorizing and selecting surfactants in the preparation of
formulations. Surfactants can be classified into different classes based on the nature of the hydrophilic group:
nonionic, anionic, cationic and amphoteric (see e.g, Ansel's Pharmaceutical Dosage Forms and Drug
Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th
ed.), New York, NY Ricger, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988,
Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 285).

Naturally occurring emulsifiers used in emulsion formulations include lanolin, beeswax,
phosphatides, lecithin and acacia. Absorption bases possess hydrophilic properties such that they can soak
up water to form w/o emulsions yet retain their semisolid consistencies, such as anhydrous lanolin and

hydrophilic petrolatum. Finely divided solids have also been used as good emulsifiers especially in
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combination with surfactants and in viscous preparations. These include polar inorganic solids, such as heavy
metal hydroxides, nonswelling clays such as bentonite, attapulgite, hectorite, kaolin, montmorillonite,
colloidal aluminum silicate and colloidal magnesium aluminum silicate, pigments and nonpolar solids such
as carbon or glyceryl tristearate.

A large variety of non-emulsifying materials are also included in emulsion formulations and
contribute to the properties of emulsions. These include fats, oils, waxes, fatty acids, fatty alcohols, fatty
esters, humectants, hydrophilic colloids, preservatives and antioxidants (Block, in Pharmaceutical Dosage
Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p.
335; Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y, volume 1, p. 199).

Hydrophilic colloids or hydrocolloids include naturally occurring gums and synthetic polymers such
as polysaccharides (for example, acacia, agar, alginic acid, carrageenan, guar gum, karaya gum, and
tragacanth), ccllulose derivatives (for example, carboxymethylcellulose and carboxypropylcellulose), and
synthetic polymers (for example, carbomers, cellulose ethers, and carboxyvinyl polymers). These disperse
or swell in water to form colloidal solutions that stabilize emulsions by forming strong interfacial films
around the dispersed-phase droplets and by increasing the viscosity of the external phase.

Since emulsions often contain a number of ingredients such as carbohydrates, proteins, sterols and
phosphatides that can readily support the growth of microbes, these formulations often incorporate
preservatives. Commonly used preservatives included in emulsion formulations include methyl paraben,
propyl paraben, quaternary ammonium salts, benzalkonium chloride, esters of p-hydroxybenzoic acid, and
boric acid. Antioxidants are also commonly added to emulsion formulations to prevent deterioration of the
formulation. Antioxidants used can be free radical scavengers such as tocopherols, alkyl gallates, butylated
hydroxyanisole, butylated hydroxytoluene, or reducing agents such as ascorbic acid and sodium
metabisulfite, and antioxidant synergists such as citric acid, tartaric acid, and lecithin.

The application of emulsion formulations via dermatological, oral and parenteral routes and methods
for their manufacture have been reviewed in the literature (see e.g., Ansel's Pharmaceutical Dosage Forms
and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams &
Wilkins (8th ed.), New York, NY Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 199). Emulsion formulations for oral
delivery have been very widely used because of ease of formulation, as well as efficacy from an absorption
and bioavailability standpoint (see e.g., Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems,
Allen, LV., Popovich NG., and Ansel HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY;
Rosoff, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc.,
New York, N.Y , volume 1, p. 245; Idson, in Pharmaceutical Dosage Forms, Licberman, Rieger and Banker
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y ., volume 1, p. 199). Mineral-oil base laxatives, oil-soluble
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vitamins and high fat nutritive preparations are among the materials that have commonly been administered
orally as o/w emulsions.
ii.  Microemulsions

In one embodiment of the present disclosure, the compositions of RNA1 agents and nucleic acids are
formulated as microemulsions. A microemulsion can be defined as a system of water, oil and amphiphile
which is a single optically isotropic and thermodynamically stable liquid solution (see e.g., Ansel's
Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV, Popovich NG, and Ansel HC., 2004,
Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage Forms,
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, NY., volume 1, p. 245).
Typically, microemulsions are systems that are prepared by first dispersing an oil in an aqueous surfactant
solution and then adding a sufficient amount of a fourth component, generally an intermediate chain-length
alcohol to form a transparent system. Therefore, microemulsions have also been described as
thermodynamically stable, isotropically clear dispersions of two immiscible liquids that are stabilized by
interfacial films of surface-active molecules (Leung and Shah, in: Controlled Release of Drugs: Polymers
and Aggregate Systems, Rosoff, M., Ed., 1989, VCH Publishers, New York, pages 185-215).
Microemulsions commonly are prepared via a combination of three to five components that include oil,
water, surfactant, cosurfactant and electrolyte. Whether the microemulsion is of the water-in-oil (w/o0) or an
oil-in-water (o/w) type is dependent on the properties of the oil and surfactant used, and on the structure and
geometric packing of the polar heads and hydrocarbon tails of the surfactant molecules (Schott, in
Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa., 1985, p. 271).

The phenomenological approach utilizing phase diagrams has been extensively studied and has
yielded a comprehensive knowledge, to one skilled in the art, of how to formulate microemulsions (see e.g.,
Ansel's Pharmaceutical Dosage Forms and Drug Delivery Systems, Allen, LV., Popovich NG., and Ansel
HC., 2004, Lippincott Williams & Wilkins (8th ed.), New York, NY; Rosoff, in Pharmaceutical Dosage
Forms, Ligberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, NY., volume 1, p.
245; Block, in Pharmaceutical Dosage Forms, Licberman, Ricger and Banker (Eds.), 1988, Marcel Dekker,
Inc., New York, N.Y ., volume 1, p. 335). Compared to conventional emulsions, microemulsions offer the
advantage of solubilizing water-insoluble drugs in a formulation of thermodynamically stable droplets that
are formed spontaneously.

Surfactants used in the preparation of microemulsions include, but are not limited to, ionic
surfactants, non-ionic surfactants, Brij 96, polyoxyethylene oleyl cthers, polyglycerol fatty acid esters,
tetraglycerol monolaurate (ML310), tetraglycerol monooleate (MO310), hexaglycerol monooleate (PO310),
hexaglycerol pentaoleate (PO500), decaglycerol monocaprate (MCA750), decaglycerol monooleate
(MO750), decaglycerol sequioleate (SO750), decaglycerol decaoleate (DAO750), alone or in combination
with cosurfactants. The cosurfactant, usually a short-chain alcohol such as ethanol, 1-propanol, and 1-

butanol, serves to increase the interfacial fluidity by penetrating into the surfactant film and consequently

134



10

15

20

25

30

35

WO 2023/278607 PCT/US2022/035561

creating a disordered film because of the void space generated among surfactant molecules. Microemulsions
can, however, be prepared without the use of cosurfactants and alcohol-free self-emulsifying microemulsion
systems are known in the art. The aqueous phase can typically be, but is not limited to, water, an aqueous
solution of the drug, glycerol, PEG300, PEG400, polyglycerols, propylene glycols, and derivatives of
ethylene glycol. The oil phase can include, but is not limited to, materials such as Captex 300, Captex 353,
Capmul MCM, fatty acid esters, medium chain (C8-C12) mono, di, and tri-glycerides, polyoxyethylated
glyceryl fatty acid esters, fatty alcohols, polyglycolized glycerides, saturated polyglycolized C8-C10
glycerides, vegetable oils and silicone oil.

Microemulsions are particularly of interest from the standpoint of drug solubilization and the
enhanced absorption of drugs. Lipid based microemulsions (both o/w and w/0) have been proposed to
enhance the oral bioavailability of drugs, including peptides (see e.g., U.S. Patent Nos. 6,191,103, 7,063,860;
7,070,802; 7,157,099; Constantinides et a/., Pharmaceutical Research, 1994, 11, 1385-1390; Ritschel, Meth.
Find. Exp. Clin. Pharmacol., 1993, 13, 205). Microemulsions afford advantages of improved drug
solubilization, protection of drug from enzymatic hydrolysis, possible enhancement of drug absorption due
to surfactant-induced alterations in membrane fluidity and permeability, ease of preparation, ease of oral
administration over solid dosage forms, improved clinical potency, and decreased toxicity (see e.g., U.S.
Patent Nos. 6,191,105; 7,063.860; 7,070,802; 7,157,099; Constantinides ef a/., Pharmaceutical Research,
1994, 11, 1385; Ho et al., J. Pharm. Sci., 1996, 85, 138-143). Often microemulsions can form spontancously
when their components are brought together at ambient temperature. This can be particularly advantageous
when formulating thermolabile drugs, peptides or RNAi agents. Microemulsions have also been effective in
the transdermal delivery of active components in both cosmetic and pharmaceutical applications. It is
expected that the microemulsion compositions and formulations of the present disclosure will facilitate the
increased systemic absorption of RNAI agents and nucleic acids from the gastrointestinal tract, as well as
improve the local cellular uptake of RNAi agents and nucleic acids.

Microemulsions of the present disclosure can also contain additional components and additives such
as sorbitan monostearate (Grill 3), Labrasol, and penetration enhancers to improve the properties of the
formulation and to enhance the absorption of the RNAi agents and nucleic acids of the present disclosure.
Penetration enhancers used in the microemulsions of the present disclosure can be classified as belonging to
one of five broad categories--surfactants, fatty acids, bile salts, chelating agents, and non-chelating non-
surfactants (Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p. 92). Each of these
classes has been discussed above.

iii.  Microparticles

An RNAi agent of the disclosure may be incorporated into a particle, e.g., a microparticle.

Microparticles can be produced by spray-drying, but may also be produced by other methods including

lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these techniques.
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iv.  Penetration Enhancers

In one embodiment, the present disclosure employs various penetration enhancers to effect the
efficient delivery of nucleic acids, particularly RNA1 agents, to the skin of animals. Most drugs are present
in solution in both ionized and nonionized forms. However, usually only lipid soluble or lipophilic drugs
readily cross cell membranes. It has been discovered that even non-lipophilic drugs can cross cell membranes
if the membrane to be crossed is treated with a penetration enhancer. In addition to aiding the diffusion of
non-lipophilic drugs across cell membranes, penetration enhancers also enhance the permeability of
lipophilic drugs.

Penetration enhancers can be classified as belonging to one of five broad categories, i.e., surfactants,
fatty acids, bile salts, chelating agents, and non-chelating non-surfactants (see e.g., Malmsten, M. Surfactants
and polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee et a/., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, p.92). Each of the above mentioned classes of penetration
enhancers are described below in greater detail.

Surfactants (or "surface-active agents") are chemical entitics which, when dissolved in an aqueous
solution, reduce the surface tension of the solution or the interfacial tension between the aqueous solution
and another liquid, with the result that absorption of RNAi agents through the mucosa is enhanced. In
addition to bile salts and fatty acids, these penetration enhancers include, for example, sodium lauryl sulfate,
polyoxyethylene-9-lauryl ether and polyoxyethylene-20-cetyl ether) (see e.g., Malmsten, M. Surfactants and
polymers in drug delivery, Informa Health Care, New York, NY, 2002; Lee et al., Critical Reviews in
Therapeutic Drug Carrier Systems, 1991, p.92); and perfluorochemical emulsions, such as FC-43. Takahashi
etal.,J. Pharm. Pharmacol., 1988, 40, 252).

Various fatty acids and their derivatives which act as penetration enhancers include, for example,
oleic acid, lauric acid, capric acid (n-decanoic acid), myristic acid, palmitic acid, stearic acid, linoleic acid,
linolenic acid, dicaprate, tricaprate, monoolein (l-monooleoyl-rac-glycerol), dilaurin, caprylic acid,
arachidonic acid, glycerol 1-monocaprate, 1-dodecylazacycloheptan-2-one, acylcarnitings, acylcholines, C-
10 alkyl esters thereof (e.g., methyl, isopropyl and t-butyl), and mono- and di-glycerides thereof (i.e., oleate,
laurate, caprate, myristate, palmitate, stearate, linoleate, efc.) (see e.g., Touitou, E., ef a/. Enhancement in
Drug Delivery, CRC Press, Danvers, MA, 2006; Lee et al., Critical Reviews in Therapeutic Drug Carrier
Systems, 1991, p.92; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; El
Harin ef al., J. Pharm. Pharmacol., 1992, 44, 651-654).

The physiological role of bile includes the facilitation of dispersion and absorption of lipids and fat-
soluble vitamins (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care,
New York, NY, 2002; Brunton, Chapter 38 in: Goodman & Gilman's The Pharmacological Basis of
Therapeutics, 9th Ed., Hardman ef a/. Eds., McGraw-Hill, New York, 1996, pp. 934-935). Various natural
bile salts, and their synthetic derivatives, act as penetration enhancers. Thus the term "bile salts" includes

any of the naturally occurring components of bile as well as any of their synthetic derivatives. Suitable bile
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salts include, for example, cholic acid (or its pharmaceutically acceptable sodium salt, sodium cholate),
dehydrocholic acid (sodium dehydrocholate), deoxycholic acid (sodium deoxycholate), glucholic acid
(sodium glucholate), glycholic acid (sodium glycocholate), glycodeoxycholic acid (sodium
glycodeoxycholate), taurocholic acid (sodium taurocholate), taurodeoxycholic acid (sodium
taurodeoxycholate), chenodeoxycholic acid (sodium chenodeoxycholate), ursodeoxycholic acid (UDCA),
sodium tauro-24,25-dihydro-fusidate (STDHF), sodium glycodihydrofusidate and polyoxyethylene-9-lauryl
ether (POE) (see e.g., Malmsten, M. Surfactants and polymers in drug delivery, Informa Health Care, New
York, NY, 2002; Lee et al., Critical Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Swinyard,
Chapter 39 In: Remington's Pharmaceutical Sciences, 18th Ed., Gennaro, ed., Mack Publishing Co., Easton,
Pa., 1990, pages 782-783; Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33;
Yamamoto ef al., J. Pharm. Exp. Ther., 1992, 263, 25; Yamashita e a/., J. Pharm. Sci., 1990, 79, 579-583).

Chelating agents, as used in connection with the present disclosure, can be defined as compounds
that remove metallic ions from solution by forming complexes therewith, with the result that absorption of
RNAI agents through the mucosa is enhanced. With regards to their use as penetration enhancers in the
present disclosure, chelating agents have the added advantage of also serving as DNase inhibitors, as most
characterized DNA nucleases require a divalent metal ion for catalysis and are thus inhibited by chelating
agents (Jarrett, J. Chromatogr., 1993, 618, 315-339). Suitable chelating agents include but are not limited to
disodium ethylenediaminetetraacetate (EDTA), citric acid, salicylates (e.g., sodium salicylate, 3-
methoxysalicylate and homovanilate), N-acyl derivatives of collagen, laureth-9 and N-amino acyl
derivatives of beta-diketones (enamines)(see e.g., Katdare, A. et al, Excipient development for
pharmaceutical, biotechnology, and drug delivery, CRC Press, Danvers, MA, 2006; Lee er al., Critical
Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; Muranishi, Critical Reviews in Therapeutic
Drug Carrier Systems, 1990, 7, 1-33; Buur et a/., J. Control Rel., 1990, 14, 43-51).

As used herein, non-chelating non-surfactant penetration enhancing compounds can be defined as
compounds that demonstrate insignificant activity as chelating agents or as surfactants but that nonetheless
enhance absorption of RNAi agents through the alimentary mucosa (see e.g., Muranishi, Critical Reviews in
Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This class of penetration enhancers includes, for example,
unsaturated cyclic ureas, 1-alkyl- and 1-alkenylazacyclo-alkanone derivatives (Lee ef al., Critical Reviews
in Therapeutic Drug Carrier Systems, 1991, page 92); and non-steroidal anti-inflammatory agents such as
diclofenac sodium, indomethacin and phenylbutazone (Yamashita ef a/., J. Pharm. Pharmacol., 1987, 39,
621-626).

Agents that enhance uptake of RNAI agents at the cellular level can also be added to the
pharmaceutical and other compositions of the present disclosure. For example, cationic lipids, such as
lipofectin (Junichi et al, U.S. Pat. No. 5,705,188), cationic glycerol derivatives, and polycationic molecules,
such as polylysine (WO 97/30731), are also known to enhance the cellular uptake of dsRNAs.
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Other agents can be utilized to enhance the penetration of the administered nucleic acids, including
glycols such as ethylene glycol and propylene glycol, pyrrols such as 2-pyrrol, azones, and terpenes such as
limonene and menthone.

v.  Excipients

In contrast to a carrier compound, a “pharmaceutical carrier” or “excipient” is a pharmaceutically
acceptable solvent, suspending agent or any other pharmacologically inert vehicle for delivering one or more
nucleic acids to an animal. The excipient can be liquid or solid and is selected, with the planned manner of
administration in mind, so as to provide for the desired bulk, consistency, efc., when combined with a nucleic
acid and the other components of a given pharmaceutical composition. Typical pharmaceutical carriers
include, but are not limited to, binding agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose, erc.); fillers (e.g., lactose and other sugars, microcrystalline cellulose,
pectin, gelatin, calcium sulfate, ethyl cellulose, polyacrylates or calcium hydrogen phosphate, efc.);
lubricants (e.g., magnesium stearate, talc, silica, colloidal silicon dioxide, stearic acid, metallic stearates,
hydrogenated vegetable oils, com starch, polyethylene glycols, sodium benzoate, sodium acetate, efc.);
disintegrants (e.g., starch, sodium starch glycolate, efc.); and wetting agents (e.g., sodium lauryl sulphate,
elc).

Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral
administration which do not deleteriously react with nucleic acids can also be used to formulate the
compositions of the present disclosure. Suitable pharmaceutically acceptable carriers include, but are not
limited to, water, salt solutions, alcohols, polyethylene glycols, gelatin, lactose, amylose, magnesium
stearate, talc, silicic acid, viscous paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids can include sterile and non-sterile aqueous
solutions, non-aqueous solutions in common solvents such as alcohols, or solutions of the nucleic acids in
liquid or solid oil bases. The solutions can also contain buffers, diluents and other suitable additives.
Pharmaceutically acceptable organic or inorganic excipients suitable for non-parenteral administration
which do not deleteriously react with nucleic acids can be used.

Suitable pharmaceutically acceptable excipients include, but are not limited to, water, salt solutions,
alcohol, polyethylene glycols, gelatin, lactose, amylose, magnesium stearate, talc, silicic acid, viscous
paraffin, hydroxymethylcellulose, polyvinylpyrrolidone and the like.

vi.  Other Components

The compositions of the present disclosure can additionally contain other adjunct components
conventionally found in pharmaceutical compositions, at their art-established usage levels. Thus, for
example, the compositions can contain additional, compatible, pharmaceutically-active materials such as,
for example, antipruritics, astringents, local anesthetics or anti-inflammatory agents, or can contain
additional materials useful in physically formulating various dosage forms of the compositions of the present

disclosure, such as dyes, flavoring agents, preservatives, antioxidants, opacifiers, thickening agents and
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stabilizers. However, such materials, when added, should not unduly interfere with the biological activities
of the components of the compositions of the present disclosure. The formulations can be sterilized and, if
desired, mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers, wetting agents, emulsifiers,
salts for influencing osmotic pressure, buffers, colorings, flavorings or aromatic substances and the like
which do not deleteriously interact with the nucleic acid(s) of the formulation.

Aqueous suspensions can contain substances which increase the viscosity of the suspension
including, for example, sodium carboxymethylcellulose, sorbitol or dextran. The suspension can also contain
stabilizers.

In some embodiments, pharmaceutical compositions featured in the disclosure include (a) one or
more RNA1 agents and (b) one or more agents which function by a non-RNA1 mechanism and which are
useful in treating a LRRK2-associated disorder. Examples of such agents include, but are not Imited to,
monoamine inhibitors, reserpine, anticonvulsants, antipsychotic agents, and antidepressants.

Toxicity and therapeutic efficacy of such compounds can be determined by standard pharmaceutical
procedures in cell cultures or experimental animals, e.g., for determining the LDso (the dose lethal to 50%
of the population) and the EDs (the dose therapeutically effective in 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index and it can be expressed as the ratio LDso/EDso.
Compounds that exhibit high therapeutic indices are preferred.

The data obtained from cell culture assays and animal studies can be used in formulating a range of
dosage for use in humans. The dosage of compositions featured herein in the disclosure lies generally within
a range of circulating concentrations that include the EDs with little or no toxicity. The dosage can vary
within this range depending upon the dosage form employed and the route of administration utilized. For
any compound used in the methods featured in the disclosure, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose can be formulated in animal models to achieve a
circulating plasma concentration range of the compound or, when appropriate, of the polypeptide product of
a target sequence (e.g., achieving a decreased concentration of the polypeptide) that includes the ICs (ie.,
the concentration of the test compound which achieves a half-maximal inhibition of symptoms) as
determined in cell culture. Such information can be used to more accurately determine useful doses in
humans. Levels in plasma can be measured, for example, by high performance liquid chromatography.

In addition to their administration, as discussed above, the RNAi agents featured in the disclosure
can be administered in combination with other known agents effective in treatment of pathological processes
mediated by nucleotide repeat expression. In any event, the administering physician can adjust the amount
and timing of RNAi agent administration on the basis of results observed using standard measures of efficacy

known 1n the art or described herein.

139



10

15

20

25

30

35

WO 2023/278607 PCT/US2022/035561

VILI. Kits

In certain aspects, the instant disclosure provides kits that include a suitable container containing a
pharmaceutical formulation of a siRNA compound, e.g., a double-stranded siRNA compound, or ssiRNA
compound, (e.g., a precursor, e.g., a larger siRNA compound which can be processed into a ssiRNA
compound, or a DNA which encodes an siRNA compound, e.g., a double-stranded siRNA compound, or
ssiRNA compound, or precursor thereof).

Such kits include one or more dsRNA agent(s) and instructions for use, e.g., instructions for
administering a prophylactically or therapeutically effective amount of a dsSRNA agent(s). The dsRNA agent
may be in a vial or a pre-filled syringe. The kits may optionally further comprise means for administering
the dsRNA agent (e.g., an injection device, such as a pre-filled syringe or an intrathecal pump), or means for
measuring the inhibition of C3 (e.g., means for measuring the inhibition of LRRK2 mRNA, LRRK?2 protein,
and/or LRRK? activity). Such means for measuring the inhibition of LRRK? may comprisc a means for
obtaining a sample from a subject, such as, e.g., a CSF and/or plasma sample. The kits of the invention may
optionally further comprise means for determining the therapeutically effective or prophylactically effective
amount.

In certain embodiments the individual components of the pharmaceutical formulation may be
provided in one container. Alternatively, it may be desirable to provide the components of the pharmaceutical
formulation separately in two or more containers, e.g., one container for a sSiIRNA compound preparation,
and at least another for a carrier compound. The kit may be packaged in a number of different configurations
such as one or more containers in a single box. The different components can be combined, e.g., according
to instructions provided with the kit. The components can be combined according to a method described
herein, e.g., to prepare and administer a pharmaceutical composition. The kit can also include a delivery

device.

VIII. Methods for Inhibiting ZRRK2 Expression

The present disclosure also provides methods of inhibiting expression of a LRRK?2 gene in a cell.
The methods include contacting a cell with an RNAI agent, e.g., double stranded RNA1 agent, in an amount
effective to inhibit expression and/or activity of LRRK2 in the cell, thereby inhibiting expression and/or
activity of LRRK?2 in the cell. In certain embodiments of the disclosure, LRRK?2 expression and/or activity is
inhibited by at leat 30% preferentially in CNS (e.g., brain) cells. In specific embodiments, LRRK? expression
and/or activity is inhibited by at least 30%. In other embodiments of the disclosure, LRRK?2 expression and/or
activity is inhibited preferentially by at least 30% in ocular (e.g., eye) cells. In certain other embodiments of
the disclosure, LRRK?2 expression and/or activity is inhibited by at least 30% preferentially in hepatocytes.

Contacting of a cell with an RNAi agent, e.g., a double stranded RNAi agent, may be done in vitro

or in vivo. Contacting a cell in vivo with the RNAI agent includes contacting a cell or group of cells within
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a subject, e.g., a human subject, with the RNAi agent. Combinations of in vifro and in vivo methods of
contacting a cell are also possible.

Contacting a cell may be direct or indirect, as discussed above. Furthermore, contacting a cell may
be accomplished via a targeting ligand, including any ligand described herein or known in the art. In some
embodiments, the targeting ligand is a carbohydrate moiety, e.g., a GalNAc ligand, or any other ligand that
directs the RNAi agent to a site of interest.

The term “inhibiting,” as used herein, is used interchangeably with “reducing,” “silencing,”
“downregulating,” “suppressing” and other similar terms, and includes any level of inhibition. In certain
embodiments, a level of inhibition, e.g., for an RNA1 agent of the instant disclosure, can be assessed in cell
culture conditions, e.g., wherein cells in cell culture are transfected via Lipofectamine™-mediated
transfection at a concentration in the vicinity of a cell of 10 nM or less, 1 nM or less, efc. Knockdown of a
given RNAIi agent can be determined via comparison of pre-treated levels in cell culture versus post-treated
levels in cell culture, optionally also comparing against cells treated in parallel with a scrambled or other

form of control RNAi agent. Knockdown in cell culture of, e.g., at least about 30%, can thereby be identified

23
>

as indicative of “inhibiting” or “reducing”, “downregulating” or “suppressing”, etc. having occurred. It is
expressly contemplated that assessment of targeted mRNA or encoded protein levels (and therefore an extent
of “inhibiting”, efc. caused by an RNA1 agent of the disclosure) can also be assessed in in vivo systems for
the RNAI agents of the instant disclosure, under properly controlled conditions as described in the art.

The phrase “inhibiting LRRK?2,” “inhibiting expression of a LRRK?2 gene™ or “inhibiting expression
of LRRK2,” as used herein, includes inhibition of expression of any LRRK?2 gene (such as, e.g., a mouse
Lrrk2 gene, a rat LRRK2 gene, a monkey LRRK?2 gene, or a human LRRK2 gene) as well as variants or
mutants of a LRRK? gene that encode a LRRK?2 protein. Thus, the LRRK? gene may be a wild-type LRRK?2
gene, a mutant LRRK? gene, or a transgenic LRRK?2 gene in the context of a genetically manipulated cell,
group of cells, or organism.

“Inhibiting expression of a LRRK? gene” includes any level of inhibition of a LRRK? gene, e.g., at
least partial suppression of the expression of a LRRK? gene, such as an inhibition by at least about 25%. In
certain embodiments, inhibition is at least about 25%, at least about 30%, at least about 40%, at least about
50%, at least about 60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95%,
or at least about 99%, relative to a control level. LRRK? inhibition can be measured using the in vitro assay
with, e.g., A549 cells and a 10 nM concentration of the RNA agent and the PCR assay as provided in the
examples herein, are contemplated to be within the scope of the present disclosure. In some embodiments,
LRRK? inhibition can be measured using the in vitro assay with human A549 cells. In some embodiments,
LRRK? inhibition can be measured using the in vitro assay with primary mouse hepatocytes. In another

embodiment, LRRK? inhibition can be measured using the in vitro assay with Cos-7 (Dual-Luciferase

psiCHECK?2 vector). In yet another embodiment, LRRK? inhibition can be measured using the in vitro assay
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with BE(2)-C cells. In some embodiments, LRRK? inhibition can be measured using the in vitro assay with
Neuro-2a cells.

The expression of a LRRK2 gene may be assessed based on the level of any variable associated with
LRRK?2 gene expression, e.g., LRRK2 mRNA level (e.g, sense mRNA, antisense mRNA, total LRRK?
mRNA, sense LRRK? repeat-containing mRNA, and/or antisense LRRK? repeat-containing mRNA) or
LRRK? protein level (e.g., total LRRK2 protein, wild-type LRRK?2 protein, or expanded repeat-containing
protein), or, for example, the level of sense- or antisense-containing foci and/or the level of aberrant dipeptide
repeat protein,

Inhibition may be assessed by a decrease in an absolute or relative level of one or more of these
variables compared with a control level. The control level may be any type of control level that 1s utilized in
the art, e.g., a pre-dose baseline level, or a level determined from a similar subject, cell, or sample that is
untreated or treated with a control (such as, e.g., buffer only control or inactive agent control).

For example, in some embodiments of the methods of the disclosure, expression of a LRRK2 gene
(e.g., as assessed by sense- or antisense-containing foci and/or aberrant dipeptide repeat protein level) is
inhibited by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 85%, 90%, or 95%, relative to a control level,
or to below the level of detection of the assay. In other embodiments of the methods of the disclosure,
expression of a LRRK?2 gene (e.g., as assessed by mRNA or protein expression level) is inhibited by at least
about 25%, at least about 30%, at least about 40%, at least about 50%, at Icast about 60%, at least about
70%, at lcast about 80%, at least about 90%, or at least about 95% relative to a control level. In certain
embodiments, the methods include a clinically relevant ihibition of expression of LRRK2, e.g. as
demonstrated by a clinically relevant outcome after treatment of a subject with an agent to reduce the
expression of LRRK?2.

Inhibition of the expression of a LRRK?2 gene may be manifested by a reduction of the amount of
mRNA expressed by a first cell or group of cells (such cells may be present, for example, in a sample derived
from a subject) in which a LRRK 2 gene is transcribed and which has or have been treated (e.g., by contacting
the cell or cells with an RNA1 agent of the disclosure, or by administering an RNA1 agent of the disclosure
to a subject in which the cells are or were present) such that the expression of a LRRK2 gene is inhibited, as
compared to a second cell or group of cells substantially identical to the first cell or group of cells but which
has not or have not been so treated (control cell(s) not treated with an RNAi agent or not treated with an

RNAI agent targeted to the gene of interest). The degree of inhibition may be expressed in terms of:

(mRNA in control cells)- (mRNA in treated cells) X100%
0
(mRNA in control cells)

In other embodiments, inhibition of the expression of a LRRK?2 gene may be assessed in terms of a
reduction of a parameter that is functionally linked to a LRRK? gene expression, e.g., LRRK2 protein

expression, sense- or antisense-containing foci and/or the level of aberrant dipeptide repeat protein. LRRK2
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gene silencing may be determined in any cell expressing LRRK2, either endogenous or heterologous from
an expression construct, and by any assay known in the art.

Inhibition of the expression of a LRRK2 protein may be manifested by a reduction in the level of
the LRRK2 protein (or functional parameter, e.g., kinase and/or GTPase activity) that is expressed by a cell
or group of cells (e.g., the level of protein expressed in a sample derived from a subject). As explained above,
for the assessment of mRNA suppression, the inhibiton of protein expression levels in a treated cell or group
of cells may similarly be expressed as a percentage of the level of protein in a control cell or group of cells.
In some embodiments, the phrase “inhibiting LRRK2”, can also refer to the inhibition of the kinase and/or
GTPase activity of LRRK?2, e.g., at least partial suppression of the LRRK?2 kinase and/or GTPase activity,
such as an inhibition by at least about 25%. In certain embodiments, inhibition of the LRRK?2 kinase and/or
GTPase activity is by at least about 25%, at least about 30%, at least about 40%, at least about 50%, at least
about 60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95%., or at least
about 99% relative to a control level. LRRK? kinase activity can be measured using the in vitro assay with,
e.g., the assay described in (Smith ez al. (2006) Nature Neuroscience 9(10):1231-3). LRRK2 GTPase activity
can be measured using the in vitro assay with, e.g., the assay described in (Xiong et al. (2010) Plos Genet
6(4): €1000902).

A control cell or group of cells that may be used to assess the inhibition of the expression of a LRRK?2
gene includes a cell or group of cells that has not yet been contacted with an RNAi agent of the disclosure.
For example, the control cell or group of cells may be derived from an individual subject (e.g., a human or
animal subject) prior to treatment of the subject with an RNA1 agent.

The level of LRRK2 mRNA that is expressed by a cell or group of cells may be determined using
any method known in the art for assessing mRNA expression. In one embodiment, the level of expression
of LRRK?2 in a sample is determined by detecting a transcribed polynucleotide, or portion thereof, e.g.,
mRNA of the LRRK2 gene. RNA may be extracted from cells using RNA extraction techniques including,
for example, using acid phenol/guanidine isothiocyanate extraction (RNAzol B; Biogenesis), RNeasy ™
RNA preparation kits (Qiagen®) or PAXgene (PreAnalytix, Switzerland). Typical assay formats utilizing
ribonucleic acid hybridization include nuclear run-on assays, RT-PCR, RNase protection assays, northern
blotting, in situ hybridization, and microarray analysis. Strand specific LRRK2 mRNAs may be detected
using the quantitative RT-PCR and or droplet digital PCR methods described in, for example, Jiang, ef al.
supra, Lagier-Tourenne, ef al., supra and Jiang, et al., supra. Circulating LRRK2 mRNA may be detected
using methods the described in W02012/177906, the entire contents of which are hereby incorporated herein
by reference.

In some embodiments, the level of expression of LRRK? is determined using a nucleic acid probe.
The term “probe”, as used herein, refers to any molecule that is capable of selectively binding to a specific
LRRK?2 nucleic acid or protein, or fragment thereof. Probes can be synthesized by one of skill in the art, or

derived from appropriate biological preparations. Probes may be specifically designed to be labeled.
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Examples of molecules that can be utilized as probes include, but are not limited to, RNA, DNA, proteins,
antibodies, and organic molecules.

Isolated mRNA can be used in hybridization or amplification assays that include, but are not limited
to, Southern or northem analyses, polymerase chain reaction (PCR) analyses and probe arrays. One method
for the determination of mRNA levels involves contacting the isolated mRNA with a nucleic acid molecule
(probe) that can hybridize to LRRK2 mRNA. In one embodiment, the mRNA is immobilized on a solid
surface and contacted with a probe, for example by running the isolated mRNA on an agarose gel and
transferring the mRNA from the gel to a membrane, such as nitrocellulose. In an altemative embodiment,
the probe(s) are immobilized on a solid surface and the mRNA is contacted with the probe(s), for example,
in an Affymetrix® gene chip array. A skilled artisan can readily adapt known mRNA detection methods for
use in determining the level of LRRK2 mRNA.

An alternative method for determining the level of expression of LZRRK? in a sample involves the
process of nucleic acid amplification or reverse transcriptase (to prepare cDNA) of for example mRNA in
the sample, e.g., by RT-PCR (the experimental embodiment set forth in Mullis, 1987, US Patent No.
4,683,202), ligase chain reaction (Barany (1991) Proc. Natl. Acad. Sci. USA 88:189-193), self sustained
sequence replication (Guatelli er al. (1990) Proc. Natl. Acad. Sci. USA 87:1874-1878), transcriptional
amplification system (Kwoh et al. (1989) Proc. Natl. Acad. Sci. USA 86:1173-1177), Q-Beta Replicase
(Lizardi er al. (1988) Bio/Technology 6:1197), rolling circle replication (Lizardi er /., US Patent No.
5,854,033) or any other nucleic acid amplification method, followed by the detection of the amplified
molecules using techniques well known to those of skill in the art. These detection schemes are especially
useful for the detection of nucleic acid molecules if such molecules are present in very low numbers. In
particular aspects of the disclosure, the level of expression of LRRK2 is determined by quantitative
fluorogenic RT-PCR (i.e., the TagMan™ System), by a Dual-Glo® Luciferase assay, or by other art-
recognized method for measurement of LRRK2 expression or mRNA level.

The expression level of LRRK2 mRNA may be monitored using a membrane blot (such as used in
hybridization analysis such as northern, Southern, dot, and the like), or microwells, sample tubes, gels, beads
or fibers (or any solid support comprising bound nucleic acids). See US Patent Nos. 5,770,722, 5,874,219,
5,744,305, 5,677,195 and 5,445,934, which are incorporated herein by reference. The determination of
LRRK? expression level may also comprise using nucleic acid probes in solution.

In some embodiments, the level of mRNA expression is assessed using branched DNA (bDNA)
assays or real time PCR (qPCR). The use of this PCR method is described and exemplified in the Examples
presented herein. Such methods can also be used for the detection of LRRK?2 nucleic acids.

The level of LRRK2 protein expression may be determined using any method known in the art for
the measurement of protein levels. Such methods include, for example, electrophoresis, capillary
electrophoresis, high performance liquid chromatography (HPLC), thin layer chromatography (TLC),

hyperdiffusion chromatography, fluid or gel precipitin reactions, absorption spectroscopy, a colorimetric
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assays, spectrophotometric assays, flow cytometry, immunodiffusion (single or double),
immunoelectrophoresis, western blotting, radioimmunoassay (RIA), enzyme-linked immunosorbent assays
(ELISAs), immunofluorescent assays, electrochemiluminescence assays, and the like. The level of LRRK
protein expression can be measured by exosome extraction followed by either ELISA/MSD/SIMOA or LC-
MS. Such assays can also be used for the detection of proteins indicative of the presence or replication of
LRRK? proteins.

The level of sense- or antisense-containing foci and the level of aberrant dipeptide repeat protein
may be assessed using methods well-known to one of ordinary skill in the art, including, for example,
fluorescent in situ hybridization (FISH), immunohistochemistry and immunoassay (see, e.g., Jiang, ef al.
supra).In some embodiments, the efficacy of the methods of the disclosure in the treatment of a LRRK?2-
associated disease is assessed by a decrease in LRRK2 mRNA level (e.g, by assessment of a CSF sample
and/or plasma sample for LRRK? level, by brain biopsy, or otherwise).

In some embodiments of the methods of the disclosure, the RNA1 agent is administered to a subject
such that the RNAI agent is delivered to a specific site within the subject. The inhibition of expression of
LRRK?2 may be assessed using measurements of the level or change in the level of LRRK2 mRNA (e.g.,
sense mMRNA, antisense mRNA, total LRRK2 mRNA), LRRK?2 protein (e.g., total LRRK2 protein, wild-type
LRRK2 protein), sense-containing foci, antisense-containing foci, aberrant dipeptide repeat protein in a
sample derived from a specific site within the subject, e.g., CNS cells or ocular cells. In certain embodiments,
the methods include a clinically relevant inhibition of expression of LRRK2, e.g. as demonstrated by a
clinically relevant outcome after treatment of a subject with an agent to reduce the expression of LRRK2,
suchas, for example, stabilization or inhibition of caudate atrophy (e.g., as assessed by volumetric MRI
(vMRI)), a stabilization or reduction in neurofilament light chain (Nfl) levels in a CSF sample from a subject,
a reduction in mutant LRRK2 mRNA or a cleaved mutant LRRK? protein, e.g., full-length mutant LRRK?2
mRNA or protein and a cleaved mutant LRRK2 mRNA or protein, and a stabilization or improvement in
Unified LRRK2-associated disease Rating Scale (UHDRS) score.

As used herein, the terms detecting or determining a level of an analyte are understood to mean
performing the steps to determine if a material, e.g., protein, RNA, is present. As used herein, methods of
detecting or determining include detection or determination of an analyte level that is below the level of

detection for the method used.

IX. Methods of Treating or Preventing LRRK?-Associated Diseases

The present disclosure also provides methods of using an RNAi agent of the disclosure or a
composition containing an RNA1 agent of the disclosure to reduce or inhibit LRRK? expression in a cell. The
methods include contacting the cell with a dsRNA of the disclosure and maintaining the cell for a time
sufficient to obtain degradation of the mRNA transcript of a LRRK? gene, thereby inhibiting expression of
the LRRK? gene in the cell.
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In addition, the present disclosure also provides methods of using an RNAi agent of the disclosure
or a composition containing an RNA1 agent of the disclosure to reduce the level and/or inhibit formation of
sense- and antisense-containing foci in a cell. The methods include contacting the cell with a dsSRNA of the
disclosure, thereby reducing the level of the LRRK2 sense- and antisense-containing foci in the cell.

The present disclosure also provides methods of using an RNAi agent of the disclosure or a
composition containing an RNA1 agent of the disclosure to reduce the level and/or inhibit formation of
aberrant dipeptide repeat protein in a cell. The methods include contacting the cell with a dsSRNA of the
disclosure, thereby reducing the level of the aberrant dipeptide repeat protein in the cell.

Reduction in gene expression, the level of LRRK? sense- and antisense-containing foci, and/or
aberrant dipeptide repeat protein can be assessed by any methods known in the art. For example, a reduction
in the expression of LRRK2 may be determined by determining the mRNA expression level of LRRK2 using
methods routine to one of ordinary skill in the art, e.g., northern blotting, qRT-PCR; by determining the
protein level of LRRK?2 using methods routine to one of ordinary skill in the art, such as western blotting,
immunological techniques.

In the methods of the disclosure the cell may be contacted in vitro or in vivo, i.e., the cell may be
within a subject.

A cell suitable for treatment using the methods of the disclosure may be any cell that expresses a
LRRK?2 gene. A cell suitable for use in the methods of the disclosure may be amammalian cell, e.g., a primate
cell (such as a human cell or a non-human primate cell, e.g., a monkey cell or a chimpanzee cell), a non-
primate cell (such as a rat cell, or a mouse cell). In one embodiment, the cell is a human cell, e.g.. a human
CNS cell, or a human ocular cell.

LRRK? expression (e.g., as assessed by sense mRNA, antisense mRNA, total LRRK2 mRNA, total
LRRK2 protein) is inhibited in the cell by about 20%, 25%, 30%, 35%, 40%, 45%, or 50% relative to the
expression in a control cell. In certain embodiments, LRRK?2 expression is inhibited by at least about 50%,
at least about 60%, at least about 70%, at least about 80%, at least about 90%, or at least about 95% relative
to a control level.

Inhibition, as assessed by sense- or antisense-containing foci and/or aberrant dipeptide repeat protein
level) is inhibited in the cell by at least 20%, 30%, 40%, preferably at least 50%, 60%, 70%, 80%, 85%,
90%, or 95%, or to below the level of detection of the assay.

The in vivo methods of the disclosure may include administering to a subject a composition
containing an RNAi agent, where the RNAi agent includes a nucleotide sequence that is complementary to
at least a part of an RNA transcript of the LRRK?2 gene of the mammal to be treated. When the organism to
be treated i1s a mammal such as a human, the composition can be administered by any means known in the
art including, but not limited to oral, intraperitoneal, or parenteral routes, including intracranial (e.g.,
intraventricular, intraparenchymal, and intrathecal), intravenous, intramuscular, intravitreal, subcutaneous,

transdermal, airway (acrosol), nasal, rectal, and topical (including buccal and sublingual) administration. In
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certain embodiments, the compositions are administered by intravenous infusion or injection. In certain
embodiments, the compositions are administered by subcutaneous injection. In certain embodiments, the
compositions are administered by intrathecal injection.

In some embodiments, the administration is via a depot injection. A depot injection may release the
RNAI agent in a consistent way over a prolonged time period. Thus, a depot injection may reduce the
frequency of dosing needed to obtain a desired effect, e.g., a desired inhibition of LRRK?2, or a therapeutic
or prophylactic effect. A depot injection may also provide more consistent serum concentrations. Depot
injections may include subcutancous injections or intramuscular injections. In preferred embodiments, the
depot injection is a subcutaneous injection.

In some embodiments, the administration is via a pump. The pump may be an external pump or a
surgically implanted pump. In certain embodiments, the pump is a subcutaneously implanted osmotic pump.
In other embodiments, the pump is an infusion pump. An infusion pump may be used for intracranial,
intravenous, subcutancous, arterial, or epidural infusions. In preferred embodiments, the infusion pump is a
subcutancous infusion pump. In other embodiments, the pump is a surgically implanted pump that delivers
the RNAI agent to the CNS.

The mode of administration may be chosen based upon whether local or systemic treatment is
desired and based upon the area to be treated. The route and site of administration may be chosen to enhance
targeting.

In one aspect, the present disclosure also provides methods for inhibiting the expression of a LRRK?
gene in a mammal. The methods include administering to the mammal a composition comprising a dsRNA
that targets a LRRK?2 gene in a cell of the mammal, thereby inhibiting expression of the LRRK?2 gene in the
cell. Reduction in gene expression can be assessed by any methods known it the art and by methods, e.g.
gRT-PCR, described herein. Reduction in protein production can be assessed by any methods known it the
art and by methods, e.g. ELISA, described herein. In one embodiment, a CNS biopsy sample or a
cerebrospinal fluid (CSF) sample serves as the tissue material for monitoring the reduction in ZRRK?2 gene
or protein expression (or of a proxy therefore).

The present disclosure further provides methods of treatment of a subject in need thereof. The
treatment methods of the disclosure include administering an RNA1 agent of the disclosure to a subject, e.g.,
a subject that would benefit from inhibition of LRRK2 expression, such as a subject having missense
mutations in the LRRK? gene, in a therapeutically effective amount of an RNAI1 agent targeting a LRRK?
gene or a pharmaceutical composition comprising an RNAi agent targeting a LRRK?2 gene.

In addition, the present disclosure provides methods of preventing, treating or inhibiting the
progression of a LRRK 2-associated disease or disorder (e.g., a LRRK2-associated disorder), in a subject. The
methods include administering to the subject a therapeutically effective amount of any of the RNAi agent,
e.g., dsRNA agents, or the pharmaceutical composition provided herein, thereby preventing, treating or

inhibiting the progression of a LRRK 2-associated discase or disorder in the subject.
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An RNAI agent of the disclosure may be administered as a “free RNAi agent.” A free RNAI agent
is administered in the absence of a pharmaceutical composition. The naked RNA1 agent may be in a suitable
buffer solution. The buffer solution may comprise acetate, citrate, prolamine, carbonate, or phosphate, or
any combination thereof, In one embodiment, the buffer solution is phosphate buffered saline (PBS). The
pH and osmolarity of the buffer solution containing the RNAi agent can be adjusted such that it is suitable
for administering to a subject.

Alternatively, an RNAi agent of the disclosure may be administered as a pharmaceutical
composition, such as a dsRNA liposomal formulation.

Subjects that would benefit from a reduction or inhibition of LRRK2 gene expression are those
having a LRRK2-associated disease, e.g., LRRK 2-associated disease. Exemplary LRRK 2-associated diseases
include, but are not limited to, PD, Crohn’s disease, immune disorders and ocular disorders.

The disclosure further provides methods for the use of an RNAi agent or a pharmaceutical
composition thereof, e.g., for treating a subject that would benefit from reduction or inhibition of LRRK2
expression, e.g., a subject having a LRRK?-associated disorder, in combination with other pharmaceuticals
or other therapeutic methods, e.g., with known pharmaceuticals or known therapeutic methods, such as, for
example, those which are currently employed for treating these disorders. For example, in certain
embodiments, an RNA1 agent targeting LRRK? is administered in combination with, e.g., an agent useful in
treating a LRRK2-associated disorder as described elsewhere herein or as otherwise known in the art. For
example, additional agents suitable for treating a subject that would benefit from reducton in LRRK2
expression, e.g., a subject having a LRRK2-associated disorder, may include agents currently used to treat
symptoms of LRRKZ2-associated discases. The RNAi agent and additional therapeutic agents may be
administered at the same time or in the same combination, e.g., intrathecally, or the additional therapeutic
agent can be administered as part of a separate composition or at separate times or by another method known
in the art or described herein.

Exemplary additional therapeutics include, for example, a monoamine inhibitor, e.g., tetrabenazine
(Xenazine), deutetrabenazine (Austedo), and reserpine, an anticonvulsant, e.g., valproic acid (Depakote,
Depakene, Depacon), and clonazepam (Klonopin), an antipsychotic agent, e.g., risperidone (Risperdal), and
haloperidol (Haldol), and an antidepressant, e.g., paroxetine (Paxil).

In one embodiment, the method includes administering a composition featured herein such that
expression of the target LRRK2 gene is decreased, for at least one month. In preferred embodiments,
expression is decreased for at least 2 months, 3 months, or 6 months.

Preferably, the RNAI agents useful for the methods and compositions featured herein specifically
target RNAs (primary or processed) of the target LRRK2 gene. Compositions and methods for inhibiting the
expression of these genes using RNA1 agents can be prepared and performed as described herein.

Administration of the dsRNA according to the methods of the disclosure may result in a reduction

of the severity, signs, symptoms, or markers of such diseases or disorders in a patient with a LRRK?2-

148



10

15

20

25

30

35

WO 2023/278607 PCT/US2022/035561

associated disorder. By “reduction” in this context is meant a statistically significant or clinically significant
decrease in such level. The reduction can be, for example, at least about 5%, at least about 10%, at least
about 15%, at least about 20%, at least about 25%. at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at
least about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
95%, or about 100% relative to a control level.

Efficacy of treatment or prevention of disease can be assessed, for example by measuring disease
progression, disease remission, symptom severity, reduction in pain, quality of life, dose of a medication
required to sustain a treatment cffect, level of a discase marker or any other measurable parameter
appropriate for a given disease being treated or targeted for prevention. It 1s well within the ability of one
skilled in the art to monitor efficacy of treatment or prevention by measuring any one of such parameters, or
any combination of parameters. For example, efficacy of treatment of a LRRK2-associated disorder may be
assessed, for example, by periodic monitoring of a subject’s. Comparisons of the later readings with the
initial readings provide a physician an indication of whether the treatment is effective. It is well within the
ability of one skilled in the art to monitor efficacy of treatment or prevention by measuring any one of such
parameters, or any combination of parameters. In connection with the administration of an RNAi agent
targeting LRRK?2 or pharmaceutical composition thereof, "effective against" a LRRK2-associated disorder
indicates that administration in a clinically appropriate manner results in a beneficial effect for at least a
statistically significant fraction of patients, such as an improvement of symptoms, a cure, a reduction in
disease, extension of life, improvement in quality of life, or other effect generally recognized as positive by
medical doctors familiar with treating LRRK 2-associated disorders and the related causes.

A treatment or preventive effect is evident when there is a statistically significant improvement in
one or more parameters of disease status, or by a failure to worsen or to develop symptoms where they would
otherwise be anticipated. As an example, a favorable change of at least 10% in a measurable parameter of
disease, and preferably at least 20%, 30%, 40%, 50% or more can be indicative of effective treatment.
Efficacy for a given RNAIi agent drug or formulation of that drug can also be judged using an experimental
animal model for the given disease as known in the art. When using an experimental animal model, efficacy
of treatment is evidenced when a statistically significant reduction in a marker or symptom is observed.

Alternatively, the efficacy can be measured by a reduction in the severity of discase as determined
by one skilled in the art of diagnosis based on a clinically accepted discase severity grading scale. Any
positive change resulting in e.g., lessening of severity of discase measured using the appropriate scale,
represents adequate treatment using an RNAi agent or RNAi agent formulation as described herein.

In certain embodiments, subjects can be administered a therapeutic amount of dsRNA, such as about
0.01 mg/kg to about 200 mg/kg. In other embodiments, subjects can be administered a therapeutic amount
of dsRNA, such as about 0.01 mg/kg to about 500 mg/kg. In yet other embodiments, subjects can be

administered a therapeutic amount of dsRNA of about 500 mg/kg or more.
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The RNAI agent can be administered intrathecally, via intravitreal injection, or by intravenous
infusion over a period of time, on a regular basis. In certain embodiments, after an initial treatment regimen,
the treatments can be administered on a less frequent basis. Administration of the RNA1 agent can reduce
LRRK? levels, e.g., in a cell, tissue, blood, CSF sample or other compartment of the patient. In one
embodiment, administration of the RNAi agent can reduce LRRK? levels, e.g., in a cell, tissue, blood, CSF
sample or other compartment of the patient by at least about 25%, such as about 25%, about 30%, about
40%, about 50%, about 60%, about 70%, about 80%, about 90%, or about 95% relative to a control level.

Before administration of a full dose of the RNAI agent, patients can be administered a smaller dose,
such as a 5% infusion reaction, and monitored for adverse effects, such as an allergic reaction. In another
example, the patient can be monitored for unwanted immunostimulatory effects, such as increased cytokine
(e.g., TNF-alpha or INF-alpha) levels.

Alternatively, the RNAi agent can be administered subcutaneously, 7.e., by subcutaneous injection.
One or more injections may be used to deliver the desired, e.g., monthly dose of RNAI agent to a subject.
The injections may be repeated over a period of time. The administration may be repeated on a regular basis.
In certain embodiments, after an initial treatment regimen, the treatments can be administered on a less
frequent basis. A repeat-dose regimine may include administration of a therapeutic amount of RNAi agent
on a regular basis, such as monthly or extending to once a quarter, twice per year, once per year. In certain
embodiments, the RNAI agent is administered about once per month to about once per quarter (7.e., about
once every three months).

Unless otherwise defined, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which this invention belongs. Although methods
and materials similar or equivalent to those described herein can be used in the practice or testing of the
RNAi agents and methods featured in the invention, suitable methods and materials are described below. All
publications, patent applications, patents, and other references mentioned herein are incorporated by
reference in their entirety. In case of conflict, the present specification, including definitions, will control, In
addition, the materials, methods, and examples are illustrative only and not intended to be limiting.

An inforrmal Sequence Listing is filed herewith and forms part of the specification as filed.

EXAMPLES

Example 1. RNAi Agent Design, Synthesis, Selection, and In Vitro Evaluation
Source of reagents

Where the source of a reagent is not specifically given herein, such reagent can be obtained from
any supplier of reagents for molecular biology at a quality/purity standard for application in molecular

biology.
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Bioinformatics

siRNAs targeting the human ZRRK?2 transcript (Homo sapiens leucine rich repeat kinase 2 (LRRK?2)
mRNA, NCBI refseqID NG _011709.1; NCBI GenelD: 120892) were designed using custom R and Python
scripts. The human ZRRK2 mRNA (NM_198578.4) has a length of 9239 bases. The human LRRK?Z transcript
variant X3 (XM_024448833.1) mRNA has a length of 7989 bases.

Detailed lists of the unmodified LRRK?2 sense and antisense strand nucleotide sequences are shown
in Tables 3, 4, and 6. Detailed lists of the modified LRRK?2 sense and antisense strand nucleotide sequences
are shown in Table 5 and 7. Tables 6 and 7 include LRRK?2 sense and antisense strand nucleotide sequences
for C16 ligand conjugation.

It is to be understood that, throughout the application, a duplex name without a decimal is equivalent
to a duplex name with a decimal which merely references the batch number of the duplex. For example, AD-
1631035 is equivalent to AD-1631035.1.

Table 2. Abbreviations of nucleotide monomers used in nucleic acid sequence representation
It will be understood that these monomers, when present in an oligonucleotide, are mutually linked by 5'-3'-
phosphodiester bonds; and it is understood that when the nucleotide contains a 2’-fluoro modification, then

the fluoro replaces the hydroxy at that position of the parent nucleotide (i.c., it is a 2’-deoxy-2’-

fluoronucleotide).
Abbreviation Nucleotide(s)
A Adenosine-3’-phosphate
Ab beta-L-adenosine-3'-phosphate
Abs beta-L-adenosine-3'-phosphorothioate
Af 2’-fluoroadenosing-3’-phosphate
Afs 2’-fluoroadenosine-3’-phosphorothioate
As adenosine-3’-phosphorothioate
C cytiding-3’-phosphate
Cb beta-L-cytidine-3'-phosphate
Cbs beta-L-cytidine-3'-phosphorothioate
Cf 2’-fluorocytidine-3°-phosphate
Cfs 2’-fluorocytidine-3’-phosphorothioate
Cs cytidine-3’-phosphorothioate
G guanosine-3’-phosphate
Gb beta-L-guanosine-3'-phosphate
Gbs beta-L-guanosine-3' -phosphorothioate
Gf 2’-fluoroguanosine-3’-phosphate
Gfs 2’ -fluoroguanosine-3’-phosphorothioate
Gs guanosing-3’-phosphorothioate
T 5’-methyluridine-3’-phosphate
Tf 2" -fluoro-5-methyluridine-3’-phosphate
Tfs 2" -fluoro-5-methyluridine-3’-phosphorothioate
Ts S-methyluridine-3’-phosphorothioate
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Abbreviation Nucleotide(s)
U Uridine-3’-phosphate
Uf 2’-fluorouridine-3’-phosphate
Ufs 2" -fluorouridine -3’-phosphorothioate
Us uridine -3’-phosphorothioate
N any nucleotide, modified or unmodified
a 2'-0-methyladenosine-3"-phosphate
as 2'-0-methyladenosine-3°- phosphorothioate
¢ 2'-0-methyleytidine-3 -phosphate
cs 2'-0O-methylcytidine-3’- phosphorothioate
g 2'-0-methylguanosine-3’-phosphate
gs 2'-0-methylguanosine-3’- phosphorothioate
t 2’-0-methyl-5-methyluridine-3’-phosphate
ts 2’-0-methyl-5-methyluridine-3’-phosphorothioate
u 2'-0-methyluridine-3’-phosphate
us 2'-0O-methyluridine-3’-phosphorothioate
S phosphorothioate linkage
L9 N-[tris(GalNAc-alkyl)-amido-dodecanoyl)]-4-hydroxyprolinol
[Hyp- (GalNAc alkyl)s]
HO
HO ’ 0 HWHVO
AcHN \/\/\L[f E HO,
Ho M a Q\/O
° 0 N N N 5
HO 1 W\gf PN 7 ]/\, - \n/\'«/\/\/\/\/’\o
HO OH
&i/[) fx/‘t /\ﬁ
HO pnl x/\/\mﬂﬁ 0
(A2p) Adenosine-2’-phosphate
(A2ps) Adenosine-2’-phosphorothioate
(C2p) Cytidine-2’-phosphate
(C2ps) Cytidine-2’-phosphorothioate
(G2p) Guanosine-2’-phosphate
(G2ps) Guanosine-2’-phosphorothioate
(T2p) Thymidine 2’-phosphate
(T2ps) Thymidine 2’-phosphorothioate
(U2p) Uridine-2’-phosphate
(U2ps) uridine-2’-phosphorothioate
(Agn) Adenosine-glycol nucleic acid (GNA)
(Cgn) Cytidine-glycol nucleic acid (GNA)
(Ggn) Guanosine-glycol nucleic acid (GNA)
(Tgn) Thymidine-glycol nucleic acid (GNA) S-Isomer
P Phosphate
VP Vinyl-phosphonate
dA 2'-deoxyadenosine-3'-phosphate
dAs 2" -deoxyadenosine-3" -phosphorothioate
dC 2'-deoxycytidine-3'-phosphate
dCs 2" -deoxycytidine-3' -phosphorothioate
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Abbreviation Nucleotide(s)

dG 2'-deoxyguanosine-3'-phosphate

dGs 2" -deoxyguanosine-3'-phosphorothioate

dT 2" -deoxythymidine-3'-phosphate

dTs 2" -deoxythymidine-3' -phosphorothioate

du 2" -deoxyuriding

dUs 2'-deoxyuridine-3' -phosphorothioate

(Ahd) 2'-0-hexadecyl-adenosine-3'-phosphate
(Ahds) 2'-0-hexadecyl-adenosine-3'-phosphorothioate
(Chd) 2'-0-hexadecyl-cytidine-3'-phosphate

(Chds) 2'-0-hexadecyl-cytidine-3'-phosphorothioate
(Ghd) 2'-0-hexadecyl-guanosine-3'-phosphate
(Ghds) 2'-0-hexadecyl-guanosine-3'-phosphorothioate
(Uhd) 2'-0-hexadecyl-uridine-3'-phosphate

(Uhds) 2'-0-hexadecyl-uridine-3'-phosphorothioate

Table 3. Unmodified Sense and Antisense Strand Sequences of Human LRRK2 dsRNA Agents

SEQ [Range in [Range in SEQ [Range in |[Range in
Duplex [Sense Sequence ID [XM_02444 NM_19857 |[Antisense Sequence [ID XM 02444 NM_19857
1D 5t 3 INO: [8833.1 8.4 5’to3 INO: 8833.1 8.4
IAD- IACACCUGAAUGU|11  12-232  [1458-1478 [UACUCCAAAACAU|167 P10-232  [1456-1478
1624152 [UUUGGAGUA UCAGGUGUAU
IAD- IAGAAGCAUAUA |12 238-258  [1484-1504 [UAGGAGAAUGUA |168 P236-258  [1482-1504
1624178 [CAUUCUCCUA UAUGCUUCUGC
IAD- UCACAAACUGGU|I3  [515-535 |1761-1781 [UCUGCUAGGACCA|169 [513-535  [1759-1781
1624412 |[CCUAGCAGA GUUUGUGAAU
IAD- GGGUUUAAGUC (14 [704-724  [1950-1970 [UAUCCUAUAAGACI|L70 (702-724  (1948-1970
1624595 UUAUAGGAUA UUAAACCCAG
IAD- IAGGAUUUCAGA |15 [830-850 [076-2096 [UCUAAGAUUGUCU|171 [828-850  [2074-2096
1624721 [CAAUCUUAGA GAAAUCCUUU
IAD- IAGCAAUCCUCAA|lI6  [848-868  [2094-2114 [UCUGACAAUUUGA|172 [846-868  [2092-2114
1624739 AUUGUCAGA GGAUUGCUAA
AD- AACCUCUGUUGC|17  1966-986  |2212-2232 [UAAACACUUGCAA(I73 964-986  2210-2232
1624856 AAGUGUUUA CAGAGGUUUA
IAD- ACCUCUGUUGCA|18  967-987  [2213-2233 [UAAAACACUUGCA|174 [965-987  2211-2233
1624857 AGUGUUUUA ACAGAGGUUU
IAD- GAUGCUAGAGA (19 [1022-1042 2268-2288 [UCACACGCUCUCU (175 [1020-1042 2266-2288
1624894 |GAGCGUGUGA CUAGCAUCAC
IAD- UCUCGUGAACAADO  |1185-1205 2431-2451 [UCGUACAUCUUGU(176 |1183-1205 2429-2451
1625057 [GAUGUACGA UCACGAGAUC
IAD- GGCCAACAAUAGPIL  [1283-1303 2529-2549 [UGGCAAAUGCUAU|L77 [1281-1303 2527-2549
1625155 |[CAUUUGCCA UGUUGGCCAC
IAD- AGGAAAAGUUG [22  |1319-1339 2565-2585 [UAAGAAGGUUCAA|L78 |1317-1339 [2563-2585
1625191 AACCUUCUUA CUUUUCCUAU
IAD- GGAAAAGUUGA 3  [1320-1340 2566-2586 [UCAAGAAGGUUCA|L79 |(1318-1340 2564-2586
1625192 ACCUUCUUGA ACUUUUCCUA
IAD- IAAAGUUGAACC 24 [1323-1343 2569-2589 [UAGCCAAGAAGGU|180 [1321-1343 2567-2589
1625195 [UUCUUGGCUA UCAACUUUUC
IAD- UUGGCUUGGUCCPS  |1337-1357 [2583-2603 [UGAAAUAAAGGACII81 [1335-1357 2581-2603
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SEQ Range in  [Range in SEQ [Range in |Range in

Duplex [Sense Sequence ID XM 02444 NM_19857 |[Antisense Sequence (ID XM 02444 NM_19857
1D St NO: [8833.1 8.4 S to Y INO: [8833.1 8.4
1625209 [UUUAUUUCA CAAGCCAAGA

IAD- GAUAAGACUUC |26 |1359-1379 2605-2625 [UCUUAAAUUAGAA(182 |1357-1379 [2603-2625
1625230 [UAAUUUAAGA GUCUUAUCUG

IAD- GAAUGGUGAUC 27 |1411-1431 [2657-2677 [UCUGAUAUCUGAU(183 [1409-1431 2655-2677
1625282 IAGAUAUCAGA CACCAUUCUU

IAD- UUUAUUCCUGAC]8  [1518-1538 2764-2784 [UAUAGAAGAGUCA|184 |1516-1538 [2762-2784
1625389 [UCUUCUAUA GGAAUAAAGG

IAD- UUAGUGUAGGA 29 [1621-1641 2867-2887 [UGUAAAAUUCUCC|185 |1619-1641 [2865-2887
1625485 (GAAUUUUACA UACACUAAUU

IAD- UUUUACCGAGA 30 [1635-1655 2881-2901 [UAAUACGGCAUCU(186 |1633-1655 [2879-2901
1625499 [UGCCGUAUUA CGGUAAAAUU

IAD- UUACCGAGAUGC]B1  |1637-1657 [2883-2903 [UGUAAUACGGCAU(187 (1635-1657 2881-2903
1625501 [CGUAUUACA CUCGGUAAAA

IAD- IAAACUUCAAUCCPB2  |1776-1796 [3022-3042 [UCUCAUAUGGGAU(188 |1774-1796 (3020-3042
1625610 [CAUAUGAGA UGAAGUUUUG

IAD- UGCACUCACGAGP33  |1952-1972 [3198-3218 [UGUGGAAAGCUCG(189 [1950-1972 3196-3218
1625786 |CUUUCCACA UGAGUGCAUU

IAD- CUCUCGAAAUGAP4  2084-2104 [3330-3350 [UGUCCAAUGUCAU|190 2082-2104 [3328-3350
1625910 [CAUUGGACA UUCGAGAGAC

IAD- IACCCUCAGUGGU35 [2102-2122 [3348-3368 [UGAUCUAAAACCA(191 [2100-2122 [3346-3368
1625928 [UUUAGAUCA CUGAGGGUCC

IAD- AGUUUAACCUG 36 [2149-2169 [3395-3415 [UGUUAUAUGACAG(192 [2147-2169 [(3393-3415
1625975 [UCAUAUAACA GUUAAACUGU

IAD- UUGCUGCUAUGCB7  [2383-2403 [3629-3649 [UCAAGAAAGGCAU|193 2381-2403 [3627-3649
1626183 |CUUUCUUGA IAGCAGCAAGA

IAD- UGCUGCUAUGCC38  [2384-2404 (3630-3650 [UGCAAGAAAGGCA|194 12382-2404 [3628-3650
1626184 [UUUCUUGCA UAGCAGCAAG

IAD- UUAAAUCUUCCAR9  D466-2486 [3712-3732 [UCGCAAGUGUGGA|195 2464-2486 [3710-3732
1626265 |CACUUGCGA IAGAUUUAAAA

IAD- UAAAUCUUCCACHO P467-2487 [3713-3733 [UCCGCAAGUGUGG(196 [2465-2487 3711-3733
1626266 |ACUUGCGGA AAGAUUUAAA

IAD- AAUCUUCCACACH]  [2469-2489 3715-3735 [UGACCGCAAGUGU(197 [2467-2489 (3713-3735
1626268 [UUGCGGUCA GGAAGAUUUA

IAD- UCUUCCACACUUWM2 [2471-2491 B717-3737 UAAGACCGCAAGU(198 2469-2491 3715-3737
1626270 |GCGGUCUUA GUGGAAGAUU

IAD- UCCACACUUGCGH3 474-2494 (3720-3740 [UCUAAAGACCGCA|199 [2472-2494 [3718-3740
1626273 | GUCUUUAGA AGUGUGGAAG

IAD- UUGCGGUCUUU 44 P481-2501 [3727-3747 [UCUCAUAUCUAAAR00 [2479-2501 [3725-3747
1626280 AGAUAUGAGA GACCGCAAGU

IAD- AACUUAAGGGA {5 [2550-2570 3796-3816 [UAAUAAGAGUUCCRO01 [2548-2570 (3794-3816
1626349 |ACUCUUAUUA CUUAAGUUCA

IAD- UAAGGGAACUC H6 [554-2574 (3800-3820 [UGCUAAAUAAGAG202 [2552-2574 [3798-3820
1626353 [UUAUUUAGCA UUCCCUUAAG

IAD- UAAUCAGAUCA W7 D576-2596 (3822-3842 [UCCAAGAUGCUGA]R03 2574-2596 [3820-3842
1626375 |GCAUCUUGGA UCUGAUUAUG

IAD- AUCAGCAUCUUGHS [2583-2603 [3829-3849 [UCUCAAGUCCAAGP04 [2581-2603 (3827-3849
1626382 | GACUUGAGA AUGCUGAUCU
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IAD-
1626428

UAGAGAAACUG
CAUCUUUCUA

49

2629-2649

3875-3895

UAGAAAGAUGCAG
UUUCUCUACU

205

2627-2649

3873-3895

IAD-
1626524

UGGAACUAAGA
UCCUUUCCCA

2725-2745

3971-3991

UGGGAAAGGAUCU
UAGUUCCAAG

206

2723-2745

3969-3991

IAD-
1626636

AUAACCGAAUG
AAACUUAUGA

2884-2904

4130-4150

UCAUAAGUUUCAU
UCGGUUAUAA

207

2882-2904

4128-4150

IAD-
1626921

CAAUAUAAAGG
CUCGCGCUUA

3197-3217

4443-4463

UAAGCGCGAGCCU
UUAUAUUGAA

208

3195-3217

4441-4463

IAD-
1626925

AUAAAGGCUCGC
GCUUCUUCA

3201-3221

1447-4467

UGAAGAAGCGCGA
GCCUUUAUAU

209

3199-3221

4445-4467

IAD-
1626927

AAAGGCUCGCGC
UUCUUCUUA

3203-3223

1449-4469

UAAGAAGAAGCGC
GAGCCUUUAU

210

3201-3223

4447-4469

IAD-
1626936

UUCUCGUUGGCA
CACAUUUGA

3232-3252

1478-4498

UCAAAUGUGUGCC
AACGAGAAUC

211

3230-3252

4476-4498

IAD-
1626946

CACACAUUUGGA
UGUUUCUGA

3242-3262

1488-4508

IUCAGAAACAUCCA
AAUGUGUGCC

212

3240-3262

4486-4508

IAD-
1627077

AUGCUUUGGCA
AAACUUCGGA

3373-3393

1619-4639

UCCGAAGUUUUGC
CAAAGCAUCA

213

3371-3393

4617-4639

IAD-
1627110

ACGAGAGCCUUA|
AUUUCAAGA

3406-3426

1652-4672

IUCUUGAAAUUAAG
GCUCUCGUUU

214

3404-3426

4650-4672

IAD-
1627308

AAUCAGGAGUCC
UUCUUCAUA

3622-3642

1868-4888

UAUGAAGAAGGAC
UCCUGAUUCA

215

3620-3642

4866-4888

IAD-
1627390

AAUCAUGGCACA
GAUUUUGAA

3704-3724

1950-4970

UTCAAAAUCUGTG
CCAUGAUUUU

216

3702-3724

4948-4970

IAD-
1627410

CAGUGAAAGUG
GAAGGUUGUA

3724-3744

1970-4990

UACAACCUUCCAC
UUUCACUGUC

217

3722-3744

4968-4990

IAD-
1627411

AGUGAAAGUGG
AAGGUUGUCA

3725-3745

1971-4991

UGACAACCUUCCA
CUUUCACUGU

218

3723-3745

4969-4991

IAD-
1627412

GUGAAAGUGGA
AGGUUGUCCA

3726-3746

1972-4992

UGGACAACCUUCC
ACUUUCACUG

219

3724-3746

4970-4992

IAD-
1627511

CUAGAAAAAUU
CCAGAUUGCA

3846-3866

5092-5112

UGCAAUCUGGAAU
UUUUCUAGGA

220

3844-3866

5090-5112

IAD-
1627601

AAUUAUCAUCCG
ACUAUAUGA

3956-3976

5202-5222

UCAUAUAGUCGGA
UGAUAAUUUC

221

3954-3976

5200-5222

IAD-
1627625

GCCUUAUUUUCC
AAUGGGAUA

3980-4000

5226-5246

UAUCCCAUUGGAA
AAUAAGGCAU

222

3978-4000

5224-5246

IAD-
1627631

UUUUCCAAUGG
GAUUUUGGUA

3986-4006

5232-5252

UACCAAAAUCCCA
UUGGAAAAUA

223

3984-4006

5230-5252

IAD-
1627632

UUUCCAAUGGG
AUUUUGGUCA

3987-4007

5233-5253

UGACCAAAAUCCC
AUUGGAAAAU

224

3985-4007

5231-5253

IAD-
1627672

UUGAGAUUUCA
CCUUACAUGA

1027-4047

5273-5293

UCAUGUAAGGUGA
AAUCUCAAGU

225

4025-4047

5271-5293

IAD-
1627717

GCCCAAACAGAA
UGUAUUGGA

1072-4092

5318-5338

UCCAAUACAUUCU
GUUUGGGCGA

226

4070-4092

5316-5338

IAD-
1627766

UGAAGCUUAUU
GUCUGGUAGA

4121-4141

5367-5387

UCUACCAGACAAU
AAGCUUCAGG

227

4119-4141

5365-5387

IAD-

GAAGCUUAUUG

4122-4142

5368-5388

UCCUACCAGACAA

228

4120-4142

5366-5388
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1627767

UCUGGUAGGA

UAAGCUUCAG

IAD-
1627769

AGCUUAUUGUC
UGGUAGGAUA

4124-4144

5370-5390

UAUCCUACCAGAC
AAUAAGCUUC

229

4122-4144

5368-5390

IAD-
1627772

UUAUUGUCUGG
UAGGAUCUGA

1127-4147

5373-5393

UCAGAUCCUACCA
GACAAUAAGC

230

4125-4147

5371-5393

IAD-
1627820

AAAAUUACAGU
UCCUUCUUGA

4179-4199

5425-5445

IUCAAGAAGGAACU
GUAAUUUUUA

231

4177-4199

5423-5445

IAD-
1627838

UGUAGAAAAGG
CUGUAUUCUA

4197-4217

5443-5463

UAGAAUACAGCCU
UUUCUACAAG

232

4195-4217

5441-5463

IAD-
1627852

UAUUCUUUUGG
GCCAAGUUGA

4211-4231

5457-5477

UCAACUTGGCCCA
IAAAGAAUACA

233

4209-4231

5455-5477

IAD-
1627856

CUUUUGGGCCAA
GUUGUGGAA

1215-4235

5461-5481

UTCCACAACUUGG
CCCAAAAGAA

234

4213-4235

5459-5481

IAD-
1627866

AAGUUGUGGAC
CACAUUGAUA

4225-4245

5471-5491

UAUCAATGUGGTC
CACAACUUGG

235

4223-4245

5469-5491

IAD-
1627870

UGUGGACCACAU
UGAUUCUCA

4229-4249

5475-5495

UGAGAATCAAUGU
GGUCCACAAC

236

4227-4249

5473-5495

IAD-
1627896

AAGAAUGGUUU
CCUGGGUUGA

1255-4275

5501-5521

IUCAACCCAGGAAA
CCAUUCUUCC

237

4253-4275

5499-5521

IAD-
1627952

UUGAAGAAAUG
GGCAUUAUAA

4311-4331

5557-5577

UTAUAATGCCCAU
UUCUUCAACA

238

4309-4331

5555-5577

IAD-
1628008

GGAAGGAGAUC
UCUUAGUAAA

4394-4414

5640-5660

UTUACUAAGAGAU
CUCCUUCCUC

239

4392-4414

5638-5660

IAD-
1628014

AGAUCUCUUAG
UAAAUCCAGA

4400-4420

5646-5666

UCUGGATUUACTA
AGAGAUCUCC

240

4398-4420

5644-5666

IAD-
1628027

AAUCCAGAUCAA
CCAAGGCUA

4413-4433

5659-5679

UAGCCUTGGUUGA
UCUGGAUUUA

241

4411-4433

5657-5679

IAD-
1628042

AGGCUCACCAUU
CCAAUAUCA

4428-4448

5674-5694

UGAUAUTGGAATG
GUGAGCCUUG

242

4426-4448

5672-5694

IAD-
1628043

GGCUCACCAUUC
CAAUAUCUA

4429-4449

5675-5695

UAGATATUGGAAU
GGUGAGCCUU

4427-4449

5673-5695

IAD-
1628044

GCUCACCAUUCC
AAUAUCUCA

4430-4450

5676-5696

UGAGAUAUUGGA
AUGGUGAGCCU

244

4428-4450

5674-5696

IAD-
1628050

CAUUCCAAUAUC
UCAGAUUGA

4436-4456

5682-5702

UCAATCTGAGATA
UUGGAAUGGU

245

4434-4456

5680-5702

IAD-
1628052

UUCCAAUAUCUC
AGAUUGCCA

4438-4458

5684-5704

UGGCAATCUGAGA
UAUUGGAAUG

246

4436-4458

5682-5704

IAD-
1628070

GACCUGCCUAGA
AAUAUUAUA

4476-4496

5722-5742

UAUAAUAUUUCTA
GGCAGGUCAG

247

4474-4496

5720-5742

IAD-
1628073

CUGCCUAGAAAU
AUUAUGUUA

4479-4499

5725-5745

UAACAUAAUAUTU
CUAGGCAGGU

248

4477-4499

5723-5745

IAD-
1628118

AGAGUUUCUCCU
AGGUGAUGA

1532-4552

5778-5798

UCAUCACCUAGGA
GAAACUCUGG

249

4530-4552

5776-5798

IAD-
1628119

GAGUUUCUCCUA
GGUGAUGGA

1533-4553

5779-5799

UCCATCACCUAGG
AGAAACUCUG

250

4531-4553

5777-5799

IAD-
1628133

UGAUGGCAGUU

UUGGAUCAGA

4547-4567

5793-5813

IUCUGAUCCAAAAC

UGCCAUCACC

4545-4567

5791-5813
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IAD-
1628253

GAUGUUGGUGA
UGGAGUUAGA

06

4718-4738

5964-5984

UCUAACTCCAUCA
CCAACAUCCG

252

4716-4738

5962-5984

IAD-
1628254

AUGUUGGUGAU
GGAGUUAGCA

4719-4739

5965-5985

UGCUAACUCCATC
ACCAACAUCC

253

4717-4739

5963-5985

IAD-
1628273

CCUCCAAGGGUU
CCUUGGAUA

4738-4758

5984-6004

UAUCCAAGGAACC
CUUGGAGGCU

254

4736-4758

5982-6004

IAD-
1628318

GCCUCACUAGAA
CCCUACAGA

4783-4303

6029-6049

UCUGTAGGGUUCU
AGUGAGGCUG

255

4781-4803

6027-6049

IAD-
1628381

ACUCAGCCAUGA
UUAUAUACA

100

1846-4866

6092-6112

UGUATATAAUCAU
GGCUGAGUGG

256

4844-4866

6090-6112

IAD-
1628382

CUCAGCCAUGAU
UAUAUACCA

101

4847-4867

6093-6113

UGGUAUAUAAUCA
UGGCUGAGUG

257

4845-4867

6091-6113

IAD-
1628383

UCAGCCAUGAUU
AUAUACCGA

102

1848-4868

6094-6114

IUCGGTATAUAATC
AUGGCUGAGU

258

4846-4868

6092-6114

IAD-
1628385

AGCCAUGAUUA
UAUACCGAGA

103

1850-4870

6096-6116

UCUCGGTAUAUAA
UCAUGGCUGA

259

4848-4870

6094-6116

IAD-
1628396

CACAAUGUGCUG
CUUUUCACA

104

4881-4901

6127-6147

UGUGAAAAGCAGC
ACAUUGUGGG

260

4879-4901

6125-6147

IAD-
1628412

UCACACUGUAUC
CCAAUGCUA

105

1897-4917

6143-6163

UAGCAUTGGGATA
CAGUGUGAAA

261

4895-4917

6141-6163

IAD-
1628434

CAUCAUUGCAAA
GAUUGCUGA

106

1919-4939

6165-6185

IUCAGCAAUCUUTG
CAAUGAUGGC

262

4917-4939

6163-6185

IAD-
1628441

GCAAAGAUUGC
UGACUACGGA

107

1926-4946

6172-6192

UCCGTAGUCAGCA
AUCUUUGCAA

263

4924-4946

6170-6192

IAD-
1628442

CAAAGAUUGCU
GACUACGGCA

108

1927-4947

6173-6193

UGCCGUAGUCAGC
AAUCUUUGCA

264

4925-4947

6171-6193

IAD-
1628443

AAAGAUUGCUG
ACUACGGCAA

109

1928-4948

6174-6194

UTGCCGTAGUCAG
CAAUCUUUGC

265

4926-4948

6172-6194

IAD-
1628444

AAGAUUGCUGA
CUACGGCAUA

110

1929-4949

6175-6195

UAUGCCGUAGUCA
GCAAUCUUUG

266

4927-4949

6173-6195

IAD-
1628467

UCAGUACUGCUG
UAGAAUGGA

1952-4972

6198-6218

UCCATUCUACAGC
AGUACUGAGC

267

4950-4972

6196-6218

IAD-
1628570

CUACUCUAUGAC
AUUUUGACA

112

5073-5093

6319-6339

IUGUCAAAAUGUCA
UAGAGUAGUA

268

5071-5093

6317-6339

IAD-
1628590

AACUGGAGGUA
GAAUAGUAGA

113

5093-5113

6339-6359

UCUACUAUUCUAC
CUCCAGUUGU

269

5091-5113

6337-6359

IAD-
1628668

CCAGUUAAAGA
AUAUGGUUGA

114

5172-5192

0418-6438

UCAACCAUAUUCU
UUAACUGGAU

270

5170-5192

6416-6438

IAD-
1628754

GAAUUCAGCUG
AAUUAGUCUA

115

5285-5305

6531-6551

UAGACUAAUUCAG
CUGAAUUCAA

271

5283-5305

6529-6551

IAD-
1628759

CAGCUGAAUUA
GUCUGUCUGA

116

5290-5310

6536-6556

IUCAGACAGACUAA
UUCAGCUGAA

272

5288-5310

6534-6556

IAD-
1628764

GAAUUAGUCUG
UCUGACGAGA

117

5295-5315

6541-6561

UCUCGUCAGACAG
ACUAAUUCAG

273

5293-5315

6539-6561

IAD-
1628794

ACCUAAAAACGU
AAUUGUUGA

118

5327-5347

0573-6593

UCAACAAUUACGU
UUUUAGGUAA

274

5325-5347

6571-6593

IAD-

GAGGACAGCUCU

119

5416-5436

6662-6682

UAAGAAAUGAGA

275

5414-5436

6660-6682
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1628883

CAUUUCUUA

GCUGUCCUCUG

IAD-
1628951

AUAUUGUGCUU
AGCCUUGGUA

120

5484-5504

6730-6750

UACCAAGGCUAAG
CACAAUAUUC

276

5482-5504

6728-6750

IAD-
1628961

UAGCCUUGGUGC
AUCUUCCUA

121

5494-5514

6740-6760

UAGGAAGAUGCAC
CAAGGCUAAG

277

5492-5514

6738-6760

IAD-
1628963

GCCUUGGUGCAU
CUUCCUGUA

122

5496-5516

6742-6762

UACAGGAAGAUGC
ACCAAGGCUA

278

5494-5516

6740-6762

IAD-
1629007

UGGGACACAGUC
UGGUACUCA

123

5540-5560

6786-6806

UGAGTACCAGACU
GUGUCCCAGA

279

5538-5560

6784-6806

IAD-
1629012

CACAGUCUGGUA
CUCUCCUGA

124

5545-5565

6791-6811

UCAGGAGAGUACC
AGACUGUGUC

280

5543-5565

6789-6811

IAD-
1629024

CUCUCCUGGUCA
UCAAUACCA

125

5557-5577

6803-6823

UGGUAUTGAUGAC
CAGGAGAGUA

281

5555-5571

6801-6823

IAD-
1629025

UCUCCUGGUCAU
CAAUACCGA

126

5558-5578

6804-6824

UCGGTATUGAUGA
CCAGGAGAGU

282

5556-5578

6802-6824

IAD-
1629026

CUCCUGGUCAUC
AAUACCGAA

127

5559-5579

6805-6825

UTCGGUAUUGATG
ACCAGGAGAG

283

5557-5579

6803-6825

IAD-
1629028

CCUGGUCAUCAA
UACCGAAGA

128

5561-5581

6807-6827

UCUUCGGUAUUGA
UGACCAGGAG

284

5559-5581

6805-6827

IAD-
1629031

GGUCAUCAAUAC
CGAAGAUGA

129

5564-5584

6810-6830

UCAUCUTCGGUAU
UGAUGACCAG

285

5562-5584

6808-6830

IAD-
1629032

GUCAUCAAUACC
GAAGAUGGA

130

5565-5585

6811-6831

UCCATCTUCGGTA
UUGAUGACCA

286

5563-5585

6809-6831

IAD-
1629033

UCAUCAAUACCG
AAGAUGGGA

131

5566-5586

6812-6832

UCCCAUCUUCGGU
AUUGAUGACC

287

5564-5586

6810-6832

IAD-
1629039

AUACCGAAGAU
GGGAAAAAGA

132

5572-5592

6818-6838

UCUUTUTCCCATC
UUCGGUAUUG

288

5570-5592

6816-6838

IAD-
1629092

CUUGUUUGUAU
UGCAAUUCCA

133

5626-5646

6872-6892

UGGAAUTGCAATA
CAAACAAGUG

289

5624-5646

6870-6892

IAD-
1629200

UACUAAAUAUA
GGAAAUGUCA

134

5758-5778

7004-7024

UGACAUTUCCUAU
AUUUAGUAUC

290

5756-5778

7002-7024

IAD-
1629214

AAUGUCAGUAC
UCCAUUGAUA

135

5772-5792

7018-7038

UAUCAATGGAGTA
CUGACAUUUC

291

5770-5792

7016-7038

IAD-
1629216

UGUCAGUACUCC
AUUGAUGUA

136

5774-5794

7020-7040

UACATCAAUGGAG
UACUGACAUU

292

5772-5794

7018-7040

IAD-
1629223

ACUCCAUUGAUG
UGUUUGAGA

137

5781-5801

7027-7047

IUCUCAAACACATC
AAUGGAGUAC

293

5779-5801

7025-7047

IAD-
1629224

CUCCAUUGAUGU
GUUUGAGUA

138

5782-5802

7028-7048

IUACUCAAACACAU
CAAUGGAGUA

294

5780-5802

7026-7048

IAD-
1629263

GAGGAUGUGGC
ACAAAGAUUA

139

5839-5859

7085-7105

UAAUCUTUGUGCC
ACAUCCUCCC

295

5837-5859

7083-7105

IAD-
1629280

UUUUCUCCUUUU
CUAAUGAUA

140

5857-5877

7103-7123

UAUCAUTAGAAAA
GGAGAAAAUC

296

5855-5877

7101-7123

IAD-
1629292

CUAAUGAUUUC
ACCAUUCAGA

141

5869-5889

7115-7135

UCUGAATGGUGAA
AUCAUUAGAA

297

5867-5889

7113-7135

IAD-
1629298

AUUUCACCAUUC

142

AGAAACUCA

5875-5895

7121-7141

UGAGTUTCUGAAU

GGUGAAAUCA

298

5873-5895

7119-7141
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IAD-
1629304

CCAUUCAGAAAC
UCAUUGAGA

143

5881-5901

7127-7147

UCUCAATGAGUTU
CUGAAUGGUG

299

5879-5901

7125-7147

IAD-
1629419

UAGCCCUGUUGU
GGAAGUGUA

144

5996-6016

7242-7262

UACACUTCCACAA
CAGGGCUAUU

300

5994-6016

7240-7262

IAD-
1629524

AAACACAAAAU
GUCUUAUUCA

145

6102-6122

7348-7368

UGAATAAGACATU
UuuGUGUUUUG

301

6100-6122

7346-7368

IAD-
1629573

AGAACACUGCUC
UUUGGAUAA

146

6151-6171

7397-7417

UTAUCCAAAGAGC
AGUGUUCUUC

302

6149-6171

7395-7417

IAD-
1629580

UGCUCUUUGGA
UAGGAACUGA

147

6158-6178

7404-7424

UCAGTUCCUAUCC
IAAAGAGCAGU

303

6156-6178

7402-7424

IAD-
1629581

GCUCUUUGGAU
AGGAACUGGA

148

6159-6179

7405-7425

UCCAGUTCCUATC
CAAAGAGCAG

304

6157-6179

7403-7425

IAD-
1629597

CUGGAGGAGGC(C
AUAUUUUAA

149

6175-6195

7421-7441

IUTAAAATAUGGCC
UCCUCCAGUU

305

6173-6195

7419-7441

IAD-
1629619

CCUGGAUCUUUC
AACUCGUCA

150

6197-6217

7443-7463

UGACGAGUUGAAA
GAUCCAGGAG

306

6195-6217

7441-7463

IAD-
1629620

CUGGAUCUUUCA
ACUCGUCGA

6198-6218

7444-7464

UCGACGAGUUGAA
AGAUCCAGGA

307

6196-6218

7442-7464

IAD-
1629621

UGGAUCUUUCA
ACUCGUCGAA

6199-6219

7445-7465

UTCGACGAGUUGA
AAGAUCCAGG

308

6197-6219

7443-7465

IAD-
1629665

AUUCGGUCAGA
GUCAUGAUGA

6247-6267

7493-7513

UCAUCATGACUCU
GACCGAAUUA

309

6245-6267

7491-7513

IAD-
1629707

AAAAUGUCAUG
CUGGUAUUGA

6289-6309

7535-7555

UCAATACCAGCAU
GACAUUUUUA

310

6287-6309

7533-7555

IAD-
1629710

AUGUCAUGCUG
GUAUUGGGCA

5 16292-6312

7538-7558

UGCCCAAUACCAG
CAUGACAUUU

311

6290-6312

7536-7558

IAD-
1629711

UGUCAUGCUGG
UAUUGGGCUA

0293-6313

7539-7559

UAGCCCAAUACCA
GCAUGACAUU

312

6291-6313

7537-7559

IAD-
1629763

GAAAGAGAUAC
AAUCUUGCUA

157

0347-6367

7593-7613

UAGCAAGAUUGTA
UCUCUUUCUG

313

6345-6367

7591-7613

IAD-
1629799

CAAUCUUCCACA
UGAAGUGCA

158

6383-6403

7629-7649

UGCACUTCAUGTG
GAAGAUUGAU

314

6381-6403

7627-7649

IAD-
1629807

CACAUGAAGUGC
AAAAUUUAA

159

6391-6411

7637-7657

UTAAAUTUUGCAC
UUCAUGUGGA

315

6389-6411

7635-7657

IAD-
1629808

ACAUGAAGUGC
AAAAUUUAGA

160

6392-6412

7638-7658

UCUAAATUUUGCA
CUUCAUGUGG

316

6390-6412

7636-7658

IAD-
1629809

CAUGAAGUGCA
AAAUUUAGAA

161

6393-6413

7639-7659

UTCUAAAUUUUGC
ACUUCAUGUG

317

6391-6413

7637-7659

IAD-
1629838

AGUGAGAAAAG
AAUUAGCUGA

162

0425-6445

7671-7691

[UCAGCUAAUUCTU
UUCUCACUUC

318

6423-6445

7669-7691

IAD-
1629876

AUAGGAAUUGU
CUUUGGAUAA

163

6481-6501

7727-7747

IUTAUCCAAAGACA
AUUCCUAUUU

319

6479-6501

7725-7747

IAD-
1629878

AGGAAUUGUCU
UUGGAUAGGA

164

6483-6503

7729-7749

UCCUAUCCAAAGA
CAAUUCCUAU

320

6481-6503

7727-7749

IAD-
1630135

AAAAUAUUAAG
ACAGUUUCCA

165

6888-6908

8134-8154

UGGAAACUGUCTU
AAUAUUUUCA

321

6886-6908

3132-8154

IAD-

AAAUAUUAAGA

166

6889-6909

8135-8155

UGGGAAACUGUCU

322

6887-6909

8133-8155

159
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SEQ Range in  [Range in SEQ [Range in |Range in
Duplex [Sense Sequence ID XM 02444 NM_19857 |[Antisense Sequence (ID XM 02444 NM_19857
1D St NO: [8833.1 8.4 S to Y INO: [8833.1 8.4
1630136 [CAGUUUCCCA UAAUAUUUUC

Table 4. Unmodified Sense and Antisense Strand Sequences of Human Reactive LRRK2 dsRNA

Agents

Sense Sequence SEQ [Range in /Antisense Sequence SEQ |Range in
Duplex ID|5’ to 3’ ID NO:[NM 1985784 5’ to 3’ ID NO:NM_198578.4
IAD- AGAAGCAUAUACAUU (323 [1484-1504  [UAGGAGAAUGUAUA [526  |1482-1504
1631019 |CUCCUA UGCUUCUGC
IAD- GCAUAUACAUUCUCC 324  [1488-1508 UCUUCAGGAGAAUG [527  |1486-1508
1631020 |[UGAAGA UAUAUGCUU
IAD- UGAUAUUCACAAACU (325 [1755-1775 UGGACCAGUUUGUG 528  |1753-1775
1631021 |GGUCCA AAUAUCAUU
IAD- UCACAAACUGGUCCU 326  |1761-1781 UCUGCUAGGACCAG [529  |1759-1781
1631022 |[AGCAGA UUUGUGAAU
IAD- UCACACACUGCAGAU (327  [1905-1925 UGAUACAUCUGCAG 530  |1903-1925
1631023 |GUAUCA UGUGUGAAG
IAD- UGUCUGGGUUUAAGU [328  |1945-1965 UAUAAGACUUAAAC |531  |1943-1965
1631024 |CUUAUA CCAGACACU
IAD- GGGUUUAAGUCUUAU (329  [1950-1970  [UAUCCUAUAAGACU 532 (1948-1970
1631025 |AGGAUA UAAACCCAG
IAD- GUUUCCAGCUUAUAC (330 [2029-2049  [UAAUCGGUAUAAGC 533 2027-2049
1631026 |[CGAUUA UGGAAACCA
IAD- UUCUAAACCUCUGUU (331  [207-2227  [UCUUGCAACAGAGG 534  2205-2227
1631027 |GCAAGA UUUAGAAAC
IAD- AACCUCUGUUGCAAG (332 [2212-2232 UAAACACUUGCAAC 535 [2210-2232
1631028 |[UGUUUA AGAGGUUUA
IAD- ACCUCUGUUGCAAGU 333 P213-2233 UAAAACACUUGCAA |536  [2211-2233
1631029 |GUUUUA CAGAGGUUU
IAD- UCUCGUGAACAAGAU [334  431-2451 UCGUACAUCUUGUU 537  [2429-2451
1631030 |GUACGA CACGAGAUC
IAD- GGCCAACAAUAGCAU 335  [2529-2549 UGGCAAAUGCUAUU 538  [2527-2549
1631031 |UUGCCA GUUGGCCAC
IAD- AGGAAAAGUUGAACC (336  [2565-2585 UAAGAAGGUUCAAC 539  [2563-2585
1631032 [UUCUUA UUUUCCUAU
IAD- AAAGUUGAACCUUCU (337  [2569-2589  [UAGCCAAGAAGGUU [540  [2567-2589
1631033 [UGGCUA CAACUUUUC
IAD- CACUAGCAAGAAUGG 338  [2648-2668 UGAUCACCAUUCUU 541  [2646-2668
1631034 [UGAUCA GCUAGUGUA
IAD- UUUAUUCCUGACUCU 339  P764-2784  [UAUAGAAGAGUCAG 542  2762-2784
1631035 [UCUAUA GAAUAAAGG
IAD- AGGAGAAUUUUACCG (340  [2874-2894  [UCAUCUCGGUAAAA [543 [2872-2894
1631036 |AGAUGA UUCUCCUAC
IAD- UUUUACCGAGAUGCC 341  [2881-2901 UAAUACGGCAUCUC [544  [2879-2901
1631037 |GUAUUA GGUAAAAUU
IAD- CAGCAUUUCUUCUCU 342  [3051-3071 UAAGCCAGAGAAGA 545 [3049-3071
1631038 |GGCUUA AAUGCUGUC
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Sense Sequence SEQ [Range in lAntisense Sequence SEQ [Range in
Duplex ID|S’ to 3’ ID NO:NM_198578.4 5’ to 3’ ID NO:NM_198578.4
IAD- CAGAAUGCACUCACG (343 B193-3213  [UAAGCUCGUGAGUG [546  B191-3213
1631039 |JAGCUUA CAUUCUGGU
IAD- UGCACUCACGAGCUU 344  3198-3218  |[UGUGGAAAGCUCGU [547  196-3218
1631040 [UCCACA GAGUGCAUU
IAD- AGCUUUCCACAACAG(CB45  [3208-3228  [UCAUAGCUGUUGUG [548  [3206-3228
1631041 |UAUGA GAAAGCUCG
IAD- CUCUCGAAAUGACAU (346  [3330-3350  [UGUCCAAUGUCAUU [549  [3328-3350
1631042 JUGGACA UCGAGAGAC
IAD- UCUCGAAAUGACAUU 347  [3331-3351 UGGUCCAAUGUCAU [550  [3329-3351
1631043 |GGACCA UUCGAGAGA
IAD- CCUCAGUGGUUUUAG (348  [3350-3370  [UAGGAUCUAAAACC [551  [3348-3370
1631044 |AUCCUA ACUGAGGGU
IAD- GUCCAACUCUGAAAC (349  [3380-3400  [UAAACUGUUUCAGA [552  [3378-3400
1631045 |AGUUUA GUUGGACAU
IAD- GAAACAGUUUAACCU 350  3390-3410  [UAUGACAGGUUAAA [553  [3388-3410
1631046 |GUCAUA CUGUUUCAG
IAD- AGUUUAACCUGUCAU 351  [3395-3415  |[UGUUAUAUGACAGG [554  [3393-3415
1631047 |JAUAACA UUAAACUGU
AD- GAACUUUCUUGAGGC 352 [3573-3593  [UGACAAGCCUCAAG [555  B571-3593
1631048 |UUGUCA AAAGUUCUC
IAD- AAUUUUCUUGCUGCU (353  [3622-3642  [UGGCAUAGCAGCAA 556  [3620-3642
1631049 |AUGCCA GAAAAUUCA
IAD- CUGCUAUGCCUUUCU (354  [3632-3652  [UAGGCAAGAAAGGC [557  [630-3652
1631050 |UGCCUA AUAGCAGCA
IAD- UUAAAUCUUCCACAC 355  B712-3732 [ UCGCAAGUGUGGAA 558  [3710-3732
1631051 |UUGCGA GAUUUAAAA
AD- AAUCUUCCACACUUGCB56  [3715-3735  [UGACCGCAAGUGUG [559  [3713-3735
1631052 |GGUCA GAAGAUUUA
IAD- UCUUCCACACUUGCGGB57  B717-3737  [UAAGACCGCAAGUG 60 [3715-3737
1631053 |UCUUA UGGAAGAUU
IAD- CUUCCACACUUGCGGUR58  [3718-3738 ~ UAAAGACCGCAAGU [561  [3716-3738
1631054 |CUUUA GUGGAAGAU
IAD- AUAUGAGCAGCAAUG (359  [B740-3760  [UAAUAUCAUUGCUG 362  [3738-3760
1631055 |JAUAUUA CUCAUAUCU
IAD- GAACUUAAGGGAACU (360  [3795-3815  [UAUAAGAGUUCCCU [563  [3793-3815
1631056 |CUUAUA UAAGUUCAA
IAD- AACUCUUAUUUAGCC (361  [3806-3826  [UAUUAUGGCUAAAU 564  [3804-3826
1631057 |AUAAUA AAGAGUUCC
IAD- AUCAGCAUCUUGGAC (362  [3829-3849  [UCUCAAGUCCAAGA 365  [3827-3849
1631058 |[UUGAGA UGCUGAUCU
IAD- UCAGCAUCUUGGACU 363  3830-3850  [UACUCAAGUCCAAG 566  [3828-3850
1631059 |UGAGUA AUGCUGAUC
IAD- AAAAUCUGACAUCUC 364  [3938-3958  [UAUCCAGAGAUGUC 367  [3936-3958
1631060 |[UGGAUA AGAUUUUCA
IAD- CUCUGGAUGUCAGUU (365  [3950-3970  [UGUUGUAACUGACA [568  [3948-3970
1631061 |ACAACA UCCAGAGAU
IAD- UGGAACUAAGAUCCU 366  [3971-3991 UGGGAAAGGAUCUU [569  [3969-3991
1631062 [UUCCCA AGUUCCAAG
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Sense Sequence SEQ [Range in lAntisense Sequence SEQ [Range in
Duplex ID|S’ to 3’ ID NO:NM_198578.4 5’ to 3’ ID NO:NM_198578.4
IAD- AGCGAGCAUUGUACC P67  4367-4387  [UAGCAAGGUACAAU 570  ¥365-4387
1631063 JUUGCUA GCUCGCUGC
IAD- UGUACCUUGCUGUCU 368  @4376-4396  [UGUCAUAGACAGCA 571  @4374-4396
1631064 |AUGACA AGGUACAAU
IAD- AAUAUAAAGGCUCGC 369  {444-4464  [UGAAGCGCGAGCCU [572  14442-4464
1631065 |GCUUCA UUAUAUUGA
IAD- UAUAAAGGCUCGCGC 370  {4446-4466  [UAAGAAGCGCGAGC 573 {4444-4466
1631066 JUUCUUA CUUUAUAUU
IAD- AUAAAGGCUCGCGCU (371  @447-4467  [UGAAGAAGCGCGAG [574  @445-4467
1631067 JUCUUCA CCUUUAUAU
IAD- ACUCCUGAAUAAGCG (372 @551-4571 UACCCUCGCUUAUUC|S7S  |4549-4571
1631068 |AGGGUA AGGAGUUC
IAD- CCUGAAUAAGCGAGG (373 ¥554-4574  [UGGAACCCUCGCUUAP76  ¥552-4574
1631069 |GUUCCA UUCAGGAG
IAD- UCCAGACUGCUAUGU [374  {4704-4724  [UGUUCUACAUAGCA 577  @4702-4724
1631070 |AGAACA GUCUGGAAU
IAD- AAUGAGCUUCCUCAC 375  ¢¥834-4854  [UACUGCGUGAGGAA [578  1¥832-4854
1631071 |GCAGUA GCUCAUUUU
AD- GCUUCCUCACGCAGUU376  @#839-4859  [UAGUGAACUGCGUG 579  @#837-4859
1631072 |CACUA AGGAAGCUC
IAD- UUGUGGAACCCAAGU 377  H925-4945  [UAAGCCACUUGGGU [580  [4923-4945
1631073 |GGCUUA UCCACAAAG
IAD- CAGUGAAAGUGGAAG (378  ¥970-4990  [UACAACCUUCCACUU[581  §4968-4990
1631074 |GUUGUA UCACUGUC
IAD- AGUGAAAGUGGAAGG 379  @4971-4991 UGACAACCUUCCACU[582  [4969-4991
1631075 |UUGUCA UUCACUGU
AD- GUGAAAGUGGAAGGU 380  @#972-4992 [ UGGACAACCUUCCAC383  1#4970-4992
1631076 |[UGUCCA UUUCACUG
IAD- UCCAAAGAACUACAU 381  [5058-5078  [UGUGACAUGUAGUU [584  [5056-5078
1631077 |GUCACA CUUUGGAAA
IAD- CUAGAAAAAUUCCAG (382  [p092-5112  [UGCAAUCUGGAAUU [585  [p090-5112
1631078 |AUUGCA UUUCUAGGA
IAD- GAAUAUUUGCUGGUU 383  [5128-5148  [UCUUGGAACCAGCA [586  [5126-5148
1631079 |CCAAGA AAUAUUCUU
IAD- CUCUGAAAUUAUCAU 384  [5196-5216  [UGUCGGAUGAUAAU 587  [5194-5216
1631080 |CCGACA UUCAGAGUU
IAD- GCCUUAUUUUCCAAU 385  [5226-5246  [UAUCCCAUUGGAAA [588  [5224-5246
1631081 |GGGAUA AUAAGGCAU
IAD- GAGAUUUCACCUUAC 386  |5275-5295  [UAGCAUGUAAGGUG [589  [5273-5295
1631082 |AUGCUA AAAUCUCAA
IAD- AAACAGAAUGUAUUG (387  [5322-5342  [UGUCGCCAAUACAU 590  [5320-5342
1631083 |GCGACA UCUGUUUGG
IAD- UUACUUAAAUUGGUC 388  [5349-5369  [UCAGGAGACCAAUU 591  [5347-5369
1631084 |UCCUGA UAAGUAAAU
IAD- CUUAAAUUGGUCUCC (389  [5352-5372  [UCUUCAGGAGACCA [592  [5350-5372
1631085 |UGAAGA AUUUAAGUA
IAD- CCUGAAGCUUAUUGU (390  [5365-5385  [UACCAGACAAUAAG [593  [5363-5385
1631086 |CUGGUA CUUCAGGAG
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Sense Sequence SEQ [Range in lAntisense Sequence SEQ [Range in
Duplex ID|S’ to 3’ ID NO:NM_198578.4 5’ to 3’ ID NO:NM_198578.4
IAD- UGAAGCUUAUUGUCU 391  [5367-5387  [UCUACCAGACAAUA [594  [5365-5387
1631087 |GGUAGA AGCUUCAGG
IAD- GAAGCUUAUUGUCUG 392 [5368-5388  |[UCCUACCAGACAAUA[S9S  [5366-5388
1631088 |GUAGGA AGCUUCAG
IAD- AGCUUAUUGUCUGGU 393 [5370-5390  [UAUCCUACCAGACAA[596  5368-5390
1631089 |AGGAUA UAAGCUUC
IAD- UUAUUGUCUGGUAGG 394  [5373-5393  [UCAGAUCCUACCAGA]597  [5371-5393
1631090 JAUCUGA CAAUAAGC
IAD- CUUUUGGGCCAAGUU 395  [5461-5481 UUCCACAACUUGGCCP98  5459-5481
1631091 |GUGGAA CAAAAGAA
IAD- UGUGGACCACAUUGA 396  [5475-5495  [UGAGAATCAAUGUG [599  [5473-5495
1631092 [UUCUCA GUCCACAAC
IAD- CACAUUGAUUCUCUC (397  [5482-5502  [UUCCAUGAGAGAAU (600  [5480-5502
1631093 |AUGGAA CAAUGUGGU
IAD- GGGUUGCUGGAGAUU 398  [5515-5535  [UAUAUCAAUCUCCA 601  [5513-5535
1631094 |GAUAUA GCAACCCAG
IAD- GGUUGCUGGAGAUUG (399  [5516-5536  [UAAUAUCAAUCUCC [602  [5514-5536
1631095 |JAUAUUA AGCAACCCA
IAD- UGAAGGAGAAACUCU K00 [5541-5561 UUCAACAGAGUUUC 603 [5539-5561
1631096 |GUUGAA UCCUUCACC
IAD- UUGAAGAAAUGGGCA W01 5557-5577  [UUAUAATGCCCAUUUBO4  [5555-5577
1631097 |UUAUAA CUUCAACA
IAD- AAUCUUACUUGAUGA @02  p607-5627  [UUCAAGTCAUCAAGU605  [605-5627
1631098 |CUUGAA AAGAUUUU
IAD- GCAGAGGAAGGAGAU 403 [5635-5655 [ UAAGAGAUCUCCUU 606  [5633-5655
1631099 |CUCUUA CCUCUGCUU
AD- GAAGGAGAUCUCUUA 404  [5641-5661 UUUUACTAAGAGAU 607 [5639-5661
1631100 |[GUAAAA CUCCUUCCU
IAD- AGGAGAUCUCUUAGU @05  j5643-5663  [UGAUUUACUAAGAG 608  [5641-5663
1631101 |AAAUCA AUCUCCUUC
IAD- GGAGAUCUCUUAGUA 406  5644-5664  [UGGAUUTACUAAGA 609  [5642-5664
1631102 |AAUCCA GAUCUCCUU
IAD- AGAUCUCUUAGUAAA K07  B646-5666  [UCUGGATUUACUAA 610  5644-5666
1631103 |UCCAGA GAGAUCUCC
IAD- AGUAAAUCCAGAUCA K08  [5655-5675  |[UUUGGUTGAUCUGG 611  [3653-5675
1631104 |ACCAAA AUUUACUAA
IAD- AAUCCAGAUCAACCA @409  [5659-5679  [UAGCCUTGGUUGAUCp12  [5657-5679
1631105 |AGGCUA UGGAUUUA
IAD- AUCCAGAUCAACCAA @410 p660-5680  [UGAGCCTUGGUUGA [613  [5658-5680
1631106 |GGCUCA UCUGGAUUU
IAD- CCAAGGCUCACCAUUCHIT  [5671-5691 UAUUGGAAUGGUGA 614 [5669-5691
1631107 |CAAUA GCCUUGGUU
IAD- AGGCUCACCAUUCCAA#12  p674-5694  UGAUAUTGGAAUGG 615  [5672-5694
1631108 |UAUCA UGAGCCUUG
IAD- CAUUCCAAUAUCUCA 413 [5682-5702  [UCAAUCTGAGAUAU [616  [5680-5702
1631109 |GAUUGA UGGAAUGGU
IAD- AUUCCAAUAUCUCAG @14  5683-5703  [UGCAAUCUGAGAUA 617  [5681-5703
1631110 |AUUGCA UUGGAAUGG

163




WO 2023/278607

PCT/US2022/035561

Sense Sequence SEQ [Range in lAntisense Sequence SEQ [Range in
Duplex ID|S’ to 3’ ID NO:NM_198578.4 5’ to 3’ ID NO:NM_198578.4
IAD- UUCCAAUAUCUCAGA 415 5684-5704  [UGGCAATCUGAGAU 618  [5682-5704
1631111 JUUGCCA AUUGGAAUG
IAD- UGACCUGCCUAGAAA K16  |5721-5741 UUAAUATUUCUAGG 619  [5719-5741
1631112 [UAUUAA CAGGUCAGC
IAD- GUUGGAAUUUGAACA 417  5757-5777  [UGAGCUTGUUCAAA 620  [5755-5777
1631113 |AGCUCA UUCCAACUC
IAD- AUUUGAACAAGCUCC @418  [5763-5783  [UACUCUGGAGCUUG 21  p761-5783
1631114 |JAGAGUA UUCAAAUUC
IAD- AGCUCCAGAGUUUCU @19  p772-5792  [UCUAGGAGAAACUC 622 [5770-5792
1631115 |CCUAGA UGGAGCUUG
IAD- GCUCCAGAGUUUCUCC420  [5773-5793  [UCCUAGGAGAAACU 623 [5771-5793
1631116 |UAGGA CUGGAGCUU
IAD- CCAGAGUUUCUCCUA 421  [5776-5796  [UUCACCTAGGAGAAA24  [5774-5796
1631117 |GGUGAA CUCUGGAG
IAD- CAGAGUUUCUCCUAG @422 [5777-5797  [UAUCACCUAGGAGA (625  [3775-5797
1631118 |GUGAUA AACUCUGGA
IAD- AGAGUUUCUCCUAGG K23 p778-5798  [UCAUCACCUAGGAG 626  [5776-5798
1631119 JUGAUGA AAACUCUGG
AD- GAGUUUCUCCUAGGU 424  5779-5799  [UCCAUCACCUAGGAG627  [5777-5799
1631120 |GAUGGA AAACUCUG
IAD- UGAUGGCAGUUUUGG 425  [5793-5813  [UCUGAUCCAAAACU 628  [5791-5813
1631121 |AUCAGA GCCAUCACC
IAD- GAUGGCAGUUUUGGA 426  5794-5814  [UACUGATCCAAAACUB29  [5792-5814
1631122 [UCAGUA GCCAUCAC
IAD- GAUGUUGGUGAUGGA {27  [5964-5984  [UCUAACTCCAUCACC 630  [5962-5984
1631123 |GUUAGA AACAUCCG
AD- AUGUUGGUGAUGGAG @428  [5965-5985  [UGCUAACUCCAUCACE31  [5963-5985
1631124 |UUAGCA CAACAUCC
IAD- UGUUGGUGAUGGAGU 429  [5966-5986  [UGGCUAACUCCAUCA32  [5964-5986
1631125 |UAGCCA CCAACAUC
IAD- UUAGCCUCCAAGGGU 430  [5980-6000  [UAAGGAACCCUUGG 633 [5978-6000
1631126 |[UCCUUA AGGCUAACU
IAD- CCUCCAAGGGUUCCUUM31  [5984-6004  UAUCCAAGGAACCCU|634  [5982-6004
1631127 |GGAUA UGGAGGCU
IAD- GCCUCACUAGAACCCUM32  6029-6049  UCUGUAGGGUUCUA 635  16027-6049
1631128 |ACAGA GUGAGGCUG
IAD- CCUCACUAGAACCCUAM33  [6030-6050  [UGCUGUAGGGUUCU [636  [6028-6050
1631129 |CAGCA AGUGAGGCU
IAD- CUGAUGGUUUGAGAU @434 |6071-6091 UGAGGUAUCUCAAA 637  [6069-6091
1631130 |ACCUCA CCAUCAGCU
IAD- ACUCAGCCAUGAUUA @435  6092-6112  [UGUAUATAAUCAUG [638  [6090-6112
1631131 |UAUACA GCUGAGUGG
IAD- CUCAGCCAUGAUUAU 436  6093-6113  [UGGUAUAUAAUCAU 639  [6091-6113
1631132 |AUACCA GGCUGAGUG
IAD- CAGCCAUGAUUAUAU 437  6095-6115  [UUCGGUAUAUAAUC 640  [6093-6115
1631133 |ACCGAA AUGGCUGAG
IAD- CAAUGUGCUGCUUUU 438  6129-6149  UGUGUGAAAAGCAG |64l  |6127-6149
1631134 |CACACA CACAUUGUG
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Duplex ID|S’ to 3’ ID NO:NM_198578.4 5’ to 3’ ID NO:NM_198578.4
IAD- GCUGCUUUUCACACU 439  6135-6155  |[UGAUACAGUGUGAA 642  [6133-6155
1631135 |GUAUCA AAGCAGCAC
IAD- CUGCUUUUCACACUG 440  [p136-6156  UGGAUACAGUGUGA [643  |6134-6156
1631136 |[UAUCCA AAAGCAGCA
IAD- UUCACACUGUAUCCCAM41  6142-6162  [UGCAUUGGGAUACA 644  16140-6162
1631137 |AUGCA GUGUGAAAA
IAD- ACACUGUAUCCCAAU @42  6145-6165  [UGCAGCAUUGGGAU 645  6143-6165
1631138 |GCUGCA ACAGUGUGA
IAD- UGCAAAGAUUGCUGA 443 16171-6191 UCGUAGTCAGCAAUCKH46  16169-6191
1631139 |CUACGA UUUGCAAU
IAD- GCAAAGAUUGCUGAC 444  6172-6192 [ UCCGUAGUCAGCAA 647  6170-6192
1631140 |UACGGA UCUUUGCAA
IAD- AAAGAUUGCUGACUA @45  [6174-6194  [UUGCCGTAGUCAGCA|648  6172-6194
1631141 |ICGGCAA AUCUUUGC
IAD- AAGAUUGCUGACUAC @46 6175-6195  [UAUGCCGUAGUCAG 649  6173-6195
1631142 |GGCAUA CAAUCUUUG
IAD- AUUGCUGACUACGGC @47  6178-6198  [UGCAAUGCCGUAGU 650  6176-6198
1631143 |JAUUGCA CAGCAAUCU
AD- UGCUGACUACGGCAU 448  16180-6200  [UGAGCAAUGCCGUA 651  6178-6200
1631144 |UGCUCA GUCAGCAAU
IAD- GCUCAGUACUGCUGU 449  6196-6216  [UAUUCUACAGCAGU (652  6194-6216
1631145 |AGAAUA ACUGAGCAA
IAD- CUCAGUACUGCUGUA 450  [6197-6217  [UCAUUCTACAGCAGUI|653  [6195-6217
1631146 |GAAUGA ACUGAGCA
IAD- UCAGUACUGCUGUAG 451  16198-6218  [UCCAUUCUACAGCAG654  6196-6218
1631147 |AAUGGA UACUGAGC
IAD- GAGGUAGAAUAGUAG 452  16344-6364  [UACCCUCUACUAUUCHSS  6342-6364
1631148 |AGGGUA UACCUCCA
IAD- GUAGAGGGUUUGAAG 453 6355-6375  [UGGAAACUUCAAAC 656  [6353-6375
1631149 |UUUCCA CCUCUACUA
IAD- UUUGACAUUUUGAAU 454  6520-6540  [UGCUGAAUUCAAAA 657  6518-6540
1631150 [UCAGCA UGUCAAAGA
IAD- CAGCUGAAUUAGUCU #455  6536-6556  [UCAGACAGACUAAU [658  [6534-6556
1631151 |GUCUGA UCAGCUGAA
IAD- GCUGAAUUAGUCUGU @456 16538-6558  [UGUCAGACAGACUA 659  [6536-6558
1631152 |CUGACA AUUCAGCUG
IAD- CUGAAUUAGUCUGUC 457  16539-6559  [UCGUCAGACAGACU [660  [6537-6559
1631153 |[UGACGA AAUUCAGCU
IAD- GAAUUAGUCUGUCUG |58  6541-6561 UCUCGUCAGACAGACI661  6539-6561
1631154 |ACGAGA UAAUUCAG
IAD- UAGUAGAAUAUUGUG 459  16723-6743  [UCUAAGCACAAUAU 662  [6721-6743
1631155 |CUUAGA UCUACUAUC
IAD- AGUAGAAUAUUGUGC @60  6724-6744  [UGCUAAGCACAAUA (663  6722-6744
1631156 |[UUAGCA UUCUACUAU
IAD- AAUAUUGUGCUUAGC @461  6729-6749  [UCCAAGGCUAAGCAC|664  6727-6749
1631157 |CUUGGA AAUAUUCU
IAD- AUAUUGUGCUUAGCC @62  6730-6750  [UACCAAGGCUAAGC (665  6728-6750
1631158 |UUGGUA ACAAUAUUC
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IAD- GCUUAGCCUUGGUGC @63 6737-6757  [UAAGAUGCACCAAG 666  6735-6757
1631159 |JAUCUUA GCUAAGCAC
IAD- UAGCCUUGGUGCAUC 464 6740-6760  [UAGGAAGAUGCACC 667  6738-6760
1631160 [UUCCUA AAGGCUAAG
IAD- GCCUUGGUGCAUCUU {465  6742-6762  [UACAGGAAGAUGCA 668  [6740-6762
1631161 |CCUGUA CCAAGGCUA
IAD- CCUUGGUGCAUCUUCCH66  16743-6763  [UAACAGGAAGAUGC 669  [6741-6763
1631162 JUGUUA ACCAAGGCU
IAD- UGGGACACAGUCUGG 467  16786-6806  [UGAGUACCAGACUG 670  6784-6806
1631163 JUACUCA UGUCCCAGA
IAD- GGGACACAGUCUGGU 468  16787-6807  [UAGAGUACCAGACU 671  6785-6807
1631164 |ACUCUA GUGUCCCAG
IAD- CACAGUCUGGUACUC @69  6791-6811 UCAGGAGAGUACCA 672 [6789-6811
1631165 |UCCUGA GACUGUGUC
IAD- CAGUCUGGUACUCUCC470  6793-6813  [UACCAGGAGAGUAC 673  [6791-6813
1631166 |[UGGUA CAGACUGUG
IAD- AGUCUGGUACUCUCC 471  [6794-6814  [UGACCAGGAGAGUA 674  6792-6814
1631167 JUGGUCA CCAGACUGU
AD- CUCUCCUGGUCAUCAAH472  6803-6823  [UGGUAUTGAUGACC 675  [6801-6823
1631168 |UACCA AGGAGAGUA
IAD- CUCCUGGUCAUCAAU 473  6805-6825  [UUCGGUAUUGAUGA 676  [6803-6825
1631169 |ACCGAA CCAGGAGAG
IAD- UCCUGGUCAUCAAUA 474  6806-6826  [UUUCGGTAUUGAUG (677  6804-6826
1631170 |CCGAAA ACCAGGAGA
IAD- CCUGGUCAUCAAUACCAT75  6807-6827  [UCUUCGGUAUUGAU [678  [6805-6827
1631171 |GAAGA GACCAGGAG
AD- CUGGUCAUCAAUACC 476  6808-6828  UUCUUCGGUAUUGA 679  [6806-6828
1631172 |GAAGAA UGACCAGGA
IAD- GGUCAUCAAUACCGA W77  16810-6830  [UCAUCUTCGGUAUUGK80  [6808-6830
1631173 |AGAUGA AUGACCAG
IAD- GUCAUCAAUACCGAA K78  16811-6831 UCCAUCTUCGGUAUU|681  [6809-6831
1631174 |[GAUGGA GAUGACCA
IAD- UCAUCAAUACCGAAG H79  16812-6832  [UCCCAUCUUCGGUAUBS2  6810-6832
1631175 JAUGGGA UGAUGACC
IAD- CAUCAAUACCGAAGA 480  6813-6833  [UUCCCATCUUCGGUA683  |6811-6833
1631176 |[UGGGAA UUGAUGAC
IAD- AUCAAUACCGAAGAU @481  [6814-6834  [UUUCCCAUCUUCGGU[684  [6812-6834
1631177 |GGGAAA AUUGAUGA
IAD- AUACCGAAGAUGGGA @482  16818-6838  [UCUUUUTCCCAUCUU|685  6816-6838
1631178 |AAAAGA CGGUAUUG
IAD- UGGGAAAAAGAGACA ¥83  |6828-6848  [UGGGUATGUCUCUU [686  [6826-6848
1631179 |UACCCA UUUCCCAUC
IAD- GGGAAAAAGAGACAU 484  16829-6849  [UAGGGUAUGUCUCU 687  6827-6849
1631180 |ACCCUA UUUUCCCAU
IAD- AAAGAGACAUACCCU @485  6834-6854  [UUUUCUAGGGUAUG (688  [6832-6854
1631181 |AGAAAA UCuUCuuUUUU
IAD- CUUGUUUGUAUUGCA 486  6872-6892  [UGGAAUTGCAAUAC [689  [6870-6892
1631182 |AUUCCA AAACAAGUG
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IAD- UUUUCUUUUGGUUGG 487  16918-6938 [ UCGGUUCCAACCAAAIG90  16916-6938
1631183 |JAACCGA AGAAAAUU
IAD- UUUCUUUUGGUUGGA 488  16919-6939 [ UGCGGUTCCAACCAAR91  6917-6939
1631184 |ACCGCA AAGAAAAU
IAD- UUCUUUUGGUUGGAA 489  16920-6940  [UAGCGGTUCCAACCA|692  [6918-6940
1631185 |CCGCUA AAAGAAAA
IAD- CUUUUGGUUGGAACC 490  16922-6942  [UUCAGCGGUUCCAACI693  6920-6942
1631186 |GCUGAA CAAAAGAA
IAD- CUGCUCCUUUGAAGA 491  [6989-7009  [UUAGUATCUUCAAA [694  [6987-7009
1631187 |UACUAA GGAGCAGCU
IAD- UACUAAAUAUAGGAA 492  [7004-7024  [UGACAUTUCCUAUAURYS  [7002-7024
1631188 |AUGUCA UUAGUAUC
IAD- AUAGGAAAUGUCAGU 493 [7012-7032  [UGGAGUACUGACAU [696  [7010-7032
1631189 |ACUCCA UUCCUAUAU
IAD- CAGUACUCCAUUGAU {494  [7023-7043  [UAACACAUCAAUGG 697  [7021-7043
1631190 |GUGUUA AGUACUGAC
IAD- GAUGUGUUUGAGUGA 495  [7035-7055  [UUGGAUTCACUCAAA|698  [7033-7055
1631191 JAUCCAA CACAUCAA
AD- AUGUGUUUGAGUGAA @96  [7036-7056  [UGUGGATUCACUCAA[699  [7034-7056
1631192 [UCCACA ACACAUCA
IAD- UUUGAGUGAAUCCAC |97  [7041-7061 UAAUUUGUGGAUUC (700 [7039-7061
1631193 |AAAUUA ACUCAAACA
IAD- GAGGAUGUGGCACAA 498  [7085-7105  [UAAUCUTUGUGCCAC|/01  [7083-7105
1631194 |AGAUUA AUCCUCCC
IAD- UUUUCUCCUUUUCUA 499  [7103-7123  [UAUCAUTAGAAAAG (702 [7101-7123
1631195 |AUGAUA GAGAAAAUC
AD- UCUAAUGAUUUCACC 500  [7114-7134  [UUGAAUGGUGAAAU (703 [7112-7134
1631196 |AUUCAA CAUUAGAAA
IAD- UAAUGAUUUCACCAU 501 [7116-7136 ~ [UUCUGAAUGGUGAA (704  [7114-7136
1631197 |UCAGAA AUCAUUAGA
IAD- AUUUCACCAUUCAGA 502 [7121-7141 UGAGUUTCUGAAUG (705 [7119-7141
1631198 |AACUCA GUGAAAUCA
IAD- AUUCAGAAACUCAUU 503 [7129-7149  UGUCUCAAUGAGUU [706  [7127-7149
1631199 |GAGACA UCUGAAUGG
IAD- GACAAGAACAAGCCA [504  [7146-7166  [UACAGUTGGCUUGU [707  [7144-7166
1631200 |ACUGUA UCUUGUCUC
IAD- AAGAACAAGCCAACU 505  [7149-7169  [UAAAACAGUUGGCU (708  [7147-7169
1631201 |GUUUUA UGUUCUUGU
IAD- UAGCCCUGUUGUGGA 506 [7242-7262  [UACACUTCCACAACA(709  [1240-7262
1631202 | AGUGUA GGGCUAUU
IAD- CUGUUGUGGAAGUGU 507  [71247-7267  [UAUCCCACACUUCCA[710  [1245-7267
1631203 |GGGAUA CAACAGGG
IAD- GUGCACUUUUUAAGG 508  [7303-7323  [UACCUCCCUUAAAAA|711  [7301-7323
1631204 |GAGGUA GUGCACGC
IAD- AAACACAAAAUGUCU 509  [7348-7368  |[UGAAUAAGACAUUU (712 [7346-7368
1631205 |UAUUCA UuGUGUUUUG
IAD- CAAAAUGUCUUAUUC 510  [7353-7373  [UUCCCAGAAUAAGA [713  [1351-7373
1631206 [UGGGAA CAUUUUGUG
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IAD- AGAACACUGCUCUUU 511 [7397-7417  [UUAUCCAAAGAGCA [714  [7395-7417
1631207 |GGAUAA GUGUUCUUC
IAD- UGCUCUUUGGAUAGG 512 [7404-7424  [UCAGUUCCUAUCCAA[715  [1402-7424
1631208 |AACUGA AGAGCAGU
IAD- GCUCUUUGGAUAGGA 513 [7405-7425  [UCCAGUTCCUAUCCA[716  [1403-7425
1631209 |ACUGGA AAGAGCAG
IAD- CCUGGAUCUUUCAAC [514  [7443-7463  [UGACGAGUUGAAAG (717 [1441-7463
1631210 JUCGUCA AUCCAGGAG
IAD- AUUCGGUCAGAGUCA 515  [7493-7513 UCAUCATGACUCUGA(718  [7491-7513
1631211 JUGAUGA CCGAAUUA
IAD- UAAAAAUGUCAUGCU 516 [7533-7553 [ UAUACCAGCAUGAC [719  [1531-7553
1631212 |GGUAUA AUUUUUAAG
IAD- AUGUCAUGCUGGUAU 517  [7538-7558  [UGCCCAAUACCAGCA[120  [7536-7558
1631213  |[UGGGCA UGACAUUU
IAD- UGUCAUGCUGGUAUU [518  [7539-7559  [UAGCCCAAUACCAGC[721  [1537-7559
1631214 |GGGCUA AUGACAUU
IAD- GAAAGAGAUACAAUC 519 [7593-7613  [UAGCAAGAUUGUAU (7122 [1591-7613
1631215 JUUGCUA CUCUUUCUG
AD- AUCAAUCUUCCACAU 520  [7627-7647  [UACUUCAUGUGGAA [723  [7625-7647
1631216 |GAAGUA GAUUGAUGU
IAD- CAAUCUUCCACAUGA 521  [7629-7649  [UGCACUTCAUGUGGA|24  [1627-7649
1631217 |AGUGCA AGAUUGAU
IAD- AUAGGAAUUGUCUUU 522 [7727-7747  [UUAUCCAAAGACAA (725  [7725-7747
1631218 |GGAUAA UUCCUAUUU
IAD- UACUAAAAUUUAUAA 523 [B005-8025  |[UCGGCCTUAUAAAUU[726  8003-8025
1631219 |GGCCGA UUAGUAUG
IAD- CUAAAAUUUAUAAGG 524  [8007-8027  [UAUCGGCCUUAUAA [7127  [B005-8027
1631220 |CCGAUA AUUUUAGUA
IAD- AAAAUAUUAAGACAG 25 [134-8154  [UGGAAACUGUCUUA (728  [8132-8154
1631221 |UUUCCA AUAUUUUCA

Table 5. Modified Sense and Antisense Strand Sequences of Human LRRK2 dsRNA Agents

Sense Sequence SEQ |Antisense Sequence SEQ |mRNA Target SEQ
Duplex ID  |5°to 3 ID NO:5’ to 3 ID NO:Sequence 5’ to 3’ ID NO:
AD-1631035 ususuau(Uhd)CfcUfGE (729  [VPusAfsuaga(Agn)gaguca 1088 |[CCUUUAUUCCUGA (1447
IAfcucuucuaual.96 GfgAfaunaaasgsg CUCUUCUAUG
AD-1625389 jususuau(Uhd)ccUfGfAf[730  [VPusdAsuadGadAgagudC|1089 |CCUUUAUUCCUGA 1448
cucuucuaual.96 aGfoaauaaasgsg CUCUUCUAUG
IAD-1628570 |csusacu(Chd)uaUfGfAf|731  [VPusdGsucdAadAaugudC (1090 |[UACUACUCUAUGA (1449
cauuuugacal.96 aUfagaguagsusa CAUUUUGACA
AD-1631151 |csasgeu(Ghd)AfaUfUf (732 [VPusCfsagac(Agn)gacuaa 1091 |[UUCAGCUGAAUUA(1450
IAfgucugucugal .96 UfuCfagcugsasa GUCUGUCUGA
IAD-1628759 |csasgcu(Ghd)aaUfUfAS|733  VPusdCsagdAcdAgacudA |1092 [UUCAGCUGAAUUA(1451
gsucugucugal.96 aUfucagcugsasa GUCUGUCUGA
IAD-1631205 |asasaca(Chd)AfaAfAfU[734  |VPusGfsaaua(Agn)gacauu 1093 [CAAAACACAAAAU|1452
fgucuuauucal.96 UfuGfuguuususg GUCUUAUUCU
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IAD-1629524 |asasaca(Chd)aaAfAfUf [735  [VPusdGsaadTadAgacadTu|l094 |CAAAACACAAAAU|1453
gucuuauucal 96 Ufuguguuususg GUCUUAUUCU
IAD-1631045 |gsuscca(Ahd)CfuCtUf [736  [VPusAfsaacu(G2p)uuucag 1095 |AUGUCCAACUCUG|1454
Gfaaacaguuual 96 AfgUfuggacsasu AAACAGUUUA
AD-1631077 |uscscaa(Ahd)GfaAfCfU|[737  [VPusGfsugac(Agn)uguagu|l096 |[UUUCCAAAGAACU (1455
facaugucacal .96 UfcUfuuggasasa ACAUGUCACA
AD-1631109 |csasuuc(Chd)AfaUfAf (738  [VPusCfsaauc(Tgn)gagaua (1097 |[ACCAUUCCAAUAU (1456
Ufcucagauugal.96 UfuGfgaaugsgsu CUCAGAUUGC
IAD-1628050 |csasuuc(Chd)aaUfAfUf (739 [VPusdCsaadTcdTgagadTa |1098 |ACCAUUCCAAUAU (1457
cucagauugal .96 Ufuggaaugsgsu CUCAGAUUGC
IAD-1628073 [csusgcc(Uhd)agAfAfAf[740  [VPusdAsacdAudAauaudT |1099 |ACCUGCCUAGAAA [1458
uauvauguual.96 uCfuaggcagsgsu UAUUAUGUUG
IAD-1631135 |gscsugc(Uhd)UfuUfCE (741 [VPusGfsauac(Agn)guguga|l100 |[GUGCUGCUUUUCA (1459
IAfcacuguaucal.96 AfaAfgcagcsase CACUGUAUCC
IAD-1631061 icsuscug(Ghd)AfuGfUf [742  [VPusGfsuugu(Agn)acugac (1101 |AUCUCUGGAUGUC|1460
Cfaguuacaacal.96 AfuCfcagagsasu AGUUACAACU
AD-1631063 |asgscga(Ghd)CfaUfUf (743 [VPusAfsgcaa(G2p)guacaa 1102 [GCAGCGAGCAUUG(1461
Gfuaccuugcual .96 UfeCfucgcusgse UACCUUGCUG
AD-1631093 [csascau(Uhd)GfaUfUfC[744  [VPusUfsccau(G2p)agagaa (1103 |[ACCACAUUGAUUC 1462
fucucauggaal 96 UfcAfaugugsgsu UCUCAUGGAA
AD-1631190 |csasgua(Chd)UfcCfAfU[745  [VPusAfsacac(Agn)ucaaug 1104 |GUCAGUACUCCAU (1463
fugauguguual .96 GfaGfuacugsasc UGAUGUGUUU
AD-1631196 [uscsuaa(Uhd)GfaUfUf (746  [VPusUfsgaau(G2p)gugaaa (1105 |[UUUCUAAUGAUUU(1464
Ufcaccauucaal.96 UfcAfuuagasasa CACCAUUCAG
IAD-1629292 |csusaau(Ghd)auUfUTCS|747  [VPusdCsugdAadTggugdA |1106 |[UUCUAAUGAUUUC|1465
accauucagal .96 aAfucauuagsasa ACCAUUCAGA
AD-1629304 (cscsauu(Chd)agAfAfAf(748  [VPusdCsucdAadTgagudT (1107 |[CACCAUUCAGAAA|1466
cucauugagal 96 uCfugaauggsusg CUCAUUGAGA
IAD-1631210 |cscsugg(Ahd)UfcUfUf (749 [VPusGfsacga(G2p)uugaaa 1108 ([CUCCUGGAUCUUU (1467
Ufcaacucgucal.96 GfaUfccaggsasg CAACUCGUCG
IAD-1629619 |cscsugg(Ahd)ucUfUfUS[750  [VPusdGsacdGadGuugadA |1109  |[CUCCUGGAUCUUU (1468
caacucgucal.96 aGfauccaggsasg CAACUCGUCG
AD-1631216 |asuscaa(Uhd)CfuUfCfC|751  [VPusAfscuuc(Agn)ugugga|l110 |[ACAUCAAUCUUCC (1469
facaugaagual .96 AfgAfuugausgsu ACAUGAAGUG
AD-1631042 [csuscuc(Ghd)AfaAfUf (752 [VPusGfsucca(Agn)ugucau 1111 |[GUCUCUCGAAAUG(1470
Gfacauuggacal .96 UfuCfgagagsasc IACAUUGGACC
IAD-1625910 {csuscuc(Ghd)aaAfUfGS|753  VPusdGsucdCadAugucdA |1112  |GUCUCUCGAAAUG(1471
lacauuggacal.96 uUfucgagagsasc ACAUUGGACC
IAD-1626273 [uscscac(Ahd)cuUfGfCE 754  [VPusdCsuadAadGaccgdC |1113  [CUUCCACACUUGC (1472
egucuuuagal.96 aAfouguggasasg GGUCUUUAGA
IAD-1626353 [usasagg(Ghd)aaCfUFCE[755  [VPusdGscudAadAuaagdA |1114 |[CUUAAGGGAACUC|1473
unauuuagcal .96 Ufucccuuasasg UUAUUUAGCC
AD-1626428 (usasgag(Ahd)aaCfUfGf|756  [VPusdAsgadAadGaugcdA [I[115 |[AGUAGAGAAACUG|1474
caucuuucual.96 gUfuucucuascsu CAUCUUUCUC
IAD-1631060 [asasaau(Chd)UfgAfCfA[757  [VPusAfsucca(G2p)agaugu |1116 |[UGAAAAUCUGACA|1475
fucucuggaual.96 CfaGfauuuuscsa UCUCUGGAUG
AD-1631078 icsusaga(Ahd)AfaAfUf [758  |VPusGfscaau(C2p)uggaau 1117 [UCCUAGAAAAAUU|1476
Ufccagauugcal 96 UfuUfucuagsgsa CCAGAUUGCU
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AD-1627511 [csusaga(Ahd)aaAfUfUf[759  [VPusdGscadAudCuggadA 1118 |[UCCUAGAAAAAUU|1477
ccagauugcal 96 uUfuuucuagsgsa CCAGAUUGCU
IAD-1627672 ususgag(Ahd)uuUfCfAf760  [VPusdCsaudGudAaggudG|1119 |ACUUGAGAUUUCA|1478
iccuuacaugal .96 aAfaucucaasgsu CCUUACAUGC
AD-1631100 |gsasagg(Ahd)GfaUfCf [761  [VPusUfsuuac(Tgn)aagaga (1120 |AGGAAGGAGAUCU|1479
Ufcuuaguaaaal .96 UfcUfccuucscsu CUUAGUAAAU
AD-1631101 lasgsgag(Ahd)UfcUfCS [762  [VPusGfsauuu(Agn)cuaaga |1121  (GAAGGAGAUCUCU|1480
Ufuaguaaaucal.96 GfaUfcuccususc UAGUAAAUCC
AD-1631111 [ususcca(Ahd)UfaUfCE (763 [VPusGfsgcaa(Tgn)cugaga 1122 [CAUUCCAAUAUCU (1481
Ufcagauugccal .96 UfaUfuggaasusg CAGAUUGCCC
AD-1628052 ususcca(Ahd)uaUfCfUf[764  [VPusdGsgecdAadTcugadG (1123  |[CAUUCCAAUAUCU (1482
cagauugccal.96 aUfauuggaasusg CAGAUUGCCC
AD-1631117 |escsaga(Ghd)UfuUfCE [765  [VPusUfscacc(Tgn)aggaga |1124 |[CUCCAGAGUUUCU (1483
Ufccuaggugaal 96 AfaCfucuggsasg CCUAGGUGAU
AD-1629214 |asasugu(Chd)agUfAfCf|766  [VPusdAsucdAadTggagdT |1125 |(GAAAUGUCAGUAC|1484
uccauugaual.96 aCfugacauususc UCCAUUGAUG
AD-1631193 jususuga(Ghd)UfgAfAf [767  [VPusAfsauuu(G2p)uggauu|l 126 |[UGUUUGAGUGAA (1485
Ufccacaaauual 96 CfaCfucaaascsa UCCACAAAUUC
IAD-1631195 susuuc(Uhd)CfcUfUf [768  [VPusAfsucau(Tgn)agaaaa 1127 (GAUUUUCUCCUUU|1486
Ufucuaaugaual 96 GfgAfgaaaasusc UCUAAUGAUU
IAD-1629280 [ususuuc(Uhd)ccUfUfUS|769  [VPusdAsucdAudTagaadA 1128 |[GAUUUUCUCCUUU (1487
ucuaaugaual.96 aGfgagaaaasusc UCUAAUGAUU
AD-1631197 [usasaug(Ahd)UfuUfCS [770  [VPusUfscuga(Agn)ugguga|l129 |[UCUAAUGAUUUCA|1488
IAfccauucagaal 96 AfaUfcauuasgsa CCAUUCAGAA
IAD-1631198 lasusuuc(Ahd)CfcAfUf [771  [VPusGfsaguu(Tgn)cugaau 1130  [UGAUUUCACCAUU|1489
Ufcagaaacucal.96 GfegUfoaaauscsa CAGAAACUCA
IAD-1629298 lasusuuc(Ahd)ccAfUfUf[772  [VPusdGsagdTudTcugadA |1131  [UGAUUUCACCAUU|1490
cagaaacucal.96 uGfgugaaauscsa CAGAAACUCA
IAD-1631201 |asasgaa(Chd)AfaGfCfC[773  VPusAfsaaac(Agn)guuggc|1132 |ACAAGAACAAGCC|1491
faacuguuuual.96 UfuGfuucuusgsu AACUGUUUUC
IAD-1629620 [csusgga(Uhd)cuUfUfCE[774  [VPusdCsgadCgdAguugdA 1133 [UCCUGGAUCUUUC (1492
aacucgucgal .96 aAfgauccagsgsa AACUCGUCGA
IAD-1631026 |gsusuuc(Chd)AfgCfUf [775  [VPusAfsaucg(G2p)uavaag |1134 [UGGUUUCCAGCUU (1493
Ufauaccgauual .96 CfuGfgaaacscsa AUACCGAUUU
AD-1631027 jususcua(Ahd)AfcCfUf (776  [VPusCfsuugc(Agn)acagag (1135 |[GUUUCUAAACCUC (1494
Cfuguugcaagal .96 GfuUfuagaasasc UGUUGCAAGU
IAD-1631028 |asasccu(Chd)UfgUfUf (777  [VPusAfsaaca(C2p)uugcaa |1136 [UAAACCUCUGUUG|1495
Gfcaaguguuual.96 CfaGfagguususa CAAGUGUUUU
IAD-1624856 |asasccu(Chd)ugUfUfGf|778  [VPusdAsaadCadCuugcdA 1137 |[UAAACCUCUGUUG (1496
caaguguuual.96 aCfagagguususa CAAGUGUUUU
AD-1631041 |asgscuu(Uhd)CfcAfCE [779  [VPusCfsauag(C2p)uguugu|1138 |[CGAGCUUUCCACA (1497
IAfacagcuaugal .96 GfgAfaagcuscsg ACAGCUAUGU
AD-1631051 [ususaaa(Uhd)CfuUfCfC|780  |[VPusCfsgcaa(G2p)ugugga|l1139 [UUUUAAAUCUUCC|1498
facacuugcgal .96 AfgAfuuuaasasa ACACUUGCGG
IAD-1626265 ususaaa(Uhd)cuUfCfCE|781  [VPusdCsgcdAadGugugdG (1140 [UUUUAAAUCUUCC|1499
lacacuugegal .96 aAfgauuuaasasa ACACUUGCGG
IAD-1631057 |asascuc(Uhd)UfaUfUf (782  [VPusAfsuuau(G2p)gcuaaa|l141  |[GGAACUCUUAUUU(1500
Ufagccauaaual .96 UfaAfgaguuscsc AGCCAUAAUC
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DuplexID S’ to ¥’ ID NO:5’ to 3’ ID NO:Sequence S’ to 3’ ID NO:
IAD-1631082 jgsasgau(Uhd)UfcAfCE (783  [VPusAfsgcau(G2p)uaaggu (1142 |[UUGAGAUUUCACCI|1501
Cfuuacaugcual.96 GfaAfaucucsasa UUACAUGCUU
IAD-1631110 lasusucc(Ahd)AfuAfUf [784  [VPusGfscaau(C2p)ugagau 1143 |[CCAUUCCAAUAUC (1502
Cfucagauugcal.96 AfuUfggaausgsg UCAGAUUGCC
IAD-1631136 [csusgcu(Uhd)UfuCfAf [785  [VPusGfsgaua(C2p)agugug|l144 |[UGCUGCUUUUCAC|(1503
Cfacuguauccal .96 AfaAfagcagscsa ACUGUAUCCC
IAD-1628754 |gsasauu(Chd)agCfUfGf|786  [VPusdAsgadCudAauucdA (1145 |[UUGAAUUCAGCUG(1504
aauuagucual.96 Cfugaauucsasa AAUUAGUCUG
AD-1628794 lascscua(Ahd)aaAfCIGE (787  [VPusdCsaadCadAuuacdG 1146 |[UUACCUAAAAACG(1505
uaauuguugal.96 uUfuuuaggusasa UAAUUGUUGA
AD-1629216 usgsuca(GhdyuaCfUfCf|788  [VPusdAscadTcdAauggdA |1147 |AAUGUCAGUACUC|1506
cauugaugual.96 gUfacugacasusu CAUUGAUGUG
IAD-1631199 lasusuca(Ghd)AfaAfCt [789  [VPusGfsucuc(Agn)augagu|1148 |CCAUUCAGAAACU (1507
Ufcauugagacal.96 UfuCfugaausgsg CAUUGAGACA
IAD-1629621 (usgsgau(Chd)uuUfCfAf]790  [VPusdTscgdAcdGaguudG |1149 |CCUGGAUCUUUCA [1508
acucgucgaal .96 aAfagauccasgsg ACUCGUCGAC
AD-1629809 |csasuga(Ahd)guGfCfAf[791  [VPusdTscudAadAuuuudG (1150 |[CACAUGAAGUGCA (1509
aaauuuagaal .96 cAfcuucaugsusg AAAUUUAGAA
AD-1624739 fasgscaa(Uhd)ccUfCFAf (792 [VPusdCsugdAcdAauuudG (1151 |[UUAGCAAUCCUCA|1510
aauugucagal 96 aGfgauugcusasa AAUUGUCAGC
AD-1631029 jascscuc(Uhd)GfuUfGf [793  [VPusAfsaaac(Agn)cuugea |1152  |AAACCUCUGUUGC|1511
Cfaaguguuuual.96 AfcAfgagoususu AAGUGUUUUG
IAD-1624857 |ascscuc(Uhd)guUfGICf|794  [VPusdAsaadAcdAcuugdC 1153 |[AAACCUCUGUUGC 1512
aaguguuuual.96 aAfcagaggususu AAGUGUUUUG
AD-1625209 [ususggc(Uhd)ugGfUTCH795  [VPusdGsaadAudAaaggdA |1154  |[UCUUGGCUUGGUC|1513
cuuuauuucal.96 cCfaagccaasgsa CUUUAUUUCC
AD-1625230 |gsasuaa(Ghd)acUfUfCf|796  [VPusdCsuudAadAuuagdA|1155 |CAGAUAAGACUUC(1514
uaauuuaagal 96 aGfucuuaucsusg UAAUUUAAGG
AD-1631043 [uscsucg(Ahd)AfaUfGE [797  [VPusGfsgucc(Agn)auguca |1156 |[UCUCUCGAAAUGA (1515
IAfcauuggaccal.96 UfuUfcgagasgsa CAUUGGACCC
IAD-1631046 |gsasaac(Ahd)GfuUfUf [798  [VPusAfsugac(Agn)gguuaa|l157 [CUGAAACAGUUUA|L516
IAfaccugucaual.96 AfcUfguuucsasg ACCUGUCAUA
AD-1631019 |asgsaag(Chd)AfuAfUf {799  |VPusAfsggag(Agn)auguau|l158 (GCAGAAGCAUAUA|L517
|Afcauucuccual.96 AfuGfcuucusgse CAUUCUCCUG
AD-1624178 |asgsaag(Chd)auAfUfAf[800  [VPusdAsggdAgdAaugudA|1159 |GCAGAAGCAUAUA|IS18
cauucuccual.96 uAfugcuucusgse CAUUCUCCUG
AD-1626183 ususgcu(Ghd)cuAfUfGH801  [VPusdCsaadGadAaggcdA (1160 |[UCUUGCUGCUAUG|1519
ccuuucuugal.96 nAfgcagcaasgsa CCUUUCUUGC
AD-1626375 (usasauc(Ahd)gaUfCfAf|802  [VPusdCscadAgdAugcudG (1161 [CAUAAUCAGAUCA|1520
lecaucuuggal 96 aUfcugauuasusg GCAUCUUGGA
AD-1631080 icsuscug(Ahd)AfaUfUf 803  [VPusGfsucgg(Agnjuganaa|l162 |AACUCUGAAAUUA(L521
IAfucauccgacal.96 UfuUfcagagsusu UCAUCCGACU
AD-1631102 |gsgsaga(Uhd)CfuCfUf 804  |[VPusGfsgauu(Tgn)acuaag 1163 |AAGGAGAUCUCUU|1522
Ufaguaaauccal.96 AfgAfucuccsusu AGUAAAUCCA
AD-1631103 fasgsauc(Uhd)CfuUfAf (805  [VPusCfsugga(Tgn)uuacua (1164 |GGAGAUCUCUUAG(1523
Gfuaaauccagal.96 AfgAfoaucuscse UAAAUCCAGA
IAD-1628014 |asgsauc(Uhd)cuUfAfGE806  [VPusdCsugdGadTuuacdTall165 |[GGAGAUCUCUUAG(1524
uaaauccagal .96 Afgagaucuscsc UAAAUCCAGA
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AD-1631108 jasgsgcu(Chd)AfcCfAf 807  [VPusGfsauau(Tgn)ggaaug 1166 |[CAAGGCUCACCAU (1525
Ufiiccaauaucal.96 GfuGfagccususg UCCAAUAUCU
AD-1628042 fasgsgcu(Chd)acCfAfUF 808  [VPusdGsaudAudTggaadT 1167 |[CAAGGCUCACCAU (1526
uccaauaucal.96 gGfugagccususg UCCAAUAUCU
AD-1628043 lgsgscuc(Ahd)ccAfUfUE[809  [VPusdAsgadTadTuggadA (1168 |AAGGCUCACCAUU (1527
ccaauaucual .96 uGfougagecsusu CCAAUAUCUC
AD-1628044 |escsuca(Chd)caUfUCE 810  [VPusdGsagdAudAuuggdA|1169 |AGGCUCACCAUUC (1528
caauaucucalL96 aUfggugagcscsu CAAUAUCUCA
AD-1628383 [uscsage(Chd)auGfAfUf[811  [VPusdCsggdTadTauaadTc (1170 |[ACUCAGCCAUGAU (1529
uauauaccgal .96 Afugecugasgsu UAUAUACCGA
AD-1631134 (csasaug(Uhd)GfcUfGf (812  [VPusGfsugug(Agn)aaagea (1171 |[CACAAUGUGCUGC|1530
Cfuuuucacacal.96 GfcAfcauugsusg UUUUCACACU
AD-1628412 uscsaca(Chd)ugUfAfUf[813  [VPusdAsgcdAudTgggadT (1172 [UUUCACACUGUAU (1531
cccaaugcual 96 aCfagugugasasa CCCAAUGCUG
IAD-1631145 |gscsuca(Ghd)UfaCfUf 814  [VPusAfsuucu(Agn)cagcag 1173  [UUGCUCAGUACUG|1532
Gfcuguagaaual 96 UfaCfugagcsasa CUGUAGAAUG
AD-1631147 [uscsagu(Ahd)CfuGfCf 815  [VPusCfscauu(C2p)uacage 1174 |GCUCAGUACUGCU (1533
Ufsuagaauggal 96 AfoUfacugasgsc GUAGAAUGGG
AD-1628467 uscsagu(Ahd)cuGfCfUf816  [VPusdCscadTudCuacadGe(l175 |[GCUCAGUACUGCU (1534
guagaauggal 96 Afguacugasgsc GUAGAAUGGG
AD-1631150 [ususuga(Chd)AfuUfUf 817  [VPusGfscuga(Agn)uucaaa 1176 |[UCUUUGACAUUUU|1535
Ufgaauucagcal .96 AfuGfucaaasgsa GAAUUCAGCU
AD-1631152 |gscsuga(Ahd)UfuAfGf 818  [VPusGfsucag(Agn)cagacu 1177 [CAGCUGAAUUAGU|1536
Ufcugucugacal.96 AfaUfucagcsusg CUGUCUGACG
AD-1631173 |gsgsuca(Uhd)CfaAfUf 819  [VPusCfsaucu(Tgn)cgguau 1178 |[CUGGUCAUCAAUA (1537
IAfccoaagaugal 96 UfsAfugaccsasg CCGAAGAUGG
AD-1629031 gsgsuca(Uhd)caAfUfAf|820  [VPusdCsaudCudTcggudA (1179 |[CUGGUCAUCAAUA (1538
ccgaagaugal 96 uUfgaugaccsasg CCGAAGAUGG
IAD-1631187 icsusgcu(Chd)CfuUfUf 821  [VPusUfsagua(Tgn)cuucaa 1180 |AGCUGCUCCUUUG 1539
Gfaagauacuaal.96 AfeGfagcagscsu AAGAUACUAA
IAD-1631217 |csasauc(Uhd)UfcCfAFC822  [VPusGfscacu(Tgn)caugug 1181 |[AUCAAUCUUCCAC (1540
faugaagugcal.96 GfaAfgauugsasu AUGAAGUGCA
AD-1629799 |csasauc(Uhd)ucCfAfCE 823  [VPusdGscadCudTcaugdTg|1182 |JAUCAAUCUUCCAC (1541
augaagugcal .96 Gfaagauugsasu AUGAAGUGCA
AD-1631025 |gsgsguu(Uhd)AfaGfUf 824  [VPusAfsuccu(Agnjuaagac 1183 |[CUGGGUUUAAGUC(1542
Cfuuauaggaual .96 UfuAfaacccsasg UUAUAGGAUA
IAD-1624595 |gsgsguu(Uhd)aaGfUfC{|825  [VPusdAsucdCudAuaagdA |1184 |CUGGGUUUAAGUC|1543
uuauaggaual.96 cUfuaaacccsasg UUAUAGGAUA
IAD-1631030 [uscsucg(Uhd)GfaAfCf 826  [VPusCfsguac(Agn)ucuugu|1185 |[GAUCUCGUGAACA (1544
Afagauguacgal 96 UfcAfcgagasusc AGAUGUACGA
IAD-1625057 (uscsucg(Uhd)gaAfCfAf[827  [VPusdCsgudAcdAucuudG|1186 |GAUCUCGUGAACA [1545
agauguacgal 96 uUfcacgagasusc AGAUGUACGA
AD-1631032 lasgsgaa(Ahd)AfgUfUf (828  [VPusAfsagaa(G2p)guucaa |1187 |AUAGGAAAAGUU |1546
Gfaaccuucuual.96 CfuUfuuccusasu GAACCUUCUUG
IAD-1625191 |asgsgaa(Ahd)agUfUSGE|829  [VPusdAsagdAadGguucdA 1188 |[AUAGGAAAAGUU (1547
aaccuucuual.96 aCfuuuuccusasu GAACCUUCUUG
AD-1625192 |gsgsaaa(Ahd)guUfGfAf|830  |VPusdCsaadGadAgguudC |1189 |UAGGAAAAGUUG (1548
accuucuugal 96 aAfcuuuuccsusa AACCUUCUUGG
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IAD-1631033 [asasagu(Uhd)GfaAfCfC831  [VPusAfsgcca(Agn)gaaggu 1190  |[GAAAAGUUGAACC(1549
fuucuuggcual.96 UfcAfacuuususc UUCUUGGCUU
IAD-1625195 |asasagu(Uhd)gaAfCfCf 832 [VPusdAsgedCadAgaagdG (1191 |[GAAAAGUUGAACC(1550
uucuuggcual.96 uUfcaacuuususc UUCUUGGCUU
IAD-1625485 ususagu(Ghd)uaGfGfAf833  [VPusdGsuadAadAuucudC|1192 |AAUUAGUGUAGG |[1551
gaauuuuacal 96 cUfacacuaasusu AGAAUUUUACC
IAD-1625610 |asasacu(Uhd)caAfUfCf 834  [VPusdCsucdAudAugggdA|1193 [CAAAACUUCAAUC|1552
ccauaugagal.96 uUfgaaguuususg CCAUAUGAGG
AD-1631038 [csasgca(Uhd)UfuCfUf 835 [VPusAfsagcc(Agn)gagaag 1194 |GACAGCAUUUCUU|1553
Ufcucuggcuual.96 AfaAfugcugsusc CUCUGGCUUC
AD-1624152 jascsacc(Uhd)gaAfUfGF 836 [VPusdAscudCcdAaaacdA (1195 |[AUACACCUGAAUG|1554
uuuuggagual 96 uUfcaggugusasu UUUUGGAGUU
IAD-1631044 |cscsuca(Ghd)UfgGfUf [837  [VPusAfsggau(C2p)uaaaac 1196 |ACCCUCAGUGGUU [1555
Ufuuagauccual.96 CfaCfugaggsgsu UUAGAUCCUA
AD-1631020 |gscsaua(Uhd)AfcAfUf 838  [VPusCfsuuca(G2p)gagaau 1197 |AAGCAUAUACAUU|L556
Ufcuccugaagal .96 GfuAfuaugesusu CUCCUGAAGU
IAD-1631056 |gsasacu(Uhd)AfaGfGf 839  [VPusAfsuaag(Agn)guucce 1198 [UUGAACUUAAGGGI|L557
Gfaacucuuaual.96 UfuAfaguucsasa AACUCUUAUU
AD-1631059 uscsagc(Ahd)UfcUfUE (840  [VPusAfscuca(Agn)guccaa (1199 |(GAUCAGCAUCUUGH1558
Gfgacuugagual 96 GfaUfgcugasusc GACUUGAGUG
IAD-1631062 sgsgaa(Chd)UfaAfGf 841  [VPusGfsggaa(Agn)ggaucu 1200 [CUUGGAACUAAGA|L559
IAfuccuuucccal.96 UfaGfuuccasasg UCCUUUCCCA
AD-1626524 usgsgaa(Chd)uaAfGfAf|842  [VPusdGsggdAadAggaudC|1201 [CUUGGAACUAAGA|L560
uccuuucccal.96 uUfaguuccasasg UCCUUUCCCA
AD-1627632 ususucc(Ahd)auGfGfGf[843  [VPusdGsacdCadAaaucdCc|1202 |AUUUUCCAAUGGG(1561
auuuuggucal.96 Afuuggaaasasu AUUUUGGUCA
AD-1631087 usgsaag(Chd)UfuAfUf (844  [VPusCfsuacc(Agn)gacaau |1203 |CCUGAAGCUUAUU (1562
Ufgucugguagal .96 AfaGfcuucasgsg GUCUGGUAGG
AD-1627766 [usgsaag(Chd)uuAfUfUf845  [VPusdCsuadCcdAgacadA |1204 |CCUGAAGCUUAUU|(1563
lsucugguagal .96 uAfagcuucasgsg GUCUGGUAGG
IAD-1628008 |gsgsaag(Ghd)agAfUFCE[846  [VPusdTsuadCudAagagdA |1205 (GAGGAAGGAGAUC|1564
ucuuaguaaal .96 uCfuccuuccsusc UCUUAGUAAA
AD-1631104 lasgsuaa(Ahd)UfcCfAf 847  [VPusUfsuggu(Tgn)gaucug|1206 [UUAGUAAAUCCAGIL565
Gfaucaaccaaal.96 GfaUfuuacusasa AUCAACCAAG
AD-1631116 |gscsucc(Ahd)GfaGfUf [848  [VPusCfscuag(G2p)agaaac 1207 |AAGCUCCAGAGUU|1566
Ufucuccuaggal 96 UfcUfggagcsusu UCUCCUAGGU
AD-1631129 |cscsuca(Chd)UfaGfAfAR49  [VPusGfscugu(Agn)ggguuc|1208 |[AGCCUCACUAGAA (1567
fcccuacageal.96 UfaGfugaggscsu CCCUACAGCA
AD-1631130 [csusgau(Ghd)GfuUfUf 850  [VPusGfsaggu(Agn)ucucaa |1209 |AGCUGAUGGUUUG|1568
Gfagauaccucal .96 AfcCfaucagscsu AGAUACCUCC
AD-1631133 [csasgcc(Ahd)UfgAfUf 851  [VPusUfscggu(Agnjuauvaau |1210  [CUCAGCCAUGAUU (1569
Ufauauaccgaal .96 CfaUfggcugsasg AUAUACCGAG
AD-1631139 jusgscaa(Ahd)GfaUfUf (852  |[VPusCfsguag(Tgn)cagcaa 1211 |[AUUGCAAAGAUUG|1570
Gfcugacuacgal .96 UfcUfuugcasasu CUGACUACGG
IAD-1631153 [csusgaa(Uhd)UfaGfUf (853  [VPusCfsguca(G2p)acagac 1212 |AGCUGAAUUAGUC|1571
Cfugucugacgal .96 UfaAfuucagscsu UGUCUGACGA
IAD-1628883 |gsasgga(Chd)agCfUTCE[854  |VPusdAsagdAadAugagdA |1213  [CAGAGGACAGCUC|1572
ucauuucuual 96 gCfuguccucsusg UCAUUUCUUG
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AD-1631170 uscscug(Ghd)UfcAfUf (855  [VPusUfsucgg(Tgn)auugau (1214 |[UCUCCUGGUCAUC 1573
Cfaauaccgaaal 96 GfaCfcaggasgsa AAUACCGAAG
IAD-1631189 |asusagg(Ahd)AfaUfGE 856  [VPusGfsgagu(Agn)cugaca (1215 |[AUAUAGGAAAUG (1574
Ufcaguacuccal.96 UfuUfccuausasu UCAGUACUCCA
IAD-1629224 icsuscca(Uhd)ugAfUTGE857  [VPusdAscudCadAacacdA |1216 [UACUCCAUUGAUGI|1575
uguuugagual 96 uCfaauggagsusa UGUUUGAGUG
IAD-1631192 lasusgug(Uhd)UfuGfAf 858  [VPusGfsugga(Tgn)ucacuc 1217 |[UGAUGUGUUUGA |1576
GfugaauccacalL96 AfaAfcacauscsa GUGAAUCCACA
AD-1631200 |gsascaa(Ghd)AfaCfAfARS9  [VPusAfscagu(Tgn)ggcuug 1218  |[GAGACAAGAACAA(577
foccaacugual .96 UfuCfuugucsusc GCCAACUGUU
AD-1631207 jasgsaac(Ahd)CfuGfCfURB60  [VPusUfsaucc(Agn)aagage 1219 |(GAAGAACACUGCU|1578
fcuuuggauaal 96 AfgUfguucususc CUUUGGAUAG
AD-1629573 fsgsaac(Ahd)cuGtCfUf 861  [VPusdTsaudCcdAaagadGe(1220 |(GAAGAACACUGCU (1579
cuuuggauaal .96 Afguguucususc CUUUGGAUAG
IAD-1629807 |csascau(Ghd)aaGfUfGF 862  [VPusdTsaadAudTuugedA (1221 [UCCACAUGAAGUG(1580
caaaauuuaal.96 cUfucaugugsgsa CAAAAUUUAG
AD-1631218 |asusagg(Ahd)AfuUfGf 863  [VPusUfsaucc(Agn)aagaca (1222 |JAAAUAGGAAUUG (1581
Ufcuuuggauaal .96 AfuUfccuaususu UCUUUGGAUAG
AD-1629876 fsusagg(Ahd)auUfGfUfR64  [VPusdTsaudCcdAaagadCall223 |AAAUAGGAAUUG |1582
cuuuggauaal .96 Afuuccuaususu UCUUUGGAUAG
IAD-1631023 [uscsaca(Chd)AfcUfGFCR65  [VPusGfsauac(Agn)ucugea 1224 |[CUUCACACACUGC (1583
fagauguaucal.96 GfuGfugugasasg AGAUGUAUCC
IAD-1631024 usgsucu(Ghd)GfgUfUf 866  [VPusAfsuaag(Agn)cuuaaa 1225 |AGUGUCUGGGUUU|1584
Ufaagucuuaual.96 CfcCfagacascsu AAGUCUUAUA
AD-1624721 |asgsgau(Uhd)ucAfGfAf867  [VPusdCsuadAgdAuugudC|1226 |AAAGGAUUUCAGA|1585
caaucuuagal.96 uGfaaauccususu CAAUCUUAGC
AD-1625501 susacc(Ghd)agAfUIGE|868  [VPusdGsuadAudAcggcedA|1227 |[UUUUACCGAGAUG(1586
ccguauuacal.96 uCfucgguaasasa CCGUAUUACA
IAD-1625928 |ascsccu(Chd)agUfGGF 869  [VPusdGsaudCudAaaacdC (1228 |[GGACCCUCAGUGG (1587
uuuuagaucal.96 aCfugaggguscsc UUUUAGAUCC
IAD-1631047 lasgsuuu(Ahd)AfcCfUf 870  [VPusGfsuuau(Agn)ugacag|1229 |ACAGUUUAACCUG|1588
Gfucavauaacal.96 GfuUfaaacusgsu UCAUAUAACC
AD-1625975 |asgsuuu(Ahd)acCfUfGE871  [VPusdGsuudAudAugacdA (1230 |[ACAGUUUAACCUG(1589
ucauauaacal .96 Gfuuaaacusgsu UCAUAUAACC
AD-1626184 [usgscug(Chd)uaUfGfCE[872  [VPusdGscadAgdAaaggdC (1231  |[CUUGCUGCUAUGC (1590
cuuucuugcal.96 aUfagcagcasasg CUUUCUUGCC
AD-1631050 [csusgcu(Ahd)UfgCfCf 873 [VPusAfsggca(Agn)gaaagg |1232  [UGCUGCUAUGCCU (1591
Ufuucuugccual.96 CfaUfagcagscsa UUCUUGCCUC
IAD-1626266 [usasaau(Chd)uuCfCfAf 874  [VPusdCscgdCadAgugudG (1233 |[UUUAAAUCUUCCA (1592
cacuugcggal 96 g Afagauuuasasa CACUUGCGGU
IAD-1626349 |asascuu(Ahd)agGfGfAf875  [VPusdAsaudAadGaguudC (1234 |[UGAACUUAAGGGA|1593
acucuuauual.96 cCfuuaaguuscsa ACUCUUAUUU
AD-1631058 lasuscag(Chd)AfuCfUf {876  [VPusCfsucaa(G2p)uccaag {1235 |[AGAUCAGCAUCUU (1594
Ufggacuugagal 96 AfuGfcugauscsu GGACUUGAGU
IAD-1626382 fasuscag(Chd)auCfUfUf 877  [VPusdCsucdAadGuccadA (1236 |AGAUCAGCAUCUU|1595
egacuugagal .96 Afugcugauscsu GGACUUGAGU
IAD-1626636 |asusaac(Chd)gaAfUfGF 878  [VPusdCsaudAadGuuucdA (1237 [UUAUAACCGAAUG(1596
aaacuuaugal 96 uUfcgguuausasa AAACUUAUGA
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AD-1626946 (csascac(Ahd)uuUfGFGf879  [VPusdCsagdAadAcaucdC (1238 |GGCACACAUUUGG|1597
auguuucugal.96 aAfaugugugscsc AUGUUUCUGA
AD-1627077 jsusgcu(Uhd)ugGFCfAfR80  [VPusdCscgdAadGuuuudG (1239  [UGAUGCUUUGGCA|1598
aaacuucggal 96 cCfaaagcauscsa AAACUUCGGA
IAD-1631070 [uscscag(Ahd)CfuGfCf 881  [VPusGfsuucu(Agn)cauage 1240 [AUUCCAGACUGCU (1599
Ufauguagaacal .96 AfgUfcuggasasu AUGUAGAACU
IAD-1627308 |asasuca(Ghd)gaGfUfCf|882  [VPusdAsugdAadGaaggdA (1241 |[UGAAUCAGGAGUC(1600
cuucuucaual.96 cUfccugauuscsa CUUCUUCAUU
IAD-1631081 jgscscuu(Ahd)UfuUfUf (883  [VPusAfsuccc(Agn)uuggaa (1242 |[AUGCCUUAUUUUC|1601
Cfcaaugggaual .96 IAfaUfaaggcsasu CAAUGGGAUU
IAD-1627625 |gscscun(AhdyuuUfUfCH|884  [VPusdAsucdCcdAuuggdA |1243  |IAUGCCUUAUUUUC|1602
caaugggaual 96 aAfauaaggcsasu CAAUGGGAUU
IAD-1627820 |asasaau(Uhd)acAfGfUf 885  [VPusdCsaadGadAggaadC |1244 |[UAAAAAUUACAGU|1603
uccuucuugal.96 uGfuaauuuususa UCCUUCUUGU
IAD-1631098 |asasucu(Uhd)AfcUfUf 886  [VPusUfscaag(Tgn)caucaa (1245 |[AAAAUCUUACUUG(1604
Gfaugacuugaal 96 GfuAfagauususu AUGACUUGAU
AD-1631113 |gsusugg(Ahd)AfuUfUT 887  [VPusGfsagcu(Tgn)guucaa 1246 | GAGUUGGAAUUU (1605
Gfaacaagcucal.96 AfuUfccaacsusc GAACAAGCUCC
AD-1631115 jasgscuc(Chd)AfgAfGf 888  [VPusCfsuagg(Agn)gaaacu (1247 |[CAAGCUCCAGAGU (1606
Ufuucuccuagal 96 CfuGfgagcususg UUCUCCUAGG
AD-1631118 |csasgag(Uhd)UfuCfUf 889  [VPusAfsucac(C2p)uaggag (1248 |[UCCAGAGUUUCUC 1607
Cfcuaggugaual .96 AfaAfcucugsgsa CUAGGUGAUG
AD-1631128 |gscscuc(Ahd)CfuAfGf 890  [VPusCfsugua(G2p)gguucu|1249 |[CAGCCUCACUAGA (1608
IAfacccuacagal.96 AfgUfgaggcsusg ACCCUACAGC
AD-1628318 |escscuc(Ahd)cuAfGfAf891  [VPusdCsugdTadGgguudC (1250 |[CAGCCUCACUAGA (1609
acccuacagal .96 uAfougaggocsusg ACCCUACAGC
AD-1631131 |ascsuca(Ghd)CfcAfUfGi892  [VPusGfsuaua(Tgn)aaucau |1251 |CCACUCAGCCAUG (1610
fauuauauacal.96 GfgCfugagusgsg AUUAUAUACC
IAD-1628381 [ascsuca(Ghd)ccAfUfGF 893 [VPusdGsuadTadTaaucdAu(l252 |CCACUCAGCCAUG |1611
auuauauacal.96 Gfecugagusgsg AUUAUAUACC
IAD-1631132 |csuscag(Chd)CfaUfGfAR94  [VPusGfsguau(Agn)uaauca (1253 |[CACUCAGCCAUGA (1612
fuuavauaccal.96 UfegGfeugagsusg UUAUAUACCG
IAD-1628382 [csuscag(Chd)caUfGAf[895  [VPusdGsgudAudAuaaudC|1254 |CACUCAGCCAUGA (1613
uuauauaccal.96 aUfgocugagsusg UUAUAUACCG
AD-1631161 |gscscuu(Ghd)GfuGfCf 896  [VPusAfscagg(Agn)agaugce (1255 |[UAGCCUUGGUGCA (1614
IAfucuuccugual.96 AfcCfaaggcsusa UCUUCCUGUU
IAD-1628963 |gscscuu(Ghd)guGfCfAf|897  [VPusdAscadGgdAagaudG (1256 [UAGCCUUGGUGCA|1615
ucuuccugual.96 cAfccaaggcsusa UCUUCCUGUU
IAD-1631162 |cscsuug(Ghd)UfgCfAf 898  [VPusAfsacag(G2p)aagaug (1257 |[AGCCUUGGUGCAU (1616
Ufcuuccuguual.96 CfaCfcaaggscsu CUUCCUGUUG
IAD-1631177 |asuscaa(Uhd)AfcCfGFAR99  [VPusUfsuccc(Agn)ucuucg (1258 |[UCAUCAAUACCGA [1617
fagaugggaaal 96 GfuAfuugausgsa AGAUGGGAAA
AD-1631182 [csusugu(Uhd)UfgUfASf 900  [VPusGfsgaau(Tgn)gcaaua |1259 [CACUUGUUUGUAU|1618
Ufugcaauuccal.96 CfaAfacaagsusg UGCAAUUCCU
IAD-1629092 icsusugu(Uhd)ugUfAfU 901  [VPusdGsgadAudTgcaadTall260 [CACUUGUUUGUAU|1619
fugcaauuccal.96 Cfaaacaagsusg UGCAAUUCCU
IAD-1629223 fascsucc(Ahd)uuGfAfUf|902  [VPusdCsucdAadAcacadTc(1261 |(GUACUCCAUUGAU|1620
guguuugagal 96 Afauggagusasc GUGUUUGAGU
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AD-1631215 |gsasaag(Ahd)GfaUfAf 903 [VPusAfsgcaa(G2p)auugua|1262 |(CAGAAAGAGAUAC]|1621
Cfaaucuugcual.96 UfcUfcuuucsusg AAUCUUGCUU
IAD-1629763 |gsasaag(Ahd)gaUfAfCf[904  [VPusdAsgcdAadGauugdT (1263  |[CAGAAAGAGAUAC(1622
aaucuugcual .96 aUfcucuuucsusg AAUCUUGCUU
IAD-1631034 |csascua(Ghd)CfaAfGfAI905  [VPusGfsauca(C2p)cauucu 1264 |[UACACUAGCAAGA|1623
fauggugaucal .96 UfgCfuagugsusa AUGGUGAUCA
IAD-1631053 juscsuuc(Chd)AfcAfCEf 906 [VPusAfsagac(C2p)gcaagu 1265 |AAUCUUCCACACU |1624
Ufugcggucuual.96 GfuGfgaagasusu UGCGGUCUUU
IAD-1626270 uscsuuc(Chd)acAfCIUf|907  [VPusdAsagdAcdCgcaadG |1266 |AAUCUUCCACACU (1625
ugcgoucuual.96 uGfuggaagasusu UGCGGUCUUU
AD-1631054 (csusucc(Ahd)CfaCfUfUP08  [VPusAfsaaga(C2p)cgeaag (1267 |[AUCUUCCACACUU (1626
focggucuuual.96 UfgUfggaagsasu GCGGUCUUUA
IAD-1626280 [ususgeg(Ghd)ucUfUfUR909  (VPusdCsucdAudAucuadA (1268 |[ACUUGCGGUCUUU (1627
agauaugagal .96 aGfaccgcaasgsu AGAUAUGAGC
AD-1631064 usgsuac(Chd)UfuGfCf 910  [VPusGfsucau(Agn)gacage 1269 |AUUGUACCUUGCU (1628
Ufsucuaugacal.96 AfaGfguacasasu GUCUAUGACC
AD-1631072 |escsuuc(Chd)UfcAfCf 911  [VPusAfsguga(Agn)cugegu|1270  |[GAGCUUCCUCACG (1629
Gfcaguucacual.96 GfaGfgaagcsusc CAGUUCACUU
AD-1631074 |csasgug(Ahd)AfaGfUf 912 [VPusAfscaac(C2p)uuccac (1271 |[GACAGUGAAAGUG(1630
Gfgaagguugual .96 UfuUfcacugsusc GAAGGUUGUC
AD-1627410 |csasgug(Ahd)aaGfUfGf|913  [VPusdAscad AcdCuuccdA |1272  |(GACAGUGAAAGUG|1631
lcaagouugual.96 cUfuucacugsusc GAAGGUUGUC
IAD-1631122 |gsasugg(Chd)AfgUfUf 914  [VPusAfscuga(Tgn)ccaaaa |1273 (GUGAUGGCAGUUU|1632
Ufuggaucagual.96 CfuGfccaucsasc UGGAUCAGUU
AD-1631137 [ususcac(Ahd)CfuGfUf 915  [VPusGfscauu(G2p)ggauac 1274 |[UUUUCACACUGUA 1633
IAfucccaaugcal .96 AfgUfougaasasa UCCCAAUGCU
AD-1628434 [csasuca(Uhd)ugCfAfAf|916  [VPusdCsagdCadAucuudT 1275 |GCCAUCAUUGCAA (1634
agauugcugal.96 gCfaaugaugsgsc AGAUUGCUGA
AD-1631146 |csuscag(Uhd)AfcUfGf 917  [VPusCfsauuc(Tgn)acagea |1276 |[UGCUCAGUACUGC (1635
Cfuguagaaugal .96 GfuAfcugagscsa UGUAGAAUGG
IAD-1631154 |gsasauu(Ahd)GfuCfUf 918  [VPusCfsucgu(C2p)agacag (1277 |CUGAAUUAGUCUG(1636
Gfucugacgagal .96 AfcUfaauucsasg UCUGACGAGA
IAD-1628764 |gsasauu(Ahd)guCfUfGE919  [VPusdCsucdGudCagacdA (1278 |[CUGAAUUAGUCUG(1637
ucugacgagal .96 Afcuaauucsasg UCUGACGAGA
AD-1631155 [usasgua(Ghd)AfaUfAf 920  [VPusCfsuaag(C2p)acaaua |1279 |GAUAGUAGAAUA (1638
Ufugugcuuagal .96 UfuCfuacuasusc UUGUGCUUAGC
AD-1631164 |gsgsgac(Ahd)CfaGfUf 921  [VPusAfsgagu(Agn)ccagac 1280 |[CUGGGACACAGUC (1639
Cfugguacucual.96 UfgUfguccesasg UGGUACUCUC
IAD-1631165 |csascag(Uhd)CfuGfGf (922  [VPusCfsagga(G2p)aguacc (1281 |[GACACAGUCUGGU (1640
Ufacucuccugal 96 AfgAfcugugsusc ACUCUCCUGG
AD-1629012 |csascag(Uhd)cuGfGfUf|923  [VPusdCsagdGadGaguadC |1282 |GACACAGUCUGGU|1641
acucuccugal .96 cAfgacugugsusc ACUCUCCUGG
AD-1631174 |gsuscau(Chd)AfaUfAf (924  |[VPusCfscauc(Tgn)ucggua {1283 [UGGUCAUCAAUAC|1642
Cfcgaagauggal 96 UfuGfaugacscsa CGAAGAUGGG
IAD-1629032 |gsuscau(Chd)aaUfAfCE|925  [VPusdCscadTcdTucggdTa|1284 |UGGUCAUCAAUAC|1643
cgaagaugeal .96 Ufugaugacscsa CGAAGAUGGG
AD-1631180 |gsgsgaa(Ahd)AfaGfAf [926  |VPusAfsgggu(Agnjugucuc|l285 |AUGGGAAAAAGA |1644
Gfacauacccual.96 UfuUfuucccsasu GACAUACCCUA
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AD-1631181 [asasaga(Ghd)AfcAfUf [927  [VPusUfsuucu(Agn)ggguau|l286 |AAAAAGAGACAUA|1645
IAfcccuagaaaal 96 GfuCfucuuususu CCCUAGAAAA
AD-1631188 [usascua(Ahd)AfuAfUf (928  [VPusGfsacau(Tgn)uccuau (1287 |GAUACUAAAUAUA|1646
Afggaaaugucal 96 AfuUfuaguasusc GGAAAUGUCA
IAD-1629200 wsascua(Ahd)auAfUfAf|929  VPusdGsacdAudTuccudA |1288 |\ GAUACUAAAUAUA|L647
egaaaugucal 96 uAfuuuaguasuse GGAAAUGUCA
AD-1631191 |gsasugu(Ghd)UfuUfGf [930  [VPusUfsggau(Tgn)cacuca |1289 |[UUGAUGUGUUUG (1648
IAfougaauccaal.96 AfaCfacaucsasa IAGUGAAUCCAC
AD-1629808 fascsaug(Ahd)agUfGCf931  [VPusdCsuadAadTuuugdC (1290 |[CCACAUGAAGUGC|1649
aaaauuuagal .96 aCfuucaugusgsg AAAAUUUAGA
IAD-1629838 |asgsuga(Ghd)aaAfAfGf|932  [VPusdCsagdCudAauucdT 1291 |[GAAGUGAGAAAA (1650
aauuagcugal 96 uUfucucacususc GAAUUAGCUGA
IAD-1631049 |asasuuu(Uhd)CfuUfGf (933  VPusGfsgcau(Agn)gcagea |1292  [UGAAUUUUCUUGC(1651
Cfugcuaugccal.96 AfeAfaaanuscsa UGCUAUGCCU
IAD-1631079 |gsasaua(Uhd)UfuGfCf 934  [VPusCfsuugg(Agn)accage 1293 |[AAGAAUAUUUGCU(1652
Ufgouuccaagal 96 AfaAfuauucsusu GGUUCCAAGC
AD-1627631 Jsusuuc(Chd)aaUfGfGf[935  [VPusdAsccdAadAauccdC |1294 |[UAUUUUCCAAUGG(1653
auuuuggual.96 aUfuggaaaasusa GAUUUUGGUC
AD-1631095 |gsgsuug(Chd)UfgGfAf (936  [VPusAfsauau(C2p)aaucuc (1295 |[UGGGUUGCUGGAG|1654
Gfauugauauual 96 CfaGfcaaccscsa AUUGAUAUUU
IAD-1631096 (usgsaag(Ghd)AfgAfAf [937  [VPusUfscaac(Agn)gaguuu |1296 |GGUGAAGGAGAA 1655
IAfcucuguugaal .96 CfuCfcuucascse ACUCUGUUGAA
IAD-1631121 usgsaug(Ghd)CfaGfUf [938  [VPusCfsugau(C2p)caaaac |1297 (GGUGAUGGCAGUU|1656
Ufuuggaucagal .96 UfgCfcaucascsc UUGGAUCAGU
AD-1628133 [usgsaug(Ghd)caGfUfUf939  [VPusdCsugdAudCcaaadA (1298 |GGUGAUGGCAGUU|1657
uuggaucagal .96 cUfaccaucascse UUGGAUCAGU
AD-1631140 [gscsaaa(Ghd)AfuUfGE (940  [VPusCfscgua(G2p)ucagea [1299 |[UUGCAAAGAUUGC(1658
Cfugacuacggal .96 AfuCfuuugcsasa UGACUACGGC
IAD-1628441 |oscsaaa(Ghd)auUfGfCf (941  [VPusdCscgdTadGucagdCall300 |[UUGCAAAGAUUGC(1659
ugacuacggal .96 Afucuuugcsasa UGACUACGGC
IAD-1631166 |csasguc(Uhd)GfgUfAf 942  [VPusAfsccag(G2p)agagua 1301  |[CACAGUCUGGUAC (1660
Cfucuccuggual 96 CfcAfgacugsusg UCUCCUGGUC
AD-1631169 [csusccu(Ghd)GfuCfAf 943 [VPusUfscggu(Agn)uugaug|1302 ([CUCUCCUGGUCAU |1661
Ufcaauaccgaal .96 AfcCfaggagsasg CAAUACCGAA
IAD-1629026 |csusccu(Ghd)guCfAfUf944  [VPusdTscgdGudAuugadT (1303 [CUCUCCUGGUCAU (1662
icaauaccgaal .96 gAfccaggagsasg CAAUACCGAA
AD-1631171 |cscsugg(Uhd)CfaUfCE 945 [VPusCfsuucg(G2p)uauuga 1304 |[CUCCUGGUCAUCA (1663
IAfauaccgaagal .96 UfgAfccaggsasg AUACCGAAGA
IAD-1629028 |cscsugg(Uhd)caUfCfAf|946  [VPusdCsuudCgdGuauudG (1305  |[CUCCUGGUCAUCA (1664
auaccgaagal.96 aUfoaccaggsasg AUACCGAAGA
AD-1631172 |csusggu(Chd)AfuCfAf [947  [VPusUfscuuc(G2p)guauug|1306 [UCCUGGUCAUCAA (1665
IAfuaccgaagaal 96 AfuGfaccagsgsa UACCGAAGAU
AD-1631178 |asusacc(Ghd)AfaGfAf 948  [VPusCfsuuuu(Tgn)eccauc 1307  [CAAUACCGAAGAU|1666
Ufgggaaaaagal 96 UfuCfgguaususg GGGAAAAAGA
AD-1629039 lsusacc(Ghd)aaGfAfUf 949  [VPusdCsuudTudTcccadTc|1308  |CAAUACCGAAGAU (1667
legoaaaaagal .96 Ufucgguansusg GGGAAAAAGA
AD-1631209 |gscsucu(Uhd)UfgGfAf 950  [VPusCfscagu(Tgn)ccuauc |1309 |[CUGCUCUUUGGAU (1668
Ufaggaacuggal 96 CfaAfagagcsasg AGGAACUGGA
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AD-1629581 jgscsucu(Uhd)ugGfAfUf951  [VPusdCscadGudTccuadTce(1310  |[CUGCUCUUUGGAU|1669
aggaacuggal 96 Cfaaagagcsasg AGGAACUGGA
AD-1631221 [asasaau(Ahd)UfuAfAf (952  [VPusGfsgaaa(C2p)ugucuu (1311 |[UGAAAAUAUUAA |1670
Gfacaguuuccal.96 AfaUfauuuuscsa GACAGUUUCCC
IAD-1630135 lasasaau(Ahd)uuAfAfGF|953  [VPusdGsgadAadCugucdT (1312 [UGAAAAUAUUAA |1671
acaguuuccal .96 uAfavauuuuscsa GACAGUUUCCC
IAD-1625282 |gsasaug(Ghd)ugAfUfCH954  [VPusdCsugdAudAucugdA|1313  |[AAGAAUGGUGAUC|1672
agauaucagal.96 uCfaccauucsusu AGAUAUCAGA
AD-1631036 jasgsgag(Ahd)AfuUfUf 955  [VPusCfsaucu(C2p)gguaaa 1314 |GUAGGAGAAUUU (1673
Ufaccgagaugal .96 AfuUfcuccusasc UACCGAGAUGC
IAD-1631037 ususuua(Chd)CfgAfGE 956  [VPusAfsauac(G2p)geaucu 1315 |AAUUUUACCGAGA|L674
Afugccguauual.96 CfeGfuaaaasusu UGCCGUAUUA
IAD-1625499 (ususuua(Chd)cgAfGFAf957  [VPusdAsaudAcdGgeaudC |1316 |AAUUUUACCGAGA|L675
ugccguauual.96 uCfgguaaaasusu UGCCGUAUUA
AD-1631039 |csasgaa(Uhd)GfcAfCfU958  [VPusAfsagcu(C2p)gugagu (1317 |ACCAGAAUGCACU|1676
fcacgagcuual.96 GfcAfuucugsgsu CACGAGCUUU
AD-1631048 |gsasacu(Uhd)UfcUfUf 959  [VPusGfsacaa(G2p)ccucaa (1318 |[GAGAACUUUCUUG(1677
Gfaggcuugucal .96 GfaAfaguucsusc AGGCUUGUCC
AD-1631052 jasasucu(Uhd)CfcAfCfA960  [VPusGfsaccg(C2p)aagugu 1319 |[UAAAUCUUCCACA 1678
fcuugcggucal 96 GfgAfagauususa CUUGCGGUCU
IAD-1626268 |asasucu(Uhd)ccAfCfAf(961  [VPusdGsacdCgdCaagudG (1320 |[UAAAUCUUCCACA (1679
cuugcggucal.96 uGfeaagauususa CUUGCGGUCU
IAD-1626927 |asasagg(Chd)ucGFCIGf|962  [VPusdAsagdAadGaagedG [1321 |AUAAAGGCUCGCG|1680
cuucuucuual.96 cGfagccuuusasu CUUCUUCUUC
AD-1626936 ususcuc(Ghd)uuGfGfCf963  [VPusdCsaad AudGugugdC (1322 [GAUUCUCGUUGGC(1681
acacauuugal.96 cAfacgagaasusc ACACAUUUGG
AD-1627601 |asasuua(Uhd)caUfCfCE 964  [VPusdCsaudAudAgucgdG|1323 |GAAAUUAUCAUCC(1682
gacuauaugal 96 aUfgauaauususc GACUAUAUGA
IAD-1631084 (ususacu(Uhd)AfaAfUf [965  [VPusCfsagga(G2p)accaau |1324 |AUUUACUUAAAUU|L683
Ufegucuccugal.96 UfuAfaguaasasu GGUCUCCUGA
IAD-1631090 jususauu(Ghd)UfcUfGf 966  [VPusCfsagau(C2p)cuacca (1325 |[GCUUAUUGUCUGG(1684
Gfuaggaucugal .96 GfaCfaauaasgsc UAGGAUCUGA
AD-1627772 susaun(Ghd)ucUfGGf967  [VPusdCsagdAudCcuacdC |1326 |GCUUAUUGUCUGGI1685
uaggaucugal .96 aGfacaauaasgsc UAGGAUCUGA
IAD-1627838 [usgsuag(Ahd)aaAfGfGf968  [VPusdAsgadAudAcagedC (1327 |[CUUGUAGAAAAGG(1686
cuguauucual.96 uUfuucuacasasg CUGUAUUCUU
IAD-1631092 [usgsugg(Ahd)CfcAfCE 969  [VPusGfsagaa(Tgn)caaugu (1328 |[GUUGUGGACCACA (1687
Afuugauucucal.96 GfgUfccacasasc UUGAUUCUCU
AD-1627870 (usgsugg(Ahd)ccAfCfAf970  |VPusdGsagdAadTcaaudG |1329 |GUUGUGGACCACA|[1688
uugauucucal .96 uGfguccacasasc UUGAUUCUCU
IAD-1631094 |gsgsguu(Ghd)CfuGfGf 971  [VPusAfsuauc(Agn)aucuce 1330  [CUGGGUUGCUGGA|1689
Afeauugauaual.96 AfeCfaaccesasg GAUUGAUAUU
AD-1631112 [usgsacc(Uhd)GfcCfUf 972 [VPusUfsaaua(Tgn)uucuag |1331 |[GCUGACCUGCCUA [1690
IAfgaaauauuaal .96 GfcAfggucasgsc GAAAUAUUAU
IAD-1631138 fascsacu(Ghd)UfaUfCfC{973  |[VPusGfscagc(Agn)uuggga (1332 |[UCACACUGUAUCC |1691
fcaaugcugcal.96 UfaCfagugusgsa CAAUGCUGCC
AD-1631142 |asasgau(Uhd)GfcUfGf 974  [VPusAfsugec(G2p)uaguca (1333 [CAAAGAUUGCUGA(1692
Afcuacggcaual .96 GfcAfaucuususg CUACGGCAUU
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IAD-1628444 jasasgau(Uhd)ecUfGfAf]975  [VPusdAsugdCcdGuagudC (1334 |[CAAAGAUUGCUGA|1693
cuacggcaual 96 aGfcaaucuususg CUACGGCAUU
IAD-1628590 asascug(Ghd)agGfUfAf]976  [VPusdCsuadCudAuucudA (1335 |[ACAACUGGAGGUA|1694
gaauaguagal 96 cCfuccaguusgsu GAAUAGUAGA
AD-1631149 lgsusaga(Ghd)GfgUfUf (977  |VPusGfsgaaa(C2p)uucaaa (1336 |[UAGUAGAGGGUU (1695
Ufgaaguuuccal 96 CfcCfucuacsusa UGAAGUUUCCA
AD-1631156 |asgsuag(Ahd)AfuAfUf 978  [VPusGfscuaa(G2p)cacaau (1337 |[AUAGUAGAAUAU (1696
Ufgugcuuageal.96 AfuUfcuacusasu UGUGCUUAGCC
AD-1631163 [usgsgga(Chd)AfcAfGE 979  [VPusGfsagua(C2p)cagacu (1338  |[UCUGGGACACAGU (1697
Ufcugguacucal.96 GfuGfucccasgsa CUGGUACUCU
AD-1629007 usgsgga(Chd)acAfGIUf980  [VPusdGsagdTadCcagadCull339 |[UCUGGGACACAGU|1698
cugguacucal .96 Gfugucccasgsa CUGGUACUCU
IAD-1629025 (uscsucc(Uhd)ggUfCEAf|981  [VPusdCsggdTadTugaudG [1340 |ACUCUCCUGGUCA |1699
ucaauaccgal.96 aCfcaggagasgsu UCAAUACCGA
IAD-1631206 |csasaaa(Uhd)GfuCfUfUP82  [VPusUfsccca(G2p)aauaag (1341  [CACAAAAUGUCUU (1700
fauucugggaal 96 AfcAfuuuugsusg AUUCUGGGAG
AD-1631040 usgscac(Uhd)CfaCfGfA983  [VPusGfsugga(Agn)ageucg 1342 |JAAUGCACUCACGA (1701
focuuuccacalL96 UfeAfougcasusu GCUUUCCACA
AD-1625786 [usgscac(Uhd)caCfGfAf (984  [VPusdGsugdGadAagcudC (1343 |AAUGCACUCACGA |1702
gcuuuccacal.96 gUfgagugcasusu GCUUUCCACA
IAD-1631055 |asusaug(Ahd)GfcAfGf 985  [VPusAfsauau(C2p)auugcu 1344 |AGAUAUGAGCAGC|1703
Cfaaugavauual .96 GfcUfcauauscsu AAUGAUAUUC
AD-1627110 |ascsgag(Ahd)gcCfUfUf986  [VPusdCsuudGadAauuadA (1345 |[AAACGAGAGCCUU (1704
aauuucaagal .96 Gfcucucgususu AAUUUCAAGA
AD-1631071 jasasuga(Ghd)CfuUfCfC987  [VPusAfscugc(G2p)ugagga|l346 |[AAAAUGAGCUUCC|1705
fucacgcagual .96 AfgCfucauususu UCACGCAGUU
AD-1631075 psgsuga(Ahd)AfgUTGSE (988  [VPusGfsacaa(C2p)cuucca (1347 |[ACAGUGAAAGUGG|1706
Gfaagguugucal 96 CfuUfucacusgsu AAGGUUGUCC
AD-1627411 |asgsuga(Ahd)agUfGfGf989  [VPusdGsacdAadCcuucdC |1348 |ACAGUGAAAGUGG(1707
aagguugucal.96 aCfuuucacusgsu AAGGUUGUCC
IAD-1627717 |gscscca(Ahd)acAfGfAf[990  [VPusdCscadAudAcauudC |1349 |[UCGCCCAAACAGA |1708
auguauuggal.96 uGfuuugggcsgsa AUGUAUUGGC
AD-1631086 |cscsuga(Ahd)GfcUfUf 991  [VPusAfsccag(Agn)caauaa (1350 |[CUCCUGAAGCUUA (1709
IAfuugucuggual.96 GfcUfucaggsasg UUGUCUGGUA
AD-1631088 |gsasage(Uhd)UfaUfUf (992 [VPusCfscuac(C2p)agacaa (1351 |[CUGAAGCUUAUUG(1710
Gfucugguaggal 96 UfaAfgcuucsasg UCUGGUAGGA
IAD-1627767 gsasagc(Uhd)uaUfUGF993  [VPusdCscudAcdCagacdA (1352 |[CUGAAGCUUAUUG|1711
ucugguaggal 96 aUfaagcuucsasg UCUGGUAGGA
IAD-1628070 |gsasccu(Ghd)ccUfAfGE|994  [VPusdAsuadAudAuuucdT 1353 [CUGACCUGCCUAG (1712
aaauauuaual 96 aGfocaggucsasg AAAUAUUAUG
AD-1631127 |cscsucc(Ahd)AfgGfGE [995  [VPusAfsucca(Agn)ggaace |1354 |AGCCUCCAAGGGU (1713
Ufuccuuggaual 96 CfuUfggaggscsu UCCUUGGAUC
AD-1628273 |cscsucc(Ahd)agGfGfUf|996  [VPusdAsucdCadAggaadC |1355 |AGCCUCCAAGGGU|1714
uccuuggaual.96 cCfuuggaggscsu UCCUUGGAUC
IAD-1628396 (csascaa(Uhd)guGfCfUf 997  [VPusdGsugdAadAagcadG (1356 |CCCACAAUGUGCU (1715
ecuuuucacal.96 cAfcauugugsgsg GCUUUUCACA
AD-1631148 |gsasggu(Ahd)GfaAfUf 998  [VPusAfscccu(C2p)uacuau 1357 [UGGAGGUAGAAU |1716
Afguagaggoual .96 UfcUfaccucscsa AGUAGAGGGUU
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IAD-1628668

cscsagu(Uhd)aaAfGFAT
auaugguugal .96

999

VPusdCsaadCed AuauudC
uUfuaacuggsasu

1358

AUCCAGUUAAAGA
AUAUGGUUGU

1717

IAD-1631160

usasgec(Uhd)UfeGEUE
Gfcaucuuccual .96

1000

VPusAfsggaa(G2p)augcac
CfaAfggcuasasg

1359

CUUAGCCUUGGUG
CAUCUUCCUG

1718

IAD-1628961

usasgec(Uhd)ugGEURGH]
caucuuccual .96

1001

VPusdAsggdAadGaugedA
cCfaaggcuasasg

1360

CUUAGCCUUGGUG
CAUCUUCCUG

1719

AD-1631167

asgsucu(Ghd)GfuAfCt
Ufcuccuggucal.96

1002

'VPusGfsacca(G2p)gagagu
AfcCfagacusgsu

1361

ACAGUCUGGUACU
CUCCUGGUCA

1720

AD-1631176

csasuca(Ahd)UfaCfCIG
faagauggoaal 96

1003

'VPusUfsccca(Tgn)cuucgg
UfaUfugaugsasc

1362

GUCAUCAAUACCG
AAGAUGGGAA

1721

AD-1631185

ususcun(Uhd)UfeGfUT
Ufggaaccgcual 96

1004

VPusAfsgcge(Tgn)uccaac
CfaAfaagaasasa

1363

UUUUCUUUUGGUU
GGAACCGCUG

1722

IAD-1631203

csusguu(Ghd)UfgGFAT
Afgugugeganal .96

1005

'VPusAfsuccc(Agn)cacuuc
CfaCfaacagsgsg

1364

CCCUGUUGUGGAA
GUGUGGGAUA

1723

IAD-1631208

usgscuc(Uhd)UfuGfGf
IAfuaggaacugal .96

1006

VPusCfsaguu(C2p)cuaucc
AfaAfgagcasgsu

1365

ACUGCUCUUUGGA
UAGGAACUGG

1724

AD-1629580

usgscuc(Uhd)uuGfGfAf
uaggaacugal .96

1007

'VPusdCsagd TudCcuaudCc
Afaagagcasgsu

1366

ACUGCUCUUUGGA
UAGGAACUGG

1725

AD-1631211

asusucg(Ghd)UfcAfGf
Afgucaugaugal .96

1008

VPusCfsauca(Tgn)gacucu
GfaCfcgaaususa

1367

UAAUUCGGUCAGA
GUCAUGAUGA

1726

IAD-1629665

asusucg(Ghd)ucAfGfAf]
lcucaugaugal .96

1009

'VPusdCsaudCadTgacudCu
Gfaccgaaususa

1368

UAAUUCGGUCAGA
GUCAUGAUGA

1727

AD-1631219

usascua(Ahd)AfaUfUf
Ufauaaggccgal .96

1010

VPusCfsggec(Tgn)uauaaa
UfuUfuaguasusg

1369

CAUACUAAAAUUU
AUAAGGCCGA

1728

AD-1631220

csusaaa(Ahd)UfuUfAf
Ufaaggccgaual .96

1011

VPusAfsucgg(C2p)cuuaua
AfaUfuuuagsusa

1370

UACUAAAAUUUAU
AAGGCCGAUA

1729

AD-1631031

gsgscca(Ahd)CfaAfUf
Afgcauuugecal.96

1012

'VPusGfsgcaa(Agn)ugcuau
UfgUfuggccsasc

1371

GUGGCCAACAAUA
GCAUUUGCCU

1730

AD-1625155

gsgscca(Ahd)caAfUFAS
lecauuugecal.96

1013

VPusdGsgcdAadAugeud A
uUfzuuggccsasc

1372

GUGGCCAACAAUA
GCAUUUGCCU

1731

IAD-1631068

ascsucc(Uhd)GfaAfUf
Afagcgagggual 96

1014

VPusAfscccu(C2p)gcuuau
UfcAfggagususc

1373

GAACUCCUGAAUA
AGCGAGGGUU

IAD-1631085

csusuaa(Ahd) UfuGfGf
Ufcuccugaagal .96

1015

VPusCfsuuca(G2p)gagacc
AfaUfuuaagsusa

1374

UACUUAAAUUGGU
CUCCUGAAGC

1733

AD-1631089

asgscuu(Ahd)UfuGfUf
Cfugguaggaual .96

1016

'VPusAfsuccu(Agn)ccagac
AfaUfaagcususc

1375

GAAGCUUAUUGUC
UGGUAGGAUC

1734

IAD-1627769

asgscuu(Ahd)uuGfUCH]
ugguaggaual .96

1017

VPusdAsucdCudAccagdA
cAfauaagcususc

1376

GAAGCUUAUUGUC
UGGUAGGAUC

1735

IAD-1631097

ususgaa(Ghd)AfaAfUf
Gfegcauuauaal 96

1018

'VPusUfsauaa(Tgn)gcccau
UfuCfuucaascsa

1377

UGUUGAAGAAAU
GGGCAUUAUAU

1736

IAD-1627952

ususgaa(Ghd)aaAfUTGE|
logcauuauaal .96

1019

'VPusdTsaudAadTgcccdAu
Ufucuucaascsa

1378

UGUUGAAGAAAU
GGGCAUUAUAU

AD-1631099

escsaga(Ghd)GfaAfGE
Gfagaucucuual.96

1020

'VPusAfsagag(Agn)ucuccu
UfcCfucugesusu

1379

AAGCAGAGGAAGG
AGAUCUCUUA

1738

AD-1631105

asasucc(Ahd)GfaUfCfA
faccaaggcual .96

1021

'VPusAfsgccu(Tgn)gguuga
UfcUfggauususa

1380

UAAAUCCAGAUCA
ACCAAGGCUC

1739

IAD-1628027

asasucc(Ahd)gaUfCTAf

1022

accaaggcual .96

VPusdAsgcdCudTgguudG

aUfcuggauususa

1381

UAAAUCCAGAUCA

IACCAAGGCUC

1740
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IAD-1631106

asuscca(Ghd)AfuCfAf
IAfccaaggeucal 96

1023

VPusGfsagee(Tgn)ugguug
AfuCfuggaususu

1382

AAAUCCAGAUCAA
CCAAGGCUCA

1741

AD-1631119

asgsagu(Uhd)UfcUfCE
Cfuaggugaugal 96

1024

VPusCfsauca(C2p)cuagga
GfaAfacucusgsg

1383

CCAGAGUUUCUCC
UAGGUGAUGG

1742

AD-1628118

asgsagu(Uhd)ucUfCICf
uaggugaugal 96

1025

'VPusdCsaudCadCcuagdG
aGfaaacucusgsg

1384

CCAGAGUUUCUCC
UAGGUGAUGG

1743

AD-1631157

asasuau(Uhd)GfuGfCf
Ufuagccuuggal .96

1026

'VPusCfscaag(G2p)cuaage
AfcAfauauuscsu

1385

AGAAUAUUGUGCU
UAGCCUUGGU

1744

AD-1631158

asusauu(Ghd)UfgCfUf
Ufagccuuggual .96

1027

'VPusAfsccaa(G2p)gcuaag
CfaCfaauaususc

1386

GAAUAUUGUGCUU
AGCCUUGGUG

1745

AD-1628951

asusauu(Ghd)ug CfUfU{]
agccuuggual 96

1028

VPusdAsccd AadGgcuad A
gCfacaauaususc

1387

GAAUAUUGUGCUU
AGCCUUGGUG

1746

IAD-1631183

ususuuc(Uhd)Ufu UFGT
Gfuuggaaccgal 96

1029

VPusCfsgguu(C2p)caacca
AfaAfgaaaasusu

1388

AAUUUUCUUUUGG
UUGGAACCGC

1747

IAD-1631186

icsusuun(Ghd)GfuUfGf
Gfaaccgeugaal.96

1030

VPusUfscagc(G2p)guucca
AfcCfaaaagsasa

1389

UUCUUUUGGUUGG
AACCGCUGAU

1748

AD-1631202

usasgec(Chd)UfgUfUE
Gfuggaagugual .96

1031

'VPusAfscacu(Tgn)ccacaa
CfaGfggcuasusu

1390

AAUAGCCCUGUUG
UGGAAGUGUG

1749

AD-1629419

usasgec(Chd)ugUfUTGE]
uggaagugual.96

1032

VPusdAscadCudTccacdAa
Cfagggcuasusu

1391

AAUAGCCCUGUUG
UGGAAGUGUG

1750

IAD-1629878

asgsgaa(Uhd)ug UfCIUT]
uuggauaggal 96

1033

'VPusdCscudAudCcaaadG
aCfaauuccusasu

1392

AUAGGAAUUGUCU
UUGGAUAGGA

1751

IAD-1627852

usasuuc(Uhd)uu UGG
loccaaguugal .96

1034

'VPusdCsaadCudTggcedCa
Afaagaauascsa

1393

UGUAUUCUUUUGG
GCCAAGUUGU

1752

AD-1631124

asusguu(Ghd)GfuGfAf
Ufogaguuageal .96

1035

VPusGfscuaa(C2p)uccauc
AfcCfaacauscsc

1394

GGAUGUUGGUGA
UGGAGUUAGCC

1753

AD-1628254

asusguu(Ghd)guGfAfU
fggaguuageal 96

1036

IVPusdGscudAadCuccadTc
IAfccaacauscsc

1395

GGAUGUUGGUGA
UGGAGUUAGCC

1754

AD-1631143

asusugc(Uhd)GfaCfUf
Afcggcauugcal.96

1037

VPusGfscaau(G2p)ccguag
UfcAfgcaauscsu

1396

AGAUUGCUGACUA
CGGCAUUGCU

1755

AD-1631021

usgsaua(Uhd)UfcAfCE
IAfaacugguccal.96

1038

VPusGfsgacc(Agn)guuugu
GfaAfuaucasusu

1397

AAUGAUAUUCACA
AACUGGUCCU

1756

AD-1631184

ususucu(Uhd)UtuGIGT
Ufuggaaccgcal .96

1039

VPusGfscggu(Tgn)ccaace
AfaAfagaaasasu

1398

AUUUUCUUUUGGU
UGGAACCGCU

1757

AD-1631212

usasaaa(Ahd)UfgUfCE
IAfugcugguaual .96

1040

'VPusAfsuacc(Agn)gcauga
CfaUfuuuuasasg

1399

CUUAAAAAUGUCA
UGCUGGUAUU

1758

IAD-1629707

asasaau(Ghd)ucAfUfGF
cugguauugal .96

1041

'VPusdCsaadTadCcagedAu
Gfacauuuususa

1400

UAAAAAUGUCAUG
CUGGUAUUGG

1759

IAD-1630136

asasaua(Uhd)uaAfGfAf
caguuucccal.96

1042

VPusdGsggdAadAcugudC
uUfaauauuususc

1401

GAAAAUAUUAAG
ACAGUUUCCCA

1760

IAD-1624894

gsasugc(Uhd)ag A fGFA(]
loagcougugal 96

1043

'VPusdCsacdAcdGeucudC
uCfuagcaucsasc

1402

GUGAUGCUAGAGA
GAGCGUGUGA

1761

AD-1626921

csasaua(Uhd)aaAfGIGE
cucgcgcuual.96

1044

'VPusdAsagdCgdCgagedC
uUfuauauugsasa

1403

UUCAAUAUAAAGG
CUCGCGCUUC

1762

IAD-1631067

asusaaa(Ghd)Gfc UCLG|
fcgcuucuucal.96

1045

'VPusGfsaaga(Agn)gcgcga
GfcCfuuuausasu

1404

AUAUAAAGGCUCG
CGCUUCUUCU

1763

IAD-1626925

asusaaa(Ghd)gcUfCHGE

1046

cgcuucuucal.96

VPusdGsaadGadAgcgedG

aGfccuuuausasu

1405

AUAUAAAGGCUCG

1764

CGCUUCUUCU
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IAD-1631076

gsusgaa(Ahd)GTuGfGf
IAfagguuguccal.96

1047

VPusGfsgaca(Agn)ccuuce
AfcUfuucacsusg

1406

CAGUGAAAGUGGA
AGGUUGUCCA

1765

IAD-1627412

gsusgaa(Ahd)guGIGfAf
agguuguccal .96

1048

VPusdGsgadCadAccuudC
cAfcuuucacsusg

1407

CAGUGAAAGUGGA
AGGUUGUCCA

1766

IAD-1631083

asasaca(Ghd)AfaUfGfU
fauuggcgacal .96

1049

'VPusGfsucge(C2p)aauaca
UfuCfuguuusgsg

1408

CCAAACAGAAUGU
AUUGGCGACA

1767

AD-1631120

gsasguu(Uhd)CfuCfCf
Ufaggugauggal 96

1050

'VPusCfscauc(Agn)ccuagg
AfgAfaacucsusg

1409

CAGAGUUUCUCCU
AGGUGAUGGC

1768

AD-1628119

lgsasguu(Uhd)cuCfCTUT]
agougauggal 96

1051

'VPusdCscad TcdAccuadGg
Afoaaacucsusg

1410

CAGAGUUUCUCCU
AGGUGAUGGC

1769

AD-1631123

esasugu(Uhd)Gfg UG
Afuggaguuagal 96

1052

'VPusCfsuaac(Tgn)ccauca
CfcAfacaucscsg

1411

CGGAUGUUGGUGA
UGGAGUUAGC

1770

IAD-1628253

gsasugu(Uhd)gg UFGFA
fuggaguuagal .96

1053

'VPusdCsuadAcdTecaudCal
Cfcaacaucscsg

1412

CGGAUGUUGGUGA
UGGAGUUAGC

1771

AD-1631144

usgscug(Ahd)CfuAfCE
Gfocauugeucal.96

1054

VPusGfsagca(Agn)ugccgu
AfgUfcagcasasu

1413

AUUGCUGACUACG
GCAUUGCUCA

1772

AD-1631022

uscsaca(Ahd)AfcUfGf
Gfuccuagcagal .96

1055

'VPusCfsugcu(Agn)ggacca
GfuUfugugasasu

1414

AUUCACAAACUGG
UCCUAGCAGC

1773

AD-1624412

uscsaca(Ahd)acUfGIGE
uccuagcagal.96

1056

'VPusdCsugdCudAggacdC
aGfuuugugasasu

1415

AUUCACAAACUGG
UCCUAGCAGC

1774

AD-1631159

gscsuua(Ghd)CfcUU
Gfeugcaucuual .96

1057

VPusAfsagau(G2p)caccaa
GfeCluaagcsasc

1416

GUGCUUAGCCUUG
GUGCAUCUUC

1775

AD-1631168

csuscuc(Chd)UfegGfUf
Cfaucaauaccal.96

1058

VPusGfsguau(Tgn)gaugac
CfaGfgagagsusa

1417

UACUCUCCUGGUC
AUCAAUACCG

1776

IAD-1629024

csuscuc( Chd)ugGfUTCE
aucaauaccal.96

1059

VPusdGsgudAudTgaugd A
cCfaggagagsusa

1418

UACUCUCCUGGUC
AUCAAUACCG

1777

AD-1631179

usgsgga(Ahd)AfaAfGE
IAfgacauacccal.96

1060

'VPusGfsggua(Tgn)gucucu
UfuUfucccasusc

1419

GAUGGGAAAAAG
AGACAUACCCU

1778

IAD-1631204

gsusgca(Chd)UfuUfUS
Ufaaggoagoual 96

1061

VPusAfsccuc(C2p)cuuaaa
AfaGfugcacsgsc

1420

GCGUGCACUUUUU
AAGGGAGGUA

1779

AD-1631213

asusguc(Ahd)UfgCfUf
Gfguauugggcal.96

1062

VPusGfsccca(Agn)uaccag
CfaUfgacaususu

1421

AAAUGUCAUGCUG
GUAUUGGGCU

1780

IAD-1629710

asusguc(Ahd)ug CfUGH]
uauuggecal 96

1063

IVPusdGscecdCadAuaccdA
Cfaugacaususu

1422

AAAUGUCAUGCUG
GUAUUGGGCU

1781

AD-1631066

usasuaa(Ahd)GfgCfUf
Cfgcgcuucuual.96

1064

'VPusAfsagaa(G2p)cgegag
CfcUfuuauasusu

1423

AAUAUAAAGGCUC
GCGCUUCUUC

1782

IAD-1631073

ususgug(Ghd)AfaCfCt
Cfaaguggcuual.96

1065

'VPusAfsagec(Agn)cuuggg
UfuCfcacaasasg

1424

CUUUGUGGAACCC
AAGUGGCUUU

1783

IAD-1627866

asasguu(Ghd)ug GFAfCH]
cacauugaual .96

1066

VPusdAsucdAadTguggdT
cCfacaacuusgsg

1425

CCAAGUUGUGGAC
CACAUUGAUU

1784

IAD-1631107

cscsaag(Ghd)CfuCfAfC
fcauuccaaual.96

1067

VPusAfsuugg(Agn)auggug
AfeCfcuuggsusu

1426

AACCAAGGCUCAC
CAUUCCAAUA

1785

AD-1631126

ususagc(Chd)UfcCfAf
IAfggguuccuual .96

1068

'VPusAfsagga(Agn)cccuug
GfaGfgcuaascsu

1427

AGUUAGCCUCCAA
GGGUUCCUUG

1786

AD-1631141

asasaga(Uhd)UfgCfUf
Gfacuacggcaal.96

1069

'VPusUfsgceg(Tgn)agucag
CfaAfucuuusgsc

1428

GCAAAGAUUGCUG
ACUACGGCAU

1787

IAD-1628443

asasaga(Uhd)ug CfUGF

1070

lacuacggcaal 96

VPusdTsgcdCgdTagucdA

gCfaaucuuusgsc

1429

GCAAAGAUUGCUG

IACUACGGCAU

1788
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Sense Sequence
S’ t0 3

SEQ SEQ

ID NO:

SEQ |Antisense Sequence
ID NO:5’ to 3’

mRNA Target

Duplex ID

ID NO:Sequence S’ to 3’

AD-1631175

uscsauc(Ahd)AfuAfCt
Cfgaagaugggal 96

1071

'VPusCfsccau(C2p)uucggu
AfuUfgaugascsc

1430

GGUCAUCAAUACC
GAAGAUGGGA

1789

IAD-1629033

uscsauc(Ahd)auAfC{Cf
gaagauggeal 96

1072

VPusdCscecd AudCuucgdG
uAfuugaugascsc

1431

GGUCAUCAAUACC
GAAGAUGGGA

1790

IAD-1629597

icsusgga(Ghd)gaGfGLCt|
cauauuuuaal.96

1073

Ufccuccagsusu

'VPusdTsaad Aad TauggdCc

1432

AACUGGAGGAGGC
CAUAUUUUAC

1791

AD-1631214

usgsuca(Uhd)GfcUfGf
Gfuauugggcual.96

1074

VPusAfsgcec(Agn)auacca
GfcAfugacasusu

1433

AAUGUCAUGCUGG
UAUUGGGCUA

1792

AD-1629711

uauuggecual 96

usgsuca(Uhd)gcUfGEGf|1075

'VPusdAsgcdCcdAauacdC
aGfcaugacasusu

1434

AAUGUCAUGCUGG
UAUUGGGCUA

1793

IAD-1631065

asasuau(Ahd)AfaGfGf
Cfucgcgcuucal.96

1076

VPusGfsaage(G2p)cgagee
UfuUfauauusgsa

1435

UCAAUAUAAAGGC
UCGCGCUUCU

1794

IAD-1631069

cscsuga(Ahd)UfaAfGE
Cfgaggouuccal.96

1077

VPusGfsgaac(C2p)cucgeu
UfaUfucaggsasg

1436

CUCCUGAAUAAGC
GAGGGUUCCC

1795

IAD-1627390

asasuca(Uhd)gg CfAfCSE
agauuuugaal 96

1078

VPusdTscadAad AucugdT
Cfcaugauususu

1437

AAAAUCAUGGCAC
AGAUUUUGAC

1796

AD-1631091

csusuuu(Ghd)Gfg CICE
IAfaguuguggaal 96

1079

'VPusUfsccac(Agn)acuugg
CfcCfaaaagsasa

1438

UUCUUUUGGGCCA
AGUUGUGGAC

1797

IAD-1627856

aguuguggaal 96

csusuuu(Ghd)gg CfCFAf|1080

VPusdTsccdAcdAacuudG
gCfccaaaagsasa

1439

UUCUUUUGGGCCA
AGUUGUGGAC

1798

IAD-1627896

asasgaa(Uhd)ggUfUfUST
ccuggguugal 96

1081

Cfcanucuuscse

'VPusdCsaadCcdCaggadAal

1440

GGAAGAAUGGUU
UCCUGGGUUGC

1799

AD-1631114

asusuug(Ahd)AfcAfAf
Gfcuccagagual.96

1082

GfuUfcaaaususc

VPusAfscucu(G2p)gageuu

1441

GAAUUUGAACAAG
CUCCAGAGUU

1800

AD-1631125

usgsuug(Ghd)UfgAfUT
Gfzaguuagcecal .96

1083

VPusGfsgcua(Agn)cuccau
CfaCfcaacasusc

1442

GAUGUUGGUGAU
GGAGUUAGCCU

1801

IAD-1628385

asgscca(Uhd)gaUfUTAS
uauaccgagal.96

1084

'VPusdCsucdGgdTanaud A
aUfcauggcusgsa

1443

UCAGCCAUGAUUA
UAUACCGAGA

1802

IAD-1628442

csasaag(Ahd)uuGfC{Uf
lacuacggcal .96

1085

VPusdGscedGudAgucadG
cAfaucuuugscsa

1444

UGCAAAGAUUGCU
GACUACGGCA

1803

IAD-1631194

gsasgga(Uhd)GfuGfGf
Cfacaaagauual.96

1086

VPusAfsaucu(Tgn)ugugce
AfcAfuccucsese

1445

GGGAGGAUGUGGC
ACAAAGAUUU

1804

IAD-1629263

acaaagauual .96

gsasgga(Uhd)guGfGfCA|1087

'VPusdAsaudCud TugugdC
cAfcauccucscsc

1446

GGGAGGAUGUGGC
ACAAAGAUUU

1805

Table 6. Unmodified Sense and Antisense Strand Sequences of Human LRRK? dsRNA Agents That
Use C16 Ligand or Unconjugated to a Ligand

Sense Sequence SEQ ID [Range in Antisense Sequence  SEQ ID [Range in
Duplex ID 5’ to 3’ INO: NM 198578.4 5’ to 3’ NO: NM_ 198578.4
CUUGUUUGUAUUGC UGGAAUTGCAAUA
AD-1807334AAUUCCA 1810  16872-6892 CAAACAAGUG 1900  |6870-6892
GAAAGAGAUACAAU UAGCAAGAUUGTA
AD-1807335|CUUGCUA 1811 7593-7613 UCUCUUUCUG 1901  |7591-7613
CAUGAAGUGCAAAA UTCUAAAUUUUGC
AD-1807336[UUUAGAA 1812  |7639-7659 ACUUCAUGUG 1902 [7637-7659
IAAACACAAAAUGUC UGAATAAGACATU
AD-1807337[UUAUUCA 1813 7348-7368 UUGUGUUUUG 1903 |7346-7368
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Sense Sequence SEQ ID [Range in Antisense Sequence SEQ ID Range in

Duplex ID 5’ to 3’ INO: NM_198578.4 5’ to 3’ NO: |NM_198578.4
ACUCCAUUGAUGUG UCUCAAACACATCA

AD-1807338 UUUGAGA 1814  [7027-7047 AUGGAGUAC 1904 [7025-7047
IUAAAUCUUCCACAC UCCGCAAGUGUGG

AD-1807339|UUGCGGA 1815 [3713-3733 AAGAUUUAAA 1905 [3711-3733
GCUGAAUUAGUCUG UGUCAGACAGACU

AD-1807340 UCUGACA 1816 [6538-6558 AAUUCAGCUG 1906 6536-6558
CUCAGCCAUGAUUA UGGUAUAUAAUCA

AD-1807341 UAUACCA 1817 16093-6113 UGGCUGAGUG 1907 16091-6113
CUCAGCCAUGAUUA UGGUAUAUAAUCA

AD-1807342[UAUACCA 1818 [6093-6113 UGGCUGAGUG 1908 6091-6113
IUCCAAAGAACUACA UGUGACAUGUAGU

AD-1807343[UGUCACA 1819  [5058-5078 UCUUUGGAAA 1909 [5056-5078
IUGGAUCUUUCAACU UTCGACGAGUUGA

AD-1807344|CGUCGAA 1820 [7445-7465 AAGAUCCAGG 1910 [7443-7465
CUGCCUAGAAAUAU UAACAUAAUAUTU

AD-1807345 UAUGUUA 1821  [5725-5745 CUAGGCAGGU 1911  [5723-5745
UAAGGGAACUCUUA UGCUAAAUAAGAG

AD-1807346[UUUAGCA 1822 [3800-3820 UUCCCUUAAG 1912 3798-3820
CUGGAUCUUUCAAC UCGACGAGUUGAA

AD-1807347[UCGUCGA 1823 [7444-7464 AGAUCCAGGA 1913 [7442-7464
CUCUGAAAUUAUCA UGUCGGAUGAUAA

AD-1807348 UCCGACA 1824 [5196-5216 UUUCAGAGUU 1914 [5194-5216
CAGCUGAAUUAGUC UCAGACAGACUAA

AD-1807349UGUCUGA 1825  [6536-6556 UUCAGCUGAA 1915 6534-6556
CUUGUUUGUAUUGC UGGAAUTGCAATA

AD-1807350,AAUUCCA 1826  [6872-6892 CAAACAAGUG 1916 6870-6892
AAUCAGGAGUCCUU UAUGAAGAAGGAC

AD-1807351|ICUUCAUA 1827  [4868-4888 UCCUGAUUCA 1917  |4866-4888
IGCUCACCAUUCCAA UGAGAUAUUGGAA

AD-1807352[UAUCUCA 1828 [5676-5696 UGGUGAGCCU 1918 [5674-5696
CAAUCUUCCACAUG UGCACUTCAUGTGG

AD-1807353JAAGUGCA 1829  [7629-7649 AAGAUUGAU 1919 [7627-7649
AAACACAAAAUGUC UGAAUAAGACAUU

AD-1807354UUAUUCA 1830 [7348-7368 UuUGUGUUUUG 1920 [7346-7368
CCUGGAUCUUUCAA UGACGAGUUGAAA

AD-1807355|CUCGUCA 1831  [7443-7463 GAUCCAGGAG 1921  [7441-7463
CUACUCUAUGACAU UGUCAAAAUGUCA

AD-1807356 UUUGACA 1832 [6319-6339 UAGAGUAGUA 1922 16317-6339
GCCUUGGUGCAUCU UACAGGAAGAUGC

AD-1807357[UCCUGUA 1833 [6742-6762 ACCAAGGCUA 1923 6740-6762
IUUGCUGCUAUGCCU UCAAGAAAGGCAU

AD-1807358 UUCUUGA 1834  [3629-3649 AGCAGCAAGA 1924 3627-3649
AGUGAGAAAAGAAU UCAGCUAAUUCTU

AD-1807359|UAGCUGA 1835  [7671-7691 UUCUCACUUC 1925 [7669-7691
AGAUCUCUUAGUAA UCUGGATUUACTA

AD-1807360 AUCCAGA 1836 [5646-5666 AGAGAUCUCC 1926 5644-5666
CACAAUGUGCUGCU UGUGAAAAGCAGC

AD-1807361 UUUCACA 1837  [6127-6147 ACAUUGUGGG 1927  6125-6147
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Sense Sequence SEQ ID [Range in Antisense Sequence SEQ ID Range in

Duplex ID 5’ to 3’ INO: NM_198578.4 5’ to 3’ NO: |NM_198578.4
GAAUUCAGCUGAAU UAGACUAAUUCAG

AD-1807362|[UAGUCUA 1838 [6531-6551 CUGAAUUCAA 1928 6529-6551
CCAUUCAGAAACUC UCUCAATGAGUTUC

AD-1807363AUUGAGA 1839  [7127-7147 UGAAUGGUG 1929 [7125-7147
ACAUGAAGUGCAAA UCUAAATUUUGCA

AD-1807364 AUUUAGA 1840  [7638-7658 CUUCAUGUGG 1930  [7636-7658
IUGCUGCUAUGCCUU UGCAAGAAAGGCA

AD-1807365 UCUUGCA 1841  [3630-3630 UAGCAGCAAG 1931  3628-3630
GGGAAAAAGAGACA UAGGGUAUGUCUC

AD-1807366[UACCCUA 1842 [6829-6849 UUUUUCCCAU 1932 6827-6849
CAUUCCAAUAUCUC UCAATCTGAGATAU

AD-1807367AGAUUGA 1843 [5682-5702 UGGAAUGGU 1933 [5680-5702
AUGUGUUUGAGUGA UGUGGATUCACUC

AD-1807368 AUCCACA 1844 [7036-7056 AAACACAUCA 1934 [7034-7056
AAAAUAUUAAGACA UGGAAACUGUCTU

AD-18073691GUUUCCA 1845  [8134-8154 AAUAUUUUCA 1935 [8132-8154
CAUUCCAAUAUCUC UCAAUCTGAGAUA

AD-1807370AGAUUGA 1846 [5682-5702 UUGGAAUGGU 1936 [5680-5702
GAAGCUUAUUGUCU UCCUACCAGACAA

AD-1807371 (GGUAGGA 1847  [5368-5388 UAAGCUUCAG 1937 [5366-5388
CAGUACUCCAUUGA UAACACAUCAAUG

AD-1807372[UGUGUUA 1848 [7023-7043 GAGUACUGAC 1938 [7021-7043
AGUUUAACCUGUCA UGUUAUAUGACAG

AD-1807373[UAUAACA 1849  [3395-3415 GUUAAACUGU 1939 [3393-3415
GACCUGCCUAGAAA UAUAAUAUUUCTA

AD-1807374 UAUUAUA 1850  [5722-5742 GGCAGGUCAG 1940 [5720-5742
GUAGAGGGUUUGAA UGGAAACUUCAAA

AD-1807375GUUUCCA 1851  [6355-6375 CCCUCUACUA 1941  6353-6375
GAAAGAGAUACAAU UAGCAAGAUUGUA

AD-1807376 | CUUGCUA 1852 [7593-7613 UCUCUUUCUG 1942 [7591-7613
CCUGGAUCUUUCAA UGACGAGUUGAAA

AD-1807377|CUCGUCA 1853 [7443-7463 GAUCCAGGAG 1943 [7441-7463
UUUGAGUGAAUCCA UAAUUUGUGGAUU

AD-1807378 CAAAUUA 1854 [7041-7061 CACUCAAACA 1944 [7039-7061
CUUGUUUGUAUUGC UGGAAUTGCAAUA

AD-1807379AAUUCCA 1855  [6872-6892 CAAACAAGUG 1945 6870-6892
GAAAGAGAUACAAU UAGCAAGAUUGTA

AD-1807380|ICUUGCUA 1856 [7593-7613 UCUCUUUCUG 1946 [7591-7613
CAUGAAGUGCAAAA UTCUAAAUUUUGC

IAD-1807381 [UUUAGAA 1857  [7639-7659 ACUUCAUGUG 1947 [71637-7659
AAACACAAAAUGUC UGAATAAGACATU

AD-1807382[UUAUUCA 1858  [7348-7368 UuGUGUUUUG 1948 [7346-7368
ACUCCAUUGAUGUG UCUCAAACACATCA

AD-1807383 [UUUGAGA 1859 [7027-7047 AUGGAGUAC 1949 [7025-7047
UAAAUCUUCCACAC UCCGCAAGUGUGG

AD-1807384 UUGCGGA 1860  [3713-3733 AAGAUUUAAA 1950  [3711-3733
GCUGAAUUAGUCUG UGUCAGACAGACU

AD-1807385UCUGACA 1861  [6538-6558 AAUUCAGCUG 1951 6536-6558
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Sense Sequence SEQ ID [Range in Antisense Sequence SEQ ID Range in
Duplex ID 5’ to 3’ INO: NM_198578.4 5’ to 3’ NO: |NM_198578.4
CUCAGCCAUGAUUA UGGUAUAUAAUCA
AD-1807386[UAUACCA 1862  [6093-6113 UGGCUGAGUG 1952 6091-6113
CUCAGCCAUGAUUA UGGUAUAUAAUCA
AD-1807387[UAUACCA 1863  [6093-6113 UGGCUGAGUG 1953 6091-6113
UCCAAAGAACUACA UGUGACAUGUAGU
AD-1807388 UGUCACA 1864  [5058-5078 UCUUUGGAAA 1954 [5056-5078
UGGAUCUUUCAACU UTCGACGAGUUGA
AD-1807389|ICGUCGAA 1865 [7445-7465 AAGAUCCAGG 1955 [7443-74635
CUGCCUAGAAAUAU UAACAUAAUAUTU
AD-1807390 UAUGUUA 1866  [5725-5745 CUAGGCAGGU 1956 [5723-5745
UAAGGGAACUCUUA UGCUAAAUAAGAG
AD-1807391[UUUAGCA 1867  [3800-3820 UUCCCUUAAG 1957  [3798-3820
CUGGAUCUUUCAAC UCGACGAGUUGAA
AD-1807392[UCGUCGA 1868 [7444-7464 AGAUCCAGGA 1958 [7442-7464
CUCUGAAAUUAUCA UGUCGGAUGAUAA
AD-1807393[UCCGACA 1869  [5196-5216 UUUCAGAGUU 1959 [5194-5216
CAGCUGAAUUAGUC UCAGACAGACUAA
AD-1807394UGUCUGA 1870  [6536-6556 UUCAGCUGAA 1960 16534-6556
CUUGUUUGUAUUGC UGGAAUTGCAATA
AD-1807395AAUUCCA 1871  [6872-6892 CAAACAAGUG 1961  6870-6892
AAUCAGGAGUCCUU UAUGAAGAAGGAC
AD-1807396|CUUCAUA 1872 [4868-4888 UCCUGAUUCA 1962  4866-4888
GCUCACCAUUCCAA UGAGAUAUUGGAA
AD-1807397[UAUCUCA 1873 [5676-5696 UGGUGAGCCU 1963 [5674-5696
CAAUCUUCCACAUG UGCACUTCAUGTGG
AD-1807398 AAGUGCA 1874 [7629-7649 AAGAUUGAU 1964 [7627-7649
AAACACAAAAUGUC UGAAUAAGACAUU
AD-1807399|UUAUUCA 1875  [7348-7368 UuGUGUUUUG 1965  [7346-7368
CCUGGAUCUUUCAA UGACGAGUUGAAA
AD-1807400|CUCGUCA 1876 [7443-7463 GAUCCAGGAG 1966 [7441-7463
CUACUCUAUGACAU UGUCAAAAUGUCA
AD-1807401 UUUGACA 1877 6319-6339 UAGAGUAGUA 1967  6317-6339
GCCUUGGUGCAUCU UACAGGAAGAUGC
AD-1807402|lUCCUGUA 1878 6742-6762 ACCAAGGCUA 1968  16740-6762
UUGCUGCUAUGCCU UCAAGAAAGGCAU
AD-1807403|[UUCUUGA 1879 [3629-3649 AGCAGCAAGA 1969  [3627-3649
AGUGAGAAAAGAAU UCAGCUAAUUCTU
AD-1807404 UAGCUGA 1880 [7671-7691 UUCUCACUUC 1970 [7669-7691
AGAUCUCUUAGUAA UCUGGATUUACTA
IAD-1807405AUCCAGA 1881  [5646-5666 AGAGAUCUCC 1971 [5644-5666
CACAAUGUGCUGCU UGUGAAAAGCAGC
AD-1807406[UUUCACA 1882  [6127-6147 ACAUUGUGGG 1972 6125-6147
GAAUUCAGCUGAAU UAGACUAAUUCAG
AD-1807407[UAGUCUA 1883 [6531-6551 CUGAAUUCAA 1973 6529-6551
CCAUUCAGAAACUC UCUCAATGAGUTUC
AD-1807408 AUUGAGA 1884  [7127-7147 UGAAUGGUG 1974 [7125-7147
ACAUGAAGUGCAAA UCUAAATUUUGCA
AD-1807409AUUUAGA 1885  [7638-7658 CUUCAUGUGG 1975 [7636-7658
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Sense Sequence SEQ ID [Range in Antisense Sequence SEQ ID Range in
Duplex ID 5’ to 3’ INO: NM_198578.4 5’ to 3’ NO: |NM_198578.4
UGCUGCUAUGCCUU UGCAAGAAAGGCA
AD-1807410UCUUGCA 1886  [3630-3650 UAGCAGCAAG 1976 [3628-3650
GGGAAAAAGAGACA UAGGGUAUGUCUC
AD-1807411[UACCCUA 1887  [6829-6849 UUUUUCCCAU 1977 6827-6849
CAUUCCAAUAUCUC UCAATCTGAGATAU
AD-1807412AGAUUGA 1888  [5682-5702 UGGAAUGGU 1978 15680-5702
AUGUGUUUGAGUGA UGUGGATUCACUC
AD-1807413JAUCCACA 1839 [7036-7056 AAACACAUCA 1979 [7034-7036
AAAAUAUUAAGACA UGGAAACUGUCTU
AD-1807414|GUUUCCA 1890  [8134-8154 AAUAUUUUCA 1980  |8132-8154
CAUUCCAAUAUCUC UCAAUCTGAGAUA
AD-1807415AGAUUGA 1891  [5682-5702 UUGGAAUGGU 1981  [5680-5702
GAAGCUUAUUGUCU UCCUACCAGACAA
AD-1807416IGGUAGGA 1892  [5368-5388 UAAGCUUCAG 1982 [5366-5388
CAGUACUCCAUUGA UAACACAUCAAUG
AD-1807417[UGUGUUA 1893 [7023-7043 GAGUACUGAC 1983 [7021-7043
AGUUUAACCUGUCA UGUUAUAUGACAG
AD-1807418 UAUAACA 1894  [3395-3415 GUUAAACUGU 1984  3393-3415
GACCUGCCUAGAAA UAUAAUAUUUCTA
AD-1807419UAUUAUA 1895  [5722-5742 GGCAGGUCAG 1985  [5720-5742
GUAGAGGGUUUGAA UGGAAACUUCAAA
AD-1807420|GUUUCCA 1896  [6355-6375 CCCUCUACUA 1986 6353-6375
GAAAGAGAUACAAU UAGCAAGAUUGUA
AD-1807421|CUUGCUA 1897  [7593-7613 UCUCUUUCUG 1987  [7591-7613
CCUGGAUCUUUCAA UGACGAGUUGAAA
AD-1807422|CUCGUCA 1898 [7443-7463 GAUCCAGGAG 1988  [7441-7463
UUUGAGUGAAUCCA UAAUUUGUGGAUU
AD-1807423|CAAAUUA 1899  [7041-7061 CACUCAAACA 1989  [7039-7061

Table 7. Modified Sense and Antisense Strand Sequences of Human LRRK2 dsRNA Agents That Use
(16 Ligand or Unconjugated to a Ligand

Sense Sequence SEQ |Antisense Sequence SEQ [mRNA Target Sequence SEQ

Duplex ID 5’ to 3’ ID NO:5’ to 3 ID NO:5’ to 3’ ID NO:

IAD-1807334 [csusugu(Uhd)UfgUfAf]1990  [VPusGfsgad Au(Tgn)gcaa2080 |[CACUUGUUUGUAUU 2170
Ufugcaauucscsa uaCfaAfacaagsusg GCAAUUCCU

IAD-1807335 gsasaag(Ahd)gaUfAfC|1991  [VPusdAsgcdAadGauugd 2081 |[CAGAAAGAGAUACA 2171
faaucuugcsusa TaUfcucuuucsusg AUCUUGCUU

IAD-1807336 (csasuga(Ahd)guGfCfA|1992  [VPusdTscudAadAuuuud 2082 |CACAUGAAGUGCAA 2172
faaauuuagsasa GeAfcuucaugsusg AAUUUAGAA

IAD-1807337 jasasaca(Chd)aaAfAfU 1993  VPusdGsaadTadAgacadT[2083 |[CAAAACACAAAAUG (2173
foucuuauuscsa nUfuguguuususg UCUUAUUCU

AD-1807338 @ascsucc(Ahd)uuGfAfU[1994 [VPusdCsucdAadAcacadT2084 |GUACUCCAUUGAUG (2174
fouguuugasgsa cAfauggagusasc UGUUUGAGU

IAD-1807339 usasaau(Chd)uuCfCfA 1995  [VPusdCscgdCadAgugud 2085 [UUUAAAUCUUCCAC 2175
fcacuugcgsgsa GgAfagauuuasasa ACUUGCGGU

IAD-1807340 [gscsuga(Ahd)UfuAfGf|1996  [VPusGfsucdAg(Agn)caga2086 |CAGCUGAAUUAGUC 2176
Ufcugucugascsa cuAfaUfucagcsusg UGUCUGACG

187




WO 2023/278607

PCT/US2022/035561

Duplex ID

Sense Sequence
5’ to 3

SEQ
ID NO:

Antisense Sequence
St

SEQ
ID NO:

mRNA Target Sequence
S to ¥’

SEQ
ID NO:

AD-1807341

csuscag(Chd)caUfGfA
fuuauauacscsa

1997

IVPusdGsgudAudAuaaud
CaUfggcugagsusg

2087

CACUCAGCCAUGAUU
AUAUACCG

2177

IAD-1807342

csuscag(Chd)CfaUfGf
IAfuuanauacscsa

1998

VPusGfsgudAu(Agn)uaa
ucaUfgGfcugagsusg

2088

CACUCAGCCAUGAUU
AUAUACCG

2178

IAD-1807343

uscscaa(Ahd)GfaAfCt
Ufacaugucascsa

1999

IVPusGfsugdAc(Agn)ugu
aguUfcUfuuggasasa

2089

UUUCCAAAGAACUA
CAUGUCACA

2179

IAD-1807344

usgsgau(Chd)uuUFCFA]
facucgucgsasa

2000

VPusdTscgdAcdGaguud
GaAfagauccasgsg

2090

CCUGGAUCUUUCAAC
UCGUCGAC

2180

IAD-1807345

csusgcc(Uhd)agAfAfA
fuauuaugususa

2001

VPusdAsacd AudAauaud
TuCfuaggcagsgsu

2091

ACCUGCCUAGAAAU
AUUAUGUUG

2181

IAD-1807346

usasagggaaCfUfCfuua
u(Uhd)uagscsa

2002

IVPusdGscudAadAuaagd
AgUfucccuuasasg

2092

CUUAAGGGAACUCU
UAUUUAGCC

2182

IAD-1807347

csusgga(Uhd)cuUfUTC
faacucgucsgsa

2003

VPusdCsgadCgdAguugd
AaAfgauccagsgsa

2093

UCCUGGAUCUUUCA
ACUCGUCGA

2183

IAD-1807348

csuscug(Ahd)AfaUfUf
IAfucauccgascsa

2004

IVPusGfsucdGg(Agn)uga
uaaUfuUfcagagsusu

2094

AACUCUGAAAUUAU
CAUCCGACU

2184

AD-1807349

csasgc(Uhd)gaaUfUTA
foucugucusgsa

2005

VPusdCsagdAcdAgacud
AaUfucagcugsasa

2095

UUCAGCUGAAUUAG
UCUGUCUGA

2185

IAD-1807350

csusugu(Uhd)ugUfAf
Ufugcaauucscsa

2006

VPusdGsgadAudTgcaad T
aCfaaacaagsusg

2096

CACUUGUUUGUAUU
GCAAUUCCU

2186

AD-1807351

asasucaggaGfUfCfcuu
ic(Uhd)ucasusa

2007

VPusdAsugdAadGaaggd
AcUfccugauuscsa

2097

UGAAUCAGGAGUCC
UUCUUCAUU

2187

IAD-1807352

gscsuca(Chd)caUfUFC
fcaauaucuscsa

2008

VPusdGsagdAudAuuged
IAaUfggugagcescsu

2098

AGGCUCACCAUUCCA
AUAUCUCA

2188

IAD-1807353

icsasauc(Uhd)ucCfAfC
faugaagugscsa

2009

IVPusdGscadCudTcaugd T
Gfaagauugsasu

2099

AUCAAUCUUCCACAU
GAAGUGCA

2189

AD-1807354

asasaca(Chd)AfaAfAf
Ufgucuuauuscsa

2010

\VPusGfsaadTa(Agn)gaca
nuUfuGfuguuususg

2100

CAAAACACAAAAUG
UCUUAUUCU

2190

IAD-1807355

cscsugg(Ahd)ucUfUTU
fcaacucguscsa

2011

VPusdGsacdGadGuugad
AaGfauccaggsasg

2101

CUCCUGGAUCUUUCA
ACUCGUCG

2191

IAD-1807356

icsusacu(Chd)uaUfGfA
fcauuuugascsa

2012

VPusdGsucdAadAaugud
CaUfagaguagsusa

2102

UACUACUCUAUGAC
AUUUUGACA

2192

IAD-1807357

gscscu(Uhd)gGfuGfCE
IAfucuuccugsusa

2013

VPusAfscadGg(Agn)agau
cAfcCfaaggcsusa

2103

UAGCCUUGGUGCAU
CUUCCUGUU

2193

AD-1807358

ususgcug(Chd)uAfUf
Gfccuuucuusgsa

2014

\VPusdCsaadGadAagged
AuAfgcagcaasgsa

2104

UCUUGCUGCUAUGCC
UUUCUUGC

2194

IAD-1807359

asgsugagaaAfAfGfaau
(Uhd)agcusgsa

2015

IVPusdCsagdCudAauucdT]
nUfucucacususc

2105

GAAGUGAGAAAAGA
AUUAGCUGA

2195

IAD-1807360

asgsauc(Uhd)cuUfAfG
fuaaauccasgsa

2016

'VPusdCsugdGad Tuuacd T
aAfgagaucuscsc

2106

GGAGAUCUCUUAGU
AAAUCCAGA

2196

AD-1807361

icsascaa(Uhd)guGfCfU

focuuuucascsa

2017

VPusdGsugdAadAagcad
GceAfcauugugsgsg

2107

CCCACAAUGUGCUGC
UUUUCACA

2197

AD-1807362

gsasauu(Chd)agCfUfG
faauuagucsusa

2018

IVPusdAsgadCudAauucd
AgCfugaauucsasa

2108

UUGAAUUCAGCUGA
AUUAGUCUG

2198

IAD-1807363

icscsauu(Chd)agAfAfA
fcucauugasgsa

2019

'VPusdCsucdAadTgagud T
nCfugaauggsusg

2109

CACCAUUCAGAAACU
CAUUGAGA

2199

IAD-1807364

ascsaug(Ahd)agUFGTC

faaaauuuasgsa

2020

'VPusdCsuadAad Tuuugd

2110

CaCfuucaugusgsg

CCACAUGAAGUGCA

2200

AAAUUUAGA

188




WO 2023/278607

PCT/US2022/035561

Duplex ID

Sense Sequence
5’ to 3

SEQ
ID NO:

Antisense Sequence
St

SEQ
ID NO:

mRNA Target Sequence
S to ¥’

SEQ
ID NO:

IAD-1807365

usgscug(Chd)uaUfGC
fcuuucuugscsa

2021

IVPusdGscad AgdAaaggd
CaUfagcagcasasg

2111

CUUGCUGCUAUGCCU
UUCUUGCC

2201

IAD-1807366

osgsgaa(Ahd)AfaGfAf
(Gfacauacccsusa

2022

IVPusAfsggdGu(Agn)ugu
cucUfuUfuucccsasu

2112

AUGGGAAAAAGAGA
CAUACCCUA

2202

IAD-1807367

icsasuuc(Chd)aaUTATU
fcucagauusgsa

2023

VPusdCsaadTcdTgagad T
aUfuggaaugsgsu

2113

ACCAUUCCAAUAUCU
CAGAUUGC

2203

IAD-1807368

asusgug(Uhd)UfuGfAf]
Gfugaauccascsa

2024

VPusGfsugdGa(Tgn)ucac
ucAfaAfcacauscsa

2114

UGAUGUGUUUGAGU
GAAUCCACA

2204

IAD-1807369

asasaau(Ahd)uuAfAfG
facaguuucscsa

2025

VPusdGsgadAadCugucd
TuAfavauuuuscsa

2115

UGAAAAUAUUAAGA
CAGUUUCCC

2205

IAD-1807370

icsasuuc(Chd)AfaUfAf
Ufcucagauusgsa

2026

IVPusCfsaadTc(Tgn)gaga
naUfuGfgaaugsgsu

2116

ACCAUUCCAAUAUCU
CAGAUUGC

2206

AD-1807371

gsasagc(Uhd)uaUfULG]
fucugguagsgsa

2027

'VPusdCscudAcdCagacdA|
aUfaagcuucsasg

2117

CUGAAGCUUAUUGU
CUGGUAGGA

2207

IAD-1807372

csasgua(Chd)UfcCfAf
Ufugaugugususa

2028

VPusAfsacdAc(Agn)ucaa
ugGfaGfuacugsasc

2118

GUCAGUACUCCAUU
GAUGUGUUU

2208

AD-1807373

asgsuuu(Ahd)acCIURG
fucauauaascsa

2029

\VPusdGsuudAudAugacd
AgGfuuaaacusgsu

2119

ACAGUUUAACCUGU
CAUAUAACC

2209

IAD-1807374

gsasccug(Chd)cUFATG
faaauauuasusa

2030

'VPusdAsuadAudAuuucd
TaGfgcaggucsasg

2120

CUGACCUGCCUAGAA
AUAUUAUG

2210

IAD-1807375

osusagagGfgUfUfUfga
ag(Uhd)uucscsa

2031

IVPusGfsgad Aa(C2p)uuca
aaCfcCfucuacsusa

2121

UAGUAGAGGGUUUG
AAGUUUCCA

2211

IAD-1807376

osasaag(Ahd)GfaUfAf
Cfaaucuugcsusa

2032

VPusAfsgcd Aa(G2p)auug]
uaUfcUfcuuucsusg

2122

CAGAAAGAGAUACA
AUCUUGCUU

2212

IAD-1807377

cscsugg(Ahd)UfcUfUE
\Ufcaacucguscsa

2033

VPusGfsacdGa(G2p)uugal
aaGfaUfccaggsasg

2123

CUCCUGGAUCUUUCA
ACUCGUCG

2213

IAD-1807378

ususugag(Uhd)gAfAf
[Ufccacaaaususa

2034

\VPusAfsaud Tu(G2p)ugga)
nuCfaCfucaaascsa

2124

UGUUUGAGUGAAUC
CACAAAUUC

2214

IAD-1807379

csusuguuUfgUfAfUfu
caauucscsa

2035

VPusGfsgad Au(Tgn)gcaa
naCfaAfacaagsusg

2125

CACUUGUUUGUAUU
GCAAUUCCU

2215

IAD-1807380

osasaagagaUfAfCfaau
cuugcsusa

2036

VPusdAsgcdAadGauugd
TaUfcucuuucsusg

2126

CAGAAAGAGAUACA
AUCUUGCUU

2216

AD-1807381

csasugaaguGfCfAfaaa
uuuagsasa

2037

IVPusdTscudAad Auuuud
GeAfcuucaugsusg

2127

CACAUGAAGUGCAA
AAUUUAGAA

2217

AD-1807382

asasacacaaAfAfUfguc
uuauuscsa

2038

\VPusdGsaadTadAgacadT
uUfuguguuususg

2128

CAAAACACAAAAUG
UCUUAUUCU

2218

IAD-1807383

ascsuccauuGfAfUfgug
uuugasgsa

2039

\VPusdCsucdAadAcacadT
cAfauggagusasc

2129

GUACUCCAUUGAUG
UGUUUGAGU

2219

IAD-1807384

usasaaucuuCfCfAfcac
uugcgsgsa

2040

VPusdCscgdCadAgugud
GgAfagauuuasasa

2130

UUUAAAUCUUCCAC
ACUUGCGGU

2220

IAD-1807385

escsugaaUfuAfGfUfcu
ucugascsa

2041

VPusGfsucd Ag(Agn)cagal
cuAfaUfucagcsusg

2131

CAGCUGAAUUAGUC
UGUCUGACG

2221

AD-1807386

csuscagccaUfGfAfuua
uauacscsa

2042

IVPusdGsgudAudAuaaud
CaUfggcugagsusg

2132

CACUCAGCCAUGAUU
AUAUACCG

2222

IAD-1807387

csuscagcCfaUfGfAfuu
Auauacscsa

2043

VPusGfsgudAu(Agn)uaa
ncaUfgGfcugagsusg

2133

CACUCAGCCAUGAUU
AUAUACCG

2223

IAD-1807388

uscscaaaGfaAfCfUfac

2044

augucascsa

IVPusGfsugdAc(Agn)ugu

2134

aguUfcUfuuggasasa

UUUCCAAAGAACUA

2224

CAUGUCACA
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Duplex ID

Sense Sequence
5’ to 3

SEQ
ID NO:

Antisense Sequence
St

SEQ
ID NO:

mRNA Target Sequence
S to ¥’

SEQ
ID NO:

IAD-1807389

usgsgaucuuUfCfAfacu
cgucgsasa

2045

VPusdTscgdAcdGaguud
GaAfagauccasgsg

2135

CCUGGAUCUUUCAAC
UCGUCGAC

2225

IAD-1807390

csusgccuagAfAfAfuau
uaugususa

2046

VPusdAsacd AudAanand
TuCfuaggcagsgsu

2136

ACCUGCCUAGAAAU
AUUAUGUUG

2226

IAD-1807391

usasagggaaCfUfCfuua
uuuagscsa

2047

VPusdGscudAadAuaagd
AgUfucccuuasasg

2137

CUUAAGGGAACUCU
UAUUUAGCC

2227

IAD-1807392

csusggaucuUfUfCfaac
ucgucsgsa

2048

VPusdCsgadCgd Aguugd
AaAfgauccagsgsa

2138

UCCUGGAUCUUUCA
ACUCGUCGA

2228

IAD-1807393

csuscugaAfaUfUfAfuc
auccgascsa

2049

VPusGfsucdGg(Agn)uga
naaUfuUfcagagsusu

2139

AACUCUGAAAUUAU
CAUCCGACU

2229

IAD-1807394

csasgcugaaUfUfAfguc
ugucusgsa

2050

IVPusdCsagdAcdAgacud
AaUfucagcugsasa

2140

UUCAGCUGAAUUAG
UCUGUCUGA

2230

IAD-1807395

csusuguuug UfAfUfugc
Aauucscsa

2051

IVPusdGsgadAudTgcaad T
aCfaaacaagsusg

2141

CACUUGUUUGUAUU
GCAAUUCCU

2231

IAD-1807396

asasucaggaGfUfCfcuu
cuucasusa

2052

VPusdAsugdAadGaaggd
AcUfccugauuscsa

2142

UGAAUCAGGAGUCC
UUCUUCAUU

~
3

2232

AD-1807397

gscsucaccaUfUfCfcaa
uaucuscsa

2053

'VPusdGsagdAudAuuggd
AaUfggugagcscsu

2143

AGGCUCACCAUUCCA
AUAUCUCA

2233

IAD-1807398

csasaucuucCfAfCfaug
aagugscsa

2054

\VPusdGscadCudTcaugd T
gGfaagauugsasu

2144

AUCAAUCUUCCACAU
GAAGUGCA

2234

IAD-1807399

asasacacAfaAfAfUfou
cuuauuscsa

2055

VPusGfsaadTa(Agn)gaca
nuUfuGfuguuususg

2145

CAAAACACAAAAUG
UCUUAUUCU

2235

IAD-1807400

icscsuggaucUfUfUfcaa
cucguscsa

2056

VPusdGsacdGadGuugad
AaGfauccaggsasg

2146

CUCCUGGAUCUUUCA
ACUCGUCG

AD-1807401

csusacucuaUfGfAfcau
uuugascsa

2057

VPusdGsucdAadAaugud
CaUfagaguagsusa

2147

UACUACUCUAUGAC
AUUUUGACA

IAD-1807402

gscscuugGfuGfCfAfuc
uuccugsusa

2058

\VPusAfscadGg(Agn)agau
gcAfcCfaaggesusa

2148

UAGCCUUGGUGCAU
CUUCCUGUU

2238

IAD-1807403

ususgcugcuA fUfGfecu
uucuusgsa

2059

VPusdCsaadGadAaggced
AuAfgcagcaasgsa

2149

UCUUGCUGCUAUGCC
UUUCUUGC

2239

IAD-1807404

asgsugagaaAfAfGfaau
uagcusgsa

2060

IVPusdCsagdCudAauucdT]
nUfucucacususc

2150

GAAGUGAGAAAAGA
AUUAGCUGA

2240

IAD-1807405

asgsaucucuUfAfGfuaa
auccasgsa

2061

VPusdCsugdGad Tuuacd T
aAfoagaucuscsc

2151

GGAGAUCUCUUAGU
AAAUCCAGA

2241

AD-1807406

csascaauguGfCfUfgeu
uuucascsa

2062

\VPusdGsugdAadAagcad
GeAfcauugugsgsg

2152

CCCACAAUGUGCUGC
UUUUCACA

2242

IAD-1807407

gsasauucag CfUfGfaau
uagucsusa

2063

VPusdAsgadCudAauucd
AgCfugaauucsasa

2153

UUGAAUUCAGCUGA
AUUAGUCUG

2243

IAD-1807408

cscsauucagAfAfAfcuc
Auugasgsa

2064

IVPusdCsucdAadTgagud T
uCfugaauggsusg

2154

CACCAUUCAGAAACU
CAUUGAGA

D244

IAD-1807409

ascsaugaag UfGfCfaaa
Auuuasgsa

2065

'VPusdCsuadAad Tuuugd
CaCfuucaugusgsg

2155

CCACAUGAAGUGCA
AAAUUUAGA

2245

AD-1807410

usgscugcuaUfGfCfeuu
ucuugscsa

2066

\VPusdGscadAgdAaaggd
CaUfagcagcasasg

2156

CUUGCUGCUAUGCCU
UUCUUGCC

2246

AD-1807411

osgsgaaaAfaGfAfGfac
auacccsusa

2067

IVPusAfsggdGu(Agn)ugu
cucUfuUfuucccsasu

2157

AUGGGAAAAAGAGA
CAUACCCUA

2247

IAD-1807412

csasuuccaaUTAfUfcuc

Agauusgsa

2068

VPusdCsaadTcdTgagad T

2158

aUfuggaaugsgsu

ACCAUUCCAAUAUCU

2248

CAGAUUGC
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Sense Sequence SEQ |Antisense Sequence SEQ |mRNA Target Sequence SEQ
Duplex ID 5’ to 3’ ID NO:5’ to 3’ ID NO:5’ to 3’ ID NO:
IAD-1807413 psusguguUfuGfAfGfu 2069  [VPusGfsugdGa(Tgn)ucac2159 [UGAUGUGUUUGAGU [2249
aauccascsa ucAfaAfcacauscsa GAAUCCACA

IAD-1807414 jasasaauauuAfAfGfaca 2070  [VPusdGsgadAadCugued 2160 |[UGAAAAUAUUAAGA 2250
uuucscsa TuAfauauuuuscsa CAGUUUCCC
IAD-1807415 {csasuuccAfaUfAfUfcu 2071 [VPusCfsaadTc(Tgn)gaga 2161 |[ACCAUUCCAAUAUCUR251
cagauusgsa naUfuGfgaaugsgsu CAGAUUGC
IAD-1807416 |gsasagcuuaUfUfGfucu 2072 [VPusdCscudAcdCagacdAR2162 ([CUGAAGCUUAUUGU 2252
guagsgsa aUfaagcuucsasg CUGGUAGGA
IAD-1807417 [csasguacUfcCfAfUfug 2073 VPusAfsacdAc(Agn)ucaa2163 [ GUCAGUACUCCAUU [2253
Augugususa ugGfaGfuacugsasc GAUGUGUUU

AD-1807418 asgsuuuaacCfUfGfuca 2074  [VPusdGsuudAudAugacd 2164 JACAGUUUAACCUGU [2254
uavaascsa AgGfuuaaacusgsu CAUAUAACC

IAD-1807419 gsasccugecUfAfGfaaa 2075 VPusdAsuadAudAuuucd 2165 [CUGACCUGCCUAGAAR255
nauuasusa TaGfgcaggucsasg AUAUUAUG
IAD-1807420 [gsusagagGfgUfUfUfga2076  [VPusGfsgadAa(C2p)uuca2166 [UAGUAGAGGGUUUG 2256
Aguuucscsa aaCfcCfucuacsusa AAGUUUCCA
IAD-1807421 |gsasaagaGfaUfAfCfaa 2077 [VPusAfsgcdAa(G2p)auugP167 |[CAGAAAGAGAUACA 2257
ucuugcsusa naUfcUfcuuucsusg AUCUUGCUU
AD-1807422 cscsuggaUfcUfUfUfca 2078 [VPusGfsacdGa(G2p)juugal2168  [CUCCUGGAUCUUUCAR258
acucguscsa aaGfaUfccaggsasg ACUCGUCG

IAD-1807423 jususugagugAfAfUfcca2079  VPusAfsaudTu(G2p)ugga2169 [UGUUUGAGUGAAUC 2259
caaaususa uuCfaCfucaaascsa CACAAAUUC

Example 2. In Vitro Evaluation of LRRK2 siRNA
Experimental Methods

i.  Lung epithelial cell culture and transfections:

Human Lung Epithelial cells A549 (ATCC) were transfected by adding approximately 5pl of
1 ng/ul, diluted in Opti-MEM, 4.9l of Opti-MEM plus 0.1ul of Lipofectamine 2000 per well (Invitrogen,
Carlsbad CA. cat #11668-019) to 5 pl of siRNA duplexes per well, with approximately 4 replicates of cach
siIRNA duplex, into a 384-well plate, and the cells were then incubated at room temperature for about 15
minutes. siRNA duplexes without a ligand, as well as siRNA duplexes with a C16 ligand were tested. Three

dose experiments were performed at 10nM, 1nM, and 0.1nM.

ii.  Hepatocvte cell culture and transfections:

Primary mouse hepatocytes (PMH) were transfected by adding 5 ul of 1 ng/pl, diluted in Opti-MEM,
4.9ul of Opti-MEM plus 0.1ul of Lipofectamine 2000 per well (Invitrogen, Carlsbad CA. cat #11668-019)
to Sul of siRNA duplexes per well, with approximately 4 replicates of each siRNA duplex, into a 384-well
plate, and the cells were then incubated at room temperature for 15 minutes. Thirty-five pl of Dulbecco’s
Modified Eagle Medium (ThermoFisher) containing ~3 x10° cells was then added to the siRNA mixture.

Three dose experiments were performed at 10nM, 1nM, and 0.1nM.
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ifi.  Total RNA isolation using DYNABEADS mRNA Isolation Kit:
RNA was isolated using an automated protocol on a BioTek-EL406 platform using DYNABEADs

(Invitrogen, cat#61012). Briefly, 70 ul of Lysis/Binding Buffer and 10 pl of lysis buffer containing 3 ul of
magnetic beads were added to the plate with cells. Plates were incubated on an electromagnetic shaker for
10 minutes at room temperature and then magnetic beads were captured and the supematant is removed.
Bead-bound RNA was then washed 2 times with 150 ul Wash Buffer A and once with Wash Buffer B. Beads
were then washed with 150 pl Elution Buffer, re-captured and the supematant removed. The plates were

loaded to the BioTek for RNA purification.

iv. cDNA synthesis using ABI High capacity cDNA reverse transcription kit (Applied Biosystems, Foster
City. CA, Cat #4368813):

Ten ul of a master mix containing 1pl 10X Buffer, 0.4ul 25X dNTPs, 1 pl 10x Random primers,
0.5pl Reverse Transcriptase, 0.5 pl RNase inhibitor and 6.6 ul of H20 per reaction were added to the isolated
RNA. Plates were then scaled, mixed, and incubated on an clectromagnetic shaker for 10 minutes at room

temperature, followed by 2h 37°C. The plate was stored in -20 °C until it is ready for gPCR.

v.  Realtime PCR:
Two pl of cDNA and 5ul Lightcycler 480 probe master mix (Roche Cat # 04887301001) were added to
either 0.5-1 ul of Human GAPDH TagMan Probe (4326317E) and 0.5-1 wl human LRRK2 probe
(Hs01115057 _m1, Hs00968198, or Hs00411197, Thermo) or 0.5-1 pl Mouse GAPDH TagMan Probe
(4352339E) and 0.5-1ul mouse Lrrk2 probe (Mm00481934 m1) per well in 384 well plates (Roche cat #
04887301001). Real time PCR was performed using a LightCycler480 Real Time PCR system (Roche).
Each duplex was tested at least two times and data was normalized to cells transfected with a non-targeting
control siRNA. To calculate relative fold change, real time data was analyzed using the AACt method and

was normalized to assays performed with cells transfected with a non-targeting control siRNA.
Results

i.  Dose Screen of LRRK dsRNA Agents
The results of the dose screen 1 in A549 cells with exemplary LRRK?2 siRNAs of Tables 3 and 4 are
shown in Table 8. The results of the dose screen 2 in A549 cells with exemplary LRRK2 siRNAs of Table 6,

conjugated to a Cl6-ligand or unconjugated to a ligand, are shown in Tables 9 and 10, respectively. The
results in Tables 9 and 10, expressed as average % LRRK2 mRNA remaining, were obtained during an
RNAseq analysis at a duplex concentration of 10 nM. In Table 9, the parent (i.c., L96-conjugated) dsRNA
data were calculated based on the in vitro data in Table 8. The data are expressed as percent message

remaining relative to the non-targeting control.
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Table 8. Dose Screens of LRRK2 dsRNA Agents (L96-Conjugated) in A549 Cells

10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK?2 Avg % LRRK2

Duplex mRNA Remaining | SD mRNA Remaining | SD mRNA Remaining | SD
AD-1624152 140 4 94 95 2
AD-1624178 |36 2 62 80 5
AD-1631019 |93 3 83 10 95 5
AD-1631020 |57 6 85 2 86 6
AD-1631021 |65 7 98 12 101 7
AD-1624412 |51 1 94 7 103 12
AD-1631022 |58 3 93 7 93 3
AD-1631023 | 88 12 111 120 10
AD-1631024 |93 13 100 13 111 15
AD-1631025 |37 5 63 4 84 7
AD-1624595 |42 5 70 12 71 15
AD-1631026 |61 2 108 6 110 11
AD-1624721 |45 8 102 13 102 13
AD-1624739 |45 1 84 3 89 6
AD-1631027 | 54 6 115 15 105 8
AD-1624856 |45 7 98 9 107 6
AD-1631028 | 64 10 100 7 119 6
AD-1624857 | 44 8 79 6 95 8
AD-1631029 |75 5 99 6 91 6
AD-1624894 |57 5 111 8 95 6
AD-1631030 |34 5 71 7 104 21
AD-1625057 |35 4 87 2 93 17
AD-1625155 |73 9 99 4 106 11
AD-1631031 |78 14 104 6 107 8
AD-1625191 |59 8 101 12 93 12
AD-1631032 |77 14 92 7 95 7
AD-1625192 |44 12 98 18 95 18
AD-1631033 |49 4 89 6 98 8
AD-1625195 149 6 103 21 111 10
AD-1625209 |40 3 78 10 88 8
AD-1625230 |33 5 76 8 81 7
AD-1631034 |43 5 67 76

AD-1625282 |40 5 125 18 92 18
AD-1625389 |29 5 95 30 103 14
AD-1631035 |42 4 102 19 112 12
AD-1625485 |31 5 61 6 75 2
AD-1631036 |41 5 117 12 119 19
AD-1625499 |30 3 103 10 103 20
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2

Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1631037 |35 4 116 14 106

AD-1625501 |51 8 93 10 104

AD-1625610 |40 4 76 7 79 12
AD-1631038 |58 10 108 20 92 11
AD-1631039 |44 3 106 16 100 9
AD-1625786 |38 5 84 9 84 13
AD-1631040 |62 7 91 8 93 16
AD-1631041 |65 11 111 13 113 9
AD-1625910 |58 4 93 2 100 12
AD-1631042 | 73 7 97 8 105 6
AD-1631043 |83 7 95 8 99 13
AD-1625928 |51 9 94 6 102 5
AD-1631044 |43 7 93 7 89 4
AD-1631045 |46 6 106 13 94 10
AD-1631046 | 44 3 85 3 88 11
AD-1625975 |29 2 90 16 99 9
AD-1631047 |52 9 97 114

AD-1631048 |45 5 116 97

AD-1631049 |37 2 100 99 13
AD-1626183 | 28 4 67 85 7
AD-1626184 |25 6 119 17 102 19
AD-1631050 |31 5 86 8 98 7
AD-1626265 |48 7 99 13 126 19
AD-1631051 |50 7 100 9 116 10
AD-1626266 |24 4 63 12 87 10
AD-1626268 |61 13 119 19 137 20
AD-1631052 |61 10 124 11 105 11
AD-1631053 |37 5 73 0 93 16
AD-1626270 |39 8 92 10 84 10
AD-1631054 |40 12 72 3 77 9
AD-1626273 |41 5 110 27 96 7
AD-1626280 |42 4 113 93 10
AD-1631055 |55 5 9 4 88 8
AD-1631056 |89 17 85 10 93 10
AD-1626349 |38 7 80 5 85 2
AD-1626353 |26 2 69 7 96 27
AD-1631057 |40 5 90 10 100

AD-1626375 | 34 5 33 6 92

AD-1626382 |33 3 75 10 38
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2
Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1631058 |39 2 86 85 9
AD-1631059 | 101 12 89 96 2
AD-1626428 | 74 7 92 116 25
AD-1631060 |91 2 93 7 106 8
AD-1631061 |93 14 99 10 103 4
AD-1631062 |41 3 87 4 80 8
AD-1626524 | 54 7 140 24 103 12
AD-1626636 | 44 4 75 6 96 7
AD-1631063 |62 3 91 3 108 12
AD-1631064 | 66 9 107 7 108 12
AD-1626921 |51 5 93 6 110 7
AD-1631065 |37 6 75 5 93 11
AD-1631066 | 64 6 99 4 98 10
AD-1626925 |40 5 94 6 100 9
AD-1631067 | 70 6 104 6 107 8
AD-1626927 |90 13 112 10 108 7
AD-1626936 |38 3 106 4 101 5
AD-1626946 | 54 10 93 6 81 8
AD-1631068 | 89 12 100 6 107 11
AD-1631069 | 54 3 93 4 103 15
AD-1627077 |49 6 95 4 94 5
AD-1627110 |49 5 103 9 87 10
AD-1631070 |38 10 76 3 100 10
AD-1631071 |27 3 81 5 94 17
AD-1631072 |85 6 103 17 107 10
AD-1627308 |26 2 70 5 79 13
AD-1631073 | 72 5 91 9 98 6
AD-1627390 |31 4 77 3 97 10
AD-1631074 |38 3 95 9 111 18
AD-1627410 |47 5 86 8 116 13
AD-1631075 140 3 91 8 88 14
AD-1627411 |72 2 88 9 99 19
AD-1631076 |39 3 88 7 89 11
AD-1627412 |77 6 87 5 94 12
AD-1631077 |24 1 80 3 106 9
AD-1627511 |30 3 97 8 110 4
AD-1631078 |35 1 85 5 109 9
AD-1631079 | 44 4 108 14 103 9
AD-1631080 | 25 2 73 6 79 6
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2
Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1627601 |29 4 108 9 89 7
AD-1627625 |33 5 79 6 86 5
AD-1631081 |44 6 74 8 91 6
AD-1627631 |44 9 103 18 108 8
AD-1627632 | 46 6 112 7 110 8
AD-1627672 |37 3 82 6 85 12
AD-1631082 |40 4 87 4 90 4
AD-1627717 |38 1 87 5 104 12
AD-1631083 |63 6 103 6 109 3
AD-1631084 | 67 3 109 6 94 7
AD-1631085 |38 5 97 9 96 8
AD-1631086 |41 3 97 7 93 12
AD-1627766 |38 3 89 8 100 15
AD-1631087 | 54 8 99 13 92 5
AD-1627767 |26 3 92 11 74 11
AD-1631089 |38 5 92 12 94 5
AD-1627769 |42 5 82 5 104 10
AD-1627772 |32 4 96 11 87 6
AD-1631090 |35 2 94 4 87 7
AD-1627820 |37 4 77 9 77 4
AD-1627838 |32 3 87 3 86 6
AD-1627852 |61 4 94 7 114 4
AD-1627856 | 46 5 88 7 95 5
AD-1631091 |88 5 86 11 110 11
AD-1627866 |35 6 88 8 87 4
AD-1627870 |40 3 105 10 90 7
AD-1631092 | 84 6 90 10 100 12
AD-1631093 |40 5 99 10 109 10
AD-1627896 |41 7 77 5 104 6
AD-1631094 |32 2 106 11 79 13
AD-1631095 |58 5 111 10 105 17
AD-1631096 |41 8 90 102 9
AD-1627952 | 44 4 90 105 10
AD-1631097 | 61 6 100 112 8
AD-1631098 | 84 5 81 10 77 4
AD-1631099 | 54 8 100 9 105 5
AD-1628008 | 71 26 90 7 85 4
AD-1631100 | 38 3 96 104 9
AD-1631101 | 67 2 102 11 115 10
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2
Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1631102 | 54 5 95 11 93 4
AD-1628014 |28 2 70 4 86 3
AD-1631103 |37 3 86 3 97 10
AD-1631104 |80 4 101 10 98 8
AD-1631105 |42 7 97 4 113 10
AD-1628027 |55 9 89 5 103 9
AD-1631106 |55 9 95 4 100 9
AD-1631107 |48 5 86 10 99 12
AD-1628042 |31 2 85 2 91 7
AD-1631108 |43 2 87 7 91 6
AD-1628043 | 46 11 82 9 93 4
AD-1628044 |27 1 64 6 76 6
AD-1628050 |28 3 86 7 98 6
AD-1631109 |29 2 82 3 99 3
AD-1631110 |40 5 94 11 91 8
AD-1628052 |32 4 97 11 102 8
AD-1631111 |36 4 95 6 116 17
AD-1631112 |88 7 84 1 85 6
AD-1628070 |28 4 77 4 73 7
AD-1628073 | 25 3 72 7 39 14
AD-1631113 |43 7 69 3 82 4
AD-1631114 |70 20 87 3 104 8
AD-1631115 |45 6 77 3 84 11
AD-1631116 | 54 9 79 8 85 9
AD-1631117 40 1 100 12 108 11
AD-1631118 |33 1 79 2 79 3
AD-1628118 |49 3 100 8 100 5
AD-1631119 |63 7 92 10 98 8
AD-1631120 |57 10 100 96 6
AD-1628119 | 62 1 103 106 6
AD-1631121 |37 8 80 104 16
AD-1628133 |38 8 98 106 7
AD-1631122 49 4 97 15 106 16
AD-1628253 |52 11 90 5 99 13
AD-1631123 |58 8 96 4 101 5
AD-1631124 |47 3 99 11 103 7
AD-1628254 |52 10 98 11 106 11
AD-1631125 |62 5 102 15 102 6
AD-1631126 |97 13 92 4 97 12
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2

Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1628273 |81 3 109 3 83 13
AD-1631127 |81 13 91 8 91 10
AD-1631128 |41 6 82 6 81 9
AD-1628318 | 54 6 82 1 82 2
AD-1631129 |40 3 128 8 112 10
AD-1631130 |53 6 103 5 110 8
AD-1628381 |38 3 71 3 81 2
AD-1631131 | 109 12 78 4 87 4
AD-1631132 |25 8 63 3 75 8
AD-1628382 |25 4 63 4 81 9
AD-1628383 |29 78 12 83 6
AD-1631133 | 101 10 94 8 96 12
AD-1628385 |37 5 79 5 95 9
AD-1628396 |26 1 86 83 8
AD-1631134 |32 6 85 88 15
AD-1631135 |36 1 81 10 93 5
AD-1631136 |30 4 78 5 90 4
AD-1631137 |57 13 94 11 115 26
AD-1628412 |36 4 119 26 94 3
AD-1631138 | 44 6 103 33 3
AD-1628434 |35 5 91 118 16
AD-1631139 |59 5 102 10 96 7
AD-1631140 |44 5 122 0 106 5
AD-1628441 |56 6 108 10 116 11
AD-1628442 |48 4 78 1 88 5
AD-1628443 |63 1 93 10 90 12
AD-1631141 |73 6 89 3 92 5
AD-1631142 |51 7 91 9 83 8
AD-1628444 |55 10 94 8 84 7
AD-1631143 |65 6 100 5 121 17
AD-1631144 |74 8 98 6 98 4
AD-1631145 |82 1 84 6 80

AD-1631146 |57 0 134 7 116 19
AD-1628467 |33 4 87 4 81 2
AD-1631147 |36 2 86 4 84

AD-1628570 |26 3 80 8 90

AD-1628590 |45 4 85 6 93 10
AD-1631148 |35 4 34 10 74 7
AD-1631149 |20 2 66 5 78 13
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2

Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1628668 | 49 9 111 23 110 14
AD-1631150 |37 4 84 6 71 4
AD-1628754 |28 4 71 12 82 1
AD-1628759 |25 3 84 6 103 6
AD-1631151 |52 8 98 8 92 11
AD-1631152 |23 2 69 6 73 8
AD-1631153 |28 2 99 8 87 6
AD-1631154 |39 3 102 12 133 5
AD-1628764 |40 2 107 7 99 9
AD-1628794 |35 9 67 5 90 12
AD-1628883 |40 4 94 9 98 9
AD-1631155 40 4 71 1 97 0
AD-1631156 |27 1 93 7 82 5
AD-1631157 |30 6 61 1 86 1
AD-1631158 |36 2 97 9 111 4
AD-1628951 |38 7 87 4 97 6
AD-1631159 |78 9 103 13 100 11
AD-1628961 |78 5 100 7 111 15
AD-1631160 |81 0 102 5 129 21
AD-1631161 |27 4 70 1 81 7
AD-1628963 |33 7 89 7 82 6
AD-1631162 |34 4 97 11 90 7
AD-1631163 |43 6 94 9 82 10
AD-1629007 |48 4 95 5 78 9
AD-1631164 |75 10 97 6 97

AD-1631165 | 67 3 99 8 92 10
AD-1629012 |76 17 93 6 108 10
AD-1631166 |49 2 119 13 99 0
AD-1631167 |43 5 100 5 112 9
AD-1629024 |39 4 92 6 94 8
AD-1631168 | 80 12 99 10 94 11
AD-1629025 |43 6 85 88 9
AD-1629026 |33 1 106 93 12
AD-1631169 |60 4 124 16 102 7
AD-1631170 | 118 4 99 5 89

AD-1631171 |37 8 116 13 105 10
AD-1629028 | 60 17 108 16 117 21
AD-1631172 |40 4 105 11 99 8
AD-1629031 | 48 3 90 11 107 8
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2
Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1631173 |72 19 94 10 94 0
AD-1629032 | 44 4 111 10 100 15
AD-1631174 |69 16 90 9 106 10
AD-1631175 |62 6 88 7 88 5
AD-1629033 | 62 6 97 6 110 12
AD-1631176 |38 4 94 4 114 14
AD-1631177 | 54 11 87 7 94 10
AD-1631178 |39 2 108 7 122 18
AD-1629039 |41 6 125 12 105 9
AD-1631179 |43 3 93 7 103 12
AD-1631180 |27 3 96 7 101 5
AD-1631181 | 101 14 112 18 119 14
AD-1631182 |18 2 62 9 69 3
AD-1629092 |26 5 65 72 13
AD-1631183 |55 9 107 12 109 4
AD-1631184 |47 4 83 6 101 3
AD-1631185 | 103 7 112 15 124 12
AD-1631186 |42 6 93 8 97 13
AD-1631187 |40 14 78 7 77 0
AD-1631188 |33 7 106 15 94 16
AD-1629200 |34 2 93 10 122 20
AD-1631189 |60 12 123 14 93 3
AD-1629214 |30 1 96 5 106 4
AD-1629216 |37 2 66 3 90 10
AD-1631190 |30 12 86 5 109 5
AD-1629223 |23 4 66 7 83 5
AD-1629224 |34 3 98 12 111 9
AD-1631191 |32 7 89 5 93 10
AD-1631192 |28 7 91 3 104 10
AD-1631193 |24 1 70 9 89 8
AD-1631194 |33 1 84 5 96 4
AD-1629263 |35 3 84 11 89 7
AD-1629280 |31 4 88 8 95 8
AD-1631195 |86 5 106 5 102 6
AD-1631196 |23 1 90 6 89 2
AD-1629292 |36 7 93 8 100 15
AD-1631197 |38 4 103 7 103 11
AD-1629298 | 53 5 96 1 101 6
AD-1631198 | 88 3 108 13 113 6
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10 nM Dose 1 nM Dose 0.1 nM Dose
Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2
Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1629304 |28 3 81 96 5
AD-1631199 |35 4 88 97 5
AD-1631200 |37 5 9% 15 100 9
AD-1631201 |36 5 91 20 105 10
AD-1629419 |53 6 92 5 105 7
AD-1631202 |68 11 102 9 102 2
AD-1631203 |61 9 111 9 111 8
AD-1631204 |41 7 83 2 95 13
AD-1629524 |20 3 77 9 100 6
AD-1631205 |26 4 82 9 97 3
AD-1631206 |30 5 88 9 84 4
AD-1629573 |34 6 89 8 91 6
AD-1631207 |43 2 89 4 100 7
AD-1631208 |39 7 102 4 118 14
AD-1629580 | 46 5 97 8 113 7
AD-1629581 | 54 11 111 4 104 5
AD-1631209 |88 7 129 11 107 4
AD-1629597 |70 3 103 10 114 14
AD-1631210 |23 2 78 6 93 6
AD-1629619 | 26 2 85 8 102 10
AD-1629620 |25 3 75 3 84 3
AD-1629621 |24 5 75 5 81 4
AD-1629665 | 54 8 104 5 96 7
AD-1631211 |75 12 111 16 113 11
AD-1631212 |42 8 84 8 101 7
AD-1629707 |57 7 99 4 107 10
AD-1629710 | 56 9 94 10 95 7
AD-1631213 |82 7 99 12 94 8
AD-1629711 |72 2 96 8 95 12
AD-1631214 |85 8 89 6 106 9
AD-1629763 |22 2 52 7 80 9
AD-1631215 |24 2 63 7 72 5
AD-1631216 |37 3 84 7 99 11
AD-1629799 |26 2 79 5 91 8
AD-1631217 |96 16 82 1 114 11
AD-1629807 |34 2 84 4 93 12
AD-1629808 |28 7 73 7 82 12
AD-1629809 |22 3 57 3 70 4
AD-1629838 | 26 4 34 10 87 18
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10 nM Dose 1 nM Dose 0.1 nM Dose

Avg % LRRK?2 Avg % LRRK? Avg % LRRK?2
Duplex mRNA Remaining | SD mRNA Remaining |SD | mRNA Remaining | SD
AD-1629876 |33 4 110 20 103 1
AD-1631218 |50 4 85 9 92 7
AD-1629878 |41 7 78 6 89 9
AD-1631219 |39 7 89 6 99 6
AD-1631220 |33 2 82 9 91 6
AD-1630135 |28 3 81 10 88 12
AD-1631221 |29 3 96 15 84 5
AD-1630136 |35 8 69 4 72 7

Table 9. IC70 of LRRK2 Parent dsRNA Agents and Dose Screen of C16-Conjugated Corresponding
dsRNA Agents

C16 Duplex (10 nM)
Parent Avg% LRRK?
Parent Duplex ID | in vitro IC70 (nM) | C16 Duplex ID mRNA Remaining
AD-1631182 331 AD-1807334 3%
AD-1629763 4.27 AD-1807335 43%
AD-1629809 4.78 AD-1807336 33%
AD-1629524 5.26 AD-1807337 34%
AD-1629223 6.31 AD-1807338 40%
AD-1626266 6.60 AD-1807339 36%
AD-1631152 6.93 AD-1807340 35%
AD-1628382 7.60 AD-1807341 38%
AD-1631132 7.86 AD-1807342 31%
AD-1631077 8.06 AD-1807343 31%
AD-1629621 8.40 AD-1807344 43%
AD-1628073 8.61 AD-1807345 36%
AD-1626353 8.82 AD-1807346 41%
AD-1629620 9.34 AD-1807347 42%
AD-1631080 935 AD-1807348 35%
AD-1628759 9.55 AD-1807349 38%
AD-1629092 9.67 AD-1807350 42%
AD-1627308 10.08 AD-1807351 34%
AD-1628044 10.45 AD-1807352 35%
AD-1629799 10.71 AD-1807353 45%
AD-1631205 10.74 AD-1807354 40%
AD-1629619 10.84 AD-1807355 50%
AD-1628570 10.95 AD-1807356 32%
AD-1631161 11.30 AD-1807357 48%
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C16 Duplex (10 nM)
Parent Avg% LRRK2
Parent Duplex ID | in vitro IC70 (nM) | C16 Duplex ID mRNA Remaining
AD-1626183 11.65 AD-1807358 35%
AD-1629838 11.94 AD-1807359 35%
AD-1628014 12.25 AD-1807360 41%
AD-1628396 12.80 AD-1807361 50%
AD-1628754 13.05 AD-1807362 33%
AD-1629304 13.47 AD-1807363 41%
AD-1629808 13.58 AD-1807364 34%
AD-1626184 14.03 AD-1807365 32%
AD-1631180 14.06 AD-1807366 39%
AD-1628050 14.25 AD-1807367 36%
AD-1631192 14.47 AD-1807368 40%
AD-1630135 14.61 AD-1807369 37%
AD-1631109 14.99 AD-1807370 41%
AD-1627767 15.79 AD-1807371 39%
AD-1631190 16.25 AD-1807372 34%
AD-1625975 16.84 AD-1807373 21%
AD-1628070 16.84 AD-1807374 36%
AD-1631149 453 AD-1807375 42%
AD-1631215 7.02 AD-1807376 41%
AD-1631210 7.40 AD-1807377 41%
AD-1631193 742 AD-1807378 33%

Table 10. Parent dsRNA Agents and Dose Screen of Unconjugated Corresponding dsRNA Agents

Unconjugated Duplex (10 nM)

Unconjugated Avg% LRRK2 mRNA
Parent Duplex ID | Duplex ID Remaining
AD-1631182 AD-1807379 33%
AD-1629763 AD-1807380 34%
AD-1629809 AD-1807381 39%
AD-1629524 AD-1807382 34%
AD-1629223 AD-1807383 37%
AD-1626266 AD-1807384 27%
AD-1631152 AD-1807385 37%
AD-1628382 AD-1807386 34%
AD-1631132 AD-1807387 31%
AD-1631077 AD-1807388 35%
AD-1629621 AD-1807389 40%
AD-1628073 AD-1807390 32%
AD-1626353 AD-1807391 26%
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Unconjugated Duplex (10 nM)
Unconjugated Avg% LRRK2 mRNA
Parent Duplex ID | Duplex ID Remaining
AD-1629620 AD-1807392 41%
AD-1631080 AD-1807393 32%
AD-1628759 AD-1807394 37%
AD-1629092 AD-1807395 29%
AD-1627308 AD-1807396 35%
AD-1628044 AD-1807397 47%
AD-1629799 AD-1807398 40%
AD-1631205 AD-1807399 33%
AD-1629619 AD-1807400 41%
AD-1628570 AD-1807401 37%
AD-1631161 AD-1807402 39%
AD-1626183 AD-1807403 33%
AD-1629838 AD-1807404 41%
AD-1628014 AD-1807405 36%
AD-1628396 AD-1807406 34%
AD-1628754 AD-1807407 35%
AD-1629304 AD-1807408 47%
AD-1629808 AD-1807409 34%
AD-1626184 AD-1807410 20%
AD-1631180 AD-1807411 37%
AD-1628050 AD-1807412 38%
AD-1631192 AD-1807413 33%
AD-1630135 AD-1807414 41%
AD-1631109 AD-1807415 40%
AD-1627767 AD-1807416 44%
AD-1631190 AD-1807417 35%
AD-1625975 AD-1807418 21%
AD-1628070 AD-1807419 39%
AD-1631149 AD-1807420 38%
AD-1631215 AD-1807421 37%
AD-1631210 AD-1807422 39%
AD-1631193 AD-1807423 39%
AD-1631182 AD-1807379 33%
AD-1629763 AD-1807380 34%
AD-1629809 AD-1807381 39%
AD-1629524 AD-1807382 34%
AD-1629223 AD-1807383 37%
AD-1626266 AD-1807384 27%
AD-1631152 AD-1807385 37%
AD-1628382 AD-1807386 34%
AD-1631132 AD-1807387 31%
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Unconjugated Duplex (10 nM)
Unconjugated Avg% LRRK2 mRNA
Parent Duplex ID | Duplex ID Remaining
AD-1631077 AD-1807388 35%
AD-1629621 AD-1807389 40%
AD-1628073 AD-1807390 32%
AD-1626353 AD-1807391 26%
AD-1629620 AD-1807392 41%
AD-1631080 AD-1807393 32%
AD-1628759 AD-1807394 37%
AD-1629092 AD-1807395 29%
AD-1627308 AD-1807396 35%
AD-1628044 AD-1807397 47%
AD-1629799 AD-1807398 40%
AD-1631205 AD-1807399 33%
AD-1629619 AD-1807400 41%
AD-1628570 AD-1807401 37%
AD-1631161 AD-1807402 39%
AD-1626183 AD-1807403 33%
AD-1629838 AD-1807404 41%
AD-1628014 AD-1807405 36%
AD-1628396 AD-1807406 34%
AD-1628754 AD-1807407 35%
AD-1629304 AD-1807408 47%
AD-1629808 AD-1807409 34%
AD-1626184 AD-1807410 20%
AD-1631180 AD-1807411 37%
AD-1628050 AD-1807412 38%
AD-1631192 AD-1807413 33%
AD-1630135 AD-1807414 41%
AD-1631109 AD-1807415 40%
AD-1627767 AD-1807416 44%
AD-1631190 AD-1807417 35%
AD-1625975 AD-1807418 21%
AD-1628070 AD-1807419 39%
AD-1631149 AD-1807420 38%
AD-1631215 AD-1807421 37%
AD-1631210 AD-1807422 39%
AD-1631193 AD-1807423 39%

i.  Hotspot analysis
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Based on the in vitro data provided in Tables 8-10, LRRK2 mRNA target sequences which, upon
binding of a dsRNA agent, were associated with decrease in LRRK? mRNA to a remaining message level of

<40% and <30%, were identified in Tables 11 and 12, respectively.

Table 11. LRRK2 mRNA target sequences having < 40% message remaining as measured in Example 2

Target | Target SEQ ID
Start End mRNA Target Sequence (NM 198578.4) NO:
3620 3652 | UGAAUUUUCUUGCUGCUAUGCCUUUCUUGCCUC 2260

UGAACUUAAGGGAACUCUUAUUUAGCCAUAAUCAGAUCA | 2261
3794 3849 | GCAUCUUGGACUUGAGU

5194 5222 | AACUCUGAAAUUAUCAUCCGACUAUAUGA 2262

5366 5393 | CUGAAGCUUAUUGUCUGGUAGGAUCUGA 2263

UAAAAAUUACAGUUCCUUCUUGUAGAAAAGGCUGUAUUC | 2264
5423 5463 | UU

5674 5704 | AGGCUCACCAUUCCAAUAUCUCAGAUUGCCC 2265
5720 5745 | CUGACCUGCCUAGAAAUAUUAUGUUG 2266
6090 6114 | CCACUCAGCCAUGAUUAUAUACCGA 2267
6125 6156 | CCCACAAUGUGCUGCUUUUCACACUGUAUCCC 22638

UCUUUGACAUUUUGAAUUCAGCUGAAUUAGUCUGUCUGA | 2269
6518 6561 | CGAGA

6721 6750 | GAUAGUAGAAUAUUGUGCUUAGCCUUGGUG 2270

6740 6763 | UAGCCUUGGUGCAUCUUCCUGUUG 2271

GAAAUGUCAGUACUCCAUUGAUGUGUUUGAGUGAAUCCA | 2272
7016 7061 | CAAAUUC

GGGAGGAUGUGGCACAAAGAUUUUCUCCUUUUCUAAUGA | 2273
7083 7123 | UU

7112 7136 | UUUCUAAUGAUUUCACCAUUCAGAA 2274

CACCAUUCAGAAACUCAUUGAGACAAGAACAAGCCAACUG | 2275
7125 7169 | UUUUC

Target | Target SEQ ID
Start End mRNA Target Sequence (NM_198578.4) NO:
7346 7373 CAAAACACAAAAUGUCUUAUUCUGGGAG 2276
7441 7465 CUCCUGGAUCUUUCAACUCGUCGAC 2277

CAGAAAGAGAUACAAUCUUGCUUGACCGUUUGGGACAUC | 2278
7591 7659 | AAUCUUCCACAUGAAGUGCAAAAUUUAGAA

3132 8155 | UGAAAAUAUUAAGACAGUUUCCCA 2279
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Table 12. LRRK2 mRNA target sequences having <30% message remaining as measured in Example 2

Targ SEQ ID

Target | et NO.:
Start End | mRNA Target Sequence (NM 198578.4)

3627 3650 | UCUUGCUGCUAUGCCUUUCUUGCC 2280
5194 5222 | AACUCUGAAAUUAUCAUCCGACUAUAUGA 2281
5674 5702 | AGGCUCACCAUUCCAAUAUCUCAGAUUGC 2282
5720 5745 | CUGACCUGCCUAGAAAUAUUAUGUUG 2283
6091 6114 | CACUCAGCCAUGAUUAUAUACCGA 2284
6529 6559 | UUGAAUUCAGCUGAAUUAGUCUGUCUGACGA 2285
7034 7061 | UGAUGUGUUUGAGUGAAUCCACAAAUUC 2286
7441 7465 | CUCCUGGAUCUUUCAACUCGUCGAC 2287
7636 7659 | CCACAUGAAGUGCAAAAUUUAGAA 2288

It is expressly contemplated that nucleotides 3620-3652, 3794-3849, 5194-5222, 5366-5393, 5423-
5463, 5674-5704, 5720-5745, 6090-6114, 6125-6156, 6518-6561, 6721-6750, 6740-6763, 7016-7061, 7083~
7123, 7112-7136, 7125-7169, 7346-7373, 7441-7465, 7591-7659, 7636-7659, 8132-8155, 3627-3650, 5194-
5222, 5674-5702, 5720-5745, 6091-6114, 6529-6559, 7034-7061, 7441-7465, and 7636-7659 of
NM_001276.4 comprise hotspot regions, set forth as SEQ ID NOs: 2260-2288, which is targeted by AD-
1627308, AD-1631049, AD-1631050, AD-1626349, AD-1626353, AD-1626375, AD-1626382,
1631080, AD-1807348, AD-1807393, AD-1631088, AD-1631089, AD-1631090, AD-1631108,
1807416, AD-1807371, AD-1627767, AD-1627769, AD-1627772, AD-1631109, AD-1631110,
1631111, AD-1627820, AD-1627838, , AD-1628042, AD-1628043, AD-1628044, AD-1628050,
1628052,, AD-1628070, AD-1631108, AD-1631109, AD-1631110, AD-1631111, AD-1807397,
1807352, , AD-1628073, AD-1807374, AD-1807419, AD-1628381, AD-1628382, AD-1628383,

163113

—_—

, AD-1631132, AD-1631133, AD-1628396, AD-1807361, AD-1807406, AD-1631150,

1631151, AD-1631152, AD-1631153, AD-1631154, AD-1631155, AD-1631156, AD-1631157,
1631158, AD-1631160, AD-1631161, AD-1631162, AD-1807357, AD-1807402, AD-1628961,
1628963, AD-1629214, AD-1629216, AD-1629223, AD-1629224, AD-1629263, AD-1629280,
1631194, AD-1631195, AD-1631196, AD-1631197, AD-1807363, AD-1807408, AD-1629304,
1629524, AD-1631205, AD-1631206, AD-1807337, AD-1807354, AD-1807382, AD-1807399,
1629619, AD-1629620, AD-1629621, AD-1631210, AD-1807355, AD-1807377, AD-1807400,
1807422, AD-1629763, AD-1631215, AD-1631216, AD-1631217, AD-1807335, AD-1807336,
1807376, AD-1807380, AD-1807381, AD-1807421, AD-1630135, AD-1630136, AD-1631221,

1807369, AD-1807414, AD-1807364, AD-1807409, AD-1629808, and AD-1629809.
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Example 3. In Vivo Evaluation of LRRK2 mRNA Suppression in Mice
This Example describes methods for the in vivo evaluation of LRRK2 RNAi agents in mice

expressing human Lrrk2 RNAs.

Experimental Methods

To assess the efficacy of the RNA1 agents described herein, these agents are administered to mice
that express mouse Lrrk2 or human LRRK?2. In some experiments, the RN A1 agents (in buffer such as aCSF)
or aCSF control is administered to female C57BL/6 mice that are about 6-8 weeks old.

In other experiments, the RNA1 agents (in buffer such as aCSF) or aCSF control was administered
in a randomized manner to humanized female C57BL/6J-Tg(LRRK2*G2019S)2AM;jff/] mice (“MIFF
mice”) that were about 10-16 weeks old. The MJFF mice are hemizygous for the human BAC LRRK?2
(G2019S) transgene that expresses a mutant form of LRRK2 (G2019S) associated with autosomal dominant,
late-onset Parkinson's disease directed by the human LRRK2 promoter/enhancer regions on the BAC
transgene. These mice represent an in vivo model for studying the dominant toxic effects of mutant
LRRK2*(G20198 expression, Mouse age was staggered across treatments to controls for assay expression
differences with age, although age was not expected to impact baseline variability during the experimental
time course, and functional data of 6- and 12-month old mice did not show an age-related difference.

The control group included 4 animals and each of the RNAI agents of interest (described in Tables
7 and 13, and FIG. 1) is administered to a group of 4 animals. The administration was through a single
intracerebroventricular injection (free-hand ICV injection) administered at a dose of 150 pg in 10 pul (15
mg/ml stock). Plasma was collected at day fourteen (14) post-administration and stored at -80 °C until
assaying. At fourteen (14) days post-administration, mice were euthanized. Plasma was isolated and stored
at -80 °C until assaying. Brain (right hemisphere), liver tissue, lung (left lobe), and kidney (left) are collected,

flash-frozen and stored at -80 °C until processing. The study design is summarized in Table 14.

Table 13. Exemplary LRRK2 Duplexes and Corresponding Chemistry

Duplex ID Strand Modified Sequence IS\JE(Z)Q 1D
sense csusugu(Uhd)UfgUfAfUfugcaauucscsa 1990
AD-1807334 ;
antisense | VPusGfsgad Au(Tgn)gcaauaCfaAfacaagsusg | 2080
AD-1807336 sense csasuga(Ahd)guGfCfAfaaauuuagsasa 1992
i antisense | VPusdTscudAadAuuuudGeAfcuucaugsusg | 2082
AD-1807339 sen.se usasaau(Chd)uuCfCfAfcacuugcgsgsa 1995
antisense | VPusdCscgdCadAgugudGgAfagauuuasasa | 2085
usgsgau(Chd)uuUfCfAfacucgucgsasa 2000
AD-1807344 sen§e gegau(Chd) hee
antisense | VPusdTscgdAcdGaguudGaAfagauccasgsg | 2090
AD-1807345 sen‘se csusgec(Uhd)agAfAfA fuanuaugususa 2001
antisense | VPusdAsacdAudAauaudTuCfuaggcagsgsu | 2091

208



WO 2023/278607 PCT/US2022/035561

AD-1807349 sense csasge(Uhd)gaaUfUfA fgucugucusgsa 2005
antisense | VPusdCsagdAcdAgacudAaUfucagcugsasa | 2095
sense gscsuca(Chd)caUfUfCfcaauaucuscsa 2008
AD-1807352 ;
antisense | VPusdGsagdAudAuuggdAaUfegugagescsu | 2098
sense ascsaug(Ahd)agUfGfCfaaaauuuasgsa 2020
AD-1807364 ;
antisense | VPusdCsuadAadTuuugdCaCfuucaugusgsg | 2110
sense csasuuc(Chd)AfaUfAfUfcucagauusgsa 2026
AD-1807370 ;
antisense | VPusCfsaadTc(Tgn)gagauaUfuGfgaaugsgsu | 2116
sense gsasccug(Chd)cUfAfGfaaauauuasusa 2030
AD-1807374 ;
antisense | VPusdAsuadAudAuuucdTaGfgcaggucsasg | 2120

Table 14. Study Design for Intracerebroventricular Dosing of dsRNA Agents in Humanized Mice

Group # | Animal # Treatment Dose (ug) | Timepoint | Tissue
1 1-4 aCSF - Day 14 Terminal plasma
2 5-8 AD-1807334 150 p fusion {
) - (150 ost-perfusion frozen
L e
i} i} 10 pl) hemibrain (cerebellum
5 17-20 AD-1807344 and olfactory bulbs
6 21-24 AD-1807345 removed), Liver, Lung,
7 25-28 AD-1807349 Kidney
8 29-32 AD-1807352 Post-perfusion frozen
9 33-36 AD-1807364 (protein): Left brain
10 37-40 AD-1807370 hemisphere
11 41-44 AD-1807374 Post-perfusion fixed
(histology): Lung,
Kidney

Efficacy of the RNAI agents was evaluated by the measurement of LRRK2 mRNA in brain, liver,
lung and kidney tissues at 14 days post-dose. LRRK?2 brain mRNA levels were assayed utilizing RT-qPCR.
Mouse brain (right hemisphere) samples were ground and tissue lysates were prepared. The mRNA levels
in the brain lysates (and CSF as an endogenous control) was assayed by RT-gPCR using mouse Xpnpep1l
probe (Applied Biosystems) as the control probe and a suitable LRRK?2 probe (e.g., Hs00968198), and
mRNA levels were determined (see, e.g., above and Jiang, supra). The mRNA levels in the liver, lung, and
kidney tissue are assayed by RT-qPCR using mouse Xpnpepl probe (Applied Biosystems) as the control
probe and a suitable LZRRK? probe (¢.g., Hs01115057 m1, Hs00968198, Hs00411197, Mm00481934 m1,
experimental probe).

Efficacy of the RNAI agents is also evaluated by the measurement of LRRK?2 protein and the

histological assessment in the 14-day post-dose brain, liver, lung, or kidney tissues.
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Results

The results of the in vivo evaluation of LRRK2-targeting dsRNA agents in Tables 7, 13, and FIG. 1
are shown in Table 15 and FIG. 2. The results demonstrate the ability of the exemplary dsRNA agents to
reduce the LRRK2 mRNA levels in vivo in the brain.

Table 15. In Vivo Evaluation of LRRK2 dsRNA Agents

Tissue Brain

Avg % LRRK2

mRNA Remaining | SD
aCSF 100.0 221
AD-1807334 | 68.2 14.8
AD-1807336 [ 71.1 4.8
AD-1807339 [ 82.2 10.0
AD-1807344 | 68.8 105
AD-1807345 | 88.8 10.9
AD-1807349 | 83.6 193
AD-1807352 [ 82.5 15.7
AD-1807364 | 88.0 15.1
AD-1807370 | 86.8 16.8
AD-1807374 | 73.6 13.1

Example 4. Evaluation of LRRK2 RNAi Agents in vivo in Mice

This Example describes methods to evaluate high performing dsRNA agents at a higher dose.

To assess the efficacy of the RNAI agent of interest, the agent is administered to the MJFF mice that
has the human LRRK?2 gene with the pathogenic G2019S mutation. There are a total of 5 groups including
to a control (aCSF) group had 4 other groups corresponding to 4 different RNA1 agents (¢.g., AD-1807334,
AD-1807336, AD-1807344, and AD-1807374) at 300 pg as shown below in Table 16 with an exemplary
study plan. Each group has 4 animals. The administration is through a single intracerebroventricular injection
(free-hand ICV injection) administered into the brain right hemisphere in 10ul (30 mg/ml stock). Fourteen
(14) days post-administration, mice are euthanized and perfused with saline prior to tissue collection, Whole
blood and plasma are isolated and stored at -80 °C until assaying. Brain (right hemisphere), liver tissue, lung
(left lobe) and kidney (left) are collected, flash-frozen and stored at -80 °C. until processing. Tissue samples

and terminal blood are also collected for future protein analysis. An exemplary study design is shown in
Table 14.
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Table 16. Study Design for LRRK2 RNAi Agents in vivo Evaluation

Group Treatment Dose (ug) | Dosing Injection Timepoint | (n)
| aCSF -

2 AD-1807334

3 AD-1807336

4 AD-1807344 Single Frechand

5 AD-1807374 | 300 dose DO ICV D14 4

Efficacy and dose response of the RNAi agent are evaluated by the measurement of the percentage
of LRRK2 mRNA remaining in brain, liver, lung and kidney tissues at 14 days post-dose of the RNAi agent.
LRRK? brain mRNA levels are assayed utilizing RT-qPCR. Mouse brain (right hemisphere) samples are
ground and tissue lysates are prepared. The brain lysate sample is incubated with a suitable LRRK?2 probe
(e.g., Hs01115057_m1, Hs00968198, Hs00411197, Mm00481934_m1) and CSF as an endogenous control.
mRNA levels are determined in brain samples by RT-gPCR (see, ¢.g., above and Jiang, supra). The mRNA
levels in the liver, lung, and kidney tissues are assayed by RT-gPCR using mouse Xpnpepl probe (Applied
Biosystems) as the control probe and LRRK?2 probe (e.g., HsO1115057 m1, Hs00968198, Hs00411197,
Mm00481934 m1 as the experimental probe).

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments and methods described herein. Such

equivalents are intended to be encompassed by the scope of the following claims.
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LRRK2 SEQUENCES

SEQ ID NO:1
> NM 198578.4 Homo sapiens leucine rich repeat kinase 2 (LRRK2), mRNA

GGGGCCCGCGGGGAGCECTGGCTGCGGGCEETGAGCTGAGCTCGCCCCCGGEGGAGCTGTGGCCGGCGCCCC
TGCCGGTTCCCTGAGCAGCGGACGTTCATGCTGGGAGGGCGGCGGGTTGGAAGCAGGTGCCACCATGGCTA
GTGGCAGCTGTCAGGGGTGCGAAGAGGACGAGGAAACTCTGAAGAAGTTGATAGTCAGGCTGAACAATGTC
CAGGAAGGAAAACAGATAGAAACGCTGGTCCAAATCCTGGAGGATCTGCTGGTGTTCACGTACTCCGAGCG
CGCCTCCAAGTTATTTCAAGGCARAAATATCCATGTGCCTCTGTTGATCGTCTTGGACTCCTATATGAGAG
TCGCGAGTGTGCAGCAGGTGGGTTGGTCACTTCTGTGCAAATTAATAGAAGTCTGTCCAGGTACAATGCAA
AGCTTAATGGGACCCCAGGATGTTGGAAATGATTGGGAAGTCCTTGGTGTTCACCAATTGATTCTTAAAAT
GCTAACAGTTCATAATGCCAGTGTAAACTTGTCAGTGATTGGACTGAAGACCTTAGATCTCCTCCTAACTT
CAGGTAAAATCACCTTGCTGATATTGGATGAAGAAAGTGATATTTTCATGTTAATTTTTGATGCCATGCAC
TCATTTCCAGCCAATGATGAAGTCCAGAAACTTGGATGCAAAGCTTTACATGTGCTGTTTGAGAGAGTCTC
AGAGGAGCAACTGACTGAATTTGTTGAGAACAAAGATTATATGATATTGTTAAGTGCGTTAACAAATTTTA
AAGATGAAGAGGAAATTGTGCTTCATGTGCTGCATTGTTTACATTCCCTAGCGATTCCTTGCAATAATGTG
GAAGTCCTCATGAGTGGCAATGTCAGGTGTTATAATATTGTGGTGGAAGCTATGAAAGCATTCCCTATGAG
TGAAAGAATTCAAGAAGTGAGTTGCTGTTTGCTCCATAGGCTTACATTAGGTAATTTTTTCAATATCCTGG
TATTARACGAAGTCCATGAGTTTGTGGTGARAGCTGTGCAGCAGTACCCAGAGAATGCAGCATTGCAGATC
TCAGCGCTCAGCTGTTTGGCCCTCCTCACTGAGACTATTTTCTTAAATCAAGATTTAGAGGAARAGAATGA
GAATCAAGAGAATGATGATGAGGGGGAAGAAGATAAATTGTTTTGGCTGGAAGCCTGTTACAAAGCATTAA
CGTGGCATAGAAAGAACAAGCACGTGCAGGAGGCCGCATGCTGGGCACTAAATAATCTCCTTATGTACCAA
AACAGTTTACATGAGAAGATTGGAGATGAAGATGGCCATTTCCCAGCTCATAGGGAAGTGATGCTCTCCAT
GCTGATGCATTCTTCATCAAAGGAAGTTTTCCAGGCATCTGCGAATGCATTGTCAACTCTCTTAGAACARA
ATGTTAATTTCAGAAAAATACTGTTATCAAAAGGAATACACCTGAATGTTTTGGAGTTAATGCAGAAGCAT
ATACATTCTCCTGAAGTGGCTGAAAGTGGCTGTARAATGCTAAATCATCTTTTTGAAGGAAGCAACACTTC
CCTGGATATAATGGCAGCAGTGGTCCCCAAAATACTARCAGTTATGAAACGTCATGAGACATCATTACCAG
TGCAGCTGGAGGCGCTTCGAGCTATTTTACATTTTATAGTGCCTGGCATGCCAGAAGAATCCAGGGAGGAT
ACAGAATTTCATCATAAGCTAAATATGGTTAARAARACAGTGTTTCAAGAATGATATTCACAAACTGGTCCT
AGCAGCTTTGAACAGGTTCATTGGAAATCCTGGGATTCAGARATGTGGATTAAAAGTAATTTCTTCTATTG
TACATTTTCCTGATGCATTAGAGATGTTATCCCTGGAAGGTGCTATGGATTCAGTGCTTCACACACTGCAG
ATGTATCCAGATGACCAAGAAATTCAGTGTCTGGGTTTAAGTCTTATAGGATACTTGATTACARAGAAGARA
TGTGTTCATAGGAACTGGACATCTGCTGGCAAAAATTCTGGTTTCCAGCTTATACCGATTTAAGGATGTTG
CTGAAATACAGACTAAAGGATTTCAGACAATCTTAGCAATCCTCAAATTGTCAGCATCTTTTTCTAAGCTG
CTGGTGCATCATTCATTTGACTTAGTAATATTCCATCAAATGTCTTCCAATATCATGGAACAARAGGATCA
ACAGTTTCTAAACCTCTGTTGCAAGTGTTTTGCARAAGTAGCTATGGATGATTACTTAAARARATGTGATGC
TAGAGAGAGCGTGTGATCAGAATAACAGCATCATGGTTGAATGCTTGCTTCTATTGGGAGCAGATGCCAAT
CAAGCAAAGGAGGGATCTTCTTTAATTTGTCAGGTATGTGAGAAAGAGAGCAGTCCCAAATTGGTGGAACT
CTTACTGAATAGTGGATCTCGTGAACAAGATGTACGAAAAGCGTTGACGATAAGCATTGGGAAAGGTGACA
GCCAGATCATCAGCTTGCTCTTAAGGAGGCTGGCCCTGGATGTGGCCAACAATAGCATTTGCCTTGGAGGA
TTTTGTATAGGAAAAGTTGAACCTTCTTGGCTTGGTCCTTTATTTCCAGATAAGACTTCTAATTTAAGGAA
ACAAACAAATATAGCATCTACACTAGCAAGAATGGTGATCAGATATCAGATGARAAAGTGCTGTGGAAGAAG
GAACAGCCTCAGGCAGCGATGGAAATTTTTCTGAAGATGTGCTGTCTAAATTTGATGAATGGACCTTTATT
CCTGACTCTTCTATGGACAGTGTGTTTGCTCAAAGTGATGACCTGGATAGTGAAGGAAGTGAAGGCTCATT
TCTTGTGAAAAAGAAATCTAATTCAATTAGTGTAGGAGAATTTTACCGAGATGCCGTATTACAGCGTTGCT
CACCAAATTTGCAAAGACATTCCAATTCCTTGGGGCCCATTTTTGATCATGAAGATTTACTGAAGCGAAAA
AGAAAAATATTATCTTCAGATGATTCACTCAGGTCATCAAAACTTCAATCCCATATGAGGCATTCAGACAG
CATTTCTTCTCTGGCTTCTGAGAGAGAATATATTACATCACTAGACCTTTCAGCAAATGAACTAAGAGATA
TTGATGCCCTAAGCCAGAAATGCTGTATAAGTGTTCATTTGGAGCATCTTGAAAAGCTGGAGCTTCACCAG
AATGCACTCACGAGCTTTCCACAACAGCTATGTGAAACTCTGAAGAGTTTGACACATTTGGACTTGCACAG
TAATAAATTTACATCATTTCCTTCTTATTTGTTGAAAATGAGTTGTATTGCTAATCTTGATGTCTCTCGAA
ATGACATTGGACCCTCAGTGGTTTTAGATCCTACAGTGAAATGTCCAACTCTGAAACAGTTTARCCTGTCA
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TATAACCAGCTGTCTTTTGTACCTGAGAACCTCACTGATGTGGTAGAGARAACTGGAGCAGCTCATTTTAGA
AGGAAATAAAATATCAGGGATATGCTCCCCCTTGAGACTGAAGGAACTGAAGATTTTAAACCTTAGTAAGA
ACCACATTTCATCCCTATCAGAGAACTTTCITGAGGCTTGTCCTARAGTGGAGAGTTTCAGTGCCAGAATG
AATTTTCTTGCTGCTATGCCTTTCTTGCCTCCTTCTATGACAATCCTAAAATTATCTCAGAACAAATTTTC
CTGTATTCCAGAAGCAATTTTAAATCTTCCACACTTGCGGTCTTTAGATATGAGCAGCAATGATATTCAGT
ACCTACCAGGTCCCGCACACTGGAAATCTTTGAACTTAAGGGAACTCTTATTTAGCCATAATCAGATCAGC
ATCTTGGACTTGAGTGAARAAGCATATTTATGGTCTAGAGTAGAGAAACTGCATCTTTCTCACAATAAACT
GAAAGAGATTCCTCCTGAGATTGGCTGTCTTGAARATCTGACATCTCTGGATGTCAGTTACAACTTGGAAC
TAAGATCCTTTCCCAATGAAATGGGGAAATTAAGCAARATATGGGATCTTCCTTTGGATGAACTGCATCTT
AACTTTGATTTTAAACATATAGGATGTAAAGCCAAAGACATCATAAGGTTTCTTCAACAGCGATTAAAARA
GGCTGTGCCTTATAACCGAATGARACTTATGATTGTGGGAAATACTGGGAGTGGTAAAACCACCTTATTGC
AGCAATTAATGAAARCCAAGAAATCAGATCTTGGAATGCAAAGTGCCACAGTTGGCATAGATGTGAAAGAC
TGGCCTATCCAAATAAGAGACAAAAGAAAGAGAGATCTCGTCCTARATGTGTGGGATTTTGCAGGTCGTGA
GGAATTCTATAGTACTCATCCCCATTTTATGACGCAGCGAGCATTGTACCTTGCTGTCTATGACCTCAGCA
AGGGACAGGCTGAAGTTGATGCCATGAAGCCTTGGCTCTTCAATATAAAGGCTCGCGCTTCTTCTTCCCCT
GTGATTCTCGTTGGCACACATTTGGATGTTTCTGATGAGAAGCAACGCAAAGCCTGCATGAGTAARATCAC
CAAGGAACTCCTGAATAAGCGAGGGTTCCCTGCCATACGAGATTACCACTTTGTGAATGCCACCGAGGAAT
CTGATGCTTTGGCAAAACTTCGGAAAACCATCATAAACGAGAGCCTTAATTTCAAGATCCGAGATCAGCTT
GTTGTTGGACAGCTGATTCCAGACTGCTATGTAGAACTTGAAAAAATCATTTTATCGGAGCGTAARAATGT
GCCAATTGAATTTCCCGTAATTGACCGGAAACGATTATTACAACTAGTGAGAGAAAATCAGCTGCAGTTAG
ATGAAAATGAGCTTCCTCACGCAGTTCACTTTCTAAATGAATCAGGAGTCCTTCTTCATTTTCAAGACCCA
GCACTGCAGTTAAGTGACTTGTACTTTGTGGAACCCAAGTGGCTTTGTAAAATCATGGCACAGATTTTGAC
AGTGAAAGTGGAAGGTTGTCCAAAACACCCTAAGGGCATTATTTCGCGTAGAGATGTGGAAAAATTTCTTT
CAAAAARAAGGARATTTCCAAAGAACTACATGTCACAGTATTTTAAGCTCCTAGAAAAATTCCAGATTGCT
TTGCCAATAGGAGAAGAATATTTGCTGGTTCCAAGCAGTTTGTCTGACCACAGGCCTGTGATAGAGCTTCC
CCATTGTGAGAACTCTGAAATTATCATCCGACTATATGAAATGCCTTATTTTCCAATGGGATTTTGGTCAA
GATTAATCAATCGATTACTTGAGATTTCACCTTACATGCTTTCAGGGAGAGAACGAGCACTTCGCCCAAAC
AGAATGTATTGGCGACAAGGCATTTACTTAAATTGGTCTCCTGAAGCTTATTGTCTGGTAGGATCTGAAGT
CTTAGACAATCATCCAGAGAGTTTCTTAAAAATTACAGTTCCTTCTTGTAGAAAAGGCTGTATTCTTTTGG
GCCAAGTTGTGGACCACATTGATTCTCTCATGGAAGAATGGTTTCCTGGGTTGCTGGAGATTGATATTTGT
GGTGAAGGAGAAACTCTGTTGAAGAAATGGGCATTATATAGTTTTAATGATGGTGAAGAACATCARAAAAT
CTTACTTGATGACTTGATGAAGARAGCAGAGGAAGGAGATCTCTTAGTARATCCAGATCAACCAAGGCTCA
CCATTCCAATATCTCAGATTGCCCCTGACTTGATTTTGGCTGACCTGCCTAGAAATATTATGTTGAATAAT
GATGAGTTGGAATTTGAACAAGCTCCAGAGTTTCTCCTAGGTGATGGCAGTTTTGGATCAGTTTACCGAGC
AGCCTATGAAGGAGAAGAAGTGGCTGTGAAGATTTTTAATAAACATACATCACTCAGGCTGTTAAGACAAG
AGCTTGTGGTGCTTTGCCACCTCCACCACCCCAGTTTGATATCTTTGCTGGCAGCTGGGATTCGTCCCCGG
ATGTTGGTGATGGAGTTAGCCTCCAAGGGTTCCTTGGATCGCCTGCTTCAGCAGGACAAAGCCAGCCTCAC
TAGAACCCTACAGCACAGGATTGCACTCCACGTAGCTGATGGTTTGAGATACCTCCACTCAGCCATGATTA
TATACCGAGACCTGAAACCCCACAATGTGCTGCTTTTCACACTGTATCCCAATGCTGCCATCATTGCAAAG
ATTGCTGACTACGGCATTGCTCAGTACTGCTGTAGAATGGGGATAARAAACATCAGAGGGCACACCAGGGTT
TCGTGCACCTGAAGTTGCCAGAGGAAATGTCATTTATAACCAACAGGCTGATGTTTATTCATTTGGTTTAC
TACTCTATGACATTTTGACAACTGGAGGTAGAATAGTAGAGGGTTTGAAGTTTCCARATGAGTTTGATGAA
TTAGAAATACAAGGAAAATTACCTGATCCAGTTARAGAATATGGTTGTGCCCCATGGCCTATGGTTGAGAA
ATTAATTAAACAGTGTTTGAAAGAAAATCCTCAAGAAAGGCCTACTTCTGCCCAGGTCTTTGACATTTTGA
ATTCAGCTGAATTAGTCTGTCTGACGAGACGCATTTTATTACCTARAAAACGTAATTGTTGAATGCATGGTT
GCTACACATCACAACAGCAGGAATGCAAGCATTTGGCTGGGCTGTGGGCACACCGACAGAGGACAGCTCTC
ATTTCTTGACTTAAATACTGAAGGATACACTTCTGAGGAAGTTGCTGATAGTAGAATATTGTGCTTAGCCT
TGGTGCATCTTCCTGTTGAARAGGAAAGCTGGATTGTGTCTGGGACACAGTCTGGTACTCTCCTGGTCATC
AATACCGAAGATGGGAAARAAGAGACATACCCTAGAAAAGATGACTGATTCTGTCACTTGTTTGTATTGCAA
TTCCTTTTCCAAGCAAAGCAAACAAAAANATTTTCTTTTGGTTGGAACCGCTGATGGCAAGTTAGCAATTT
TTGAAGATAAGACTGTTAAGCTTAAAGGAGCTGCTCCTTTGAAGATACTAAATATAGGAAATGTCAGTACT
CCATTGATGTGTTTGAGTGAATCCACAAATTCAACGGARAAGAAATGTAATGTGGGGAGGATGTGGCACARA

213



10

15

20

25

30

35

40

45

50

WO 2023/278607 PCT/US2022/035561

GATTTTCTCCTTTTCTAATGATTTCACCATTCAGAAACTCATTGAGACAAGAACAAGCCAACTGTTTTCTT
ATGCAGCTTTCAGTGATTCCAACATCATAACAGTGGTGGTAGACACTGCTCTCTATATTGCTAAGCARAAT
AGCCCTGTTGTGGAAGTGTGGGATAAGAAAACTGAAAAACTCTGTGGACTAATAGACTGCGTGCACTTTTT
AAGGGAGGTAATGGTAAAAGAAAACAAGGAATCAAAACACAARAATGTCTTATTCTGGGAGAGTGAAAACCC
TCTGCCTTCAGAAGAACACTGCTCTTTGGATAGGAACTGGAGGAGGCCATATTTTACTCCTGGATCTTTCA
ACTCGTCGACTTATACGTGTAATTTACAACTTTTGTAATTCGGTCAGAGTCATGATGACAGCACAGCTAGG
AAGCCTTAAAAATGTCATGCTGGTATTGGGCTACAACCGGAAARAATACTGAAGGTACACARAAGCAGAAAG
AGATACAATCTTGCTTGACCGTTTGGGACATCAATCTTCCACATGAAGTGCAARATTTAGAAARACACATT
GAAGTGAGAAAAGAATTAGCTGAAAARATGAGACGAACATCTGTTGAGTAAGAGAGAAATAGGAATTGTCT
TTGGATAGGAAAATTATTCTCTCCTCTTGTAAATATTTATTTTAARAATGTTCACATGGAAAGGGTACTCA
CATTTTTTGAAATAGCTCGTGTGTATGAAGGAATGTTATTATTTTTAATTTAAATATATGTAAAAATACTT
ACCAGTAAATGTGTATTTTAAAGAACTATTTAAAACACAATGTTATATTTCTTATAAATACCAGTTACTTT
CGTTCATTAATTAATGAAAATAAATCTGTGAAGTACCTAATTTAAGTACTCATACTAAAATTTATAAGGCC
GATAATTTTTTGTTTTCTTGTCTGTAATGGAGGTAAACTTTATTTTAAATTCTGTGCTTAAGACAGGACTA
TTGCTTGTCGATTTTTCTAGAAATCTGCACGGTATAATGAARATATTAAGACAGTTTCCCATGTAATGTAT
TCCTTCTTAGATTGCATCGAAATGCACTATCATATATGCTTGTAAATATTCAAATGAATTTGCACTAATAA
AGTCCTTTGTTGGTATGTGAATTCTCTITTGTITGCTGTTGCAAACAGTGCATCTTACACAACTTCACTCAAT
TCAAAAGAAAACTCCATTAARAAGTACTAATGAAAAAACATGACATACTGTCAAAGTCCTCATATCTAGGAA
AGACACAGAAACTCTCTTTGTCACAGAAACTCTCTGTGTCTTTCCTAGACATAATAGAGTTGTTTTTCAAC
TCTATGTTTGAATGTGGATACCCTGAATTTTGTATAATTAGTGTAAATACAGTGTTCAGTCCTTCAAGTGA
TATTTTTATTTTTTTATTCATACCACTAGCTACTTGTTTTCTAATCTGCTTCATTCTAATGCTTATATTCA
TCTTTTCCCTAAATTTGTGATGCTGCAGATCCTACATCATTCAGATAGAAACCTTTTTTTTTTTCAGAATT
ATAGAATTCCACAGCTCCTACCAAGACCATGAGGATAAATATCTAACACTTTTCAGTTGCTGARAGGAGARAA
GGAGCTTTAGTTATGATGGATAARAATATCTGCCACCCTAGGCTTCCAAATTATACTTARATTGTTTACAT
AGCTTACCACAATAGGAGTATCAGGGCCAAATACCTATGTAATAATTTGAGGTCATTTCTGCTTTAGGARA
AGTACTTTCGGTAAATTCTTTGGCCCTGACCAGTATTCATTATTTCAGATAATTCCCTGTGATAGGACAAC
TAGTACATTTAATATTCTCAGAACTTATGGCATTTTACTATGTGAAAACTTTAAATTTATTTATATTAAGG
GTAATCAAATTCTTAAAGATGAAAGATTTTCTGTATTTTAAAGGAAGCTATGCTTTAACTTGTTATGTAAT
TAACAARAARATCATATATAATAGAGCTCTTTGTTCCAGTGTTATCTCTTTCATTGTTACTTTGTATTTGC
AATTTTTTTTACCARAGACAAATTAAAANAATGAATACCATATTTAAATGGAATAATAAAGGTTTTTTARAA
AACTTTAAA

SEQ ID NO:2

>Reverse Complement of SEQ ID NO:1
TTTAAAGTTTTTAAAARACCTTTATTATTCCATTTAAATATGGTATTCATTTTTTTAATTTGTCTTTGGTA
AAAAAARATTGCAAATACAAAGTAACAATGAAAGAGATAACACTGGAACAAAGAGCTCTATTATATATGATT
TTTTTGTTAATTACATAACAAGTTAAAGCATAGCTTCCTTTAAAATACAGAAAATCTTTCATCTTTAAGAA
TTTGATTACCCTTAATATAAATAAATTTAAAGTTTTCACATAGTAAAATGCCATAAGTTCTGAGAATATTA
AATGTACTAGTTGTCCTATCACAGGGAATTATCTGAAATAATGAATACTGGTCAGGGCCAAAGAATTTACC
GAAAGTACTTTTCCTARAAGCAGARATGACCTCAAATTATTACATAGGTATTTGGCCCTGATACTCCTATTG
TGGTAAGCTATGTARACAATTTAAGTATAATTTGGAAGCCTAGGGTGGCAGATATTTTTATCCATCATAAC
TAAAGCTCCTTTCTCCTTCAGCAACTGAAAAGTGTTAGATATTTATCCTCATGGTCTTGGTAGGAGCTGTG
GAATTCTATAATTCTGRAAAARAARAAAAGGTTTCTATCTGAATGATGTAGGATCTGCAGCATCACARATTTA
GGGAAAAGATGAATATAAGCATTAGAATGARGCAGATTAGARAACAAGTAGCTAGTGGTATGAATARAAARA
ATAAAAATATCACTTGAAGGACTGAACACTGTATTTACACTAATTATACAAAATTCAGGGTATCCACATTC
AAACATAGAGTTGARAAAACAACTCTATTATGTCTAGGAAAGACACAGAGAGTTTCTGTGACAAAGAGAGTT
TCTGTGTCTTTCCTAGATATGAGGACTTTGACAGTATGTCATGTTTTTTCATTAGTACTTTTAATGGAGTT
TTCTTTTGAATTGAGTGAAGTTGTGTAAGATGCACTGTTTGCAACAGCAACARAGAGAATTCACATACCAA
CARAAGGACTTTATTAGTGCAAATTCATTTGAATATTTACAAGCATATATGATAGTGCATTTCGATGCAATC
TAAGAAGGAATACATTACATGGGAAACTGTCTTAATATTTTCATTATACCGTGCAGATTTCTAGARAAATC
GACAAGCAATAGTCCTGTCTTAAGCACAGAATTTAAAATAAAGTTTACCTCCATTACAGACAAGARAACAA
AAARATTATCGGCCTTATARATTTTAGTATGAGTACTTAAATTAGGTACTTCACAGATTTATTTTCATTAAT
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TAATGAACGAAAGTAACTGGTATTTATAAGAAATATAACATTGTGTTTTAAATAGTTCTTTAARATACACA
TTTACTGGTAAGTATTTTTACATATATTTAARATTAAARATAATAACATTCCTTCATACACACGAGCTATTT
CAAAAARATGTGAGTACCCTTTCCATGTGAACATTTTTARAATAAATATTTACAAGAGGAGAGAATAATTTT
CCTATCCAAAGACAATTCCTATTTCTCTCTTACTCAACAGATGTTCGTCTCATTTTTTCAGCTAATTCTTT
TCTCACTTCAATGTGTTTTTCTAARATTTTGCACTTCATGTGGAAGATTGATGTCCCAAACGGTCAAGCAAG
ATTGTATCTCTTTCTGCTTTTGTGTACCTTCAGTATTTTTCCGGTTGTAGCCCRAATACCAGCATGACATTT
TTAAGGCTTCCTAGCTGTGCTGTCATCATGACTCTGACCGAATTACAARAGTTGTAAATTACACGTATAAG
TCGACGAGTTGARAGATCCAGGAGTAAAATATGGCCTCCTCCAGTTCCTATCCAAAGAGCAGTGTTCTTCT
GAAGGCAGAGGGTTTTCACTCTCCCAGAATAAGACATTTTGTGTTTTGATTCCTTGTTTTCTTTTACCATT
ACCTCCCTTAAAAAGTGCACGCAGTCTATTAGTCCACAGAGTTTTTCAGTTTTCTTATCCCACACTTCCAC
AACAGGGCTATTTTGCTTAGCAATATAGAGAGCAGTGTCTACCACCACTGTTATGATGTTGGAARTCACTGA
AAGCTGCATAAGAARACAGTTGGCTTGTTCTTGTCTCAATGAGTTTCTGAATGGTGARAATCATTAGAARAG
GAGAAAATCTTTGTGCCACATCCTCCCCACATTACATTTCTTTCCGTTGAATTTGTGGATTCACTCAAACA
CATCAATGGAGTACTGACATTTCCTATATTTAGTATCTTCARAGGAGCAGCTCCTTTAAGCTTAACAGTCT
TATCTTCAARAATTGCTAACTTGCCATCAGCGGTTCCAACCAAAAGAARAATTTTTTTGTTTGCTTTGCTTG
GAAAAGGAATTGCAATACAAACAAGTGACAGAATCAGTCATCTTTTCTAGGGTATGTCTCTTTTTCCCATC
TTCGGTATTGATGACCAGGAGAGTACCAGACTGTGTCCCAGACACAATCCAGCTTTCCTTTTCAACAGGAA
GATGCACCAAGGCTAAGCACAATATTCTACTATCAGCAACTTCCTCAGAAGTGTATCCTTCAGTATTTAAG
TCAAGARATGAGAGCTGTCCTCTGTCGGTGTGCCCACAGCCCAGCCAAATGCTTGCATTCCTGCTGTTGTG
ATGTGTAGCAACCATGCATTCAACAATTACGTTTTTAGGTAATAARATGCGTCTCGTCAGACAGACTAATT
CAGCTGAATTCAAAATGTCARAGACCTGGGCAGAAGTAGGCCTTTCTTGAGGATTTTCTTTCARAACACTGT
TTAATTAATTTCTCAACCATAGGCCATGGGGCACAACCATATTCTTTAACTGGATCAGGTAATTTTCCTTG
TATTTCTAATTCATCAAACTCATTTGGAAACTTCAAACCCTCTACTATTCTACCTCCAGTTGTCAAAATGT
CATAGAGTAGTAAACCAAATGAATAAACATCAGCCTGTTGGTTATAAATGACATTTCCTCTGGCAACTTCA
GGTGCACGARACCCTGGTGTGCCCTCTGATGTTTTTATCCCCATTCTACAGCAGTACTGAGCARTGCCGTA
GTCAGCAATCTTTGCAATGATGGCAGCATTGGGATACAGTGTGAARAGCAGCACATTGTGGGGTTTCAGGT
CTCGGTATATAATCATGGCTGAGTGGAGGTATCTCAAACCATCAGCTACGTGGAGTGCAATCCTGTGCTGT
AGGGTTCTAGTGAGGCTGGCTTTGTCCTGCTGAAGCAGGCGATCCAAGGAACCCTTGGAGGCTAACTCCAT
CACCAACATCCGGGGACGAATCCCAGCTGCCAGCARAAGATATCAAACTGGGGTGGTGGAGGTGGCARAAGCA
CCACAAGCTCTTGTCTTAACAGCCTGAGTGATGTATGTTTATTAARAATCTTCACAGCCACTTCTTCTCCT
TCATAGGCTGCTCGGTAAACTGATCCAAAACTGCCATCACCTAGGAGARAACTCTGGAGCTTGTTCAAATTC
CAACTCATCATTATTCAACATAATATTTCTAGGCAGGTCAGCCAARATCAAGTCAGGGGCAATCTGAGATA
TTGGAATGGTGAGCCTTGGTTGATCTGGATTTACTAAGAGATCTCCTTCCTCTGCTTTCTTCATCAAGTCA
TCAAGTAAGATTTTTTGATGTTCTTCACCATCATTAARACTATATAATGCCCATTTCTTCAACAGAGTTTC
TCCTTCACCACAAATATCAATCTCCAGCAACCCAGGAAACCATTCTTCCATGAGAGAATCAATGTGGTCCA
CAACTTGGCCCAAAAGAATACAGCCTTTTCTACAAGAAGGAACTGTAATTTTTAAGAAACTCTCTGGATGA
TTGTCTAAGACTTCAGATCCTACCAGACAATAAGCTTCAGGAGACCAATTTAAGTAAATGCCTTGTCGCCA
ATACATTCTGTTTGGGCGAAGTGCTCGTTCTICTCCCTGAAAGCATGTAAGGTGAAATCTCAAGTAATCGAT
TGATTAATCTTGACCAAAATCCCATTGGAARAATAAGGCATTTCATATAGTCGGATGATAATTTCAGAGTTC
TCACAATGGGGAAGCTCTATCACAGGCCTGTGGTCAGACAAACTGCTTGGAACCAGCAARATATTCTTCTCC
TATTGGCAAAGCAATCTGGAATTTTTCTAGGAGCTTARAATACTGTGACATGTAGTTCTTTGGAAATTTCC
TTTTTTTTGAAAGAAATTTTTCCACATCTCTACGCGARATAATGCCCTTAGGGTGTTTTGGACAACCTTCC
ACTTTCACTGTCAARATCTGTGCCATGATTTTACAAAGCCACTTGGGTTCCACAAAGTACAAGTCACTTAA
CTGCAGTGCTGGGTCTTGAAAATGAAGAAGGACTCCTGATTCATTTAGAAAGTGAACTGCGTGAGGAAGCT
CATTTTCATCTAACTGCAGCTGATTTTCTCTCACTAGTTGTAATAATCGTTTCCGGTCARTTACGGGAAAT
TCAATTGGCACATTTTTACGCTCCGATAAAATGATTTTTTCAAGTTCTACATAGCAGTCTGGAATCAGCTG
TCCAACAACAAGCTGATCTCGGATCTTGAAATTAAGGCTCTCGTTTATGATGGTTTTCCGAAGTTTTGCCA
AAGCATCAGATTCCTCGGTGGCATTCACAAAGTGGTAATCTCGTATGGCAGGGAACCCTCGCTTATTCAGG
AGTTCCTTGGTGATTTTACTCATGCAGGCTTITGCGTTGCTTCTCATCAGAAACATCCAAATGTGTGCCAAC
GAGAATCACAGGGGAAGAAGAAGCGCGAGCCTTTATATTGAAGAGCCAAGGCTTCATGGCATCAACTTCAG
CCTGTCCCTTGCTGAGGTCATAGACAGCAAGGTACAATGCTCGCTGCGTCATARAATGGGGATGAGTACTA
TAGAATTCCTCACGACCTGCAAAATCCCACACATTTAGGACGAGATCTCTCTTTCTTTTGTCTCTTATTTG
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GATAGGCCAGTCTTTCACATCTATGCCAACTGTGGCACTTTGCATTCCAAGATCTGATTTCTTGGTTTTCA
TTAATTGCTGCAATAAGGTGGTTTTACCACTCCCAGTATTTCCCACAATCATAAGTTTCATTCGGTTATAA
GGCACAGCCTTTTTTAATCGCTGTTGAAGAAACCTTATGATGTCTTTGGCTTTACATCCTATATGTTTARA
ATCAAAGTTAAGATGCAGTTCATCCAAAGGAAGATCCCATATTTTGCTTAATTTCCCCATTTCATTGGGAA
AGGATCTTAGTTCCAAGTTGTAACTGACATCCAGAGATGTCAGATTTTCAAGACAGCCAATCTCAGGAGGA
ATCTCTTTCAGTTTATTGTGAGAAAGATGCAGTTTCTCTACTCTAGACCATAAATATGCTTTTTCACTCAA
GTCCAAGATGCTGATCTGATTATGGCTAAATAAGAGTTCCCTTAAGTTCAAAGATTTCCAGTGTGCGGGAC
CTGGTAGGTACTGAATATCATTGCTGCTCATATCTAAARGACCGCAAGTGTGGAAGATTTAAAATTGCTTCT
GGAATACAGGAARATTTGTTCTGAGATAATTTTAGGATTGT CATAGAAGGAGGCAAGAARGGCATAGCAGC
AAGAAAATTCATTCTGGCACTGAAACTCTCCACTTTAGGACAAGCCTCAAGAARGTTCTCTGATAGGGATG
AAATGTGGTTCTTACTAAGGTTTAARAATCTTCAGTTCCTTCAGTCTCAAGGGGGAGCATATCCCTGATATT
TTATTTCCTTCTAAAATGAGCTGCTCCAGTTTCTCTACCACATCAGTGAGGTTCTCAGGTACAAARGACAG
CTGGTTATATGACAGGTTAAACTGTTTCAGAGTTGGACATTTCACTGTAGGATCTAAAACCACTGAGGGTC
CAATGTCATTTCGAGAGACATCAAGATTAGCAATACAACTCATTTTCAACAAATAARGAAGGAARTGATGTA
AATTTATTACTGTGCAAGTCCAAATGTGTCARACTCTTCAGAGTTTCACATAGCTGTTGTGGAAAGCTCGT
GAGTGCATTCTGGTGAAGCTCCAGCTTTTCAAGATGCTCCAARATGAACACTTATACAGCATTTCTGGCTTA
GGGCATCAATATCTCTTAGTTCATTTGCTGAAAGGTCTAGTGATGTAATATATTCTCTCTCAGAAGCCAGA
GAAGAAATGCTGTCTGAATGCCTCATATGGCGATTGAAGTTTTGATGACCTGAGTGAATCATCTGAAGATAA
TATTTTTCTTTTTCGCTTCAGTAAATCTTCATGATCAARAAATGGGCCCCAAGGAATTGGAATGTCTTTGCA
AATTTGGTGAGCAACGCTGTAATACGGCATCTCGGTAAAATTCTCCTACACTARATTGAATTAGATTTCTTT
TTCACAARGAAATGAGCCTTCACTTCCTTCACTATCCAGGTCATCACTTTGAGCAAACACACTGTCCATAGA
AGAGTCAGGAATAAAGGTCCATTCATCAAATTTAGACAGCACATCTTCAGAAARATTTCCATCGCTGCCTG
AGGCTGTTCCTTCTTCCACAGCACTTTITCATCTGATATCTGATCACCATTCTTGCTAGTGTAGATGCTATA
TTTGTTTGTTTCCTTAAATTAGAAGTCTTATCTGGAARTAAAGGACCAAGCCAAGAAGGTTCAACTTTTCC
TATACARAATCCTCCAAGGCAAATGCTATTGTTGGCCACATCCAGGGCCAGCCTCCTTAAGAGCAAGCTGA
TGATCTGGCTGTCACCTTTCCCAATGCTTATCGTCAACGCTTTTCGTACATCTTGTTCACGAGATCCACTA
TTCAGTAAGAGTTCCACCAATTTGGGACTGCTCTCTTTCTCACATACCTGACAAATTAARGAAGATCCCTC
CTTTGCTTGATTGGCATCTGCTCCCAATAGAAGCAAGCATTCAACCATGATGCTGTTATTCTGATCACACG
CTCTCTCTAGCATCACATTTTTTAAGTAATCATCCATAGCTACTTTTGCAAAACACTTGCAACAGAGGTTT
AGAAACTGTTGATCCTTTTGTTCCATGATATTGGAAGACATTTGATGGAATATTACTAAGTCAAATGAATG
ATGCACCAGCAGCTTAGAAAAAGATGCTGACAATTTGAGGATTGCTAAGATTGTCTGAAATCCTTTAGTCT
GTATTTCAGCAACATCCTTAAATCGGTATAAGCTGGARACCAGAATTTTTGCCAGCAGATGTCCAGTTCCT
ATGAACACATTCTTCTTTGTAATCAAGTATCCTATAAGACTTAAACCCAGACACTGAATTTCTTGGTCATC
TGGATACATCTGCAGTGTGTGAAGCACTGAATCCATAGCACCTTCCAGGGATAACATCTCTAATGCATCAG
GAAAATGTACAATAGAAGAAATTACTTTTAATCCACATTTCTGAATCCCAGGATTTCCAATGAACCTGTTC
AAAGCTGCTAGGACCAGTTTGTGAATATCATTCTTGAAACACTGTTTTTTAACCATATTTAGCTTATGATG
AAATTCTGTATCCTCCCTGGATTCTTCTGGCATGCCAGGCACTATAAAATGTARAATAGCTCGAAGCGCCT
CCAGCTGCACTGGTAATGATGTCTCATGACGTTTCATAACTGTTAGTATTTTGGGGACCACTGCTGCCATT
ATATCCAGGGAAGTGTTGCTTCCTTCAAAAAGATGATTTAGCATTTTACAGCCACTTTCAGCCACTTCAGG
AGAATGTATATGCTTCTGCATTAACTCCAAAACATTCAGGTGTATTCCTTTTGATAACAGTATTTTTCTGA
AATTAACATTTTGTTCTAAGAGAGTTGACAATGCATTCGCAGATGCCTGGAAARCTTCCTTTGATGAAGAA
TGCATCAGCATGGAGAGCATCACTTCCCTATGAGCTGGGAAATGGCCATCTTCATCTCCAATCTTCTCATG
TAAACTGTTTTGGTACATAAGGAGATTATTTAGTGCCCAGCATGCGGCCTCCTGCACGTGCTTGTTCTTTC
TATGCCACGTTAATGCTTTGTAACAGGCTTCCAGCCAARAACAATTTATCTTCTTCCCCCTCATCATCATTC
TCTTGATTCTCATTCTTTTCCTCTAAATCTTGATTTARGAARATAGTCTCAGTGAGGAGGGCCAAACAGCT
GAGCGCTGAGATCTGCAATGCTGCATTCTCTGGGTACTGCTGCACAGCTTTCACCACAAACTCATGGACTT
CGTTTAATACCAGGATATTGAAARAATTACCTAATGTAAGCCTATGGAGCAAACAGCAACTCACTTCTTGA
ATTCTTTCACTCATAGGGAATGCTTTCATAGCTTCCACCACAATATTATAACACCTGACATTGCCACTCAT
GAGGACTTCCACATTATTGCAAGGAATCGCTAGGGAATGTARACAATGCAGCACATGAAGCACAATTTCCT
CTTCATCTTTAAAATTTGTTAACGCACTTAACAATATCATATAATCTTTGTTCTCAACARATTCAGTCAGT
TGCTCCTCTGAGACTCTCTCAAACAGCACATGTARAGCTTTGCATCCAAGTTTCTGGACTTCATCATTGGC
TGGAAATGAGTGCATGGCATCAAAAATTAACATGAAAATATCACTTTCTTCATCCAATATCAGCAAGGTGA
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TTTTACCTGAAGTTAGGAGGAGATCTAAGGTCTTCAGTCCAATCACTGACAAGTTTACACTGGCATTATGA
ACTGTTAGCATTTTAAGAATCAATTGGTGAACACCAAGGACTTCCCAATCATTTCCARCATCCTGGGGTCC
CATTAAGCTTTGCATTGTACCTGGACAGACTTCTATTAATTTGCACAGAAGTGACCAACCCACCTGCTGCA
CACTCGCGACTCTCATATAGGAGTCCAAGACGATCAACAGAGGCACATGGATATTTTTGCCTTGARATAAC
TTGGAGGCGCGCTCGGAGTACGTGAACACCAGCAGATCCTCCAGGATTTGGACCAGCGTTTCTATCTGTTT
TCCTTCCTGGACATTGTTCAGCCTGACTATCAACTTCTTCAGAGTTTCCTCGTCCTCTTCGCACCCCTGAC
AGCTGCCACTAGCCATGGTGGCACCTGCTTCCAACCCGCCGCCCTCCCAGCATGAACGTCCGCTGCTCAGG
GAACCGGCAGGGGCGCCGGCCACAGCTCCCCGGEGEGGCGAGCTCAGCTCACCGCCCGCAGCCAGCGCTCCCC
GCGGGCCCC

SEQ ID NO:3

>XM 015151449.2 PREDICTED: Macaca mulatta leucine rich repeat kinase 2
(LRRK?), transcript variant X1, mRNA
ACGGGCACGGTCATCCCGGCCAGGCCCGGECTCCAGCAGCCCCACGGCCGCCGCCGAAGTTCTGCGCGGCCC
GTCGCCCCGGCGGAGCCTCTGGCAGGCCCCTGAGCTGGTTTTTTGGGGCCTGGCTGGGGGAGGAGGAAGCC
GAGCAGGAGGGCTCTGGAGAGGGAGGGCAACGCGGGECGGEEGAGCCACCGCCTTCCTCATAAACAGGCGGG
CGTGGGCGCCGACGGGGCCCCCGGGGAGCCCTGGCTGAGGGCGGTGAGCTGAGCTAGATCCCGGGGAGCTG
TGGCCGGCGCCCCTGCCGGTTCCCTGAGCAGCGGACGTTCGTGCTGGGAGGGCGGCGGETTGGAAGCAGEG
GCCACCATGGCTAGTGGCAGCTGTCAGGGGTGCGAGGAGGACGAGGARAACTCTGAAGAAGTTGATAGTCAG
GCTGAACAATGTCCAGGAAGGTARACAGATAGAAACGCTGGTCCARATCCTGGAGGATCTGCTGGTGTTCA
CGTACTCCGAGCACGCCTCCAAGTTATTTCAAGGCAARAATATCCATGTGCCTCTGTTGATCGTCTTGGAC
TCGTATATGAGAGTCGCGAGTGTGCAGCAGGTGGGTTGGTCACTTCTGTGCAAATTAATAGAARTCTGCCC
GGGTACAATGCAAAGCTTAATGGGACCCCAGGATGTTGGAAATGATTGGGAAGTCCTTGGTGTTCACCAAT
TGATTCTTAAAATGCTAACAGTTCATAATGCCAGTGTAAACTTGTCAATGATTGGACTGAAGACCTTAGAT
CTCCTCCTAACTTCAGGTAAAATCACCTTACTGATATTGGATGAAGAAAGTGATATTTTCATGTTAATTTT
TGATGCCATGCACTCATTTCCAGCCAATGATGAAATCCAGAAACTTGGATGCAAAGCTTTACATGTGCTGT
TTGAAAGAGTCTCAGAGGAGCAACTAACTGAATTTGTTGAGAACARAGATTATATGATATTGTTAAGTGCG
TTAACARATTTTRAAAGATGAAGAGGAAATTGTGCTTCATGTACTGCATTGTTTACATTCCCTAGCAATTCC
TTGCAATAATGTGGAAGTCCTCATGAGTGGCAATGTCAGGTGTTATAATATTGTGGTGGAAGCTATGAAAG
CATTCCCTATCAGTGAAAAAATTCAAGAAGTGAGTTGCTGTTTGCTCCATAGGCTTACATTAGGTAATTTT
TTTAATATCCTGGTATTAAACGAAGTCCATGAATTTGTGGTGAAAGCTGTGCAGCGGTACCCAGAGAACGC
AGCATTACAGATCTCAGCGCTCAGCTGTTTGGCCCTCCTCACTGAGACCATTTTCTTAAATCAAGATTTAG
AGGAAAAGAATGAGAATCAAGAGAATGATGATGAGGGGGAAGAAGTTAAATTGTTTTGGCTGGAAGCCTGT
TACAAAGCGTTAACGTGGCATAGARAGARCAAGCACGTGCAGGAGGCTGCATGCTGGGCACTARATAATCT
CCTTATGTACCAAAACAGTTTACATGAGAAGATTGGAGATGAAGATGGCCATTTCCCAGCTCATAGGGAAG
TGATGCTGTCCATGCTGATGCATTCATCATCAAAGGAAGTTTTCCAGGCATCTGCTAATGCATTGTCAACT
CTTTTAGAACAAAATGTTAATTTCAGAARAATCCTGTTATCAAAAGGAATATACCTGAATGTTTTGGAGTT
AATGCAGAAGCATATACATTCTCCTGAAGTGGCTGAAAGTGGCTGTAAAATGCTAAATCATCTTTTTGAAG
GAAGCAACACATCCCTGGATACAATGGCAGCAGTGCTCCCCAAAATAATAACAGTTATGAAAAGTCATGAG
ACATCATTACCAGTGCAGCTGGAGGCGCTTCGAGCTATTTTACATTTTATAGTGCCAGGCATGCCAGAAGA
ATCCAGAGAGGATGCAGAATCTCATCGTAAGCTAAATATGGTTAAAAAACAGTGTTTCAAGAATGATATTC
ACAARCTGGTCCTAGCAGCTTTGAACAGGTTCATTGGAAATCCTGGGATTCAGAAATGTGGATTARAAGTA
ATTTCTTTTATTGCACATTTTACTGATGCATTAGGGGTGTTATCCCTGGARAGGTGCTGTGGATTCAGTGCT
TCACACACTGCAGATGTATCCAGATGACCAAGAAATTCAGTGTCTGGGTTTAAGTCTTATAGGATGCTTGA
TTACAAAGAAGAATTTATGCATAGGAACTGGACATCTGCTGGCAARAAATTCTGGCTTCCAGCTTATACCGA
TTTAAGGATGTTGCTGAAGTACAGACTGAAGGATTTCAGACAATCTTAGCAATCCTCAAATTGTCAGCATC
TTTTTCTAAGCTGCTGGTGCATCATTCGTTTGACTTAGTAATATTCCATCAAATGTCTTCCAGTATCATGG
AACAAARGGATCAACAGTTTCTAAACCTCTGTTGCAAGTGTTTTGCAAARGTAGCTATGGATGATGACTTA
AAANATATGATGCTAGAGAGAGCGTGTGATCAGAATAACAGCATCATGGTTGAATGCTTGCTTCTATTAGG
AGCAGATGCCAATCAAGCAAAGGAGGGAACTTCTTTAATTTGTCAGGTATGTGAGAAAGAGAGCAGTCCCA
AATTGGTGGAACTCTTATTGAATAGTGGATCTCGTGAACAAGATGTACGAARAGCGCTGACAATARGCATT
GGGAAAGGCGACAGCCAGATCATCAGCTTGCTCTTAAGGAGGCTGGCCCTGGACATGGCCAACAATAGCAT
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TTGCCTTGGAGGGTTTTGTATAGGAAAAGTTGAACCTTCTTGGCTTGGTCCTTTATTTCCAGATAAGACTT
CTAATTTAAGGAAACAAACARATATAGCATCTACACTAGCAAGAATGGTGATCAGATATCAGATGAAAAGT
GCCATGGAAGAAGGAGCAGCCTCAGGCAGTGATGGAAATTTTTCTGAAGATGTGCTGTCTAAATTTGATGA
ATGGACCTTTATTCCTGACTCTTCTATGGACAGTGTCTTTGCTCAAAGTGATGATCTAGATAGTGAAGGAA
GTGAAGGCTCATTTCTTGTGAAAAAGAAATCAAATTCAATTAGTGTAGGAGAATTTTACCGAGATGCCGTA
TTACAACGTTGCTCACCAAATTTGCARAAGGCATTCCAGTTCCTTGGGGCCCATTTTTGATCATGAAGATTT
ACTGAGAAGAAAAAGAAARAATATTATCTTCAGATGATTCACTCAGGTCATCAARACTTCAATCCCATATGA
GGCATTCAGACAGCATTTCTTCTCTGGCTTCTGAGAGAGAATATATTACATCACTAGACCTTTCAGCAAAT
GAACTAAGAGATATTGATGCCCTAAGCCAGAAATCCTGTATAAGTGGTCATTTGGAGCATCTTGAAAAGCT
GGAGCTTCACCAGAATGCACTCACGAGCTTTCCACAACAGCTATGTGARACTCTGAAGAGTTTGACACATT
TGGACTTGCACAGTAATAAATTTACATCATTTCCTTCTTACTTGTTGAAAATGAGTTGTGTTGCTAACCTT
GATGTCTCTCGARAATGACATTGGACCCTCAGTGGTTTTAGATCCTGCAGTGAAATGTCCAACTCTGAAACA
GTTTAACCTGTCATATAACCAGCTGTCTTCTGTTCCTGAGAACCTTGCTGATGGGATAGAGAAACTGGAGC
AGCTCATTTTAGAAGGAAATAAAATATCAGGGATATGCTCCCCCTTGAGACTGAAGGAACTGARGATTTTA
AACCTTAGTAAAAACCACATTTCATCCCTATCAGAGAACTTTCTTGAGGCTTGTCCTAAAGTGGAGAGTTT
CAGTGCCAGAATGAATTTTCTTGCTGCTATGCCTTTCTTGCCTCCTTCCATGACAAGCCTAAAATTATCTC
AAAACAAATTTACATGTATTCCAGAAGCAATTTTAAATCTTCCACACTTGCGGTCTTTAGATATGAGCAGC
AATGATATTCAATATCTACCAGGTCCTGCACACTGGAAATCTTTGAACTTAAGGGAACTCTTATTTAGCCA
TAATCAGATCAGCATCTTGGACTTGAGTGAAAAAGCGTATTTATGGTCTAGAGTAGAGARACTGCATCTTT
CTCACAATARACTGAAAGAGATTCCTCCTGAGATTGGCTGTCTTGAAAATCTGACATCTCTGGATGTCAGT
TACAACTTGGAACTAAGATCCTTITCCCAATGAAATGGGGAARTTAAGCARAATATGGGATCTTCCTTTGGA
TGAACTGCGTCTTAACTTTGATTTTAAACATATAGGATGTARAGCCAAAGACATCATAAGGTTTCTTCAGC
AGCGGTTAAAAANGGCTGTGCCCTATAACCGAATGAAACTTATGGTTGTTGGAAATACTGGGAGTGGTAAA
ACCACCTTGTTGCAGCAATTAATGAAAACCAAGAAATCAGATCTTGGAATGCARAGTGCCACAGTTGGCAT
AGATGTGAAAGACTGGCCTATCCAAATAAGAGGCAAAAGAAAGAGAGATCTCGTTCTGAATGTGTGGGATT
TTGCAGGTCGTGAGGAATTCTATAGCACTCATCCTCATTTTATGACGCAGCGAGCATTGTACCTTGCTGTC
TATGACCTTAGCAAAGGACAGGCTGAAGTTGATGCCATGAAGCCTTGGCTCTTCAATATAAAGGCTCGCGC
TTCTTCTTCCCCTGTGATTCTCGTTGGCACACATTTGGATGTTTCTGATGAGAGGCAGCGCAARGCCTGCA
TAGGTARAATCACCAAGGAACTCCTGAATAAGCGAGGGTTCCCTGCTATACGAGATTACCACTTTGTGAAT
GCCACCGAGGAATCTGATGCTTTGGCAAAACTTCGGARRACCATCATARACGAGAGCCTTAATTTCAAGAT
CCGAGATCAGCCTGTTGTTGGACAGCTGATTCCAGACTGCTATGTAGAACTTGAGAAAATCATTTTATCGG
AGCGTAAAAATGTGCCAATTGAATTTCCTGTAATTGACCAGAAACGATTATTACAACTAGTGAGAGAAAAT
CAGTTGCAGTTAGATGAAAATGAGCTTCCTCACGCAGTTCACTTTCTAAATGAATCAGGAGTCCTTCTTCA
TTTTCAAGACCCAGCACTGCAGTTAAGTGACTTGTATTTTGTGGAACCCAAGTGGCTTTGTAARATCATGG
CACAGATTTTGACAGTGAAAGTGGAAGGTTGTCCAAARCACCCTAAGGGAATTATTTCACGTAGAGATGTG
GAAAAATTTCTTTCGAAGAARAGGAGATTTCCAAAGAACTACATGTCACAGTATTTTAAGCTCCTAGAARA
ATTCCAGATTGCTTTGCCAATAGGAGAAGAATATTTGCTGGTTCCAAGCAGTTTGTCTGACCACAGGCCTG
TGATAGAGCTTCCCCATTGTGAGAACTCTGAAATTATCATCCGACTATATGAAATGCCTTATTTTCCAATG
GGATTTTGGTCGAGGTTAATCAATCGATTACTTGAGATTTCACCTTACATGCTTTCAGGGAGAGARCGAGC
ACTTCGCCCAAACAGAATGTATTGGCGACAAGGCATCTACTTAAATTGGTCTCCTGAAGCTTATTGTCTGG
TAGGATCTGAAGTCTTAGACAATCACCCAGAGAGTTTCTTAAAAATTACAGTTCCTTCTTGTAGARAAGGC
TGTATTCTTTTGGGCCAAGTTGTGGACCACATTGATTCTCTCATGGAGGAATGGTTTCCTGGGTTGCTGGA
GATTGATATTTGTGGTGAAGGAGAAACTCTGTTGAAGARATGGGCATTATATAGTTTTAATGATGGTGAAG
AGCATCAAAAAATCTTACTTGATGACTTGATGAAGAAAGCAGAGGAAGGAGATCTCTTAGTAAATCCAGAT
CAACCAAGGCTCACCATTCCAATATCTCAGATTGCCCCTGACTTGATTTTGGCTGACCTGCCTAGAAATAT
TATGTTGAATAATGATGAGCTGGAATTTGAACAAGCTCCAGAGTTTCTCCTAGGTGATGGCAGTTTTGGAT
CAGTTTATCGAGCAGCCTATGAAGGAGAAGAAGTGGCTGTGAAGATTTTTAATAAACACACATCACTTAGG
CTGTTAAGACAAGAGCTGGTGGTGCTTTGCCACCTCCACCACCCCAGTTTGATATCTTTGCTGGCAGCTGG
TATTCGTCCCCGGATGTTGGTGATGGAGTTAGCCTCCAAGGGTTCCTTGGATCGCCTGCTTCAGCAGGACA
AAGCCAGCCTCACTAGAACCCTACAGCACAGGATTGCACTCCATGTGGCTGATGGTTTGAGATACCTCCAT
TCAGCCATGATTATATACCGAGACTTGAAGCCCCACAATGTGCTGCTTTTCACACTGTATCCCAATGCTGC
CATCATTGCAAAGATTGCTGACTACGGCATTGCTCAGTACTGCTGTAGAATGGGGATAARAACGTCAGAGG
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GCACACCAGGGTTTCGTGCACCTGAAGTTGCCAGAGGAAATGTCATTTATAATCAACAAGCTGATGTTTAT
TCATTTGGTTTGCTACTCTATGACATTTTGACAACTGGAGGTAGAATAGTAGAGGGTTTGAAGTTTCCARA
TGAGTTTGATGAATTAGCAATACAAGGAAAATTACCTGATCCAGTTAAAGAATATGGTTGTGCCCCATGGC
CTATGGTTGAGAAATTAATTACARAGTGTTTGAAAGARAATCCTCAAGAAAGGCCTACTTCTGCCCAGGTC
TTTGACATTTTGAATTCAGCTGAATTAGTCTGTCTGACGAGACACATTTTATTACCTAAAAACGTAATTGT
TGACTGCATGGTTGCTACACATCACAACAGCAGGAATGCAAGCATTTGGCTGGGCTGTGGGCACACCAACA
GAGGACAGCTCTCATTTCTTGACTTAAATACTGAAGGATACACTTCTGAGGAGGTTGCTGATAGTAGAATA
TTGTGCTTAGCCTTGGTGCATCTTCCTGTTCAAARAGARAAGCTGGATTGTGTCCGGGACACAGTCTGGTAC
TCTCCTGGTCATCAATACCGAAGATGGGAAAAAGAGACATACCCTAGAAAAGATGACTGATTCCATCACTT
GTTTGTATTGCAATTCCTTTTCCAAGCAAAGCAARACARRAARATTTTCTTTTGGTTGGARCCGCTGATGGC
AATTTAGCAATTTTTGAAGATAAAACTGTTAAGCTTGAAGGAGCTGCTCCTTTGAAGATACTAAATATAGG
AAATGTCAGTACTCCATTGATGTGTTTGAGTGAATCCACAAATTCAACAGAAAGAAATGTAATGTGGGGAG
GATGTGGCACAAAGATTTTCTCCTTTTCTAATGATTTCACCATTCAGAAACTCATTGAGACAAGARCAAGC
CAACTGTTCTCAAGTGATTCTAAAGTATATTCGAGGTTAAGATATACTGCAGACTGCAATGTATTGTTTTC
TTACGCAGCTTTCAGTGATTCCAACATCGTAACAGTGGTGGTAGACACTGTTCTCTATATTGCTAAGAARA
ATAGCCCTGTTGTGGAAGTGTGGGATAAGAAAACTGAAAAACTCTGCGAACTAATAGACTGTGTGCATTTT
TTAAGGGAGGTAATGGTAAAAGTAAACAAGGAATCAARACACAAARTGTCTTATTCTGGGAGAGTGAAAGC
TCTCTGCCTTCAGAAGAACACTGCTCTTTGGATAGGAACTGGAGGAGGCCATATTTTACTCCTGGATCTTT
CAACTCGTCGAGTTATACGTATAATTTACAACTTTTGTGATTCGGTCAGAGTCATGATGACAGCACAGCTA
GGGAGCCTTAAARATGTCATGCTGGTATTGGGCTATAACCGGAAAAGTACTGAAGGTACACAACAGCAGAA
AGAGATACAATCTTGCTTGACTGTTTGGGACATCAATCTTCCACATGAAGTGCAAARATTTAGARARACACA
TTGAAGTGAGAAAAGAATTAGCTGAAARAAATGAGAGGAACATCTATTGAATAAGAGAGARACAGGAATTGT
CTTTGGATAGGARAATTATTCTCTTGTAAATATTTATTTAAAAATGTTCACATGAAAAGGGTACTCACATT
TTTTGAAATAGCTCATGTGTATATGAAGGAATGTTATATTTTTAATTTAAATATATGTARAAATACTTACC
AGTAAACATATATTTTAAAGAACTATTTAAARACACAATGTTGTATTTCTTATGAATACCAGTTACTTTTGT
GCATTAATTAATGAAAATAAATCTGTGAAATACCTAATTTAAGTACTCATACTAAAATTTATAAGGCCGAT
AATTTTTTGTTTTCTTGTCTGTAATGAAGATAAACTTTATTTTAAATTCTATGCTTAAGACAAGACTATTG
CTTGTTGATTTTTCTAGAAATCCGCAAGGTAGAATGARAATATTARGACAGTTTCCCGTGTAATGTATTCC
CTCTTAGATTGCTTTGAAATGCACTATCATATATGCTTGCARATATTCAAATGAATTTGCACTAATAAATT
CCTTTGTTGGTATGTGAATTCTCTTTGTTGCTGTTGCAGACAGTGCATCTTACACAACTTCACTCAATCCA
AAAGAAAACTCCATTAAARGTACTAA

SEQ ID NO:4

>Reverse Complement of SEQ ID NO:3
TTAGTACTTTTAATGGAGTTTTCTTTTGGATTGAGTGAAGTTGTGTAAGATGCACTGTCTGCARACAGCAAC
AARAGAGAATTCACATACCAACAAAGGAATTTATTAGTGCAAATTCATTTGAATATTTGCAAGCATATATGA
TAGTGCATTTCAAAGCAATCTAAGAGGGAATACATTACACGGGAAACTGTCTTAATATTTTCATTCTACCT
TGCGGATTTCTAGAARAARATCAACAAGCAATAGTCTTGTCTTAAGCATAGAATTTAAAATAAAGTTTATCTT
CATTACAGACAAGAAAACAARAAATTATCGGCCTTATAAATTTTAGTATGAGTACTTAAATTAGGTATTTC
ACAGATTTATTTTCATTAATTAATGCACAAAAGTAACTGGTATTCATAAGAAATACAACATTGTGTTTTAA
ATAGTTCTTTAAAATATATGTTTACTGGTAAGTATTTTTACATATATTTAAATTAAAAATATAACATTCCT
TCATATACACATGAGCTATTTCAAAAAATGTGAGTACCCTTTTCATGTGAACATTTTTARAATARATATTTA
CAAGAGAATAATTTTCCTATCCAAAGACAATTCCTGTTTCTCTCTTATTCAATAGATGTTCCTCTCATTTT
TTCAGCTAATTCTTTTCTCACTTCAATGTGTTTTTCTARAATTTTGCACTTCATGTGGAAGATTGATGTCCC
AAACAGTCAAGCAAGATTGTATCTCTTTCTGCTGTTGTGTACCTTCAGTACTTTTCCGGTTATAGCCCAAT
ACCAGCATGACATTTTTAAGGCTCCCTAGCTGTGCTGTCATCATGACTCTGACCGAATCACAARAGTTGTA
AATTATACGTATAACTCGACGAGTTGAAAGATCCAGGAGTAAAATATGGCCTCCTCCAGTTCCTATCCARA
GAGCAGTGTTCTTCTGAAGGCAGAGAGCTTTCACTCTCCCAGAATAAGACATTTTGTGTTTTGATTCCTTG
TTTACTTTTACCATTACCTCCCTTAARAAATGCACACAGTCTATTAGTTCGCAGAGTTTTTCAGTTTTCTT
ATCCCACACTTCCACAACAGGGCTATTTTTCTTAGCAATATAGAGAACAGTGTCTACCACCACTGTTACGA
TGTTGGAATCACTGAAAGCTGCGTAAGAAAACAATACATTGCAGTCTGCAGTATATCTTAACCTCGAATAT
ACTTTAGAATCACTTGAGAACAGTTGGCTTGTTCTTGTCTCAATGAGTTTCTGAATGGTGARATCATTAGA
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AAAGGAGAAAATCTTTGTGCCACATCCTCCCCACATTACATTTCTTTCTGTTGAATTTGTGGATTCACTCA
AACACATCAATGGAGTACTGACATTTCCTATATTTAGTATCTTCARAGGAGCAGCTCCTTCAAGCTTAACA
GTTTTATCTTCAAAAATTGCTAAATTGCCATCAGCGGTTCCAACCAAAAGAAAATTTTTTTGTTTGCTTTG
CTTGGAAAAGGAATTGCAATACARACAAGTGATGGAATCAGTCATCTTTTCTAGGGTATGTCTCTTTTTCC
CATCTTCGGTATTGATGACCAGGAGAGTACCAGACTGTGTCCCGGACACAATCCAGCTTTCTTTTTGAACA
GGAAGATGCACCAAGGCTAAGCACAATATTCTACTATCAGCAACCTCCTCAGAAGTGTATCCTTCAGTATT
TAAGTCAAGAAATGAGAGCTGTCCTCTGTTGGTGTGCCCACAGCCCAGCCAAATGCTTGCATTCCTGCTGT
TGTGATGTGTAGCAACCATGCAGTCAACAATTACGTTTTTAGGTAATAARAATGTGTCTCGTCAGACAGACT
AATTCAGCTGAATTCAAAATGTCAAAGACCTGGGCAGAAGTAGGCCTTTCTTGAGGATTTTCTTTCAAACA
CTTTGTAATTAATTTCTCAACCATAGGCCATGGGGCACAACCATATTCTTTAACTGGATCAGGTAATTTTC
CTTGTATTGCTAATTCATCAAACTCATTTGGAAACTTCAAACCCTCTACTATTCTACCTCCAGTTGTCARA
ATGTCATAGAGTAGCAAACCAAATGAATAAACATCAGCTTGTTGATTATAAATGACATTTCCTCTGGCAAC
TTCAGGTGCACGAAACCCTGGTGTGCCCTCTGACGTTTTTATCCCCATTCTACAGCAGTACTGAGCAATGC
CGTAGTCAGCAATCTTTGCAATGATGGCAGCATTGGGATACAGTGTGARAAGCAGCACATTGTGGGGCTTC
AAGTCTCGGTATATAATCATGGCTGAATGGAGGTATCTCAAACCATCAGCCACATGGAGTGCAATCCTGTG
CTGTAGGGTTCTAGTGAGGCTGGCTTTGTCCTGCTGAAGCAGGCGATCCAAGGAACCCTTGGAGGCTAACT
CCATCACCAACATCCGGGGACGAATACCAGCTGCCAGCAAAGATATCAARCTGGGGTGGTGGAGGTGGCAA
AGCACCACCAGCTCTTGTCTTAACAGCCTAAGTGATGTGTGTTTATTAARAATCTTCACAGCCACTTCTTC
TCCTTCATAGGCTGCTCGATAAACTGATCCAAAACTGCCATCACCTAGGAGAAACTCTGGAGCTTGTTCAA
ATTCCAGCTCATCATTATTCAACATAATATTTCTAGGCAGGTCAGCCAARATCAAGTCAGGGGCAATCTGA
GATATTGGAATGGTGAGCCTTGGTTGATCTGGATTTACTAAGAGATCTCCTTCCTCTGCTTTCTTCATCAA
GTCATCAAGTAAGATTTTTTGATGCTCTTCACCATCATTAARACTATATAATGCCCATTTCTTCARCAGAG
TTTCTCCTTCACCACAAATATCAATCTCCAGCAACCCAGGAAACCATTCCTCCATGAGAGAATCAATGTGG
TCCACAACTTGGCCCAAAAGAATACAGCCTTTTCTACAAGAAGGAACTGTAATTTTTAAGAAACTCTCTGG
GTGATTGTCTAAGACTTCAGATCCTACCAGACAATAAGCTTCAGGAGACCAATTTAAGTAGATGCCTTGTC
GCCAATACATTCTGTTTGGGCGAAGTGCTCGTTCTCTCCCTGAAAGCATGTAAGGTGAAATCTCAAGTAAT
CGATTGATTAACCTCGACCAAAATCCCATTGGAARAATAAGGCATTTCATATAGTCGGATGATAATTTCAGA
GTTCTCACAATGGGGAAGCTCTATCACAGGCCTGTGGTCAGACAARCTGCTTGGAACCAGCAAATATTCTT
CTCCTATTGGCARAAGCAATCTGGAATTTTTCTAGGAGCTTARAATACTGTGACATGTAGTTCTTTGGAAAT
CTCCTTTTCTTCGAAAGAAATTTTTCCACATCTCTACGTGARATAATTCCCTTAGGGTGTTTTGGACAACC
TTCCACTTTCACTGTCAAAATCTGTGCCATGATTTTACAAAGCCACTTGGGTTCCACAARATACAAGTCAC
TTAACTGCAGTGCTGGGTCTTGAAAATGAAGAAGGACTCCTGATTCATTTAGAAAGTGAACTGCGTGAGGA
AGCTCATTTTCATCTAACTGCAACTGATTTTCTCTCACTAGTTGTAATAATCGTTTCTGGTCAATTACAGG
AAATTCAATTGGCACATTTTTACGCTCCGATAAAATGATTTTCTCAAGTTCTACATAGCAGTCTGGAATCA
GCTGTCCAACAACAGGCTGATCTCGGATCTTGAAATTAAGGCTCTCGTTTATGATGGTTTTCCGAAGTTTT
GCCAAAGCATCAGATTCCTCGGTGGCATTCACAAAGTGGTAATCTCGTATAGCAGGGAACCCTCGCTTATT
CAGGAGTTCCTTGGTGATTTTACCTATGCAGGCTTTGCGCTGCCTCTCATCAGAAACATCCARATGTGTGC
CAACGAGAATCACAGGGGAAGAAGAAGCGCGAGCCTTTATATTGAAGAGCCAAGGCTTCATGGCATCAACT
TCAGCCTGTCCTTTGCTAAGGTCATAGACAGCAAGGTACAATGCTCGCTGCGTCATAAARTGAGGATGAGT
GCTATAGAATTCCTCACGACCTGCAAAATCCCACACATTCAGAACGAGATCTCTCTTTCTTTTGCCTCTTA
TTTGGATAGGCCAGTCTTTCACATCTATGCCAACTGTGGCACTTTGCATTCCAAGATCTGATTTCTTGGTT
TTCATTAATTGCTGCAACAAGGTGGTTTTACCACTCCCAGTATTTCCAACAACCATAAGTTTCATTCGGTT
ATAGGGCACAGCCTTTTTTAACCGCTGCTGAAGAARACCTTATGATGTCTTTGGCTTTACATCCTATATGTT
TAAAATCAAAGTTAAGACGCAGTTCATCCAAAGGAAGATCCCATATTTTGCTTAATTTCCCCATTTCATTG
GGAAAGGATCTTAGTTCCAAGTTGTAACTGACATCCAGAGATGTCAGATTTTCAAGACAGCCAATCTCAGG
AGGAATCTCTTTCAGTTTATTGTGAGAAAGATGCAGTTTCTCTACTCTAGACCATAAATACGCTTTTTCAC
TCAAGTCCAAGATGCTGATCTGATTATGGCTAAATAAGAGTTCCCTTAAGTTCAAAGATTTCCAGTGTGCA
GGACCTGGTAGATATTGAATATCATTGCTGCTCATATCTAAAGACCGCAAGTGTGGAAGATTTAARATTGC
TTCTGGAATACATGTAAATTTGTTTTGAGATAATTTTAGGCTTGTCATGGAAGGAGGCARGAARAGGCATAG
CAGCAAGAARATTCATTCTGGCACTGAAACTCTCCACTTTAGGACAAGCCTCAAGAAAGTTCTCTGATAGG
GATGAAATGTGGTTTTTACTAAGGTTTAAAATCTTCAGTTCCTTCAGTCTCAAGGGGGAGCATATCCCTGA
TATTTTATTTCCTTCTAAAATGAGCTGCTCCAGTTTCTCTATCCCATCAGCAAGGTTCTCAGGAACAGAAG
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ACAGCTGGTTATATGACAGGTTAAACTGTTTCAGAGTTGGACATTTCACTGCAGGATCTAAAACCACTGAG
GGTCCAATGTCATTTCGAGAGACATCAAGGTTAGCAACACAACTCATTTTCAACAAGTAAGAAGGAAATGA
TGTAAATTTATTACTGTGCAAGTCCAAATGTGTCAAACTCTTCAGAGTTTCACATAGCTGTTGTGGAAAGC
TCGTGAGTGCATTCTGGTGAAGCTCCAGCTTTTCAAGATGCTCCARATGACCACTTATACAGGATTTCTGG
CTTAGGGCATCAATATCTCTTAGTTCATTTGCTGAAAGGTCTAGTGATGTAATATATTCTCTCTCAGAAGC
CAGAGAAGAAATGCTGTCTGAATGCCTCATATGGGATTGAAGTTTTGATGACCTGAGTGAATCATCTGAAG
ATAATATTTTTCTTTTTCTTCTCAGTAAATCTTCATGATCAARAATGGGCCCCAAGGAACTGGAATGCCTT
TGCAAATTTGGTGAGCAACGTTGTAATACGGCATCTCGGTAAAATTCTCCTACACTAATTGAATTTGATTT
CTTTTTCACAAGAAATGAGCCTTCACTTCCTTCACTATCTAGATCATCACTTTGAGCAAAGACACTGTCCA
TAGAAGAGTCAGGAATAAAGGTCCATTCATCAAATTTAGACAGCACATCTTCAGAAAAATTTCCATCACTG
CCTGAGGCTGCTCCTTCTTCCATGGCACTTTTCATCTGATATCTGATCACCATTCTTGCTAGTGTAGATGC
TATATTTGTTTGTTTCCTTAAATTAGAAGTCTTATCTGGAAATAAAGGACCAAGCCAAGAAGGTTCAACTT
TTCCTATACAAAACCCTCCAAGGCAAATGCTATTGTTGGCCATGTCCAGGGCCAGCCTCCTTARAGAGCAAG
CTGATGATCTGGCTGTCGCCTTTCCCAATGCTTATTGTCAGCGCTTTTCGTACATCTTGTTCACGAGATCC
ACTATTCAATAAGAGTTCCACCAATTTGGGACTGCTCTCTTTCTCACATACCTGACAAATTAAAGAAGTTC
CCTCCTTTGCTTGATTGGCATCTGCTCCTAATAGAAGCAAGCATTCAACCATGATGCTGTTATTCTGATCA
CACGCTCTCTCTAGCATCATATTTTTTAAGTCATCATCCATAGCTACTTTTGCAAAACACTTGCAACAGAG
GTTTAGAAACTGTTGATCCTTTTGTTCCATGATACTGGAAGACATTTGATGGAATATTACTAAGTCAAACG
AATGATGCACCAGCAGCTTAGAAARAAGATGCTGACAATTTGAGGATTGCTAAGATTGTCTGAAATCCTTCA
GTCTGTACTTCAGCAACATCCTTAAATCGGTATAAGCTGGAAGCCAGAATTTTTGCCAGCAGATGTCCAGT
TCCTATGCATAAATTCTTCTTTGTAATCAAGCATCCTATAAGACTTAAACCCAGACACTGAATTTCTTGGT
CATCTGGATACATCTGCAGTGTGTGAAGCACTGAATCCACAGCACCTTCCAGGGATAACACCCCTAATGCA
TCAGTAAAATGTGCAATAAAAGARATTACTTTTAATCCACATTTCTGAATCCCAGGATTTCCAATGAACCT
GTTCAAAGCTGCTAGGACCAGTTTGTGAATATCATTCTTGAAACACTGTTTTTTAACCATATTTAGCTTAC
GATGAGATTCTGCATCCTCTCTGGATTCTTCTGGCATGCCTGGCACTATAAAATGTAAARTAGCTCGAAGC
GCCTCCAGCTGCACTGGTAATGATGTCTCATGACTTTTCATAACTGTTATTATTTTGGGGAGCACTGCTGC
CATTGTATCCAGGGATGTGTTGCTTCCTTCAAAARAGATGATTTAGCATTTTACAGCCACTTTCAGCCACTT
CAGGAGAATGTATATGCTTCTGCATTAACTCCAARACATTCAGGTATATTCCTTTTGATAACAGGATTTTT
CTGAAATTAACATTTTGTTCTAARAGAGTTGACAATGCATTAGCAGATGCCTGGARRAACTTCCTTTGATGA
TGAATGCATCAGCATGGACAGCATCACTTCCCTATGAGCTGGGAAATGGCCATCTTCATCTCCAATCTTCT
CATGTAAACTGTTTTGGTACATAAGGAGATTATTTAGTGCCCAGCATGCAGCCTCCTGCACGTGCTTGTTC
TTTCTATGCCACGTTAACGCTTTGTAACAGGCTTCCAGCCAARAACAATTTAACTTCTTCCCCCTCATCATC
ATTCTCTTGATTCTCATTCTTTTCCTCTAAATCTTGATTTAAGAARATGGTCTCAGTGAGGAGGGCCAAAC
AGCTGAGCGCTGAGATCTGTAATGCTGCGTTCTCTGGGTACCGCTGCACAGCTTTCACCACAAATTCATGG
ACTTCGTTTAATACCAGGATATTAAAAAAATTACCTAATGTAAGCCTATGGAGCAAACAGCAACTCACTTC
TTGAATTTTTTCACTGATAGGGAATGCTTTCATAGCTTCCACCACAATATTATAACACCTGACATTGCCAC
TCATGAGGACTTCCACATTATTGCAAGGAATTGCTAGGGAATGTARACAATGCAGTACATGAAGCACAATT
TCCTCTTCATCTTTAAAATTTGTTAACGCACTTAACAATATCATATAATCTTTGTTCTCAACAAATTCAGT
TAGTTGCTCCTCTGAGACTCTTTCAAACAGCACATGTAAAGCTTTGCATCCAAGTTTCTGGATTTCATCAT
TGGCTGGAAATGAGTGCATGGCATCAAAAATTAACATGAAARTATCACTTTCTTCATCCAATATCAGTAAG
GTGATTTTACCTGAAGTTAGGAGGAGATCTAAGGTCTTCAGTCCAATCATTGACAAGTTTACACTGGCATT
ATGAACTGTTAGCATTTTAAGAATCAATTGGTGAACACCAAGGACTTCCCAATCATTTCCAACATCCTGGG
GTCCCATTAAGCTTTGCATTGTACCCGGGCAGATTTCTATTAATTTGCACAGAAGTGACCAACCCACCTGC
TGCACACTCGCGACTCTCATATACGAGTCCAAGACGATCAACAGAGGCACATGGATATTTTTGCCTTGARAA
TAACTTGGAGGCGTGCTCGGAGTACGTGAACACCAGCAGATCCTCCAGGATTTGGACCAGCGTTTCTATCT
GTTTACCTTCCTGGACATTGTTCAGCCTGACTATCAACTTCTTCAGAGTTTCCTCGTCCTCCTCGCACCCC
TGACAGCTGCCACTAGCCATGGTGGCCCCTGCTTCCARACCCGCCGCCCTCCCAGCACGARCGTCCGCTGCT
CAGGGAACCGGCAGGGGCGCCGGCCACAGCTCCCCGGGATCTAGCTCAGCTCACCGCCCTCAGCCAGGGCT
CCCCGGGGGCCCCGTCGGCGCCCACGCCCGCCTGTTTATGAGGAAGGCGGTGGCTCCCCGCCCCGCGTTGL
CCTCCCTCTCCAGAGCCCTCCTGCTCGGCTTCCTCCTCCCCCAGCCAGGCCCCAAAAANCCAGCTCAGGGG
CCTGCCAGAGGCTCCGCCGGGGCGACGGGCCGCGCAGAACTTCGGCGGCGGCCETGGGGCTGCTGGAGCCG
GGCCTGGCCGGGATGACCGTGCCCGT
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SEQ ID NO:5

>NM 025730.3 Mus musculus leucine-rich repeat kinase 2 (LRRK2), mRNA
GAGCAGCTCTGAGAGCAGGAGCCGTCCCAGCTCGCCGCAGTCCCCGCCGGCTGCACCATGGCCAGTGGCGC
CTGTCAGGGCTGCGAAGAGGAAGAGGAGGAGGAGGCTCTGAAGAAGTTGATAGTCAGGCTGAATAATGTCC
AGGAAGGCAAGCAGATCGAGACGTTGCTTCAGCTCCTGGAGGACATGCTGGTGTTCACCTACTCGGACCGC
GCCTCCAAGTTATTTGAAGATAAAAATTTCCACGTGCCTCTGTTGATTGTCCTGGACTCCTACATGAGAGT
TGCCAGTGTACAGCAGGCGGGGTGGTCACTTCTGTGCARAATTAATAGAAGTCTGTCCAGGGACATTGCARA
GCTTAATAGGACCCCAGGATATTGGAAATGATTGGGAAGTCCTTGGTATTCACCGGCTGATTCTTAAAATG
TTAACTGTTCATCACGCCAATGTAAACCTGTCAATAGTTGGACTAAAAGCCTTGGATCTCCTCCTAGATTC
AGGTAAACTCACCTTGCTGATACTGGATGAAGAATGTGATATTTTCTTGTTAATTTTTGATGCCATGCACA
GATATTCAGCCAATGATGAAGTCCAARAACTGGGATGCAAAGCTTTACACGTGCTTTTTGAGAGAGTTTCC
GAGGAACAGCTGACTGAGTTTGTGGAGAACAAAGATTACACGATACTGCTGAGTACGTTCGGCAGCTTCAG
AAGGGACAAGGAGATTGTGTACCACGTACTTTGCTGCTTGCATTCCCTGGCGGTTACATGCAGCAATGTAG
AGGTCCTCATGAGTGGGAATGTCCGGTGCTACAATCTTGTGGTGGAGGCCATGAAAGCCTTCCCCACCAAT
GAAAACATCCAAGAGGTGAGCTGCTCCTTGTTCCAGAAGCTTACATTAGGTAACTTTTTCAACATCCTGGT
GTTGAACGAAGTGCATGTCTTTGTGGTGAAAGCGGTCCGACAGTATCCTGAGAACGCAGCCTTACAGATCT
CTGCACTCAGCTGTTTAGCACTCCTCACTGAGACTATTTTCTTAAACCAAGACTTGGAGGARAGAAGTGAG
ACTCAAGAGCAGAGCGAAGAGGAAGACAGTGAGAAGCTTTTCTGGCTGGAACCCTGCTATAAAGCCCTGGT
GCGCCATCGAAAGGACAARACACGTGCAGGAGGCTGCCTGCTGGGCACTARATAACCTCCTTATGTACCAGA
ACAGTTTGCATGAGAAGATCGGAGATGAAGATGGCCAGTTCCCTGCGCACAGGGAAGTGATGCTGTCTATG
CTGATGCACTCTTCTTCCAAAGATGTCTTCCAAGCAGCTGCACATGCTCTGTCCACTCTCTTGGAACAARA
TGTTAATTTCAGGAAAATCCTGCTGGCAAAAGGAGTATACCTGAATGTCTTGGAATTGATGCAGAAGCATG
CCCATGCGCCTGAGGTGGCAGAGAGTGGCTGCAAGATGCTGAGTCACCTGTTTGAAGGAAGTAACCCTTCT
CTGGATACAATGGCAGCAGTGGTCCCTAAAATACTAACAGTGATGAAAGCCCACGGAACGTCTCTGTCAGT
CCAGCTGGAGGCGCTGCGAGCTATCTTGCATTTCGTTGTGCCAGGACTATTGGAAGAATCCAGGGAGGACT
CTCAATGCAGACCAAATGTGCTCAGARAACAGTGTTTCAGGACTGACATCCACAAGCTGGTTCTAGTCGCT
CTGAACAGGTTCATTGGGAATCCTGGGATTCAGAAATGTGGATTGAAAGTAATCTCTTCTCTCGCGCACCT
TCCTGATGCCACAGAGACATTGTCCCTGCAAGGAGCAGTTGACTCAGTCCTCCACACCTTACAGATGTATC
CAGATGACCAAGAAATTCAGTGTCTGGGCTTACACCTTATGGGATGCTTGATGACAAAGAAGAATTTCTGC
ATAGGGACAGGGCACCTCCTGGCAAAAATTCTGGCTTCCACTTTGCAGCGCTTTAAAGATGTTGCTGAGGT
GCAGACTACAGGATTACAGACAACCCTGTCAATACTTGAGCTGTCAGTATCTTTCTCCAAGCTGCTAGTGC
ACTATTCCTTTGATGTGGTGATATTTCATCAGATGTCTTCCAGTGTTGTAGAACAAAAGGATGAGCAGTTC
CTCAATCTATGTTGCAAATGCTTTGCAAAAGTGGCCGTGGATGATGAGCTGAAAARCACCATGCTAGAGAG
AGCCTGCGATCAGAATAACAGCATCATGGTTGAATGTTTGCTCCTCTTGGGAGCTGATGCCAACCAAGTGA
AGGGGGCAACTTCTTTAATCTATCAGGTATGTGAGAAAGAGAGCAGTCCTARAATTGGTGGAACTGTTGCTT
AATGGTGGTTGTCGTGAACAAGATGTACGGAAGGCCCTGACCGTAAGCATCCARARAGGGCGACAGCCAGGT
CATCAGCTTGCTCCTCAGGAAACTTGCCCTGGACCTGGCCAACAACAGCATTTGCCTTGGAGGATTTGGCA
TAGGAAAAATTGATCCTTCTTGGCTTGGTCCTTTATTTCCAGATAAGTCATCCAATTTAAGGAAGCAAACA
AACACAGGATCTGTCCTAGCGAGGAAAGTGCTCCGGTATCAGATGAGAAACACCCTTCAAGAAGGCGTGGC
CTCAGGCAGTGACGGCAAGTTTTCTGAAGACGCGCTGGCGAAATTTGGAGAATGGACCTTTATTCCCGACT
CTTCTATGGACAGTGTGTTTGGCCAGAGCGATGATCTGGATAGCGAAGGCAGCGAGAGCTCATTTCTCGTG
AAGAGGAAGTCCAACTCAATTAGTGTAGGGGAAGTTTACAGAGATCTAGCTCTGCAGCGCTGCTCACCAAA
TGCTCAGAGGCATTCCAATTCGCTGGGTCCTGTTTTTGACCATGAAGACTTACTGAGACGAAAAAGAAARA
TACTGTCTTCAGATGAGTCTCTCAGGTCCTCAAGGCTGCCGTCCCATATGAGGCAATCAGATAGCTCTTCT
TCCCTGGCTTCTGAGAGAGAACACATCACGTCGTTAGACCTATCTGCCAACGAACTCAAAGATATTGATGC
TCTGAGCCAGAAGTGTTGCCTCAGTAGCCACCTGGAACATCTCACCARACTGGAACTTCACCAGAATTCAC
TCACGAGCTTCCCACAGCAGCTGTGTGAGACTCTGAAGTGTTTGATACACTTGGATTTGCACAGTAACARAA
TTCACCTCATTTCCCTCTTTCGTGTTGAAAATGCCACGTATCACCAACCTAGATGCCTCTCGAAATGACAT
CGGGCCAACAGTAGTTTTAGACCCTGCGATGAAGTGTCCAAGCCTCAAACAGTTGAATCTGTCCTATAACC
AGCTCTCTTCAATCCCAGAGAATCTTGCCCAAGTGGTGGAGARAACTTGAGCAGCTCCTACTGGAAGGARAAT
AAAATATCCGGGATTTGCTCTCCCCTGAGCCTGAAGGAACTGAAGATTTTAAATCTTAGTAAAAATCACAT
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TCCATCCCTACCTGGAGATTTTCTTGAGGCTTGTTCARAAGTCGAGAGTTTCAGTGCTCGCATGAATTTTC
TTGCTGCAATGCCTGCCTTACCTTCTTCCATAACGAGCTTAAAATTGTCTCAGAACTCTTTCACGTGCATT
CCAGAAGCGATTTTCAGTCTTCCGCACTTGCGGTCCTTGGATATGAGCCACAACAACATTGAATGTCTGCC
GGGACCTGCACATTGGAAGTCTCTGAACTTAAGGGAACTCATTTTTAGCAAGAATCAGATCAGCACCTTAG
ACTTTAGTGAGAACCCACACGTGTGGTCAAGAGTAGAGAAACTGCATCTCTCTCATAATAAACTGAAAGAG
ATTCCTCCAGAAATTGGCTGCCTTGAAAATCTGACGTCTCTCGACGTCAGTTACAACTTGGAACTGAGGTC
CTTCCCAAATGAAATGGGGAAGTTGAGCAAGATATGGGATCTTCCCTTGGACGGACTGCATCTGAATTTTG
ACTTTAAGCACGTAGGATGCAAGGCCAAAGACATCATAAGGTTTCTACARCAACGTCTGAAAARGGCTGTA
CCCTACAACCGAATGAAGCTCATGATTGTGGGAAATACGGGGAGCGGTAAGACCACTTTACTGCAACAACT
CATGAARATGAAGAAACCAGAACTTGGCATGCAGGGTGCCACAGTCGGCATAGACGTGCGAGACTGGTCCA
TCCAAATACGGGGCAAAAGGAGARAGGACCTGGTTCTAAACGTGTGGGATTTTGCAGGTCGTGAGGAATTC
TACAGCACTCACCCCCACTTCATGACCCAGAGAGCCCTCTACCTGGCTGTCTATGATCTCAGCAAGGGGCA
GGCAGAGGTGGACGCCATGAAGCCCTGGCTCTTCAATATCAAGGCTCGTGCCTCTTCTTCCCCGGTGATTC
TGGTGGGCACACATTTGGATGTTTCTGATGAGAAGCAGCGGARAGCGTGCATAAGCAAAATCACGAAGGAA
CTCCTAAATAAGCGAGGATTCCCCACCATCCGGGACTACCACTTTGTGAATGCCACCGAGGAGTCAGATGC
GCTGGCAAAGCTTCGGAAAACCATCATAAATGAGAGCCTTAATTTCAAGATCCGAGATCAGCCTGTGGTTG
GGCAGCTAATTCCAGATTGCTACGTAGAACTGGAGAARATCATTTTATCAGAGCGGAAAGCTGTGCCGACT
GAGTTTCCTGTGATTAACCGGAAACACCTGTTACAGCTCGTGAACGAACATCAGCTGCAGCTGGATGAGAA
CGAGCTCCCACACGCCGTTCACTTCCTAAATGAGTCGGGAGTTCTTCTGCATTTTCAAGACCCTGCCCTGC
AGCTAAGTGACCTGTACTTTGTGGAACCCAAGTGGCTTTGTAAAGTCATGGCACAGATCTTGACAGTGAAG
GTAGACGGCTGTCTGAAACATCCTAAGGGCATCATTTCCCGGAGAGATGTGGARARATTCCTTTCAAAGAA
GAAGCGATTCCCGAAGAACTATATGATGCAATACTTTAAACTATTAGAARAATTTCAGATCGCATTGCCAA
TAGGGGAAGAATATCTTCTGGTTCCAAGCAGCTTGTCTGACCACAGGCCAGTGATAGAGCTCCCCCACTGT
GAGAACTCTGAGATCATCATCCGGCTGTACGAAATGCCGTACTTTCCCATGGGATTTTGGTCAAGATTGAT
TAACCGATTACTTGAAATCTCACCCTTCATGCTTTCTGGCAGAGAGAGAGCACTACGCCCTAACAGGATGT
ATTGGCGGCAAGGCATCTACTTGAATTGGTCTCCAGAAGCATACTGTCTGGTAGGCTCTGAAGTCTTAGAC
AATCGACCTGAGAGTTTCTTGAAAATCACAGTTCCGTCTTGTAGARAAGGTTGTATTCTTCTGGGCCGAGT
TGTGGATCATATTGACTCACTCATGGAAGAATGGTTTCCCGGGTTACTGGAGATTGACATTTGTGGGGAAG
GAGAAACTCTGTTGAAGAAATGGGCATTGTACAGTTTTAATGATGGTGAAGAACATCAGAAGATCTTGCTT
GATGAGTTGATGAAGAAGGCTGAAGAAGGAGACCTGTTAATAAATCCAGACCAACCAAGGCTCACTATTCC
AATATCCCAGATTGCTCCGGACTTGATCTTGGCTGACCTGCCTAGARAATATCATGTTGAACAATGATGAGT
TGGAATTTGAGGAAGCACCAGAGTTTCTCTTAGGCGATGGAAGTTTTGGATCCGTTTATCGAGCTGCCTAC
GAAGGAGAGGAAGTGGCTGTGAAGATTTTTAATAAGCACACATCTCTTAGGCTGTTAAGACAAGAGTTGGT
GGTCCTTTGTCACCTTCACCACCCCAGCCTGATATCCTTGCTGGCGGCTGGTATTCGTCCTCGGATGTTGG
TAATGGAGTTGGCCTCCAAAGGTTCCTTGGATCGCCTGCTGCAGCAGGACAAAGCCAGCCTCACCAGAACC
CTCCAGCACAGGATCGCGTTGCATGTGGCCGACGGCCTGAGGTATCTCCACTCAGCCATGATTATTTACCG
TGACCTGAAGCCCCACAATGTGCTGCTTTTTACCCTGTATCCCAATGCTGCCATCATTGCGAAGATTGCGG
ACTACGGGATCGCACAGTACTGCTGCAGGATGGGAATAAAGACATCAGAGGGCACCCCAGGGTTCCGGGCA
CCTGAAGTTGCCAGGGGGAATGTCATTTATAACCAACAGGCCGATGTTTATTCTTTTGGCTTACTACTTCA
CGATATTTGGACAACTGGGAGTAGGATTATGGAGGGTTTGAGGTTCCCARATGAGTTTGATGAGTTAGCCA
TACAAGGGAAGTTGCCAGATCCAGTTAAAGAATATGGCTGTGCCCCATGGCCTATGGTTGAGAAGTTAATT
ACAAAGTGTTTGAAAGAARATCCTCAAGAAAGACCCACTTCTGCCCAGGTCTTTGACATTTTGAATTCGGC
TGAATTAATTTGCCTCATGCGACACATTTTAATACCTAAGAACATCATTGTTGAATGCATGGTTGCCACGA
ATCTCAATAGCAAGAGTGCGACTCTCTIGGTTGGGATGTGGGAACACAGARAAAGGACAGCTTTCCTTATTT
GACTTARACACGGAAAGATACAGCTATGAGGAAGTTGCTGATAGTAGAATACTGTGCTTGGCTTTGGTGCA
TCTCGCTGCTGAGAAAGAGAGCTGGGTTGTGCTGCGGGACACAGTCTGGGGCTCTCCTGGTCATCAATGTTG
AAGAGGAGACAAAGAGACACACCCTGGAAAAGATGACTGATTCTGTCACTTGTTTGCATTGCAATTCCCTT
GCCAAGCAGAGCAAGCAAAGTAACTTTCTTTTGGTGGGAACTGCTGATGGTAACTTAATGATATTTGAAGA
TAAAGCCGTTAAGTGTAAAGGAGCTGCCCCCTTGAAGACACTACACATAGGCGATGTCAGTACGCCCCTGA
TGTGCCTGAGCGAGTCCCTGAATTCATCTGAAAGACACATCACATGGGGAGGGTGTGGCACARAGGTCTTC
TCCTTTTCCAATGATTTCACCATTCAGAAACTCATCGAGACAAAARCCAACCAGCTGTTTTCTTACGCAGC
TTTCAGCGATTCTAACATCATAGCGCTGGCAGTAGACACAGCCCTGTATATTGCCAAGARAAACAGCCCTG
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TCGTAGAGGTGTGGGACAAGAAARCAGAAAAGCTCTGTGAATTAATAGACTGTGTGCACTTCTTARAGGAG
GTGATGGTARARACTAAACAAGGAATCGAAACATCAGCTGTCCTACTCTGGGAGGGTGAAGGCCCTCTGCCT
GCAGAAGAACACGGCTCTCTGGATCGGAACTGGAGGAGGCCACATCTTACTCCTGGATCTTTCTACTCGGC
GAGTTATCCGCACCATTCACAATTTCTGTGATTCTGTGAGAGCCATGGCCACAGCACAATTAGGAAGCCTT
AAGAATGTCATGCTGGTTTTGGGGTACAAGCGGAAGAGTACAGAGGGTATCCAAGAACAAAAAGAGATACA
ATCTTGTTTGTCTATTTGGGACCTCAATCTTCCACACGAGGTGCARAATTTAGAAAAACACATTGAAGTAA
GAACAGAATTAGCTGATAAAATGAGGAAAACATCTGTTGAATAGARAGACATCAGGCAGTCTCGATGTTAT
ATTGAATAAGACATCAGACATCCTCGTCACTATATTGAAAAGGACATCAGACATCCTCGCCAATATGTTAG
AAAATGTACTCTTCTTTTTAAAATATATTTTTAARATGTTTACATTGAARAGAGTATGCCTATTCTTTACA
AAGTTCATATGTATATGAAGGAATGTGTATGTCTTATGTTTAATTTAATATATGTARAAATATTTATCAGT
AAATATGTTTTAAAAAACTATTTAATTTAGCATTATATTTTCTATACTCCTTAACTAATTTGARGGGATAA
ACAAAAGAAATCTACAAAGCATTTAATTTCAGTATTTATACTAAARTTAATAARAATATCATGTTTGTTTT
GCTATGTATTGTGATGATAAAGCCTATTTTAAATTGTTGATTAAGACACAGATGTTGCTTGATTATCTATG
GACTCAGCGGAGTAGAATAARATATCTGGTCAATTTCCAAGTAAGAGACTCTTTCATATCTTGTTTTCAAG
TGAATTATCATCATTAATGTAAACTGTCATATTTTCACTAATAAAGATTTTTGTTAGCTCAGGAAR

SEQ ID NO:6

>Reverse Complement of SEQ ID NO:5
TTTCCTGAGCTAACARAAATCTTTATTAGTGAARAATATGACAGTTTACATTAATGATGATAATTCACTTGA
AAACAAGATATGAAAGAGTCTCTTACTTGGAAATTGACCAGATATTTTATTCTACTCCGCTGAGTCCATAG
ATAATCAAGCAACATCTGTGTCTTAATCAACAATTTAAAATAGGCTTTATCATCACAATACATAGCARRAAC
AAACATGATATTTTTATTAATTTTAGTATAAATACTGAAATTAAATGCTTTGTAGATTTCTTTTGTTTATC
CCTTCAAATTAGTTAAGGAGTATAGAAAATATAATGCTAAATTAAATAGTTTTTTAAAACATATTTACTGA
TAAATATTTTTACATATATTAAATTAAACATAAGACATACACATTCCTTCATATACATATGAACTTTGTAA
AGAATAGGCATACTCTTTTCAATGTAAACATTTTAAAAATATATTTTAAARAAAGAAGAGTACATTTTCTAAC
ATATTGGCGAGGATGTCTGATGTCCTTTTCAATATAGTGACGAGGATGTCTGATGTCTTATTCAATATAAC
ATCGAGACTGCCTGATGTCTTTCTATTCAACAGATGTTTTCCTCATTTTATCAGCTAATTCTGTTCTTACT
TCAATGTGTTTTTCTAAATTTTGCACCTCGTGTGGAAGATTGAGGTCCCAAATAGACAAACAAGATTGTAT
CTCTTTTTGTTCTTGGATACCCTCTGTACTCTTCCGCTTGTACCCCAARACCAGCATGACATTCTTAAGGC
TTCCTRAATTGTGCTGTGGCCATGGCTCTCACAGAATCACAGAAATTGTGRAATGGTGCGGATAACTCGCCGA
GTAGAAAGATCCAGGAGTAAGATGTGGCCTCCTCCAGTTCCGATCCAGAGAGCCGTGTTCTTCTGCAGGCA
GAGGGCCTTCACCCTCCCAGAGTAGGACAGCTGATGTTTCGATTCCTTGTTTAGTTTTACCATCACCTCCT
TTAAGAAGTGCACACAGTCTATTAATTCACAGAGCTTTTCTGTTTTCTTGTCCCACACCTCTACGACAGGG
CTGTTTTTCTTGGCAATATACAGGGCTGTGTCTACTGCCAGCGCTATGATGTTAGAATCGCTGARAGCTGC
GTAAGAAAACAGCTGGTTGGTTTTTGTCTCGATGAGTTTCTGAATGGTGAAATCATTGGAAAAGGAGAAGA
CCTTTGTGCCACACCCTCCCCATGTGATGTGTCTTTCAGATGAATTCAGGGACTCGCTCAGGCACATCAGG
GGCGTACTGACATCGCCTATGTGTAGTGTCTTCAAGGGGGCAGCTCCTTTACACTTAACGGCTTTATCTTC
AAATATCATTAAGTTACCATCAGCAGTTCCCACCARAAAGARAAGTTACTTTGCTTGCTCTGCTTGGCARGGG
AATTGCAATGCAAACAAGTGACAGAATCAGTCATCTTTTCCAGGGTGTGTCTCTTTGTCTCCTCTTCAACA
TTGATGACCAGGAGAGCCCCAGACTGTGTCCCGCACACAACCCAGCTCTCTTTCTCAGCAGCGAGATGCAC
CAAAGCCAAGCACAGTATTCTACTATCAGCAACTTCCTCATAGCTGTATCTTTCCGTGTTTAAGTCARAATA
AGGAAAGCTGTCCTTTTTCTGTGTTCCCACATCCCAACCAGAGAGTCGCACTCTTGCTATTGAGATTCGTG
GCAACCATGCATTCAACAATGATGTTCTTAGGTATTAAAATGTGTCGCATGAGGCAAATTAATTCAGCCGA
ATTCAAAATGTCAAAGACCTGGGCAGAAGTGGGTCTTTCTTGAGGATTTTCTTTCAAACACTTTGTAATTA
ACTTCTCAACCATAGGCCATGGGGCACAGCCATATTCTTTAACTGGATCTGGCAACTTCCCTTGTATGGCT
AACTCATCAAACTCATTTGGGAACCTCAAACCCTCCATAATCCTACTCCCAGTTGTCCAAATATCGTGAAG
TAGTAAGCCAAAAGAATAAACATCGGCCTGTTGGTTATAAATGACATTCCCCCTGGCAACTTCAGGTGCCC
GGAACCCTGGGGTGCCCTCTGATGTCTTTATTCCCATCCTGCAGCAGTACTGTGCGATCCCGTAGTCCGCA
ATCTTCGCRAATGATGGCAGCATTGGGATACAGGGTAAAAAGCAGCACATTGTGGGGCTTCAGGTCACGGTA
AATAATCATGGCTGAGTGGAGATACCTCAGGCCGTCGGCCACATGCAACGCGATCCTGTGCTGGAGGGTTC
TGGTGAGGCTGGCTTTGTCCTGCTGCAGCAGGCGATCCAAGGAACCTTTGGAGGCCAACTCCATTACCAAC
ATCCGAGGACGAATACCAGCCGCCAGCAAGGATATCAGGCTGGGGTGGTGAAGGTGACARAGGACCACCAA
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CTCTTGTCTTAACAGCCTAAGAGATGTGTGCTTATTARAAATCTTCACAGCCACTTCCTCTCCTTCGTAGG
CAGCTCGATARACGGATCCAAAACTTCCATCGCCTAAGAGARACTCTGGTGCTTCCTCAAATTCCAACTCA
TCATTGTTCAACATGATATTTCTAGGCAGGTCAGCCAAGATCAAGTCCGGAGCAATCTGGGATATTGGAAT
AGTGAGCCTTGGTTGGTCTGGATTTATTAACAGGTCTCCTTCTTCAGCCTTCTTCATCAACTCATCAAGCA
AGATCTTCTGATGTTCTTCACCATCATTAAAACTGTACAATGCCCATTTCTTCAACAGAGTTTCTCCTTCC
CCACAAATGTCAATCTCCAGTAACCCGGGARAACCATTCTTCCATGAGTGAGTCAATATGATCCACAACTCG
GCCCAGAAGAATACAACCTTTTCTACAAGACGGAACTGTGATTTTCAAGAAACTCTCAGGTCGATTGTCTA
AGACTTCAGAGCCTACCAGACAGTATGCTTCTGGAGACCAATTCAAGTAGATGCCTTGCCGCCAATACATC
CTGTTAGGGCGTAGTGCTCTCTCTCTGCCAGAAAGCATGAAGGGTGAGATTTCAAGTAATCGGTTAATCAA
TCTTGACCAARAATCCCATGGGAAAGTACGGCATTTCGTACAGCCGGATGATGATCTCAGAGTTCTCACAGT
GGGGGAGCTCTATCACTGGCCTGTGGTCAGACAAGCTGCTTGGAACCAGAAGATATTCTTCCCCTATTGGC
AATGCGATCTGAAATTTTTCTAATAGTTTAAAGTATTGCATCATATAGTTCTTCGGGAATCGCTTCTTCTT
TGAAAGGAATTTTTCCACATCTCTCCGGGAAATGATGCCCTTAGGATGTTTCAGACAGCCGTCTACCTTCA
CTGTCAAGATCTGTGCCATGACTTTACAAAGCCACTTGGGTTCCACAAAGTACAGGTCACTTAGCTGCAGG
GCAGGGTCTTGARAAATGCAGAAGAACTCCCGACTCATTTAGGAAGTGAACGGCGTGTGGGAGCTCGTTCTC
ATCCAGCTGCAGCTGATGTTCGTTCACGAGCTGTAACAGGTGTTTCCGGTTAATCACAGGAAACTCAGTCG
GCACAGCTTTCCGCTCTGATAAARTGATTTTCTCCAGTTCTACGTAGCAATCTGGAATTAGCTGCCCAACC
ACAGGCTGATCTCGGATCTTGAAATTAAGGCTCTCATTTATGATGGTTTTCCGAAGCTTTGCCAGCGCATC
TGACTCCTCGGTGGCATTCACAAAGTGGTAGTCCCGGATGGTGGGGAATCCTCGCTTATTTAGGAGTTCCT
TCGTGATTTTGCTTATGCACGCTTTCCGCTGCTTCTCATCAGAAACATCCARATGTGTGCCCACCAGAATC
ACCGGGGAAGAAGAGGCACGAGCCTTGATATTGAARGAGCCAGGGCTTCATGGCGTCCACCTCTGCCTGCCC
CTTGCTGAGATCATAGACAGCCAGGTAGAGGGCTCTCTGGGTCATGAAGTGGGGGTGAGTGCTGTAGAATT
CCTCACGACCTGCAAAATCCCACACGTTTAGAACCAGGTCCTTTCTCCTTTTGCCCCGTATTTGGATGGAC
CAGTCTCGCACGTCTATGCCGACTGTGGCACCCTGCATGCCAAGTTCTGGTTTCTTCATTTTCATGAGTTG
TTGCAGTAAAGTGGTCTTACCGCTCCCCGTATTTCCCACAATCATGAGCTTCATTCGGTTGTAGGGTACAG
CCTTTTTCAGACGTTGTTGTAGAAACCTTATGATGTCTTTGGCCTTGCATCCTACGTGCTTAARGTCAARA
TTCAGATGCAGTCCGTCCAAGGGAAGATCCCATATCTTGCTCAACTTCCCCATTTCATTTGGGAAGGACCT
CAGTTCCAAGTTGTAACTGACGTCGAGAGACGTCAGATTTTCAAGGCAGCCAATTTCTGGAGGAATCTCTT
TCAGTTTATTATGAGAGAGATGCAGTTTCTCTACTCTTGACCACACGTGTGGGTTCTCACTAAAGTCTAAG
GTGCTGATCTGATTCTTGCTAAARATGAGTTCCCTTAAGTTCAGAGACTTCCAATGTGCAGGTCCCGGCAG
ACATTCAATGTTGTTGTGGCTCATATCCAAGGACCGCAAGTGCGGAAGACTGARAATCGCTTCTGGAATGC
ACGTGAAAGAGTTCTGAGACAATTTTAAGCTCGTTATGGAAGAAGGTAAGGCAGGCATTGCAGCAAGAARA
TTCATGCGAGCACTGAAACTCTCGACTTTTGAACAAGCCTCAAGARAATCTCCAGGTAGGGATGGAATGTG
ATTTTTACTAAGATTTAARAATCTTCAGTTCCTTCAGGCTCAGGGGAGAGCAAATCCCGGATATTTTATTTC
CTTCCAGTAGGAGCTGCTCAAGTTTCTCCACCACTTGGGCAAGATTCTCTGGGATTGAAGAGAGCTGGTTA
TAGGACAGATTCAACTGTTTGAGGCTTGGACACTTCATCGCAGGGTCTAAAACTACTGTTGGCCCGATGTC
ATTTCGAGAGGCATCTAGGTTGGTGATACGTGGCATTTTCAACACGAAAGAGGGAAATGAGGTGAATTTGT
TACTGTGCAAATCCAAGTGTATCAAACACTTCAGAGTCTCACACAGCTGCTGTGGGAAGCTCGTGAGTGAA
TTCTGGTGAAGTTCCAGTTTGGTGAGATGTTCCAGGTGGCTACTGAGGCAACACTTCTGGCTCAGAGCATC
AATATCTTTGAGTTCGTTGGCAGATAGGT CTAACGACGTGATGTGTTCTCTCTCAGAAGCCAGGGAAGAAG
AGCTATCTGATTGCCTCATATGGGACGGCAGCCTTGAGGACCTGAGAGACTCATCTGAAGACAGTATTTTT
CTTTTTCGTCTCAGTAAGTCTTCATGGTCARAAACAGGACCCAGCGAATTGGAATGCCTCTGAGCATTTGG
TGAGCAGCGCTGCAGAGCTAGATCTCTGTAAACTTCCCCTACACTAATTGAGTTGGACTTCCTCTTCACGA
GAAATGAGCTCTCGCTGCCTTCGCTATCCAGATCATCGCTCTGGCCAAACACACTGTCCATAGAAGAGTCG
GGAATARAGGTCCATTCTCCRAATTTCGCCAGCGCGTCTTCAGAARACTTGCCGTCACTGCCTGAGGCCAC
GCCTTCTTGAAGGGTGTTTCTCATCTGATACCGGAGCACTTTCCTCGCTAGGACAGATCCTGTGTTTGTTT
GCTTCCTTAAATTGGATGACTTATCTGGAAATAARGGACCAAGCCAAGAAGGATCAATTTTTCCTATGCCA
AATCCTCCAAGGCARATGCTGTTGTTGGCCAGGTCCAGGGCAAGTTTCCTGAGGAGCAAGCTGATGACCTG
GCTGTCGCCCTTTTGGATGCTTACGGTCAGGGCCTTCCGTACATCTTGTTCACGACAACCACCATTAAGCA
ACAGTTCCACCAATTTAGGACTGCTCICTTTCTCACATACCTGATAGATTAAAGAAGTTGCCCCCTTCACT
TGGTTGGCATCAGCTCCCAAGAGGAGCAAACATTCAACCATGATGCTGTTATTCTGATCGCAGGCTCTCTC
TAGCATGGTGTTTTTCAGCTCATCATCCACGGCCACTTTTGCAAAGCATTTGCAACATAGATTGAGGAACT
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GCTCATCCTTTTGTTCTACAACACTGGAAGACATCTGATGAAATATCACCACATCAAAGGAATAGTGCACT
AGCAGCTTGGAGAAARGATACTGACAGCTCAAGTATTGACAGGGTTGTCTGTAATCCTGTAGTCTGCACCTC
AGCAACATCTTTAAAGCGCTGCAAAGTGGAAGCCAGAATTTTTGCCAGGAGGTGCCCTGTCCCTATGCAGA
AATTCTTCTTTGTCATCAAGCATCCCATAAGGTGTAAGCCCAGACACTGAATTTCTTGGTCATCTGGATAC
ATCTGTAAGGTGTGGAGGACTGAGTCAACTGCTCCTTGCAGGGACAATGTCTCTGTGGCATCAGGAAGGTG
CGCGAGAGAAGAGATTACTTTCAATCCACATTTCTGAATCCCAGGATTCCCAATGAACCTGTTCAGAGCGA
CTAGAACCAGCTTGTGGATGTCAGTCCTGAAACACTGTTTTCTGAGCACATTTGGTCTGCATTGAGAGTCC
TCCCTGGATTCTTCCAATAGTCCTGGCACAACGARATGCAAGATAGCTCGCAGCGCCTCCAGCTGGACTGA
CAGAGACGTTCCGTGGGCTTTCATCACTGTTAGTATTTTAGGGACCACTGCTGCCATTGTATCCAGAGAAG
GGTTACTTCCTTCAAACAGGTGACTCAGCATCTTGCAGCCACTCTCTGCCACCTCAGGCGCATGGGCATGC
TTCTGCATCAATTCCAAGACATTCAGGTATACTCCTTTTGCCAGCAGGATTTTCCTGAAATTAACATTTTG
TTCCAAGAGAGTGGACAGAGCATGTGCAGCTGCTTGGAAGACATCTTTGGAAGAAGAGTGCATCAGCATAG
ACAGCATCACTTCCCTGTGCGCAGGGAACTGGCCATCTTCATCTCCGATCTTCTCATGCAAACTGTTCTGG
TACATAAGGAGGTTATTTAGTGCCCAGCAGGCAGCCTCCTGCACGTGTTTGTCCTTTCGATGGCGCACCAG
GGCTTTATAGCAGGGTTCCAGCCAGAAAAGCTTCTCACTGTCTTCCTCTTCGCTCTGCTCTTGAGTCTCAC
TTCTTTCCTCCAAGTCTTGGTTTAAGAAAATAGTCTCAGTGAGGAGTGCTAARACAGCTGAGTGCAGAGATC
TGTAAGGCTGCGTTCTCAGGATACTGTCGGACCGCTTTCACCACARAGACATGCACTTCGTTCAACACCAG
GATGTTGAAARAAGTTACCTAATGTAAGCTTCTGGAACAAGGAGCAGCTCACCTCTTGGATGTTTTCATTGG
TGGGGAAGGCTTTCATGGCCTCCACCACAAGATTGTAGCACCGGACATTCCCACTCATGAGGACCTCTACA
TTGCTGCATGTAACCGCCAGGGAATGCAAGCAGCAAAGTACGTGGTACACAATCTCCTTGTCCCTTCTGAA
GCTGCCGAACGTACTCAGCAGTATCGTGTAATCTTTGTTCTCCACAAACTCAGTCAGCTGTTCCTCGGARA
CTCTCTCAARRAAGCACGTGTAAAGCTTTGCATCCCAGTTTTTGGACTTCATCATTGGCTGAATATCTGTGC
ATGGCATCAAAAATTAACAAGAANATATCACATTCTTCATCCAGTATCAGCAAGGTGAGTTTACCTGAATC
TAGGAGGAGATCCAAGGCTTTTAGTCCAACTATTGACAGGTTTACATTGGCGTGATGAACAGTTAACATTT
TAAGAATCAGCCGGTGAATACCAAGGACTTCCCAATCATTTCCAATATCCTGGGGTCCTATTARAGCTTTGC
AATGTCCCTGGACAGACTTCTATTAATTTGCACAGAAGTGACCACCCCGCCTGCTGTACACTGGCAACTCT
CATGTAGGAGTCCAGGACAATCAACAGAGGCACGTGGAAATTTTTATCTTCAAATAACTTGGAGGCGCGGT
CCGAGTAGGTGAACACCAGCATGTCCTCCAGGAGCTGAAGCAACGTCTCGATCTGCTTGCCTTCCTGGACA
TTATTCAGCCTGACTATCAACTTCTTCAGAGCCTCCTCCTCCTCTTCCTCTTCGCAGCCCTGACAGGCGCC
ACTGGCCATGGTGCAGCCGGCGGGGACTGCGGCGAGCTGGGACGGCTCCTGCTCTCAGAGCTGCTC

SEQ ID NO:7

>NM 001191789.1 Rattus norvegicus leucine-rich repeat kinase 2 (LRRK2),
mRNA
ATGGCCAGTGGCGCCTGTCAGGGCTGCGACGAGGAAGAGGAGGAGGAGGCTCTGAAGAAGTTGATAGTCAG
GCTGAATAATGTCCAGGAAGGCAAGCAGATCGAGACGTTGCTCCAGCTCCTGGAGGACATTCTGGTGTTCA
CCTACTCCGACCGCGCCTCCAAGTTATTTGAAGGCAAAAATGTCCACGTGCCTCTGTTGATAGTCCTGGAC
TCCTACATGAGAGTCGCCAGTGTGCAGCAGGTGGGGETGGTCACTTCTGTGCAAATTAATAGAAGTCTGTCC
AGGGACATTGCAAAGCTTAATAGGACCCCAGGATATTGGGAATGATTGGGAAGTCCTTGGTATTCACCGAC
TGATTCTTAAAATGTTAACTGTTCATCATGCCAACGTAAACCTGTCAATAGTTGGACTAAAAGCCTTAGAT
CTCCTCCTAGATTCAGGTAAAATTACTCTGCTGATACTGGATGAAGAATGTGATGTTTTCCTGTTAATTTT
TGATGCCATGCACAGATATTCAGCCAACGAGGAAGTCCAGAAGCTTGCGTGCAAGGCTTTACATGTGCTGT
TCGAGAGAGTGTCCGAGGAGCAACTGACTGAGTTTGTGGAGAACAAAGATTACATGACCCTGCTGAGTACG
TTCCGCAGCTTCAAGAGGGACGAGGAGATTGTGCACCATGTACTCTGCTGCCTGCATTCTCTGGCCGTCAC
TTGCAGCAATGTGGAGGTCCTCATGAGTGGGCAATGTCAGGTGTTACAATATTGTGGTGGAAGCCATGAAAA
CATTCCCCACCAGTGAAAACATTCAAGAGGTGAGCTGCTCCTTGCTCCACAAGCTTACATTAGGTAATTTT
TTCAACATCCTGGTGTTGAACGAAGTCCATGTCTTTGTGGTGAAAGCCGTCCAGCGGTATCCCGAGAACGT
AGCCTTACAGATCTCTGCACTCAGCTGCTTAGCCCTCCTCACCGAGACTATTTTCTTAAACCAAGACCTGG
AAGAAAGAAGTGAGACTCAGGAAAACAGCGATGAGGACAGTGAGAAGCCTTTCTGGTTGGAACCCTGCTAT
ARAAGCCCTGATGCGCCATCGAAAGAACAAACACGTGCAGGAGGCCGCCTGCTGGGCCCTAAATAATCTCCT
CATGTACCAGAGCAGTTTGCACGAGAAGATTGGAGATGAAGATGGCCAGTTCCCGGCGCACAGGGAAGTGA
TGCTGTCTATGCTGATGCACTCTTCTTCCAAAGACGTCTTCCAAGCAGCTGCGCATGCTCTGTCCACTCTC
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TTGGAACAAAACGTTAATTTCAGGAAAATCCTGCTTGCAAAAGGAGTGTACCTGAATGTCTTGGAGTTGAT
GCAGCGGCACGCCCAGGTTCCTGAGGTGGCAGAGAGTGGCTGCAAGATGCTGAGTCATCTGTTTGAAGGAA
GCAACCCTTCTTTGGATACAGTGGCGGCAGTGATCCCCAAAATACTAACAGTGATGAGARCCCATGGAACG
TCTCTGTCAGTCCAGCTGGAGGCACTGCGAGCTCTTCTGCATTTTGTGGTGCCGGGAGTATCAGAAGATTC
CAGGGATGACTCGCGATGCCAACCAAACGTGCTCAGAACACAGTGCTTCAGGACTGACATCCACAAGCTGG
TTCTAGCCGCTCTGAACAGGTTCATTGGGAATCCCGGGATTCAGARATGTGGATTGAAAGTCATCTCTTCT
TTCGCACATCTTCCCGATGCCTTAGAGATGTTATCCCTGCATGGAGCAGTTGACTCAGTCCTCCATACCTT
ACAGATGTATCCAGATGACCAAGARAATTCAGTGTCTGGGCTTACACCTTATGGGATGCCTGATGACAAAGA
AGAATTTCTGCATAGGGACAGGGCACCTCCTGGCAAAAATTCTGGCTTCCACCTTGCAGCGATTTAAAGAT
GTTGCTGAAGTACAGACTACAGGATTACAGACGGTCTTGTCAATGCTTGACCTGTCCGTATCTTTCTCCAA
GCTGCTAGTGCACTATTCATTTGATGTGGTGATGTTTCATCAGATGTCTTCCGGTGTCCTGGAACAAAAGG
ATGAGCAGTTTCTCAACTTATGCTGCAAATGCTTTGCAAAAGTGGCTGTGGATGATGAGCTGAARAAGCAAG
ATGCTAGAGAGAGCCTGCGATCAGAACAACAGCATCATGGTCGAATGTTTGCTCCTCTTGGGAGCCGATGC
CAATCAAGCGAAGGGGGCAACTTCTTTAATCTATCAGGTATGTGAGAAAGAGAGCAGCCCTAAATTGGTGG
AACTATTGCTTAACAGTGGGTGCCGTGAACAAGATGTACGGAAAGCCCTGACAGTAAGCATCCARAAGGGC
GACAACCAGGTCATCAGCTTACTCCTGAGGAGACTTGCCCTGGACCTGGCCAACAACAGCATTTGCCTTGG
AGGATTTTGCATAGGAAAACTTGATCCTTCTTGGCTAGGCCCTTTATTTCCAGATAAGTCATCTAATTTGA
GGAAACAAACAAATGCGGGGTCTGTCCTAGCGAGGAAAGTGCTCCGGTATCAGATGAGAAACACTCTTCAA
GAAGGCGTGGCCTCAGGCAGTGAGGGCAACTTCTCTGAGGATGCGCTGGCGAAATTTGGCGAATGGACCTT
CATTCCCGACTCTTCTATGGACAGTGTGTTTGGCCAGAGTGACGATCTGGATAGCGAAGGCAGCGAGAGCT
CCTTTCTGGTGAAGAAGAAGTCCAACTCAGTTAGTGTAGGAGAAGTTTACAGGGACCTAGCTCTGCAGCGC
TGCTCACCAAATGCTCAGAGGCACTCCAGTTCCTTGGGTCCTGTTTTTGATCACGAAGATCTACTGAGACG
AANADNGAAAAATACTGTCCTCAGATGAGT CTCTCAGATCCTCAAGGCTGCAGTCCCATACGAGACAATCAG
ATAGCTCTTCTTCTCTGGCTTCTGAGAGAGAACACATCACGTCTTTAGACCTTTCTGCCAACGAACTGARA
GATATTGATGCTCTGGGCCAGAAGTGTTGCCTCAGTAGCCACCTGGAGCATCTCACCAAGCTGGAACTTCA
CCAGAATTCACTCACGAGCTTCCCACAACAGCTGTGTGAGACTCTGAAGTGCTTGACACATCTGGATTTGC
ACAGTAACAAATTCGCCACCTITTCCCICCTTICATGTTGAAAATGCCAAGTGTTATCCACCTAGACGCCTCT
CGAAATGACATCGGACCAACAGTTGTTTTAGACCCTGTGGTGAAGTGTCCAAGCCTCAAACAGTTTAACCT
GTCCTACAACCAGCTCTCTTCCATCCCAGAGAACCTGGACCAAGTGGTGGAGAAACTGGAGCAGCTCCTAC
TGGAAGGAAACAAAATATCCGGGATTTGTTCTCCCTTGAGCCTGAAGGAACTGAAGATTTTAAACCTTAGT
AAAAACCACATTCCATCCCTACCTGAAGACTTTCTCGAGGCTTGCCCGARAAGTGGAGAGCTTCAGTGCCCG
CATGAATTTTCTCGCTGCAATGCCTGCCTTACCGTCTTCCATAACTAGCTTAAAATTGTCTCAAAACTCTT
TCACGTGCATTCCAGAAGCGATCTTCAGTCTTCCACACTTGCGGTCCTTGGATATGAGTCACAACAACATT
GAACACCTGCCGGGACCTGCACATTGGAAGTCTCTGAACTTAAGGGAACTCATTTTTAGCAAGAATCAGAT
CAGCACCTTAGACTTGAGCGAAAACCCACACATATGGTCAAGAGTAGAGAAGCTGCATCTCTCTCATAATA
AACTGAAAGAGATTCCTCCAGAAATTGGCCGTCTTGAAAACCTGACATCTCTTGATGTCAGTTACAACCTG
GAACTGAGGTCCTTTCCAAACGARAATGGGGAAGTTAAGCAARATATGGGATCTTCCCTTGGATGGACTGCA
CCTCAACTTTGACTTTAAGCACATAGGATGCAAAGCCARAAGACATCATAAGGTTTCTACAACARCGTCTGA
AAAAGGCCGTGCCCTACAACCGAATGAAGCTCATGATTGTGGGCAATACGGGGAGTGGTAAGACCACTCTA
CTGCAGCAGCTCATGAAAATGAAGAAATCAGAACTCGGCATGCAGGGCGCCACGGTTGGCATAGACGTGCG
AGACTGGCCCATCCAAATACGAGGCAAAAGGAAARAGGACCTTGTTCTARACGTGTGGGACTTTGCAGGCC
GTGAGGAATTCTACAGCACTCACCCCCACTTCATGACCCAGAGAGCCCTGTACCTGGCTGTCTACGACCTC
AGCAAGGGGCAGGCGGAGGTGGATGCCATGAAGCCCTGGCTCTTCAACATCAAGGCTCGTGCCTCTTCTTC
CCCGGTGATTCTGGTGGGCACACATTTGGATGTTTCTGATGAGAAGCAGCGCARAGCCTGCATAGGCAARA
TCACGAAGGAACTCCTTAATAAGCGAGGATTCCCCACCATCCGGGACTACCACTTCGTGAATGCCACTGAG
GAGTCGGATGCGCTGGCAAAGCTCCGGAAAACCATCATAAATGAGAGTCTTAATTTCAAGATCCGAGATCA
GCCCGTGGTTGGGCAGCTAATTCCAGATTGCTACGTAGAACTGGAGAAAATAATCTTATCGGAGCGTAAAG
CTGTACCAACGGAGTTTCCTGTAATTAACCGGAAACACTTACTCCAGCTGGTGAAGGAACACCAGCTGCAG
CTGGATGAGAACGAGCTCCCCCACGCTGTTCACTTCCTGAATGAGTCAGGAGTTCTTCTGCATTTTCAAGA
CCCCGCATTGCAGCTGAGTGACCTGTACTTTGTGGAACCCAAGTGGCTTTGTAAAGTCATGGCACAGATTT
TGACCGTGARAGTGGACGGCTGCCTGAAGCATCCTAAGGGCATCATTTCACGGAGAGATGTGGAARAATTC
CTTTCCAAGAAARAGCGATTCCCTAAGAACTACATGGCGCAGTACTTCAAACTTTTAGAAAAATTTCAGAT
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CGCATTACCAATAGGGGAAGAATATCTGCTGGTTCCAAGCAGCTTATCTGACCACAGGCCAGTGATAGAGC
TCCCCCACTGTGAGAACTCTGAGATCATCATCCGGCTGTATGAAATGCCATACTTTCCARTGGGATTTTGG
TCAAGATTGATTAACCGATTACTTGAAATCTCACCTTTCATGCTTTCTGGAAGAGAGAGAGCACTACGCCC
AAACCGAATGTACTGGCGCCAAGGCATCTACTTGAATTGGTCTCCAGAAGCCTACTGTCTGGTGGGCTCTG
AAGTCTTAGACAGTCGCCCAGAGAGTTTCTTGAAARATCACAGTTCCATCTTGTAGAAAAGGTTGTATTCTT
TTGGGCCGAGTTGTGGATCATATTGACTCACTCATGGAAGAATGGTTTCCTGGATTGCTGGAGATTGACAT
TTGTGGGGAAGGAGAAACTTTGTTGAAAAAATGGGCATTGTATAGTTTTAATGATGGCGAAGARCATCAGA
AGATCTTGCTTGATGAGTTGATGAAGAAGGCTGAAGAAGGAGACCTGTTAATARATCCAGATCAACCAAGG
CTCACCATTCCAATATCCCAGATTGCTCCGGACTTGATCTTGGCTGACCTGCCTAGAAATATTATGTTGAA
CAATGACGAACTGGAATTTGAGGAAGCACCCGAGTTTCTCTTAGGTGATGGAAGTTTCGGATCAGTTTATC
GAGCTGCCTACGAAGGAGAGGAAGTGGCTGTGAAGATTTTTAATAAGCACACATCGCTTAGGCTGTTAAGA
CAAGAGTTGGTGGTACTCTGTCATCTCCACCATCCCAGCTTGATCTCCCTGTTGGCGGCTGGGATTCGTCC
TCGGATGCTGGTAATGGAGTTGGCCTCCAAGGGTTCCTTGGATCGCCTGCTGCAGCAGGACARAGCCAGCC
TCACCCGGACCCTCCAGCACAGAATCGCATTGCATGTGGCCGATGGCCTGAGATATCTGCACTCGGCCATG
ATTATTTACCGTGATCTGAAGCCCCACAACGTGCTACTCTTCACCCTGTATCCCAATGCCGCCATCATTGC
GAAGATTGCGGACTACGGGATTGCACAGTACTGCTGTAGGATGGGAATAAAGACCTCAGAGGGCACCCCAG
GGTTCCGAGCACCTGAAGTTGCCAGAGGAAATGTCATTTATAACCRAACAGGCTGATGTTTATTCTTTTGGC
TTACTACTTCATGATATCTGGACAACTGGGAATAGAATCATGGAGGGTTTGAGGTTTCCAAATGAGTTTGA
TGAACTGGCCATACAAGGGARAATTGCCAGACCCAGTTARAGAATATGGCTGTGCCCCGTGGCCTATGGTTG
AGAAGTTAATTACARAATGTTTGARAGAAAATCCTCAAGAAAGACCCACTTCTGCCCAGGTCTTTGACATT
TTGAATTCAGCTGAGTTAATTTGCCTCATGCGACACATTTTCATACCTAAGGACATCACTGTTGAATGCAT
AGCTGCTACAAACCTCAATAGCAAGCGAGCGACTCTCTGGTTGGGCTGTGGGARCACAGARAAAGGGCAGC
TTTCCTTACTTGACTTGAACACGGAAAGATACAGCTATGAGGAAGTTACTGATAGTAGAATACTGTGCCTG
GCTTTGGTGCATCTTGCTGCTGAGAAAGAGAGCTGGGTTGTGTGTGGGACACAGTCCGGAGCTCTCCTGGT
CATCAATGCTGAAGATGAGACAAGGAGACACACCCTCGACAAGATGACTGATTCTGTTACTTGCTTGTATT
GCAATTCCTTTGCCAAGCAGAGCAAGCAAAGTCACTTCCTTTTGGTGGGAACTGCTGATGGCAACTTAATG
ATATTTGAAGATAAGACCATTAAGTGTAAAGGAGCTGCCCCATTGAAGACACTACACATAGGCGATGTCAG
TACGCCCCTGATGTGCCTGAGCGAGTCCATGAATTCATCTGAAAGACACATCACATGGGGAGGGTGTGGCA
CAAAGATCTTCTCCTTTTCCAATGATTTCACCATTCAGRAAACTCATCGAGACAAGAACCAACCAGCTGTTT
TCTTACTCAGCGTTCAGCGATTCTAACATCATAGCGGTGGCAGTGGACACAGCGCTTTATATTGCCAAGAA
AAACAGCCCTGTCGTAGAGGTGTGGGACAAGAAGACAGAAAAACTCTGTGAACTAATAGACTGTGTGCACT
TCTTAAAGGAGGTGATGGTGAAAATAARACAAGGACTCGAAGCACAAGCTGTCCTACTCTGGGAGGGTGAAG
GCACTCTGCCTGCAGAAGAACACAGCTCTCTGGATCGGAACTGGAGGAGGCCACATCTTACTCCTGGATCT
TTCTACACGGCGAGTCATCCGCACCATCCACAATTTCTGTGATTCCGTGAGAGCCATGGCCACAGCTCAGT
TAGGCAACCTTAAAAATGTCATGCTGGTTTTGGGGTACAAGCGGAAGAGTACAGAAGGAACCCAAGAACAA
AAAGAGATACAATCTTGTTTGTCTATTTGGGACCTCAATCTTCCACATGAAGTGCAAAACTTAGAAAAACA
CATTGAAGTAAGAACAGAACTGGCTGATAARATGAGGARAACATCTGTCGAATAG

SEQ ID NO:8

>Reverse Complement of SEQ ID NO:7
CTATTCGACAGATGTTTTCCTCATTTTATCAGCCAGTTCTGTTCTTACTTCAATGTGTTTTTCTAAGTTTT
GCACTTCATGTGGAAGATTGAGGTCCCAAATAGACAAACAAGATTGTATCTCTTTTTGTTCTTGGGTTCCT
TCTGTACTCTTCCGCTTGTACCCCAARACCAGCATGACATTTTTAAGGTTGCCTAACTGAGCTGTGGCCAT
GGCTCTCACGGAATCACAGAAATTGTGGATGGTGCGGATGACTCGCCGTGTAGAAAGATCCAGGAGTAAGA
TGTGGCCTCCTCCAGTTCCGATCCAGAGAGCTGTGTTCTTCTGCAGGCAGAGTGCCTTCACCCTCCCAGAG
TAGGACAGCTTGTGCTTCGAGTCCTTGTTTATTTTCACCATCACCTCCTTTAAGAAGTGCACACAGTCTAT
TAGTTCACAGAGTTTTTCTGTCTTCTTGTCCCACACCTCTACGACAGGGCTGTTTTTCTTGGCAATATARA
GCGCTGTGTCCACTGCCACCGCTATGATGTTAGAATCGCTGAACGCTGAGTAAGAAAACAGCTGGTTGGTT
CTTGTCTCGATGAGTTTCTGAATGGTGAAATCATTGGAAAAGGAGAAGATCTTTGTGCCACACCCTCCCCA
TGTGATGTGTCTTTCAGATGAATTCATGGACTCGCTCAGGCACATCAGGGGCGTACTGACATCGCCTATGT
GTAGTGTCTTCAATGGGGCAGCTCCTTTACACTTAATGGTCTTATCTTCAAATATCATTAAGTTGCCATCA
GCAGTTCCCACCAAAAGGAAGTGACTTTGCTTGCTCTGCTTGGCARAGGAATTGCAATACAAGCARGTAAC
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AGAATCAGTCATCTTGTCGAGGGTGTGTCTCCTTGTCTCATCTTCAGCATTGATGACCAGGAGAGCTCCGG
ACTGTGTCCCACACACAACCCAGCTCICTTTCTCAGCAGCAAGATGCACCAAAGCCAGGCACAGTATTCTA
CTATCAGTAACTTCCTCATAGCTGTATCTTTCCGTGTTCAAGTCAAGTAAGGAAAGCTGCCCTTTTTCTGT
GTTCCCACAGCCCAACCAGAGAGTCGCTCGCTTGCTATTGAGGTTTGTAGCAGCTATGCATTCAACAGTGA
TGTCCTTAGGTATGAAAATGTGTCGCATGAGGCARATTAACTCAGCTGAATTCAAAATGTCAAAGACCTGG
GCAGAAGTGGGTCTTTCTTGAGGATTTTCTTTCAAACATTTTGTAATTAACTTCTCAACCATAGGCCACGG
GGCACAGCCATATTCTTTAACTGGGTCTGGCAATTTCCCTTGTATGGCCAGTTCATCAAACTCATTTGGAA
ACCTCAAACCCTCCATGATTCTATTCCCAGTTGTCCAGATATCATGAAGTAGTAAGCCAAAAGAATAAACA
TCAGCCTGTTGGTTATAAATGACATTTCCTCTGGCAACTTCAGGTGCTCGGAACCCTGGGGTGCCCTCTGA
GGTCTTTATTCCCATCCTACAGCAGTACTGTGCAATCCCGTAGTCCGCAATCTTCGCAATGATGGCGGCAT
TGGGATACAGGGTGAAGAGTAGCACGTTGTGGGGCTTCAGATCACGGTARATAATCATGGCCGAGTGCAGA
TATCTCAGGCCATCGGCCACATGCAATGCGATTCTGTGCTGGAGGGT CCGGGTGAGGCTGGCTTTGTCCTG
CTGCAGCAGGCGATCCAAGGAACCCTTGGAGGCCAACTCCATTACCAGCATCCGAGGACGAATCCCAGCCG
CCAACAGGGAGATCAAGCTGGGATGGTGGAGATGACAGAGTACCACCAACTCTTGTCTTAACAGCCTAAGC
GATGTGTGCTTATTAAAAATCTTCACAGCCACTTCCTCTCCTTCGTAGGCAGCTCGATAAACTGATCCGAA
ACTTCCATCACCTAAGAGAAACTCGGGTGCTTCCTCAAATTCCAGTTCGTCATTGTTCAACATAATATTTC
TAGGCAGGTCAGCCAAGATCAAGTCCGGAGCAATCTGGGATATTGGAATGGTGAGCCTTGGTTGATCTGGA
TTTATTAACAGGTCTCCTTCTTCAGCCTTCTTCATCAACTCATCAAGCAAGATCTTCTGATGTTCTTCGCC
ATCATTAAAACTATACAATGCCCATTTITTTCAACAAAGTTTCTCCTTCCCCACAAATGTCAATCTCCAGCA
ATCCAGGAAACCATTCTTCCATGAGTGAGTCAATATGATCCACAACTCGGCCCAAAAGAATACAACCTTTT
CTACAAGATGGAACTGTGATTTTCAAGAAACTCTCTGGGCGACTGTCTARAGACTTCAGAGCCCACCAGACA
GTAGGCTTCTGGAGACCAATTCAAGTAGATGCCTTGGCGCCAGTACATTCGGTTTGGGCGTAGTGCTCTCT
CTCTTCCAGAAAGCATGAAAGGTGAGATTTCAAGTAATCGGTTAATCAATCTTGACCAAAATCCCATTGGA
AAGTATGGCATTTCATACAGCCGGATGATGATCTCAGAGTTCTCACAGTGGGGGAGCTCTATCACTGGCCT
GTGGTCAGATAAGCTGCTTGGAACCAGCAGATATTCTTCCCCTATTGGTAATGCGATCTGAAATTTTTCTA
AAAGTTTGAAGTACTGCGCCATGTAGTITCTTAGGGAATCGCTTTTTCTTGGAARGGAATTTTTCCACATCT
CTCCGTGAAATGATGCCCTTAGGATGCTTCAGGCAGCCGTCCACTTTCACGGTCAAAATCTGTGCCATGAC
TTTACARAGCCACTTGGGTTCCACAAAGTACAGGTCACTCAGCTGCAATGCGGGGTCTTGAAARTGCAGAA
GAACTCCTGACTCATTCAGGAAGTGAACAGCGTGGGGGAGCTCGTTCTCATCCAGCTGCAGCTGGTGTTCC
TTCACCAGCTGGAGTAAGTGTTTCCGGTTAATTACAGGAAACTCCGTTGGTACAGCTTTACGCTCCGATAA
GATTATTTTCTCCAGTTCTACGTAGCAATCTGGAATTAGCTGCCCAACCACGGGCTGATCTCGGATCTTGA
AATTAAGACTCTCATTTATGATGGTTTTCCGGAGCTTTGCCAGCGCATCCGACTCCTCAGTGGCATTCACG
AAGTGGTAGTCCCGGATGGTGGGGAATCCTCGCTTATTAAGGAGTTCCTTCGTGATTTTGCCTATGCAGGC
TTTGCGCTGCTTCTCATCAGAAACATCCAAATGTGTGCCCACCAGAATCACCGGGGAAGAAGAGGCACGAG
CCTTGATGTTGAAGAGCCAGGGCTTCATGGCATCCACCTCCGCCTGCCCCTTGCTGAGGTCGTAGACAGCC
AGGTACAGGGCTCTCTGGGTCATGAAGTGGGGGTGAGTGCTGTAGAATTCCTCACGGCCTGCARAGTCCCA
CACGTTTAGAACAAGGTCCTTTTTCCTTTTGCCTCGTATTTGGATGGGCCAGTCTCGCACGTCTATGCCAA
CCGTGGCGCCCTGCATGCCGAGTTCTGATTTCTTCATTTTCATGAGCTGCTGCAGTAGAGTGGTCTTACCA
CTCCCCGTATTGCCCACAATCATGAGCTTCATTCGGTTGTAGGGCACGGCCTTTTTCAGACGTTGTTGTAG
AAACCTTATGATGTCTTTGGCTTTGCATCCTATGTGCTTAAAGTCAAAGTTGAGGTGCAGTCCATCCAAGG
GAAGATCCCATATTTTGCTTAACTTCCCCATTTCGTTTGGARAGGACCTCAGTTCCAGGTTGTAACTGACA
TCAAGAGATGTCAGGTTTTCAAGACGGCCAATTTCTGGAGGAATCTCTTTCAGTTTATTATGAGAGAGATG
CAGCTTCTCTACTCTTGACCATATGTGTGGGTTTTCGCTCAAGTCTAAGGTGCTGATCTGATTCTTGCTAA
AAATGAGTTCCCTTAAGTTCAGAGACTTCCAATGTGCAGGTCCCGGCAGGTGTTCAATGTTGTTGTGACTC
ATATCCAAGGACCGCAAGTGTGGAAGACTGAAGATCGCTTCTGGAATGCACGTGARAGAGTTTTGAGACAA
TTTTAAGCTAGTTATGGAAGACGGTAAGGCAGGCATTGCAGCGAGAAAATTCATGCGGGCACTGAAGCTCT
CCACTTTCGGGCAAGCCTCGAGARAGTCTTCAGGTAGGGATGGAATGTGGTTTTTACTARGGTTTAAAATC
TTCAGTTCCTTCAGGCTCAAGGGAGAACAAATCCCGGATATTTTGTTTCCTTCCAGTAGGAGCTGCTCCAG
TTTCTCCACCACTTGGTCCAGGTTCTCTGGGATGGAAGAGAGCTGGTTGTAGGACAGGTTAAACTGTTTGA
GGCTTGGACACTTCACCACAGGGTCTAAAACAACTGTTGGTCCGATGTCATTTCGAGAGGCGTCTAGGTGG
ATAACACTTGGCATTTTCAACATGAAGGAGGGAAAGGTGGCGAATTTGTTACTGTGCAAATCCAGATGTGT
CAAGCACTTCAGAGTCTCACACAGCTGTTGTGGGAAGCTCGTGAGTGAATTCTGGTGAAGTTCCAGCTTGG
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TGAGATGCTCCAGGTGGCTACTGAGGCAACACTTCTGGCCCAGAGCATCAATATCTTTCAGTTCGTTGGCA
GAAAGGTCTARAGACGTGATGTGTTCTCTCTCAGAAGCCAGAGAAGAAGAGCTATCTGATTGTCTCGTATG
GGACTGCAGCCTTGAGGATCTGAGAGACTCATCTGAGGACAGTATTTTTCTTTTTCGTCTCAGTAGATCTT
CGTGATCAAARAACAGGACCCAAGGAACTGGAGTGCCTCTGAGCATTTGGTGAGCAGCGCTGCAGAGCTAGG
TCCCTGTAAACTTCTCCTACACTAACTGAGTTGGACTTCTTCTTCACCAGAAAGGAGCTCTCGCTGCCTTC
GCTATCCAGATCGTCACTCTGGCCAAACACACTGTCCATAGAAGAGTCGGGAATGAAGGTCCATTCGCCAA
ATTTCGCCAGCGCATCCTCAGAGAAGTTGCCCTCACTGCCTGAGGCCACGCCTTCTTGAAGAGTGTTTCTC
ATCTGATACCGGAGCACTTTCCTCGCTAGGACAGACCCCGCATTTGTTTGTTTCCTCAAATTAGATGACTT
ATCTGGAAATAAAGGGCCTAGCCAAGAAGGATCAAGTTTTCCTATGCAARATCCTCCAAGGCAAATGCTGT
TGTTGGCCAGGTCCAGGGCAAGTCTCCTCAGGAGTAAGCTGATGACCTGGTTGTCGCCCTTTTGGATGCTT
ACTGTCAGGGCTTTCCGTACATCTTGTTCACGGCACCCACTGTTAAGCAATAGTTCCACCAATTTAGGGCT
GCTCTCTTTCTCACATACCTGATAGATTAAAGAAGTTGCCCCCTTCGCTTGATTGGCATCGGCTCCCAAGA
GGAGCARAACATTCGACCATGATGCTGTTGTTCTGATCGCAGGCTCTCTCTAGCATCTTGCTTTTCAGCTCA
TCATCCACAGCCACTTTTGCAAAGCATTTGCAGCATARAGTTGAGARACTGCTCATCCTTTTGTTCCAGGAC
ACCGGAAGACATCTGATGAAACATCACCACATCAAATGAATAGTGCACTAGCAGCTTGGAGAAAGATACGG
ACAGGTCAAGCATTGACAAGACCGTCTGTAATCCTGTAGTCTGTACTTCAGCAACATCTTTAAATCGCTGC
AAGGTGGAAGCCAGAATTTTTGCCAGGAGGTGCCCTGTCCCTATGCAGARATTCTTCTTTGTCATCAGGCA
TCCCATAAGGTGTAAGCCCAGACACTGAATTTCTTGGTCATCTGGATACATCTGTAAGGTATGGAGGACTG
AGTCAACTGCTCCATGCAGGGATAACATCTCTAAGGCATCGGGAAGATGTGCGAAAGAAGAGATGACTTTC
AATCCACATTTCTGAATCCCGGGATTCCCAATGAACCTGTTCAGAGCGGCTAGAACCAGCTTGTGGATGTC
AGTCCTGAAGCACTGTGTTCTGAGCACGTTTGGTTGGCATCGCGAGTCATCCCTGGAATCTTCTGATACTC
CCGGCACCACAARAATGCAGAAGAGCTCGCAGTGCCTCCAGCTGGACTGACAGAGACGTTCCATGGGTTCTC
ATCACTGTTAGTATTTTGGGGATCACTGCCGCCACTGTATCCAAAGAAGGGTTGCTTCCTTCAAACAGATG
ACTCAGCATCTTGCAGCCACTCTCTGCCACCTCAGGAACCTGGGCGTGCCGCTGCATCAACTCCAAGACAT
TCAGGTACACTCCTTTTGCAAGCAGGATTTTCCTGAAATTAACGTTTTGTTCCAAGAGAGTGGACAGAGCA
TGCGCAGCTGCTTGGAAGACGTCTTTGGAAGAAGAGTGCATCAGCATAGACAGCATCACTTCCCTGTGCGC
CGGGAACTGGCCATCTTCATCTCCAATCTTCTCGTGCARACTGCTCTGGTACATGAGGAGATTATTTAGGG
CCCAGCAGGCGGCCTCCTGCACGTGTTTGTTCTTTCGATGGCGCATCAGGGCTTTATAGCAGGGTTCCAAC
CAGAAAGGCTTCTCACTGTCCTCATCGCTGTTTTCCTGAGTCTCACTTCTTTCTTCCAGGTCTTGGTTTAA
GAAAATAGTCTCGGTGAGGAGGGCTAAGCAGCTGAGTGCAGAGATCTGTAAGGCTACGTTCTCGGGATACC
GCTGGACGGCTTTCACCACAAAGACATGGACTTCGTTCAACACCAGGATGTTGAAAAAATTACCTAATGTA
AGCTTGTGGAGCAAGGAGCAGCTCACCTCTTGAATGTTTTCACTGGTGGGGAATGTTTTCATGGCTTCCAC
CACAATATTGTAACACCTGACATTCCCACTCATGAGGACCTCCACATTGCTGCAAGTGACGGCCAGAGAAT
GCAGGCAGCAGAGTACATGGTGCACAATCTCCTCGTCCCTCTTGAAGCTGCGGAACGTACTCAGCAGGGTC
ATGTAATCTTTGTTCTCCACAAACTCAGTCAGTTGCTCCTCGGACACTCTCTCGAACAGCACATGTAAAGC
CTTGCACGCAAGCTTCTGGACTTCCTCGTTGGCTGAATATCTGTGCATGGCATCAAAAATTAACAGGAARA
CATCACATTCTTCATCCAGTATCAGCAGAGTAATTTTACCTGAATCTAGGAGGAGATCTAAGGCTTTTAGT
CCAACTATTGACAGGTTTACGTTGGCATGATGAACAGTTAACATTTTAAGAATCAGTCGGTGAATACCAAG
GACTTCCCAATCATTCCCAATATCCTGGGGTCCTATTAAGCTTTGCAATGTCCCTGGACAGACTTCTATTA
ATTTGCACAGAAGTGACCACCCCACCTGCTGCACACTGGCGACTCTCATGTAGGAGTCCAGGACTATCAAC
AGAGGCACGTGGACATTTTTGCCTTCAAATAACTTGGAGGCGCGGTCGGAGTAGGTGAACACCAGAATGTC
CTCCAGGAGCTGGAGCAACGTCTCGATCTGCTTGCCTTCCTGGACATTATTCAGCCTGACTATCAACTTCT
TCAGAGCCTCCTCCTCCTCTTCCTCGTCGCAGCCCTGACAGGCGCCACTGGCCAT

SEQ ID NO:1808

>XM 024448833.1 Homo sapiens leucine rich repeat kinase 2 (LRRK2),
transcript variant X3, mRNA.
TTCAAACATCATAAGACCGGCACTCTCTCCCAAAGATACAAGCTGTAGCAAGGAGTTTTGTGCATATCAGT
TTCCCAGCTCATAGGGAAGTGATGCTCTCCATGCTGATGCATTCTTCATCAAAGGAAGTTTTCCAGGCATC
TGCGAATGCATTGTCAACTCTCTTAGAACAAAATGTTAATTTCAGAAAAATACTGTTATCAAAAGGAATAC
ACCTGAATGTTTTGGAGTTAATGCAGAAGCATATACATTCTCCTGAAGTGGCTGAAAGTGGCTGTAAAATG
CTAAATCATCTTTTTGAAGGAAGCAACACTTCCCTGGATATAATGGCAGCAGTGGTCCCCARARTACTAAC
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AGTTATGAAACGTCATGAGACATCATTACCAGTGCAGCTGGAGGCGCTTCGAGCTATTTTACATTTTATAG
TGCCTGGCATGCCAGAAGAATCCAGGGAGGATACAGAATTTCATCATAAGCTAAATATGGTTARARAACAG
TGTTTCAAGAATGATATTCACAAACTGGTCCTAGCAGCTTTGAACAGGTTCATTGGAAATCCTGGGATTCA
GAAATGTGGATTAAAAGTAATTTCTTCTATTGTACATTTTCCTGATGCATTAGAGATGTTATCCCTGGAAG
GTGCTATGGATTCAGTGCTTCACACACTGCAGATGTATCCAGATGACCAAGAAATTCAGTGTCTGGGTTTA
AGTCTTATAGGATACTTGATTACAAAGAAGAATGTGTTCATAGGAACTGGACATCTGCTGGCAAARATTCT
GGTTTCCAGCTTATACCGATTTAAGGATGTTGCTGAAATACAGACTAAAGGATTTCAGACAATCTTAGCAA
TCCTCAAATTGTCAGCATCTTTTTCTAAGCTGCTGGTGCATCATTCATTTGACTTAGTAATATTCCATCAA
ATGTCTTCCAATATCATGGAACAAAAGGATCAACAGTTTCTAAACCTCTGTTGCAAGTGTTTTGCAAAAGT
AGCTATGGATGATTACTTAAAAAATGTGATGCTAGAGAGAGCGTGTGATCAGARTAACAGCATCATGGTTG
AATGCTTGCTTCTATTGGGAGCAGATGCCAATCAAGCAAAGGAGGGATCTTCTTTAATTTGTCAGGTATGT
GAGAAAGAGAGCAGTCCCAAATTGGTGGAACTCTTACTGAATAGTGGATCTCGTGAACAAGATGTACGARAA
AGCGTTGACGATAAGCATTGGGAAAGGTGACAGCCAGATCATCAGCTTGCTCTTAAGGAGGCTGGCCCTGG
ATGTGGCCAACAATAGCATTTGCCTTGGAGGATTTTGTATAGGAARAGTTGAACCTTCTTGGCTTGGTCCT
TTATTTCCAGATAAGACTTCTAATTTAAGGAAACAAACAAATATAGCATCTACACTAGCAAGAATGGTGAT
CAGATATCAGATGAAAAGTGCTGTGGAAGAAGGAACAGCCTCAGGCAGCGATGGAAATTTTTCTGAAGATG
TGCTGTCTARATTTGATGAATGGACCTTTATTCCTGACTCTTCTATGGACAGTGTGTTTGCTCAAAGTGAT
GACCTGGATAGTGAAGGAAGTGAAGGCTCATTTCTTGTGAARAAGAAATCTAATTCAATTAGTGTAGGAGA
ATTTTACCGAGATGCCGTATTACAGCGTTGCTCACCAAATTTGCARAGACATTCCAATTCCTTGGGGCCCA
TTTTTGATCATGAAGATTTACTGAAGCGAAAAAGAAARATATTATCTTCAGATGATTCACTCAGGTCATCA
AAACTTCAATCCCATATGAGGCATTCAGACAGCATTTCTTCTCTGGCTTCTGAGAGAGAATATATTACATC
ACTAGACCTTTCAGCAAATGAACTAAGAGATATTGATGCCCTAAGCCAGAAATGCTGTATAAGTGTTCATT
TGGAGCATCTTGAAAAGCTGGAGCTTCACCAGAATGCACTCACGAGCTTTCCACAACAGCTATGTGAAACT
CTGAAGAGTTTGACACATTTGGACTTGCACAGTAATARATTTACATCATTTCCTTCTTATTTGTTGAAAAT
GAGTTGTATTGCTAATCTTGATGTCTCTCGARAATGACATTGGACCCTCAGTGGTTTTAGATCCTACAGTGA
AATGTCCAACTCTGARAACAGTTTAACCTGTCATATAACCAGCTGTCTTTTGTACCTGAGAACCTCACTGAT
GTGGTAGAGAAACTGGAGCAGCTCATTTTAGAAGGAAATAARATATCAGGGATATGCTCCCCCTTGAGACT
GAAGGAACTGAAGATTTTAAACCTTAGTAAGAACCACATTTCATCCCTATCAGAGAACTTTCTTGAGGCTT
GTCCTARAGTGGAGAGTTTCAGTGCCAGAATGAATTTTCTTGCTGCTATGCCTTTCTTGCCTCCTTCTATG
ACAATCCTAAAATTATCTCAGAACAAATTTTCCTGTATTCCAGAAGCAATTTTAAATCTTCCACACTTGCG
GTCTTTAGATATGAGCAGCAATGATATTCAGTACCTACCAGGTCCCGCACACTGGAAATCTTTGAACTTAA
GGGAACTCTTATTTAGCCATAATCAGATCAGCATCTTGGACTTGAGTGAAAAAGCATATTTATGGTCTAGA
GTAGAGAAACTGCATCTTTCTCACAATAAACTGARAGAGATTCCTCCTGAGATTGGCTGTCTTGARAAATCT
GACATCTCTGGATGTCAGTTACAACTTGGAACTAAGATCCTTTCCCAATGAAATGGGGAAATTAAGCAARA
TATGGGATCTTCCTTTGGATGAACTGCATCTTAACTTTGATTTTARACATATAGGATGTAAAGCCAAAGAC
ATCATAAGGTTTCTTCAACAGCGATTAAAAAAGGCTGTGCCTTATAACCGAATGAAACTTATGATTGTGGG
AAATACTGGGAGTGGTAARACCACCTTATTGCAGCAATTAATGAARACCAAGARATCAGATCTTGGAATGC
AAAGTGCCACAGTTGGCATAGATGTGAAAGACTGGCCTATCCARAATAAGAGACAAAAGAAAGAGAGATCTC
GTCCTAARATGTGTGGGATTTTGCAGGTCGTGAGGAATTCTATAGTACTCATCCCCATTTTATGACGCAGCG
AGCATTGTACCTTGCTGTCTATGACCTCAGCAAGGGACAGGCTGAAGTTGATGCCATGAAGCCTTGGCTCT
TCAATATAAAGGCTCGCGCTTCTITCTTCCCCTGTGATTCTCGTTGGCACACATTTGGATGTTTCTGATGAG
AAGCAACGCAAAGCCTGCATGAGTAAAATCACCAAGGAACTCCTGAATAAGCGAGGGTTCCCTGCCATACG
AGATTACCACTTTGTGAATGCCACCGAGGAATCTGATGCTTTGGCARAACTTCGGAARACCATCATAAACG
AGAGCCTTAATTTCAAGATCCGAGATCAGCTTGTTGTTGGACAGCTGATTCCAGACTGCTATGTAGAACTT
GAAAAARTCATTTTATCGGAGCGTAAARAATGTGCCAATTGAATTTCCCGTAATTGACCGGAAACGATTATT
ACAACTAGTGAGAGAAAATCAGCTGCAGTTAGATGAAAATGAGCTTCCTCACGCAGTTCACTTTCTAAATG
AATCAGGAGTCCTTCTTCATTTTCAAGACCCAGCACTGCAGTTAAGTGACTTGTACTTTGTGGAACCCAAG
TGGCTTTGTAAAATCATGGCACAGATTTTGACAGTGARAGT GGAAGGTTGTCCAAAACACCCTAAGGGCAT
TATTTCGCGTAGAGATGTGGAAARATTTCTTTCAARAARAARGGAAATTTCCAAAGAACTACATGTCACAGT
ATTTTAAGCTCCTAGAAAAATTCCAGATTGCTTTGCCAATAGGAGAAGAATATTTGCTGGTTCCAAGCAGT
TTGTCTGACCACAGGCCTGTGATAGAGCTTCCCCATTGTGAGAACTCTGAAATTATCATCCGACTATATGA
AATGCCTTATTTTCCAATGGGATTTTGGTCAAGATTAATCAATCGATTACTTGAGATTTCACCTTACATGC
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TTTCAGGGAGAGAACGAGCACTTCGCCCAAACAGAATGTATTGGCGACAAGGCATTTACTTAAATTGGTCT
CCTGAAGCTTATTGTCTGGTAGGATCTGAAGTCTTAGACAATCATCCAGAGAGTTTCTTAAAAATTACAGT
TCCTTCTTGTAGAAAAGGCTGTATTCTTTTGGGCCAAGTTGTGGACCACATTGATTCTCTCATGGAAGAAT
GGTTTCCTGGGTTGCTGGAGATTGATATTTGTGGTGAAGGAGAAACTCTGTTGAAGAAATGGGCATTATAT
AGTTTTAATGATGGTGAAGAACATCAAARAATCTTACTTGATGACTTGATGAAGAAAGCAGAGGAAGGAGA
TCTCTTAGTAAATCCAGATCAACCAAGGCTCACCATTCCAATATCTCAGATTGCCCCTGACTTGATTTTGG
CTGACCTGCCTAGAAATATTATGTTGAATAATGATGAGTTGGAATTTGARCAAGCTCCAGAGTTTCTCCTA
GGTGATGGCAGTTTTGGATCAGTTTACCGAGCAGCCTATGAAGGAGAAGAAGTGGCTGTGAAGATTTTTAA
TAAACATACATCACTCAGGCTGTTAAGACAAGAGCTTGTGGTGCTTTGCCACCTCCACCACCCCAGTTTGA
TATCTTTGCTGGCAGCTGGGATTCGTCCCCGGATGTTGGTGATGGAGTTAGCCTCCAAGGGTTCCTTGGAT
CGCCTGCTTCAGCAGGACAAAGCCAGCCTCACTAGAACCCTACAGCACAGGATTGCACTCCACGTAGCTGA
TGGTTTGAGATACCTCCACTCAGCCATGATTATATACCGAGACCTGAAACCCCACAATGTGCTGCTTTTCA
CACTGTATCCCAATGCTGCCATCATTGCAAAGATTGCTGACTACGGCATTGCTCAGTACTGCTGTAGAATG
GGGATAAAAACATCAGAGGGCACACCAGGGTTTCGTGCACCTGAAGTTGCCAGAGGAAATGTCATTTATAA
CCAACAGGCTGATGTTTATTCATTTGGTTTACTACTCTATGACATTTTGACAACTGGAGGTAGAATAGTAG
AGGGTTTGAAGTTTCCAAATGAGTTTGATGAATTAGAAATACAAGGAAAATTACCTGATCCAGTTAAAGAA
TATGGTTGTGCCCCATGGCCTATGGTTGAGAAATTAATTAARCAGTGTTTGAAAGAAAATCCTCAAGAAAG
GCCTACTTCTGCCCAGGTCTTTGACATTTTGAATTCAGCTGAATTAGTCTGTCTGACGAGACGCATTTTAT
TACCTAAAAACGTAATTGTTGAATGCATGGTTGCTACACATCACAACAGCAGGAATGCAAGCATTTGGCTG
GGCTGTGGGCACACCGACAGAGGACAGCTCTCATTTCTTGACTTAAATACTGAAGGATACACTTCTGAGGA
AGTTGCTGATAGTAGAATATTGTGCTTAGCCTTGGTGCATCTTCCTGTTGAAARGGARAGCTGGATTGTGT
CTGGGACACAGTCTGGTACTCTCCTGGTCATCAATACCGAAGATGGGARAARGAGACATACCCTAGAARAG
ATGACTGATTCTGTCACTTGTITTGTATTGCAATTCCTTTTCCAAGCAAAGCAARCARAANAATTTTCTTTT
GGTTGGAACCGCTGATGGCAAGTTAGCAATTTTTGAAGATAAGACTGTTAAGCTTAAAGGAGCTGCTCCTT
TGAAGATACTAAATATAGGAAATGTCAGTACTCCATTGATGTGTTTGAGTGAATCCACAAATTCAACGGAA
AGAAATGTAATGTGGGGAGGATGTGGCACAAAGATTTTCTCCTTTTCTAATGATTTCACCATTCAGARACT
CATTGAGACAAGAACAAGCCAACTGTTTTCTITATGCAGCTTTCAGTGATTCCAACATCATAACAGTGGTGG
TAGACACTGCTCTCTATATTGCTAAGCAAAATAGCCCTGTTGTGGAAGTGTGGGATAAGAAAACTGAAARA
CTCTGTGGACTAATAGACTGCGTGCACTTTTTAAGGGAGGTAATGGTAARAGARAACAAGGAATCAAAACA
CAAAATGTCTTATTCTGGGAGAGTGAAAACCCTCTGCCTTCAGAAGAACACTGCTCTTTGGATAGGAACTG
GAGGAGGCCATATTTTACTCCTGGATCTTTCAACTCGTCGACTTATACGTGTAATTTACAACTTTTGTAAT
TCGGTCAGAGTCATGATGACAGCACAGCTAGGAAGCCTTAARAATGTCATGCTGGTATTGGGCTACAACCG
GAAAAATACTGAAGGTACACAAARGCAGAARGAGATACAATCTTGCTTGACCGTTTGGGACATCAATCTTC
CACATGAAGTGCAAAATTTAGAARAAACACATTGAAGTGAGARAAGAATTAGCTGAARAAAATGAGACGAACA
TCTGTTGAGTAAGAGAGAAATAGGAATTGTCTTTGGATAGGAAAATTATTCTCTCCTCTTGTARATATTTA
TTTTAAAAATGTTCACATGGAAAGGGTACTCACATTTTTTGAAATAGCTCGTGTGTATGAAGGAATGTTAT
TATTTTTAATTTAAATATATGTAARAAATACTTACCAGTAAATGTGTATTTTAAAGAACTATTTAARACACA
ATGTTATATTTCTTATAAATACCAGTTACTTTCGTTCATTAATTAATGARAATAAATCTGTGAAGTACCTA
ATTTAAGTACTCATACTAAAATTTATAAGGCCGATAATTTTTTGTTTTCTTGTCTGTAATGGAGGTAAACT
TTATTTTAAATTCTGTGCTTAAGACAGGACTATTGCTTGTCGATTTTTCTAGAAATCTGCACGGTATAATG
AAAATATTAAGACAGTTTCCCATGTAATGTATTCCTTCTTAGATTGCATCGAARATGCACTATCATATATGC
TTGTAAATATTCAAATGAATTTGCACTAATAAAGTCCTTTGTTGGTATGTGAATTCTCTTTGTTGCTGTTG
CAAACAGTGCATCTTACACAACTTCACTCAATTCAAAAGAARACTCCATTAAAAGTACTAATGAARAANCA
TGACATACTGTCAAAGTCCTCATATCTAGGAAAGACACAGAAACTCTCTTTGTCACAGAAACTCTCTGTGT
CTTTCCTAGACATAATAGAGTTGTTTTTCAACTCTATGTTTGAATGTGGATACCCTGAATTTTGTATAATT
AGTGTAAATACAGTGTTCAGTICCTTCAAGTGATATTTTTATTTTTTTATTCATACCACTAGCTACTTGTTT
TCTAATCTGCTTCATTCTAATGCTTATATTCATCTTTTCCCTAAATTTGTGATGCTGCAGATCCTACATCA
TTCAGATAGAAACCTTTTTTTTTTTCAGAATTATAGAATTCCACAGCTCCTACCAAGACCATGAGGATARA
TATCTAACACTTTTCAGTTGCTGAAGGAGARAAGGAGCTTTAGTTATGATGGATAARAAATATCTGCCACCCT
AGGCTTCCAAATTATACTTAAATTGTTTACATAGCTTACCACAATAGGAGTATCAGGGCCAAATACCTATG
TAATAATTTGAGGTCATTTCTGCTTTAGGAAAAGTACTTTCGGTAAATTCTTTGGCCCTGACCAGTATTCA
TTATTTCAGATAATTCCCTGTGATAGGACAACTAGTACATTTAATATTCTCAGAACTTATGGCATTTTACT
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ATGTGAAAACTTTAAATTTATTTATATTAAGGGTAATCAAATTCTTAAAGATGAAAGATTTTCTGTATTTT
AARAGGAAGCTATGCTTTAACTTGTTATGTAATTARCAAAAARATCATATATAATAGAGCTCTTTGTTCCAG
TGTTATCTCTTTCATTGTTACTTTGTATTTGCAATTTTTTTTACCAAAGACAAATTARAAAAATGAATACC
ATATTTAAATGGAATAATAAAGGTTTTTTAAAAACTT

SEQ ID NO:1809

>Reverse Complement of SEQ ID NO:1808
CTTCCCTATGAGCTGGGARACTGATATGCACAARACTCCTTGCTACAGCTTGTATCTTTGGGAGAGAGTGC
CGGTCTTATGATGTTTGAATAACATTTTGTTCTAAGAGAGT TGACAATGCATTCGCAGATGCCTGGARAAAC
TTCCTTTGATGAAGAATGCATCAGCATGGAGAGCATCATTTCAGCCACTTCAGGAGAATGTATATGCTTCT
GCATTAACTCCAAAACATTCAGGTGTATTCCTTTTGATAACAGTATTTTTCTGAAATTAACTGTTAGTATT
TTGGGGACCACTGCTGCCATTATATCCAGGGAAGTGTTGCTTCCTTCAAARAGATGATTTAGCATTTTACA
GCCACTGGATTCTTCTGGCATGCCAGGCACTATAAAATGTARAATAGCT CGAAGCGCCTCCAGCTGCACTG
GTAATGATGTCTCATGACGTTTCATCAAAGCTGCTAGGACCAGTTTGTGAATATCATTCTTGAAACACTGT
TTTTTAACCATATTTAGCTTATGATGAAATTCTGTATCCTCCCATAACATCTCTAATGCATCAGGAARATG
TACAATAGAAGAAATTACTTTTAATCCACATTTCTGAATCCCAGGATTTCCAATGAACCTGTCTATAAGAC
TTAARCCCAGACACTGAATTTCTTGGTCATCTGGATACATCTGCAGTGTGTGAAGCACTGAATCCATAGCA
CCTTCCAGGGCATCCTTARATCGGTATAAGCTGGAAACCAGAATTTTTGCCAGCAGATGTCCAGTTCCTAT
GAACACATTCTTCTTTGTAATCAAGTATCATGAATGATGCACCAGCAGCTTAGAAAARAGATGCTGACAATT
TGAGGATTGCTAAGATTGTCTGAAATCCTTTAGTCTGTATTTCAGCAATTGCAAAACACTTGCAACAGAGG
TTTAGAAACTGTTGATCCTTTTGTTCCATGATATTGGAAGACATTTGATGGAATATTACTAAGTCAAATAG
AAGCAAGCATTCAACCATGATGCTGTTATTCTGATCACACGCTCTCTCTAGCATCACATTTTTTAAGTAAT
CATCCATAGCTACTTAGAGTTCCACCAATTTGGGACTGCTCTCTTTCTCACATACCTGACAAATTAAAGAA
GATCCCTCCTTTGCTTGATTGGCATCTGCTCCCAAGAGCAAGCTGATGATCTGGCTGTCACCTTTCCCAAT
GCTTATCGTCAACGCTTTTCGTACATCTTGTTCACGAGATCCACTATTCAGTAAAGGACCAAGCCAAGAAG
GTTCAACTTTTCCTATACARAAATCCTCCAAGGCARATGCTATTGTTGGCCACATCCAGGGCCAGCCTCCTT
ACACTTTTCATCTGATATCTGATCACCATTCTTGCTAGTGTAGATGCTATATTTGTTTGTTTCCTTAAATT
AGAAGTCTTATCTGGAAATAAGTCAGGAATAAAGGTCCATTCATCAAATTTAGACAGCACATCTTCAGARA
AATTTCCATCGCTGCCTGAGGCTGTTCCTTCTTCCACAGTTGRAATTAGATTTCTTTTTCACAAGARATGAG
CCTTCACTTCCTTCACTATCCAGGTCATCACTTTGAGCAAACACACTGTCCATAGAAGCAAARAATGGGCCC
CAAGGAATTGGAATGTCTTTGCAAATTTGGTGAGCAACGCTGTAATACGGCATCTCGGTAAAATTCTCCTA
CACTAARAATGCCTCATATGGGATTGAAGTTTTGATGACCTGAGTGAATCATCTGAAGATAATATTTTTCTT
TTTCGCTTCAGTAAATCTTCATGATTTAGGGCATCAATATCTCTTAGTTCATTTGCTGAAAGGTCTAGTGA
TGTAATATATTCTCTCTCAGAAGCCAGAGAAGARATGCTGTCTGATAGCTGTTGTGGAARGCTCGTGAGTG
CATTCTGGTGAAGCTCCAGCTTTTCAAGATGCTCCARATGAACACTTATACAGCATTTCTGGCCARTACAA
CTCATTTTCAACAAATAAGAAGGAAATGATGTAAATTTATTACTGTGCAAGTCCAAATGTGTCAAACTCTT
CAGAGTTTCACACAGGTTAAACTGTTTCAGAGTTGGACATTTCACTGTAGGATCTAARACCACTGAGGGTC
CAATGTCATTTCGAGAGACATCAAGATTAGCTGATATTTTATTTCCTTCTAAAATGAGCTGCTCCAGTTTC
TCTACCACATCAGTGAGGTTCTCAGGTACARAAAGACAGCTGGTTATATGCCTCAAGARAGTTCTCTGATAG
GGATGAAATGTGGTTCTTACTAAGGTTTAAAATCTTCAGTTCCTTCAGTCTCAAGGGGGAGCATATCCATA
ATTTTAGGATTGTCATAGAAGGAGGCAAGARAGGCATAGCAGCAAGAAAATTCATTCTGGCACTGAAACTC
TCCACTTTAGGACAAGGGTACTGAATATCATTGCTGCTCATATCTAAAGACCGCAAGTGTGGAAGATTTAA
AATTGCTTCTGGAATACAGGAAAATTTGTTCTGAGCTTTTTCACTCAAGTCCAAGATGCTGATCTGATTAT
GGCTAAATAAGAGTTCCCTTAAGTTCAAAGATTTCCAGTGTGCGGGACCTGGTATCAGATTTTCAAGACAG
CCAATCTCAGGAGGAATCTCTTTCAGTTTATTGTGAGAAAGATGCAGTTTCTCTACTCTAGACCATAAATA
TGCATCCAAAGGAAGATCCCATATTTTGCTTAATTTCCCCATTTCATTGGGARAAGGATCTTAGTTCCAAGT
TGTARCTGACATCCAGAGATGGCACAGCCTTTTTTAATCGCTGTTGAAGARACCTTATGATGTCTTTGGCT
TTACATCCTATATGTTTARAATCAARAGTTAAGATGCAGTTCTGATTTCTTGGTTTTCATTAATTGCTGCAA
TAAGGTGGTTTTACCACTCCCAGTATTTCCCACAATCATAAGTTTCATTCGGTTATARGTTAGGACGAGAT
CTCTCTTTCTTTTGTCTCTTATTTGGATAGGCCAGTCTTTCACATCTATGCCAACTGTGGCACTTTGCATT
CCAAGATGGTCATAGACAGCAAGGTACAATGCTCGCTGCGTCATARAATGGGGATGAGTACTATAGAATTC
CTCACGACCTGCAAAATCCCACACATCAACGAGAATCACAGGGGAAGAAGAAGCGCGAGCCTTTATATTGA
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AGAGCCAAGGCTTCATGGCATCAACTTCAGCCTGTCCCTTGCTGACAGGGAACCCTCGCTTATTCAGGAGT
TCCTTGGTGATTTTACTCATGCAGGCTTTGCGTTGCTTCTCATCAGAAACATCCAAATGTGTGCAATTAAG
GCTCTCGTTTATGATGGTTTTCCGAAGTTTTGCCAAAGCATCAGATTCCTCGGTGGCATTCACAAAGTGGT
AATCTCGTATGGCATTTTTACGCTCCGATAAAATGATTTTTTCAAGTTCTACATAGCAGTCTGGAATCAGC
TGTCCAACAACAAGCTGATCTCGGATCTTGAGAGGAAGCTCATTTTCATCTAACTGCAGCTGATTTTCTCT
CACTAGTTGTAATAATCGTTTCCGGTCAATTACGGGARATTCAATTGGCATGGGTTCCACAAAGTACAAGT
CACTTAACTGCAGTGCTGGGTCTTGAAARATGAAGAAGGACTCCTGATTCATTTAGARAGTGAACTGCGTCA
TCTCTACGCGAAATAATGCCCTTAGGGTGTTTTGGACAACCTTCCACTTTCACTGTCAARATCTGTGCCAT
GATTTTACAAAGCCACTGCAAAGCAATCTGGAATTTTTCTAGGAGCTTAAAATACTGTGACATGTAGTTCT
TTGGAAATTTCCTTTTTTTTGAAAGAAATTTTTCCATAATTTCAGAGTTCTCACAATGGGGAAGCTCTATC
ACAGGCCTGTGGTCAGACAAACTGCTTGGAACCAGCAAATATTCTTCTCCTATTGARAGCATGTAAGGTGA
AATCTCAAGTAATCGATTGATTAATCTTGACCAAARATCCCATTGGAAAATAAGGCATTTCATATAGTCGGA
TGACTACCAGACAATAAGCTTCAGGAGACCAATTTAAGTAAATGCCTTGTCGCCAATACATTCTGTTTGGG
CGAAGTGCTCGTTCTCTCCCTGCAACTTGGCCCARAAGAATACAGCCTTTTCTACAAGARGGAACTGTAAT
TTTTAAGAAACTCTCTGGATGATTGTCTAAGACTTCAGATCATTTCTTCAACAGAGTTTCTCCTTCACCAC
AAATATCAATCTCCAGCAACCCAGGAAACCATTCTTCCATGAGAGAATCAATGTGGTCCACTAAGAGATCT
CCTTCCTCTGCTTTCTTCATCAAGTCATCAAGTAAGATTTTTTGATGTTCTTCACCATCATTARAACTATA
TAATGCCCTCAACATAATATTTCTAGGCAGGTCAGCCARAAATCAAGTCAGGGGCAATCTGAGATATTGGAA
TGGTGAGCCTTGGTTGATCTGGATTTACTCCTTCATAGGCTGCTCGGTARACTGATCCAAAACTGCCATCA
CCTAGGAGAAACTCTGGAGCTTGTTCAAATTCCAACTCATCATTATTGGGGTGGTGGAGGTGGCARAGCAC
CACAAGCTCTTGTCTTAACAGCCTGAGTGATGTATGTTTATTAAARATCTTCACAGCCACTTCTTGCTGAA
GCAGGCGATCCAAGGAACCCTTGGAGGCTARACTCCATCACCAACATCCGGGGACGAATCCCAGCTGCCAGC
AANGATATCAAACTAATCATGGCTGAGTGGAGGTATCTCAAACCATCAGCTACGTGGAGTGCAATCCTGTG
CTGTAGGGTTCTAGTGAGGCTGGCTTTGTCCTCAATGCCGTAGTCAGCAATCTTTGCAATGATGGCAGCAT
TGGGATACAGTGTGAAAAGCAGCACATTGTGGGGTTTCAGGTCTCGGTATATATAAATGACATTTCCTCTG
GCAACTTCAGGTGCACGAAACCCTGGTGTGCCCTCTGATGTTTTTATCCCCATTCTACAGCAGTACTGAGT
TGGAAACTTCAAACCCTCTACTATTCTACCTCCAGTTGTCAAAATGTCATAGAGTAGTARACCAAATGAAT
AAACATCAGCCTGTTGGTTTAATTTCTCAACCATAGGCCATGGGGCACARCCATATTCTTTAACTGGATCA
GGTAATTTTCCTTGTATTTCTAATTCATCAAACTCATTCAGACAGACTAATTCAGCTGAATTCAARATGTC
AAAGACCTGGGCAGAAGTAGGCCTTTCTTGAGGATTTTCTTTCAAACACTGTTTAAAGCCCAGCCAAATGC
TTGCATTCCTGCTGTTGTGATGTGTAGCAACCATGCATTCAACAATTACGTTTTTAGGTAATAAAATGCGT
CTCGACAATATTCTACTATCAGCAACTTCCTCAGAAGTGTATCCTTCAGTATTTAAGTCAAGAAATGAGAG
CTGTCCTCTGTCGGTGTGCCCACCTTCGGTATTGATGACCAGGAGAGTACCAGACTGTGTCCCAGACACAA
TCCAGCTTTCCTTTTCAACAGGAAGATGCACCAAGGCTAAGCTTTTTTGTTTGCTTTGCTTGGAARAGGAA
TTGCAATACARAACAAGTGACAGAATCAGTCATCTTTTCTAGGGTATGTCTCTTTTTCCCATGTATCTTCAA
AGGAGCAGCTCCTTTAAGCTTAACAGTCTTATCTTCAAAAATTGCTAACTTGCCATCAGCGGTTCCAACCA
AAAGAARATTGCCACATCCTCCCCACATTACATTTCTTTCCGTTGAATTTGTGGATTCACTCAAACACATC
AATGGAGTACTGACATTTCCTATATTTACACTGAAAGCTGCATAAGAAARCAGTTGGCTTGTTCTTGTCTC
AATGAGTTTCTGAATGGTGAAATCATTAGAAAAGGAGAAAATCTTTGCAGTTTTCTTATCCCACACTTCCA
CAACAGGGCTATTTTGCTTAGCAATATAGAGAGCAGTGTCTACCACCACTGTTATGATGTTGGAATAATAA
GACATTTTGTGTTTTGATTCCTTGTTTTCTTTTACCATTACCTCCCTTARARAGTGCACGCAGTCTATTAG
TCCACAGAGTTTTTTTGAAAGATCCAGGAGTAAAATATGGCCTCCTCCAGTTCCTATCCAAAGAGCAGTGT
TCTTCTGAAGGCAGAGGGTTTTCACTCTCCCAGGCATGACATTTTTAAGGCTTCCTAGCTGTGCTGTCATC
ATGACTCTGACCGAATTACAAAAGTTGTAAATTACACGTATAAGT CGACGAGGAAGATTGATGTCCCAAAC
GGTCAAGCAAGATTGTATCTCTTTCTGCTTTTGTGTACCTTCAGTATTTTTCCGGTTGTAGCCCAATACCA
TTCTCTCTTACTCAACAGATGTTCGTCTCATTTTTTCAGCTAATTCTTTTCTCACTTCAATGTGTTTTTCT
AAATTTTGCACTTCATGTGAAAATGTGAGTACCCTTTCCATGTGAACATTTTTAAAATAAATATTTACAAG
AGGAGAGAATAATTTTCCTATCCAAAGACAATTCCTATTTCTTTARAATACACATTTACTGGTAAGTATTT
TTACATATATTTAAATTAAARATAATAACATTCCTTCATACACACGAGCTATTTCAATARATTAGGTACTT
CACAGATTTATTTTCATTAATTAATGAACGAAAGTAACTGGTATTTATAAGAAATATAACATTGTGTTTTA
AATAGTCTTAAGCACAGAATTTAAAATAAAGTTTACCTCCATTACAGACAAGARAACAAAARATTATCGGC
CTTATAAATTTTAGTATGAGTACTTCTAAGAAGGAATACATTACATGGGAAACTGTCTTAATATTTTCATT
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ATACCGTGCAGATTTCTAGAAAAATCGACAAGCAATAGTCCTGCARAGAGAATTCACATACCARCAAAGGA
CTTTATTAGTGCAAATTCATTTGAATATTTACAAGCATATATGATAGTGCATTTCGATGCAACAGTATGTC
ATGTTTTTTCATTAGTACTTTTAATGGAGTTITTCTTTTGAATTGAGTGAAGTTGTGTAAGATGCACTGTTT
GCAACAGCAAGAAAAACAACTCTATTATGTCTAGGAAAGACACAGAGAGTTTCTGTGACAAAGAGAGTTTC
TGTGTCTTTCCTAGATATGAGGACTTTGATAAAARAATAAARRATATCACTTGAAGGACTGAACACTGTATT
TACACTAATTATACAAAATTCAGGGTATCCACATTCARACATAGAGTTGTAGGATCTGCAGCATCACAAAT
TTAGGGAAAAGATGAATATAAGCATTAGAATGAAGCAGATTAGAARACAAGTAGCTAGTGGTATGAAGARA
AGTGTTAGATATTTATCCTCATGGTCTTGGTAGGAGCTGTGGAATTCTATAATTCTGAAAAAARARARAGGT
TTCTATCTGAATGATCTATGTAAACAATTTAAGTATAATTTGGAAGCCTAGGGTGGCAGATATTTTTATCC
ATCATAACTAAAGCTCCTTTCTCCTTCAGCAACTAAAGAATTTACCGAAAGTACTTTTCCTAARGCAGARA
TGACCTCAAATTATTACATAGGTATTTGGCCCTGATACTCCTATTGTGGTAAGTAGTAAAATGCCATAAGT
TCTGAGAATATTAAATGTACTAGTTGTCCTATCACAGGGAATTATCTGAAATAATGAATACTGGTCAGGGC
CGTTAAAGCATAGCTTCCTTTAAAATACAGAAAATCTTTCATCTTTAAGAATTTGATTACCCTTAATATAA
ATAAATTTAAAGTTTTCACAAAARAATTGCAAATACAAAGTAACAATGAARGAGATAACACTGGAACAAAGA
GCTCTATTATATATGATTTTTTTGTTAATTACATAACAAAAGTTTTTAAAAAACCTTTATTATTCCATTTA
AATATGGTATTCATTTTTTTAATTTGTCTTTGGTAAA
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CLAIMS

We claim:

1. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of LRRK2,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,
wherein the antisense strand comprises a region of complementarity to an mRNA encoding LRRK2,
and wherein the region of complementarity comprises at least 15 contiguous nucleotides differing by no

more than 3 nucleotides from any one of the antisense nucleotide sequences in any one of Tables 3-7.

2. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of LRRK2,
wherein the dsSRNA agent comprises a sense strand and an antisense strand forming a double stranded region,

wherein the sense strand comprises at least 15 contiguous nucleotides differing by no more than 3
nucleotides from the nucleotide sequence of SEQ ID NO: 1 or 1808 and the antisense strand comprises at
least 15 contiguous nucleotides differing by no more than 3 nucleotides from the nucleotide sequence of
SEQ ID NO: 2 or 1809.

3. A double stranded ribonucleic acid (dsRNA) agent for inhibiting expression of LRRK2,
wherein the dsRNA agent comprises a sense strand and an antisense strand forming a double stranded region,

wherein the antisense strand comprises a region of complementarity to an mRNA encoding LRRK?2,
and wherein the region of complementarity comprises at least 15 contiguous nucleotides differing by no
more than 3 nucleotides from the nucleotide sequence of SEQ ID NO: 2 or 1809.

4. The dsRNA agent of any one of claims 1-3, wherein the sense strand comprises at least 15
contiguous nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence
of nucleotides 1458-1478, 1484-1504, 1761-1781, 1950-1970, 2076-2096, 2094-2114, 2212-2232, 2213-
2233,2268-2288,2431-2451, 2529-2549, 2565-2585, 2566-2586, 2569-2589, 2583-2603, 2605-2625, 2657-
2677,2764-2784,2867-2887, 2881-2901, 2883-2903, 3022-3042, 3198-3218, 3330-3350, 3348-3368, 3395-
3413, 3629-3649, 3630-3630, 3712-3732,3713-3733,3715-3735,3717-3737,3720-3740, 3727-3747, 3796-
3816, 3800-3820, 3822-3842, 3829-3849, 3875-3895,3971-3991, 4130-4150, 4443-4463, 4447-4467, 4449-
4469, 4478-4498, 4488-4508, 4619-4639, 4652-4672, 4868-4888, 4950-4970, 4970-4990, 4971-4991, 4972-
4992, 5092-5112, 5202-5222, 5226-5246, 5232-5252, 5233-5253, 5273-5293, 5318-3338, 5367-3387, 5368-
5388, 5370-3390, 5373-3393, 5425-5445, 5443-5463, 5457-5477, 5461-548 1, 5471-5491, 5475-5495,5501-
5521,5557-5577, 5640-5660, 5646-5666, 5639-5679, 5674-5694, 5675-5695, 5676-5696, 5682-5702, 5684-
5704,5722-5742, 5725-5745, 5778-5798, 5779-5799, 5793-3813, 5964-5984, 5965-5985, 5984-6004, 6029-
6049, 6092-6112, 6093-6113, 6094-6114, 6096-6116, 6127-6147, 6143-6163, 6165-6185, 6172-6192, 6173-
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6193,6174-6194, 6175-6195, 6198-6218, 6319-6339, 6339-6359, 6418-6438, 6531-6551, 6536-6556, 6541-
6561, 6573-6593, 6662-6682, 6730-6750, 6740-6760, 6742-6762, 6786-6806, 6791-6811, 6803-6823, 6804-
6824, 6805-6825, 6807-6827, 6810-6830, 6811-6831, 6812-6832, 6818-6838, 6872-6892, 7004-7024, 7018-
7038, 7020-7040, 7027-7047, 7028-7048, 7085-7105, 7103-7123, 7115-7135, 7121-7141, 7127-7147, 7242-
7262, 7348-7368, 7397-7417, 7404-7424, 7405-7425, 7421-7441, 7443-7463, 7444-7464, 7445-7465, 7493-
7513, 7535-7555, 7538-7558, 7539-7559, 7593-7613, 7629-7649, 7637-7657, 7638-7658, 7639-7659, 7671-
7691, 7727-7747,7729-7749, 8134-8154, 8135-8155, 1484-1504, 1488-1508, 1755-1775, 1761-1781, 19053-
1925, 1945-1965, 1950-1970, 2029-2049, 2207-2227,2212-2232,2213-2233,2431-2451, 2529-2549, 2565-
2585,2569-2589, 2648-2668, 2764-2784, 2874-2894, 2881-2901,3051-3071,3193-3213,3198-3218, 3208-
3228, 3330-3350, 3331-3351, 3350-3370, 3380-3400, 3390-3410, 3395-3415, 3573-3593, 3622-3642, 3632-
3652,3712-3732,3715-3735,3717-3737,3718-3738, 3740-3760, 3795-3815, 3806-3826, 3829-3849, 3830-
3850, 3938-3958, 3950-3970, 3971-3991, 4367-4387, 4376-4396, 4444-4464, 4446-4466, 4447-4467, 4551-
4571, 4554-4574,4704-4724, 4834-4854, 4839-4859, 4925-4945, 4970-4990, 4971-4991, 4972-4992, 5058-
5078,5092-5112, 5128-5148, 5196-5216, 5226-5246, 5275-3295, 5322-5342, 5349-5369, 5352-5372, 5363-
5385, 5367-5387, 5368-5388, 5370-5390, 5373-5393, 5461-3481, 5475-5495, 5482-5502, 5515-5535, 5516-
5536,5541-5561,5557-5577, 5607-5627, 5635-5655, 5641-3661, 5643-3663, 5644-5664, 5646-5666, 5655-
5675, 5659-5679, 5660-5680, 5671-5691, 5674-5694, 5682-5702, 5683-3703, 5684-5704, 5721-5741, 5757-
5777,5763-5783,5772-5792, 5773-5793, 5776-5796, 5777-5797, 5778-5798, 5779-5799, 5793-5813, 5794-
5814, 5964-5984, 5965-5985, 5966-5986, 5980-6000, 5984-6004, 6029-6049, 6030-6050, 6071-6091, 6092-
6112, 6093-6113, 6095-6115, 6129-6149, 6135-6155, 6136-6156 ,6142-6162, 6145-6165,6171-6191, 6172-
6192, 6174-6194, 6175-6195, 6178-6198, 6180-6200, 6196-6216, 6197-6217, 6198-6218, 6344-6364, 6355-
6375, 6520-6540, 6536-6556, 6538-6558, 6539-6559, 6541-6561, 6723-6743, 6724-6744, 6729-6749, 6730-
6750, 6737-6757, 6740-6760, 6742-6762, 6743-6763, 6786-6806, 6787-6807, 6791-6811, 6793-6813, 6794-
6814, 6803-6823, 6805-6825, 6806-6826, 6807-6827, 6808-6828, 6810-6830, 6811-6831, 6812-6832, 6813-
6833, 6814-6834, 6818-6838, 6828-6848, 6829-6849, 6834-6854, 6872-6892, 6918-6938, 6919-6939, 6920-
6940, 6922-6942, 6989-7009, 7004-7024, 7012-7032, 7023-7043, 7035-7055, 7036-7056, 7041-706 11, 7085-
7105,7103-7123, 7114-7134, 7116-7136, 7121-7141, 7129-7149, 7146-7166, 7149-7169, 7242-7262, 7247-
7267, 7303-7323, 7348-7368, 7353-7373, 7397-7417, 7404-7424, 7405-7425, 7443-7463, 7493-7513, 7533-
7553, 7538-7558, 7539-7559, 7593-7613, 7627-7647, 7629-7649, 7727-7747, 8005-8025, 8007-8027 and
8134-8154 of SEQ ID NO: 1, and the antisense strand comprises at least 15 contiguous nucleotides from the
corresponding nucleotide sequence of SEQ ID NO: 2.

5. The dsRNA agent of any one of claims 1-4, wherein the antisense strand comprises at least
15 contiguous nucleotides differing by no more than three nucleotides from any onc of the antisense strand
nucleotide sequences of a duplex selected from the group consisting of AD-1624152, AD-1624178, AD-
1624412, AD-1624595, AD-1624721, AD-1624739, AD-1624856, AD-1624857, AD-1624894, AD-
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1625057, AD-1625155, AD-1625191, AD-1625192, AD-1625195, AD-1625209, AD-1625230, AD-
1625282, AD-1625389, AD-1625485, AD-1623499, AD-1625501, AD-1625610, AD-1625786, AD-
1625910, AD-1625928, AD-1625975, AD-1626183, AD-1626184, AD-1626265, AD-1626266, AD-
1626268, AD-1626270, AD-1626273, AD-1626280, AD-1626349, AD-1626353, AD-1626375, AD-
1626382, AD-1626428, AD-1626524, AD-1626636, AD-1626921, AD-1626925, AD-1626927, AD-
1626936, AD-1626946, AD-1627077, AD-1627110, AD-1627308, AD-1627390, AD-1627410, AD-
1627411, AD-1627412, AD-1627511. AD, 1627601, AD-1627625, AD-1627631, AD-1627632, AD-
1627672, AD-1627717, AD-1627766, AD-1627767, AD-1627769, AD-1627772, AD-1627820, AD-
1627838, AD-1627852, AD-1627856, AD-1627866, AD-1627870, AD-1627896, AD-1627952, AD-
1628008, AD-1628014, AD-1628027. AD-1628042, AD-1628043, AD-1628044. AD-1628050, AD-
1628052, AD-1628070, AD-1628073, AD-1628118, AD-1628119, AD-1628133, AD-1628233, AD-
1628254, AD-1628273, AD-1628318, AD-1628381, AD-1628382, AD-1628383, AD-1628385, AD-
1628396, AD-1628412, AD-1628434, AD-1628441, AD-1628442, AD-1628443, AD-1628444, AD-
1628467, AD-1628570, AD-1628590, AD-1628668, AD-1628754, AD-1628759, AD-1628764, AD-
1628794, AD-1628883, AD-1628951, AD-1628961, AD-1628963, AD-1629007, AD-1629012, AD-
1629024, AD-1629025, AD-1629026, AD-1629028, AD-1629031, AD-1629032, AD-1629033, AD-
1629039, AD-1629092, AD-1629200, AD-1629214, AD-1629216, AD-1629223, AD-1629224, AD-
1629263, AD-1629280, AD-1629292, AD-1629298, AD-1629304, AD-1629419, AD-1629524, AD-
1629573, AD-1629580, AD-1629581, AD-1629597, AD-1629619, AD-1629620, AD-1629621, AD-
1629665, AD-1629707, AD-1629710, AD-1629711, AD-1629763, AD-1629799, AD-1629807, AD-
1629808, AD-1629809, AD-1629838, AD-1629876, AD-1629878, AD-1630135, AD-1630136, AD-
1631019, AD-1631020, AD-1631021, AD-1631022, AD-1631023, AD-1631024, AD-1631025, AD-
1631026, AD-1631027, AD-1631028, AD-1631029, AD-1631030, AD-1631031, AD-1631032, AD-
1631033, AD-1631034, AD-1631035, AD-1631036, AD-1631037, AD-1631038, AD-1631039, AD-
1631040, AD-1631041, AD-1631042, AD-1631043, AD-1631044, AD-1631045, AD-1631046, AD-
1631047, AD-1631048, AD-1631049, AD-1631050, AD-1631051, AD-1631052, AD-1631053, AD-
1631054, AD-1631055, AD-1631056, AD-1631057, AD-1631058, AD-1631059, AD-1631060, AD-
1631061, AD-1631062, AD-1631063, AD-1631064, AD-1631065, AD-1631066, AD-1631067, AD-
1631068, AD-1631069, AD-1631070, AD-1631071, AD-1631072, AD-1631073, AD-1631074, AD-
1631075, AD-1631076, AD-1631077. AD-1631078, AD-1631079, AD-1631080, AD-1631081, AD-
1631082, AD-1631083, AD-1631084, AD-1631085, AD-1631086, AD-1631087, AD-1631088, AD-
1631089, AD-1631090, AD-1631091, AD-1631092, AD-1631093, AD-1631094, AD-1631095, AD-
1631096, AD-1631097, AD-1631098, AD-1631099, AD-1631100, AD-1631101, AD-1631102, AD-
1631103, AD-1631104, AD-1631105, AD-1631106, AD-1631107, AD-1631108, AD-1631109, AD-
1631110, AD-1631111, AD-1631112, AD-1631113, AD-1631114, AD-1631115, AD-1631116, AD-
1631117, AD-1631118, AD-1631119, AD-1631120, AD-1631121, AD-1631122, AD-1631123, AD-
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1631124,
1631131,
1631138,
1631145,
1631152,
1631159,
1631166,
1631173,
1631180,
1631187,
1631194,
1631201,
1631208,
1631215,
1807334,
1807341,
1807348,
1807335,
1807362,
1807369,
1807376,
1807383,
1807390,
1807397,
1807404,
1807411,

AD-1631125,
AD-1631132,
AD-1631139,
AD-1631146,
AD-1631153,
AD-1631160,
AD-1631167,
AD-1631174,
AD-1631181,
AD-1631188,
AD-1631195,
AD-1631202,
AD-1631209,
AD-1631216,
AD-1807335,
AD-1807342,
AD-1807349,
AD-1807356,
AD-1807363,
AD-1807370,
AD-1807377,
AD-1807384,
AD-1807391,
AD-1807398,
AD-1807405,
AD-1807412,

AD-1631126,
AD-1631133,
AD-1631140,
AD-1631147,
AD-1631154,
AD-1631161,
AD-1631168,
AD-1631175,
AD-1631182,
AD-1631189,
AD-1631196,
AD-1631203,
AD-1631210,
AD-1631217,
AD-1807336,
AD-1807343,
AD-1807350,
AD-1807357,
AD-1807364,
AD-1807371,
AD-1807378,
AD-1807385,
AD-1807392,
AD-1807399,
AD-1807400,
AD-1807413,

AD-1631127,
AD-1631134,
AD-1631141,
AD-1631148,
AD-1631155,
AD-1631162,
AD-1631169,
AD-1631176,
AD-1631183,
AD-1631190,
AD-1631197,
AD-1631204,
AD-1631211,
AD-1631218,
AD-1807337,
AD-1807344,
AD-1807351,
AD-1807338,
AD-1807363,
AD-1807372,
AD-1807379,
AD-1807386,
AD-1807393,
AD-1807400,
AD-1807407,
AD-1807414,

AD-1631128,
AD-1631135,
AD-1631142,
AD-1631149,
AD-1631156,
AD-1631163,
AD-1631170,
AD-1631177,
AD-1631184,
AD-1631191,
AD-1631198,
AD-1631205,
AD-1631212,
AD-1631219,
AD-1807338,
AD-1807345,
AD-1807352,
AD-1807359,
AD-1807366,
AD-1807373,
AD-1807380,
AD-1807387,
AD-1807394,
AD-1807401,
AD-1807408,
AD-1807415,
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AD-1631129,
AD-1631136,
AD-1631143,
AD-1631150,
AD-1631157,
AD-1631164,
AD-1631171,
AD-1631178,
AD-1631185,
AD-1631192,
AD-1631199,
AD-1631206,
AD-1631213,
AD-1631220,
AD-1807339,
AD-1807346,
AD-1807353,
AD-1807360,
AD-1807367,
AD-1807374.
AD-1807381,
AD-1807388,
AD-1807395,
AD-1807402,
AD-1807400,
AD-1807416,
1807418, AD-1807419, AD-1807420, AD-1807421, AD-1807422, and AD-1807423.

AD-1631130,
AD-1631137,
AD-1631144,
AD-1631151,
AD-1631158,
AD-1631165,
AD-1631172,
AD-1631179,
AD-1631186,
AD-1631193,
AD-1631200,
AD-1631207,
AD-1631214,
AD-1631221,
AD-1807340,
AD-1807347,
AD-1807354,
AD-1807361,
AD-1807368,
AD-1807375,
AD-1807382,
AD-1807389,
AD-1807396,
AD-1807403,
AD-1807410,
AD-1807417,

AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-
AD-

6. The dsRNA agent of any one of claims 2-3, wherein the sense strand comprises at least 15

contiguous nucleotides differing by no more than three nucleotides from any one of the nucleotide sequence
of nucleotides 212-232, 238-258, 515-535, 704-724, 830-850, 848-868, 966-986, 967-987, 1022-1042,
1185-1203, 1283-1303, 1319-1339, 1320-1340, 1323-1343, 1337-1357, 1359-1379, 1411-1431, 1518-1538,
1621-1641, 1635-1655, 1637-1657, 1776-1796, 1952-1972, 2084-2104, 2102-2122, 2149-2169, 2383-2403,
2384-2404, 2466-2486, 2467-2487, 2469-2489, 2471-2491, 2474-2494, 2481-2501, 2550-2570, 2554-2574,
2576-2596, 2583-2603, 2629-2649, 2725-2745,2884-2904, 3197-3217, 3201-3221, 3203-3223, 3232-3252,
3242-3262,3373-3393, 3406-3426, 3622-3642, 3704-3724, 3724-3744, 3725-3745, 3726-3746, 3846-3866,
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3956-3976, 3980-4000, 3986-4006, 3987-4007, 4027-4047, 4072-4092, 4121-4141, 4122-4142, 4124-4144,
4127-4147,4179-4199, 4197-4217, 4211-4231, 4215-4233, 4225-4245, 4229-4249, 4255-4275, 4311-4331,
4394-4414, 4400-4420, 4413-4433, 4428-4448, 4429-4449, 4430-4450, 4436-4456, 4438-4458, 4476-4496,
4479-4499, 4532-4552, 4533-4553, 4547-4567, 4718-4738, 4719-4739, 4738-4758, 4783-4803, 4846-4866,
4847-4867, 4848-4868, 4850-4870, 4881-4901, 4897-4917, 4919-4939, 4926-4946, 4927-4947, 4928-4948,
4929-4949, 4952-4972, 5073-5093, 5093-5113, 5172-5192, 5285-5305, 5290-5310, 5295-5313, 5327-5347,
5416-5436, 5484-5504, 5494-5514, 5496-5516, 5540-5560, 5545-5565, 5557-5577, 5558-5578, 5559-5579,
5561-5581, 5564-3584, 5565-35835, 5566-5386, 5572-5592, 5626-5646, 5758-3778, 5772-5792, 5774-5794,
5781-3801, 5782-5802, 5839-5859, 5857-5877, 5869-5889, 5875-3893, 5881-5901, 5996-6016, 6102-6122,
6151-6171, 6158-6178, 6159-6179, 6175-6195, 6197-6217, 6198-6218, 6199-6219, 6247-6267, 6289-6309,
6292-6312, 6293-6313, 6347-6367, 6383-6403, 6391-6411, 6392-6412, 6393-6413, 6425-6445, 6481-6501,
6483-6503, 6888-6908 and 6889-6909 of SEQ ID NO: 1808, and the antisense strand comprises at least 15

contiguous nucleotides from the corresponding nucleotide sequence of SEQ ID NO: 1809.

7. The dsRNA agent of any one of claims 2-3 or 6, wherein the antisense strand comprises at
least 15 contiguous nucleotides differing by no more than three nucleotides from any one of the antisense
strand nucleotide sequences of a duplex selected from the group consisting of AD-1624152, AD-1624178,
AD-1624412, AD-1624595, AD-1624721, AD-1624739, AD-1624856, AD-1624857, AD-1624894, AD-
1625057, AD-1625155, AD-1625191, AD-1625192, AD-1625195, AD-1625209, AD-1625230, AD-
1625282, AD-1625389, AD-1625485, AD-1625499, AD-1625501, AD-1625610, AD-1625786, AD-
1625910, AD-1625928, AD-1625975, AD-1626183, AD-1626184, AD-1626265, AD-1626266, AD-
1626268, AD-1626270, AD-1626273, AD-1626280, AD-1626349, AD-1626353, AD-1626375, AD-
1626382, AD-1626428, AD-1626524, AD-1626636, AD-1626921, AD-1626925, AD-1626927, AD-
1626936, AD-1626946, AD-1627077, AD-1627110, AD-1627308, AD-1627390, AD-1627410, AD-
1627411, AD-1627412, AD-1627511, AD, 1627601, AD-1627625, AD-1627631, AD-1627632, AD-
1627672, AD-1627717, AD-1627766, AD-1627767, AD-1627769, AD-1627772, AD-1627820, AD-
1627838, AD-1627852, AD-1627856, AD-1627866, AD-1627870, AD-1627896, AD-1627952, AD-
1628008, AD-1628014, AD-1628027, AD-1628042, AD-1628043, AD-1628044, AD-1628050, AD-
1628052, AD-1628070, AD-1628073, AD-1628118, AD-1628119, AD-1628133, AD-1628233, AD-
1628254, AD-1628273, AD-1628318, AD-1628381, AD-1628382, AD-1628383, AD-1628385, AD-
1628396, AD-1628412, AD-1628434, AD-1628441, AD-1628442, AD-1628443, AD-1628444, AD-
1628467, AD-1628570, AD-1628590, AD-1628668, AD-1628754, AD-1628759, AD-1628764, AD-
1628794, AD-1628883, AD-1628951, AD-1628961, AD-1628963, AD-1629007, AD-1629012, AD-
1629024, AD-1629025, AD-1629026, AD-1629028, AD-1629031, AD-1629032, AD-1629033, AD-
1629039, AD-1629092, AD-1629200, AD-1629214, AD-1629216, AD-1629223, AD-1629224, AD-
1629263, AD-1629280, AD-1629292, AD-1629298, AD-1629304, AD-1629419, AD-1629524, AD-
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1629573, AD-1629580, AD-1629581, AD-1629597, AD-1629619, AD-1629620, AD-1629621, AD-
1629665, AD-1629707, AD-1629710, AD-1629711, AD-1629763, AD-1629799, AD-1629807, AD-
1629808, AD-1629809, AD-1629838, AD-1629876, AD-1629878, AD-1630135 and AD-1630136.

8. The dsRNA agent of claim 2 or 3, wherein the nucleotide sequence of the sense and
antisense strand comprise any one of the sense and antisense strand nucleotide sequences in any one of
Tables 3-7.

9. The dsRNA agent of any one of claims 1-8, wherein the sense strand, the antisense strand,

or both the sense strand and the antisense strand is conjugated to one or more lipophilic moieties.

10. The dsRNA agent of claim 9, wherein the lipophilic moiety is conjugated to one or more

internal positions in the double stranded region of the dsRNA agent.

1L The dsRNA agent of claim 9 or 10, wherein the lipophilic moiety is conjugated via a linker

or catriet.

12. The dsRNA agent of any one of claims 9-11, wherein lipophilicity of the lipophilic moiety,

measured by logKow, exceeds 0.

13. The dsRNA agent of any one of claims 1-12, wherein the hydrophobicity of the double-
stranded RNA agent, measured by the unbound fraction in a plasma protein binding assay of the double-

stranded RNA agent, exceeds 0.2.

14. The dsRNA agent of claim 13, wherein the plasma protein binding assay is an

clectrophoretic mobility shift assay using human serum albumin protein.

15. The dsRNA agent of any one of claims 1-14, wherein the sense strand, the antisense strand,
or both the sense strand and the antisense strand is conjugated to one or more Asialoglycoprotein receptor
(ASGPR) ligands.

16.  The dsRNA agent of claim 15, wherein the ASGPR ligand is attached to the 5” end or 3’

end of the sense strand.
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17. The dsRNA agent of claim 15, wherein the ASGPR ligand is attached to the 5” end of the

sense strand.

18. The dsRNA agent of claim 15, wherein the ASGPR ligand is attached to the 3" end of the

sense strand.

19. The dsRNA agent of any one of claims 15-18, wherein the ASGPR ligand comprises one or

more GalNAc derivatives attached through a bivalent or trivalent branched linker.

20.  The dsRNA agent of any one of claims 15-19, wherein the ASGPR ligand comprises:

Ho ©H
R :
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21. The dsRNA agent of claim 15, wherein the ASGPR ligand is:
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22. The dsRNA agent of any one of claims 1-14, wherein the dsSRNA agent comprises at least

one modified nucleotide.

23, The dsRNA agent of claim 22, wherein no more than five of the sense strand nucleotides

and no more than five of the nucleotides of the antisense strand are unmodified nucleotides
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24, The dsRNA agent of claim 22, wherein all of the nucleotides of the sense strand and all of

the nucleotides of the antisense strand are modified nucleotides.

25. The dsRNA agent of any one of claims 22-24, wherein at least one of the modified
nucleotides is selected from the group a deoxy-nucleotide, a 3’-terminal deoxythimidine (dT) nucleotide, a
2'-0-methyl modified nucleotide, a 2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, a locked
nucleotide, an unlocked nucleotide, a conformationally restricted nucleotide, a constrained ethyl nucleotide,
an abasic nucleotide, a 2’-amino-modified nucleotide, a 2°-O-allyl-modified nucleotide, 2°-C-alkyl-modified
nucleotide, 2’-hydroxy-modified nucleotide, a 2’-methoxyethyl modified nucleotide, a 2°-O-alkyl-modified
nucleotide, a morpholino nucleotide, a phosphoramidate, a non-natural base comprising nucleotide, a
tetrahydropyran modified nucleotide, a 1,5-anhydrohexitol modified nucleotide, a cyclohexenyl modified
nucleotide, a nucleotide comprising a 5'-phosphorothioate group, a nucleotide comprising a 3'-
methylphosphonate group, a nucleotide comprising a 5° phosphate or 5’ phosphate mimic, a nucleotide
comprising vinyl phosphonate, a nucleotide comprising adenosine-glycol nucleic acid (GNA), a nucleotide
comprising thymidine-glycol nucleic acid (GNA) S-Isomer, a nucleotide comprising 2-hydroxymethyl-
tetrahydrofurane-5-phosphate, a nucleotide comprising 2’-deoxythymidine-3’phosphate, a nucleotide
comprising 2’-deoxyguanosine-3’-phosphate, and a terminal nucleotide linked to a cholesteryl derivative

and a dodecanoic acid bisdecylamide group; and combinations thereof.

26. The dsRNA agent of claim 25, wherein the modified nucleotide 1s selected from the group
consisting of a 2'-deoxy-2'-fluoro modified nucleotide, a 2'-deoxy-modified nucleotide, 3’-terminal
deoxythimidine nucleotides (dT), a locked nucleotide, an abasic nucleotide, a 2’-amino-modified nucleotide,
a 2’-alkyl-modified nucleotide, a morpholino nucleotide, a phosphoramidate, and a non-natural base

comprising nucleotide.

217. The dsRNA agent of claim 25, wherein the modified nucleotide comprises a short sequence

of 3’-terminal deoxythimidine nucleotides (dT).

28. The dsRNA agent of claim 25, wherein the modifications on the nucleotides are 2°-O-
methyl, GNA and 2 fluoro modifications.

29.  The dsRNA agent of any one of claims 1-28, further comprising at least one

phosphorothioate internucleotide linkage.

30. The dsRNA agent of claim 29, wherein the dsRNA agent comprises 6-8 phosphorothioate

internucleotide linkages.
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31 The dsRNA agent of any one of claims 1-30, wherein each strand is no more than 30

nucleotides in length.

32. The dsRNA agent of any one of claims 1-31, wherein at least one strand comprises a 3’

overhang of at least 1 nucleotide.

33. The dsRNA agent of any one of claims 1-32, wherein at least one strand comprises a 3’

overhang of at least 2 nucleotides.

34, The dsRNA agent of any one of claims 1-33, wherein the double stranded region is 15-30

nucleotide pairs in length.

35. The dsRNA agent of claim 34, wherein the double stranded region is 17-23 nucleotide pairs
in length.

36. The dsRNA agent of claim 34, wherein the double stranded region is 17-25 nucleotide pairs
in length.

37. The dsRNA agent of claim 34, wherein the double stranded region is 23-27 nucleotide pairs
in length.

38. The dsRNA agent of claim 34, wherein the double stranded region is 19-21 nucleotide pairs

in length.

39. The dsRNA agent of claim 34, wherein the double stranded region is 21-23 nucleotide pairs
in length.

40. The dsRNA agent of any one of claims 1-39, wherein each strand has 19-30 nucleotides.

41. The dsRNA agent of any one of claims 1-39, wherein each strand has 19-23 nucleotides.

42, The dsRNA agent of any one of claims 1-39, wherein each strand has 21-23 nucleotides.

43. The dsRNA agent of any one of claims 10-42, wherein one or more lipophilic moieties are

conjugated to one or more internal positions on at least one strand.
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44, The dsRNA agent of claim 43, wherein the one or more lipophilic moieties are conjugated

to one or more internal positions on at least one strand via a linker or carrier.

45, The dsRNA agent of claim 44, wherein the internal positions include all positions except

the terminal two positions from each end of the at least one strand.

46. The dsRNA agent of claim 44, wherein the internal positions include all positions except

the terminal three positions from each end of the at least one strand.

47. The dsRNA agent of claim 44-46, wherein the internal positions exclude a cleavage site

region of the sense strand.

48. The dsRNA agent of claim 47, wherein the internal positions include all positions except

positions 9-12, counting from the 5’-end of the sense strand.

49 The dsRNA agent of claim 47, wherein the internal positions include all positions except

positions 11-13, counting from the 3’-end of the sense strand.

50. The dsRNA agent of claim 44-46, wherein the internal positions exclude a cleavage site

region of the antisense strand.

51. The dsRNA agent of claim 50, wherein the internal positions include all positions except

positions 12-14, counting from the 5’-end of the antisense strand.

52. The dsRNA agent of claim 44-46, wherein the internal positions include all positions except
positions 11-13 on the sense strand, counting from the 3’-end, and positions 12-14 on the antisense strand,

counting from the 5’-end.

53. The dsRNA agent of any one of claims 10-52, wherein the one or more lipophilic moieties
arc conjugated to one or more of the internal positions selected from the group consisting of positions 4-8
and 13-18 on the sense strand, and positions 6-10 and 15-18 on the antisense strand, counting from the 5’end

of each strand.
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54. The dsRNA agent of claim 53, wherein the one or more lipophilic moieties are conjugated
to one or more of the intemal positions selected from the group consisting of positions 3, 6, 7, 15, and 17 on

s Vs s

the sense strand, and positions 15 and 17 on the antisense strand, counting from the 5’-end of each strand.

55. The dsRNA agent of claim 10, wherein the internal positions in the double stranded region

exclude a cleavage site region of the sense strand.

56. The dsRNA agent of any one of claims 9-55, wherein the sense strand is 21 nucleotides in
length, the antisense strand is 23 nucleotides in length, and the lipophilic moiety is conjugated to position
21, position 20, position 15, position 1, position 7, position 6, or position 2 of the sense strand or position 16

of the antisense strand.

57. The dsRNA agent of claim 56, wherein the lipophilic moiety is conjugated to position 21,

position 20, position 15, position 1, or position 7 of the sense strand.

58. The dsRNA agent of claim 56, wherein the lipophilic moiety is conjugated to position 21,

position 20, or position 15 of the sense strand.

59. The dsRNA agent of claim 56, wherein the lipophilic moiety is conjugated to position 20 or

position 15 of the sense strand.

60. The dsRNA agent of claim 56, wherein the lipophilic moiety is conjugated to position 16 of

the antisense strand.

61. The dsRNA agent of any one of claims 9-60, wherein the lipophilic moiety is an aliphatic,

alicyclic, or polyalicyclic compound.

62. The dsRNA agent of claim 61, wherein the lipophilic moiety is selected from the group
consisting of lipid, cholesterol, retinoic acid, cholic acid, adamantane acetic acid, 1-pyrene butyric acid,
dihydrotestosterone, 1,3-bis-O(hexadecyl)glycerol, geranyloxyhexyanol, hexadecylglycerol, borneol,
menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid, O3-(oleoyl) lithocholic acid, O3-

(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine.

63. The dsRNA agent of claim 61, wherein the lipophilic moicty contains a saturated or
unsaturated C4-C30 hydrocarbon chain, and an optional functional group selected from the group consisting

of hydroxyl, amine, carboxylic acid, sulfonate, phosphate, thiol, azide, and alkyne.
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64. The dsRNA agent of claim 63, wherein the lipophilic moiety contains a saturated or
unsaturated C6-C18 hydrocarbon chain.

65. The dsRNA agent of claim 63, wherein the lipophilic moiety contains a saturated or

unsaturated C16 hydrocarbon chain.

66. The dsRNA agent of claim 65, wherein the saturated or unsaturated C16 hydrocarbon chain

is conjugated to position 6, counting from the 5°-end of the strand.

67. The dsRNA agent of any one of claims 9-66, wherein the lipophilic moiety is conjugated

via a carrier that replaces one or more nucleotide(s) in the internal position(s) or the double stranded region.

68. The dsRNA agent of claim 67, wherein the carrier is a cyclic group selected from the group
consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl, piperazinyl,
[1,3] dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl, quinoxalinyl,
pyridazinonyl, tetrahydrofuranyl, and decalinyl; or is an acyclic moiety based on a serinol backbone or a

diethanolamine backbone.

69. The dsRNA agent of any one of claims 9-66, wherein the lipophilic moiety is conjugated to
the double-stranded iRNA agent via a linker containing an ether, thiocther, urea, carbonate, amine, amide,
maleimide-thioether, disulfide, phosphodiester, sulfonamide linkage, a product of a click reaction, or

carbamate.

70. The double-stranded iRNA agent of any one of claims 9-69, wherein the lipophilic moiety

is conjugated to a nucleobase, sugar moiety, or internucleosidic linkage.

71. The dsRNA agent of any one of claims 9-70, wherein the lipophilic moeity or targeting
ligand is conjugated via a bio-clevable linker selected from the group consisting of DNA, RNA, disulfide,
amide, funtionalized monosaccharides or oligosaccharides of galactosamine, glucosamine, glucose,

galactose, mannose, and combinations thereof.
72. The dsRNA agent of any one of claims 9-71, wherein the 3° end of the sense strand is

protected via an end cap which is a cyclic group having an amine, said cyclic group being selected from the

group consisting of pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl, imidazolidinyl, piperidinyl,
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piperazinyl, [1,3] dioxolanyl, oxazolidinyl, isoxazolidinyl, morpholinyl, thiazolidinyl, isothiazolidinyl,

quinoxalinyl, pyridazinonyl, tetrahydrofuranyl, and decalinyl.

73. The dsRNA agent of any one of claims 9-70, further comprising a targeting ligand that

targets a liver tissue.

74. The dsRNA agent of any one of claims 9-70, further comprising a targeting ligand that

targets a neuronal cell,

75. The dsRNA agent of any one of claims 9-70, further comprising a targeting ligand that

targets any ocular cell.

76. The dsRNA agent of claim 73, wherein the targeting ligand is a GalNAc¢ conjugate.

77.  The dsRNA agent of any one of claims 1-76 further comprising

a terminal, chiral modification occurring at the first internucleotide linkage at the 3° end of the
antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5 end of the sense

strand, having the linkage phosphorus atom in either Rp configuration or Sp configuration.

78.  The dsRNA agent of any one of claims 1-76 further comprising

a terminal, chiral modification occurring at the first and second internucleotide linkages at the 3” end
of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5” end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

79. The dsRNA agent of any one of claims 1-76 further comprising

a terminal, chiral modification occurring at the first, second and third internucleotide linkages at the
3’ end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of the

antisense strand, having the linkage phosphorus atom in Rp configuration, and
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a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

80. The dsRNA agent of any one of claims 1-76 further comprising

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3’
end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the third internucleotide linkages at the 3° end of the
antisense strand, having the linkage phosphorus atom in Rp configuration,

a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of the
antisense strand, having the linkage phosphorus atom in Rp configuration, and

a terminal, chiral modification occurring at the first internucleotide linkage at the 5° end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

81. The dsRNA agent of any one of claims 1-76 further comprising

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 3
end of the antisense strand, having the linkage phosphorus atom in Sp configuration,

a terminal, chiral modification occurring at the first, and second internucleotide linkages at the 5°
end of the antisense strand, having the linkage phosphorus atom in Rp configuration, and

aterminal, chiral modification occurring at the first intemucleotide linkage at the 5” end of the sense

strand, having the linkage phosphorus atom in either Rp or Sp configuration.

82. The dsRNA agent of any one of claims 1-81, further comprising a phosphate or phosphate

mimic at the 5°-end of the antisense strand.

83. The dsRNA agent of claim 82, wherein the phosphate mimic is a 5’-vinyl phosphonate (VP).

84.  The dsRNA agent of any one of claims 1-81, wherein the base pair at the 1 position of the

5'-end of the antisense strand of the duplex is an AU base pair.

85. The dsRNA agent of any one of claims 1-81, wherein the sense strand has a total of 21

nucleotides and the antisense strand has a total of 23 nucleotides.

86. The dsRNA of any one of claims 1-89, wherein the dsSRNA agent targets a hotspot region
of an mRNA encoding LRRK2.
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87. The dsRNA agent of claim 86, wherein the hotspot region comprises any one of SEQ ID
NOs: 2260-2288 of SEQ ID NO: 1 or any one of nucleotides 3620-3652, 3794-3849, 5194-5222, 5366-5393,
5423-5463, 5674-5704, 5720-5745, 6090-6114, 6125-6156, 6518-6561, 6721-6750, 6740-6763, 7016-7061,
7083-7123, 7112-7136, 7125-7169, 7346-7373, 7441-7465, 7591-7659, 7636-7659, 8132-8155, 3627-3650,
5194-5222, 5674-5702, 5720-5745, 6091-6114, 6529-6559, 7034-7061, 7441-7465, and 7636-7659 of SEQ
ID NO: 1.

88. The dsRNA agent of claim 87, wherein the dsRNA agent is selected from the group
consisting of AD-1627308, AD-1631049, AD-1631050, AD-1626349, AD-1626353, AD-1626375, AD-
1626382, AD-1631080, AD-1807348, AD-1807393, AD-1631088, AD-1631089, AD-1631090, AD-
1631108, AD-1807416, AD-1807371, AD-1627767, AD-1627769, AD-1627772, AD-1631109, AD-
1631110, AD-1631111, AD-1627820, AD-1627838, , AD-1628042, AD-1628043, AD-1628044, AD-
1628050, AD-1628032,, AD-1628070, AD-1631108, AD-1631109, AD-1631110, AD-1631111, AD-
1807397, AD-1807352, , AD-1628073, AD-1807374, AD-1807419, AD-1628381, AD-1628382, AD-
1628383, AD-1631131, AD-1631132, AD-1631133, AD-1628396, AD-1807361, AD-1807406, AD-
1631150, AD-1631151, AD-1631152, AD-1631153, AD-1631154, AD-1631155, AD-1631156, AD-
1631157, AD-1631158, AD-1631160, AD-1631161, AD-1631162, AD-1807357, AD-1807402, AD-
1628961, AD-1628963, AD-1629214, AD-1629216, AD-1629223, AD-1629224, AD-1629263, AD-
1629280, AD-1631194, AD-1631195, AD-1631196, AD-1631197, AD-1807363, AD-1807408, AD-
1629304, AD-1629524, AD-1631205, AD-1631206, AD-1807337, AD-1807354, AD-1807382, AD-
1807399, AD-1629619, AD-1629620, AD-1629621, AD-1631210, AD-1807355, AD-1807377, AD-
1807400, AD-1807422, AD-1629763, AD-1631215, AD-1631216, AD-1631217, AD-1807335, AD-
1807336, AD-1807376, AD-1807380, AD-1807381, AD-1807421, AD-1630135, AD-1630136, AD-
1631221, AD-1807369, AD-1807414, AD-1807364, AD-1807409, AD-1629808, and AD-1629809.

89. A dsRNA agent that targets a hotspot region of a myosin regulatory light chain interacting
protein (LRRK2) mRNA.

90. A cell containing the dsRNA agent of any one of claims 1-89.

ol A pharmaceutical composition for inhibiting expression of a gene encoding LRRK2,

comprising the dsRNA agent of any one of claims 1-89.

92. A pharmaceutical composition comprising the dsSRNA agent of any one of claims 1-89 and
a lipid formulation.
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93. The pharmaceutical composition of claim 91 or 92, wherein dsRNA agent is in an

unbuffered solution.

94, The pharmaceutical composition of claim 91, wherein the unbuffered solution is saline or

water.

95. The pharmaceutical composition of claim 91 or 92, wherein said dsRNA agent is in a buffer

solution.

96. The pharmaceutical composition of claim 93, wherein the buffer solution comprises acetate,

citrate, prolamine, carbonate, or phosphate or any combination thereof.

97. The pharmaceutical composition of claim 95, wherein the buffer solution is phosphate
buffered saline (PBS).

98. A method of inhibiting expression of a LRRK?2 gene in a cell, the method comprising
contacting the cell with the dsSRNA agent of any one of claims 1-89, or the pharmaceutical composition of
any one of claims 91-97, thereby inhibiting expression of the LRRK?2 gene in the cell.

99. The method of claim 98, wherein the cell is within a subject.

100.  The method of claim 99, wherein the subject is a human.

101, The method of claim 100, wherein the subject has a LRRK2-associated disorder.

102.  The method of claim 101, wherein the LRRK2-associated disorder is a neurodegenerative

disorder.

103.  The method of claim 102, wherein the neurodegenerative disorder is a familial disorder.

104.  The method of claim 102, wherein the neurodegenerative disorder is a sporadic disorder.

105.  The method of claim 103 or 104, wherein the neurodegenerative disorder is Parkinson’s

discase.

251



WO 2023/278607 PCT/US2022/035561

106.  The method of claim 101, wherein the LRRK2-associated disorder is an ocular disorder.

107.  The method of any one of claims 98-106, wherein contacting the cell with the dsRNA agent
inhibits the expression of LRRK?2 by at least about 25%.

108.  The method of any one of claims 98-107, wherein inhibiting expression of LRRK2 decreases
LRRK?2 protein level in serum of the subject by at least about 25%.

109. A method of treating a subject having a disorder that would benefit from reduction in LRRK?2
expression, comprising administering to the subject a therapeutically effective amount of the dsRNA agent
of any one of claims 1-89, or the pharmaceutical composition of any one of claims 91-97, thereby treating

the subject having the disorder that would benefit from reduction in LRRK?2 expression.

110. A method of preventing at least one symptom in a subject having a disorder that would
benefit from reduction in ZRRK?2 expression, comprising administering to the subject a prophylactically
effective amount of the dsRNA agent of any one of claims 1-89, or the pharmaceutical composition of any
one of claims 91-97, thereby preventing at least one symptom in the subject having the disorder that would

benefit from reduction in LRRK?2 expression.

111.  The method of claim 109 or 110, wherein the disorder is a LRRK2-associated disorder.

112.  The method of claim 111, wherein the LRRK 2-associated disorder is selected from the group

consisting of Parkinson’s disease, and ocular disorders.

113, The method of any one of claims 110-112, wherein the subject is human,

114.  The method of claim 113, wherein the administration of the agent to the subject causes a

decrease in LRRK2 protein accumulation.

115, The method of any one of claims 109-114, wherein the dsRNA agent is administered to the
subject at a dose of about 0.01 mg/kg to about 50 mg/kg.

116.  The method of any one of claims 109-115, wherein the dsRNA agent is administered to the
subject intrathecally.
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117.  The method of any one of claims 109-116, further comprising determining the level of
LRRK? in a sample(s) from the subject.

118.  The method of claim 117, wherein the level of LRRK?2 in the subject sample(s) is a LRRK2

protein level in a blood, serum, or cerebrospinal fluid sample(s).

119.  The method of any one of claims 109-118, further comprising administering to the subject

an additional therapeutic agent.

120. A kit comprising the dsSRNA agent of any one of claims 1-89 or the pharmaccutical

composition of any one of claims 91-97.

121. A wvial comprising the dsRNA agent of any one of claims 1-89 or the pharmaceutical

composition of any one of claims 91-97.

122. A syringe comprising the dsRNA agent of any one of claims 1-89 or the pharmaceutical

composition of any one of claims 91-97.

123, An intrathecal pump comprising the dsRNA agent of any one of claims 1-89 or the

pharmaceutical composition of any one of claims 91-97.
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