CLAIMS
What is claimed-is:

1. A nucleic acid comprising an adeno-associated virus (AAV) expression cassette,
wherein the AAV expression cassette comprises, from 5' to 3":

a 5'inverted terminal repeat (ITR);

a synthetie;activity-dependenthuman Arc gene promoter; (hArcMin)

a Rett Syndrome-associated gene; and

a3 ITR::

wherein the hArcMin comprises a nucleic acid sequence of SEQ ID NO: 12, or a sequence
at least 95% identical thereto.

2. The nucleic acid of claim 1, wherein the promoter drives expression of the Rett--
syndrome-associated gene.

3. The nucleic acid of claim 1-e#2, wherein the promoter is-aMECP2-independent-promeoter-

9-Thenucleic-acid-of-any-one-of claims1-8-wherein-the prometerfurther comprises a cyclic

AMP response element (CRE), a serum response element (SRE), a synaptic activity response
element (SARE), a MEF2 response element, or a combination thereof.
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10:4.  The nucleic acid of claim 93, wherein the promoter further comprises aat least one
synaptic activity response element (SARE).

H-5. The nucleic acid of claim +04, wherein the synaptic activity response element
(SARE) is a human synaptic activity response element (hSARE}-

12-Fhenueleic-acid-ofelaimH-wherein-the hSARE) and comprises a nucleic acid sequence
of SEQ ID NO: 11, or a sequence at least 9995% identical thereto.

13-6. The nucleic acid of any-ene-ef-elaims+—+2claim 5, wherein the promoter comprises &

15-Thenuecleic-acid-of clatm14—wherein-the prometercomprises-athe nucleic acid sequence
of SEQ ID NO: 6, or a sequence at least 9995% identical thereto.

16-7. The nucleic acid of claim 435, wherein the promoter comprises hAreMin-and-five
hSAREs:

17+ Thenueleicacid-ofclaim16;-wherein-the-prometercomprisesa nucleic acid sequence of
SEQ ID NO: 16, or a sequence at least 9995% identical thereto.

Lo e e Lo pne ool D The nucleic acid of claim 1, wherein the

Rett-syndrome-associated gene encodes brain-derived neurotrophic factor (BDNF), insulin-like
growth factor 1 (}GE+IGFI), methyl-CpG-binding protein 2 (MECP2), Huntingtin protein,
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Huntington-associated protein 1, Orthodenticle homeobox 2 (OTX-2), FXYD Domain Containing
Ion Transport Regulator 1 (EXY-DIEXYDI), Neurexin-2-alpha (NRXN2), or Protein Kinase C
Gamma (PRKCG).

249. The nucleic acid of claim 261, wherein the Rettsyndrome-associated sene-encodes
beainderived bie £ BDONE).

SEQ—ID—NQJ—@H—seq&eneeat least 99%4denﬁeal—theret&

24-The-nuelete-acid-ofany-one of elaims1-23-whereinatleastone-of-the5°the 5' ITR and the
S ITR e e LoD e o g Lsn

FFR is isolated or derived from the genome of AAVIAAVI, AAV2, AAV3, AAV4, AAVS, AAVG,
AAV7T, AAVSE, AAVY, AAVIOAAVIIAAVIO, AAVI 1, AAV12, AAVrh8, AAVERIOAAVThIO,
AAVrh32.33, AAVrh74, Avian AAV or Bovine AAV.

28-10. The nucleic acid of any-ene-ef-elaimsclaim 1-23, wherein the 5°5' ITR comprises the
sequence of SEQ ID NO: 1-

29-Thenueclete-acid-of any-one-of claims1-23-whereinthe 3*, or the 3' ITR comprises the
sequence of SEQ ID NO: 2, or a combination thereof.

30:11. The nucleic acid of any-ene-of-elaimsclaim 1-29, wherein the AAV cassette
comprises a-bratn-derrved-one of the following located between the Rett-syndrome-associated gene
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and the 3' ITR: (a) a brain- derived neurotrophic factor (BDNF) short 3-3' UTR, e#(b) a BDNF
long 3 UFR3' UTR, or (c) a polyadenylation signal.

3412, The nucleic acid of claim 39—%4}%?%&%89%—54%9%%—%%%8%@%%

32 Thenueleicacid-ofelaim30-orelaim 3111, wherein the AAV cassette comprises a BDNF
short 3°3' UTR-

33 Thenueleieacid-ofelaim32;, and wherein the BDNF short 3-3' UTR comprises a nucleic
acid sequence of SEQ ID NO: 8, or a sequence at least 9995% identical thereto.

34.13. The nucleic acid of claim 26-erelaim3+11, wherein the AAV cassette comprises a
BDNF long 3-3' UTR-

35 Fhenueleieacid-ofelaim34;, and wherein the BDNF long 3-3' UTR comprises a nucleic
acid sequence of SEQ ID NO: 10, or a sequence at least 9995% identical thereto.

3714. The nucleic acid of claim 361 1, wherein the polyadenylation signal is a
polyadenylation signal isolated or derived from one or more of the following genes: simian virus 40
(SV40), rBG, e¢a-globin, $-globin, human collagen, human growth hormone (hGH), polyoma virus,
human growth hormone (hGH) or bovine growth hormone (bGH).

38-15. The nucleic acid of claim 2614, wherein the AAV cassette comprises a bGH
polyadenylation signal-

39 Thenueleieacid-ofelaim38; and wherein the bGH polyadenylation signal comprises a
nucleic acid sequence of SEQ ID NO: 9, or a sequence at least 90% identical thereto.
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441 6 The nuclelc acid of clalm %W%%H%mﬁmﬁfeeseqﬁel%eeeempmes—a

42 Thenueleicacid-ofany-one-of-elatms 1411, wherein the AAV expression cassette comprises
e e L BRI 1 1 I e e
syfdrome-assoctttedcene:

43 Thenueleicacid-of elaim42,-wherein-the Kozak sequence-comprisesfollowing: (a) a nucleic
acid sequence of SEQ ID NO %er—a—seq&ene%a{—}eas{—%%&deﬁﬁe&kfhefete—er—arﬂae}e}eae}d

eemp&ses—em&eler&aerd—seqaene%l%@%@% or a sequence at least 9995% 1dentlcal thereto;
(b) a nucleic acid sequence of SEQ ID NO: 4 or a sequence at least 9995% identical thereto; or (¢) a
nucleic acid sequence of SEQ ID NO: 5 or a sequence at least 9995% identical thereto.







66-18. The nucleic acid of claim 1, wherein the hArcMin promoter comprises a nucleic acid

sequence of SEQ ID NO: 12.

19. The nucleic acid of claim 5, wherein the human synaptic activity response element
(hSARE) comprises a nucleic acid sequence of SEQ ID NO: 11.

20. The nucleic acid of claim 6, wherein the promoter comprises the nucleic acid
sequence of SEQ ID NO: 6.

21. The nucleic acid of claim 7, wherein the promoter comprises the nucleic acid
sequence of SEQ ID NO: 16.
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22. The nucleic acid of claim 12, wherein the BDNF short 3' UTR comprises a nucleic
acid sequence of SEQ ID NO: 8.

23. The nucleic acid of claim 13, wherein the BDNF long 3' UTR comprises a nucleic
acid sequence of SEQ ID NO: 10.

24. The method-efany-enenucleic acid of claim 55-6515, wherein the subjeetisahuman
subjeetbGH polyadenylation signal comprises a nucleic acid sequence of SEQ ID NO: 9.

. atm-63—wherein-the neurons-are-activeneurens-25.  The nucleic acid
of claim 16, wherein the AAV expression cassette comprises one of the following: (a) a nucleic acid
sequence of SEQ ID NO: 3: (b) a nucleic acid sequence of SEQ ID NO: 4; or (¢) a nucleic acid
sequence of SEQ ID NO: 5.
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