10

15

20

30

Claims:

1. A method of modulating expression of two or more target nucleig/acids in a cell
comprising

introducing into the cell a first foreign nucleic acid encoding Avo or more RNAs
complementary to the two or more target nucleic acids,

introducing into the cell a second foreign nucleic acid encoding ty/o or more orthogonal RNA
guided nuclease null DNA binding proteins that respectively bind to fhe two or more target nucleic
acids and are guided by the two or more RNAs,

introducing into the cell a third foreign nucleic acid egfcoding two or more transcriptional
regulator proteins or domains,

wherein the RNAs, the orthogonal RNA guided nyflease-null DNA binding proteins, and the
transcriptional regulator proteins or domains are express

wherein two or more co-localization complefes form between an RNA, an orthogonal RNA
guided nuclease null DNA binding protein, a trangriptional regulator protein or domain and a target
nucleic acid and wherein the transcriptional rggulator protein or domain regulates expression of the
target nucleic acid.

2. The method of claim 1 wherein the foreign nucleic acid encoding an orthogonal RNA
guided nuclease null DNA binding pfotein further encodes the transcriptional regulator protein or
domain fused to the orthogonal RN guided nuclease null DNA binding protein.

3. The method of gfaim 1 wherein the foreign nucleic acid encoding two or more RNAs
further encodes a target of An RNA-binding domain and the foreign nucleic acid encoding the
transcriptional regulator pfotein or domain further encodes an RNA-binding domain fused to the
transcriptional regulatoyfrotein or domain.

4, The phethod of claim 1 wherein the cell is a eukaryotic cell.
5. THe method of claim 1 wherein the cell is a yeast cell, a plant cell or an animal cell.

he method of claim 1 wherein the RNA is between about 10 to about 500

The method of claim 1 wherein the RNA is between about 20 to about 100

The method of claim 1 wherein the transcriptional regulator protein or domain is a

anscriptional activator.
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9. The method of claim 1 wherein the transcriptional regulator protein or
upregulates expression of the target nucleic acid.

10. The method of claim 1 wherein the transcriptional regulator protejd or domain
upregulates expression of the target nucleic acid to treat a disease or detrimental condigfon.

11. The method of claim 1 wherein the transcriptional regulator progin or domain is a
transcriptional repressor.

12. The method of claim 1 wherein the transcriptional regufator protein or domain
downregulates expression of the target nucleic acid.

13. The method of claim 1 wherein the transcriptional/regulator protein or domain
downregulates expression of the target nucleic acid to treat a disease gf detrimental condition.
14. The method of claim 1 wherein the target nucleic/acid is associated with a disease or
detrimental condition.
re RNASs is a guide RNA.

ore RNASs is a tracrRNA-crRNA fusion.

15. The method of claim 1 wherein the one or

16. The method of claim 1 wherein the one o

17. The method of claim 1 wherein the D)YA is genomic DNA, mitochondrial DNA, viral
DNA, or exogenous DNA.

18. The method of claim 1 wherein/a first target nucleic acid is activated and a second
target nucleic acid is repressed.

19. The method of claim 1 whfrein a first plurality of target nucleic acids are repressed
and a second plurality of target nucleic agfds are repressed.

20. The method of claim/l wherein a first one or more target nucleic acids are activated
and a second one or more target nugeic acids are repressed.

21. A method of ajfering one or more target nucleic acids in a cell simultaneous with

regulating expression of one gf more target nucleic acids in a cell comprising

introducing into/he cell a first foreign nucleic acid encoding two or more RNAs with at least
one RNA being complementary to the one or more target nucleic acids to be altered and at least one

RNA being complgfentary to the one or more target nucleic acids to be regulated,

introgficing into the cell a second foreign nucleic acid encoding 1) one orthogonal RNA-
guided prgfein nickase having one inactive nuclease domain and being guided by the one or more
RNAs gbmplementary to the one or more target nucleic acids to be altered, and 2) one or more
orthggonal RNA guided nuclease null DNA binding proteins that bind to and are guided by the one or

mghe RNAs complementary to the target nucleic acids to be regulated,
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introducing into the cell a third foreign nucleic acid encoding one or more transcptional

regulator proteins or domains,

wherein the RNAs, the orthogonal RNA guided protein nickase, the orthogofal RNA guided
nuclease-null DNA binding proteins, and the transcriptional regulator proteig§ or domains are

expressed,

wherein at least one co-localization complex forms between an RNA, an orthogonal RNA
guided protein nickase, and a target nucleic acid to be altered and wherefh the protein nickase nicks the

target nucleic acid to be altered,

wherein at least one co-localization complex forms bftween an RNA, an orthogonal RNA

guided nuclease null DNA binding protein, a transcriptionag//regulator protein or domain and a target
nucleic acid to be regulated and wherein the transcripfonal regulator protein or domain regulates

expression of the target nucleic acid to be regulated.

22. A method of altering one or mgre target nucleic acids in a cell simultaneous with

regulating cxpression of one or more target nuglcic acids in a cell comprising

introducing into the cell a first fgfreign nucleic acid encoding two or more RNAs with at least
one RNA being complementary to th one or more target nucleic acids to be altered and at least one

RNA being complementary to the ghe or more target nucleic acids to be regulated,

introducing into the fell a second foreign nucleic acid encoding 1) one orthogonal RNA-
guided protein nuclease and being guided by the one or more RNAs complementary to the one or more
target nucleic acids to e altered, and 2) one or more orthogonal RNA guided nuclease null DNA
binding proteins thaybind to and are guided by the one or more RNAs complementary to the target

nucleic acids to bfregulated,

intrgflucing into the cell a third foreign nucleic acid encoding one or more transcriptional

regulatorfroteins or domains,

wherein the RNAs, the orthogonal RNA guided protein nuclease, the orthogonal RNA guided
clease-null DNA binding proteins, and the transcriptional regulator proteins or domains are

expressed,
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nucleic acid to be altered,

wherein at least one co-localization complex forms between an RNA, anrthogonal RNA
guided nuclease null DNA binding protein, a transcriptional regulator protein or domain and a target
nucleic acid to be regulated and wherein the transcriptional regulator proteji or domain regulates

expression of the target nucleic acid to be regulated.

23. A cell comprising

a first foreign nucleic acid encoding two or more RNAy/ complementary to two or more
respective target nucleic acids,

a second foreign nucleic acid encoding two or more INA guided nuclease null DNA binding
proteins, and

a third foreign nucleic acid encoding two or moy£ transcriptional regulator proteins or domains
wherein each RNA, orthogonal RNA guided nucleg€e null DNA binding protein and transcriptional
regulator protein or domain is a member of a cgflocalization complex for a respective target nucleic
acid.

24, The cell of claim 23 whergin the foreign nucleic acid encoding an orthogonal RNA
guided nuclease null DNA binding profein further encodes the transcriptional regulator protein or
domain fused to the orthogonal RNA guided nuclease null DNA binding protein.

25. The cell of claim/Z3 wherein the foreign nucleic acid encoding one or more RNAs
further encodes a target of RNA-binding domain and the foreign nucleic acid encoding the
transcriptional regulator profein or domain further encodes an RNA-binding domain fused to the
transcriptional regulator pfotein or domain.

26. The cgfl of claim 23 wherein the cell is a eukaryotic cell.

27. Thyfcell of claim 23 wherein the cell is a yeast cell, a plant cell or an animal cell.
28. e cell of claim 23 wherein the RNA includes between about 10 to about 500
nucleotides.

The cell of claim 23 wherein the RNA includes between about 20 to about 100

The cell of claim 23 wherein the transcriptional regulator protein or domain is a

scriptional activator.
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31. The cell of claim 23 wherein the transcriptional regulator protein or Mfomain
upregulates expression of the target nucleic acid.

32. The cell of claim 23 wherein the transcriptional regulator protejd or domain
upregulates expression of the target nucleic acid to treat a disease or detrimental condjfion.

33. The cell of claim 23 wherein the target nucleic acid is associatgd with a disease or
detrimental condition.

34, The cell of claim 23 wherein the one or more RNAs is a guide RNA.

3s. The cell of claim 23 wherein the one or more RNAs is a factRNA-crRNA fusion.

36. The cell of claim 23 wherein the DNA is genomic HNA, mitochondrial DNA, viral
DNA, or exogenous DNA.

37. The method of claim 1 wherein the RNA guided nuclease null DNA binding protein is
a DNA binding protein of a Type II CRISPR system.

38. The method of claim 1 wherein the RNA/guided nuclease null DNA binding protein is
an orthogonal nuclease-null Cas9 protein.

39. The cell of claim 23 wherein the B;NA guided nuclease null DNA binding protein is a
DNA binding protein of a Type II CRISPR syst

40. The cell of claim 23 whereiy/the RNA guided nuclease null DNA binding protein is an

orthogonal nuclease-null Cas9 protein.
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Claims

1. An in vitro method of modulating expression of two or more target nucleic acids in
a cell comprising

introducing into the cell a first foreign nucleic acid encoding two or more RNAs
complementary to the two or more target nucleic acids,

introducing into the cell a second foreign nucleic acid encoding two or more orthogonal
RNA guided nuclease null DNA binding proteins that respectively bind to the two or more target
nucleic acids and are guided by the two or more RNAs,

introducing into the cell a third foreign nucleic acid encoding two or more transcriptional
regulator proteins or domains,

wherein the RNAs, the orthogonal RNA guided nuclease-null DNA binding proteins, and
the transcriptional regulator proteins or domains are expressed,

wherein two or more co-localization complexes form between an RNA, an orthogonal
RNA guided nuclease null DNA binding protein, a transcriptional regulator protein or domain and
a target nucleic acid and wherein the transcriptional regulator protein or domain regulates
expression of the target nucleic acid.

2. The method of claim 1 wherein:

(1) the second foreign nucleic acid and the third foreign nucleic acid are expressed
to produce a transcriptional regulator protein or domain fused to the two or more orthogonal RNA
guided nuclease null DNA binding proteins; or

(2) the first foreign nucleic acid encoding two or more RNAs further encodes a
target of an RNA-binding domain and the third foreign nucleic acid encoding the transcriptional
regulator proteins or domains further encodes an RNA-binding domain fused to the transcriptional
regulator proteins or domains.

3. The method of claim 1 wherein:
(1) the cell is a eukaryotic cell;
(2) the cell is a yeast cell, a plant cell or an animal cell;
(3) the RNAs are between about 10 to about 500 nucleotides; or
(4) the RNAs are between about 20 to about 100 nucleotides.

4. The method of claim 1 wherein:

(1) at least one of the transcriptional regulator proteins or domains is a
transcriptional activator;

(2) at least one of the transcriptional regulator proteins or domains upregulates
expression of at least one of the target nucleic acids;

(3) at least one of the transcriptional regulator proteins or domains upregulates
expression of a target nucleic acid associated with a disease or detrimental condition;
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(4) at least one of the transcriptional regulator proteins or domains is a
transcriptional repressor;

(5) at least one of the transcriptional regulator proteins or domains downregulates
expression of at least one of the target nucleic acids; or

(6) at least one of the transcriptional regulator proteins or domains downregulates
expression of a target nucleic acid associated with a disease or detrimental condition.

5. The method of claim 1 wherein at least one of the target nucleic acids is associated
with a disease or detrimental condition.

6. The method of claim 1 wherein:
(1) the two or more RNAs are a guide RNAs; or
(2) the two or more RNAs are a tractrRNA-crRNA fusions.

7. The method of claim 1 wherein the target nucleic acids are genomic DNA,
mitochondrial DNA, viral DNA, or exogenous DNA.

8. The method of claim 1 wherein:
(1) a first target nucleic acid is activated and a second target nucleic acid is
repressed;
(2) a first plurality of target nucleic acids are repressed and a second plurality of
target nucleic acids are repressed; or
(3) a first one or more target nucleic acids are activated and a second one or more
target nucleic acids are repressed.

0. An in vitro method of altering one or more target nucleic acids in a cell
simultaneous with regulating expression of one or more target nucleic acids in a cell comprising

introducing into the cell a first foreign nucleic acid encoding two or more RNAs with at
least one RNA being complementary to the one or more target nucleic acids to be altered and at
least one RNA being complementary to the one or more target nucleic acids to be regulated,

introducing into the cell a second foreign nucleic acid encoding 1) one orthogonal RNA-
guided protein nickase having one inactive nuclease domain and being guided by the one or more
RNAs complementary to the one or more target nucleic acids to be altered, and 2) one or more
orthogonal RNA guided nuclease null DNA binding proteins that bind to and are guided by the
one or more RNAs complementary to the target nucleic acids to be regulated,

introducing into the cell a third foreign nucleic acid encoding one or more transcriptional
regulator proteins or domains,
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wherein the RNAs, the orthogonal RNA guided protein nickase, the orthogonal RNA
guided nuclease-null DNA binding proteins, and the transcriptional regulator proteins or domains
are expressed,

wherein at least one co-localization complex forms between an RNA, an orthogonal RNA
guided protein nickase, and a target nucleic acid to be altered and wherein the protein nickase nicks
the target nucleic acid to be altered,

wherein at least one co-localization complex forms between an RNA, an orthogonal RNA
guided nuclease null DNA binding protein, a transcriptional regulator protein or domain and a
target nucleic acid to be regulated and wherein the transcriptional regulator protein or domain
regulates expression of the target nucleic acid to be regulated.

10. An in vitro method of altering one or more target nucleic acids in a cell
simultaneous with regulating expression of one or more target nucleic acids in a cell comprising

introducing into the cell a first foreign nucleic acid encoding two or more RNAs with at
least one RNA being complementary to the one or more target nucleic acids to be altered and at
least one RNA being complementary to the one or more target nucleic acids to be regulated,

introducing into the cell a second foreign nucleic acid encoding 1) one orthogonal RNA-
guided protein nuclease and being guided by the one or more RNAs complementary to the one or
more target nucleic acids to be altered, and 2) one or more orthogonal RNA guided nuclease null
DNA binding proteins that bind to and are guided by the one or more RNAs complementary to the
target nucleic acids to be regulated,

introducing into the cell a third foreign nucleic acid encoding one or more transcriptional
regulator proteins or domains,

wherein the RNAs, the orthogonal RNA guided protein nuclease, the orthogonal RNA
guided nuclease-null DNA binding proteins, and the transcriptional regulator proteins or domains
are expressed,

wherein at least one co-localization complex forms between an RNA, an orthogonal RNA
guided protein nuclease, and a target nucleic acid to be altered and wherein the nuclease cuts the
target nucleic acid to be altered,

wherein at least one co-localization complex forms between an RNA, an orthogonal RNA
guided nuclease null DNA binding protein, a transcriptional regulator protein or domain and a
target nucleic acid to be regulated and wherein the transcriptional regulator protein or domain
regulates expression of the target nucleic acid to be regulated.
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11. A cell comprising

a first foreign nucleic acid encoding two or more RNAs complementary to two or more
respective target nucleic acids,

a second foreign nucleic acid encoding two or more RNA guided nuclease null DNA
binding proteins, and

a third foreign nucleic acid encoding two or more transcriptional regulator proteins or
domains wherein each RNA, orthogonal RNA guided nuclease null DNA binding protein and
transcriptional regulator protein or domain is a member of a co-localization complex for a
respective target nucleic acid.

12. The cell of claim 11 wherein:

(1) the second foreign nucleic acid and the third foreign nucleic acid are expressed
to produce a transcriptional regulator protein or domain fused to the two or more orthogonal RNA
guided nuclease null DNA binding proteins; or

(2) the first foreign nucleic acid encoding two or more RNAs further encodes a
target of an RNA-binding domain and the third foreign nucleic acid encoding the transcriptional
regulator proteins or domains further encodes an RNA-binding domain fused to the transcriptional
regulator proteins or domains.

13. The cell of claim 11 wherein:

(1) the cell is a eukaryotic cell;

(2) the cell is a yeast cell, a plant cell or an animal cell;

(3) the RNAs include between about 10 to about 500 nucleotides;

(4) the RNAs include between about 20 to about 100 nucleotides;

(5) a target nucleic acid is associated with a disease or detrimental condition;

(6) the two or more RNAs are guide RNAs;

(7) the two or more RNAs are a tractRNA-crRNA fusions; or

(8) the target nucleic acids are genomic DNA, mitochondrial DNA, viral DNA, or
exogenous DNA.

14. The cell of claim 11 wherein:
(1) at least one of the transcriptional regulator proteins or domains is a
transcriptional activator;
(2) at least one of the transcriptional regulator proteins or domains upregulates
expression of the respective target nucleic acid; or
(3) at least one of the transcriptional regulator proteins or domains upregulates
expression of a target nucleic acid associated with a disease or detrimental condition.
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15. The method of claim 1 wherein:
(1) the RNA guided nuclease null DNA binding proteins are DNA binding proteins
of a Type II CRISPR system;
(2) the RNA guided nuclease null DNA binding proteins are orthogonal nuclease-
5 null Cas9 proteins.
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