


























































































































                         SEQUENCE LISTING

<110>  SIGMA-ALDRICH CO. LLC
       CHEN, Fuqiang

<120>  USING PROGRAMMABLE DNA BINDING PROTEINS TO ENHANCE TARGETED 
       GENOME MODIFICATION

<130>  047497-561365

<150>  US 62/358,415
<151>  2016-07-05

<150>  US 62/344,858
<151>  2016-06-02

<160>  49    

<170>  PatentIn version 3.5

<210>  1
<211>  7
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  1

Pro Lys Lys Lys Arg Lys Val 
1               5           

<210>  2
<211>  7
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  2

Pro Lys Lys Lys Arg Arg Val 
1               5           

<210>  3
<211>  16
<212>  PRT
<213>  Artificial Sequence

<220>

1



<223>  SYNTHESIZED

<400>  3

Lys Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys 
1               5                   10                  15      

<210>  4
<211>  20
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  4

Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg Pro Pro Gln Pro Lys Lys 
1               5                   10                  15      

Lys Arg Lys Val 
            20  

<210>  5
<211>  19
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  5

Pro Leu Ser Ser Ile Phe Ser Arg Ile Gly Asp Pro Pro Lys Lys Lys 
1               5                   10                  15      

Arg Lys Val 

<210>  6
<211>  24
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  6

2



Gly Ala Leu Phe Leu Gly Trp Leu Gly Ala Ala Gly Ser Thr Met Gly 
1               5                   10                  15      

Ala Pro Lys Lys Lys Arg Lys Val 
            20                  

<210>  7
<211>  27
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  7

Gly Ala Leu Phe Leu Gly Phe Leu Gly Ala Ala Gly Ser Thr Met Gly 
1               5                   10                  15      

Ala Trp Ser Gln Pro Lys Lys Lys Arg Lys Val 
            20                  25          

<210>  8
<211>  21
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  8

Lys Glu Thr Trp Trp Glu Thr Trp Trp Thr Glu Trp Ser Gln Pro Lys 
1               5                   10                  15      

Lys Lys Arg Lys Val 
            20      

<210>  9
<211>  21
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  9
ctcccctgct tcttgtcgta t                                                 21

3



<210>  10
<211>  20
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  10
acaggtcgtg gacactcaca                                                   20

<210>  11
<211>  23
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  11
cggctgtcat cacttagacc tca                                               23

<210>  12
<211>  24
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  12
gcagcctaag ggtgggaaaa taga                                              24

<210>  13
<211>  25
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  13
agggcaagtt aagggaatag tggaa                                             25

<210>  14
<211>  25
<212>  DNA
<213>  Artificial Sequence

4



<220>
<223>  SYNTHESIZED

<400>  14
ccaagggtag accaccagta atctg                                             25

<210>  15
<211>  101
<212>  DNA
<213>  Homo sapiens

<400>  15
cctttccagc attcgccagt acgagcttgt ggtccacacc gacatagatg cggccaaggt       60

gtacatgggg gagatgggcc ggctgaagag ctacgagaac c                          101

<210>  16
<211>  101
<212>  DNA
<213>  Homo sapiens

<400>  16
ggttctcgta gctcttcagc cggcccatct cccccatgta caccttggcc gcatctatgt       60

cggtgtggac cacaagctcg tactggcgaa tgctggaaag g                          101

<210>  17
<211>  105
<212>  DNA
<213>  Homo sapiens

<400>  17
ccgcttcccg gcctcaccct tggtctcccc tttccagcat tcgccagtac gagcttgtgg       60

tccacaccga catagatgcg gccaaggtgt acatggggga gatgg                      105

<210>  18
<211>  105
<212>  DNA
<213>  Homo sapiens

<400>  18
ccatctcccc catgtacacc ttggccgcat ctatgtcggt gtggaccaca agctcgtact       60

ggcgaatgct ggaaagggga gaccaagggt gaggccggga agcgg                      105

<210>  19
<211>  110

5



<212>  DNA
<213>  Homo sapiens

<400>  19
ccgcttcccg gcctcaccct tggtctcccc tttccagcat tcgccagtac gagcttgtgg       60

tccacaccga catagatgcg gccaaggtgt acatggggga gatgggccgg                 110

<210>  20
<211>  110
<212>  DNA
<213>  Homo sapiens

<400>  20
ccggcccatc tcccccatgt acaccttggc cgcatctatg tcggtgtgga ccacaagctc       60

gtactggcga atgctggaaa ggggagacca agggtgaggc cgggaagcgg                 110

<210>  21
<211>  117
<212>  DNA
<213>  Homo sapiens

<400>  21
tcgactgttg cttacacttt cttctgacat aacagtgttc actagcaacc tcaaacagac       60

accatggtgc atctgactcc tgaggagaag actgctgtca atgccctgtg gggcaaa         117

<210>  22
<211>  117
<212>  DNA
<213>  Homo sapiens

<400>  22
gaacggggtg tcccgtcatt gccgtctgaa gaggagtcct cagtctacgt ggtaccacag       60

acaaactcca acgatcactt gtgtcaacac agtcttcgtt tacattcgtt atctacc         117

<210>  23
<211>  142
<212>  DNA
<213>  Homo sapiens

<220>
<221>  misc_feature
<222>  (74)..(113)
<223>  n is a, c, g, or t

<400>  23

6



tgtacatggg ggagatgggc cggctgaaga gctacgagaa ccagaagccg tgagtggagg       60

gagcgtggct tggnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnntctgccg      120

tgtatcccca tatccccaca gg                                               142

<210>  24
<211>  142
<212>  DNA
<213>  Homo sapiens

<220>
<221>  misc_feature
<222>  (30)..(69)
<223>  n is a, c, g, or t

<400>  24
cctgtgggga tatggggata cacggcagan nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn       60

nnnnnnnnnc caagccacgc tccctccact cacggcttct ggttctcgta gctcttcagc      120

cggcccatct cccccatgta ca                                               142

<210>  25
<211>  47
<212>  DNA
<213>  Homo sapiens

<400>  25
cagggatcct gtgtccccga gctgggacca ccttatattc ccagggc                     47

<210>  26
<211>  47
<212>  DNA
<213>  Homo sapiens

<400>  26
gccctggcaa tataaggtgg tcccagctcg gggacacagg atccctg                     47

<210>  27
<211>  88
<212>  DNA
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  27
cacccttggt ctcccctttc cagcattcgc cagtacgagc gaattcttgt ggtccacacc       60

7



gacatagatg cggccaaggt gtacatgg                                          88

<210>  28
<211>  11
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  28

Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg 
1               5                   10      

<210>  29
<211>  9
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  29

Arg Lys Lys Arg Arg Gln Arg Arg Arg 
1               5                   

<210>  30
<211>  9
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  30

Pro Ala Ala Lys Arg Val Lys Leu Asp 
1               5                   

<210>  31
<211>  11
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

8



<400>  31

Arg Gln Arg Arg Asn Glu Leu Lys Arg Ser Pro 
1               5                   10      

<210>  32
<211>  8
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  32

Val Ser Arg Lys Arg Pro Arg Pro 
1               5               

<210>  33
<211>  8
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  33

Pro Pro Lys Lys Ala Arg Glu Asp 
1               5               

<210>  34
<211>  8
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  34

Pro Gln Pro Lys Lys Lys Pro Leu 
1               5               

<210>  35
<211>  12
<212>  PRT
<213>  Artificial Sequence

<220>

9



<223>  SYNTHESIZED

<400>  35

Ser Ala Leu Ile Lys Lys Lys Lys Lys Met Ala Pro 
1               5                   10          

<210>  36
<211>  7
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  36

Pro Lys Gln Lys Lys Arg Lys 
1               5           

<210>  37
<211>  10
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  37

Arg Lys Leu Lys Lys Lys Ile Lys Lys Leu 
1               5                   10  

<210>  38
<211>  10
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  38

Arg Glu Lys Lys Lys Phe Leu Lys Arg Arg 
1               5                   10  

<210>  39
<211>  20
<212>  PRT
<213>  Artificial Sequence

10



<220>
<223>  SYNTHESIZED

<400>  39

Lys Arg Lys Gly Asp Glu Val Asp Gly Val Asp Glu Val Ala Lys Lys 
1               5                   10                  15      

Lys Ser Lys Lys 
            20  

<210>  40
<211>  17
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  40

Arg Lys Cys Leu Gln Ala Gly Met Asn Leu Glu Ala Arg Lys Thr Lys 
1               5                   10                  15      

Lys 

<210>  41
<211>  38
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  41

Asn Gln Ser Ser Asn Phe Gly Pro Met Lys Gly Gly Asn Phe Gly Gly 
1               5                   10                  15      

Arg Ser Ser Gly Pro Tyr Gly Gly Gly Gly Gln Tyr Phe Ala Lys Pro 
            20                  25                  30          

Arg Asn Gln Gly Gly Tyr 
        35              

11



<210>  42
<211>  42
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  42

Arg Met Arg Ile Glx Phe Lys Asn Lys Gly Lys Asp Thr Ala Glu Leu 
1               5                   10                  15      

Arg Arg Arg Arg Val Glu Val Ser Val Glu Leu Arg Lys Ala Lys Lys 
            20                  25                  30          

Asp Glu Gln Ile Leu Lys Arg Arg Asn Val 
        35                  40          

<210>  43
<211>  11
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  43

Tyr Ala Arg Ala Ala Ala Arg Gln Ala Arg Ala 
1               5                   10      

<210>  44
<211>  11
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  44

Thr His Arg Leu Pro Arg Arg Arg Arg Arg Arg 
1               5                   10      

<210>  45
<211>  11
<212>  PRT
<213>  Artificial Sequence

12



<220>
<223>  SYNTHEISZED

<400>  45

Gly Gly Arg Arg Ala Arg Arg Arg Arg Arg Arg 
1               5                   10      

<210>  46
<211>  12
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  46

Arg Arg Gln Arg Arg Thr Ser Lys Leu Met Lys Arg 
1               5                   10          

<210>  47
<211>  27
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  47

Gly Trp Thr Leu Asn Ser Ala Gly Tyr Leu Leu Gly Lys Ile Asn Leu 
1               5                   10                  15      

Lys Ala Leu Ala Ala Leu Ala Lys Lys Ile Leu 
            20                  25          

<210>  48
<211>  33
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  48

Lys Ala Leu Ala Trp Glu Ala Lys Leu Ala Lys Ala Leu Ala Lys Ala 
1               5                   10                  15      

13



Leu Ala Lys His Leu Ala Lys Ala Leu Ala Lys Ala Leu Lys Cys Glu 
            20                  25                  30          

Ala 

<210>  49
<211>  16
<212>  PRT
<213>  Artificial Sequence

<220>
<223>  SYNTHESIZED

<400>  49

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys 
1               5                   10                  15      

14
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CLAIMS 

 1. A composition comprising: 

(a) a programmable DNA modification protein or nucleic acid encoding the 

programmable DNA modification protein, wherein the programmable DNA 

modification protein is a RNA-guided clustered regularly interspersed short 

palindromic repeats (CRISPR) nuclease system or the programmable DNA 

modification protein is a fusion protein comprising a catalytically inactive 

CRISPR system linked to a non-nuclease domain; and 

(b) at least one programmable DNA-binding protein or nucleic acid encoding 

the at least one programmable DNA-binding protein, wherein the at least one 

programmable DNA-binding protein is a CRISPR system lacking nuclease 

activity; 

wherein each CRISPR system comprises a CRISPR protein and a guide RNA; 

wherein the programmable DNA modification protein is targeted to a target 

chromosomal sequence and each of the at least one programmable DNA-binding 

protein is targeted to a site within about 250 base pairs on either side of the 

target chromosomal sequence; and 

wherein each CRISPR protein is a type II CRISPR protein or a type V CRISPR 

protein. 

 2. The composition of claim 1, wherein the at least one programmable DNA-  

binding protein is targeted to a site within about 100 base pairs on either side of 

the target chromosomal sequence. 

 3. The composition of claim 2, wherein the at least one programmable DNA-  

binding protein is targeted to a site within about 75 base pairs on either side of 

the target chromosomal sequence. 

 4. The composition of claim 3, wherein the at least one programmable DNA-  

binding protein is targeted to a site within about 50 base pairs on either side of 

the target chromosomal sequence. 

 5. The composition of claim 4, wherein the at least one programmable DNA-  

binding protein is targeted to a site within about 25 base pairs on either side of 

the target chromosomal sequence. 



63 

 

6. The composition of any one of claims 1 to 5 wherein the CRISPR system 

lacking nuclease activity is a catalytically inactive CRISPR protein. 

7. The composition of any one of claims 1 to 6, wherein the non-nuclease 

domain of the fusion protein has cytosine deaminase activity, histone 

acetyltransferase activity, transcriptional activation activity, or transcriptional 

repressor activity. 

8. The composition of any one of claims 1 to 7, wherein nucleic acid encoding 

each CRISPR protein is mRNA or DNA. 

9. The composition of any one of claims 1 to 8, wherein nucleic acid encoding each 

CRISPR protein and/or nucleic acid encoding each guide RNA is part of a plasmid 

vector or a viral vector. 

10. The composition of any one of claims 1 to 9, wherein the guide RNA of each 

CRISPR system is at least partially chemically synthesized. 

11. The composition of any one of claims 1 to 10, wherein the guide RNA of each 

CRISPR system is enzymatically synthesized. 

12. A kit comprising the composition of any one of claims 1 to 11. 

13. An in vitro or ex vivo method for targeted genome modification in a eukaryotic 

cell, the method comprising introducing into the eukaryotic cell: 

(a) a programmable DNA modification protein or nucleic acid encoding the 

programmable DNA modification protein, wherein the programmable DNA 

modification protein is a RNA-guided clustered regularly interspersed short 

palindromic repeats (CRISPR) nuclease system or the programmable DNA 

modification protein is a fusion protein comprising a catalytically inactive 

CRISPR system linked to a non-nuclease domain; and 

(b) at least one programmable DNA-binding protein or nucleic acid encoding 

the at least one programmable DNA-binding protein, wherein the at least one 

programmable DNA-binding protein is a CRISPR system lacking nuclease 

activity; 

wherein each CRISPR system comprises a CRISPR protein and a guide RNA; 
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wherein the programmable DNA modification protein is targeted to a target 

chromosomal sequence and each of the at least one programmable DNA-

binding protein is targeted to a site proximal to the target chromosomal 

sequence; 

wherein binding of the at least one programmable DNA-binding protein to the 

site proximal to the target chromosomal sequence increases accessibility of 

the programmable DNA modification protein to the target chromosomal 

sequence, thereby increasing targeted genome modification efficiency and/or 

specificity; 

wherein each CRISPR protein is a type II CRISPR protein or a type V CRISPR 

protein; and 

wherein the site proximal to the target chromosomal sequence is 

located within about 250 base pairs on either side of the target 

chromosomal sequence. 

14. The method of claim 13, wherein the site proximal to the target chromosomal 

sequence is located within about 100 base pairs on either side of the target 

chromosomal sequence. 

15. The method of claim 14, wherein the site proximal to the target 

chromosomal sequence is located within about 75 base pairs on either side of 

the target chromosomal sequence. 

16. The method of claim 15, wherein the site proximal to the target 

chromosomal sequence is located within about 50 base pairs on either side of 

the target chromosomal sequence. 

17. The method of claim 16, wherein the site proximal to the target 

chromosomal sequence is located within about 25 base pairs on either side of 

the target chromosomal sequence. 

18. The method of any one of claims 13 to 17, wherein the CRISPR system 

lacking nuclease activity is a catalytically inactive CRISPR protein. 

19. The method of any one of claims 13 to 18, wherein the non-nuclease domain 

of the fusion protein has cytosine deaminase activity, histone 

acetyltransferase activity, transcriptional activation activity, or transcriptional 

repressor activity. 
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 20. The method of any one of claims 13 to 19, wherein the eukaryotic cell is in 

vitro. 

 21. The method of any one of claims 13 to 20, wherein the eukaryotic cell is a 

mammalian cell. 

 22. The method of claim 21, wherein the mammalian cell is a human cell. 

 23. The composition of any of claims 1-11, the kit of claim 12, or the method of 

any of claims 13-22, wherein the programmable DNA modification protein 

and the at least one programmable DNA binding protein are of a different 

CRISPR protein type or subtype to each other. 

 24. The composition of any of claims 1-11, the kit of claim 12, or the method of 

any of claims 13-22, wherein 

(i) the programmable DNA modification protein is a type II CRISPR 

protein and the at least one programmable DNA binding protein is a 

type V CRISPR protein, 

(ii) the programmable DNA modification protein is a type V CRISPR 

protein and the at least one programmable DNA binding protein is a 

type II CRISPR protein, or 

(iii) the programmable DNA modification protein is a type V CRISPR 

protein and the at least one programmable DNA binding protein is a 

type V CRISPR protein. 
 

25. The composition of any of claims 1-11, the kit of claim 12, or the method of any 

of claims 13-22, wherein 

(i) the programmable DNA modification protein is a type IIA CRISPR 

protein and the at least one programmable DNA binding protein is a 

type IIB CRISPR protein, 

(ii) the programmable DNA modification protein is a type IIB CRISPR 

protein and the at least one programmable DNA binding protein is a 

type IIA CRISPR protein, 

(iii) the programmable DNA modification protein is a type IIC CRISPR 

protein and the at least one programmable DNA binding protein is a 

type IIA CRISPR protein, or 

(iv) the programmable DNA modification protein is a type V CRISPR 

protein and the at least one programmable DNA binding protein is a 

type IIA CRISPR protein. 
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26. The composition, kit or method according to claim 24 or claim 25, wherein (i) the 

type II CRISPR protein is selected from Francisella novicida CRISPR-Cas9 

(FnCas9), Campylobacter jejuni CRISPR-Cas9 (CjCas9) and Streptococcus 

pyogenes CRISPR-Cas9 (SpCas9); and/or (ii) the type V CRISPR protein is 

Francisella novicida CRISPR-Cpf1 (FnCpf1). 

27. The composition, kit or method according to claim 24, claim 25 or claim 26, 

wherein the at least one programmable DNA binding protein is a Cas9 type II 

CRISPR protein, wherein the Cas9 protein has one or more mutations in each of 

the RuvC-like domain and the HNH-like domain. 

28. The composition, kit or method according to claim 27, wherein (i) the one or 

more mutations in the RuvC-like domain are D10A, D8A, E762A, and/or 

D986A; and/or (ii) the one or more mutations in the HNH-like domain are 

H840A, H559A, N854A, N856A, and/or N863A. 


