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ADENOSINE NUCLEOBASE EDITORS AND USES THEREOF 

BACKGROUND OF THE INVENTION 

[0001] Targeted editing of nucleic acid sequences, for example, the targeted cleavage or the 

targeted introduction of a specific modification into genomic DNA, is a highly promising 

approach for the study of gene function and also has the potential to provide new therapies 

for human genetic diseases. Since many genetic diseases in principle can be treated by 

effecting a specific nucleotide change at a specific location in the genome (for example, an A 

to Gora T to C change in a specific codon of a gene associated with a disease), the 

development of a programmable way to achieve such precise gene editing represents both a 

powerful new research tool, as welJ as a potential new approach to gene editing-based 

therapeutics. 

SUMMARY OF THE INVENTION 

[0002] Provided herein are compositions, kits, and methods of modifying a polynucleotide 

(e.g., DNA) using an adenosine deaminase and a nucleic acid programmable DNA binding 

protein (e.g., Cas9) Some aspects of the disclosure provide nucleobase editing proteins which 

catalyze hydrolytic deamination of adenosine (forming inosine, which base pairs like guanine 

(G)) in the context of DNA. There are no known natw-ally occuning adenosine deaminases 

that act on DNA. Instead, known adenosine dearninases act on RNA (e.g. , tRNA or mRNA). 

To overcome this drawback, the first deoxyadenosine dearninases were evolved to accept 

DNA substrates and deaminate deoxyadenosine (dA) to deoxyinosine. The ~denosine 

f!e~minase acting on !RNA (ADAT) from Escherichia coli (TadA, for !RNA ~denosine 

f!eaminase A), was covalently fused to a dCas9 domain, and 1ibrmies of this fusion were 

assembled containing mutations in the deaminase portion of the construct. It should be 

appreciated that E. coli TadA (ecTadA) deaminases also include truncations of ecTadA. For 

example, tmncations (e.g., N-terminaJ truncations) of a full length ecTadA (SEQ ID NO: 84), 

such as the N-terminally truncated ecTadA set forth in SEQ ID NO: l m·e provided herein for 

use in the present invention. Further, it was found that other adenosine deaminase mutants, 

such as S. aureus TadA mutants, were capable of deaminating adenosine. Without wishing to 

be bound by any particular theory, truncations of adenosine deaminases (e.g., ecTadA) may 

have desired solubility and/or expression properties as compared to theiT full-length 

counterparts. 
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[0003] Mutations in the deaminase domain of nucleobase editing proteins were made by 

evolving adenosine deaminases. Productive variants were identified via selection for A to G 

reversion at the codon of an active-site His in the acetyl-transferase gene of chloramphenicol 

(encoded on a co-transformed selection plasmid). A first round of evolution yielded an 

ecTadA variant, ecTadA D108X (X=G, V, or N) , capable of conve11ing A to Gin DNA. In 

some embodiments, the ecTadA variant comprises a D108A mutation in SEQ LD NO: 1, or a 

COITesponding mutation in another adenosine dearninase. The first round of evolution also 

yielded an ecTadA vruiant, ecTadA Al06V. A subsequent round of evolution resulted in 

another variant, ecTadA D108N_El55X (X=G, V, or D), which E.coli survive in the 

presence of high concentrations of chloramphenicol. Additional variants were identified by 

evolving ecTadA. For exrunple, ecTadA variants that ru·e capable of deruninating adenosine 

in DNA include one or more of the following mutations D 108N, A106V, 0 147, ElSSV, 

L84F, H123Y, and l157F of SEQ ID NO: 1. It should be appreciated however, that 

homologous mutations may be made in other adenosine deaminases to generate vruiants that 

are capable of deaminating adenosine in DNA. Additional rounds of evolution provided 

further ecTadA vruiants. For example, additional ecTadA vru·iants ru·e shown in Figures 11, 

16, 97, 104-106, 125-128, 115 and Table 4. 

[0004] In the examples provided herein, exemplru·y nucleobase editors having the 

general structure evolved ecTadA(D108X; X=G, V, or N)-XTEN-nCas9, catalyzed A to G 

transWon mutations in cells such as eukaryotic cells (e.g., Hek293T mammalian cells). In 

other examples exemplary nucleobase editors contain two ecTadA domains and a nucleic 

acid programmable DNA binding protein (napDNAbp). For example nucleobase editors may 

have the general structure ecTadA(D108N)-ecTadA(D108N)-nCas9. Additional examples of 

nucleobase editors containing ecTadA vru·iants provided herein demonstrate an improvement 

in perfo1mance of the nucleobase editors in mammalian cells. For example, certain 

adenosine base editors include ecTadA having D 108X, where X=G, V, or N, and/or 

E155X, where X=B, V, or D mutations in ecTadA as set forth in SEQ ID NO: 1 or another 

adenine deaminase. In certain embodiments mutants, nucleobase editors are covalently 

fused to catalytically dead alkyl adenosine gylcosylase (AAG), which may protect the edited 

inosine from base excision repair (or other DNA repair systems) until the Ton the opposite 

strand is changed to a C, for example, through mismatch repair (or other DNA repair 

systems). Once the base opposite the inosine is changed to a C, then the inosine may be 

changed to a G irreversibly and pe1manently through cellulru· DNA repair processes, resulting 

in a permanent change from an A:T base pair to a G:C base pair. 
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[0005] Without wishing to be bound by any particular theory, the adenosine 

nucleobase editors described herein work by using ecTadA vaiiants to deaminate A bases in 

DNA, causing A to G mutations via inosine formation. Inosine preferentially hydrogen 

bonds with C, resulting in A to G mutation during DNA replication. When covalently 

tethered to Cas9 (or another nucleic acid programmable DNA binding protein), the adenosine 

deaminase (e.g., ecTadA) is localized to a gene of interest and catalyzes A to G mutations in 

the ssDNA substrate. This editor can be used to tai·get and revert single nucleotide 

polymorphisms (SNPs) in disease-relevant genes, which require A to G reversion. This 

editor can also be used to tai·get and revert single nucleotide polymorphisms (SNPs) in 

disease-relevant genes, which require T to C reversion by mutating the A, opposite of the T, 

to a G. The T may then be replaced with a C, for example by base excision repair 

mechanisms, or may be changed in subsequent rounds of DNA replication. 

[0006] Some aspects of the disclosure relate to the discovery that engineered (e.g., evolved) 

adenosine deaminases are capable of deaminating adenosine in a deoxyribonucleic acid 

(DNA) substrate. In some embodiments, the disclosure provides such adenosine deaminases. 

In some embodiments, the adenosine deaininases provided herein ai·e capable of deaininating 

an adenosine in a DNA molecule. Other aspects of the disclosure provide fusion proteins 

comp1ising a Cas9 domain and an adenosine deaminase domain, for example, an engineered 

deaminase domain capable of deaminating an adenosine in DNA. Jn some embodiments, the 

fus ion protein comprises one or more of a nuclear localization sequence (NLS), an inhibitor 

of inosine base excision repair (e.g., dISN), and/or a linker. 

[0007] In some aspects, the disclosure provides an adenosine deaminase capable of 

deaminating an adenosine in a deoxyribonucleic acid (DNA) substrate. In some 

embodiments, the adenosine deaininase is from a bacterium, for exainple, £. coli or S. aureus. 

In some embodiments, the adenosine deaininase is a TadA deaminase. In some 

embodiments, the TadA deaminase is an£. coli TadA deaininase (ecTadA). fu some 

embodiments, the adenosine deaminase compiises a D108X mutation in SEQ ID NO: 1, or a 

con-esponding mutation in another adenosine deaminase, wherein X is any amino acid other 

than the amino add found in the wild-type protein. In some embodiments, Xis G, N, V, A, 

orY. 

[0008] fu some embodin1ents, the adenosine deaminase comprises a E155X mutation in SEQ 

ID NO: 1, or a c01Tesponding mutation in another adenosine deaminase, wherein Xis any 

amino acid other than the amino acid found in the wild-type protein. In some embodiments, 
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Xis D, G, or V. It should be appreciated that the adenosine deaminases provided herein may 

contain one or more of the mutations provided herein in any combination. 

[0009] Some aspects of the disclosure provide a fusion protein comp1ising: (i) a Cas9 

domain, and (ii) an adenosine deaminase, such as any of the adenosine deaminases provided 

herein. In some embodiments, the Cas9 domain of the fusion protein is a nuclease dead Cas9 

(dCas9), a Cas9 nickase (nCas9), or a nuclease active Cas9. In some embodiments, the 

fusion protein further comprises an inhibitor of inosine base excision repair, for example a 

dISN or a single stranded DNA binding protein. In some embodiments, the fusion protein 

comp1ises one or more linkers used to attach an adenine deaminase (e.g., ecTadA) to a 

nucleic acid programmable DNA binding protein (e.g., Cas9). In some embodiments, the 

fusion protein comprises one or more nuclear localization sequences (NLS). 

[0010] The summary above is meant to illustrate, in a non-limiting manner, some of the 

embodiments, advantages, features , and uses of the technology disclosed herein. Other 

embodiments, advantages, features, and uses of the technology disclosed herein will be 

apparent from the Detailed Description, the Drawings, the Examples, and the Claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Figure 1 shows high throughput screen results with vruious deaminases. APOBEC 

(BE3) is the positive control; ADAR acts on mRNA, ADA acts on deoxyadenosine, and 

ADAT acts on tRNA. The untreated group is the negative control. The sequence 

c01responds to SEQ ID: 45. 

[0012] Figure 2 is a schematic of a deamination selection plasmid. 

[0013] Figure 3 shows a se1iaJ dilution of the selection plasmid in S 1030 cells plated on 

increasing concentrations of chloramphenicol. 

[0014] Figure 4 shows the validation of chloramphenicol selection with a rAPOBECI­

XTEN-dCas9 construct as a positive control. The sequences from top to bottom coITespond to 

SEQ ID NOs: 95 (the nucleotide sequence), 96 (the runino acid sequence), 97 (the nucleotide 

sequence), 98 (the amino acid sequence), 95 (the nucleotide sequence) and 99 (the truncated 

nucleotide sequence). 

[0015] Figure 5 is a schematic of a deaminase-XTEN-dCas9 construct. 

[0016] Figure 6 shows the sequencing results from the firs t round of the TadA-XTEN-dCas9 

library. 

[0017] Figure 7 shows the sequence of a selection plasmid; an A to G reversion was 

observed. The sequences from top to bottom correspond to SEQ ID NOs: 100 (the nucleotide 
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sequence), 101 (the amino acid sequence), 102 (the nucleotide sequence), 103 (the amino 

acid sequence). 104 (the nucleotide sequence), and 100 (the nucleotide sequence). 

[0018] Figure 8 shows the results of deaminase sequencing, illustrating the convergence at 

residue D108. The sequences con-espond to SEQ ID NOs: 589-607 from top to bottom. 

[0019] Figure 9 shows the E. coli TadA crystal structure. Note that D 119 in the figure 

co1rnsponds to 0 108, as the residue numbering isoffset in the figure. 

[0020] Figure 10 shows the crystal structure of TadA (in S. aureus) tRNA and an alignment 

of with TadA from E. coli. The sequences from top to bottom coITespond to SEQ ID NOs: 

105-107. 

[0021] Figure 11 shows results from the isolation and challenge of individual constructs 

from ecTadA evolution. 

[0022] Figure 12 shows the colony forming units (C.F.U.) of various constructs challenged 

on increasing concentrations of chloramphenicol. The construct numbers correspond to those 

listed in Figure 11. 

[0023] Figure 13 shows data from the second round of evolution from the constructs 

containing the D108N mutation. The sequences from top to bottom c01Tespond to SEQ ID 

NOs: 608-623. 

[0024] Figure 14 shows A to G editing in mammalian cells. The sequence corresponds to 

SEQ ID NO: 41. 

[0025] Figure 15 is a schematic showing the development of ABE. 

[0026] Figure 16 is a table showing the results of clones assayed after second round 

evolution. Columns 1, 8, and 10 represent mutations from the firs t round evolution. Columns 

11 and 14 represent the consensus mutations from second round evolution. 

[0027] Figure 17 shows the results of individual clone antibiotic challenge assays. The 

identity of the construct numbers correspond to the pNMG clone numbers from Figure 16. 

[0028] Figure 18 show schematic representations of new constructs thal were developed. 

New constructs include UGI, AAG*El25Q, and EndoV*D35A domains. 

[0029] Figure 19 shows the transfection of constructs into mammalian cells containing 

single or double mutations in ecTadA. The sequence coITesponds to SEQ ID NO: 41. 

[0030] Figure 20 shows the transfection of constructs with the addition of UGI to adenosine 

nucleobase editor (ABE) (Dl08N). The sequence coITesponds to SEQ ID NO: 41. 

[0031] Figure 21 shows that ABE operates best on 1 of 6 genomic sites tested. The sequence 

c01Tesponds to SEQ ID NO: 46. 
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[0032] Figure 22 shows that the Hek-3 site also has lower editing relative to lhe Hek-2 site 

editing at position 8 of the protospacer. The sequence c01Tesponds to SEQ ID NO: 42. 

[0033] Figure 23 shows inactive C-tenninal Cas9 fusions of ecTadA for constructs pNMG-

164 through pNMG-173. The sequence coJTesponds to SEQ ID NO: 41. 

[0034] Figure 24 shows inactive C-terminal Cas9 fusions of ecTadA for pNMG-174 through 

pNMG-177. The sequence coITesponds to SEQ ID NO: 41. 

[0035] Figure 25 shows the editing results from ecTadA nucleobase editors (pNMG-143, 

pNMG-144, pNMG-164, and pNMG-177). The sequence coITesponds to SEQ ID NO: 41. 

[0036] Figure 26 shows the editing results from ecTadA nucleobase editors (pNMG-164, 

pNMG-177, pNMG-178, pNMG-179, and pNMG-180). The sequence coITesponds to SEQ 

ID NO: 41. 

[0037] Figure 27 shows the results of editing at the Hek-3 site. The sequence coITesponds to 

SEQ ID NO: 42. 

[0038] Figure 28 shows the results of editing at the Hek-2 site. The sequence c01Tesponds to 

SEQ ID NO: 41. 

[0039] Figure 29 shows the results of editing at the Hek-3 site. The sequence coITesponds to 

SEQ ID NO: 42. 

[0040] Figure 30 shows the results of editing at the Hek-4 site. The sequence corresponds to 

SEQ ID NO: 43. 

[0041] Figure 31 shows the results of edi ting at the RNF-2 site. The sequence con-esponds to 

SEQ ID NO: 44 . 

[0042] Figure 32 shows the results of editing at the FANCF site. The sequence coITesponds 

to SEQ ID NO: 45. 

[0043] Figure 33 shows the results of editing at the EMX-1 site. The sequence coITesponds 

to SEQ ID NO: 46. 

[0044] Figure 34 shows the results of C-tenninal fusion at the Hek-2 site. The sequence 

coJTesponds to SEQ ID NO: 41. 

[0045] Figure 35 shows the results of C-terminal fusion at the Hek-3 site. The sequence 

co1rnsponds to SEQ ID NO: 42. 

[0046] Figure 36 shows the results of C-terminal fusion at the Hek-4 site. The sequence 

coITesponds to SEQ ID NO: 43. 

[0047] Figure 37 shows the results of C-tenninal fusion at the EMX-1 site. The sequence 

c01Tesponds to SEQ ID NO: 46. 
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[0048] Figure 38 shows the results of C-te1minal fusion at the RNF-2 site. The sequence 

c01Tesponds to SEQ ID NO: 44. 

[0049] Figure 39 shows the results of C-terminal fusion at the FANCF site. The sequence 

co1rnsponds to SEQ ID NO: 45. 

[0050] Figure 40 shows the results of transfection at the Hek-2 site. The sequence 

co1rnsponds to SEQ ID NO: 41. 

[0051] Figure 41 shows the results of transfection at the Hek-3 site. The sequence 

coITesponds to SEQ ID NO: 42. 

[0052] Figure 42 shows the results of transfection at the RNF-2 site. The sequence 

c01Tesponds to SEQ ID NO: 44. 

[0053] Figure 43 shows the results of transfection at the Hek-4 site. The sequence 

coITesponds to SEQ ID NO: 43. 

[0054] Figure 44 shows the results of transfection at the EMX-1 site. The sequence 

corresponds to SEQ ID NO: 46. 

[0055] Figure 45 shows the results of transfection at the FANCF site. The sequence 

coITesponds to SEQ ID NO: 45. 

[0056] Figure 46 shows deaminase editing of sgRNA. 

[0057] Figure 47 shows constructs developed for fusions at various sites. 

[0058] Figure 48 shows indel rates for different fusions at various sites. 

[0059] Figure 49 shows the protospacer and PAM sequences of base editing sites set forth in 

SEQ ID NOs: 46, 45, 6, 42, 43, and 468from top to bottom, respectively. 

[0060] Figure 50 shows constructs developed for fusions at vrujous sites using further 

mutated D108 residue. 

[0061] Figure 51 shows the protospacer and PAM sequences of base editing sites set forth in 

SEQ ID NOs: 6, 46, and 42 from top to bottom, respectively. 

[0062] Figure 52 shows the results of using mutated D 108 residues to cause deaminase to 

reject RNA as a substrate and change the editing outcome. 

[0063] Figure 53 shows the results of using mutated D108 residues to cause deaminase to 

reject RNA as a substrate and change the editing outcome. 

[0064] Figure 54 shows constructs developed for fusions at vaiious sites. 

[0065] Figure 55 shows the protospacer and PAM sequences of base editing sites set forth in 

SEQ ID NOs: 6, 358, 359from top to bottom, respectively. 

[0066] Figure 56 shows the results of ABE on HEK site 2. 

[0067] Figure 57 shows the results of ABE on HEK site 2. 
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[0068] Figure 58 shows constructs developed for fusions at vruious sites using various linker 

lengths. 

[0069] Figure 59 shows the importance of linker length on base editing function. 

[0070] Figure 60 shows the importance of linker length on base editing function. 

[0071] Figure 61 is a schematic showing the dimerization of deaminase. 

[0072] Figure 62 shows constructs developed for fusions at vaiious sites using various linker 

lengths. 

[0073] Figure 63 shows the current editor ru·chitecture (top panel), the in trans dimerization 

(bottom panel, left), and the in cis dime1ization (bottom panel, right). 

[0074] Figure 64 shows dime1ization results from base editing. 

[0075] Figure 65 shows dime1ization results from base editing. 

[0076] Figure 66 shows dimerization results from base editing. 

[0077] Figure 67 shows constructs developed for fusions at vruious sgRNA sites. 

[0078] Figure 68 shows the evolution of ABE editor against new selection sequences. The 

sequences from top to bottom and left to right correspond to SEQ ID NOs: 707-719, 

respectively. 

[0079] Figure 69 shows the cmrent editor tru·geting Q4 stop site. The sequences from top to 

bottom correspond to SEQ ID NOs: 624-628. 

[0080] Figure 70 shows the current editor targeting Wl5 stop site. The sequences correspond 

to SEQ ID NOs: 629-633 from top to bottom respectively. 

[0081] Figure 71 shows a HEK293 site 2 sequence. The sequence coITesponds to SEQ ID 

NO: 360. 

[0082] Figure 72 shows the results of the firs t run with vru·ious edTadA mutations using the 

sequence of Figure 71. 

[0083] Figure 73 shows the results of the second run with vru·ious edTadA mutations using 

the sequence of Figure 71. 

[0084] Figure 74 shows a FANCF sequence. The sequence c01responds to SEQ ID NO: 45. 

[0085] Figure 75 shows the results of the second run using vmious edTadA mutations and 

the sequence of Figure 74. 

[0086] Figure 76 shows the results of mutated D 108 on all sites. 

[0087] Figure 77 shows in trans data from previous run (left pru1el) and the mut-mut fusions 

hindered by super long linkers. 

[0088] Figure 78 shows the results of tethering mutTadA to ABE. 

[0089] Figure 79 shows the constructs of all inhibitors tested. 
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[0090] Figure 80 shows the constructs used when tethe1ing AAG to ABE. 

[0091] Figure 81 is a schematic showing the tethe1ing of AAG to ABE. 

[0092] Figure 82 shows the results of tethering AAG to ABE. 

[0093] Figure 83 shows the constructs used when tethe1ing AAG to ABE with an N­

terminus of TadA. 

[0094] Figure 84 is a schematic showing the tethe1ing of AAG to ABE wi th an N-terminus 

ofTadA. 

[0095] Figure 85 shows the results of tethering AAG to ABE. 

[0096] Figure 86 shows the constructs used when tethe1ing Endo V to ABE. 

[0097] Figure 87 is a schematic showing the tethe1ing Endo V to ABE. 

[0098] Figure 88 shows the results of tethering EndoV to ABE. 

[0099] Figure 89 shows the constructs used when tethe1ing UGI to ABE. 

[00100] Figure 90 shows the results of tethering UGI to the end of ABE. 

[00101] Figure 91 shows the results of various inhibitors increasing A to G editing. 

[00102] Figure 92 shows a sequence alignment of prokaryotic TadA amino acid 

sequences. The sequences con-espond to SEQ ID NOs: 634-657 from top to bottom 

respectively. 

[00103] Figure 93 shows a schematic of the relative sequence identity analysis of 

TadA amino acid sequences. 

[00104] Figure 94 shows a schematic representation of an exemplary adenosine base 

editing process. 

[00105] Figure 95 shows a schematic representation of an exemplary adenosine base 

editor, which deaminates adenosine to inosine. 

[00106] Figure 96 shows a schematic of an exemplary base-editing selection plasmid. 

[001071 Figure 97 shows a list of clones including identified mutations in ecTadA. 

[00108] Figure 98 shows an exemplary sequencing analysis of a selection plasmid 

from surviving colonies. The sequences con-espond to SEQ ID NOs: 658-661 from top to 

bottom respectively. 

[00109] Figure 99 shows a schematic of exemplary adenosine base editors from a third 

round of evolution. 

[00110] 

[00111] 

plasmid. 

Figure 100 shows the percentage of A to G conversions in Hek293T cells. 

Figure 101 shows a schematic of an exemplary base-editing selection 
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[00112] Figure 102 shows a schematic representation of the verdine crystal strncture 

of S. aureus TadA. The S. aureus TadA, a homolog of ecTadA, is shown with its tRNA 

substrate co-crystalized. Red aD"ows are the H-bond contacts with the various nucleic acids in 

the tRNA substrate. SeeLosey, H.C., et al., "Crystal structure of Staphylococcus sureus 

tRNA adenosine deaminase tadA in complex with RNA", Nature Struct. Mo!. Biol. 2, 153-

159 (2006). 

[001131 Figure 103 shows a schematic of a construct containing ecTadA_2.2 and 

dCas9, identifying mutated ecTadA residues. 

[00114] Figure 104 shows results of ecTadA evolution (evolution #4) at sites E25 and 

R26. 

[00115] Figure 105 shows results of ecTadA evolution (evolution #4) at site R107. 

[00116] Figure 106 shows results of ecTadA evolution (evolution #4) at sites A142 

and Al43. 

[00117] Figure 107 shows an exemplary sequencing analysis of a selection plasmid 

from surviving colonies. The sequences coITespond to SEQ ID NO: 662-671 from top to 

bottom respectively. 

[00118] Figure 108 shows a summary of results of editing at the Hek-2 site. The Hek-

2 sequence provided in the figure represents the reverse complement of SEQ ID NO: 41 , 

which is the DNA strand where A to G editing takes place. The sequence cotTesponds to SEQ 

ID ID: 6. 

[00119] Figure 109 shows a summary of results of editing at the Hek2-3 site. The 

sequence corresponds to SEQ ID NO: 363. 

[00120] Figure 110 shows a summary of results of editing at the Hek2-6 site. The 

sequence coD"esponds to SEQ ID NO: 364. 

[001211 Figure 111 shows a summary of results of editing at the Hek2-7 site. The 

Hek2-7 sequence provided in the figure represents the reverse complement of the DNA 

strand where A to G editing takes place. The sequence c01Tesponds to SEQ ID NO: 365. 

[00122] Figure 112 shows a summary of results of editing at the Hek2-10 site. The 

sequence co!Tesponds to SEQ ID NO: 366. 

[00123] Figure 113 shows a summary of results of editing at the Hek-3 site. The 

sequence corresponds to SEQ ID NO: 42. 

[00124] Figure 114 shows a summary of results of editing at the FANCF site. The 

sequence coITesponds to SEQ ID NO: 45. 
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[00125] Figure 115 shows a summary of results of editing at the Hek-2 site. The 

sequence corresponds to SEQ ID NO: 367. 

[00126] Figure 116 shows a summary of results of editing at the Hek2-2 site. The 

sequence corresponds to SEQ ID NO: 368. 

[00127] Figure 117 shows a summary of results of editing at the Hek2-3 site. The 

sequence corresponds to SEQ ID NO: 363. 

[001281 Figure 118 shows a summary of results of editing at the Hek2-6 site. The 

sequence corresponds to SEQ ID NO: 364. 

[001291 Figure 119 shows a summary of results of editing al the Hek2-7 site. The 

sequence corresponds to SEQ ID NO: 365. 

[00130] Figure 120 shows a summary of results of editing at the Hek2-10 site. The 

sequence c01Tesponds to SEQ ID NO: 366. 

[00131] Figure 121 shows a summary of results of editing at the Hek-3 site. The 

sequence corresponds to SEQ ID NO: 42. 

[00132] Figure 122 shows a summary of results of editing at the FANCF site. The 

sequence corresponds to SEQ ID NO: 45. 

[00133] Figure 123 shows the results of ecTadA evolution (evolution #4) at HEK2, 

HEK2-2, HEK2-3, HEK2-6, HEK2-7, and HEK2-10 sites. The constructs used were pNMG-

370 (evolution #2), pNMG-371 (evolution #3), and pNMG 382-389 (evolution #4). The 

sequences con-espond to SEQ ID NOs: 7, 368, 363, 364, 369, and 370 from top to bottom., 

respectively. 

[00134] Figure 124 shows a schematic of a construct containing ecTadA and dCas9 

used for ecTadA evolution (evolution #5). 

[00135] Figure 125 is a table showing the results of clones assayed after fifth round 

evolution (128 ug/mL chlor, 7h). 

[00136] Figures 126A to 136B are tables showing the results of sub-cloned and re-

transformed clones assayed after fifth round under varying conditions. 

[00137] Figure 127 is a table showing the results of amplicons from spectinomycin 

selection clones assayed after fifth round evolution. 

[00138] Figure 128 is a table showing the results of clones assayed after fifth round 

evolution. 

[001391 Figure 129 shows a summary of results of editing al the Hek-2 site using base 

editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-349. 
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As a comparison, results of editors that contain an engineered E.coli TadA (ecTadA), which 

include pNMG-339-341, are shown. The sequence corresponds to SEQ ID NO: 6. 

[00140] Figure 130 shows a summary of results of editing at the Hek2-lsite using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a compruison, results of editors that contain an engineered E. coli TadA (ecTadA), 

which include pNMG-339-341, are shown. The Hek2-l sequence provided in the figure 

represents the DNA strand where A to G editing takes place. The sequence corresponds to 

SEQ ID NO: 465. 

[00141] Figure 131 shows a summruy of results of editing at the Hek2-2 site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a compatison, results of editors that contain an engineered E. coli TadA (ecTadA), 

which include pNMG-339-341, are shown. The sequence corresponds to SEQ ID NO: 368. 

[00142] Figure 132 shows a summat)' of results of editing at the Hek2-3 site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a comparison, results of editors that contain an engineered£. coli TadA (ecTadA), 

which include pNMG-339-341, ru·e shown. The sequence coITesponds to SEQ ID NO: 363. 

[00143] Figure 133 shows a summary of results of editing at the Hek2-4 site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a compa1ison, resuJts of editors that contain an engineered E. coli TadA (ecTadA), 

which include pNMG-339-341, are shown. The Hek2-4 sequence provided in the figure 

represents the DNA strand where A to G editing takes place. The sequence coITesponds to 

SEQ ID NO: 466. 

[00144] Figure 134 shows a summary of results of editing at the Hek2-6 site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a comparison, results of editors that contain an engineered£. coli TadA (ecTadA), 

which include pNMG-339-341, are shown. The sequence coITesponds to SEQ ID NO: 364. 

[00145] Figure 135 shows a summary of results of editing at the Hek2-9 site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a compatison, results of editors that contain an engineered E. coli TadA (ecTadA), 

which include pNMG-339-341, are shown. The Hek2-9 sequence provided in the figure 

represents lhe DNA strand where A to G editing takes place. The sequence coITesponds to 

SEQ ID NO: 467. 

[00146] Figure 136 shows a summai·y of results of editing at the Hek2-10 site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-
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349. As a compruison, results of editors that contain an engineered E. coli TadA (ecTadA), 

which include pNMG-339-341, are shown. The Hek2-10 sequence provided in the figure 

represents the DNA strand where A to G editing takes place. The sequence coITesponds to 

SEQ ID NO: 370. 

[00147] Figure 137 shows a summary of results of editing at the Hek3 site using base 

editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-349. 

As a comparison, results of editors that contain an engineered E. coli TadA (ecTadA), which 

include pNMG-339-341, ru·e shown. The sequence corresponds to SEQ ID NO: 42. 

[00148] Figure 138 shows a summruy of results of editing at the RNF2 site using base 

editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-349. 

As a comparison, results of editors that contain an engineered E. coli TadA (ecTadA), which 

include pNMG-339-341, ru·e shown. The sequence coITesponds to SEQ ID NO: 468. 

[00149] Figure 139 shows a summary of results of editing at the FANCF site using 

base editors that contain an engineered S. aureus TadA (saTadA), which include pNMG-346-

349. As a comparison, results of editors that contain an engineered E. coli TadA (ecTadA), 

which include pNMG-339-341, ru·e shown. The sequence coITesponds to SEQ ID NO: 45. 

[00150] Figure 140 shows vruious schematic representations of adenosine base editor 

(ABE) constructs. The identity of the editors e.g., "pNMG-367" is indicated in Table 4. The 

following mutations are abbreviated as follows: ecTadAl (Al06V Dl08N), ecTadA2 

(Al06V Dl08N D147Y E155V), ecTadA3 (ecTadA2 + L84F Hl23Y Il56F), ecTadA3+ 

(ecTadA3 + A142N), ecTadASal (ecTadA3 + H36L R51L S146C K157N), ecTadA5a3 

(ecTadA3 + N37S K161T), ecTadASal 1 (ecTadA3 + R51L S146C K157N K161T), 

ecTadA5a12 (ecTadA3 + Sl46C Kl61T), ecTadA5al4 (ecTadA3 + RS146C Kl57N 

Kl60E), and ecTadA5al+ (ecTadA5al + Al42N), ecTadA5a9 (ecTadA3 + Sl46R Kl61T). 

Heterodimers of the top three ABE Sa constructs were made and then tested relative to 

homodimers. The heterodimer version of the ABE editor typically performs better than the 

coJTesponding homodimeric construct. Both homodimeric and heterodimeric constructs ru·e 

shown in Figure 140. 

[00151] Figure 141 shows editing results for vruious ABE constructs. The ABE 

plasmid #refers to pNMG number as indicated in Table 4. For example 367 refers to 

construct pNMG-367 in Table 4. The sequences COITespond to SEQ ID NOs: 469 (pNMG-

466), 470 (pNMG-467), 471 (pNMG-469), 472 (pNMG-470), 473 (pNMG-501), 474 

(pNMG-509), and 475 (pNMG-502) from top to bottom, respectively. 
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[00152] Figure 142 shows editing results for various ABE constructs at specific sites. 

The numbers on the top row indicate the pNMG number as indicated in Table 4. For 

example 107 refers to construct pNMG-107 in Table 4. In certain contexts, homodimer 

constructs have been shown to work better than a hetero dimer construct and vice versa (see 

for example construct 371 which is a homodimer versus construct 476 which is a 

heterodimer). Schematics for these ABE constructs are shown in Figure 140, and the 

construct architecture is shown in Table 4. The sequences coITespond to SEQ ID NOs: 478, 

478, 514, 516, 516, 520, 520, 521, 521, and 509 from top to bottom, respectively. 

[00153] Figure 143 shows the percentage of indels fonned for ABE constructs from 

Figure 142. 

[00154] Figure 144 shows editing results for vru.ious ABE constructs at specific sites. 

The identity of the constructs are shown in the top row and refer to the pNMG reference 

number of Table 4. The results in Figure 144 indicate that adding ecTadA monomer to ABE 

construct may not improve editing. However, adding a long linker between monomers may 

help editing at some sites (see, for example, the editing results for sgRNA constructs 285b 

versus 277 at sites 502, 505, 507). The identity of the sgRNA constructs is shown in Table 8 

Schematics for these ABE constructs are shown in Figure 140. The sequences conespond to 

SEQ ID NOs: 478, 480, 480, 514, 517, 517, 517, 517, 519, and 521 from top to bottom, 

respectively. 

[00155) Figure 145 shows results for ABE constructs at all NAN sites, where the 

target A is at position 5 of the Protospacer and PAM sequencs. The identity of the ABE 

constructs, shown in the top row refers to the pNMG reference number in Table 4. The 

number values represent the % of tru.·get A residues that were edited (e.g. , % editing 

efficiency). The sequences coITespond to SEQ ID NOs: 537-552 from top to bottom, 

respectively. 

[00156) Figure 146 shows A to G editing percent at the Hek2 site for various ABE 

constructs as referenced by their reference pNMG number in Table 4. 

[00157] Figure 147 shows evolution round #5b evolution results. The number values 

represent the% of A to G editing for the indicated sites. The sequences from top to bottom 

correspond to SEQ ID NOs: 7, 465, 368, 363, 364, and 370 from top to bottom, respectively. 

[00158) Figure 148 shows editing results for various ABE constructs which were 

obtained from different rounds of evolution (e.g. , evo3). The generic schematic for the ABE 

constructs is also shown. The identity of the sgRNA, as indicated in Table 8, and the identity 

of the base editors (pNMG reference), as indicated in Table 4, are shown. The number values 
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represent the % of A to G editing for the indicated sites. The sequences cotTespond to SEQ 

ID NOs: 478, 503, 506, 521, 513, 505, 507, and 509 from top to bottom, respectively. 

[00159] Figure 149 shows examination of the ABE constructs at genomic sites other 

than the Hek-2 sequence. The Hek-2 site (sgRNA 299) is represented by the asterisk. The 

identity of the sgRNA is indicated in Table 8. The sequences c01Tespond to SEQ ID NOs: 

478, 514, 516, 517, 517, 517, 517, 519, 520, 529, 521 from top to bottom, respectively. 

[001601 Figure 150 shows a schematic of the DNA shuffling experiment using 

nucleotide exchange and excision technology (NExT), which is refeITed to as ABE evolution 

#6. The goal of this approach was to assemble a more efficient editor and remove potential 

epistatic mutations. DNA shuffling of constructs from various evolutions were used to 

optimize for desired mutations and eliminate mutations that negatively affect editing 

efficiencies and/or protein stability. 

[00161] Figure 151 shows a schematic for DNA Shuffle (NeXT). The spect target 

sequence is 5'-CAATGATGACTTCTACAGCG-3' (SEQ ID NO: 444) and the chlor target 

sequence is 5'-TACGGCGTAGTGCACCTGGA-3' (SEQ ID NO: 441). 

[00162] Figure 152 shows the sequence identity of clones from evolution #6 surviving 

on spect only (non-YAC target). The mutations indicated are relative to ecTadA (SEQ ID 

NO: 1). 

[00163] Figure 153 shows evolution# 6.2 which refers to the enrichment of clones 

from evolution #6. The mutations indicated are relative to ecTadA (SEQ ID NO: 1 ). A142N 

is present in almost all clones sequenced and the Pro48 mutation is also abundant. The clones 

were selected against "GAT" in the spectinomycin site. The selection target sequence was 5'­

CAATGATGACTTCTACAGCG-3' (SEQ ID NO: 444). 

[00164] Figure 154 shows schematic representations of ABE 6 constrncts. 8 new 

constructs in total were developed. Mutations from the top 2 highest frequency amplicons in 

Evo #6 were used in each of the four architectures. 

[00165] Figure 155 shows data harvesting for ABE: step 1 - transfection + HTS of 

key intermediates at 6 genomic sites, n = 3. The transfection was performed with 750 ng ABE 

+ 250 ng gRNA and incubated for 5 days before the genomic DNA was extracted to perform 

HTS. The identity of each of the ABE constructs is indicated by the pNMG reference 

number as shown in Table 4. The sequences COITespond to SEQ ID NOs: 509, 510, 512, 520, 

530, 478 from top to bottom, respectively. 

[00166] Figure 156 shows that ABE editing efficiencies improve with iterative rounds 

of evolution. The top panel shows representative A to G % editing at targeted genetic locus in 



WO 2018/027078 PCT/US2017/045381 
16 

Hek293T cells using evolved/engineered ABE construct. The sequence coITesponds to SEQ 

ID NO: 561. The bottom panel shows that iterative rounds of evolution and engineering 

improve ABE. ABE constructs are indicated by their pNMG reference numbers as shown in 

Table 4. The '508' target sequence coJTesponds to SEQ ID NO: 520. 

[00167] Figure 157 shows HTS results of core 6 genomic sites from the 10 "Best" 

ABE. The results indicate that different editors have different local sequence preference 

(bottom panel). The graph shows the A to G percent editing at 6 different genetic loci. ABE 

constructs are indicated by their pNMG reference numbers as shown in Table 4. The 

sequences coITespond to SEQ ID NOs: 509, 510, 512, 520, 530, 478 from top to bottom, 

respectively. 

[00168] Figure 158 shows transfection of functioning " top 10" AB Es at all genomic 

sites covering every combination of NAN sequence. The data represents n=l. The sequences 

coITespond to SEQ ID NOs: 489, 490, 493, 497, 503, 504, 507, 508, 511 , and 513 from top to 

bottom, respectively. 

[00169] Figure 159 shows ABE window experiments (A's at odd positions) for 

identifying which A's are edited. ABEs pNMG-477, pNMG-586, pNMG-588, BE3 and 

untreated contrnl are shown. The sequence for editing is shown at the top. The sequence 

coITesponds to SEQ ID NO: 562. 

[00170] Figure 160 shows ABE window experiment (A's at even positions) for 

identifying which A's are edited. ABEs pNMG-477, pNMG-586, pNMG-588, BE3 and 

untreated control are shown. The sequence for editing is shown at the top. The sequence 

co1rnsponds to SEQ ID NO: 563. 

[00171] Figure 161 shows additional ABE window expe1iments for identifying which 

A's are edited. ABEs pNMG-586, pNMG-560, and untTeated control are shown. The 

sequence for editing is shown at the top. The sequences coITespond to SEQ ID NOs: 544 and 

541 from top to bottom, respectively. 

[00172] Figure 162 shows additional ABE window experiments for identifying which 

A's are edited. ABEs pNMG-576, pNMG-586, and untreated control are shown. The 

sequence for editing is shown at the top. The sequence con-esponds to SEQ ID NO: 564. 

[00173] Figure 163 shows evolution# 7 an attempt to edit a multi-A site. The 

evolution selection design was to target 2 point mutations in the same gene using two 

separate gRNAs: 5'-TTCATTA(7)ACTGTGGCCGGCT-3'(SEQ ID NO: 565) and 5'­

ATCTTA(6)TTCGATCATGCGAA-3' (SEQ ID NO: 566) in order to make a D208N 

reversion mutation in Kan and to revert a stop codon to a Q. 
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[00174] Figure 164 shows evolution #7 mutations which were evolved to trget As 

within a multi A site, meaning that they are flanked on one or both sides by an A. The 

identity of mutations, relative to SEQ ID NO: 1 are shown. 

[00175] 

[00176] 

Figure 165 shows schematics of ecTadA identifying residues R152 and P48. 

Figure 166 shows MiSeq result5 of ABE editing on disease relevant mutations 

in alternative cell lines. Nucleofection with Lonza kit was used with 3 different nucleofection 

solutions x 16 different electroporation conditions ( 48 total conditions/cell line). The 

sequences coITespond to SEQ ID NOs: 522-524 from top to bottom, respectively. 

[00177] Figure 167 shows results for A to G editing at multiple positions for various 

constructs. ABE constructs are indicated by their pNMG reference numbers as shown in 

Table 4. ln the top panel the sequences con-espond to SEQ ID NOs: 469-471, 567, 475, and 

474 from top to bottom, respectively. In the bottom panel the sequences coITespond to SEQ 

ID NOs: 469 (pNMG-466), 470 (pNMG-467), 471 (pNMG-469), 567 (pNMG-472), and 474 

(pNMG-509) from top to bottom, respectively. 

[00178] Figure 168 shows editing results for various constructs using ABEs with 

different linkers. ABE constructs ai·e indicated by their pNMG reference numbers as shown 

in Table 4. A schematic of the new linker ABE is also shown. The sequences coITespond to 

SEQ ID NOs: 469 (pNMG-466), 568 (pNMG-468), 471 (pNMG-469), 567 (pNMG-472), 

574 (pNGM-509), and 569) (pNMG-539) from top to bottom, respectively. 

[00179] Figure 169 shows the 4th round evolution. Evolution was done with a 

monomer construct and endogenous TadA complements TadA-dCas9 fusion. 

[00180] Figure 170 shows 4th round evolution results. The sequences c01Tespond to 

SEQ ID NOs: 7, 368, 363, 364, 369, and 370 from top to bottom, respectively. 

[00181] Figure 171 shows evolution round #5. The plasmid and experimental outline 

are shown (top panel). The graph illustrates survival on chlor vs. spectinomycin "TAG" vs. 

"GAT." The chlor tai·get sequence is 5'-TACGGCGTAGTGCACCTGGA-3' (SEQ ID NO: 

441) and the spect target sequence is 5'-CAATGATGACTTCTACAGCG-3 '(SEQ ID NO: 

444). 

[00182] Figure 172 shows editing results at the chlor and spect sites. Constructs 

identified from evolution #4 (site saturated/NNK library) appear edit more efficiently on the 

spect site rather than on the chor site. ABE constructs are indicated by their pNMG reference 

numbers as shown in Table 4. 

[00183] Figure 173 shows 51
b round evolution (pa.it a). The sequence coITesponds to 

SEQ ID NO: 570. 
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[00184] Figure 174 shows 5th round heterodimer (in trans) results. Round #Sa 

identified mutations improved both editing efficiencies and broadened substrate specificity. 

The sequences c01Tespond to SEQ ID NOs: 7, 368, and 363, 364, 369, and 370 from top to 

bottom, respectively. 

[00185] Figure 175 shows 5th round heterodimer (in cis) results. Round #Sa identified 

mutations improved both editing efficiencies and broadened substrate specificity, but the cis 

results gave higher editing efficiencies. ABE constructs are indicated by their pNMG 

reference numbers as shown in Table 4. The sequences con-espond to SEQ ID NOs: 7, 571, 

465, 368, 363, 466, 364, 369, 572, and 370 from top to bottom, respectively. 

[00186] Figure 176 shows editing results of various constructs for evolution 5. 

[00187] Figure 177 shows editing results of vaiious constructs for evolution 5. 

[00188] Figure 178 shows gRNAs for ABE. Sa constructs are characterized on all 16 

NAN sequences A at position 5 in protospacer (left panel). The sequences co1Tespond to SEQ 

ID NOs: 573-578 from top to bottom, respectively. Additional sequences starting with a "G" 

in order to minimize variations in yield gRNA synthesis are proposed (right panel). The 

sequences coITespond to SEQ ID NOs: 579-588 from top to bottom, respectively. 

[00189] Figure 179 shows% A to G editing of As using sgRNA 299 as indicated in 

Table 8 and the ABE constructs, which ai·e indicated by their pNMG reference numbers as 

shown in Table 4. The sequence cotTesponds to SEQ ID NO: 478. 

[00190] Figure 180 shows% A to G editing of As using sgRN A 469 as indicated in 

Table 8 and the ABE constructs, which are indicated by their pNMG reference numbers as 

shown in Table 4. The sequence coITesponds to SEQ ID NO: 509. 

[00191] Figure 181 shows% A to G editing of As using sgRNA 470 as indicated in 

Table 8 and the ABE constructs, which are indicated by their pNMG reference numbers as 

shown in Table 4. The sequence coITesponds to SEQ ID NO: 510. 

[00192] Figure 182 shows % A to G editing of As using sgRNA 472 as indicated in 

Table 8 and the ABE constructs, which ai·e indicated by their pNMG reference numbers as 

shown in Table 4. The sequence c01Tesponds to SEQ ID NO: 512. 

[00193] Figure 183 shows% A to G editing of As using sgRNA 508 as indicated in 

Table 8 and the ABE constructs, which are indicated by their pNMG reference numbers as 

shown in Table 4. The sequence corresponds to SEQ ID NO: 520. 

[00194] Figure 184 shows % A to G editing of A7 using sgRNA 536 as indicated in 

Table 8 and the ABE constructs, which are indicated by their pNMG reference numbers as 

shown in Table 4. The sequence corresponds to SEQ ID NO: 530. 



WO 2018/027078 PCT/US2017/045381 
19 

[00195] Figure 185 shows the % of A to G editing of the highlighted A (As) using 

sgRNA: 310, sgRNA: 311, sgRNA: 314, sgRNA: 318, sgRNA: 463, and sgRNA: 464 for 

each of the indicated base editors, which are indicated by their pNMG reference numbers as 

shown in Table 4. The sequences correspond to SEQ ID NOs: 489, 490, 493, 497, 503 and 

504 from left to right and top to bottom, respectively. 

[00196] Figure 186 shows the% of A to G editing of the highlighted A (As) using 

sgRNA: 466, sgRNA: 467, sgRNA: 468, sgRNA: 471 , sgRNA: 501 , and sgRNA: 601 for 

each of the indicated base editors, which are indicated by their pNMG reference numbers as 

shown in Table 4. The sequences coITespond to SEQ ID NOs: 506, 507, 508, 511 , 513, and 

535 from left to right and top to bottom, respectively. 

DEFINITIONS 

[00197] As used herein and in the claims, the singular forms "a," "an," and "the" 

include the singular and the plural unless the context clearly indicates otherwise. Thus, for 

example, a reference to "an agent" includes a single agent and a plurnlity of such agents. 

[00198] The te1m "deaminase" or "deaminase domain" refers to a protein or enzyme 

that catalyzes a deamination reaction. In some embodiments, the deaminase is an adenosine 

deaminase, which catalyzes the hydrolytic deamination of adenine or adenosine. In some 

embodiments, the deaminase or deaminase domain is an adenosine deaminase, catalyzing the 

hydrolytic deamination of adenosine or deoxyadenosine to inosine or deoxyinosine, 

respectively. In some embodiments, the adenosine deaminase catalyzes the hydrolytic 

deamination of adenine or adenosine in deoxylibonucleic acid (DNA). The adenosine 

deaminases (e.g. engineered adenosine deaminases, evolved adenosine deaminases) provided 

herein may be from any organism, such as a bacterium. In some embodiments, the 

deaminase or deaminase domain is a vruiant of a naturally-occuning deaminase from an 

organism. In some embodiments, the deaminase or deaminase domain does not occur in 

nature. For example, in some embodiments, the deaminase or deaminase domain is at least 

50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75% at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at 

least 99.5% identical to a naturally-occun:ing deaminase. In some embodiments, the 

adenosine deaminase is from a bacterium, such as, E.coli, S. aureus, S. typhi, S. putrefaciens, 

H. influenzae, or C. crescentus. In some embodiments, the adenosine deaminase is a TadA 

deaminase. In some embodiments, the TadA deaminase is an E. coli TadA deaminase 

(ecTadA). In some embodiments, the TadA deaminase is a truncated E. coli TadA 
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deaminase. For example, the truncated ecTadA may be missing one or more N-tenninal 

amino acids relative to a full-length ecTadA. In some embodiments, the truncated ecTadA 

may be missing 1, 2, 3, 4, 5 ,6, 7, 8, 9 , 10, 11 , 12, 13, 14, 15, 6, 17, 18, 19, or 20 N-terminal 

amino acid residues relative to the full length ecTadA. In some embodiments, the truncated 

ecTadA may be missing 1, 2, 3, 4, 5 ,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 6, 17, 18, 19, or 20 C­

terminal amino acid residues relative to the full length ecTadA. In some embodiments, the 

ecTadA deaminase does not comp1ise an N-tenninal methionine 

[00199] In some embodiments, the TadA deaminase is an N-tenninal truncated TadA. 

In ce1tain embodiments, the adenosine deaminase comprises the ainino acid sequence: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPT 

AHAEIMALRQGGLVMQNYRLIDA TLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKT 

GAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 1). 

[00200] In some embodiments the TadA deaminase is a fu11-length E.coli TadA 

deaminase. For example, in certain embodiments, the adenosine deaminase comp1ises the 

amino acid sequence: 

MRRAFITGVFFLSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEG 

WNRPIGRHDPT AHAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIG 

RVVFGARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEI 

KAQKKAQSSTD (SEQ ID NO: 84) 

[00201] It should be appreciated, however, that additional adenosine deaminases useful 

in the present application would be apparent to the skilled aitisan and are within the scope of 

this disclosure. For example, the adenosine deaminase may be a homolog of an ADAT. 

Exemplary ADA T homologs include, without limitation: 

Staphylococcus aureus TadA: 

MGSHMTNDIYFMTLAIEEAKKAAQLGEVPIGAIITKDDEVIARAHNLRETLQQPTAH 

AEHIAIERAAKVLGSWRLEGCTLYVTLEPCVMCAGTIVMSRIPRVVYGADDPKGGCS 

GSLMNLLQQSNFNHRAIVDKGVLKEACSTLLTTFFKNLRANKKSTN (SEQ ID NO: 8) 

Bacillus subtilis TadA: 

MTQDEL YMKEAIKEAKKAEEKGEVPIGA VLVINGEIIARAHNLRETEQRSIAHAEML 

VID 
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EACKALGTWRLEGATLYVTLEPCPMCAGAVVLSRVEKVVFGAFDPKGGCSGTLMN 

LLQEERFNHQAEVVSGVLEEECGGMLSAFFRELRKKKKAARKNLSE (SEQ ID NO: 9) 

Salmonella typhimuriwn (S. typhimurium) TadA: 

MPPAFITGVTSLSDVELDHEYWMRHALTLAKRA WDEREVPVGA VLVHNHRVIGEG 

WNRPIGRHDPT AHAEIMALRQGGLVLQNYRLLDTTL YVTLEPCVMCAGAMVHSRIG 

RVVFGARDAKTGAAGSLIDVLHHPGMNHRVEIIEGVLRDECATLLSDFFRMRRQEIK 

ALKKADRAEGAGPAV (SEQ ID NO: 371) 

Shewanella putrefaciens (S. putrefaciens) TadA: 

MDEYWMQV AMQMAEKAEAAGEVPVGA VLVKDGQQIATGYNLSISQHDPTAHAEI 

LCLRSAGKKLENYRLLDATLYITLEPCAMCAGAMVHSRIARVVYGARDEKTGAAGT 

VVNLLQHPAFNHQVEVTSGVLAEACSAQLSRFFKRRRDEKKALKLAQRAQQGIE 

(SEQ ID NO: 372) 

Haemophilus influenzae F303 l (H. influenzae) TadA: 

MDAAKVRSEFDEKMMRY ALELADKAEALGEIPVGA VLVDDARNIIGEGWNLSIVQS 

DPTAHAEIIALRNGAKNIQNYRLLNSTLYVTLEPCTMCAGAILHSRIKRL VFGASDYK 

TGAIGSRFHFFDDYKMNHTLEITSGVLAEECSQKLSTFFQKRREEKKIEKALLKSLSD 

K (SEQ ID NO: 373) 

Caulobacter crescentus (C. crescentus) TadA: 

MRTDESEDQDHRMMRLALDAARAAAEAGETPVGA VILDPSTGEVIA TAGNGPIAAH 

DPTAHAEIAAMRAAAAKLGNYRLTDLTLVVTLEPCAMCAGAISHARIGRVVFGADD 

PKGGA VVHGPKFFAQPTCHWRPEVTGGVLADESADLLRGFFRARRKAKI (SEQ ID 

NO: 374) 

Geobacter sulfurreducens (G. sulfurreducens) TadA: 

MSSLKKTPIRDDA YWMGKAIREAAKAAARDEVPIGA VIVRDGA VIGRGHNLREGSN 

DPSAHAEMIAIRQAARRSANWRLTGATLYVTLEPCLMCMGAilLARLERVVFGCYDP 

KGGAAGSLYDLSADPRLNHQVRLSPGVCQEECGTMLSDFFRDLRRRKKAKATPALF 

IDERKVPPEP (SEQ ID NO: 375) 
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[00202] The term "base editor (BE)," or "nucleobase editor (NBE)" refers to an agent 

comp1ising a polypeptide that is capable of making a modification to a base (e.g., A, T, C, G, 

or U) within a nucleic acid sequence (e.g., DNA or RNA). In some embodiments, the base 

editor is capable of deaminating a base within a nucleic acid. In some embodiments, the base 

editor is capable of deaminating a base within a DNA molecule. In some embodiments, the 

base editor is capable of deaminating an adenine (A) in DNA. In some embodiments, the 

base editor is a fusion protein comprising a nucleic acid programmable DNA binding protein 

(napDNAbp) fused to an adenosine deaminase. In some embodiments, the base editor is a 

Cas9 protein fused to an adenosine deaminase. In some embodiments, the base editor is a 

Cas9 nickase (nCas9) fused to an adenosine deaminase. In some embodiments, the base 

editor is a nuclease-inactive Cas9 (dCas9) fused to an adenosine deaminase. In some 

embodiments, the base editor is fused to an inhibitor of base excision repair, for example, a 

UGI domain, or a dlSN domain. In some embodiments, the fusion protein comprises a Cas9 

nickase fused to a deaminase and an inhibitor of base excision repair, such as a UGI or dISN 

domain. In some embodiments, the dCas9 domain of the fusion protein comprises a DlOA 

and a H840A mutation of SEQ ID NO: 52, or a corresponding mutation in any of SEQ ID 

NOs: 108-357, which inactivates the nuclease activity of the Cas9 protein. In some 

embodiments, the fusion protein comprises a D 1 OA mutation and comp1ises a histidine at 

residue 840 of SEQ ID NO: 52, or a corresponding mutation in any of SEQ ID NOs: 108-

357, which renders Cas9 capable of cleaving only one sh·and of a nucleic acid duplex. An 

example of a Cas9 nickase is shown in SEQ ID NO: 35. 

[00203] The term "linker," as used herein, refers to a bond (e.g., covalent bond), 

chemical group, or a molecule linking two molecules or moieties, e.g., two domains of a 

fusion protein, such as, for example, a nuclease-inactive Cas9 domain and a nucleic acid­

editing domain (e.g., an adenosine deaminase). In some embodiments, a linker joins a gRNA 

binding domain of an RNA-programmable nuclease, including a Cas9 nuclease domain, and 

the catalytic domain of a nucleic-acid editing protein. In some embodiments, a linker joins a 

dCas9 and a nucleic-acid editing protein. Typically, the linker is positioned between, or 

flanked by, two groups, molecules, or other moieties and connected to each one via a 

covalent bond, thus connecting the two. In some embodiments, the linker is an amino acid or 

a plurality of amino acids (e.g., a peptide or protein). In some embodiments, the linker is an 

organic molecule, group, polymer, or chemical moiety. In some embodiments, the linker is 

5-100 amino acids in length, for example, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 

20,21,22,23,24,25,26,27,28,29,30,30-35,35-40,40-45,45-50, 50-60,60-70, 70-80, 
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80-90, 90-100, 100-150, or 150-200 amino acids in length. Longer or shorter linkers are also 

contemplated. In some embodiments, a linker comprises the amino acid sequence 

SGSETPGTSESATPES (SEQ ID NO: 10), which may also be referred to as the XTEN 

linker. In some embodiments, a linker comprises the arnino acid sequence SGGS (SEQ ID 

NO: 37). In some embodiments, a linker comprises (SGGS)0 (SEQ ID NO: 37), (GGGS)11 

(SEQ ID NO: 38), (GGGGS)u (SEQ ID NO: 39), (G)u, (EAAAK)u (SEQ ID NO: 40), 

(GGS)u, SGSETPGTSESATPES (SEQ ID NO: 10), or (XP)0 motif, or a combination of any 

of these, wherein n is independently an integer between 1 and 30, and wherein Xis any 

amino acid. In some embodiments, n is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15. 

[00204] The te1m "mutation," as used herein, refers to a substitution of a residue 

within a sequence, e.g., a nucleic acid or amino acid sequence, with another residue, or a 

deletion or insertion of one or more residues within a sequence. Mutations are typically 

described herein by identifying the original residue followed by the position of the residue 

within the sequence and by the identity of the newly substituted residue. Various methods for 

making the amino acid substitutions (mutations) provided herein are well known in the art, 

and are provided by, for example, Green and Sambrook, Molecular Cloning: A Laboratory 

Manual (4th ed., Cold Spring Harbor Laboratory Press, Cold Sp1ing Harbor, N.Y. (2012)). 

[00205] The term "inhibitor of base repair" or "IBR" refers to a protein that is capable 

in inhibiting the activity of a nucleic acid repair enzyme, for example a base excision repair 

enzyme. In some embodiments, the IBR is an inhibitor of inosine base excision repair. 

Exemplary inhibitors of base repair include inhibitors of APE!, Endo ill, Endo IV, Endo V, 

Endo VITI, Fpg, hOGGl, hNEILl, T7 EndoI, T4PDG, UDG, hSMUGl, and hAAG. In some 

embodiments, the IBR is an inhibitor of Endo V or hAAG. In some embodiments, the IBR is 

a catalytically inactive EndoV or a catalytically inactivehAAG. 

[002061 The term "uracil glycosylase inhibitor" or "UGI," as used herein, refers to a 

protein that is capable of inhibiting a uracil-DNA glycosylase base-excision repair enzyme. 

Jn some embodiments, a UGI domain comprises a wild-type UGI or a UGI as set forth in 

SEQ ID NO: 3. In some embodiments, the UGI proteins provided herein include fragments 

of UGI and proteins homologous to a UGI or a UGI fragment. For example, in some 

embodiments, a UGI domain comprises a fragment of the amino acid sequence set forth in 

SEQ ID NO: 3. In some embodiments, a UGI fragment comp1ises an amino acid sequence 

that comprises at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at 

least 99.5% of the amino acid sequence as set forth in SEQ ID NO: 3. In some embodiments, 
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a UGI comprises an amino acid sequence homologous to the amino acid sequence set forth in 

SEQ ID NO: 3. or an amino acid sequence homologous t.o a fragment of the amino acid 

sequence set forth in SEQ ID NO: 3. ln some embodiments, proteins comprising UGI or 

fragments of UGI or homologs of UGI or UGI fragments are refened to as "UGI vaiiants." A 

UGI vaiia:nt shares homology to UGI, or a fragment thereof. For example a UGI variant is at 

least 70% identical, at least 75% identical, at least 80% identical, at least 85% identical, at 

least 90% identical, al least 95% identical, at least 96% identical, at least 97% identical, at 

least 98% identical, at least 99% identical, al least 99.5% identical, or at least 99.9% identical 

to a wild type UGI or a UGI as set forth in SEQ ID NO: 3. In some embodiments, the UGI 

variant comprises a fragment of UGI, such that the fragment is at least 70% identical, at least 

80% identical, at least 90% identical, at least 95% identical, at least 96% identical, at least 

97% identical, at least 98% identical, at least 99% identical, at least 99.5% identical, or at 

least 99.9% to the corresponding fragment of wild-type UGI or a UGI as set forth in SEQ ID 

NO: 3. In some embodiments, the UGI comprises the following amino acid sequence: 

>sp1Pl47391UNGI_BPPB2 Uracil-DNA glycosylase inhibitor 

MTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDIL VHTA YDESTDENVMLLT 

SDAPEYKPW ALVIQDSNGENKIKML (SEQ ID NO: 3). 

[00207] The term "catalytically inactive inosine-specific nuclease," or "dead inosine-

specific nuclease (dISN)," as used herein, refers to a protein that is capable of inhibiting an 

inosine-specific nuclease. Without wishing to be bound by any particular theory, 

catalytically inactive inosine glycosylases (e.g., alkyl adenine glycosylase [AAG]) will bind 

inosine, but will not create an abasic site or remove the inosine, thereby sterica.lly blocking 

the newly-formed inosine moiety from DNA dainage/repair mechanisms. In some 

embodiments, the catalytically inactive inosine-specific nuclease may be capable of binding 

an inosine in a nucleic acid but does not cleave the nucleic acid. Exemplary catalytically 

inactive inosine-specific nucleases include, without limitation, catalytically inactive alkyl 

adenosine glycosylase (AAG nuclease), for example, from a human, and catalytically inactive 

endonuclease V (EndoV nuclease), for exainple, from E. coli. In some embodiments, the 

catalytically inactive AAG nuclease comprises an El25Q mutation as shown .in SEQ ID NO: 

32, or a corresponding mutation in another AAG nuclease. In some embodiments, the 

catalytically inactive AAG nuclease corn.p1ises the amino acid sequence set forth in SEQ ID 

NO: 32. In some embodiments, the catalytically inactive EndoV nuclease comp1ises an 

D35A mutation as shown in SEQ ID NO 32, or a corresponding mutation in another Endo V 
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nuclease. In some embodiments, the catalytically inactive EndoV nuclease comprises the 

amino acid sequence set forth in SEQ ID NO: 33. It should be appreciated that other 

catalytically inactive inosine-specific nucleases (dlSNs) would be apparent to the skilled 

artisan and are within the scope of this disclosure. 

Truncated AAG (H. sapiens) nuclease (E125Q); mutated residue underlined in bold. 

[002081 KGHLTRLGLEFFDQPA VPLARAFLGQVL VRRLPNGTELRGRNETQA Y 

LGPEDEAAHSRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGACVLLRA 

LEPLEGLETMRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQRDLAQDE 

AVWLERGPLEPSEPAVVAAARVGVGHAGEW ARKPLRFYVRGSPWVSVVDRVAEQ 

DTQA (SEQ ID NO: 32) 

Endo V nuclease (D35A); mutated residue underlined in bold. 

[00209] DLASLRAQQIELASSVIREDRLDKDPPDLIAGAA VGFEQGGEVTRAAM 

VLLKYPSLELVEYKV ARIA TTMPYIPGFLSFREYPALLAA WEMLSQKPDL VFVDGHG 

ISHPRRLGV ASHFGLL VDVPTIGV AKKRLCGKFEPLSSEPGALAPLMDKGEQLA WV 

WRSKARCNPLFIATGHRVSVDSALAWVQRCMKGYRLPEPTRWADAVASERPAFVR 

YT ANQP (SEQ ID NO: 33) 

[00210] The term "nuclear localization sequence" or "NLS" refers to an amino acid 

sequence that promotes import of a protein into the cell nucleus, for example, by nuclear 

transpo1t. Nuclear localization sequences are known in the art and would be apparent to the 

skilled artisan. For example, NLS sequences are described in Plank et al., international PCT 

application, PCT/EP2000/011690, filed November 23, 2000, published asW0/2001/038547 

on May 31, 2001, the contents of which are incorporated herein by reference for their 

disclosure of exemplary nuclear localization sequences. In some embodiments, a NLS 

compdses the amino acid sequence PKKKRKV (SEQ ID NO: 4) or 

MDSLLMNRRKFL YQFKNVRW AKGRRETYLC (SEQ ID NO: 5). 

[00211] The term "nucleic acid programmable DNA binding protein" or "napDNAbp" 

refers to a protein that associates with a nucleic acid (e.g., DNA or RNA), such as a guide 

nuclic acid, that guides the napDNAbp to a specific nucleic acid sequence. For example, a 

Cas9 protein can associate with a guide RN A that guides the Cas9 protein to a specific DNA 

sequence that has complementary to the guide RNA. In some embodiments, the napDNAbp 

is a class 2 microbial CRISPR-Cas effector. In some embodiments, the napDNAbp is a Cas9 
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domain, for example a nuclease active Cas9, a Cas9 nickase (nCas9), or a nuclease inactive 

Cas9 (dCas9). Examples of nucleic acid programmable DNA binding proteins include, 

without limitation, Cas9 (e.g ., dCas9 and nCas9), CasX, CasY, Cpfl, C2cl, C2c2, C2C3, and 

Argonaute. It should be appreciated, however, that nucleic acid programmable DNAbinding 

proteins also include nucleic acid programmable proteins that bind RNA. For example, the 

napDNAbp may be associated with a nucleic acid that guides the napDNAbp to an RNA. 

Other nucleic acid programmable DNA binding proteins are also within the scope of this 

disclosure, though they may not be specifically listed in this disclosure. 

[00212] The te1m "Cas9" or "Cas9 domain" refers to an RNA-guided nuclease 

comprising a Cas9 protein, or a fragment thereof (e.g., a protein comp1ising an active, 

inactive, or partially active DNA cleavage domain of Cas9, and/or the gRNA binding domain 

of Cas9). A Cas9 nuclease is also refeITed to sometimes as a casnl nuclease or a CRISPR 

(clustered regularly interspaced sho11 palindromic repeat)-associated nuclease. CRISPR is an 

adaptive immune system that provides protection against mobile genetic elements (viruses, 

transposable elements and conjugative plasmids). CRISPR clusters contain spacers, 

sequences complementary to antecedent mobile elements, and target invading nucleic acids. 

CRISPR clusters are transc1ibed and processed into CRISPR RNA (crRNA). In type II 

CRISPR systems cotTect processing of pre-crRNA requires a trans-encoded small RNA 

(tracrRNA), endogenous iibonuclease 3 (me) and a Cas9 protein. The tracrRNA serves as a 

guide for ribonuclease 3-aided processing of pre-crRNA. Subsequently, 

Cas9/crRNA/tracrRNA endonucleolytically cleaves linear or circular dsDNA target 

complementary to the spacer. The target strand not complementary to crRNA is first cut 

endonucleolytically, then trinuned 3'-5' exonucleolytically. In nature, DNA-binding and 

cleavage typically requires protein and both RN As. However, single guide RN As ("sgRNA", 

or simply "gNRA") can be engineered so as to incorporate aspects of both the crRNA and 

tracrRNA into a single RNA species. See, e.g., Jinek M., Chylinski K., Fonfara I., Hauer M., 

Doudna J.A., Charpentier E. Science 337:816-821(2012), the entire contents of which is 

hereby incorporated by reference. Cas9 recognizes a short motif in the CRISPR repeat 

sequences (the PAM or protospacer adjacent motif) to help distinguish self versus non-self. 

Cas9 nuclease sequences and structures are well known to those of skill in the art (see, e.g., 

"Complete genome sequence of an Ml strain of Streptococcus pyogenes." Ferretti et al., J.J., 

McShan W.M., Ajdic D.J., Savic D.J., Savic G., Lyon K., Primeaux C., Sezate S., Suvorov 

A.N., Kenton S., Lai H.S., Lin S.P., Qian Y., Jia H.G., Najar F.Z., Ren Q., Zhu H., Song L., 

White J., Yuan X., Clifton S.W., Roe B.A., McLaughlin R.E., Proc. Natl. Acad. Sci. U.S.A. 
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98:4658-4663(2001); "CRISPR RNA maturation by trans-encoded small RNA and host 

factor RNase ill." Deltcheva E. , Chylinski K., Shanna C.M., Gonzales K. , Chao Y. , Pirzada 

Z.A., Ecke1t M.R., Vogel J., Charpentier E., Nature 471 :602-607(2011); and "A 

programmable dual-RNA-guided DNA endonuclease in adaptive bacte1ial immunity." Jinek 

M., Chylinski K. , Fonfara I., Hauer M., Doudna J.A., Charpentier E. Science 337:816-

821(2012), the entire contents of each of which are incorporated herein by reference) . Cas9 

orthologs have been described in various species, including, but not limited to, S. pyogenes 

and S. thennophilus. Additional suitable Cas9 nucleases and sequences will be apparent to 

those of skill in the mt based on this disclosure, and such Cas9 nucleases and sequences 

include Cas9 sequences from the organisms and loci disclosed in Chylinski, Rhun, and 

Charpentier, "The tracrRNA and Cas9 families of type II CRISPR-Cas immunity systems" 

(2013) RNA Biology 10:5, 726-737; the entire contents of which are incorporated herein by 

reference. In some embodiments, a Cas9 nuclease has an inactive (e.g., an inactivated) DNA 

cleavage domain, that is, the Cas9 is a nickase. 

[00213] A nuclease-inactivated Cas9 protein may interchangeably be referred to as a 

"dCas9" protein (for nuclease-"dead" Cas9). Methods for generating a Cas9 protein (or a 

fragment thereof) having an inactive DNA cleavage domain m·e known (See, e.g., Jinek et al., 

Science. 337:816-821(2012); Qi et al., "Repurposing CRISPR as an RNA-Guided Platf01m 

for Sequence-Specific Control of Gene Expression" (2013) Cell. 28; 152(5):1173-83, the 

entire contents of each of which are incorporated herein by reference). For example, the 

DNA cleavage domain of Cas9 is known to include two subdomains, the HNH nuclease 

subdomain and the RuvCl subdomain. The HNH subdomain cleaves the strand 

complementary to the gRNA, whereas the RuvCl subdomain cleaves the non-complementary 

strand. Mutations within these subdomains can silence the nuclease activity of Cas9. For 

example, the mutations DlOA and H840A completely inactivate the nuclease activity of S. 

pyogenes Cas9 (Jinek et al., Science. 337:816-821(2012); Qi et al., Cell. 28;152(5): 1173-83 

(2013)). In some embodiments, proteins comprising fragments of Cas9 are provided. For 

example, in some embodiments, a protein comprises one of two Cas9 domains: (1) the gRNA 

binding domain of Cas9; or (2) the DNA cleavage domain of Cas9. In some embodiments, 

proteins comp1ising Cas9 or fragments thereof are refeITed to as "Cas9 variants ." A Cas9 

vmiant shares homology to Cas9, or a fragment thereof. For example a Cas9 vm·iant is at 

least about 70% identical, at least about 80% identical, at least about 90% identical, at least 

about 95% identical, at least about 96% identical, at least about 97% identical, at least about 

98% identical, at least about 99% identical, at least about 99.5% identical, or at least about 
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99.9% identical to wild type Cas9. In some embodiments, the Cas9 variant may have 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 21 , 24, 25, 26, 27, 28, 29, 30, 

31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or more amino 

acid changes compared to wild type Cas9. In some embodiments, the Cas9 variant comprises 

a fragment of Cas9 (e.g. , a gRNA binding domain or a DNA-cleavage domain), such that the 

fragment is at least about 70% identical, at least about 80% identical, at least about 90% 

identical, al least about 95% identical, at least about 96% identical, at least about 97% 

identical, at least about 98% identical, at least about 99% identical, at least about 99.5% 

identical, or at least about 99.9% identical to the coITesponding fragment of wild type Cas9. 

In some embodiments, the fragment is at least 30%, at least 35%, at least 40%, at least 45%, 

at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, 

at least 85%, at least 90%, at least 95% identical, at least 96%, at least 97%, at least 98%, at 

least 99%, or at least 99.5% of the amino acid length of a c01responding wild type Cas9. 

[00214] In some embodiments, the fragment is at least 100 amino acids in length. In 

some embodiments, the fragment is at least 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 

600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250, or 1300arnino 

acids in length. In some embodiments, wild type Cas9 corresponds to Cas9 from 

Streptococcus pyogenes (NCBI Reference Sequence: NC_Ol7053. l , SEQ ID NO: 47 

(nucleotide); SEQ ID NO: 48 (amino acid)). 

ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGG 

GCGGTGATCACTGATGATTATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAA 

ATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGGCAG 

TGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATAC 

ACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCG 

AAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAG 

ACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTA 

TCATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGCAGATTCTACT 

GATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTC 

GTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAA 

ACTATTTATCCAGTTGGTACAAATCTACAATCAATTATTTGAAGAAAACCCTATT 

AACGCAAGTAGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCA 

AGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAGAAATGGCTTG 

TTTGGGAATCTCATTGCTTTGTCATTGGGATTGACCCCTAATTTTAAATCAAATTT 

TGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGAT 
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TTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAG 

CTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATAGTGA 

AATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAGCGCTACGATGAACATCAT 

CAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATA 

AAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGG 

AGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGAT 

GGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAA 

CGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATG 

CTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAA 

GATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTG 

GCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATG 

GAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTTATTGAACGC 

ATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGT 

TTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTA 

CTGAGGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTG 

TTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAG 

ATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGA 

TAGATTTAATGCTTCATTAGGCGCCTACCATGATTTGCTAAAAATTATTAAAGAT 

AAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAA 

CATTGACCTTATTTGAAGATAGGGGGATGATTGAGGAAAGACTTAAAACATATG 

CTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGG 

TTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGC 

AAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGC 

AGCTGATCCATGATGATAGTTTGACATTTAAAGAAGATATTCAAAAAGCACAGG 

TGTCTGGACAAGGCCATAGTTTACATGAACAGATTGCTAACTTAGCTGGCAGTCC 

TGCTATTAAAAAAGGTATTTTACAGACTGTAAAAATTGTTGATGAACTGGTCAAA 

GTAATGGGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAG 

ACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGAAGA 

AGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATAC 

TCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTACAAAATGGAAGAGACATG 

TATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCACA 

TTGTTCCACAAAGTTTCATTAAAGACGATTCAATAGACAATAAGGTACTAACGCG 

TTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGTCAA 

AAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACG 
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TAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGATAAA 

GCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGG 

CACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAACTTAT 

TCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAA 

GATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATG 

CGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAACTTGA 

ATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCT 

AAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTAATA 

TCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAAC 

GCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGGGC 

GAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAA 

GAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAG 

AAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGG 

TGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAA 

AAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAATT 

ATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGAT 

ATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTTGA 

GTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAAGG 

AAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTCAT 

TATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTG 

GAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTA 

AGCGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAACAA 

ACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTAC 

GTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTGATC 

GTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATC 

CATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGACTGA 

(SEQ ID N0:47) 

MDKKYSIGLDIGTNSVGW A VITDDYKVPSKKFKVLGNTDRHSIKKNLIGALLFGSGE 

TAEA TRLKRT ARRR YTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL VEEDKKHE 

RHPIFGNIVDEV A YHEKYPTIYHLRKKLADSTDKADLRLIYLALAHMIKFRGHFLIEG 

DLNPDNSDVDKLFIQLVQIYNQLFEENPINASRVDAKAILSARLSKSRRLENLIAQLPG 

EKRNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY AD 

LFLAAKNLSDAILLSDILRVNSEITKAPLSASMIKRYDEHHQDLTLLKAL VRQQLPEK 
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YKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRT 

FDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKIL TFRIPYYVGPLARGNSRFA 

WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTV 

YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFD 

SVEJSGVEDRFNASLGA YHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDRGMIEER 

LKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANR 

NFMQLIHDDSLTFKEDIQKAQVSGQGHSLHEOIANLAGSPAIKKGILOTVKIVDELVK 

VMGHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQLQ 

NEKLYL YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFIKDDSIDNKVLTRSDKNR 

GKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIKRO 

LVETROITKHV AOILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFOFYKVREI 

NNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEOEIGKA T 

AKYFFYSNIMNFFKTEITLANGEIRKRPLJETNGETGEJVWDKGRDFATVRKVLSMPO 

VNJVKKTEVOTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVLVV AK 

VEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFELE 

NGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQHK 

HYLDEIIEQISEFSKR VILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGAP A 

AFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID N0:48) 

(single underline: HNH domain; double underline: RuvC domain) 

[00215) In some embodiments, wild type Cas9 cotTesponds to, or comprises SEQ ID 

N0:49 (nucleotide) and/or SEQ ID NO: 50 (amino acid): 

ATGGATAAAAAGTATTCTATTGGTTTAGACATCGGCACTAATTCCGTTGGATGGG 

CTGTCATAACCGATGAATACAAAGTACCTTCAAAGAAATTTAAGGTGTTGGGGA 

ACACAGACCGTCATTCGATTAAAAAGAATCTTATCGGTGCCCTCCTATTCGATAG 

TGGCGAAACGGCAGAGGCGACTCGCCTGAAACGAACCGCTCGGAGAAGGTATAC 

ACGTCGCAAGAACCGAATATGTTACTTACAAGAAATTTTTAGCAATGAGATGGCC 

AAAGTTGACGATTCTTTCTTTCACCGTTTGGAAGAGTCCTTCCTTGTCGAAGAGG 

ACAAGAAACATGAACGGCACCCCATCTTTGGAAACATAGTAGATGAGGTGGCAT 

ATCATGAAAAGTACCCAACGATTTATCACCTCAGAAAAAAGCTAGTTGACTCAA 

CTGATAAAGCGGACCTGAGGTTAATCTACTTGGCTCTTGCCCATATGATAAAGTT 

CCGTGGGCACTTTCTCATTGAGGGTGATCTAAATCCGGACAACTCGGATGTCGAC 

AAACTGTTCATCCAGTTAGTACAAACCTATAATCAGTTGTTTGAAGAGAACCCTA 

TAAATGCAAGTGGCGTGGATGCGAAGGCTATTCTTAGCGCCCGCCTCTCTAAATC 

CCGACGGCTAGAAAACCTGATCGCACAATTACCCGGAGAGAAGAAAAATGGGTT 
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GTTCGGTAACCTTATAGCGCTCTCACTAGGCCTGACACCAAATTTTAAGTCGAAC 

TTCGACTTAGCTGAAGATGCCAAATTGCAGCTTAGTAAGGACACGTACGATGAC 

GATCTCGACAATCTACTGGCACAAATTGGAGATCAGTATGCGGACTTATTTTTGG 

CTGCCAAAAACCTTAGCGATGCAATCCTCCTATCTGACATACTGAGAGTTAATAC 

TGAGATTACCAAGGCGCCGTTATCCGCTTCAATGATCAAAAGGTACGATGAACAT 

CACCAAGACTTGACACTTCTCAAGGCCCTAGTCCGTCAGCAACTGCCTGAGAAAT 

ATAAGGAAATATTCTTTGATCAGTCGAAAAACGGGTACGCAGGTTATATTGACG 

GCGGAGCGAGTCAAGAGGAATTCTACAAGTTTATCAAACCCATATTAGAGAAGA 

TGGATGGGACGGAAGAGTTGCTTGTAAAACTCAATCGCGAAGATCTACTGCGAA 

AGCAGCGGACTTTCGACAACGGTAGCATTCCACATCAAATCCACTTAGGCGAATT 

GCATGCTATACTTAGAAGGCAGGAGGATTTTTATCCGTTCCTCAAAGACAATCGT 

GAAAAGATTGAGAAAATCCTAACCTTTCGCATACCTTACTATGTGGGACCCCTGG 

CCCGAGGGAACTCTCGGTTCGCATGGATGACAAGAAAGTCCGAAGAAACGATTA 

CTCCATGGAATTTTGAGGAAGTTGTCGATAAAGGTGCGTCAGCTCAATCGTTCAT 

CGAGAGGATGACCAACTTTGACAAGAATTTACCGAACGAAAAAGTATTGCCTAA 

GCACAGTTTACTTTACGAGTATTTCACAGTGTACAATGAACTCACGAAAGTTAAG 

TATGTCACTGAGGGCATGCGTAAACCCGCCTTTCTAAGCGGAGAACAGAAGAAA 

GCAATAGTAGATCTGTTATTCAAGACCAACCGCAAAGTGACAGTTAAGCAATTG 

AAAGAGGACTACTTTAAGAAAATTGAATGCTTCGATTCTGTCGAGATCTCCGGGG 

TAGAAGATCGATTTAATGCGTCACTTGGTACGTATCATGACCTCCTAAAGATAAT 

TAAAGATAAGGACTTCCTGGATAACGAAGAGAATGAAGATATCTTAGAAGATAT 

AGTGTTGACTCTTACCCTCTTTGAAGATCGGGAAATGATTGAGGAAAGACTAAAA 

ACATACGCTCACCTGTTCGACGATAAGGTTATGAAACAGTTAAAGAGGCGTCGCT 

ATACGGGCTGGGGACGATTGTCGCGGAAACTTATCAACGGGATAAGAGACAAGC 

AAAGTGGTAAAACTATTCTCGATTTTCTAAAGAGCGACGGCTTCGCCAATAGGAA 

CTTTATGCAGCTGATCCATGATGACTCTTTAACCTTCAAAGAGGATATACAAAAG 

GCACAGGTTTCCGGACAAGGGGACTCATTGCACGAACATATTGCGAATCTTGCTG 

GTTCGCCAGCCATCAAAAAGGGCATACTCCAGACAGTCAAAGTAGTGGATGAGC 

TAGTTAAGGTCATGGGACGTCACAAACCGGAAAACATTGTAATCGAGATGGCAC 

GCGAAAATCAAACGACTCAGAAGGGGCAAAAAAACAGTCGAGAGCGGATGAAG 

AGAATAGAAGAGGGTATTAAAGAACTGGGCAGCCAGATCTTAAAGGAGCATCCT 

GTGGAAAATACCCAATTGCAGAACGAGAAACTTTACCTCTATTACCTACAAAATG 

GAAGGGACATGTATGTTGATCAGGAACTGGACATAAACCGTTTATCTGATTACGA 

CGTCGATCACATTGTACCCCAATCCTTTTTGAAGGACGATTCAATCGACAATAAA 
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GTGCTTACACGCTCGGATAAGAACCGAGGGAAAAGTGACAATGTTCCAAGCGAG 

GAAGTCGTAAAGAAAATGAAGAACTATTGGCGGCAGCTCCTAAATGCGAAACTG 

ATAACGCAAAGAAAGTTCGATAACTTAACTAAAGCTGAGAGGGGTGGCTTGTCT 

GAACTTGACAAGGCCGGATTTATTAAACGTCAGCTCGTGGAAACCCGCCAAATC 

ACAAAGCATGTTGCACAGATACTAGATTCCCGAATGAATACGAAATACGACGAG 

AACGATAAGCTGATTCGGGAAGTCAAAGTAATCACTTTAAAGTCAAAATTGGTG 

TCGGACTTCAGAAAGGATTTTCAATTCTATAAAGTTAGGGAGATAAATAACTACC 

ACCATGCGCACGACGCTTATCTTAATGCCGTCGTAGGGACCGCACTCATTAAGAA 

ATACCCGAAGCTAGAAAGTGAGTTTGTGTATGGTGATTACAAAGTTTATGACGTC 

CGTAAGATGATCGCGAAAAGCGAACAGGAGATAGGCAAGGCTACAGCCAAATA 

CTTCTTTTATTCTAACATTATGAATTTCTTTAAGACGGAAATCACTCTGGCAAACG 

GAGAGATACGCAAACGACCTTTAATTGAAACCAATGGGGAGACAGGTGAAATCG 

TATGGGATAAGGGCCGGGACTTCGCGACGGTGAGAAAAGTTTTGTCCATGCCCC 

AAGTCAACATAGTAAAGAAAACTGAGGTGCAGACCGGAGGGTTTTCAAAGGAAT 

CGATTCTTCCAAAAAGGAATAGTGATAAGCTCATCGCTCGTAAAAAGGACTGGG 

ACCCGAAAAAGTACGGTGGCTTCGATAGCCCTACAGTTGCCTATTCTGTCCTAGT 

AGTGGCAAAAGTTGAGAAGGGAAAATCCAAGAAACTGAAGTCAGTCAAAGAAT 

TATTGGGGATAACGATTATGGAGCGCTCGTCTTTTGAAAAGAACCCCATCGACTT 

CCTTGAGGCGAAAGGTTACAAGGAAGTAAAAAAGGATCTCATAATTAAACTACC 

AAAGTATAGTCTGTTTGAGTTAGAAAATGGCCGAAAACGGATGTTGGCTAGCGC 

CGGAGAGCTTCAAAAGGGGAACGAACTCGCACTACCGTCTAAATACGTGAATTT 

CCTGTATTTAGCGTCCCATTACGAGAAGTTGAAAGGTTCACCTGAAGATAACGAA 

CAGAAGCAACTTTTTGTTGAGCAGCACAAACATTATCTCGACGAAATCATAGAGC 

AAATTTCGGAATTCAGTAAGAGAGTCATCCTAGCTGATGCCAATCTGGACAAAGT 

ATTAAGCGCATACAACAAGCACAGGGATAAACCCATACGTGAGCAGGCGGAAA 

ATATTATCCATTTGTTTACTCTTACCAACCTCGGCGCTCCAGCCGCATTCAAGTAT 

TTTGACACAACGATAGATCGCAAACGATACACTTCTACCAAGGAGGTGCTAGAC 

GCGACACTGATTCACCAATCCATCACGGGATTATATGAAACTCGGATAGATTTGT 

CACAGCTTGGGGGTGACGGATCCCCCAAGAAGAAGAGGAAAGTCTCGAGCGACT 

ACAAAGACCATGACGGTGATTATAAAGATCATGACATCGATTACAAGGATGACG 

ATGACAAGGCTGCAGGA (SEQ ID NO: 49) 

MDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGE 

TAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE 
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RHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEG 

DLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY A 

DLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPE 

KYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQR 

TFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRlPYYVGPLARGNSRFA 

WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFfV 

YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFD 

SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILOTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIBEGIKELGSQILKEHPVENTQL 

QNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSlDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

ROLVETROITKHV AOILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFOFYKV 

REINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEOEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNIVKKTEVOTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVLVV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKR VILADANLDKVLSA YNKHRDKPlREQAENUHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

50) (single underline: HNH domain; double underline: RuvC domain) 

[00216] In some embodiments, wild type Cas9 coITesponds to Cas9 from 

Streptococcus pyogenes (NCBI Reference Sequence: NC_002737 .2, SEQ ID NO: 51 

(nucleotide); and Uniport Reference Sequence: Q99ZW2, SEQ ID NO: 52 (amino acid) . 

ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGG 

GCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCAAGGTTCTGGGAA 

ATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAG 

TGGAGAGACAGCGGAAGCGACTCGTCTCAAACGGACAGCTCGTAGAAGGTATAC 

ACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCG 

AAAGTAGATGATAGTTTCTTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAG 

ACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTA 

TCATGAGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACT 
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GATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGATTAAGTTTC 

GTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAA 

ACTATTTATCCAGTTGGTACAAACCTACAATCAATTATTTGAAGAAAACCCTATT 

AACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCA 

AGACGATTAGAAAATCTCATTGCTCAGCTCCCCGGTGAGAAGAAAAATGGCTTA 

TTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTT 

TGATTTGGCAGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGAT 

TTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTGGCAG 

CTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGA 

AATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAACGCTACGATGAACATCAT 

CAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATA 

AAGAAATCTTTTTTGATCAATCAAAAAACGGATATGCAGGTTATATTGATGGGGG 

AGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGAT 

GGTACTGAGGAATTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAA 

CGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATG 

CTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAA 

GATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGGTCCATTGGCGCGTG 

GCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATG 

GAATTTTGAAGAAGTTGTCGATAAAGGTGCTTCAGCTCAATCATTTATTGAACGC 

ATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGT 

TTGCTTTATGAGTATTTTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTA 

CTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTG 

TTGATTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAG 

ATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGAGTTGAAGA 

TAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGAT 

AAAGATTTTTTGGATAATGAAGAAAATGAAGATATCTTAGAGGATATTGTTTTAA 

CATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATG 

CTCACCTCTTTGATGATAAGGTGATGAAACAGCTTAAACGTCGCCGTTATACTGG 

TTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGC 

AAAACAATATTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGC 

AGCTGATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCACAAG 

TGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCC 

TGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGTTGATGAATTGGTCAAA 

GTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAAT 
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CAGACAACTCAAAAGGGCCAGAAAAATTCGCGAGAGCGTATGAAACGAATCGA 

AGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAA 

TACTCAATTGCAAAATGAAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAGAC 

ATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATC 

ACATTGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAAC 

GCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAAGAAGTAGT 

CAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCA 

ACGTAAGTTTGATAATTTAACGAAAGCTGAACGTGGAGGTTTGAGTGAACTTGAT 

AAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATG 

TGGCACAAATTTTGGATAGTCGCATGAATACTAAATACGATGAAAATGATAAAC 

Tf ATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCG 

AAAAGATTTCCAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCAT 

GATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAAAAC 

TTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATT 

GCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAAATATTTCTTTTACTCTA 

ATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAA 

ACGCCCTCTAATCGAAACTAATGGGGAAACTGGAGAAATTGTCTGGGATAAAGG 

GCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTC 

AAGAAAACAGAAGTACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAA 

AGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATAT 

GGTGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGG 

AAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTAGGGATCACAA 

TTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGG 

ATATAAGGAAGTTAAAAAAGACTTAATCATTAAACTACCTAAATATAGTCTTTTT 

GAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAA 

GGAAATGAGCTGGCTCTGCCAAGCAAATATGTGAATTTTTTATATTTAGCTAGTC 

ATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTG 

TGGAGCAGCATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTC 

TAAGCGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCATATAAC 

AAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTT 

ACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATATTTTGATACAACAATTG 

ATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCA 

ATCCATCACTGGTCTTTATGAAACACGCATTGATTTGAGTCAGCTAGGAGGTGAC 

TGA (SEQ ID NO: 51) 
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MDKKYSIGLDIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGE 

TAEATRLKRTARRR YTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE 

RHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEG 

DLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYA 

DLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKAL VRQQLPE 

KYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQR 

TFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFA 

WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTV 

YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFD 

SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTY AHLFDDKVMKQLKRRRYTGWGRLSRKLlNGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILOTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETROITKHV AOILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFOFYKV 

REINNYHHAHDA YLN AVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEOEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEfVWDKGRDFATVRKVLSM 

POVNNKKTEVOTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVL VV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

52) (single underline: HNH domain; double underline: RuvC domain) 

[00217] In some embodiments, Cas9 refers to Cas9 from: Corynebacterium ulcerans 

(NCBJ Refs: NC_Ol5683.l, NC_017317.l) ; Corynebacterium diphtheria (NCBI Refs: 

NC_016782.l, NC_Ol6786.l); Spiroplasma syrphidicola (NCBI Ref: NC_021284.l); 

Prevotella intermedia (NCBI Ref: NC_Ol7861.l); Spiroplasma taiwanense (NCBI Ref: 

NC_021846.l); Streptococcus iniae (NCBI Ref: NC_021314.l); Belliella baltica (NCBI Ref: 

NC_Ol8010.l); Psychroflexus torquisl (NCBI Ref: NC_Ol8721.1); Streptococcus 

thermophilus (NCBI Ref: YP _820832.1), Listeria innocua (NCBI Ref: NP_ 472073.1), 
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Campylobacter j ejuni (NCBI Ref: YP _002344900.1) or Neisseria. meningitidis (NCBI Ref: 

YP _002342100.1) or to a Cas9 from any other organism. 

[00218] In some embodiments, dCas9 co1rnsponds to, or comprises in part or in whole, 

a Cas9 amino acid sequence having one or more mutations that inactivate the Cas9 nuclease 

activity. For example, in some embodiments, a dCas9 domain comp1ises DlOA and an 

H840A mutation of SEQ ID NO: 52 or con-esponding mutations in another Cas9. In some 

embodiments, the dCas9 comprises the amino acid sequence of SEQ ID NO: 53 

dCas9 (DlOA and H840A): 

MDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGE 

TAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL VEEDKKHE 

RHPlFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMil<FRGHFLIEG 

DLNPDNSDVDKLFIQLVQTYNQLFEENPIN ASGYDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYA 

DLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPE 

KYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQR 

TFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKIL TFRIPYYVGPLARGNSRF A 

WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFfV 

YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFD 

SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTY AHLFDDKYMKQLKRRRYTGWGRLSRKL[NGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSL TFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILOTVKVVDELVK 

VMGRHKPENIVIEMARENOTTOKGOKNSRERMKRIBEGIKELGSQILKEHPVENTQL 

QNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

ROL VETROITKHV AOILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFOFYKV 

REINNYHHAHDA YLN A VVGT ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEOEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLlETNGETGEIVWDKGRDFATVRKVLSM 

POVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVLVV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFYEQ 

HKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

P AAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL YETRIDLSQLGGD (SEQ ID NO: 

53) (single underline: HNH domain; double underline: RuvC domain). 
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[00219] In some embodiments, the Cas9 domain comprises a D lOA mutation, while 

the residue at position 840 remains a histidine in lhe amino acid sequence provided in SEQ 

ID NO: 52, or at con-esponding positions in any of the amino acid sequences provided in 

SEQ ID NOs: 108-357. Without wishing to be bound by any particular theory, the presence 

of the catalytic residue H840 maintains the activity of the Cas9 to cleave the non-edited (e.g., 

non-deaminated) strand containing a T opposite the targeted A. Restoration of H840 (e.g., 

from A840 of a dCas9) does not result in the cleavage of the target strand containing the A. 

Such Cas9 vmiants are able to generate a single-strand DNA break (nick) at a specific 

location based on the gRNA-defined target sequence, leading to repair of the non-edited 

strand, ultimately resulting in a T to C change on the non-edited strand. A schematic 

representation of this process is shown in Figure 94. Briefly, and without wishing to be bound 

by any particulm· theory, the A of a A-T base pair can be deaminated to a inosine (I) by an 

adenosine deaminase, e.g., an engineered adenosine deaminase that deaminates an adenosine 

in DNA. Nicking the non-edited strand, having the T, facilitates removal of the T via 

mismatch repair mechanisms. A UGI domain or a catalytically inactive inosine-specific 

nuclease (dISN) may inhibit inosine-specific nucleases (e.g., ste1ically) thereby preventing 

removal of the inosine (I). 

[00220] In other embodiments, dCas9 variants having mutations other than DlOA and 

H840A are provided, which, e.g., result in nuclease inactivated Cas9 (dCas9). Such 

mutations, by way of example, include other amino ac.id substitutions at DlO and H840, or 

other substitutions within the nuclease domains of Cas9 (e.g., substitutions in the HNH 

nuclease subdomain and/or the RuvCl subdomain). In some embodiments, variants or 

homologues of dCas9 (e.g., variants of SEQ ID NO: 53) are provided which m·e at least about 

70% identical, at least about 80% identical, at least about 90% identical, at least about 95% 

identical, at least about 98% identical, at least about 99% identical, at least about 99.5% 

identical, or at least about 99.9% identical to SEQ ID NO: 10. In some embodiments, 

vmiants of dCas9 (e.g., variants of SEQ ID NO: 53) are provided having amino acid 

sequences which m·e shorter, or longer than SEQ ID NO: 53, by about 5 amino acids, by 

about 10 amino acids, by about 15 amino acids, by about 20 amino acids, by about 25 amino 

acids, by about 30 amino acids, by about 40 amino acids, by about 50 amino acids, by about 

75 amino acids, by about 100 amino acids or more. 

[00221] In some embodiments, Cas9 fusion proteins as provided herein comprise the 

full-length mnino acid sequence of a Cas9 protein, e.g., one of the Cas9 sequences provided 

herein. In other embodiments, however, fusion proteins as provided herein do not comprise a 
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full-length Cas9 sequence, but only a fragment thereof. For example, in some embodiments, 

a Cas9 fusion protein provided herein comprises a Cas9 fragment, wherein the fragment 

binds crRNA and tracrRNA or sgRNA, but does not comprise a functional nuclease domain, 

e.g., in that it comprises only a truncated version of a nuclease domain or no nuclease domain 

at all. 

[00222] Exemplary amino acid sequences of suitable Cas9 domains and Cas9 

fragments are provided herein, and additional suitable sequences of Cas9 domains and 

fragments will be apparent to those of skill in the art. 

[00223] In some embodiments, Cas9 refers to Cas9 from: Corynebacterium ulcerans 

(NCBI Refs: NC_Ol5683. l , NC_017317.l); Corynebacterium diphtheria (NCBI Refs: 

NC_Ol6782.l , NC_Ol6786.l); Spiroplasma syrphidicola (NCBI Ref: NC_021284.l); 

Prevotella intermedia (NCBI Ref: NC_Ol7861.1); Spiroplasma taiwanense (NCBI Ref: 

NC_021846. l ); Streptococcus iniae (NCBI Ref: NC_021314. l); Belliella baltica (NCBI Ref: 

NC_018010. l); Psychroflexus torquisl (NCBI Ref: NC_Ol8721.1); Streptococcus 

thermophilus (NCBI Ref: YP _820832.1); Listeria innocua (NCBI Ref: NP_ 472073.1); 

Campylobacter jejuni (NCBI Ref: YP _002344900.1); or Neisseria. nieningitidis (NCBI Ref: 

YP _002342100.1). 

[00224] It should be appreciated that additional Cas9 proteins (e.g., a nuclease dead 

Cas9 (dCas9), a Cas9 nickase (nCas9), or a nuclease active Cas9), including variants and 

homo logs thereof, are within the scope of this disclosure. Exemplary Cas9 proteins include, 

without limitation, those provided below. In some embodiments, the Cas9 protein is a 

nuclease dead Cas9 (dCas9). In some embodiments, the dCas9 comprises the amino acid 

sequence (SEQ ID NO: 34 ). In some embodiments, the Cas9 protein is a Cas9 nickase 

(nCas9). In some embodiments, the nCas9 comprises the amino acid sequence (SEQ ID NO: 

35). In some embodiments, the Cas9 protein is a nuclease active Cas9. In some 

embodiments, the nuclease active Cas9 comp1ises the amino acid sequence (SEQ ID NO: 

36). 

Exemplary catalytically inactive Cas9 (dCas9): 

DKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGET A 

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL VEEDKKHERH 

PIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 
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FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKY 

KEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKIL TFRIPYYVGPLARGNSRF AW 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDFRKDFQFYKV 

REINNYHHAHDA YLN A VVGT ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVLVV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKR VILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

P AAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL YETRIDLSQLGGD (SEQ ID NO: 

34) 

Exemplary Cas9 nickase (nCas9): 

DKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGET A 

EATRLKRT ARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERH 

PIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKY 

KEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYP.FLKDNREKIEKILTFRIPYYVGPLARGNSRFAW 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 
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FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKV 

REINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVL VV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEITEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENUHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

35) 

Exemplary catalytically active Cas9: 

DKKYSIGLDIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGET A 

EATRLKRT ARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL VEEDKKHERH 

PIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDL TLLKAL VRQQLPEKY 

KEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRlEEGIKELGSQILKEHPVENTQL 

QNEKLYL YYLQNGRDMYV.DQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKV 

REINNYHHAHDAYLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 
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PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVL VV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKR VILADANLDKYLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL YETRIDLSQLGGD (SEQ ID NO: 

36). 

[00225] In some embodiments, Cas9 refers to a Cas9 from arehaea (e.g. nanoarchaea), 

which constitute a domain and kingdom of single-celled prokaryotic microbes. In some 

embodiments, Cas9 refers to CasX or CasY, which have been described in, for example, 

Burstein et al., "New CRISPR-Cas systems from uncultivated microbes." Cell Res. 2017 Feb 

21. doi: 10.1038/cr.2017.21, the entire contents of which is hereby incorporated by reference. 

Using genome-resolved metagenomics, a number of CRISPR-Cas systems were identified, 

including the first reported Cas9 in the archaeal domain of life. This divergent Cas9 protein 

was found in little-studied nanoarchaea as part of an active CRISPR-Cas system. In bacteria, 

two previously unknown systems were discovered, CRISPR-CasX and CRISPR-CasY, 

which are among the most compact systems yet discovered. In some embodiments, Cas9 

refers to CasX, or a variant of CasX. In some embodiments, Cas9 refers to a Cas Y, or a 

vaiiant of CasY. It should be appreciated that other RNA-guided DNA binding proteins may 

be used as a nucleic acid programmable DNA binding protein (napDNAbp), and are within 

the scope of this disclosure. 

[00226] In some embodiments, the nucleic acid programmable DNA binding protein 

(napDNAbp) of any of the fusion proteins provided herein may be a CasX or CasY protein. 

In some embodiments, the napDNAbp is a CasX protein. In some embodiments, the 

napDNAbp is a CasY protein. In some embodiments, the napDNAbp comprises an amino 

acid sequence that is at least 85%, at least 90%, at least 91 %, at least 92%, at least 93%, at 

least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at ease 

99.5% identical to a naturally-occmTing CasX or CasY protein. In some embodiments, the 

napDNAbp is a naturaJiy-occuning CasX or CasY protein. In some embodiments, the 

napDNAbp comptises an amino acid sequence that is at least 85%, at least 90%, at least 91 %, 

at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, 

at least 99%, or al ease 99.5% identical to any one of SEQ ID NOs: 417-419. In some 

embodiments, the napDNAbp comprises an amino acid sequence of any one SEQ ID NOs: 
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417-419. It should be appreciated that CasX and CasY from other bacte1ial species may also 

be used in accordance with the present disclosure. 

CasX ( uniprot.org/uniprot/FONN87; uniprot.org/uniprot/FONH53) 

>trlFONN871FONN87_SULIH CRISPR-associated Casx protein OS=Sulfolobus islandicus 

(strain HVEl0/4) GN=SiH_0402 PE=4 SV=l 

MEVPL YNIFGDNYIIQV ATEAENSTIYNNKVEIDDEELRNVLNLA YKIAKNNEDAAAE 

RRGKAKKKKGEEGETTTSNIILPLSGNDKNPWTETLKCYNFPTTVALSEVFKNFSQV 

KECEEVSAPSFVKPEFYEFGRSPGMVERTRRVKLEVEPHYLIIAAAGWVLTRLGKAK 

VSEGDYVGVNVFTPTRGIL YSLIQNVNGIVPGIKPETAFGLWIARKVVSSVTNPNVSV 

VRIYTISDAVGQNPTTINGGFSIDLTKLLEKRYLLSERLEAIARNALSISSNMRERYIVL 

ANYIYEYLTGSKRLEDLLYFANRDLIMNLNSDDGKVRDLKLISA YVNGELIRGEG 

(SEQ ID NO: 417) 

>trlFONH531FONH53_SULIR CRISPR associated protein, Casx OS=Sulfolobus islandicus 

(strain REY15A) GN=SiRe_0771 PE=4 SV=l 

MEVPL YNIFGDNYIIQV ATEAENSTIYNNKVEIDDEELRNVLNLA YKIAKNNEDAAAE 

RRGKAKKKKGEEGETTTSNIILPLSGNDKNPWTETLKCYNFPTTV ALSEVFKNFSQV 

KECEEVSAPSFVKPEFYKFGRSPGMVERTRRVKLEVEPHYLIMAAAGWVLTRLGKA 

KVSEGDYVGVNVFTPTRGILYSLIQNVNGIVPGIKPETAFGLWIARKVVSSVTNPNVS 

VVSIYTISDA VGQNPTTINGGFSIDLTKLLEKRDLLSERLEAIARNALSISSNMRERYIV 

LANYIYEYLTGSKRLEDLLYFANRDLIMNLNSDDGKVRDLKLISA YVNGELIRGEG 

(SEQ ID NO: 418) 

CasY (ncbi.nlm.nih.gov/protein/APG80656.l) 

>APG80656.l CRISPR-associated protein CasY [uncultured Parcubacteria group bacterium] 

MSKRHPRISGVKGYRLHAQRLEYTGKSGAMRTIKYPL YSSPSGGRTVPRETVSAINDD 

YVGL YGLSNFDDL YNAEKRNEEKVYSVLDFWYDCVQYGA VFSYTAPGLLKNV AEV 

RGGSYELTKTLKGSHL YDELQIDKVIKFLNKKEISRANGSLDKLKKDIIDCFKAEYRE 

RHKDQCNKLADDIKNAKKDAGASLGERQKKLFRDFFGISEQSENDKPSFTNPLNLTC 

CLLPFDTVNNNRNRGEVLFNKLKEYAQKLDKNEGSLEMWEYIGIGNSGTAFSNFLGE 

GFLGRLRENKITELKKAMMDITDA WRGQEQEEELEKRLRILAALTIKLREPKFDNHW 

GGYRSDINGKLSSWLQNYINQTVKIKEDLKGHKKDLKKAKEMINRFGESDTKEEA V 

VSSLLESIEKIVPDDSADDEKPDIPAIAIYRRFLSDGRLTLNRFVQREDVQEALIKERLE 
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AEKKKKPKKRKKKSDAEDEKETIDFKELFPHLAKPLKLVPNFYGDSKRELYKKYKN 

AAIYTDALWKAVEKIYKSAFSSSLKNSFFDTDFDKDFFIKRLQKIFSVYRRFNTDKWK 

PIVKNSFAPYCDIVSLAENEVLYKPKQSRSRKSAAIDKNRVRLPSTENIAKAGIALARE 

LSV AGFDWKDLLKKEEHEEYIDLIELHKTALALLLA VTETQLDISALDFYENGTVKD 

FMKTRDGNLVLEGRFLEMFSQSIVFSELRGLAGLMSRKEFITRSAIQTMNGKQAELL 

YIPHEFQSAKITTPKEMSRAFLDLAPAEFATSLEPESLSEKSLLKLKQMRYYPHYFGY 

ELTRTGQGIDGGV AENALRLEKSPVKKREIKCKQYKTLGRGQNKIVL YVRSSYYQTQ 

FLEWFLHRPKNVQTDVAVSGSFLIDEKKVKTRWNYDALTVALEPVSGSERVFVSQPF 

TIFPEKSAEEEGQR YLGIDIGEYGIA YT ALEITGDSAKILDQNFISDPQLKTLREEVKGL 

KLDQRRGTFAMPSTKIARIRESLVHSLRNRIHHLALKHKAKIVYELEVSRFEEGKQKI 

KKVY ATLKKADVYSEIDADKNLQTTVWGKLA V ASEISASYTSQFCGACKKLWRAE 

MQVDETITTQELIGTVRVIKGGTLIDAIKDFMRPPIFDENDTPFPKYRDFCDKHHISKK 

MRGNSCLFICPFCRANADADIQASQTIALLRYVKEEKKVEDYFERFRKLKNIKVLGQ 

MKKI (SEQ ID NO: 419) 

[00227] The te1m "effective amount," as used herein, refers to an amount of a 

biologically active agent that is sufficient to elicit a desiTed biological response. For 

example, in some embodiments, an effective amount of a nucleobase editor may refer to the 

amount of the nucleobase editor that is sufficient to induce mutation of a target site 

specifically bound mutated by the nucleobase editor. In some embodiments , an effective 

amount of a fusion protein provided herein, e.g. , of a fusion protein comprising a nucleic acid 

programmable DNA binding protein and a deaminase domain (e.g., an adenosine deaminase 

domain) may refer to the amount of the fusion protein that is sufficient to induce editing of a 

target site specifically bound and edited by the fusion protein. As will be appreciated by the 

skilled artisan. the effective amount of an agent, e.g. , a fusion protein, a nucleobase editor, a 

deaminase, a hybrid protein, a protein dimer, a complex of a protein (or protein dimer) and a 

polynucleotide, or a polynucleotide, may vary depending on various factors as, for example, 

on the desirnd biological response, e.g. , on the specific allele, genome, or target site to be 

edited, on the cell or tissue being targeted, and on the agent being used. 

[00228] The terms "nucleic acid" and "nucleic acid molecule," as used herein , refer to 

a compound comprising a nucleobase and an acidic moiety, e.g. , a nucleoside, a nucleotide, 

or a polymer of nucleotides. Typically, polymeric nucleic acids, e.g. , nucleic acid molecules 

comprising three or more nucleotides are linear molecules, in which adjacent nucleotides are 

linked to each other via a phosphodiester linkage. In some embodiments, "nucleic acid" 
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refers to individual nucleic acid residues (e.g. nucleotides and/or nucleosides). In some 

embodiments, "nucleic acid" refers to an oligonucleotide chain comprising three or more 

individual nucleotide residues. As used herein, the terms "oligonucleotide" and 

"polynucleotide" can be used interchangeably to refer to a polymer of nucleotides (e.g., a 

string of at least three nucleotides). In some embodiments, "nucleic acid" encompasses RNA 

as weJI as single and/or double-stranded DNA. Nucleic acids may be naturally occuning, for 

example, in the context of a genome, a tTansc1ipt, an mRNA, tRNA, rRNA, siRNA, snRNA, 

a plasmid, cosmid, chromosome, chromatid, or other naturally occuning nucleic acid 

molecule. On the other hand, a nucleic acid molecule may be a non-naturally occmTing 

molecule, e.g., a recombinant DNA or RNA, an artificial chromosome, an engineered 

genome, or :fragment thereof, or a synthetic DNA, RNA, DNA/RNA hybrid, or including 

non-naturally occurring nucleotides or nucleosides. Furthermore, the terms "nucleic acid," 

"DNA," "RNA," and/or similar terms include nucleic acid analogs, e.g., analogs having other 

than a phosphodiester backbone. Nucleic acids can be purified from natural sources, 

produced using recombinant expression systems and optionally purified, chemically 

synthesized, etc. Where approp1iate, e.g., in the case of chemically synthesized molecules, 

nucleic acids can comprise nucleoside analogs such as analogs having chemically modified 

bases or sugars, and backbone modifications. A nucleic acid sequence is presented in the 5' 

to 3' direction unless otherwise indicated. In some embodiments, a nucleic acid is or 

comprises natural nucleosides (e.g. adenosine, thymidine, guanosine, cytidine, midine, 

deoxyadenosine, deoxythymidine, deoxyguanosine, and deoxycytidine); nucleoside analogs 

(e.g., 2-aminoadenosine, 2-thjothymidine, inosine, pyITolo-pyrimidine, 3-methyl adenosine, 

5-methylcytidine, 2-aminoadenosine, C5-bromou1idine, C5-fluorou1idine, C5-iodouridine, 

C5-propynyl-midine, C5-propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-

deazaadenosine, 7-deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, 0(6)-methylguanine, 

and 2-thiocytidine); chemically modified bases; biologically modified bases (e.g., methylated 

bases); intercalated bases; modified sugars (e.g., 2'-fluororibose, ribose, 2'-deoxy1ibose, 

arabinose, and hexose); and/or modified phosphate groups (e.g., phosphorothioates and 5'-N­

phosphoramidite linkages). 

[00229] The term "proliferative disease," as used herein, refers to any disease in which 

cell or tissue homeostasis is disturbed in that a cell or cell population exhibits an abnonnally 

elevated proliferation rate. Proliferative diseases include hyperproliferative diseases, such as 

pre-neoplastic hyperplastic conditions and neoplastic diseases. Neoplastic diseases are 
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characte1i.zed by an abnormal proliferation of cells and include both benign and malignant 

neoplasias. Malignant neoplasia is also refeITed to as cancer. 

[00230] The terms "protein," "peptide," and "polypeptide" are used interchangeably 

herein, and refer to a polymer of amino acid residues Jinked together by peptide (amide) 

bonds. The terms refer to a protein, peptide, or polypeptide of any size, stmcture, or function. 

Typically, a protein, peptide, or polypeptide will be at least three amino acids Jong. A 

protein, peptide, or polypeptide may refer to an individual protein or a collection of proteins. 

One or more of the amino acids in a protein, peptide, or polypeptide may be modified, for 

example, by the addition of a chemical entity such as a carbohydrate group, a hydroxyl group, 

a phosphate group, a farnesyl group, an isofarnesyl group, a fatty acid group, a linker for 

conjugation, functionalization, or other modification, etc. A protein, peptide, or polypeptide 

may also be a single molecule or may be a multi-molecular complex. A protein, peptide, or 

polypeptide may be just a fragment of a naturally occurring protein or peptide. A protein, 

peptide, or polypeptide may be naturally occurring, recombinant, or synthetic, or any 

combination thereof. The term "fusion protein" as used herein refers to a hybrid polypeptide 

which comprises protein domains from at least two different proteins. One protein may be 

located at the amino-tenninal (N-tenninal) portion of the fusion protein or at the carboxy­

temlinal (C-terminal) protein thus fonning an "amino-tenninal fusion protein" or a "carboxy­

terminal fusion protein," respectively. A protein may comptise different domains, for 

example, a nucleic acid binding domain (e.g., the gRNA binding domain of Cas9 that directs 

the binding of the protein to a target site) and a nucleic acid cleavage domain or a catalytic 

domain of a nucleic-acid editing protein. In some embodiments, a protein comp1ises a 

proteinaceous part, e.g., an amino acid sequence constituting a nucleic acid binding domain, 

and an organic compound, e.g., a compound that can act as a nucleic acid cleavage agent. In 

some embodiments. a protein is in a complex with, or is in association with, a nucleic acid, 

e.g., RNA. Any of the proteins provided herein may be produced by any method known in 

the art. For example, the proteins provided herein may be produced via recombinant protein 

expression and purification, which is especially suited for fusion proteins comprising a 

peptide linker. Methods for recombinant protein expression and purification are well known, 

and include those described by Green and Sambrook, Molecular Cloning: A Laboratory 

Manual (4th ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (2012)), the 

entire contents of which are incorporated herein by reference. 

[0001] The term "RNA-programmable nuclease," and "RNA-guided nuclease" are used 

interchangeably herein and refer to a nuclease that fonns a complex with (e.g., binds or 
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associates with) one or more RNA(s) that is not a target for cleavage. In some embodiments, 

an RNA-programmable nuclease, when in a complex with an RNA, may be refeITed to as a 

nuclease:RNA complex. Typically, the bound RNA(s) is refeJTed to as a guide RNA 

(gRNA). gRNAs can exist as a complex of two or more RN As, or as a single RNA molecule. 

gRNAs that exist as a single RNA molecule may be refe1rnd to as single-guide RN As 

(sgRNAs), though "gRNA" is used interchangeably to refer to guide RN As that exist as 

either single molecules or as a complex of two or more molecules. Typically, gRNAs that 

exist as single RNA species comprise two domains: (1) a domain that shares homology to a 

target nucleic acid (e.g., and directs binding of a Cas9 complex to lhe target); and (2) a 

domain that binds a Cas9 protein. In some embodiments, domain (2) coITesponds to a 

sequence known as a tracrRNA, and complises a stem-loop structure. For example, in some 

embodiments, domain (2) is identical or homologous to a tracrRNA as provided in Jinek et 

al., Science 337:816-821(2012), the entire contents of which is incorporated herein by 

reference. Other examples of gRNAs (e.g., those including domain 2) can be found in U.S. 

Provisional Patent Application, U.S.S.N. 61/874,682, filed September 6, 2013, entitled 

"Switchable Cas9 Nucleases And Uses Thereof," and U.S. Provisional Patent Application, 

U.S.S.N. 61/874,746, filed September 6, 2013, entitled "Delivery System For Functional 

Nucleases," the entire contents of each are hereby incorporated by reference in their entirety. 

In some embodiments, a gRNA comprises two or more of domains (1) and (2), and may be 

referred to as an "extended gRNA." For example, an extended gRNA will, e.g., bind two or 

more Cas9 proteins and bind a target nucleic acid at two or more distinct regions, as 

described herein. The gRNA comprises a nucleotide sequence that complements a target site, 

which mediates binding of the nuclease/RNA complex to said target site, providing the 

sequence specificity of the nuclease:RNA complex. In some embodiments, the RNA­

programmable nuclease is the ~RISPR-~ssociated .§)'Stem) Cas9 endonuclease, for example, 

Cas9 (Csnl) from Streptococcus pyogenes (see, e.g., "Complete genome sequence of an Ml 

strain of Streptococcus pyogenes." Ferretti J..T. , McShan W.M., Ajdic DJ ., Savic DJ. , Savic 

G., Lyon K., Primeaux C., Sezate S., Suvorov A.N., Kenton S., Lai H.S., Lin S.P. , Qian Y., 

Jia H.G., Najar F.Z., Ren Q., Zhu H. , Song L., White J. , Yuan X., Clifton S.W., Roe B.A., 

McLaughlin R.E., Proc. Natl. Acad. Sci. U.S.A. 98:4658-4663(2001); "CRISPR RNA 

maturation by trans-encoded small RNA and host factor RNase III." Deltcbeva E., Cbylinski 

K., Shanna C.M., Gonzales K., Chao Y. , Pirzada Z.A., Eckert M.R. , Vogel J ., Charpentier E., 

Nature 471:602-607(2011); and "A programmable dual-RNA-guided DNA endonuclease in 

adaptive bacte1ial immunity." Jinek M., Chylinski K., Fonfara I., Hauer M., Doudna J .A., 
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Charpentier E. Science 337:816-821(2012), the entire contents of each of which are 

incorporated herein by reference. 

[00231] Because RNA-programmable nucleases (e.g., Cas9) use RNA:DNA 

hybridization to target DNA cleavage sites, these proteins are able to be targeted, in principle, 

to any sequence specified by the guide RNA. Methods of using RNA-programmable 

nucleases, such as Cas9, for site-specific cleavage (e.g., to modify a genome) are known in 

the art (see e.g., Cong, L. et al., Multiplex genome engineering using CRISPR/Cas systems. 

Science 339, 819-823 (2013); Mali, P. et al., RNA-guided human genome engineering via 

Cas9. Science 339, 823-826 (2013); Hwang, W.Y. et al., Efficient genome editing in 

zebrafish using a CRISPR-Cas system. Nature biotechnology 31, 227-229 (2013); Jinek, M. 

el al., RNA-programmed genome editing in human cells. eLife 2, e00471(2013); Dicarlo, 

J.E. et al., Genome engineering in Saccharomyces cerevisiae using CRISPR-Cas systems. 

Nucleic acids research (2013); Jiang, W. el al. RNA-guided editing of bacte1ial genomes 

using CRISPR-Cas systems. Nature biotechnology 31, 233-239 (2013); the entire contents of 

each of which are incorporated herein by reference). 

[00232] The te1m "subject," as used herein, refers to an individual organism, for 

example, an individual mammal. In some embodiments, the subject is a human. In some 

embodiments, the subject is a non-human mammal. In some embodiments, the subject is a 

non-human primate. In some embodiments, the subject is a rodent. In some embodiments, 

the subject is a sheep, a goat, a cattle, a cat, or a dog. In some embodiments, the subject is a 

vertebrate, an amphibian, a reptile, a fish, an insect, a fly, or a nematode. In some 

embodiments, the subject is a research animal. In some embodiments, the subject is 

genetically engineered, e.g., a genetically engineered non-human subject. The subject may 

be of either sex and at any stage of development. 

[002331 The term "target site" refers to a sequence within a nucleic acid molecule that 

is deaminated by a deaminase or a fusion protein comprising a deaminase, (e.g., a dCas9-

adenosine dearninase fusion protein provided herein). 

[00234] The terms "treatment," "treat," and "treating," refer to a clinical intervention 

aimed to reverse, alleviate, delay the onset of, or inhibit the progress of a disease or disorder, 

or one or more symptoms thereof, as described herein. As used herein, the terms "treatment," 

"treat," and "treating" refer to a clinical intervention aimed to reverse, alleviate, delay the 

onset of, or inhibit the progress of a disease or disorder, or one or more symptoms thereof, as 

described herein. In some embodiments, treatment may be administered after one or more 

symptoms have developed and/or after a disease has been diagnosed. In other embodiments, 
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treatment may be administered in the absence of symptoms, e.g., to prevent or delay onset of 

a symptom or inhibit onset or progression of a disease. For example, treatment may be 

administered to a susceptible individual p1ior to the onset of symptoms (e.g., in light of a 

history of symptoms and/or in light of genetic or other susceptibility factors). Treatment may 

also be continued after symptoms have resolved, for example, to prevent or delay their 

recurrence. 

[002351 The term "recombinant" as used herein in the context of proteins or nucleic 

acids refers to proteins or nucleic acids that do not occur in nature, but are the product of 

human engineering. For example, in some embodiments, a recombinant protein or nucleic 

acid molecule comprises an amino acid or nucleotide sequence that comprises at least one, at 

least two, at least three, at least fom, at least five, at least six, or at least seven mutations as 

compared to any naturally occurring sequence. 

DETAILED DESCRIPTION OF THE INVENTION 

[00236] Some aspects of this disclosure relate to proteins that deaminate the 

nucleobase adenine. This disclosure provides adenosine dearninase proteins that are capable 

of deaminating (i.e., removing an amine group) adenine of a deoxyadenosine residue in 

deoxy1ibonucleic acid (DNA). For example, the adenosine deaminases provided herein are 

capable of deaminating adenine of a deoxyadenosine residue of DNA. It should be 

appreciated that there were no known adenosine deaminases capable of dearninating 

deoxyadenosine in DNA before the present invention. Other aspects of the disclosure 

provide fusion proteins that comprise an adenosine deaminase (e.g., an adenosine deaminase 

that dearninates deoxyadenosine in DNA as described herein) and a domain (e.g., a Cas9 or a 

Cpfl protein) capable of binding to a specific nucleotide sequence. The deamination of an 

adenosine by an adenosine deaminase can lead to a point mutation, this process is refeITed to 

herein as nucleic acid editing. For example, the adenosine may be converted to an inosine 

residue, which typically base pairs with a cytosine residue. Such fusion proteins are useful 

inter alia for targeted editing of nucleic acid sequences. Such fusion proteins may be used for 

targeted editing of DNA in vitro, e.g., for the generation of mutant cells or animals; for the 

introduction of targeted mutations, e.g., for the coITection of genetic defects in cells ex vivo, 

e.g., in cells obtained from a subject that are subsequently re-introduced into the same or 

another subject; and for the introduction of targeted mutations in vivo, e.g., the coITection of 

genetic defects or the introduction of deactivating mutations in disease-associated genes in a 

subject. As an example, diseases that can be treated by making an A to G, or a T to C 
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mutation may be treated using the nucleobase editors provided herein. The invention 

provides deaminases, fusion proteins, nucleic acids, vectors, cells, compositions, methods, 

kits, systems, etc. that utilize the deaminases and nucleobase editors. 

[00237] In some embodiments, the nucleobase editors provided herein can be made by 

fusing together one or more protein domains , thereby generating a fusion protein. In certain 

embodiments, the fusion proteins provided herein comprise one or more features that 

improve the base editing activity (e.g., efficiency, selectivity, and specificity) of the fusion 

proteins. For example, the fusion proteins provided herein may comprise a Cas9 domain that 

has reduced nuclease activity. In some embodiments, the fusion proteins provided herein 

may have a Cas9 domain that does not have nuclease activity (dCas9), or a Cas9 domain that 

cuts one strand of a duplexed DNA molecule, refeITed to as a Cas9 nickase (nCas9). Without 

wishing to be bound by any particular theory, the presence of the catalytic residue (e.g., 

H840) maintains the activity of the Cas9 to cleave the non-edited (e.g., non-deanunated) 

strand containing a T opposite the targeted A. Mutation of the catalytic residue (e.g., 010 to 

AlO) of Cas9 prevents cleavage of the edited strand containing the targeted A residue. Such 

Cas9 variants are able to generate a single-strand DNA break (nick) at a specific location 

based on the gRNA-defined target sequence, leading to repair of the non-edited strand, 

ultimately resulting in a T to C change on the non-edited strand. In some embodiments, any 

of the fusion proteins provided herein further comprise an inhibitor of inosine base excision 

repair, for example, a uracil glycosylase inhibitor (UGI) domain or a catalytically inactive 

inosine-specific nuclease (dISN). Without wishing to be bound by any particular theory, the 

UGI domain or dISN may inhibit or prevent base excision repair of a deaminated adenosine 

residue (e.g., inosine), which may improve the activity or efficiency of the base editor. 

Adenosine deaminases 

[00238] Some aspects of the disclosure provide adenosine deaminases. In some 

embodiments, the adenosine deaminases provided herein are capable of deaminating adenine. 

In some embodiments, the adenosine deaminases provided herein are capable of deaminating 

adenine in a deoxyadenosine residue of DNA. The adenosine deaminase may be derived 

from any suitable organism (e.g., E. coli). In some embodiments, the adenine deaminase is a 

naturally-occmTing adenosine deaminase that includes one or more mutations con-esponding 

to any of the mutations provided herein (e.g., mutations in ecTadA). One of skill in the art 

will be able to identify the COITesponding residue in any homologous protein and in the 

respective encoding nucleic acid by methods well known in the art, e.g., by sequence 
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alignment and dete1mination of homologous residues. Accordingly, one of skill in the art 

would be able to generate mutations in any naturally-occuning adenosine deaminase (e.g., 

having homology to ecTadA) that cotTesponds to any of the mutations desctibed herein, e.g. , 

any of the mutations identified in ecTadA. In some embodiments, the adenosine deaminase 

is from a prokaryote. In some embodiments, the adenosine deaminase is from a bacte1ium. In 

some embodiments, the adenosine deaminase is from Escherichia coli, Staphylococcus 

aureus, Salmonella typhi, Shewanella putrefaciens, Haemophilus influenzae, Caulobacter 

crescentus, or Bacillus subtilis. In some embodiments, the adenosine deaminase is from E. 

coli. 

[00239] Exemplary alignment of prokaryotic TadA proteins is shown in Figme 92. 

The residues highlighted in blue are the residues which may be important for catalyzing A to 

I deamination on ssDNA. Accordingly, it should be appreciated that any of the mutations 

identified in ecTadA provided herein may be made in any homologous residue in another 

adenine deaminase, for example, a TadA deaminase from another bactelium. Figure 93 

shows the relative sequence identity analysis (heatmap of sequence identity) : 

[00240] In some embodiments, the adenosine deaminase comprises an amino acid 

sequence that is al least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at 

least 99.5% identical to any one of the amino acid sequences set forth in any one of SEQ ID 

NOs: 1, 64-84, 420-437, 672-684, or to any of the adenosine deaminases provided herein. It 

should be appreciated that adenosine deaminases provided herein may include one or more 

mutations (e.g., any of the mutations provided herein). The disclosure provides any 

deaminase domains with a certain percent identiy plus any of the mutations or combinations 

thereof described herein. In some embodiments, the adenosine deaminase comprises an 

amino acid sequence that has 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18. 19, 20, 

21,22,21,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45, 

46, 47, 48, 49, 50, or more mutations compared to any one of the amino acid sequences set 

forth in SEQ ID NOs: 1, 64-84, 420-437, 672-684, or any of the adenosine deaminases 

provided herein. In some embodiments, the adenosine deaminase comprises an amino acid 

sequence that has at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 

35, at least 40, at least 45, at least 50, at least 60, at least 70, at least 80, at least 90, al least 

100, at least 110, at least 120, at least 130, at least 140, at least 150, at least 160, or at least 

170 identical contiguous amino acid residues as compared to any one of the amino acid 
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sequences set forth in SEQ ID NOs: 1, 64-84, 420-437, 672-684, or any of lhe adenosine 

deaminases provided herein. 

Evolution #1 and #2 Mutations 

[00241] In some embodiments, the adenosine deaminase comprises a D108X mutation 

in ecTadA SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the c01Tesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises a D 108G, 

D108N, D108V, Dl08A, or D108Y mutation in SEQ ID NO: 1, or a c01Tesponding mutation 

in another adenosine deaminase. An exemplary alignment of deaminases is shown in Figure 

92. It should be appreciated, however, that additional deaminases may similarly be aligned to 

identify homologous amino acid residues that can be mutated as provided herein. 

[00242] In some embodiments, the adenosine deaminse comp1ises an A106X mutation 

in ecTadA SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comp1ises an Al06V 

mutation in SEQ ID NO: 1, or a c01Tesponding mutation in another adenosine deaminase. 

[00243] In some embodiments, the adenosine deaminase comprises a E155X mutation 

in SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, where the 

presence of X indicates any amino acid other than the corresponding amino acid in the wild­

type adenosine deaminase. ln some embodiments, the adenosine deaminase comp1ises a 

E155D, E155G, or E155V mutation in SEQ ID NO: 1, or a conesponding mutation in 

another adenosine deaminase. 

[00244] In some embodiments, the adenosine deaminase comprises a D147X mutation 

in SEQ ID NO: 1, or a coITesponding mutation in another adenosine deaminase, where the 

presence of X indicates any amino acid other than the corresponding amino acid in the wild­

type adenosine deaminase. ln some embodiments, the adenosine deaminase comp1ises a 

Dl47Y, mutation in SEQ ID NO: 1, or a corresponding mutation in another adenosine 

deaminase. 

[00245] It should be appreciated that any of the mutations provided herein (e.g., based 

on the ecTadA amino acid sequence of SEQ ID NO: 1) may be introduced into other 

adenosine deaminases, such as S. aureus TadA (saTadA), or other adenosine deaminases 

(e.g., bacterial adenosine deaminases). It would be apparent to the skilled artisan how to 

identify amino acid residues from other adenosine deaminases that are homologous to the 
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mutated residues in ecTadA. Thus, any of the mutations identified in ecTadA may be made 

in other adenosine deaminases that have homologous amino acid residues. It should also be 

appreciated that any of the mutations provided herein may be made individually or in any 

combination in ecTadA or another adenosine deaminase. For example, an adenosine 

deaminase may contain a D108N, a A106V, a ElSSV, and/or a D147Y mutation in ecTadA 

SEQ ID NO: l , or a corresponding mutation in another adenosine deaminase. In some 

embodiments, an adenosine deaminase comp1ises the following group of mutations (groups 

of mutations are separated by a ";") in ecTadA SEQ ID NO: 1, or coITesponding mutations in 

another adenosine deaminase: 

D108N and Al06V; D108N and ElSSV; D108N and D147Y; Al06V and ElSSV; Al06V 

and D147Y; EJ.SSY and D147Y; D108N, AJ.06Y, and ESSV; Dl08N, Al 06V, and Dl47Y; 

DJ.08N, ESSY, and D147Y; AJ.06V, ESSY, and D147Y; and D108N, A106Y, ESSY, and 

Dl47Y. It should be appreciated, however, that any combination of conesponding mutations 

provided herein may be made in an adenosine deaminase (e.g., ecTadA). In some 

embodiments, an adenosine deaminase comp1ises one or more of the mutations shown in 

Table 4, which identifies individual mutations and combinations of mutations made in 

ecTadA and saTadA. In some embodiments, an adenosine deaminase comprises a mutation 

or combination of mutations shown in Table 4. 

[00246] In some embodiments, the adenosine deaminase comprises one or more of a 

H8X, T17X, L18X, W23X, L34X, W4SX, RSlX, AS6X, ES9X, E8SX, M94X, I9SX, 

Vl02X, F104X, Al06X, R107X, D108X, KllOX, M118X, Nl27X, Al38X, Fl49X, MlSlX, 

R1S3X, Q1S4X, I1S6X, and/or Kl.S7X mutation in SEQ ID NO: 1, or one or more 

coITesponding mutations in another adenosine deaminase, where the presence of X indicates 

any amino acid other than the c01Tesponding amino acid in the wild-type adenosine 

deaminase. In some embodiments, the adenosine deaminase comp1ises one or more of H8Y, 

Tl7S, Ll8E, W23L, L34S, W4SL, RSlH, AS6E, or AS6S, ES9G, E8SK, or E8SG, M94L, 

1951, V102A, Fl04L, Al06V, R107C, or R107H, or R107P, 01080, or D108N, or D108V, 

or D108A, or Dl08Y, KllOI, Ml 18K, N127S, Al38V, Fl49Y, MlSlV, RlS3C, Q154L, 

IJ.56D, and/or K1S7R mutation in SEQ ID NO: 1, or one or more corresponding mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comprises 

one or more of the mutations provided in Figure 11 corresponding to SEQ ID NO: 1, or one 

or more corresponding mutations in another adenosine deaminase. In some embodiments, the 

adenosine deaminase comprises the mutation or mutations of any one of constructs 1-16 
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shown in Figure 11 or in any one of the constiucts shown in Table 4 corresponding to SEQ 

ID NO: 1, or a c01Tesponding mutation or mutations in another adenosine deaminase. 

[00247] In some embodiments, the adenosine deaminase comprises one or more of a 

HSX, DlOSX, and/or N127X mutation in SEQ ID NO: 1, or one or more conesponding 

mutations in another adenosine deaminase, where X indicates the presence of any amino acid. 

ln some embodiments, the adenosine deaminase comprises one or more of a HSY, DlOSN, 

and/or N127S mutation in SEQ ID NO: 1, or one or more corresponding mutations in another 

adenosine deaminase. 

[00248] In some embodiments, the adenosine deaminase comprises one or more of 

HSX, R26X, M61X, L68X, M70X, Al06X, D108X, Al09X, N127X, D147X, R152X, 

Ql54X, E155X, Kl61X, Ql 63X, and/or T l66X mutation in SEQ ID NO: 1, or one or more 

coITesponding mutations in another adenosine deaminase, where X indicates the presence of 

any amino acid other than the conesponding amino acid in the wild-type adenosine 

deaminase. In some embodiments, the adenosine deaminase comprises one or more of HSY, 

R26W, M611, L68Q, M70V, Al06T, D108N, Al09T, N127S, D147Y, R152C, Q154H or 

Q154R, E155G or E155V or E155D, K161Q, Q163H, and/or T166P mutation in SEQ ID 

NO: 1, or one or more coJTesponding mutations in another adenosine deaminase. 

[002491 In some embodiments, the adenosine deaminase comprises one, two, tlu:ee, 

four, five, or six mutations selected from the group consisting of H8X, D108X, N127X, 

Dl47X, R152X, and Q154X in SEQ ID NO: 1, or a conesponding mutation or mutations in 

another adenosine deaminase, where X indicates the presence of any amino acid other than 

the co1Tesponding amino acid in the wild-type adenosine deaminase. In some embodiments, 

the adenosine deaminase comprises one, two, three, four, five, six, seven, or eight mutations 

selected from the group consisting of HSX, M61X, M70X, D108X, N127X, Q154X, E155X, 

and Ql63X in SEQ ID NO: 1, or a c01Tesponding mutation or mutations in another adenosine 

cleaminase, where X indicates the presence of any amino acid other than the coffesponding 

amino acid in the wild-type adenosine deaminase. In some embodiments, the adenosine 

dearninase comprises one, two, three, four, or five, mutations selected from the group 

consisting of H8X, Dl08X, N127X, E155X, and Tl66X in SEQ ID NO: 1, or a 

coITesponding mutation or mutations in another adenosine deaminase, where X indicates the 

presence of any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises one, two, 

three, four, five, or six mutations selected from the group consisting of HSX, Al06X, D 108X, 

Nl27X, E155X, and K161X in SEQ ID NO: 1, or a coJTesponding mutation or mutations in 
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another adenosine deaminase, where X indicates the presence of any amino acid other than 

the coITesponding amino acid in the wild-type adenosine deaminase. In some embodiments, 

the adenosine deantinase comprises one, two, three, four, five, six, seven, or eight mutations 

selected from the group consisting of HSX, RI26X, L6SX, D lOSX, N127X, D147X, and 

E155X in SEQ ID NO: 1, or a corresponding mutation or mutations in another adenosine 

deaminase, where X indicates the presence of any amino acid other than the colTesponding 

amino acid in the wild-type adenosine deaminase. In some embodiments, the adenosine 

deaminase comprises one, two, three, four, or five, mutations selected from the group 

consisting of HSX, DlOSX, Al09X, Nl27X, and El55X in SEQ ID NO: 1, or a 

c01Tesponding mutation or mutations in another adenosine deaminase, where X indicates the 

presence of any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. 

[00250] In some embodiments, the adenosine deaminase comprises one, two, three, 

four, five, or six mutations selected from the group consisting of HSY, DlOSN, N127S, 

Dl47Y, R152C, and Q154H in SEQ ID NO: 1, or a corresponding mutation or mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comprises 

one, two, three, four, five, six, seven, or eight mutations selected from the group consisting of 

HSY, M61I, M70V, DlOSN, Nl27S, Ql54R, El55G and Ql63H in SEQ ID NO: 1, or a 

corresponding mutation or mutations in another adenosine deaminase. In some 

embodiments, the adenosine deaminase comp1ises one, two, three, four, or five, mutations 

selected from the group consisting of HSY, DlOSN, N127S, El55V, and T l66P in SEQ ID 

NO: 1, or a c01Tesponding mutation or mutations in another adenosine deaminase. In some 

embodiments, the adenosine deaminase comprises one, two, three, four, five, or six mutations 

selected from the group consisting of HSY, Al06T, DlOSN, Nl27S, El55D, and Kl61Q in 

SEQ ID NO: 1. or a corresponding mutation or mutations in another adenosine dea:minase. In 

some embodiments, the adenosine deaminase comprises one, two, three, four, five, six, seven, 

or eight mutations selected from the group consisting of HSY, R126W, L6SQ, DlOSN, 

Nl27S, D147Y, and El55V in SEQ ID NO: 1, or a c01rnsponding mutation or mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comprises 

one, two, three, four, or five, mutations selected from the group consisting of HSY, DlOSN, 

Al09T, Nl27S, and E155G in SEQ ID NO: 1, or a corresponding mutation or mutations in 

another adenosine deaminase. 

[002511 In some embodiments, the adenosine deaminase comprises one or more of the 

mutations provided in Figure 16 corresponding to SEQ ID NO: 1, or one or more 
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coITesponding mutations in another adenosine deaminase. In some embodiments, the 

adenosine deaminase comprises the mutations of any one of constructs pNMG-149 to 

pNMG-154 of Figure 16, coITesponding to SEQ ID NO: 1, or cotTesponding mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comptises a 

D108N, Dl08G, or Dl08V mutation in SEQ ID NO: 1, or co1Tesponding mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comptises a 

A106V and Dl08N mutation in SEQ ID NO: 1, or c01Tesponding mutations in another 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises Rl07C and 

D108N mutations in SEQ ID NO: 1, or conesponding mutations in another adenosine 

deaminase. In some embodiments, the adenosine deaminase comprises a H8Y, Dl08N, 

Nl27S, Dl47Y, and Ql54H mutation in SEQ ID NO: 1, or conesponding mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comptises a 

H8Y, R24W, D l08N, N127S, Dl47Y, and E155V mutation in SEQ ID NO: 1, or 

conesponding mutations in another adenosine deaminase. In some embodiments, the 

adenosine deaminase comprises a D108N, D147Y, and El55V mutation in SEQ ID NO: 1, or 

coITesponding mutations in another adenosine deaminase. In some embodiments, the 

adenosine deaminase comprises a H8Y, D108N, and Sl27S mutation in SEQ ID NO: 1, or 

coITesponding mutations in another adenosine deaminase. In some embodiments, the 

adenosine deaminase comprises a A106V, D108N, D l47Y and E155V mutation in SEQ ID 

NO: 1, or coITesponding mutations in another adenosine deamjnase. 

[00252] In some embodiments, the adenosine deaminase comprises one or more of a, 

S2X, H8X, 149X, L84X, H123X, N127X, 1156X and/or K160X mutation in SEQ ID NO: 1, 

or one or more corresponding mutations in another adenosine deaminase, where the presence 

of X indicates any amino acid other than the coITesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises one or 

more of S2A, H8Y, I49F, L84F, H123Y, N127S, 1156F and/or K160S mutation in SEQ ID 

NO: l, or one or more coITesponding mutations in another adenosine deaminase. In some 

embodiments, the adenosine deaminase comp1ises one or more of the mutations provided in 

Figure 97 conesponding to SEQ ID NO: 1, or one or more c01Tesponcling mutations in 

another adenosine deaminase. In some embodiments, the adenosine deaminase comprises the 

mutation or mutations of any one of clones 1-3 shown in Figure 97 conesponding to SEQ ID 

NO: 1, or a c01Tesponding mutation or mutations in another adenosine deaminase. 

[00253] In some embodiments, the adenosine deaminse comprises an L84X mutation 

in ecTadA SEQ ID NO: 1, or a coITesponding mutation in another adenosine deaminase, 
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where X indicates any amino acid other than the con-esponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comp1ises an L84F 

mutation in SEQ ID NO: 1, or a conesponding mutation in another adenosine deaminase. 

[00254] In some embodiments, the adenosine deaminse comprises an H123X mutation 

in ecTadA SEQ ID NO: I, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comp1ises an H123Y 

mutation in SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase. 

[00255] In some embodiments, the adenosine deaminse comp1ises an Il57X mutation 

in ecTadA SEQ ID NO: 1, or a con-esponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an 1157F 

mutation in SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase. 

[00256] In some embodiments, the adenosine deaminase comprises one, two, three, 

four, five, six, or seven mutations selected from the group consisting of L84X, Al06X, 

D 108X, H123X, D 147X, E155X, and Il56X in SEQ ID NO: l , or a coITesponding mutation 

or mutations in another adenosine deaminase, where X indicates the presence of any amino 

acid other than the COITesponding amino acid in the wild-type adenosine deaminase. In some 

embodiments, the adenosine deaminase comp1ises one, two, three, four, five, or six mutations 

selected from the group consisting of S2X, I49X, Al06X, 0 108X, Dl47X, and E155X in 

SEQ ID NO: 1, or a coITesponding mutation or mutations in another adenosine deaminase, 

where X indicates the presence of any amino acid other than the corresponding amino acid in 

the wild-type adenosine deaminase. In some embodiments, the adenosine deaminase 

comp1ises one, two, three, four, or five, mutations selected from the group consisting of H8X, 

A106X, D108X, N127X, and K160X in SEQ ID NO: 1, or a coITesponding mutation or 

mutations in another adenosine deaminase, where X indicates the presence of any amino acid 

other than the conesponding amino acid in the wild-type adenosine deaminase. 

[00257] In some embodiments, the adenosine deaminase comprises one, two, thrne, 

four, five, six, or seven mutations selected from the group consisting of L84F, A 106V, 

D108N, H.123Y, D147Y, E155V, and 1156F in SEQ ID NO: 1, or a conesponding mutation 

or mutations in another adenosine deaminase. In some embodiments, the adenosine 

cleaminase comprises one, two, three, four, five, or six mutations selected from the group 

consisting of S2A, 149F, Al06V, D108N, Dl47Y, and El55V in SEQ ID NO: 1, or a 

coITesponding mutation or mutations in another adenosine deaminase. In some 
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embodiments, the adenosine deaminase comprises one, two, lhree, four, or five, mutations 

selected from the group consisting of H8Y, Al06T, Dl08N, Nl27S, and Kl60S in SEQ ID 

NO: 1, or a corresponding mutation or mutations in another adenosine deaminase. 

[00258] In some embodiments, the adenosine deaminase complises one or more of a, 

E25X, R26X, Rl07X, A142X, and/or Al43X mutation in SEQ ID NO: 1, or one or more 

co1rnsponding mutations in another adenosine deaminase, where the presence of X indicates 

any amino acid other than the conesponding amino acid in the wild-type adenosine 

deaminase. In some embodiments, the adenosine deaminase comp1ises one or more of 

E2S:M,E25D,E25A, E25R,E25V,E25S,E25Y,R26G, R26N,R26Q, R26C, R26L, R26K, 

R107P, R07K, Rl07A, Rl07N, R107W, Rl07H, R107S, A142N, Al42D, A142G, A143D, 

Al43G, Al43E, Al43L, A143W, Al43M, A143S, A143Q and/or A143R mutation in SEQ 

ID NO: 1, or one or more corresponding mutations in another adenosine deaminase. In some 

embodiments, the adenosine deaminase comp1ises one or more of the mutations provided in 

Table 7 con-esponding to SEQ ID NO: 1, or one or more cmTesponding mutations in another 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises the 

mutation or mutations of any one of clones 1-22 shown in Table 7 conesponding to SEQ ID 

NO: 1, or a conesponding mutation or mutations in another adenosine deaminase. 

[002591 In some embodiments, the adenosine deaminse comprises an E25X mutation 

in ecTadA SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an E25M, 

E25D, E25A, E25R, E25V, E25S, or E25Y mutation in SEQ ID NO: 1, or a c01Tesponding 

mutation in another adenosine deaminase. 

[002601 In some embodiments, the adenosine deaminse comp1ises an R26X mutation 

in ecTadA SEQ ID NO: 1, or a conesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the conesponding amino acid in lhe wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an, R26G, 

R26N, R26Q, R26C, R26L, or R26K mutation in SEQ ID NO: 1, or a corresponding 

mutation in another adenosine deaminase. 

[00261] In some embodiments, the adenosine deaminse comp1ises an Rl07X mutation 

in ecTadA SEQ ID NO: 1, or a c01Tesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the coITesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comp1ises an R107P, 
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R07K, Rl07 A, Rl07N, Rl07W, Rl07H, or R107S mutation in SEQ ID NO: 1, or a 

COITesponding mutation in another adenosine deaminase. 

[00262] In some embodiments, the adenosine deaminse comp1ises an A142X mutation 

in ecTadA SEQ lD NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an A142N, 

A142D, A142G, mutation in SEQ ID NO: 1, or a COITesponding mutation in another 

adenosine deaminase. 

[00263] In some embodiments, the adenosine deaminse comp1ises an A143X mutation 

in ecTadA SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an A143D, 

A143G, A143E, Al43L, A143W, A143M, A143S, A143Q and/or A143R mutation in SEQ 

ID NO: 1, or a corresponding mutation in another adenosine dea.minase. 

[00264] In some embodiments, the adenosine deaminase comprises one or more of a, 

H36X, N37X, P48X, I49X, R51X, M70X, N72X, D77X, E134X, S146X, Ql54X, Kl57X, 

and/or Kl61X mutation in SEQ ID NO: 1, or one or more corresponding mutations in another 

adenosine deaminase, where the presence of X indicates any amino acid other than the 

corresponding amino acid in the wild-type adenosine deaminase. In some embodiments, the 

adenosine deaminase comp1ises one or more of H36L, N37T, N37S, P48T, P48L, I49Y, 

R51H, R51L, M70L, N72S, D77G, E134G, S146R, S146C, Q154H, K157N, and/or K161T 

mutation in SEQ ID NO: 1, or one or more corresponding mutations in another adenosine 

deaminase. In some embodiments, the adenosine deaminase comp1ises one or more of the 

mutations provided in any one of Figures 125-128 coITesponding to SEQ ID NO: 1, or one or 

more coITesponding mutations in another adenosine deaminase. In some embodiments, the 

adenosine deaminase comprises the mutation or mutations of any one of clones 1-11 shown 

in any one of Figures 125-128 c01Tesponding to SEQ ID NO: 1, or a c01responcLing mutation 

or mutations in another adenosine deaminase. 

[00265] In some embodiments, the adenosine deaminse comprises an H36X mutation 

in ecTadA SEQ lD NO: 1, or a co1Tesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the coITesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comptises an H36L 

mutation in SEQ ID NO: 1, or a coITesponding mutation in another adenosine deaminase. 
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[00266] In some embodiments, the adenosine deaminse comp1ises an N37X mutation 

in ecTadA SEQ ID NO: 1, or a c01Tesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the cotTesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an N37T, 

or N37S mutation in SEQ ID NO: 1, or a conesponding mutation in another adenosine 

deaminase. 

[002671 In some embodiments, the adenosine deaminse comp1ises an P48X mutation 

in ecTadA SEQ ID NO: 1, or a cotTesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the coITesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an P48T, 

or P48L muta6on in SEQ ID NO: 1, or a coJTesponding mutation in another adenosine 

deaminase. 

[00268] In some embodiments, the adenosine deaminse comp1ises an R51X mutation 

in ecTadA SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the coITesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comp1ises an R51H, 

or R51L mutation in SEQ ID NO: 1, or a coITesponding mutation in another adenosine 

deaminase. 

[00269] In some embodiments, the adenosine deaminse comptises an S 146X mutation 

in ecTadA SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the cotTesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises an S146R, 

or S146C mutation in SEQ ID NO: 1, or a coffesponding mutation in another adenosine 

deaminase. 

[002701 In some embodiments, the adenosine deaminse comp1ises an K157X mutation 

in ecTadA SEQ ID NO: 1, or a c01Tesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the coJTesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises a K157N 

mutation in SEQ ID NO: 1, or a corresponding mutation in another adenosine deaminase. 

[00271] In some embodiments, the adenosine deaminse comp1ises an P48X mutation 

in ecTadA SEQ ID NO: 1, or a c01Tesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the coITesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comprises a P48S, 
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P48T, or P48A mutation in SEQ ID NO: 1, or a coITesponding mutation in another adenosine 

deaminase. 

[00272] In some embodiments, the adenosine deaminse comp1ises an A142X mutation 

in ecTadA SEQ lD NO: 1, or a con-esponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine dearninase compri.ses a A 142N 

mutation in SEQ ID NO: 1, or a coITesponding mutation in another adenosine deaminase. 

[00273] In some embodiments, the adenosine deaminse comp1ises an W23X mutation 

in ecTadA SEQ ID NO: 1, or a conesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the corresponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine dearninase compri.ses a W23R, 

or W23L mutation in SEQ ID NO: 1, or a conesponding mutation in another adenosine 

deaminase. 

[00274] In some embodiments, the adenosine deaminse comptises an R152X mutation 

in ecTadA SEQ ID NO: 1, or a conesponding mutation in another adenosine deaminase, 

where X indicates any amino acid other than the c01Tesponding amino acid in the wild-type 

adenosine deaminase. In some embodiments, the adenosine deaminase comp1ises a R152P, 

or R52H mutation in SEQ ID NO: 1, or a corresponding mutation in another adenosine 

deaminase. 

[00275] It should be appreciated that the adenosine deaminase (e.g., a first or second 

adenosine deaminase) may comprise one or more of the mutations provided in any of the 

adenosine deaminases (e.g., ecTadA adenosine deaminases) shown in Table 4. In some 

embodiments, the adenosine deaminase comprises the combination of mutations of any of the 

adenosine deaminases (e.g., ecTadA adenosine deaminases) shown in Table 4. For example, 

the adenosine deaminase may comp1ise the mutations H36L, R51L, L84F, Al06V, Dl08N, 

Hl23Y, Sl46C, Dl47Y, E155V, I156F, and Kl57N, which are shown in the second ecTadA 

(relative to SEQ ID NO: 1) of clone pNMG-477. In some embodiments, the adenosine 

deaminase comprises the following combination of mutations relative to SEQ ID NO: 1, 

where each mutation of a combination is separated by a"_" and each combination of 

mutations is between parentheses: (Al06V _D108N), (R107C_Dl08N), 

(H8Y_Dl08N_S127S_Dl47Y_Ql54H), (H8Y_R24W_Dl08N_Nl27S_Dl47Y_El55V), 

(Dl08N_D147Y_El55V), (H8Y_Dl08N_S127S), (H8Y_Dl08N_Nl27S_Dl47Y_Q154H), 

(Al06V _Dl08N_D147Y_E155V), (Dl08Q_D147Y_El55V), (Dl08M_D147Y_E155V), 
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(Dl08L_D147Y_E155V), (D108K_D147Y_E155V), (D108I_D147Y_E155V), 

(D108F _D147Y_E155V), (A106V _D108N_D147Y), (A106V _D108M_D147Y _E155V), 

(E59A_A106V _D108N_Dl47Y_E155V), (E59A cat 

dead_A106V _D108N_Dl47Y_El55V), 

(L84F _A 106V _D108N_Hl23Y_Dl47Y_E155V _Il56Y), 

(L84F _A106V _Dl08N_Hl23Y_Dl47Y_E155V _Il56F), (D103A_D014N), 

(G22P _D 103A_D 104N), (G22P _D 103A_D 104N_S 138A), (D 103A_D 104N_S 138A), 

(R26G_L84F _Al06V _R107H_D108N_Hl23Y_A142N_Al43D_D147Y_El55V _ll56F), 

(E25G_R26G_L84F _Al06V _Rl07H_D 108N_Hl23Y _A142N_Al43D_D 147Y _El55V _115 

6F), 

(E25D_R26G_L84F _A 106V _R107K_Dl08N_H123Y_Al42N_Al43G_Dl47Y_El55V _Il5 

6F), (R26Q_L84F _A 106V _D108N_H123Y_A142N_Dl47Y_El55V _Il56F), 

(E25M_R26G_L84F _A106V _R107P _D108N_Hl23Y_Al42N_A143D_Dl47Y_El55V _Il5 

6F), (R26C_L84F_Al06V _R107H_Dl08N_Hl23Y_Al42N_Dl47Y_El55V _Il56F), 

(L84F _Al06V _Dl08N_H123Y_A142N_A143L_D147Y_El55V _Il56F), 

(R26G_L84F _Al06V _D108N_H123Y_Al42N_D147Y_E155V _l156F), 

(E25A_R26G_L84F _Al06V _Rl07N_D 108N_H123Y _A142N_Al43E_D 147Y _E155V _115 

6F), 

(R26G_L84F _Al06V _Rl07H_Dl08N_Hl23Y_A 142N_Al43D_Dl47Y _El55V _Il56F), 

(Al06V _Dl08N_A 142N_D147Y_El55V), 

(R26G_A106V _Dl08N_Al42N_Dl47Y_El55V), 

(E25D_R26G_Al06V _Rl07K_Dl08N_A142N_Al43G_Dl47Y_El55V), 

(R26G_Al06V _D108N_R107H_Al42N_A143D_Dl47Y_El55V), 

(E25D_R26G_Al06V _D108N_A142N_D147Y_El55V), 

(Al06V _R107K_D108N_Al42N_D147Y_E155V), 

(A106V _Dl08N_Al42N_A143G_Dl47Y_E155V), 

(Al06V _Dl08N_Al42N_Al43L_Dl47Y _El55Y), 

(H36L_R51L_L84F _Al06V _Dl08N_H123Y _S146C_D147Y_E155V _I156F _K157N), 

(N37T_P48T_M70L_L84F _A106V _Dl08N_Hl23Y_D147Y_I49V _El55V _Il56F), 

(N37S_L84F _A106V _Dl08N_H123Y_D147Y_El55V _Il56F _Kl61T), 

(H36L_L84F_Al06V_Dl08N_Hl23Y_Dl47Y_Ql54H_E155V_Il56F), 

(N72S_L84F _A106V _D108N_H123Y_Sl46R_Dl47Y_El55V _l156F), 

(H36L_P48L_L84F _Al06V _Dl08N_H123Y_El34G_Dl47Y_El55V _Il56F), 

(H36L_L84F _Al06V _D 108N_Hl23Y _D 147Y _E155V _I156F _K157N), 
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(H36L_L84F_Al06V_D108N_Hl23Y_S146C_Dl47Y_El55V_Il56F), 

(L84F _A106V _Dl08N_Hl23Y_Sl46R_Dl47Y_El55V _II56F _Kl61 T), 

(N37S_R51H_D77G_L84F_Al06V_Dl08N_Hl23Y_Dl47Y_El55V_Il56F), 

(R51L_L84F _A 106V _D 108N_Hl23Y _D 147Y _El55V _Il56F _Kl57N), 

(D24G_Q7IR_L84F _H96L_A106V _Dl08N_Hl23Y _Dl47Y_El55V _ll56F _Kl60E) , 

(H36L_G67V _L84F _A 106V _Dl08N_Hl23Y_Sl46T _Dl47Y_El55V _Il56F), 

(Q71L_L84F _A106V _Dl08N_H123Y_L137M_A143E_Dl47Y_El55V _Il56F), 

(E25G_L84F _Al06V _D 108N_Hl23Y _D 147Y _El55V _1156F _ Q 159L), 

(L84F_A91T_Fl04I_Al06V_Dl08N_Hl23Y_D147Y_El55V_II56F), 

(N72D_L84F _Al06V _Dl08N_H123Y_G125A_Dl47Y_E155V _1156F), 

(P48S_L84F _S97C_Al06V _Dl08N_Hl23Y_Dl47Y_El55V _Il56F), 

(W23G_L84F _A 106V _D108N_Hl23Y_Dl47Y_El55V _Il56F), 

(D24G_P48L_Q7IR_L84F _Al 06V _Dl08N_Hl23Y_Dl47Y_El55V _Il56F _Ql59L) , 

(L84F_Al06V _Dl08N_Hl23Y_Al42N_Dl47Y _El55V _ll56F), 

(H36L_R51L_L84F _Al06V _D108N_Hl23Y_Al42N_Sl46C_D147Y_El55V _Il56F 

_Kl57N), (N37S_L84F _Al06V _D108N_H123Y_A142N_D147Y_E155V _Il56F _Kl61T), 

(L84F_A106V _D108N_D147Y_E155V _I156F), 

(R51L_L84F_Al06V _Dl08N_H123Y_S146C_Dl47Y_El55V _Il56F _Kl57N_Kl61T), 

(L84F _Al06V _Dl08N_Hl23Y_S 146C_Dl47Y_El55V _Il56F _Kl61 T) , 

(L84F _A l06V _Dl08N_Hl23Y_Sl46C_Dl47Y_El55V _Il56F _K 157N_Kl60E_Kl61T), 

(L84F _A106V _D108N_Hl23Y_Sl46C_Dl47Y_El55V _Il56F _K157N_Kl60E), (R74Q 

L84F _Al06V _D108N_Hl23Y _Dl47Y_El55V _Il56F), 

(R74A_L84F_Al06V _Dl08N_H123Y_Dl47Y_El55V _II56F), 

(L84F_Al06V _D108N_Hl23Y_Dl47Y_E155V _Il56F) , 

(R74Q_L84F _Al06V _D108N_H123Y_Dl47Y_El55V _Il56F), 

(L84F_R98Q_Al06V_D108N_H123Y_D147Y_El55V_Il56F), 

(L84F _Al06V _Dl08N_Hl23Y _Rl29Q_Dl47Y_El55V _Il56F), 

(P48S_L84F _Al06V _D108N_Hl23Y _A 142N_Dl47Y _El55V _1156F), (P48S_Al42N), 

(P48T_I49V _L84F _Al06V _Dl08N_Hl23Y_A 142N_D147Y_El55V _Il56F _Ll57N), 

(P48T_I49V _A142N), 

(H36L_P48S_R51L_L84F _Al06V _D108N_H123Y_S146C_Dl47Y_E155V _Il56F 

_K157N), 

(H36L_P48S_R51L_L84F _Al06V _D108N_H123Y_Sl46C_Al42N_Dl47Y_El55V _Il56F 

_Kl57N), 
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(H36L_P48T_I49V _R51L_L84F _Al06V _Dl08N_H123Y _S146C_D147Y_El55V _Il56F 

_K157N), 

(H36L_P48T_l49V _R51L_L84F _Al06V _D108N_Hl23Y_Al42N_Sl46C_Dl47Y _E155V _ 

Il56F _Kl57N), 

(H36L_P48A_R51L_L84F _A106V _D108N_Hl23Y _S 146C_Dl47Y _El55V _1156F 

_Kl57N), 

(H36L_P48A_R51L_L84F_Al06V_Dl08N_H123Y_A142N_S146C_D147Y_El55V_Il56F 

_K157N), 

(H36L_P48A_R51L_L84F_Al06V_Dl08N_H123Y_S146C_A142N_D147Y_El55V_Il56F 

_Kl57N), 

(W23L_H36L_P48A_R51L_L84F _Al06V _D108N_Hl23Y_S146C_D147Y_El55V _Il56F 

_Kl57N), 

(W23R_H36L_P48A_R51L_L84F_Al06V_D108N_Hl23Y_Sl46C_Dl47Y_El55V_ll56F 

_Kl57N), 

(W23L_H36L_P48A_R51L_L84F _Al06V _Dl08N_H123Y_S146R_D147Y_E155V _Il56F 

_K161T), 

(H36L_P48A_R51L_L84F _Al06V _Dl08N_H123Y_S146C_D147Y_R152H_El55V _Il56F 

_K157N), 

(H36L_P48A_R51L_L84F _A106V _Dl08N_Hl23Y_Sl46C_Dl47Y_Rl52P _El55V _ll56F 

_K157N), 

(W23L_H36L_P48A_R51L_L84F _A106V _Dl08N_Hl23Y_S 146C_Dl47Y_Rl52P _El55V 

_1156F _Kl57N), 

(W23L_H36L_P48A_R51L_L84F _Al06V _D108N_H123Y _A142A_S146C_D147Y_E155 

V _1156F _K157N), 

(W23L_H36L_P48A_R51L_L84F _Al06V _D108N_H123Y_A142A_S146C_D147Y_Rl52P 

_E155V _1156F _Kl57N), 

(W23L_H36L_P48A_R51L_L84F _Al06V _Dl08N_H123Y_Sl46R_Dl47Y_El55V _Il56F 

_Kl61T), 

(W23R_H36L_P48A_R51L_L84F_Al06V_Dl08N_Hl23Y_S146C_Dl47Y_Rl52P_El55V 

_1156F _K157N), 

(H36L_P48A_R51L_L84F _Al06V _Dl08N_H123Y_A142N_S146C_D147Y_Rl52P _El55 

V _1156F _K157N). 

[00276] In some embodiments, the adenosine deaminase comprises an amino acid 

sequence that is at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95, 98%, 99%, or 99.5% 
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identical to any one of SEQ ID NOs: 1, 64-84, 420-437, 672-684, or any of the adenosine 

deaminases provided herein. In some embodiments, the adenosine deaminase comprises an 

amino acid sequence that has 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

21,22,21,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45, 

46, 47, 48, 49, 50 or more mutations compared to any one of the amino acid sequences set 

forth in SEQ ID NOs: 1, 64-84, 420-437, 672-684, or any of the adenosine deaminases 

provided herein. In some embodiments, the adenosine deaminase comprises an amino acid 

sequence that has at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 

35, at least 40, at least 45, at least 50, at least 60, at least 70, at least 80, at least 90, at least 

100, at least 110, at least 120, at least 130, at least 140, at least 150, at least 160, or at least 

166, identical contiguous amino acid residues as compared to any one of the amino acid 

sequences set forth in SEQ ID NOs: 1, 64-84, 420-437, 672-684, or any of the adenosine 

deaminases provided herein. In some embodiments, the adenosine deaminase comprises the 

amino acid sequence of any one of SEQ ID NOs: 1, 64-84, 420-437, 672-684, or any of the 

adenosine deaminases provided herein. In some embodiments, the adenosine deaminase 

consists of the amino acid sequence of any one of SEQ ID NOs: 1, 64-84, 420-437, 672-684, 

or any of the adenosine dearninases provided herein. The ecTadA sequences provided below 

are from ecTadA (SEQ ID NO: 1), absent the N-tenninal methionine (M). The saTadA 

sequences provided below are from saTadA (SEQ DI NO: 8), absent the N-terminal 

methionine (M). For clarity, the amino acid numbe1ing scheme used to identify the various 

amino acid mutations is deiived from ecTadA (SEQ ID NO: 1) for E. coli TadA and saTadA 

(SEQ ID NO: 8) for S. aureus TadA. Amino acid mutations, relative to SEQ ID NO: 1 

(ecTadA) or SEQ DI NO: 8 (saTadA), are indicated by underlining. 

ecTadA 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATL YVTLEPCVMCAGAMIBSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 64) 

ecTadA (D108N) 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTLEPCVMCAGAMIBSRIGRVVFGARNAKTG 
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AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 65) 

ecTadA (DlOSG) 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPT A 

HAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARGAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 66) 

ecTadA (DlOSV) 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARV AKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 67) 

ecTadA (HSY, DlOSN, and N127S) 

SEVEFSYEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARNAKTG 

AAGSLMDVLHHPGM.S.HRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 68) 

ecTadA (HSY, DlOSN, N127S, and E155D) 

SEVEFSYEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARNAKTG 

AAGSLMDVLHHPGM.S.HRVEITEGILADECAALLSDFFRMRR@IKAQKKAQSSTD 

(SEQ ID NO: 69) 

ecTadA (HSY, DlOSN, N127S, and E155G) 

SEVEFSYEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARNAKTG 

AAGSLMDVLHHPGM.S.HRVEITEGILADECAALLSDFFRMRRQQIKAQKKAQSSTD 

(SEQ ID NO: 70) 

ecTadA (HSY, DlOSN, N127S, and E155V) 
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SEVEFSYEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARNAKTG 

AAGSLMDVLHHPGM.S.HRVEITEGILADECAALLSDFFRMRRQYIKAQKKAQSSTD 

(SEQ ID NO: 71) 

ecTadA (A106V, Dl08N, Dl47Y, and E155V) 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSYFFRMRRQVIKAQKKAQSSTD 

(SEQ ID NO: 72) 

ecTadA (L84F, A106V, D108N, H123Y, D147Y, ElSSV, 1156F) - result of evolution #3 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 73) 

ecTadA (S2A, I49F, Al06V, D108N, D147Y, ElSSV) - result of evolution #3 

AEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPfGRHDPTA 

HAElMALRQGGLVMQNYRLIDATLYVTLEPCYMCAGAMil-ISRIGRYYFGVRNAKTG 

AAGSLMDYLHHPGMNHRVEITEGILADECAALLSYFFRMRRQVIKAQKKAQSSTD 

(SEQ ID NO: 74) 

ecTadA (H8Y, Al06T, D108N, N127S, Kl60S) - result of evolution #3 

SEVEFSYEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFGIRNAKTG 

AAGSLMDVLHHPGM.S.HRVEITEGILADECAALLSDFFRMRRQEIKAQ.s.KAQSSTD 

(SEQ ID NO: 75) 

ecTadA (R26G, L84F, A106V, R107H. D108N, H123Y, A142N, A143D, D147Y, E155Y, 

Il56F) - result of evolution #4 

SEVEFSHEYWMRHALTLAKRAWDEGEVPVGAVLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVHNAKTG 
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AAGSLMDVLHYPGMNHRVEITEGILADECNDLLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 76) 

ecTadA (E25G, R26G, L84F, Al06V, Rl07H, D108N, H123Y, A142N, Al43D, D147Y, 

E155V, 1156F) - result of evolution #4 

SEVEFSHEYWMRHALTLAKRAWDGGEVPVGAVLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVHNAKTG 

AAGSLMDVLHYPGMNHR VEITEGILADECNDLLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 77) 

ecTadA (E25D, R26G, L84F, Al06V, R107K, D108N, Hl23Y, A142N, A143G, D147Y, 

E155V, l156F) -result of evolution #4 

SEVEFSHEYWMRHALTLAKRA WDDGEVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVKNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECNGLLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 78) 

ecTadA (R26Q, L84F, Al06V, D108N, H123Y, Al42N, Dl47Y, E155V, 1156F) - result of 

evolution #4 

SEVEFSHEYWMRHALTLAKRA WDEQEVPVGA VLVHNNRVIGEGWNRPIGRHDPT A 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECNALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 79) 

ecTadA (E25M, R26G, L84F, Al06V, R107P, Dl08N, Hl23Y, A142N, Al43D, Dl47Y, 

El55V, 1156F) - result of evolution #4 

SEVEFSHEYWMRHALTLAKRAWDMGEVPVGAVLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDA TL YVTfEPCVMCAGAMIHSRIGRVVFGVPNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECNDLLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 80) 

ecTadA (R26C, L84F, A106V, R107H, D108N, Hl23Y, A142N , Dl47Y, El55V, 1156F) -

result of evolution #4 
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SEVEFSHEYWMRHALTLAKRA WDECEVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVHNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECNALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 81) 

ecTadA (L84F, Al06V , D108N, H123Y, A142N, A143L, D147Y, E155V, l156F) - result of 

evolution #4 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTfEPCVMCAGAMIHSRIGRVVFGVRN AKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECNLLLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 82) 

ecTadA (R26G, L84F, Al06V, D108N, H123Y, Al42N , D147Y, E155V, Il56F) - result of 

evolution #4 

SEVEFSHEYWMRHALTLAKRA WDEGEVPVGA VLVHNNRVIGEGWNRPIGRHDPT A 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGR VVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECN ALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 83) 

ecTadA (E25A, R26G, L84F, Al06V, Rl07N, D108N, Hl23Y, Al42N, Al43E, D147Y, 

El 55V, Il56F) - result of evolution #4 

SEVEFSHEYWMRHALTLAKRAWDAGEVPVGAVLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVNNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECNELLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 420) 

ecTadA (L84F, Al06V, D108N, H123Y, D147Y, E155V, 1156F)- mutations from evolution 

# 's 1-3 

SEVEFSHEYWMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHR VEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 421) 
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ecTadA (N37T, P48T, L84F, Al06V, D108N, H123Y, D147Y, E155V, I156F)- mutations 

from evolution # 5-1 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHTNRVIGEGWNRIIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRYYFGVRNAKTG 

AAGSLMDYLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 422) 

ecTadA (N37S, L84F, Al06V, Dl08N, H123Y, D147Y, E155V, I156F)- mutations from 

evolution# 5-2 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVH~NRVIGEGWNRPIGRHDPT A 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRYEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 423) 

ecTadA (H36L, L84F, Al06V, Dl08N, Hl23Y, Dl47Y, E155V, Il56F)- mutations from 

evolution# 5-3 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGAVL \TLNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDYLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 424) 

ecTadA (L84F, A106Y, D108N, H123Y, S146R, D147Y, E155V, I156F) - mutations from 

evolution # 5-4 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHR VEITEGILADECAALLRYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 425) 

ecTadA (H36L, P48L, L84F, Al06V, Dl08N, H123Y, D147Y, E155V, 1156F) - mutations 

from evolution# 5-5 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVLNNRVIGEGWNRLIGRHDPT A 

HAEIMALRQGGL VMQNYRLIDATL YVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 426) 
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ecTadA (H36L, L84F, A106V, D108N, Hl23Y, Dl47Y, El55V, K57N, Il56F) - mutations 

from evolution # 5-6 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVL_NNRVIGEGWNRPIGRHDPT A 

HAEIMALRQGGLVMQNYRLIDA TL YVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFNAQKKAQSSTD 

(SEQ ID NO: 427) 

ecTadA (H36L, L84F, A106V, D108N, Hl23Y, Sl46C, Dl47Y, El55V, Il56F) - mutations 

from evolution# 5-7 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVLNNRVIGEGWNRPIGRHDPT A 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 428) 

ecTadA (L84F, Al06V, D108N, Hl23Y, Sl46R, Dl47Y, El55V, Il56F) - mutations from 

evolution # 5-8 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLR YFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 429) 

ecTadA (N37S, R51H, L84F, Al06V, D108N, Hl23Y, Dl47Y, El55V, Il56F) -mutations 

from evolution# 5-9 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VH~NRVIGEGWNRPIGHHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTEEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 430) 

ecTadA (R51L, L84F, A106V, D108N, Hl23Y, D147Y, E155V, Il56F, K157N) - mutations 

from evolution # 5-10 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGLHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFNAQKKAQSSTD 
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(SEQ ID NO: 431) 

ecTadA (R51H, L84F, A106V, D108N, H123Y, Dl47Y, E155V, I156F, K157N) - mutations 

from evolution # 5-11 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGHHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFNAQKKAQSSTD 

(SEQ ID NO: 432) 

saTadA (wt) - as used in pNMG-345: 

MGSHMTNDIYFMTLAIEEAKKAAQLGEVPIGAilTKDDEVIARAHNLRETLQQPTAH 

AEHIAIERAAKVLGSWRLEGCTLYVTLEPCVMCAGTIVMSRIPRVVYGADDPKGGCS 

GSLMNLLQQSNFNHRAIVDKGVLKEACSTLLTTFFKNLRANKKSTN (SEQ ID NO: 8) 

saTadA (D108N) - as used in pNMG-346: 

GSHMTNDIYFMTLAIEEAKKAAQLGEVPIGAIITKDDEVIARAHNLRETLQQPTAHAE 

HIAIERAAKVLGSWRLEGCTL YVTLEPCVMCAGTIVMSRIPRVVYGADNPKGGCSGS 

LMNLLQQSNFNHRAIVDKGVLKEACSTLLTTFFKNLRANKKSTN (SEQ ID NO: 433) 

saTadA (D107A_Dl08N) - as used in pNMG-347: 

GSHMTNDTYFMTLAIEEAKKAAQLGEVPIGAIITKDDEVIARAHNLRETLQQPT AHAE 

HIAIERAAKVLGSWRLEGCTLYVTLEPCVMCAGTIVMSRIPRVVYGAANPKGGCSGS 

LMNLLQQSNFNHRAIVDKGVLKEACSTLLTTFFKNLRANKKSTN (SEQ ID NO: 434) 

saTadA (G26P _D 107A_D108N) - as used in pNMG-348: 

GSHMTNDIYFMTLAIEEAKKAAQLrEVPIGAIITKDDEVIARAHNLRETLQQPTAHAE 

HIAIERAAKVLGSWRLEGCTLYVTLEPCVMCAGTIVMSRIPRVVYGAANPKGGCSGS 

LMNLLQQSNFNHRATVDKGVLKEACSTLLTTFFKNLRANKKSTN (SEQ ID NO: 435) 

saTadA (G26P _D107 A_Dl08N_Sl42A) - as used in pNMG-349: 

GSHMTNDIYFMTLAIEEAKKAAQLrEVPIGAIITKDDEVIARAHNLRETLQQPTAHAE 

HIAIERAAKVLGSWRLEGCTL YVTLEPCVMCAGTIVMSRIPRVVYGAANPKGGCSGS 

LMNLLQQSNFNHRAIVDKGVLKEACATLLTTFFKNLRANKKSTN (SEQ ID NO: 436) 
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saTadA (Dl07A_Dl08N_S142A)-as used in pNMG-350: 

GSHMTNDIYFMTLAIEEAKKAAQLGEVPIGAIITKDDEVIARAHNLRETLQQPTAHAE 

HIAIERAAKVLGSWRLEGCTL YVTLEPCVMCAGTIVMSRIPRVVYGAANPKGGCSGS 

LMNLLQQSNFNHRAIVDKGVLKEACA TLLTTFFKNLRANKKSTN (SEQ ID NO: 437) 

ecTadA (P48S) - mutation from evolution #6 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRS.IGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 672) 

ecTadA (P48T) - mutation from evolution #6 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRIIGRHDPT A 

HAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 673) 

ecTadA (P48A) - mutation from evolution #6 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRAIGRHDPTA 

HAElMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 674) 

ecTadA (A142N)- mutation from evolution #6 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECNALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 675) 

ecTadA (W23R) - mutation from evolution #7 

SEVEFSHEYWMRHALTLAKRARDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 676) 
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ecTadA (W23L) - mutation from evolution #7 

SEVEFSHEYWMRHALTLAKRA1DEREVPVGA VLVHNNRVIGEGWNRPIGRHDPT AH 

AEIMALRQGGLVMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFGARDAKTGA 

AGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKAQKKAQSSTD 

(SEQ ID NO: 677) 

ecTadA (Rl52P) - mutation from evolution #7 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMERQEIKAQKKAQSSTD 

(SEQ ID NO: 678) 

ecTadA (Rl52H) - mutation from evolution #7 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFGARDAKTG 

AAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMHRQEIKAQKKAQSSTD 

(SEQ ID NO: 679) 

ecTadA (L84F, A 106V, D108N, H123Y, Dl47Y, El55V, Il56F) - mutations from pNMG 

371 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVT;EEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTD 

(SEQ ID NO: 680) 

ecTadA (H36L, R51L, L84F, A106V, D108N, H123Y, S146C, D147Y, El55V, Il56F, 

Kl57N)- mutations from pNMG 477 

SEVEFSHEYWMRHALTLAKRAWDEREVPVGAVLV1NNRVIGEGWNRPIG1HDPTA 

HAEIMALRQGGL VMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHR VEITEGILADECAALLCYFFRMRRQVFN AQKKAQSSTD 

(SEQ ID NO: 681) 
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ecTadA (H36L, P48S, R51L, L84F, A106V, D108N, H123Y, S146C, D147Y, E155V, I156F 

, K157N) - mutations from pNMG 576 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLV_LNNRVIGEGWNR.S.IG_LHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMRRQVFNAQKKAQSSTD 

(SEQ ID NO: 682) 

ecTadA (H36L, P48A, R51L, L84F, Al06V, D108N, H123Y, S146C, D147Y, E155V, Il56F 

, K157N)-mutations from pNMG 586 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VLV_LNNRVIGEGWNRAIG_LHDPTA 

HAEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTG 

AAGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMRRQVFNAQKKAQSSTD 

(SEQ ID NO: 683) 

ecTadA (W23L, H36L, P48A, R51L, L84F, Al06V, D108N, Hl23Y, Sl46C, Dl47Y, 

Rl52P, El55V, I156F, Kl57N) - mutations from pNMG 616 

SEVEFSHEYWMRHALTLAKRA_LDEREVPVGAVLV_LNNRVIGEGWNRAIG_LHDPTAH 

AEIMALRQGGLVMQNYRLIDATLYVTfEPCVMCAGAMIHSRIGRVVFGVRNAKTGA 

AGSLMDVLHYPGMNHRVEITEGILADECAALLCYFFRMERQVFNAQKKAQSSTD 

(SEQ ID NO: 684) 

Cas9 Domains of Nucleobase Editors 

[002771 In some aspects, a nucleic acid programmable DNA binding protein 

(napDNAbp) is a Cas9 domain. Non-limiting, exemplary Cas9 domains are provided herein. 

The Cas9 domain may be a nuclease active Cas9 domain, a nuclease inactive Cas9 domain, 

or a Cas9 nickase. In some embodiments, the Cas9 domain is a nuclease active domain. For 

example, the Cas9 domain may be a Cas9 domain that cuts both strands of a duplexed nucleic 

acid (e.g., both strands of a duplexed DNA molecule). In some embodiments, the Cas9 

domain comprises any one of the aniino acid sequences as set forth in SEQ ID NOs: 108-357. 

In some embodiments the Cas9 domain comprises an amino acid sequence that is at least 

60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, al least 90%, al least 

95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 99.5% identical to any 

one of the amino acid sequences set forth in SEQ ID NOs: 108-357. In some embodiments, 

the Cas9 domain comprises an amino acid sequence that has 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
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12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 21, 24, 25, 26, 27, 28, 29, 30, 31 , 32, 33, 34,35, 36, 

37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 or more or more mutations compared to 

any one of the amino acid sequences set forth in SEQ ID NOs: 108-357. In some 

embodiments, the Cas9 domain comp1ises an amino acid sequence that has at least 10, at 

least 15, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at 

least 90, at least 100, at least 150, at least 200, at least 250, at least 300, at least 350, at least 

400, at least 500. at least 600, at least 700, at least 800, at least 900, at least 1000, at least 

1100, or at least 1200 identical contiguous amino acid residues as compared to any one of the 

amino acid sequences set fo11b in SEQ ID NOs: 108-357. 

[00278] In some embodiments, the Cas9 domain is a nuclease-inactive Cas9 domain 

(dCas9). For example, the dCas9 domain may bind to a duplexed nucleic acid molecule (e.g., 

via a gRNA molecule) without cleaving either strand of the duplexed nucleic acid molecule. 

In some embodiments, the nuclease-inactive dCas9 domain complises a DlOX mutation and 

a H840X mutation of the amjno acid sequence set f011h in SEQ ID NO: 52, or a 

c01Tesponding mutation in any of the amino acid sequences provided in SEQ ID NOs: 108-

357, wherein Xis any amino acid change. In some embodiments, the nuclease-inactive 

dCas9 domain comprises a D lOA mutation and a H840A mutation of the amino acid 

sequence set forth in SEQ ID NO: 52, or a c01Tesponding mutation in any of the amino acid 

sequences provided in SEQ ID NOs: 108-357. As one example, a nuclease-inactive Cas9 

domain comprises the amino acid sequence set forth in SEQ ID NO: 54 (Cloning vector 

pPlatTET-gRNA2, Accession No. BAV54124). 

MDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGE 

TAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHE 

RHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEG 

DLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLP 

GEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYA 

DLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPE 

KYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQR 

TFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKIL TFRIPYYVGPLARGNSRFA 

WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTV 

YNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFD 

SVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 
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FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDAIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKV 

REINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVL VV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEITEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENUHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

54; see, e.g., Qi et al., "Repurposing CRISPR as an RNA-guided platform for sequence­

specific control of gene expression." Cell. 2013; 152(5): 1173-83, the entire contents of which 

are incorporated herein by reference). 

[00279] Additional suitable nuclease-inactive dCas9 domains will be apparent to those 

of skill in the art based on this disclosure and knowledge in the field, and are within the scope 

of this disclosure. Such additional exemplary suitable nuclease-inactive Cas9 domains 

include, but are not limited to, D10A/H840A, D10A/D839A/H840A, and 

DlOA/D839A/H840A/N863A mutant domains (See, e.g., Prashant eta!., CAS9 

transcriptional activators for tm·get specificity screening and paired nickases for cooperative 

genome engineering. Nature Biotechnology. 2013; 31(9): 833-838, the entire contents of 

which m·e incorporated herein by reference). In some embodiments the dCas9 domain 

comp1ises an amino acid sequence that is at least 60%, at least 65%, at least 70%, at least 

75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 

98%, at least 99%, or at least 99.5% identical to any one of the dCas9 domains provided 

herein. In some embodiments, the Cas9 domain comprises an amino acid sequences that has 

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11. , 12, 13, 14, 15, 16, 17, 18, 19, 20, 21 , 22, 21, 24, 25, 26, 27, 28, 

29,30,31,32,33,34,35,36,37,38,39, 40, 41,42, 43,44, 45,46, 47,48, 49, 50,orrnore 

mutations compared to any one of the amino acid sequences set forth in SEQ ID NOs: 108-

357. In some embodiments, the Cas9 domain comprises an amino acid sequence that has al 

least 10, at least 15, at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at 

least 80, at least 90, at least 100, at least 150, at least 200, at least 250, at least 300, at least 

350, at least 400, at least 500, at least 600, at least 700, at least 800, at least 900, at least 
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IOOO, at least l IOO, or at least 1200 identical contiguous amino acid residues as compared to 

any one of the amino acid sequences set forth in SEQ ID NOs: I08-357. 

[00280] In some embodiments, the Cas9 domain is a Cas9 nickase. The Cas9 nickase 

may be a Cas9 protein that is capable of cleaving only one strand of a duplexed nucleic acid 

molecule (e.g., a duplexed DNA molecule). In some embodiments the Cas9 nickase cleaves 

the target strand of a duplexed nucleic acid molecule, meaning that the Cas9 nickase cleaves 

the strnnd that is base paired to (complementary to) a gRNA (e.g., an sgRNA) that is bound to 

the Cas9. In some embodiments, a Cas9 nickase comp1ises a DIOA mutation and has a 

histidine at position 840 of SEQ ID NO: 52, or a mutation in any of SEQ ID NOs: I08-357. 

As one example, a Cas9 nickase may comprise the amino acid sequence as set forth in SEQ 

ID NO: 35. In some embodiments, the Cas9 nickase cleaves the non-target, non-base-edited 

strand of a duplexed nucleic acid molecule, meaning that the Cas9 nickase cleaves the strand 

that is not base paired to a gRNA (e.g., an sgRNA) that is bound to the Cas9. In some 

embodiments, a Cas9 nickase comprises an H840A mutation and has an aspartic acid residue 

at position IO of SEQ ID NO: 52, or a corresponding mutation in any of SEQ ID NOs: I08-

357. In some embodiments the Cas9 nickase comprises an amino acid sequence that is at 

least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at 

least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 99.5% identical to 

any one of the Cas9 nickases provided herein. Additional sui table Cas9 nickases will be 

apparent to those of skill in the art based on thi s disclosure and knowledge in the field, and 

are within the scope of this disclosure. 

Cas9 Domains with Reduced PAM Exclusivity 

[00281] Some aspects of the disclosure provide Cas9 domains that have different PAM 

specificities. Typically, Cas9 proteins, such as Cas9 from S. pyogenes (spCas9), require a 

canonical NGG PAM sequence to bind a pruticular nucleic acid region, where the "N" in 

"NGG" is adenine (A), thymine (T), guanine (G), or cytosine (C), and the G is guanine. This 

may limit the ability to edit desired bases within a genome. In some embodiments, the base 

editing fusion proteins provided herein need to be positioned at a precise location, for 

example, where a target base is within a 4 base region (e.g., a "deamination window"), which 

is approximately 15 bases upstream of the PAM. See Komer, A.C., et al., "Programmable 

editing of a tru·get base in genomic DNA without double-stranded DNA cleavage" Nature 

533, 420-424 (2016), the entire contents of which ru·e hereby incorporated by reference. In 

some embodiments, the deamination window is within a 2, 3, 4, 5, 6, 7, 8, 9, or IO base 
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region. In some embodiments, the deamination window is 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 bases upstream of the PAM. Accordingly, in some 

embodiments, any of the fusion proteins provided herein may contain a Cas9 domain that is 

capable of binding a nucleotide sequence that does not contain a canonical (e.g., NGG) PAM 

sequence. Cas9 domains that bind to non-canonical PAM sequences have been described in 

the art and would be apparent to the skilled rutisan. For example, Cas9 domains that bind 

non-canonical PAM sequences have been desc1ibed in Kleinstiver, B. P. , et al., "Engineered 

CRISPR-Cas9 nucleases with altered PAM specificities" Nature 523, 481-485 (2015); and 

Kleinstiver, B. P., et al., "Broadening the tru·geting range of Staphylococcus aureus CRISPR­

Cas9 by modifying PAM recognition" Nature Biotechnology 33, 1293-1298 (2015); the 

entire contents of each are hereby incorporated by reference. 

[00282] In some embodiments, the Cas9 domain is a Cas9 domain from 

Staphylococcus aureus (SaCas9). In some embodiments, the SaCas9 domain is a nuclease 

active SaCas9, a nuclease inactive SaCas9 (SaCas9d), or a SaCas9 nickase (SaCas9n). In 

some embodiments, the SaCas9 comprises the amino acid sequence SEQ ID NO: 55. In 

some embodiments, the SaCas9 comprises a N579X mutation of SEQ ID NO: 55, or a 

coITesponding mutation in any of the amino acid sequences provided in SEQ ID NOs: 108-

357, wherein Xis any amino acid except for N. In some embodiments, the SaCas9 comp1ises 

a N579A mutation of SEQ ID NO: 55, or a co1Tesponding mutation in any of the amino acid 

sequences provided in SEQ ID NOs: 108-357. 

[00283] In some embodiments, the SaCas9 domain, the SaCas9d domain, or the 

SaCas9n domain can bind to a nucleic acid sequence having a non-canonical PAM. In some 

embodiments, the SaCas9 domain, the SaCas9d domain, or the SaCas9n domain can bind to a 

nucleic acid sequence having a NNGRRT PAM sequence, where N =A, T, C, or G, and R = 

A or G. In some embodiments, the SaCas9 domain comprises one or more of E781X, 

N967X, and R1014X mutation of SEQ ID NO: 55, or a coITesponding mutation in any of the 

amino acid sequences provided in SEQ ID NOs: 108-357, wherein Xis any amino acid. In 

some embodiments, the SaCas9 domain comprises one or more of a E78 l K, a N967K, and a 

R1014H mutation of SEQ ID NO: 55, or one or more cotTesponding mutation in any of the 

amino acid sequences provided in SEQ ID NOs: 108-357. In some embodiments, the SaCas9 

domain comprises a E781K, a N967K, or a R1014H mutation of SEQ ID NO: 55, or 

c01Tesponding mutations in any of the amino acid sequences provided in SEQ ID NOs: 108-

357. 
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[00284] In some embodiments, the Cas9 domain of any of the fusion proteins provided 

herein comp1ises an amino acid sequence that is at least 60%, at least 65%, at least 70%, at 

least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at 

least 98%, at least 99%, or at least 99.5% identical to any one of SEQ ID NOs: 55-57. In 

some embodiments, the Cas9 domain of any of the fusion proteins provided herein comp1ises 

the amino acid sequence of any one of SEQ ID NOs: 55-57. In some embodiments, the Cas9 

domain of any of the fusion proteins provided herein consists of the amino acid sequence of 

any one of SEQ ID NOs: 55-57. 

Exemplary SaCas9 sequence 

[00285] KRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSK 

RGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSA 

ALLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYVAELQLERLKKDGE 

VRGSINRFKTSDYVKEAKQLLKVQKA YHQLDQSFIDTYIDLLETRRTYYEGPGEGSPF 

GWKDIKEWYEMLMGHCTYFPEELRSVKY A YNADL YNALNDLNNL VITRDENEKLE 

YYEKFQIIENVFKQKKKPTLKQIAKEIL VNEEDIKGYRVTSTGKPEFTNLKVYHDIKDI 

TARKEIIENAELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLS 

LKAINLILDELWHTNDNQIAIFNRLKLVPKKVDLSQQKEIPTTLVDDFILSPVVKRSFI 

QSIKVINAIIKKYGLPNDIIIELAREKNSKDAQKMINEMQKRNRQTNERIEEIIRTTGKE 

NAKYLIEKJKLHDMQEGKCLYSLEAIPLEDLLNNPFNYEVDHIIPRSYSFDNSFNNKYL 

VKQEENSKKGNRTPFQYLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDI 

NRFSVQKDFINRNLYDTR Y ATRGLMNLLRSYFRVNNLDVKYKSINGGFTSFLRRKW 

KFKKERNKGYKHHAEDALIIANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEI 

ETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIV 

NNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKY 

YEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRF 

DVYLDNGYYKFYTYKNLDVIKKENYYEYNSKCYEEAKKLKKISNQAEFIASFYNND 

LIKINGEL YRVIGVNNDLLNRIEVNMJDITYREYLENMNDKRPPRIIKTIASKTQSIKKY 

STDILGNL YEVKSKKHPQIIKKG (SEQ ID NO: 55) 

[00286] Residue N579 of SEQ ID NO: 55, which is underlined and in bold, may be 

mutated (e.g., to a A579) to yield a SaCas9 nickase. 

Exemplary SaCas9n sequence 
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[002871 KRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSK 

RGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSA 

ALLHLAKRRGVHNVNEVEEDTGNELSTKEQISRNSKALEEKYV AELQLERLKKDGE 

VRGSINRFKTSDYVKEAKQLLKVQKA YHQLDQSFIDTYIDLLETRRTYYEGPGEGSPF 

GWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLE 

YYEKFQDENVFKQKKKPTLKQIAKEJLVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDI 

TARKEDENAELLDQIAKJLTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLS 

LKAINLJLDELWHTNDNQIAIFNRLKL VPKKVDLSQQKEIPTTL VDDFILSPVVKRSFI 

QSIKVINAIIKKYGLPNDIIIELAREKNSKDAQKMINEMQKRNRQTNERIEEIIRTTGKE 

NAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNPFNYEVDHIIPRSVSFDNSFNNKVL 

VKQEEASKKGNRTPFQYLSSSDSKISYETFKKHJLNLAKGKGRISKTKKEYLLEERDI 

NRFSVQKDFINRNL VDTRY ATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKW 

KFKKERNKGYKHHAEDALIIANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEI 

ETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPNRELINDTLYSTRKDDKGNTLIV 

NNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKY 

YEETGNYLTKYSKKDNGPVIKKIKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRF 

DVYLDNGVYKFVTVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFIASFYNND 

LIKINGEL YRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPRIIKTIASKTQSIKKY 

STDILGNL YEVKSKKHPQIIKKG (SEQ ID NO: 56). 

[00288] Residue A579 of SEQ ID NO: 56, which can be mutated from N579 of SEQ 

ID NO: 55 to yield a SaCas9 nickase, is underlined and in bold. 

Exemplary SaKKH Cas9 

[00289] KRNYILGLDIGITSVGYGIIDYETRDVIDAGVRLFKEANVENNEGRRSK 

RGARRLKRRRRHRIQRVKKLLFDYNLLTDHSELSGINPYEARVKGLSQKLSEEEFSA 

ALLHLAKRRGVHNVNEVEEDTGNELSTKEQ~RNSKALEEKYVAELQLERLKKDGE 

VRGSINRFKTSDYVKEAKQLLKVQKA YHQLDQSFIDTYIDLLETRRTYYEGPGEGSPF 

GWKDIKEWYEMLMGHCTYFPEELRSVKYAYNADLYNALNDLNNLVITRDENEKLE 

YYEKFQDENVFKQKKKPTLKQIAKEJLVNEEDIKGYRVTSTGKPEFTNLKVYHDIKDI 

T ARKEDEN AELLDQIAKILTIYQSSEDIQEELTNLNSELTQEEIEQISNLKGYTGTHNLS 

LKAINLJLDELWHTNDNQIAIFNRLKL VPKKVDLSQQKEIPTTL VDDFILSPVVKRSFI 

QSIKVINAIIKKYGLPNDIIIELAREKNSKDAQKMINEMQKRNRQTNERIEEIIRTTGKE 

NAKYLIEKIKLHDMQEGKCLYSLEAIPLEDLLNNPFNYEVDHIIPRSVSFDNSFNNKVL 

VKQEEASKKGNRTPFQYLSSSDSKISYETFKKHILNLAKGKGRISKTKKEYLLEERDI 
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NRFSVQKDFINRNLVDTRYATRGLMNLLRSYFRVNNLDVKVKSINGGFTSFLRRKW 

KFKKERNKGYKHHAEDALIIANADFIFKEWKKLDKAKKVMENQMFEEKQAESMPEI 

ETEQEYKEIFITPHQIKHIKDFKDYKYSHRVDKKPNRKLINDTLYSTRKDDKGNTLIV 

NNLNGLYDKDNDKLKKLINKSPEKLLMYHHDPQTYQKLKLIMEQYGDEKNPLYKY 

YEETGNYLTKYSKKDNGPVIKKJKYYGNKLNAHLDITDDYPNSRNKVVKLSLKPYRF 

DVYLDNGVYKFVTVKNLDVIKKENYYEVNSKCYEEAKKLKKISNQAEFIASFYKND 

LIKINGELYRVIGVNNDLLNRIEVNMIDITYREYLENMNDKRPPHIIKTIASKTQSIKKY 

STDILGNL YEVKSKKHPQIIKKG (SEQ ID NO: 57). 

[00290] Residue A579 of SEQ ID NO: 57, which can be mutated from N579 of SEQ 

ID NO: 55 to yield a SaCas9 nickase, is underlined and in bold. Residues K781, K967, and 

Hl014 of SEQ ID NO: 57, which can be mutated from E781, N967, and R1014 of SEQ ID 

NO: 55 to yield a SaKKH Cas9 are underlined and in italics. 

[00291) In some embodiments, the Cas9 domain is a Cas9 domain from Streptococcus 

pyogenes (SpCas9). In some embodiments, the SpCas9 domain is a nuclease active SpCas9, 

a nuclease inactive SpCas9 (SpCas9d), or a SpCas9 nickase (SpCas9n). In some 

embodiments, the SpCas9 comprises the amino acid sequence SEQ ID NO: 58. In some 

embodiments, the SpCas9 comprises a D9X mutation of SEQ ID NO: 58, or a coITesponding 

mutation in any of the amino acid sequences provided in SEQ ID NOs: 108-357, wherein X 

is any amino acid except for D. In some embodiments, the SpCas9 comprises a D9A 

mutation of SEQ ID NO: 58, or a conesponding mutation in any of the amino acid sequences 

provided in SEQ ID NOs: 108-357. ln some embodiments, the SpCas9 domain, the SpCas9d 

domain, or the SpCas9n domain can bind to a nucleic acid sequence having a non-canonical 

PAM. In some embodiments, the SpCas9 domain, the SpCas9d domain, or the SpCas9n 

domain can bind to a nucleic acid sequence having a NGG, a NGA, or a NGCG PAM 

sequence. In some embodiments, the SpCas9 domain comprises one or more of a D l 134X, a 

Rl334X, and a Tl336X mutation of SEQ ID NO: 58, or a corresponding mutation in any of 

the amino acid sequences provided in SEQ ID NOs: 108-35, wherein X is any amino acid. In 

some embodiments, the SpCas9 domain comprises one or more of a Dl 134E, Rl334Q, and 

T1336R mutation of SEQ (0 NO: 58, or a c01Tesponding mutation in any of the amino acid 

sequences provided in SEQ ID NOs: 108-35. In some embodiments, the SpCas9 domain 

comp1ises a D1134E, a Rl334Q, and a Tl336R mutation of SEQ ID NO: 58, or 

c01Tesponding mutations in any of the amino acid sequences provided in SEQ ID NOs: 108-

35. In some embodiments, the SpCas9 domain comprises one or more of a D1134X, a 

Rl334X, and a T 1336X mutation of SEQ ID NO: 58, or a corresponding mutation in any of 
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the amino acid sequences provided in SEQ ID NOs: 108-35, wherein X is any amino acid. In 

some embodiments. the SpCas9 domain comprises one or more of a D1134V, a R1334Q, and 

a T1336R mutation of SEQ ID NO: 58, or a coITesponding mutation in any of the amino acid 

sequences provided in SEQ ID NOs: 108-35. In some embodiments, the SpCas9 domain 

comprises a DI 134V, a R1334Q, and a T1336R mutation of SEQ ID NO: 58, or 

co1rnsponding mutations in any of the amino acid sequences provided in SEQ lD NOs: 108-

35. In some embodiments, the SpCas9 domain comp1ises one or more of a Dl 134X, a 

G1217X, a R1334X, and a Tl336X mutation of SEQ ID NO: 58, or a coffesponding mutation 

in any of lhe amino acid sequences provided in SEQ ID NOs: 108-35, wherein Xis any 

amino acid. In some embodiments, the SpCas9 domain comprises one or more of a D1134V, 

a Gl.217R, aR1334Q, and a T1336R mutation of SEQ ID NO: 58, or a conesponding 

mutation in any of the amino acid sequences provided in SEQ ID NOs: 108-35. In some 

embodiments, the SpCas9 domain comprises a Dl 134V, a G1217R, a R1334Q, and a 

Tl336R mutation of SEQ ID NO: 58, or coITesponding mutations in any of the amino acid 

sequences provided in SEQ ID NOs: 108-35. 

[00292] In some embodiments, the Cas9 domain of any of the fusion proteins provided 

herein comp1ises an amino acid sequence that is at least 60%, at least 65%, at least 70%, at 

least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at 

least 98%, at least 99%, or at least 99.5% identical to any one of SEQ ID NOs: 58-62. In 

some embodiments, the Cas9 domain of any of the fusion proteins provided herein compiises 

the amino acid sequence of any one of SEQ ID NOs: 58-62. In some embodiments, the Cas9 

domain of any of the fusion proteins provided herein consists of the amino acid sequence of 

any one of SEQ ID NOs: 58-62. 

Exemplary SpCas9 

DKKYSIGLDIGTNSVGWA VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETA 

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERH 

PIFGNIVDEVA YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKY 

KEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELL VKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFA W 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 
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NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVL TLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKLYL YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKV 

REINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVLVV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEJJEQISEFSKR VILADANLDKVLSA YNKHRDKPlREQAENIIHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

58) 

Exemplary SpCas9n 

DKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGET A 

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERH 

PIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKY 

KEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENNIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 
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RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKV 

REINNYHHAHDA YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A YSVLVV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

PAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

59) 

Exemplary SpEQR Cas9 

DKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGET A 

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERH 

PIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKAL VRQQLPEKY 

KEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFA W 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKilKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDFRKDFQFYKV 

REINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

AT AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFA TVR KVLSM 

PQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFESPTV A YSVLVV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLilKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGA 
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P AAFKYFDTTIDRKQYRSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ ID NO: 

60) 

[00293] Residues El134, Q1334, and R1336 of SEQ ID NO: 60, which can be mutated 

from D1134, R1334, and T1336 of SEQ ID NO: 58 to yield a SpEQR Cas9, are underlined 

and in bold. 

Exemplary SpVQR Cas9 

DKKYSIGLAIGTNSVGWA VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGETA 

EATRLKRT ARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL VEEDKKHERH 

PIFGNNDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQY ADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR YDEHHQDLTLLKAL VRQQLPEKY 

KEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFA W 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLL YEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKANDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDNLTLTLFEDREMIEERL 

KTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENlVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKLYL YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDFRKDFQFYKV 

REINNYHHAHDA YLNAVVGTALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQYNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFVSPTV A YSVLVY 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASAGELQKGNELALPSKYYNFL YLASHYEKLKGSPEDNEQKQLFYEQ 

HKHYLDEIIEQISEFSKRVILADANLDKYLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

P AAFKYFDTTIDRKQYRSTKEVLDATLIHQSITGL YETRIDLSQLGGD (SEQ ID NO: 

61) 
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[00294] Residues Vl 134, Q1334, and R1336 of SEQ ID NO: 61 , which can be 

mutated from D1134. R1334, and Tl336 of SEQ ID NO: 58 to yield a SpVQR Cas9, are 

underlined and in bold. 

Exemplary Sp VRER Cas9 

DKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIGALLFDSGET A 

EATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERH 

PIFGNNDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMIKFRGHFLIEGDL 

NPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGE 

KKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLAQIGDQYADL 

FLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR YDEHHQDL TLLKAL VRQQLPEKY 

KEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKQRTF 

DNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLARGNSRFAW 

MTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLPKHSLLYEYFTVY 

NELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYFKKIECFDS 

VEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERL 

KTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDFLKSDGFANRN 

FMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKVVDELVK 

VMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHPVENTQL 

QNEKLYL YYLQNGRDMYVDQELDINRLSDYDVDHNPQSFLKDDSIDNKVLTRSDK 

NRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELDKAGFIK 

RQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDFRKDFQFYKV 

REINNYHHAHDA YLNA VVGT ALIKKYPKLESEFVYGDYKVYDVRKMIAKSEQEIGK 

ATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSM 

PQVNNKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFVSPTV A YSVL VV 

AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLIIKLPKYSLFE 

LENGRKRMLASARELQKGNELALPSKYVNFL YLASHYEKLKGSPEDNEQKQLFVEQ 

HKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIHLFTLTNLGA 

PAAFKYFDTTIDRKEYRSTKEVLDATLIHQSITGL YETRIDLSQLGGD (SEQ ID NO: 

62) 

[00295] Residues V1134, R1217, Q1334, and R1336 of SEQ ID NO: 62, which can be 

mutated from D1134, 01217, R1334, and T1336 of SEQ ID NO: 58 to yield a SpVRER 

Cas9, are underlined and in bold. 
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High fidelity Cas9 domains 

[002961 Some aspects of the disclosure provide high fidelity Cas9 domains of the 

nucleobase editors provided herein. ln some embodiments, high fideli ty Cas9 domains are 

engineered Cas9 domains comprising one or more mutations that decrease electrostatic 

interactions between the Cas9 domain and the sugar-phosphate backbone of DNA, as 

compared to a corresponding wild-type Cas9 domain. Without wishing to be bound by any 

particular theory, high fidelity Cas9 domains that have decreased electrostatic interactions 

with the sugar-phosphate backbone of DNA may have less off-target effects. In some 

embodiments, the Cas9 domain (e.g., a wild type Cas9 domain) comp1ises one or more 

mutations that decreases the association between the Cas9 domain and the sugar-phosphate 

backbone of DNA. In some embodiments, a Cas9 domain comprises one or more mutations 

that decreases the association between the Cas9 domain and the sugar-phosphate backbone of 

DNA by at least 1 %, at least 2%, at least 3%, at least 4%, at least 5%, at least10%, at least 

15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 

50%, at least 55%, at least 60%, at least 65%, at least 70%, or more. 

[00297] In some embodiments, any of the Cas9 fusion proteins provided herein 

comprise one or more of N497X, R661X, Q695X, and/or Q926X mutation of the amino acid 

sequence provided in SEQ ID NO: 52, or a coITesponding mutation in any of the amino acid 

sequences provided in SEQ ID NOs: 108-357, wherein Xis any amino acid. In some 

embodiments, any of the Cas9 fusion proteins provided herein comprise one or more of 

N497 A, R661A, Q695A, and/or Q926A mutation of the amino acid sequence provided in 

SEQ ID NO: 52, or a corresponding mutation in any of the amino acid sequences provided in 

SEQ ID NOs: 108-357. In some embodiments, the Cas9 domain comprises a D lOA mutation 

of the amino acid sequence provided in SEQ ID NO: 52, or a coITesponding mutation in any 

of the amino acid sequences provided in SEQ ID NOs: 108-357. In some embodiments, the 

Cas9 domain (e.g., of any of the fusion proteins provided herein) comprises the amino acid 

sequence as set forth in SEQ ID NO: 62. Cas9 domains with high fidelity are known in the 

art and would be apparent to the skilled artisan. For example, Cas9 domains with high 

fidelity have been desc1ibed in Kleinstiver, B.P., et al. "High-fideli ty CRISPR-Cas9 

nucleases with no detectable genome-wide off-target effects." Nature 529, 490-495 (2016); 

and Slaymaker, J.M., et al. "Rationally engineered Cas9 nucleases with improved 

specificity." Science 351, 84-88 (2015); the entire contents of each are incorporated herein by 

reference. 
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[00298] It should be appreciated that any of the base editors provided herein, for 

example, any of the adenosine deaminase base editors provided herein, may be converted into 

high fidelity base editors by modifying the Cas9 domain as desc1ibed herein to generate high 

fidelity base editors, for example, a high fidelity adenosine base editor. In some 

embodiments, the high fidelity Cas9 domain is a dCas9 domain. In some embodiments, the 

high fideli ty Cas9 domain is a nCas9 domain. 

High Fidelity Cas9 domain where mutations relative to Cas9 of SEQ ID NO: 10 are 

shown in bold and underlines 

[00299] DKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNLIG 

ALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESFL V 

EEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMIKFR 

GHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLE 

NLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDNLLA 

QIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLLKAL 

VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELL VKLNRE 

DLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYVGPLA 

RGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTAFDKNLPNEKVLPKHSL 

LYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLKEDYF 

KKlECFDSVEISGVEDRFNASLGTYHDLLKJIKDKDFLDNEENEDILEDIVLTLTLFEDR 

EMIEERLKTY AHLFDDKVMKQLKRRRYTGWGALSRKLINGIRDKQSGKTILDFLKSD 

GFANRNFMALIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQTVKV 

VDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILKEHP 

VENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKV 

LTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGLSELD 

KAGFIKRQL VETRAITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDFRKDF 

QFYKVREINNYHHAHDA YLN A VVGT ALIKKYPKLESEFVYGDYKVYDVRKMIAKSE 

QEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFA TVR 

KVLSMPQVNNKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSPTV A Y 

SVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLllKLP 

KYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDNEQK 

QLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIHLFT 

LTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGD (SEQ 

ID NO: 63) 
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Nucleic acid programmable DNA binding proteins 

[00300] Some aspects of the disclosure provide nucleic acid programmable DNA 

binding proteins, which may be used to guide a protein, such as a base editor, to a specific 

nucleic acid (e.g., DNA or RNA) sequence. Nucleic acid programmable DNA binding 

proteins include, without lintitation, Cas9 (e.g ., dCas9 and nCas9), CasX, CasY, Cpfl, C2cl, 

C2c2, C2C3. and Argonaute. One example of an nucleic acid programmable DNA-binding 

protein that has different PAM specificity than Cas9 is Clustered Regularly lnlerspaced Short 

Palindromic Repeats from Prevotella and Francisella 1 (Cpfl). Similar to Cas9, Cpfl is also 

a class 2 CRISPR effector. It has been shown that Cpflmediates robust DNA interference 

with features distinct from Cas9. Cpfl is a single RNA-guided endonuclease lacking 

tracrRNA, and it utilizes a T-rich protospacer-adjacent motif (TTN, TTTN, or YTN). 

Moreover, Cpfl cleaves DNA via a staggered DNA double-stranded break. Out of 16 Cpfl­

family proteins, two enzymes from Acidaminococcus and Lachnospiraceae are shown to 

have efficient genome-editing activity in human cells. Cpfl proteins are known in the art and 

have been desciibed previously, for example Yamana et al., "Crystal structure of Cpfl in 

complex with guide RNA and target DNA." Cell (165) 2016, p. 949-962; the entire contents 

of which is hereby incorporated by reference. 

[00301] Also useful in the present compositions and methods are nuclease-inactive 

Cpfl (dCpfl) variants that may be used as a guide nucleotide sequence-programmable DNA­

binding protein domain. The Cpfl protein has a RuvC-like endonuclease domain that is 

sintilar to the RuvC domain of Cas9 but does not have a HNH endonuclease domain, and the 

N-tenninal of Cpfl does not have the alfa-helical recognition lobe of Cas9. It was shown in 

Zetsche et al., Cell, 163, 759-771, 2015 (which is incorporated herein by reference) that, the 

RuvC-like domain of Cpfl is responsible for cleaving both DNA strands and inactivation of 

the RuvC-like domain inactivates Cpfl nuclease activity. For example, mutations 

coJTesponding to D917 A, EI006A, or D1255A in Francisella novicida Cpfl (SEQ ID NO: 

382) inactivates Cpfl nuclease activity. In some embodiments, the dCpfl of the present 

disclosure comprises mutations conesponding to 0917 A, E1006A, D1255A, 

D917 A/E1006A, D917 A/D1255A, E1006A/D1255A, or 0 917 A/ E1006A/D1255A in SEQ 

ID NO: 376. It is to be understood that any mutations, e.g., substitution mutations, deletions, 

or insertions that inactivate the RuvC domain of Cpfl, may be used in accordance with the 

present disclosure. 

[00302] In some embodiments, the nucleic acid programmable DNA binding protein 
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(napDNAbp) of any of the fusion proteins provided herein may be a Cpfl protein. In some 

embodiments, the Cpfl protein is a Cpfl nickase (nCpfl). In some embodiments, the Cpfl 

protein is a nuclease inactive Cpfl (dCpfl). In some embodiments, the Cpfl , the nCpfl , or 

the dCpfl comp1ises an amino acid sequence that is at least 85%, at least 90%, at least 91 %, 

at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, 

at least 99%, or at ease 99.5% identical to any one of SEQ ID NOs: 376-382. In some 

embodiments, the dCpfl comprises an amino acid sequence that is at least 85%, at least 90%, 

at least 91 %, at least 92%, at least 93%, at least 94%, al least 95%, at least 96%, at least 97%, 

at least 98%, at least 99%, or at ease 99.5% identical to any one of SEQ ID NOs: 376-382, 

and comprises mutations coITesponding to D917A, E1006A, D1255A, D917AfE1006A, 

D917A/D1255A, E1006A/D1255A, or 0917A/E1006A/D1255A in SEQ [0 NO: 376. In 

some embodiments, the dCpfl comprises an amino acid sequence of any one SEQ ID NOs: 

376-382. It should be appreciated that Cpfl from other bacterial species may also be used in 

accordance with the present disclosure. 

Wild type Francisella novicida Cpfl (SEQ ID NO: 376) (0917, El006, and 01255 are 

bolded and underlfoed) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFOIDYKTSEVNQRVFSLOEVFEIANFNNYLNQSGITKFNTilGGKFVNGEN 

TKRKGINEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSOVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFODY 

SVIGT A VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYL VFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKIFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVE 

NQGYKL TFENISESYIDSVVNQGKLYLFQIYNKDFSA YSKGRPNLHTLYWKALFOER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKONPKKESVFEYDLIKOKR 

FTEOKFFFHCPITINFKSSGANKFNOEINLLLKEKANDVHILSIDRGERHLA YYTL VOG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 
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VHEIAKL VIEYNAIVVFEDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEF 

DKTGGVLRA YQLT APFETFKKMGKQTGIIYYVPAGFTSKICPVTGFVNQL YPKYESV 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDADANGA YHIGLKGLMLLGRI 

KNNQEGKKLNL VIKNEEYFEFVQNRNN (SEQ ID NO: 376) 

Francisella novicida Cpfl D917 A (SEQ ID NO: 377) (A917, El006, and D1255 are balded 

and underlined) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEVNQRVFSLDEVFEIANFNNYLNQSGITKFNTIIGGKFYNGEN 

TKRKGINEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 

SVIGTA VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYL VFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGYMNKKNNKIFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVE 

NQGYKLTFENISESYIDSVVNQGKLYLFQIYNKDFSA YSKGRPNLHTLYWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLIKDKR 

FTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIARGERHLA YYTL VDG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKL YIEYNAIVVFEDLNFGFKRGRFKVEKQYYQKLEKMLIEKLNYL VFKDNEF 

DKTGGVLRA YQLTAPFETFKKMGKQTGIIYYVPAGFTSKICPVTGFYNQL YPKYESY 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDADANGA YHIGLKGLMLLGRI 

KNNQEGKKLNL VIKNEEYFEFVQNRNN (SEQ ID NO: 377) 

Francisella novicida Cpfl El006A (SEQ ID NO: 378) (D917, Al006, and Dl255 are balded 
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and underlined) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEYNQRYFSLDEYFEIANFNNYLNQSGITKFNTIIGGKFYNGEN 

TKRKGINEYINL YSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 

SVIGTA VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLYFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNT AILFIKDDKYYLGYMNKKNNKIFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREYE 

NQGYKLTFENISESYIDSVVNQGKL YLFQIYNKDFSA YSKGRPNLHTL YWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLIKDKR 

FTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIDRGERHLA YYTL VDG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKLVIEYNAIVVFADLNFGFKRGRFKVEKQYYQKLEKMLIEKLNYLVFKDNEF 

DKTGGYLRA YQLTAPFETFKKMGKQTGITYYVPAGFTSKJCPYTGFYNQLYPKYESY 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDADANGA YHIGLKGLMLLGRI 

KNNQEGKKLNL VIKNEEYFEFVQNRNN (SEQ ID NO: 378) 

Francisella novicida Cpfl Dl255A (SEQ ID NO: 379) (D917, El006, and Al255 are bolded 

and underlined) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDYYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQS.KDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEVNQRVFSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGEN 

TKRKGINEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 
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SVIGTA VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKIFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVE 

NQGYKLTFENISESYIDSVVNQGKL YLFQIYNKDFSA YSKGRPNLHTL YWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLIKDKR 

FTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIDRGERHLA YYTL VDG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKLVIEYNAIVVFEDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEF 

DKTGGVLRA YQLT APFETFKKMGKQTGIIYYVPAGFTSKICPVTGFVNQL YPKYESV 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDAAANGA YHIGLKGLMLLGRI 

KNNQEGKKLNL VIKNEEYFEFVQNRNN (SEQ ID NO: 379) 

Francisella novicida Cpfl D917A/E1006A (SEQ ID NO: 380) (A917, Al006, and D1255 are 

bolded and underlined) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEJLSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRJVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEVNQRVFSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGEN 

TKRKGINEYINL YSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 

SVIGT A VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEECYFELANJVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNT AILFIKDDKYYLGVMNKKNNKIFD 

DKAIKENKGEGYKKJVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVE 

NQGYKLTFENISESYIDSVVNQGKL YLFQIYNKDFSA YSKGRPNLHTL YWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHP AKEAIANKNKDNPKKESVFEYDLIKDKR 
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FfEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIARGERHLA YYTL VDG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKLVIEYNAIVVFADLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEF 

DKTGGVLRA YQLT APFETFKKMGKQTGIIYYVPAGFTS KICPVTGFVNQL YPKYESV 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDADANGA YHIGLKGLMLLGRI 

KNNQEGKKLNLVIKNEEYFEFVQNRNN (SEQ ID NO: 380) 

Francisella novicida Cpfl D917A/Dl255A (SEQ ID NO: 381) (A917, El006, and Al255 are 

bolded and underlined) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEVNQRVFSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGEN 

TKRKGINEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 

SVIGTA VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEElLANFAAIPMIFDEIAQNKDNLAQISlKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLK1FHISQSEDKANILDKDEHFYLVFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKlFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQR YNSIDEFYREVE 

NQGYKLTFENISESYIDSVVNQGKL YLFQIYNKDFSA YSKGRPNLHTL YWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLlKDKR 

FfEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIARGERHLA YYTL VDG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKLVIEYNAIVVFEDLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEF 

DKTGGVLRAYQLT APFETFKKMGKQTGUYYVPAGFTSKICPVTGFVNQL YPKYESV 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGEClKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDAAANGA YHIGLKGLMLLGRI 

KNNQEGKKLNLVIKNEEYFEFVQNRNN (SEQ ID NO: 381) 
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Francisella novicida Cpfl El006A/Dl255A (SEQ ID NO: 382) (D917, Al006, and A1255 

are bolded and underlined) 

MSIYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYTKDSE 

KFKNLFNQNLIDAKKGQESDLTLWLKQSKDNGIELFKANSDITDIDEALETIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEVNQRVFSLDEVFEIANFNNYLNQSGITKFNTIIGGKFVNGEN 

TKRKGINEYINL YSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 

SVTGT A VLEYITQQIAPKNLDNPS KKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHTSQSEDKANILDKDEHFYL VFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNT AILFIKDDKYYLGVMNKKNNKIFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVE 

NQGYKLTFENISESYIDSVVNQGKL YLFQIYNKDFSA YSKGRPNLHTL YWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLIKDKR 

FTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIDRGERHLA YYTL VDG 

KGNUKQDTFNUGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKLVIEYNAIVVFADLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEF 

DKTGGVLRA YQLT APFETFKKMGKQTGIIYYVPAGFTS KICPVTGFVNQL YPKYESV 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDAAANGA YHIGLKGLMLLGRI 

KNNQEGKKLNL VIKNEEYFEFVQNRNN (SEQ ID NO: 382) 

Francisella novicida Cpfl D917 A/E1006A/D1255A (SEQ ID NO: 383) (A917, A 1006, and 

Al255 are bolded and underlined) 

MSTYQEFVNKYSLSKTLRFELIPQGKTLENIKARGLILDDEKRAKDYKKAKQIIDKYH 

QFFIEEILSSVCISEDLLQNYSDVYFKLKKSDDDNLQKDFKSAKDTIKKQISEYIKDSE 

KFKNLFNQNLIDAKKGQESDLILWLKQSKDNGIELFKANSDITDIDEALEIIKSFKGWT 

TYFKGFHENRKNVYSSNDIPTSIIYRIVDDNLPKFLENKAKYESLKDKAPEAINYEQIK 

KDLAEELTFDIDYKTSEVNQRVFSLDEVFEIANFNNYLNQSGITKFNTilGGKFVNGEN 
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TKRKGINEYINLYSQQINDKTLKKYKMSVLFKQILSDTESKSFVIDKLEDDSDVVTTM 

QSFYEQIAAFKTVEEKSIKETLSLLFDDLKAQKLDLSKIYFKNDKSLTDLSQQVFDDY 

SVIGT A VLEYITQQIAPKNLDNPSKKEQELIAKKTEKAKYLSLETIKLALEEFNKHRDI 

DKQCRFEEILANFAAIPMIFDEIAQNKDNLAQISIKYQNQGKKDLLQASAEDDVKAIK 

DLLDQTNNLLHKLKIFHISQSEDKANILDKDEHFYLVFEECYFELANIVPL YNKIRNYI 

TQKPYSDEKFKLNFENSTLANGWDKNKEPDNTAILFIKDDKYYLGVMNKKNNKIFD 

DKAIKENKGEGYKKIVYKLLPGANKMLPKVFFSAKSIKFYNPSEDILRIRNHSTHTKN 

GSPQKGYEKFEFNIEDCRKFIDFYKQSISKHPEWKDFGFRFSDTQRYNSIDEFYREVE 

NQGYKLTFENISESYIDSVVNQGKL YLFQIYNKDFSA YSKGRPNLHTL YWKALFDER 

NLQDVVYKLNGEAELFYRKQSIPKKITHPAKEAIANKNKDNPKKESVFEYDLIKDKR 

FTEDKFFFHCPITINFKSSGANKFNDEINLLLKEKANDVHILSIARGERHLA YYTL VDG 

KGNIIKQDTFNIIGNDRMKTNYHDKLAAIEKDRDSARKDWKKINNIKEMKEGYLSQV 

VHEIAKLVIEYNAIVVFADLNFGFKRGRFKVEKQVYQKLEKMLIEKLNYLVFKDNEF 

DKTGGVLRA YQL T APFETFKKMGKQTGIIYYVPAGFTSKICPVTGFVNQL YPKYESV 

SKSQEFFSKFDKICYNLDKGYFEFSFDYKNFGDKAAKGKWTIASFGSRLINFRNSDKN 

HNWDTREVYPTKELEKLLKDYSIEYGHGECIKAAICGESDKKFFAKLTSVLNTILQM 

RNSKTGTELDYLISPV ADVNGNFFDSRQAPKNMPQDAAANGA YHIGLKGLMLLGRI 

KNNQEGKKLNLVIKNEEYFEFVQNRNN (SEQ ID NO: 383) 

[00303] In some embodiments, the nucleic acid programmable DNA binding protein 

(napDNAbp) is a nucleic acid programmable DNA binding protein that does not require a 

canonical (NGO) PAM sequence. In some embodiments, the napDNAbp is an argonaute 

protein. One example of such a nucleic acid programmable DNA binding protein is an 

Argonaute protein from Natronobacterium gregoryi (NgAgo). NgAgo is a ssDNA-guided 

endonuclease. NgAgo binds 5' phosphorylated ssDNA of -24 nucleotides (gDNA) to guide 

it to its target site and will make DNA double-strand breaks at the gDNA site. In contrast to 

Cas9, the NgAgo-gDNA system does not require a protospacer-adjacent motif (PAM). 

Using a nuclease inactive NgAgo (dNgAgo) can greatly expand the bases that may be 

targeted. The characterization and use of NgAgo have been described in Gao et al., Nat 

Biotechnol. , 2016 Jul;34(7):768-73. PubMed PMID: 27136078; Swarts et al., Nature. 

507(7491) (2014):258-61; and Swarts et al. , Nucleic Acids Res. 43(10) (2015):5120-9, each 

of which is incorporated herein by reference. The sequence of Natronobacterium gregoryi 

Argonaute is provided in SEQ ID NO: 416. 
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Wild type Natronobacterium gregoryi Argonaute (SEQ ID NO: 416) 

MTVIDLDSTTTADELTSGHTYDISVTLTGVYDNTDEQHPRMSLAFEQDNGERRYITL 

WKNTTPKDVFTYDY A TGSTYIFTNIDYEVKDGYENLTATYQTTVENA T AQEVGTTD 

EDETFAGGEPLDHHLDDALNETPDDAETESDSGHVMTSFASRDQLPEWTLHTYTLT 

ATDGAKTDTEY ARRTLA YTVRQEL YTDHDAAPV ATDGLMLLTPEPLGETPLDLDCG 

VRVEADETRTLDYTTAKDRLLARELVEEGLKRSLWDDYLVRGIDEVLSKEPVLTCD 

EFDLHERYDLSVEVGHSGRA YLHINFRHRFVPKLTLADIDDDNIYPGLRVKTTYRPR 

RGHIVWGLRDECATDSLNTLGNQSVVAYHRNNQTPINTDLLDAIEAADRRVVETRR 

QGHGDDAVSFPQELLAVEPNTHQIKQFASDGFHQQARSKTRLSASRCSEKAQAFAER 

LDPVRLNGSTVEFSSEFFTGNNEQQLRLLYENGESVLTFRDGARGAHPDETFSKGIVN 

PPESFEV A VVLPEQQADTCKAQWDTMADLLNQAGAPPTRSETVQYDAFSSPESISLN 

VAGAIDPSEVDAAFVVLPPDQEGFADLASPTETYDELKKALANMGIYSQMA YFDRF 

RDAKIFYTRNV ALGLLAAAGGV AFTTEHAMPGDADMFIGIDVSRSYPEDGASGQINI 

AATATAVYKDGTILGHSSTRPQLGEKLQSTDVRDIMKNAILGYQQVTGESPTHIVIHR 

DGFMNEDLDPATEFLNEQGVEYDIVEIRKQPQTRLLAVSDVQYDTPVKSIAAINQNEP 

RA TVATFGAPEYLATRDGGGLPRPIQIERV AGETDIETLTRQVYLLSQSHIQVHNSTA 

RLPITTAYADQASTHATKGYLVQTGAFESNVGFL (SEQ ID NO: 416) 

[00304] In some embodiments, the napDN Abp is a prokaryotic homoJog of an 

Argonaute protein. Prokaryotic homologs of Argonaute proteins are known and have been 

described, for example, in Makarova K., et al., "Prokaryotic homologs of Argonaute proteins 

are predicted to function as key components of a novel system of defense against mobile 

genetic elements", Biol Direct. 2009 Aug 25;4:29. doi: 10.1186/1745-6150-4-29, the entire 

contents of which is hereby incorporated by reference. In some embodiments, the napDNAbp 

is a Marinitoga piezophila Argunaute (MpAgo) protein. The CRISPR-associated Marinitoga 

piezophila Argunaute (MpAgo) protein cleaves single-stranded target sequences using 5' -

phosphorylated guides. The 5' guides are used by all known Argonautes. The crystal 

structure of an MpAgo-RNA complex shows a guide strand binding site comprising residues 

that block 5' phosphate interactions. This data suggests the evolution of an Argonaute 

subclass with noncanonicaJ specificity for a 5' -hydroxy lated guide. See, e.g., Kaya et aJ., "A 

bacte1ial Argonaute with noncanonical guide RNA specificity", Proc Natl Acad Sci US A. 

2016 Apr 12;113(15):4057-62, the entire contents of which are hereby incorporated by 

reference). It should be appreciated that other argonaute proteins may be used, and are within 

the scope of this disclosure. 
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[00305] In some embodiments, the nucleic acid programmable DNA binding protein 

(napDNAbp) is a single effector of a microbial CRISPR-Cas system. Single effectors of 

microbial CRISPR-Cas systems include, without limitation, Cas9, Cpfl, C2cl, C2c2, and 

C2c3. Typically, microbial CRISPR-Cas systems are divided into Class 1 and Class 2 

systems. Class 1 systems have multisubunit effector complexes, while Class 2 systems have a 

single protein effector. For example, Cas9 and Cpfl are Class 2 effectors. In addition to Cas9 

and Cpfl , three distinct Class 2 CRISPR-Cas systems (C2cl , C2c2, and C2c3) have been 

described by Shmakov et al., "Discovery and Functional Characterization of Diverse Class 2 

CRISPR Cas Systems", Mol. Cell, 2015 Nov 5; 60(3): 385-397, the entire contents of which 

is hereby incorporated by reference. Effectors of two of the systems, C2cl and C2c3, contain 

RuvC-like endonuclease domains related to Cpfl. A third system, C2c2 contains an effector 

with two predicated HEPN RNase domains. Production of mature CRISPR RNA is 

tracrRNA-independent, unlike production of CRISPR RNA by C2cl. C2cl depends on both 

CRISPR RNA and tracrRNA for DNA cleavage. Bacterial C2c2 has been shown to possess a 

unique RNase activity for CRISPR RNA maturation distinct from its RNA-activated single­

stranded RNA degradation activity. These RNase functions are different from each other and 

from the CRISPR RNA-processing behavior of Cpfl. See, e.g., East-Seletsky, et al., "Two 

distinct RNase activities of CRISPR-C2c2 enable guide-RNA processing and RNA 

detection'', Nature, 2016 Oct 13;538(7624):270-273, the entire contents of which are hereby 

incorporated by reference. Tn vitro biochemical analysis of C2c2 in Leptotrichia shahii has 

shown that C2c2 is guided by a single CRISPR RNA and can be programed to cleave ssRNA 

targets catTying complementary protospacers. Catalytic residues in the two conserved HEPN 

domains mediate cleavage. Mutations in the catalytic residues generate catalytically inactive 

RNA-binding proteins. See e.g., Abudayyeh et al., "C2c2 is a single-component 

programmable RNA-guided RNA-tai·geting CRISPR effector", Science, 2016 Aug 5; 

353(6299), the entire contents of which are hereby incorporated by reference. 

[00306] The crystal structure of Alicyclobaccillus acidoterrastris C2cl (AacC2cl) has 

been reported in complex with a chimeric single-molecule guide RNA (sgRNA). See e.g., 

Liu et al., "C2cl-sgRNA Complex Structure Reveals RNA-Guided DNA Cleavage 

Mechanism", Mol. Cell, 2017 Jan 19;65(2):310-322, the entire contents of which ai·e hereby 

incorporated by reference. The crystal structure has also been rep01ted in Alicyclobacillus 

acidoterrestris C2cl bound to target DN As as ternary complexes. See e.g., Yang et al. , 

"PAM-dependent Target DNA Recognition and Cleavage by C2Cl CRISPR-Cas 

endonuclease", Cell, 2016 Dec 15;167(7):1814-1828, the entire contents of which are hereby 
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incorporated by reference. Catalytically competent confo1mations of AacC2cl, both with 

target and non-target DNA strands, have been captured independently positioned within a 

single RuvC catalytic pocket, with C2cl-mediated cleavage resulting in a staggered seven­

nucleotide break of target DNA. Structural comparisons between C2cl ternary complexes 

and previously identified Cas9 and Cpfl counterparts demonstrate the diversity of 

mechanisms used by CRISPR-Cas9 systems. 

[003071 In some embodiments, the nucleic acid programmable DNA binding protein 

(napDNAbp) of any of the fusion proteins provided herein may be a C2cl, a C2c2, or a C2c3 

protein. In some embodiments, the napDNAbp is a C2cl protein. In some embodiments, the 

napDNAbp is a C2c2 protein. In some embodiments, the napDNAbp is a C2c3 protein. In 

some embodiments, the napDNAbp comprises an amino acid sequence that is at least 85%, at 

least 90%, at least 91 %, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at 

least 97%, at least 98%, at least 99%, or at ease 99.5% identical to a naturally-occurring 

C2cl , C2c2, or C2c3 protein. In some embodiments, the napDNAbp is a naturally-occmTing 

C2cl, C2c2, or C2c3 protein. In some embodiments, the napDNAbp comprises an amino 

acid sequence that is at least 85%, at least 90%, at least 91 %, at least 92%, at least 93%, at 

least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at ease 

99.5% identical to any one of SEQ ID NOs: 438 or 439. In some embodiments, the 

napDNAbp comprises an amino acid sequence of any one SEQ ID NOs: 438 or 439. It 

should be appreciated that C2c 1, C2c2, or C2c3 from other bacterial species may also be used 

in accordance with the present disclosure. 

C2cl (uniprol.org/uniprot/TOD7 A2#) 

splTOD7 A21C2Cl_ALIAG CRISPR-associated endonuclease C2cl OS=Alicyclobacillus 

acidoterresllis (strnin ATCC 49025 I DSM 3922 I CIP 106132 I NCIMB 13137 I GD3B) 

GN=c2cl PE=l SV=l 

MAVKSIKVKLRLDDMPEIRAGLWKLHKEVNAGYRYYTEWLSLLRQENLYRRSPNG 

DGEQECDKTAEECKAELLERLRARQVENGHRGPAGSDDELLQLARQLYELLVPQAI 

GAKGDAQQIARKFLSPLADKDA VGGLGIAKAGNKPRWVRMREAGEPGWEEEKEKA 

ETRKSADRTADVLRALADFGLKPLMRYYTDSEMSSVEWKPLRKGQAVRTWDRDM 

FQQAIERMMSWESWNQRVGQEYAKLVEQKNRFEQKNFVGQEHLVHLVNQLQQDM 

KEASPGLESKEQTAHYVTGRALRGSDKVFEKWGKLAPDAPFDLYDAEIKNVQRRNT 

RRFGSHDLFAKLAEPEYQALWREDASFLTRYAVYNSILRKLNHAKMFATFTLPDAT 

AHPIWTRFDKLGGNLHQYTFLFNEFGERRHAIRFHKLLKVENGV AREVDDVTVPISM 
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SEQLDNLLPRDPNEPIALYFRDYGAEQHFTGEFGGAKIQCRRDQLAHMHRRRGARD 

VYLNVSVRVQSQSEARGERRPPYAAVFRLVGDNHRAFVHFDKLSDYLAEHPDDGKL 

GSEGLLSGLRVMSVDLGLRTSASISVFRVARKDELKPNSKGRVPFFFPIKGNDNLVAV 

HERSQLLKLPGETESKDLRAIREERQRTLRQLRTQLA YLRLLVRCGSEDVGRRERSW 

AKLIEQPVDAANHMTPDWREAFENELQKLKSLHGICSDKEWMDA VYESVRRVWRH 

MGKQVRDWRKDVRSGERPKIRGY AKDVVGGNSIEQIEYLERQYKFLKSWSFFGKVS 

GQVIRAEKGSRFAITLREHIDHAKEDRLKKLADRIIMEALGYVYALDERGKGKWVA 

KYPPCQLILLEELSEYQFNNDRPPSENNQLMQWSHRGVFQELINQAQVHDLLVGTM 

YAAFSSRFDARTGAPGIRCRRVPARCTQEHNPEPFPWWLNKFVVEHTLDACPLRAD 

DLIPTGEGEIFVSPFSAEEGDFHQIHADLNAAQNLQQRLWSDFDISQIRLRCDWGEVD 

GELVLIPRLTGKRTADSYSNKVFYTNTGVTYYERERGKKRRKVFAQEKLSEEEAELL 

VEADEAREKSVVLMRDPSGIINRGNWTRQKEFWSMVNQRIEGYLVKQIRSRVPLQD 

SACENTGDI (SEQ ID NO: 438) 

C2c2 ( uniprot .org/uniprot/PODOC6) 

>splPODOC61C2C2_LEPSD CRISPR-associated endoribonuclease C2c2 OS=Leptotiichia 

shah.ii (strain DSM 19757 I CCUG 47503 I CIP 107916 I JCM 16776 I LB37) GN=c2c2 

PE=l SV=l 

MGNLFGHKRWYEVRDKKDFKIKRKVKVKRNYDGNKYILNINENNNKEKIDNNKFIR 

KYINYKKNDNILKEFTRKFHAGNILFKLKGKEGURJENNDDFLETEEVVL YIEA YGKS 

EKLKALGITKKKIIDEAIRQGITKDDKKIEIKRQENEEEIEIDIRDEYTNKTLNDCSIILRI 

IENDELETKKSIYEIFKNINMSLYKIIEKIIENETEKVFENRYYEEHLREKLLKDDKIDVI 

LTNFMEIREKIKSNLEILGFVKFYLNVGGDKKKSKNKKML VEKILNINVDLTVEDIAD 

FVIKELEFWNITKRIEKVKKVNNEFLEKRRNRTYIKSYVLLDKHEKFKIERENKKDKI 

VKFFVENIKNNSIKEKJEKILAEFKIDELIKKLEKELKKGNCDTEIFGIFKKHYKVNFDS 

KKFSKKSDEEKEL YKIIYRYLKGRIEKIL VNEQKVRLKKMEKIEJEKILNESILSEKILK 

RVKQYTLEHIMYLGKLRHNDIDMTTVNTDDFSRLHAKEELDLELITFFASTNMELNK 

IFSRENINNDENIDFFGGDREKNYVLDKKILNSKIKIIRDLDFIDNKNNITNNFIRKFTKI 

GTNERNRILHAISKERDLQGTQDDYNKVINIIQNLKTSDEEVSKALNLDVVFKDKKNII 

TKINDIKISEENNNDIKYLPSFSKVLPEILNL YRNNPKNEPFDTIETEKIVLNALIYVNKE 

L YKKLILEDDLEENESKNIFLQELKKTLGNIDEIDENIIENYYKNAQISASKGNNKAIK 

KYQKKVIECYIGYLRKNYEELFDFSDFKMNIQEIKKQIKDINDNKTYERITVKTSDKTI 

VINDDFEYIISIFALLNSNAVINKIRNRFFATSVWLNTSEYQNIIDILDEIMQLNTLRNEC 

ITENWNLNLEEFIQKMKEIEKDFDDFKIQTKKEIFNNYYEDIKNNILTEFKDDINGCDV 
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LEKKLEKNIFDDETKFEIDKKSNILQDEQRKLSNINKKDLKKKVDQYIKDKDQEIKS 

KILCRIIFNSDFLKKYKKEIDNLIEDMESENENKFQEIYYPKERKNEL YIYKKNLFLNIG 

NPNFDKIYGLISNDIKMADAKFLFNIDGKNIRKNKISEIDAILKNLNDKLNGYSKEYKE 

KYIKKLKENDDFF AKNIQNKNYKS FEKDYNRVSEYKKIRDL VEFNYLNKTESYLIDIN 

WKLAIQMARFERDMHYIVNGLRELGfIKLSGYNTGISRAYPKRNGSDGFYTTTA YYK 

FFDEESYKKFEKICYGFGIDLSENSEINKPENESIRNYISHFYIVRNPFADYSIAEQIDRV 

SNLLSYSTRYNNSTYASVFEVFKKDVNLDYDELKKKFKLIGNNDILERLMKPKKVSV 

LELESYNSDYIKNLIIELLTKIENTNDTL (SEQ ID NO: 439) 

Fusion proteins comprising a nuclease programm.able DNA binding protein and an 

adenosine deaminase 

[00308] Some aspects of the disclosure provide fusion proteins comprising a nucleic 

acid programmable DNA binding protein (napDNAbp) and an adenosine deaminase. In 

some embodiments, any of the fusion proteins provided herein are base editors. In some 

embodiments, the napDNAbp is a Cas9 domain, a Cpfl domain, a CasX domain, a CasY 

domain, a C2cl domain, a C2c2 domain, aC2c3 domain, or an Argonaute domain. In some 

embodiments, the napDNAbp is any napDNAbp provided herein. Some aspects of the 

disclosure provide fusion proteins comprising a Cas9 domain and an adenosine deaminase. 

The Cas9 domain may be any of the Cas9 domains or Cas9 proteins (e.g., dCas9 or nCas9) 

provided herein. In some embodiments, any of the Cas9 domains or Cas9 proteins (e.g., 

dCas9 or nCas9) provided herein may be fused with any of the adenosine deaminases 

provided herein. In some embodiments, the fusion protein comp1ises the structure: 

NH2-[adenosine deaminase]-[napDNAbp]-COOH; or 

NH2-[napDNAbp]-[adenosine deaminase]-COOH 

[00309] In some embodiments, the fusion proteins comprising an adenosine deaminase 

and a napDNAbp (e.g., Cas9 domain) do not include a linker sequence. In some 

embodiments, a linker is present between the adenosine deaminase domain and the 

napDNAbp. In some embodiments, the"-" used in the general architecture above indicates 

the presence of an optional linker. In some embodiments, the adenosine deaminase and the 

napDNAbp are fused via any of the linkers provided herein. For example, in some 

embodiments the adenosine deaminase and the napDNAbp are fused via any of the linkers 

provided below in the section entitled "Linkers". In some embodiments, the adenosine 
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deaminase and the napDNAbp are fused via a linker that comprises between 1 and and 200 

amino acids. In some embodiments, the adenosine deaminase and the napDNAbp are fused 

via a linker that comprises from 1 to 5, 1 to 10, 1 to 20, 1 to 30, 1 to 40, 1 to 50, 1 to 60, 1 to 

80, l to 100, 1 to 150, 1 to 200, 5 to 10, 5 to 20, 5 to 30, 5 to 40, 5 to 60, 5 to 80, 5 to 100, 5 

to 150, 5 to 200, 10 to 20, 10 to 30, 10 to 40, 10 to 50, 10 to 60, 10 to 80, 10 to 100, 10 to 

150, 10 to 200, 20 to 30, 20 to 40, 20 to 50, 20 to 60, 20 to 80, 20 to 100, 20 to 150, 20 to 

200, 30 to 40, 30 to 50, 30 to 60, 30 to 80, 30 to 100, 30 to 150, 30 to 200, 40 to 50, 40 to 60, 

40 to 80, 40 to 100, 40 to 150, 40 to 200, 50 to 60 50 to 80, 50 to 100, 50 to 150, 50 lo 200, 

60 to 80, 60 to 100, 60 to 150, 60 to 200, 80 to 100, 80 to 150, 80 to 200, 100 to 150, 100 to 

200, or 150 to 200 amino acids in length. In some embodiments, the adenosine deaminase 

and the napDNAbp are fused via a linker that comprises 4, 16, 32, or 104 amino acids in 

length. In some embodiments, the adenosine deaminase and the napDNAbp are fused via a 

linker that comprises the amino acid sequence of SGSETPGTSESATPES (SEQ ID NO: 10), 

SGGS (SEQ ID NO: 37), SGGSSGSETPGTSESATPESSGGS (SEQ ID NO: 384), 

SGGSSGGSSGSETPGTSESATPESSGGSSGGS (SEQ ID NO: 385), or 

GGSGGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE 

PSEGSAPGTSTEPSEGSAPGTSESA TPESGPGSEPATSGGSGGS (SEQ ID NO: 386). In 

some embodiments, the adenosine deaminase and the napDN Abp are fused via a linker 

comp1ising the amino acid sequence SGSETPGTSESATPES (SEQ ID NO: 10), which may 

also be refen-ed to as the XTEN linker. In some embodiments, the linker is 24 amino acids in 

length. In some embodiments, the linker comptises the amino acid sequence 

SGGSSGGSSGSETPGTSESA TPES (SEQ ID NO: 685). In some embodiments, the linker is 

40 amino acids in length. In some embodiments, the linker comprises the amino acid 

sequence SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGS (SEQ ID NO: 686). 

In some embodiments, the linker is 64 amino acids in length. In some embodiments, the 

linker comp1ises the amino acid sequence 

SGGSSGGSSGSETPGTSESA TPESSGGSSGGSSGGSSGGSSGSETPGTSESATPESSGGS 

SGGS (SEQ ID NO: 687). In some embodiments, the linker is 92 amino acids in length. In 

some embodiments, the linker comprises the amino acid sequence 

PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP 

GTSTEPSEGSAPGTSESATPESGPGSEPATS (SEQ ID NO: 688). 

Fusion proteins comprising an inhibitor of base repair 

[00310] Some aspects of the disclosure provide fusion proteins that comp1ise an 
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inhibitor of base repair (IBR). For example a fusion protein compiising an adenosine 

deaminase and a nucleic acid programmable DNA binding protein may fmther comprise an 

inhibitor of base repair. In some embodiments, the IBR comprises an in11ibitor of inosine base 

repair. In some embodiments, the IBR is an inhibitor of inosine base excision repair. In 

some embodiments, the inhibitor of inosine base excision repair is a catalytically inactive 

inosine specific nuclease (dlSN). 

[003111 In some embodiments, the fusion proteins provided herein further comprise a 

catalytically inactive inosine-specific nuclease (dlSN). In some embodiments, any of the 

fusion proteins provided herein that comp1ise a napDNAbp (e.g., a nuclease active Cas9 

domain, a nuclease inactive dCas9 domain, or a Cas9 nickase) and an adenosine deaminase 

may be further fused to a catalytically inactive inosine-specific nuclease (dISN) either 

directly or via a linker. Some aspects of this disclosure provide fusion proteins that comprise 

an adenosine deaminase (e.g., an engineered adenosine deaminase that deaminates adenosine 

in a DNA) a napDNAbp (e.g., a dCas9 or nCas9), and a dlSN. Without wishing to be bound 

by any particular theory, cellular DNA-repair response to the presence of I:T heteroduplex 

DNA may be responsible for the decrease in nucleobase editing efficiency in cells. For 

example, AAG catalyzes removal of inosine (I) from DNA in cells, which may initiate base 

excision repair, with reversion of the I:T pair to a A:T pair as the most common outcome. In 

some embodiments, a catalytically inactive inosine-specific nuclease may be capable of 

binding an inosine in a nucleic acid, without cleaving the nucleic acid, to prevent removal 

(e.g., by cellular DNA repair mechanisms) of the inosine residue in the DNA. 

[00312] In some embodiments, a dlSN may inhibit (e.g., by steric hindrance) inosine 

removing enzymes from excising the inosine residue from DNA. For example, catalytically 

dead inosine glycosylases (e.g., alkyl adenine glycosylase [AAG]) will bind inosine but will 

not create an abasic site or remove the inosine, thereby sterically blocking the newly-formed 

inosine moiety from potential DNA damage/repair mechanisms. Thus, this disclosure 

contemplates a fusion protein comp1ising a napDNAbp and an adenosine deaminase further 

fused to a dISN . This disclosure contemplates a fusion protein comprising any Cas9 domain, 

for example, a Cas9 nickase (nCas9) domain, a catalytically inactive Cas9 (dCas9) domain , a 

high fidelity Cas9 domain , or a Cas9 domain with reduced PAM exclusivity. It should be 

understood that the use of a dlSN may increase the editing efficiency of a adenosine 

cleaminase that is capable of catalyzing a A to I change. For example, fusion proteins 

comprising a dlSN domain may be more efficient in dearninating A residues. In some 

embodiments, the fusion protein compiises the structure: 
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NH2-[adenosine deaminase]-[napDNAbp]-[dlSN]-COOH; 

NH2-[adenosine deantinase]-[dlSN]-[napDNAbp]-COOH; 

NH2-[dlSN] -[adenosine deaminase]-[napDNAbp]-COOH; 

NH2-[napDNAbp]-[adenosine deaminase]-[dlSN]-COOH; 

NH2-[napDNAbp]-[dJSN]-[adenosine deaminase]-COOH; or 

NH2-[dlSN]-[napDNAbp]-[adenosine deaminase]-COOH 

PCT/US2017/045381 

[00313] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between two domains or proteins (e.g., 

adenosine deaminase, napDNAbp, or dlSN). In some embodiments, the"-" used in the 

general architecture above indicates the presence of an optional linker sequence. In some 

embodiments, a dlSN comprises an inosine-specific nuclease that has reduced or nuclease 

activity, or does not have nuclease activity. In some embodiments, a dISN has up to 1 %, up 

to 2%, up to 3%, up to 4%, up to 5%, up to 10%, up to 15%, up to 20%, up to 25%, up to 

30%, up to 35%, up to 40%, up to 45%, or up to 50% of the nuclease activity of a 

coITesponding (e.g., the wild-type) inosine-specific nuclease. In some embodiments, the 

dlSN is a wild-type inosine-specific nuclease that comprises one or more mutations that 

reduces or eliminates the nuclease activity of the wild-type inosine-specific nuclease. 

Exemplary catalytically inactive inosine-specific nucleases include, without limitation, 

catalytically inactive AAG nuclease and catalytically inactive EndoV nuclease. In some 

embodiments, the catalytically inactive AAG nuclease comprises an E125Q mutation as 

compared to SEQ ID NO: 32, or a coITesponding mutation in another AAG nuclease. In 

some embodiments, the catalytically inactive AAG nuclease comprises the amino acid 

sequence set forth in SEQ ID NO: 32. In some embodiments, the catalytically inactive 

EndoV nuclease comprises an D35A mutation as compared to SEQ ID NO 32, or a 

coJTesponding mutation in another EndoV nuclease. In some embodiments, the catalytically 

inactive EndoV nuclease comprises the amino acid sequence set forth in SEQ ID NO: 33. It 

should be appreciated that other catalytically inactive inosine-specific nucleases (dlSNs) 

would be apparent to the skilled artisan and are within the scope of this disclosure. 

[00314] In some embodiments, the dISN proteins provided herein include fragments 

of dlSN proteins and proteins homologous to a dISN or a dlSN fragment. For example, in 

some embodiments, a dlSN comp1ises a fragment of the amino acid sequence set forth in 

SEQ ID NO: 32 or 33. In some embodiments, a dlSN fragment comprises an amino acid 
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sequence that comprises at least 60%, at least 65%, at least 70%, at least 75%, al least 80%, 

al least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, 

or at least 99.5% of the amino acid sequence as set forth in SEQ ID NO: 32 or 33. In some 

embodiments, a dJSN comptises an amino acid sequence homologous to the amino acid 

sequence set forth in SEQ ID NO: 32 or 33, or an amino acid sequence homologous to a 

fragment of the amino acid sequence set forth in SEQ ID NO: 32 or 33. In some 

embodiments, proteins comprising a dISN or fragments of a dISN or homologs of a dISN or a 

dISN fragment are referred to as "dISN variants." A dISN variant shares homology to a 

c!ISN, or a fragment thereof. For example a dISN variant is at least 70% identical, at least 

75% identical, at least 80% identical, at least 85% identical, at least 90% identical, at least 

95% identical, at least 96% identical, at least 97% identical, at least 98% identical, at least 

99% identical, at least 99.5% identical, or at least 99.9% identical to a wild-type dISN or a 

dISN as set forth in SEQ ID NO: 32 or 33. In some embodiments, the dlSN variant 

comp1ises a fragment of dISN, such that the fragment is at least 70% identical, at least 80% 

identical, at least 90% identical, at least 95% identical, at least 96% identical, at least 97% 

identical, at least 98% identical, at least 99% identical, at least 99.5% identical, or at least 

99 .9% to the corresponding fragment of wild-type dISN or a dISN as set forth in SEQ ID 

NO: 32 or 33. In some embodiments, the dISN comp1ises the following amino acid 

sequence: 

AAG nuclease (E125Q); mutated residue underlined in bold. 

KGHLTRLGLEFFDQPAVPLARAFLGQVLVRRLPNGTELRGRIVETQAYLGPEDEAAH 

SRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGACVLLRALEPLEGLET 

MRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQRDLAQDEAVWLERGP 

LEPSEPAVVAAARVGVGHAGEWARKPLRFYVRGSPWVSVVDRVAEQDTQA (SEQ 

ID NO: 32) 

EndoV nuclease (D35A); mutated residue underlined in bold. 

DLASLRAQQIELASSVIREDRLDKDPPDLIAGAA VGFEQGGEVTRAAMVLLKYPSLE 

L VEYKV ARIA TTMPYIPGFLSFREYPALLAA WEMLSQKPDL VFVDGHG lSHPRRLGV 

ASHFGLLVDVPTIGV AKKRLCGKFEPLSSEPGALAPLMDKGEQLA WVWRSKARCNP 

LFIATGHRVSVDSALAWVQRCMKGYRLPEPTRWADAVASERPAFVRYTANQP 

(SEQ ID NO: 33) 
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[00315] Suitable dlSN proteins are provided herein and additional suitable dlSN 

proteins are known to those in the rut, and include, for exrunple, AAG, EndoV, and variants 

thereof. It should be appreciated that additional proteins that block or inhibit base-excision 

repair, such as base excision of an inosine, are also within the scope of this disclosure. ln 

some embodiments, a protein that binds inosine in DNA is used. 

[00316] Some aspects of the disclosure relate to fusion proteins that comprise MBD4, 

or TDG, which may be used as inhibitors of base repair. Thus, this disclosure contemplates a 

fusion protein comp1ising a napDNAbp and an adenosine deaminase further fused to MBD4 

or TDG. This disclosure contemplates a fusion protein comp1ising any Cas9 domain, for 

exrunple, a Cas9 nickase (nCas9) domain, a catalytically inactive Cas9 (dCas9) domain, a 

high :fidelity Cas9 domain, or a Cas9 domain with reduced PAM excJusivity. It should be 

understood that the use of MBD4 or TDG may increase the editing efficiency of a adenosine 

deaminase that is capable of catalyzing a A to I change. For example, fusion proteins 

comp1ising MBD4 or TDG may be more efficient in deaminating A residues. In some 

embodiments, the fusion protein comprises the structure: 

NH2-[adenosine deaminase]-[napDNAbp]-[MBD4 or TDG]-COOH; 

NH2-[adenosine deaminase]-[MBD4 or TDG]-[napDNAbp]-COOH; 

NH2-[MBD4 or TDG] -[adenosine deaminase]-[napDNAbp]-COOH; 

NH2-[napDNAbpj-[adenosine deaminase]-[MBD4 or TOGJ-COOH; 

NH2-[napDNAbp]-(MBD4 or TOG]-[adenosine deruninase]-COOH; or 

NH2-[MB04 or TOG]-[napDNAbp]-[adenosine deaminase]-COOH 

[003171 In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between two domains or proteins (e.g., 

adenosine deaminase, napDNAbp, MBD4 or TDG). In some embodiments, the"-" used in 

the general architecture above indicates the presence of an optional linker sequence. In some 

embodiments, the MB04 or TOG is a wild-type MBD4 or TOG. Exemplary, MB04 and 

TDG amino acid sequences would be apparent to the skilled rutisan and include, without 

limitation, the MBD4 and TDG amino acid sequences provided below. 
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Sequence of MBD4: 
GTIGLESLSLGDRGAAPTVTSSERLVPDPPNOLRKEDVAMELERVGEDEEQMMIKRS 
SECNPLLQEPIASAQFGATAGTECRKSVPCGWERVVKQRLFGKTAGRFOVYFISPQG 
LKFRSKSSLANYLHKNGETSLKPEDFDFTVLSKRGIKSRYKDCSMAALTSHLQNQSN 
NSNWNLRTRSKCKKDVFMPPSSSSELQESRGLSNFTSTHLLLKEDEGVDDVNFRKVR 
KPKGKVTILKGWIKKTKKGCRKSCSGFVQSDSKRESVCNKADAESEPV AQKSQLOR 
TVCISDAGACGETLS VTSEENSL VKKKERSLSSGSNFCSEQKTSGIINKFCSAKDSEHN 
EKYEDTFLESEEIGTKVEVVERKEHLHTDILKRGSEMDNNCSPTRKDFTGEKIFQEOTI 
PRTQIERRKTSL YFSSKYNKEALSPPRRKAFKKWTPPRSPFNL VQETLFHDPWKLLIA 
TIFLNRTSGKMAIPVLWKFLEKYPSAEV ART ADWRDVSELLKPLGL YOLRAKTIVKF 
SDEYLTKQWKYPIELHGIGKYGNOSYRIFCVNEWKQVHPEDHKLNKYHDWLWENH 
EKLSLS (SEQ ID NO: 689) 

Sequence of TOG: 
EAENAGSYSLQQAQAFYTFPFQQLMAEAPNMAVVNEQQMPEEVPAPAPAQEPVQE 
APKGRKRKPRTTEPKQPVEPKKPVESKKSGKSAKSKEKQEKITDTFKVKRKVDRFNG 
VSEAELLTKTLPDILTFNLDIVIIGINPGLMAA YKGHHYPGPGNHFWKCLFMSGLSEV 
QLNHMDDHTLPGKYGIGFTNMVERTTPGSKDLSSKEFREGGRILVQKLQKYQPRIA V 
FNGKCIYEIFSKEVFGVKVKNLEFGLQPHKIPOTETLCYVMPSSSARCAQFPRAQOKV 
HYYIKLKDLRDQLKGIERNMDVQEVQYTFDLQLAQEDAKKMAVKEEKYDPGYEAA 
YOGA YGENPCSSEPCGFSSNGLIESVELRGESAFSGIPNGQWMTQSFTDQIPSFSNHC 
GTQEQEEESHA (SEQ ID NO: 690) 

[00318] In some embodiments, the MB04 or TOG proteins provided herein include 

fragments of MBD4 or TDG proteins and proteins homologous to a MBD4 or a TDG 

fragment. For example, in some embodiments, a MBD4 or TDG protein comprises a 

fragment of the amino acid sequence set forth in SEQ ID NO: 689 or 690. In some 

embodiments, a MBD4 or TDG fragment comprises an amino acid sequence that comprises 

at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, 

at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 99.5% of the 

amino acid sequence as set forth in SEQ ID NO: 689 or 690. In some embodiments, a MBD4 

or TOG protein comprises an amino acid sequence homologous to the amino acid sequence 

set forth in SEQ ID NO: 689 or 690, or an amino acid sequence homologous to a fragment of 

the amino acid sequence set fo1th in SEQ ID NO: 689 or 690. In some embodiments, 

proteins comp1ising a MBD4 or TDG or fragments of a MB04 or TDG or homologs of a 

MBD4 or TDG fragment are refeITed to as "MBD4 vruients" or "TDG vruiants." A MBD4 or 

TDG vaiiant shares homology to a MBD4 or TOG, or a fragment thereof. For example a 

MBD4 or TDG variant is at least 70% identical, at least 75% identical, at least 80% identical, 

at least 85% identical, at least 90% identical, at least 95% identical, at least 96% identical , at 

least 97% identical, at least 98% identical, at least 99% identical, at least 99.5% identical, or 

at least 99.9% identical to a wild-type MB04 or TDG or a MBD4 or TDG as set forth in SEQ 
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ID NO: 689 or 690. In some embodiments, the MBD4 or TDG variant comprises a fragment 

of MBD4 or TDG, such that the fragment is at least 70% identical, at least 80% identical, at 

least 90% identical, at least 95% identical, at least 96% identical, at least 97% identical, at 

least 98% identical, at least 99% identical, at least 99.5% identical, or at least 99.9% to the 

con-esponding fragment of wild-type MBD4 or TOG or a MBD4 or TDG as set forth in SEQ 

ID NO: 689 or 690. In some embodiments, the dlSN comprises the following amino acid 

sequence: 

[00319] Some aspects of the disclosure relate to fusion proteins that comp1ise a uracil 

glycosylase inhibitor (UGI) domain. In some embodiments, any of the fusion proteins 

provided herein that comprise a napDNAbp (e.g., a nuclease active Cas9 domain, a nuclease 

inactive dCas9 domain, or a Cas9 nickase), and an adenosine dcaminase, may be further 

fused to a UGI domain either directly or via a linker. Some aspects of this disclosure provide 

fusion proteins that comp1ise an adenosine deaminase (e.g., an engineered adenosine 

deaminase that deaminates deoxyadenosine in a DNA) a napDNAbp (e.g., a dCas9 or nCas9), 

and a UGI domain. Without wishing to be bound by any particular theory, the cellular DNA­

repair response to the presence of I:T heteroduplex DNA may be responsible for the decrease 

in nucleobase editing efficiency in cells. For example, alkyl adenosine glycosylase (AAG) is 

involved in inosine (I) associated DNA repair and catalyzes removal of I from DNA in cells. 

This may initiate base excision repair, with reversion of the I:T pair to a A:T pair as the most 

common outcome. A UGI domain, may inhibit (e.g., by steric hindrance) inosine removing 

enzymes from excising the inosine residue from DNA. Thus, this disclosure contemplates a 

fusion protein comprising a Cas9 domain and an adenosine deaminase domain further fused 

to a UGI domain. This disclosure contemplates a fusion protein comprising any nucleic acid 

programmable DNA binding protein, for example, a Cas9 nickase (nCas9) domain, a 

catalytically inactive Cas9 (dCas9) domain, a high fidelity Cas9 domain, or a Cas9 domain 

with reduced PAM exclusivity. It should be understood that the use of a UGI domain may 

increase the editing efficiency of a adenosine deaminase that is capable of catalyzing a A to I 

change. For example, fusion proteins comprising a UGI domain may be more efficient in 

deaminating adenosine residues. In some embodiments, the fusion protein comprises the 

structure: 

NH2-[aclenosine deaminase]-[napDNAbp]-[UGI]-COOH; 

NHr[adenosine deaminase]-[UGl]-[napDNAbp]-COOH; 

NH2-[U GI]-[ adenosine deaminase ]-[ napD N Abp ]-COO H; 
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NH2-[napDNAbp]-[adenosine deaminase]-[UGI]-COOH; 

NH2-[napDNAbp]-[UGl]-[adenosine deaminase]-COOH; or 

NH2-[UGIJ-[napDNAbp]-[adenosine deaminase]-COOH 

PCT/US2017/045381 

[00320] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between any of the domains or proteins 

(e.g., adenosine deaminase, napDNAbp, and/or UGI domains). In some embodiments, the"­

" used in the general architecture above indicates the presence of an optional linker. 

[00321] In some embodiments, a UGI domain comp1ises a wild-type UGI or a UGI as 

set forth in SEQ ID NO: 3. In some embodiments, the UGI proteins provided herein include 

fragments of UGI and proteins homologous to a UGI or a UGI fragment. For example, in 

some embodiments, a UGI domain comp1ises a fragment of the amino acid sequence set forth 

in SEQ ID NO: 3. In some embodiments, a UGI fragment comprises an amino acid sequence 

that comprises at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at 

least 99.5% of the amino acid sequence as set forth in SEQ ID NO: 3. In some 

embodiments, a UGI comprises an amino acid sequence homologous to the amino acid 

sequence set forth in SEQ ID NO: 3 or an amino acid sequence homologous to a fragment of 

the amino acid sequence set forth in SEQ ID NO: 3. In some embodiments, proteins 

comprising UGI or fragments of UGI or homologs of UGI or UGI fragments are referred to 

as "UGI variants." A UGI variant shares homology to UGI, or a fragment thereof. For 

example a UGI variant is at least 70% identical, at least 75% identical, at least 80% identical, 

at least 85% identical, at least 90% identical, at least 95% identical, at least 96% identical, at 

least 97% identical, at least 98% identical, at least 99% identical, at least 99.5% identical, or 

at least 99.9% identical to a wild type UGI or a UGI as set forth in SEQ ID NO: 3. In some 

embodiments, the UGI vaiiant comprises a fragment of UGI, such that the fragment is at least 

70% identical, at least 80% identical, at least 90% identical, at least 95% identical, at least 

96% identical, at least 97% identical, at least 98% identical, at least 99% identical, at least 

99.5% identical, or at least 99.9% to the cotTesponding fragment of wild-type UGI or a UGI 

as set forth in SEQ ID NO: 3. In some embodiments, the UGl comptises the following amino 

acid sequence: 
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>sp1P147391UNGI_BPPB2 Uracil-DNA glycosylase inhibitor 

MTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDIL VHTA YDESTDENVMLLT 

SDAPEYKPW ALVIQDSNGENKIKML (SEQ ID NO: 3) 

[00322] Suitable UGI protein and nucleotide sequences are provided herein and 

additional suitable UGI sequences are known to those in the art, and include, for example, 

those published in Wang et al. , Uracil-DNA glycosylase inhibitor gene of bacteriophage 

PBS2 encodes a binding protein specific for uracil-DNA glycosylase. J. Biol. Chem. 

264: 1163-1171(1989); Lundquist el al., Site-directed mutagenesis and characterization of 

uracil-DNA glycosylase inhibitor protein. Role of specific carboxylic amino acids in complex 

formation with Escherichia coli uracil-DNA glycosylase. J. Biol. Chem. 272:21408-

21419(1997); Ravishankar et al. , X-ray analysis of a complex of Escherichia coli uracil DNA 

glycosylase (EcUDG) with a proteinaceous inhibitor. The structure elucidation of a 

prokaryotic UDG. Nucleic Acids Res. 26:4880-4887(1998); and Putnam et al. , Protein 

mimicry of DNA from crystal structures of the urncil-DNA glycosylase inhibitor protein and 

its complex with Escherichia coli uracil-DNA glycosylase. J. Mol. Biol. 287:331-346(1999), 

the entire contents of each are incorporated herein by reference. 

[00323] It should be appreciated that additional proteins that block or inhibit base-

excision repair, such as base excision of an inosine, are also within the scope of this 

disclosure. [n some embodiments, a protein that binds DNA is used. In another embodiment, 

a substitute for UGI is used. In some embodiments, a uracil glycosylase inhibitor is a protein 

that binds single-stranded DNA. For example, a uracil glycosylase inhibitor may be a 

Erwinia tasmaniensis single-stranded binding protein. In some embodiments, the single­

stranded binding protein comprises the amino acid sequence (SEQ ID NO: 29). In some 

embodiments, a uracil glycosylase inhibitor is a protein that binds uracil. In some 

embodiments, a uracil glycosylase inhibitor is a protein that binds uracil in DNA. In some 

embodiments, a uracil glycosylase inhibitor is a catalytically inactive uracil DNA-glycosylase 

protein. In some embodiments, a uracil glycosylase inhibitor is a catalytically inactive uracil 

DNA-glycosylase protein that does not excise uracil from the DNA. For example, a uracil 

glycosylase inhibitor is a UdgX. In some embodiments, the UdgX comprises the amino acid 

sequence (SEQ ID NO: 30). As another example, a uracil glycosylase inhibitor is a 

catalytically inactive UDG. In some embodiments, a catalytically inactive UDG comp1ises 

the amino acid sequence (SEQ ID NO: 31). It should be appreciated that other uracil 

glycosylase inhibitors would be apparent to the skilled artisan and are within the scope of this 



WO 2018/027078 PCT/US2017/045381 
113 

disclosure. In some embodiments, a uracil glycosylase inhibitor is a protein lhat is 

homologous to any one of SEQ ID NOs: 29-31. In some embodiments, a uracil glycosylase 

inhibitor is a protein that is at least 50% identical, at least 55% identical, at least 60% 

identical, at least 65% identical, at least 70% identical, at least 75% identical, at least 80% 

identical at least 85% identical, at least 90% identical, at least 95% identical, at least 96% 

identical , at least 98% identical, at least 99% identical, or at least 99.5% identical to any one 

of SEQ ID NOs: 29-31. 

Erwinia tasmaniensis SSB (themostable single-stranded DNA binding protein) 

MASRGVNKVILVGNLGQDPEVRYMPNGGA V ANITLATSESWRDKQTGETKEKTEW 

HRVVLFGKLAEVAGEYLRKGSQVYIEGALQTRKWTDQAGVEKYTTEVVVNVGGT 

MQMLGGRSQGGGASAGGQNGGSNNGWGQPQQPQGGNQFSGGAQQQARPQQQPQ 

QNNAPANNEPPIDFDDDIP (SEQ ID NO: 29) 

UdgX (binds to Uracil in DNA but does not excise) 

MAGAQDFVPHTADLAELAAAAGECRGCGLYRDATQAVFGAGGRSARIMMIGEQPG 

DKEDLAGLPFVGPAGRLLDRALEAADIDRDALYVTNAVKHFKFTRAAGGKRRIHKT 

PSRTEVVACRPWLIAEMTSVEPDVVVLLGATAAKALLGNDFRVTQHRGEVLHVDDV 

PGDPALVATVHPSSLLRGPKEERESAFAGLVDDLRVAADVRP (SEQ ID NO: 30) 

UDG (catalytically inactive human UDG, binds to Uracil in DNA but does not excise) 

MIGQKTLYSFFSPSPARKRHAPSPEPAVQGTGY AGVPEESGDAAAIPAKKAPAGQEE 

PGTPPSSPLSAEQLDRIQRNKAAALLRLAARNVPVGFGESWKKHLSGEFGKPYFIKL 

MGFV AEERKHYTVYPPPHQVFTWTQMCDIKDVKVVILGQEPYHGPNQAHGLCFSV 

QRPVPPPPSLENIYKELSTDIEDFVHPGHGDLSGWAKQGVLLLNA VLTVRAHQANSH 

KERGWEQFTDA VVSWLNQNSNGLVFLLWGSYAQKKGSAIDRKRHHVLQTAHPSPL 

SVYRGFFGCRHFSKTNELLQKSGKKPIDWKEL (SEQ ID NO: 31) 

Fusion proteins comprising a nuclear localization sequence (NLS) 

[00324] In some embodiments, the fusion proteins provided herein further comprise 

one or more nuclear targeting sequences, for example, a nuclear localization sequence (NLS). 

In some embodiments, a NLS comp1ises an amino acid sequence that facilitates the 

imp01tation of a protein, that comp1ises an NLS, into the cell nucleus (e.g., by nuclear 

transport). In some embodiments, any of the fusion proteins provided herein further 
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comp1ise a nuclear localization sequence (NLS). In some embodiments, the NLS is fused to 

the N-terminus of the fusion protein. In some embodiments, the NLS is fused to the C­

terminus of the fusion protein. In some embodiments, the NLS is fused to the N-terminus of 

the JBR (e.g., dlSN). In some embodiments, the NLS is fused to the C-terminus of the JBR 

(e.g., dTSN). In some embodiments, the NLS is fused to the N-terminus of the napDNAbp. 

ln some embodiments, the NLS is fused to the C-terminus of the napDNAbp. In some 

embodiments, the NLS is fused to the N-terminus of the adenosine deaminase. In some 

embodiments, the NLS is fused to the C-tenninus of the adenosine deruninase. In some 

embodiments, the NLS is fused to the fusion protein via one or more linkers. In some 

embodiments, the NLS is fused to the fusion protein without a linker. In some embodiments, 

the NLS comprises an amino acid sequence of any one of the NLS sequences provided or 

referenced herein. In some embodiments, the NLS comprises an amino acid sequence as set 

forth in SEQ ID NO: 4 or SEQ ID NO: 5. Additional nuclear localization sequences are 

known in the art and would be apparent to the skilled artisan. For example, NLS sequences 

are described in Plank et al., PCT/EP2000/011690, the contents of which ru·e incorporated 

herein by reference for their disclosure of exemplru·y nucleru· localization sequences. In some 

embodiments, a NLS comprises the amino acid sequence PKKKRKV (SEQ ID NO: 4) or 

MDSLLMNRRKFLYQFKNVRW AKGRRETYLC (SEQ ID NO: 5). 

[00325] In some embodiments, the general architecture of exemplary fusion proteins 

with an adenosine deaminase and a napDNAbp comprises any one of the following 

structures, where NLS is a nuclear locaJjzation sequence (e.g., any NLS provided herein), 

NH2 is the N-terminus of the fusion protein, and COOH is the C-tenninus of the fusion 

protein. 

[00326] 

NLS. 

Fusion proteins compiising an adenosine deaminase, a napDNAbp, and a 

NH2-[NLS]-[adenosine deruninase]-[napDNAbp]-COOH; 

NH2-[adenosine dearrunase] -[NLS]-[napDNAbp]-COOH; 

NH2-[adenosine deamjnase]-[napDNAbp]-[NLS]-COOH; 

NH2-[NLS]-[napDNAbp]-[adenosine dearrunase]-COOH; 

NH2-[napDNAbp]-[NLS]-[adenosine dearninase]-COOH; 

NH2-[napDNAbp]-[adenosine deaminase]-[NLS]-COOH; 

[00327] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between one or more of the domains or 

proteins (e.g., adenosine deaminase, napDNAbp, and/or NLS). In some embodiments, the "-
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" used in the general architecture above indicates the presence of an optional linker. 

[003281 Fusion proteins comprising an adenosine deaminase, a napDNAbp, and an 

inhibitor of base repair (IBR). 

NH2-[IBR]-[adenosine deaminase]-[napDNAbp]-COOH; 

NH2-[adenosine deamjnase] -[IBR]-[napDNAbp]-COOH; 

NH2-[adenosine deaminase]-[napDNAbp]-[IBR]-COOH; 

NH2-[IBR]-[napDNAbp]-[adenosine deaminase]-COOH; 

NH2-[napDNAbp]-[IBR]-[adenosine deaminase]-COOH; 

NH2-[napDNAbp]-[adenosine deaminase]-[IBR]-COOH; 

[00329] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between one or more of the domains or 

proteins (e.g., adenosine deaminase, napDNAbp, and/or IBR). In some embodiments, the"-" 

used in the general architecture above indicates the presence of an optional linker. 

[00330] Fusion proteins comprising an adenosine deaminase, a napDNAbp,an inhibitor 

of base repair (IBR) and a NLS. 

NH2-[IBR]-[NLS]-[adenosine deaminase]-[napDNAbp]-COOH; 

NH2-[NLS]-[IBR]-[ adenosine deaminase ]-[napDN Abp ]-COOH; 

NH2-[NLS]-[adenosine deam.inase]-[IBR]-[napDNAbp]-COOH; 

NH2-[NLS]-[adenosine deaminase]-[napDNAbp]-[IBR]-COOH; 

NH2-lIBR]-[adenosine deaminase]-[NLS]-[napDNAbp]-COOH; 

NH2-[adenosine deantinase]-[lBR]-[NLS]-[napDNAbp]-COOH; 

NH2-[adenosine deaminase]-[NLS]-[IBR]-[napDNAbp]-COOH; 

NH2-[ adenosine deaminase ]-[NLS ]-[ napD N Abp ]-[IBR ]-COO H; 

NH2-[IBR]-[adenosine deaminase]-[napDNAbp]-[NLS]-COOH; 

NH2-[adenosine deaminase]-[IBR]-[napDNAbp]-[NLS]-COOH; 

NH2-[adenosine deaminase]-[napDNAbp]-[IBR]-[NLS]-COOH; 

NH2-[adenosine deaminase]-[napDNAbp]-[NLS]-[IBR]-COOH; 

NH2-[IBR]-[NLS]-[napDNAbp]-[adenosine deaminase]-COOH; 

NH2-[NLS]-[IBRJ-[napDNAbp]-[adenosine deaminase]-COOH; 

NH2-[NLS]-[napDNAbp]-[lBR]-[adenosine deaminase]-COOH; 

NH2-[NLS]-[napDNAbp]-[adenosine deaminase]-[IBR]-COOH; 

NH2-[IBR]-[napDNAbp]-[NLS]-[adenosine deaminase]-COOH; 

NHr [napDNAbp]-[IBR]-[NLS]-[adenosine deaminase]-COOH; 

NH2-[napDNAbp]-[NLS]-[IBR]-[adenosine deaminase]-COOH; 
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NH2-[napDNAbp]-[NLS]-[adenosine deaminase]-[IBR]-COOH; 

NH2-[IBR]-[napDNAbp]-[adenosine deaminase]-[NLS]-COOH; 

NH2-[napDNAbp]-(lBR]-[adenosine deaminase]-[NLS]-COOH; 

NH2-[napDNAbp]-[adenosine deaminase]-[IBR]-[NLS]-COOH; 

NH2-[napDNAbp]-[adenosine deaminase]-[NLS]-[IBR]-COOH; 

PCT/US2017/045381 

[00331] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between one or more of the domains or 

proteins (e.g., adenosine deaminase, napDNAbp, NLS, and/or IBR). In some embodiments, 

the "-" used in the general architecture above indicates the presence of an optional linker. 

[00332] Some aspects of the disclosure provide fusion proteins that comp1ise a nucleic 

acid programmable DNA binding protein (napDNAbp) and at least two adenosine deaminase 

domains. Without wishing to be bound by any particular theory, dimerization of adenosine 

deaminases (e.g., in cis or in trans) may improve the ability (e.g., efficiency) of the fusion 

protein to modify a nucleic acid base, for example to deaminate adenine. In some 

embodiments, any of the fusion proteins may comp1ise 2, 3, 4 or 5 adenosine deaminase 

domains. In some embodiments, any of the fusion proteins provided herein comp1ise two 

adenosine deaminases. In some embodiments, any of the fusion proteins provided herein 

contain only two adenosine deaminases. In some embodiments, the adenosine deaminases 

are the same. In some embodiments, the adenosine deaminases are any of the adenosine 

deantinases provided herein. In some embodiments, the adenosine deaminases are different. 

In some embodiments, the first adenosine dearninase is any of the adenosine deaminases 

provided herein , and the second adenosine is any of the adenosine deaminases provided 

herein, but is not identical to the first adenosine deaminase. As one example, the fusion 

protein may comprise a first adenosine deaminase and a second adenosine deaminase that 

both comprise the amino acid sequence of SEQ ID NO: 72, which contains a A106V, 

D108N, Dl47Y, and E155V mutation from ecTadA (SEQ ID NO: 1). As another example, 

the fusion protein may comp1ise a first adenosine deaminase domain that comprises the 

amino amino acid sequence of SEQ ID NO: 72, which contains a Al06V, D l08N, D147Y, 

and E155V mutation from ecTadA (SEQ ID NO: 1), and a second adenosine deamfoase that 

comprises the amino acid sequence of SEQ .ID NO: 421, which contains a L84F, A106V, 

D108N, Hl23Y, Dl47Y, E155V, and I156F mutation from ecTadA (SEQ ID NO: 1). 

[00333] In some embodiments, the fusion protein comprises two adenosine deaminases 

(e.g., a first adenosine deaminase and a second adenosine deaminase). In some embodiments, 

the fusion protein comprises a first adenosine deaminase and a second adenosine deaminase. 
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In some embodiments, the first adenosine deaminase is N-terminal to the second adenosine 

deaminase in the fusion protein. In some embodiments, the first adenosine deaminase is C­

terminal to the second adenosine deaminase in the fusion protein. In some embodiments, the 

first adenosine deaminase and the second deaminase are fused directly or via a lfoker. Jn 

some embodiments, the linker is any of the linkers provided herein , for example, any of the 

linkers described in the "Linkers" section. In some embodiments, the linker comprises the 

amino acid sequence of any one of SEQ ID NOs: 10, 37-40, 384-386, or 685-688. In some 

embodiments, the first adenosine deaminase is the same as the second adenosine deaminase. 

In some embodiments, the first adenosine deaminase and the second adenosine deaminase are 

any of the adenosine deaminases described herein. In some embodiments, the first adenosine 

deaminase and the second adenosine deaminase are different. In some embodiments, the fiTSt 

adenosine deaminase is any of the adenosine deaminases provided herein. In some 

embodiments, the second adenosine deaminase is any of the adenosine deaminases provided 

herein but is not identical to the first adenosine deaminase. In some embodiments, the first 

adenosine deaminase is an ecTadA adenosine deaminase. In some embodiments, the firnt 

adenosine deaminase comprises an amino acid sequence that is at least least 60%, at least 

65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 

96%, at least 97%, at least 98%, at least 99%, or at least 99.5% identical to any one of the 

amino acid sequences set forth in any one of SEQ ID NOs: 1, 64-84, 420-437, 672-684, or to 

any of the adenosine deaminases provided herein. ln some embodiments, the first adenosine 

deaminase comp1ises the amino acid sequence of SEQ ID NO: 1. In some embodiments, the 

second adenosine deaminase comprises an amino acid sequence that is at least least 60%, at 

least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at 

least 96%, at least 97%, at least 98%, at least 99%, or at least 99.5% identical to any one of 

the amino acid sequences set forth in any one of SEQ ID NOs: 1, 64-84, 420-437, 672-684, 

or to any of the adenosine deaminases provided herein. In some embodiments, the second 

adenosine dearninase comprises the amino acid sequence of SEQ ID NO: l. In some 

embodiments, the first adenosine deaminase and the second adenosine deaminase of the 

fusion protein comprise the mutations in ecTadA (SEQ ID NO: 1), or corresponding 

mutations in another adenosine deaminase, as shown in any one of the constructs provided in 

Table 4 (e.g. , pNMG-371, pNMG-477, pNMG-576, pNMG-586, and pNMG-616). In some 

embodiments, the fusion protein comprises the two adenosine deaminases (e.g., a first 

adenosine deaminase and a second adenosine deaminase) of any one of the constructs (e.g., 

pNMG-371, pNMG-477, pNMG-576, pNMG-586, and pNMG-616) in Table 4. 
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[00334] In some embodiments, the general architecture of exemplary fusion proteins 

with a first adenosine deaminase, a second adenosine deaminase, and a napDNAbp comprises 

any one of the following structures, where NLS is a nuclear localization sequence (e.g., any 

NLS provided herein), NH2 is the N-terminus of the fusion protein, and COOH is the C­

terminus of the fusion protein. 

[00335] Fusion proteins comprising a first adenosine deaminase, a second adenosine 

deaminase, and a napDNAbp. 

NH2-[first adenosine deaminase]-[second adenosine deaminase]-[napDNAbp]-COOH; 

NH2-[first adenosine deaminase]-[napDNAbp]-[second adenosine deaminase]-COOH; 

NHr[napDNAbp]-[fi.rst adenosine deaminase]-[second adenosine deaminase]-COOH; 

NH2-[second adenosine deaminase] -[fu-st adenosine deaminase]-(napDNAbp]-COOH; 

NH2-[second adenosine deaminase] -[napDNAbp]-[first adenosine deaminase] -COOH; 

NH2-[napDNAbp]-[second adenosine dearninase] -[first adenosine deaminase] -COOH; 

[00336] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between one or more of the domains or 

proteins (e.g., first adenosine deaminase, second adenosine deaminase, and/or napDNAbp). 

In some embodiments, the"-" used in the general architecture above indicates the presence of 

an optional linker. 

[00337] Fusion proteins comprising a first adenosine deaminase, a second adenosine 

deantinase, a napDNAbp, and an NLS. 

NH2-[NLS]-[first adenosine deaminase]-(second adenosine deaminase] -[napDNAbp]-COOH; 

NH2-[first adenosine deaminase]-[NLS]-[second adenosine deantinase)-[napDNAbp]-COOH; 

NH2-[first adenosine deaminase]-[second adenosine deaminase]-[NLS]-[napDNAbp]-COOH; 

NH2-[first adenosine deaminase]-[second adenosine deaminase]-[napDNAbp]-[NLS]-COOH; 

NH2-[NLS]-[first adenosine deaminase]-[napDNAbp]-[second adenosine deaminase]-COOH; 

NH2-[first adenosine deaminase]-[NLS]-[napDNAbp]-[second adenosine deaminase]-COOH; 

NH2-[first adenosine deaminase]-[napDNAbp]-[NLS]-[second adenosine deaminase]-COOH; 

NH2-[first adenosine deaminase]-[napDNAbp]-[second adenosine deaminase]-[NLS]-COOH; 

NH2-[NLS]-[napDNAbp]-[first adenosine deaminase] -[second adenosine deaminase] -COOH; 

NH2-[napDNAbp]-[NLS]-[first adenosine deaminase] -[second adenosine deaminase] -COOH; 

NH2-[napDNAbp]-[fi.rst adenosine deaminase]-[NLS]-[second adenosine deaminase]-COOH; 

NH2-[ napDN Abp ]-[first adenosine deaminase ]-[second adenosine deaminase ]-[NLS]-COOH; 

NHr[NLS]-[second adenosine deaminase]-[first adenosine deaminase]-[napDNAbp]-COOH; 

NH2-[second adenosine deaminase]-[NLS]-[first adenosine deaminase]-[napDNAbp]-COOH; 
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NH2-[second adenosine deaminase]-[first adenosine deaminase]-[NLS]-[napDNAbp]-COOH; 

NH2-[second adenosine deaminase]-[first adenosine deaminase]-[napDNAbp]-[NLS]-COOH; 

NH2-[NLS]-[second adenosine deaminase]-(napDNAbp]-[first adenosine deaminase] -COOH; 

NH2-[second adenosine deaminase]-[NLS]-[napDNAbp]-[first adenosine deaminase]-COOH; 

NH2-[second adenosine deaminase] -[napDNAbp]-[NLS]-[first adenosine dearninase] -COOH; 

NH2-[second adenosine deaminase] -[napDNAbp]-[first adenosine deamjnase] -[NLS]-COOH; 

NH2-[NLS]-[napDNAbp]-[second adenosine deaminase]-[first adenosine dearninase]-COOH; 

NH2-[napDNAbp]-[NLS]-[second adenosine deaminase]-[first adenosine deaminase]-COOH; 

NH2-[napDNAbp]-[second adenosine deaminase]-[NLS]-[first adenosine deaminase]-COOH; 

NHr[napDNAbp]-[second adenosine deaminase]-[first adenosine deaminase]-[NLS]-COOH; 

[00338] In some embodiments, the fusion proteins provided herein do not comprise a 

linker. In some embodiments, a linker is present between one or more of the domains or 

proteins (e.g., first adenosine deaminase, second adenosine deaminase, napDNAbp, and/or 

NLS). In some embodiments, the"-" used in the general architecture above indicates the 

presence of an optional linker. 

[00339] It should be appreciated that the fusion proteins of the present disclosure may 

comprise one or more additional features. For example, in some embodiments, the fusion 

protein may comprise cytoplasmic localization sequences, export sequences, such as nuclear 

export sequences, or other localization sequences, as well as sequence tags that are useful for 

solubilization, purification, or detection of the fusion proteins. Suitable protein tags provided 

herein include, but are not limited to, biotin carboxylase canier protein (BCCP) tags, myc­

tags, calmodulin-tags, FLAG-tags, hemagglutinin (HA)-tags, polyhistidine tags, also referred 

to as histidine tags or His-tags, maltose binding protein (MBP)-tags, nus-tags, glutathione-S­

transferase (GST)-tags, green fluorescent protein (GFP)-tags, thioredoxin-tags, S-tags, 

Softags (e.g., Softag 1, Softag 3), strep-tags, biotin ligase tags, FlAsH tags, V5 tags, and 

SBP-tags. Additional suitable sequences will be apparent to those of skill in the art. In some 

embodiments, the fusion protein comprises one or more His tags . 

Linkers 

[00340] In certain embodiments, linkers may be used to link any of the protein or 

protein domains described herein. The linker may be as simple as a covalent bond, or it may 

be a polyme1ic linker many atoms in length. In certain embodiments, the linker is a 

polypeptide or based on amino acids. In other embodiments, the linker is not peptide-like. In 

ce1tain embodiments, the linker is a covalent bond (e.g., a carbon-carbon bond, disulfide 
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bond, carbon-heteroatom bond, etc.). In ce1tain embodiments, lhe linker is a carbon-nitrogen 

bond of an amide linkage. In certain embodiments, the linker is a cyclic or acyclic, 

substituted or unsubstituted, branched or unbranched aliphatic or heteroaJiphatic linker. In 

certain embodiments, the linker is polyme1ic (e.g., polyethylene, polyethylene glycol, 

polyamide, polyester, etc.). In certain embodiments, the linker comprises a monomer, dimer, 

or polymer of aminoalkanoic acid. In certain embodiments, the linker comprises an 

aminoalkanoic acid (e.g., glycine, ethanoic acid, alanine, beta-alanine, 3-aminopropanoic 

acid, 4-aminobutanoic acid, 5-pentanoic acid, etc.). In certain embodiments, lhe linker 

comp1ises a monomer, dimer, or polymer of aminobexanoic acid (Ahx). In certain 

embodiments, the linker is based on a carbocyclic moiety (e.g. , cyclopentane, 

cyclohexane). In other embodiments, the linker comp1ises a polyethylene glycol moiety 

(PEG). In other embodiments, the linker comprises amino acids. In certain embodiments, 

the linker comp1ises a peptide. In certain embodiments, the linker comprises an aryl or 

heteroaryl moiety. In certain embodiments, the linker is based on a phenyl ring. The linker 

may include functionalized moieties to facilitate attachment of a nucleophile (e.g., thiol, 

amino) from the peptide to the linker. Any electrophile may be used as part of the 

linker. Exemplary electrophiles include, but are not limited to, activated esters, activated 

amides, Michael acceptors, alkyl halides, aryl halides, acyl halides, and isothiocyanates. 

[00341] In some embodiments, the linker is an amino acid or a plurality of amino acids 

(e.g., a peptide or protein). In some embodiments, the linker is a bond (e.g., a covalent 

bond), an organic molecule, group, polymer, or chemical moiety. In some embodiments, the 

linker is 5-100 amino acids in length, for example, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19,20, 21,22,23, 24, 25, 26, 27, 28,29,30, 30-35,35-40, 40-45, 45-50, 50-60,60-70, 

70-80, 80-90, 90-100, 100-110, 110-120, 120-130, 130-140, 140-150, or 150-200 amino 

acids in length. Longer or shorter linkers are also contemplated. In some embodiments, a 

linker comp1ises the amino acid sequence SGSETPGTSESATPES (SEQ ID NO: 10), which 

may also be refen-ed to as the XTEN linker. In some embodiments, a linker comprises the 

amino acid sequence SGGS (SEQ ID NO: 37). In some embodiments, a linker comprises 

(SGGS)0 (SEQ ID NO: 37), (GGGS)n (SEQ ID NO: 38), (GGGGS)n (SEQ ID NO: 39), 

(G)n, (EAAAK)n (SEQ ID NO: 40) , (GGS)n, SGSETPGTSESATPES (SEQ ID NO: 10), or 

(XP)11 motif, or a combination of any of these, wherein n is independently an integer belween 

1 and 30, and wherein Xis any amino acid. In some embodiments, n is 1, 2, 3, 4, 5, 6, 7, 8, 9, 

10, 11, 12, 13, 14, or 15. In some embodiments, a linker comp1ises SGSETPGTSESATPES 

(SEQ ID NO: 10), and SGGS (SEQ ID NO: 37). In some embodiments, a linker comprises 
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SGGSSGSETPGTSESATPESSGGS (SEQ ID NO: 384). In some embodiments, a linker 

comp1ises SGGSSGGSSGSETPGTSESATPESSGGSSGGS (SEQ ID NO: 385). In some 

embodiments, a linker comprises 

GGSGGSPGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE 

PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGGSGGS (SEQ ID NO: 386). In 

some embodiments, the linker is 24 amino acids in length. In some embodiments, the linker 

comp1ises the amino acid sequence SGGSSGGSSGSETPGTSESATPES (SEQ ID NO: 685). 

In some embodiments, the linker is 40 amino acids in length. In some embodiments, the 

linker comprises the amino acid sequence 

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGS (SEQ ID NO: 686). In some 

embodiments, the linker is 64 amino acids in length. In some embodiments, the linker 

comprises the amino acid sequence 

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGSSGSETPGTSESATPESSGGS 

SGGS (SEQ ID NO: 687). In some embodiments, the linker is 92 amino acids in length. In 

some embodiments, the linker comp1ises the amino acid sequence 

PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP 

GTSTEPSEGSAPGTSESATPESGPGSEPATS (SEQ ID NO: 688). It should be appreciated 

that any of the linkers provided herein may be used to link a fint adenosine deaminase and a 

second adenosine deaminase; an adenosine deaminase (e.g., a fast or a second adenosine 

deantinase) and a napDNAbp; a napDNAbp and an NLS; or an adenosine deaminase (e.g., a 

first or a second adenosine deaminase) and an NLS. 

[00342] In some embodiments, any of the fusion proteins provided herein , comprise an 

adenosine dearninase and a napDNAbp that are fused to each other via a linker. In some 

embodiments, any of the fusion proteins provided herein, comp1ise a first adenosine 

deaminase and a second adenosine deaminase that are fused to each other via a linker. In 

some embodiments, any of the fusion proteins provided herein, comp1ise an NLS, which may 

be fused to an adenosine deaminase (e.g., a first and/or a second adenosine deaminase), a 

nucleic acid programmable DNA binding protein (napDNAbp), and or an inhibitor of base 

repair (IBR). Various linker lengths and flexibilities between an adenosine deaminase (e.g., 

an engineered ecTadA) and a napDNAbp (e.g., a Cas9 domain) , and/or between a first 

adenosine dearninase and a second adenosine dearninase can be employed (e.g., ranging from 

very flexible linkers of the form (GGGGS)n (SEQ ID NO: 38), (GGGGS)n (SEQ ID NO: 

39), and (G)n to more rigid linkers of the form (EAAAK)n (SEQ ID NO: 40), (SGGS)n (SEQ 

ID NO: 37), SGSETPGTSESATPES (SEQ ID NO: 10) (see, e.g., Guilinger JP, Thompson 



WO 2018/027078 PCT/US2017/045381 
122 

DB, Liu DR. Fusion of catalytically inactive Cas9 to Fok! nuclease improves the specificity 

of genome modification. Nat. Biotechnol. 2014; 32(6): 577-82; the entire contents are 

incorporated herein by reference) and (XP)11) in order to achieve the optimal length for 

deaminase activity for the specific application. In some embodiments, n is 1, 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11 , 12, 13, 14, or 15. In some embodiments, the linker comprises a (GGS)0 motif, 

wherein n is 1, 3, or 7. In some embodiments, the adenosine deaminase and the napDNAbp, 

and/or the first adenosine deaminase and the second adenosine deaminase of any of the fusion 

proteins provided herein are fused via a linker comprising the amino acid sequence 

SGSETPGTSESA TPES (SEQ ID NO: 10), SGGS (SEQ ID NO: 37), 

SGGSSGSETPGTSESATPESSGGS (SEQ ID NO: 384), 

SGGSSGGSSGSETPGTSESA TPESSGGSSGGS (SEQ ID NO: 385), or 

GGSGGSPGSPAGSPTSTEEGTSESA TPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTE 

PSEGSAPGTSTEPSEGSAPGTSESATPESGPGSEPATSGGSGGS (SEQ ID NO: 386). In 

some embodiments, the linker is 24 amino acids in length. In some embodiments, the linker 

comprises the amino acid sequence SGGSSGGSSGSETPGTSESATPES (SEQ ID NO: 685). 

In some embodiments, the linker is 40 amino acids in length. In some embodiments, the 

linker comp1ises the amino acid sequence 

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGS (SEQ ID NO: 686). In some 

embodiments, the linker is 64 amino acids in length. [n some embodiments, the linker 

comprises the amino acid sequence 

SGGSSGGSSGSETPGTSESATPESSGGSSGGSSGGSSGGSSGSETPGTSESATPESSGGS 

SGGS (SEQ ID NO: 687). In some embodiments, the linker is 92 amino acids in length. Jn 

some embodiments, the linker comp1ises the amino acid sequence 

PGSPAGSPTSTEEGTSESATPESGPGTSTEPSEGSAPGSPAGSPTSTEEGTSTEPSEGSAP 

GTSTEPSEGSAPGTSESATPESGPGSEPATS (SEQ ID NO: 688). 

[00343] Some aspects of the disclosure provide fusion proteins comprising a Cas9 

domain and an adenosine deaminase. Exemplary fusion proteins include, without Umitation, 

the following fusion proteins (for the purposes of cla1ity, the adenosine deaminase domain is 

shown in Bold; mutations of the ecTadA dearninase domain are shown in Bold underlining; 

the XTEN linker is shown in italics; the UGI/AAG/EndoV domains are shown in Bold 

italics; and NLS is shown in underlined italics): 

ecTadA( wt)-XTEN-nCas9-NLS: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 
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DPTAHAEIMALRQGGLVMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNTVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLTYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KATLSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKTL TFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFK 

TNRKVTVKQLKEDYFKKTECFDSVEJSGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDTVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGTLQTVKVVDELVKVMGRHKPENTVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV 

KVI.TLKSKLVSDFRKDFQFYKVRETNNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLlETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNTVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEITEQISEFSKRVILADANLDKVLSA YNKH 

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIOLSQLGGDSGGSPKKKRKV (SEQ ID NO: 11) 

ecTadA(D108N)-XTEN-nCas9-NLS: (mammalian construct, active on DNA, A to G 

editing): 

MSEVEFSHEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 
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LGNTDRHSIKKNLIGALLFDSGET AEATRLKRTARRR YTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFL VEEDKKHERHPIFGNNDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDL TLLKAL VRQQLPEKYKEIFFDQSKNGY AGYLDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVL TLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAJKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDH 

NPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQL VETRQITKHVAQILDSRMNTKYDENDKLIREV 

KVITLKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKH 

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSPKKKRKV (SEQ ID NO: 12) 

ecTadA(Dl08G)-XTEN-nCas9-NLS: (mammalian construct, active on DNA, A to G 

editing): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARGAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGET AEATRLKRT ARRR YTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 
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KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKIL TFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSP AIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDJNRLSDYDVDH 

IVPQSFLKDDSJDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFJKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEJVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESJLPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITJMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKH 

RDKPIREQAENUHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLfHQSJTGLYE 

TRIDLSQLGGDSGGSPKKKRKV (SEQ ID NO: 13) 

ecTadA(Dl08V)-XTEN-nCas9-NLS: (mammalian construct, active on DNA, A to G 

editing): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFG 

ARVAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESA TPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLJGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 
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MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLFK 

TNRKYTYKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLJHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKS KL VSDFRKDFQFYKYREINNYHHAHDA YLN A VVGT ALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VY AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEilEQISEFSKRVILADANLDKVLSAYNKH 

RDKPIREQAENilHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSPKKKRKV (SEQ ID NO: 14) 

ecTadA(Dl08N)-XTEN-nCas9-UGI-NLS (BE3 analog of A to G editor): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEJKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDYDKLFIQLVQTYNQLFEENPINASGYDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRYNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFY.KFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 
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EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVL TRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKH 

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLlHQSITGLYE 

TRIDLSQLGGDSGGSTNLSDllEKETGKQLVIQESILMLPEEVEEVJGNKPESDILVHT 

AYDESTDENVMLLTSDAPEYKPWAL VIQDSNGENKIKMLSGGSPKKKRKV (SEQ ID 

NO: 15) 

ecTadA(Dl08G)-XTEN-nCas9-UGI-NLS (BE3 analog of A to G editor): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARGAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VJTDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYlDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 
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AGSP AIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVL TRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIG KAT AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEllEQBEFSKRVILADANLDKVLSAYNKH 

RDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSTNLSDIIEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHT 

AYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPKKKRKV (SEQ ID 

NO: 16) 

ecTadA(D108V)-XTEN-nCas9-UGI-NLS (BE3 analog of A to G editor): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARVAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW AVITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRR YTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKIL TFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKUKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSP AIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDH 
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IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEJTLANGEIRKRPLIETNGE 

TGEIVWDKGRDFA TVRKVLSMPQVNJVKKTEVQTGGFSKESILPKRNSDKLIAR KKD 

WDPKKYGGFDSPTVAYSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEilEQJSEFSKRVILADANLDKVLSA YNKH 

RDKPJREQAENilHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSTNLSDllEKETGKQLVIQESILMLPEEVEEVIGNKPESDILVHT 

AYDESTDENVMLLTSDAPEYKPWAL VIQDSNGENKIKMLSGGSPKKKRKV (SEQ ID 

NO: 17) 

ecTadA(D108N)-XTEN-dCas9-UGl-NLS (mammalian cells, BE2 analog of A to G editor): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRR YTRRKNRICYLQElFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPTFGNIVDEV A YHEKYPTTYHLRKKLVDSTDKAD 

LRLIYLALAHMTKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVL TLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDA 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREV 



WO 2018/027078 PCT/US2017/045381 
130 

KVITLKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIYWDKGRDFA TVRKVLSMPQYNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSYLVV AKVEKGKSKKLKSVKELLGITJMERSSFEKNPIDFL 

EAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRYILADANLDKYLSA YNKH 

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSTNLSDIIEKETGKQL VIQESILMLPEEVEEVIGNKPESDILVHT 

AYDESTDENVMLLTSDAPEYKPWAL VIQDSNGENKIKMLSGGSPKKKRKV (SEQ ID 

NO: 18) 

ecTadA(D108G)-XTEN-dCas9-UGI-NLS (mammalian cells, BE2 analog of A to G editor): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARGAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRR YTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFLKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVL TLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPYENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDA 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYSNJMNFFKTEITLANGEIRKRPLIETNGE 
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TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYYNFL YLA 

SHYEKLKGSPEDNEQKQLFYEQHKHYLDEIIEQISEFSKRVILADANLDKYLSA YNKH 

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSTNLSDII EKETGKQL VJQESILMLPEEVEE VIGNKPESDJL VHT 

AYDESTDENVMLLTSDAPEYKPWAL VJQDSNGENKIKMLSGGSPKKKRKV (SEQ ID 

NO: 19) 

ecTadA(Dl08V)-XTEN-dCas9-UGI-NLS (mammalian cells, BE2 analog of A to G editor): 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARVAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSYGW A YITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGET AEATRLKRT ARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRYNTEITKAPLSASMIKRY 

DEHHQDL TLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVV.DKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKP AFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVYDEL VKVMGRHKPENIYIEMARENOTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDA 

IVPQSFLKDDSIDNKYLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHYAQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 
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EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKH 

RDKPIREQAENllHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSTNLSDllEKETGKQLVJQESILMLPEEVEEVIGNKPESDILVHT 

AYDESTDENVMLLTSDAPEYKPWALVIQDSNGENKIKMLSGGSPKKKRKV (SEQ ID 

NO: 20) 

ecTadA(Dl08N)-XTEN-nCas9-AAG(El25Q)-NLS - cat. alkyladenosine glycosylase: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKf 

EKIL TFRrPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKH 
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RDKPIREQAENIIHLFfLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSKGHLTRLGLEFFDQPAVPLARAFLGQVLVRRLPNGTELRGRI 

VETQAYLGPEDEAAHSRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGA 

CVLLRALEPLEGLETMRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQR 

DLAQDEAVWLERGPLEPSEPAVVAAARVGVGHAGEWARKPLRFYVRGSPWVSVVD 

RVAEQDTQASGGSPKKKRKV (SEQ ID NO: 21) 

ecTadA(Dl08G)-XTEN-nCas9-AAG(El25Q)-NLS - cat. alkyladenosine glycosylase: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARGAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKf 

EKIL TFRlPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEilEQISEFSKRVILADANLDKVLSAYNKH 
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RDKPIREQAENIIHLFfLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSKGHLTRLGLEFFDQPAVPLARAFLGQVLVRRLPNGTELRGRI 

VETQAYLGPEDEAAHSRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGA 

CVLLRALEPLEGLETMRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQR 

DLAQDEAVWLERGPLEPSEPAVVAAARVGVGHAGEWARKPLRFYVRGSPWVSVVD 

RVAEQDTQASGGSPKKKRKV (SEQ ID NO: 22) 

ecTadA(Dl08V)-XTEN-nCas9-AAG(El25Q)-NLS - cat. alkyladenosine glycosylase: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARVAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKf 

EKIL TFRlPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEilEQISEFSKRVILADANLDKVLSAYNKH 
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RDKPIREQAENIIHLFfLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSKGHLTRLGLEFFDQPAVPLARAFLGQVLVRRLPNGTELRGRI 

VETQAYLGPEDEAAHSRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGA 

CVLLRALEPLEGLETMRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQR 

DLAQDEAVWLERGPLEPSEPAVVAAARVGVGHAGEWARKPLRFYVRGSPWVSVVD 

RVAEQDTQASGGSPKKKRKV (SEQ ID NO: 23) 

ecTadA(Dl08N)-XTEN-nCas9-EndoV(D35A)-NLS: contains cat. endonuclease V: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKf 

EKIL TFRlPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEilEQISEFSKRVILADANLDKVLSAYNKH 
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RDKPIREQAENIIHLFfLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSDLASLRAQQIELASSVIREDRLDKDPPDLIAGAAVGFEQGGEV 

TRAAMVLLKYPSLELVEYKVARIATTMPYIPGFLSFREYPALLAA WEMLSQKPDLVF 

VDGHGISHPRRLGVASHFGLLVDVPTIGVAKKRLCGKFEPLSSEPGALAPLMDKGEQ 

LA WVWRSKARCNPLFIATGHRVSVDSALA WVQRCMKGYRLPEPTRWADA VASERPA 

FVRYTANQPSGGSPKKKRKV (SEQ ID NO: 24) 

ecTadA(Dl08G)-XTEN-nCas9-EndoV (D35A)-NLS: contains cat. endonuclease V: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARGAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKf 

EKIL TFRlPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEilEQISEFSKRVILADANLDKVLSAYNKH 
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RDKPIREQAENIIHLFfLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSDLASLRAQQIELASSVIREDRLDKDPPDLIAGAAVGFEQGGEV 

TRAAMVLLKYPSLELVEYKVARIATTMPYIPGFLSFREYPALLAA WEMLSQKPDLVF 

VDGHGISHPRRLGVASHFGLLVDVPTIGVAKKRLCGKFEPLSSEPGALAPLMDKGEQ 

LA WVWRSKARCNPLFIATGHRVSVDSALA WVQRCMKGYRLPEPTRWADA VASERPA 

FVRYTANQPSGGSPKKKRKV (SEQ ID NO: 25) 

ecTadA(Dl08V)-XTEN-nCas9-EndoV(D35A)-NLS: contains cat. endonuclease V: 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARVAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKf 

EKIL TFRlPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKH 
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RDKPIREQAENIIHLFfLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDSGGSDLASLRAQQIELASSVIREDRLDKDPPDLIAGAAVGFEQGGEV 

TRAAMVLLKYPSLELVEYKVARIATTMPYIPGFLSFREYPALLAA WEMLSQKPDLVF 

VDGHGISHPRRLGVASHFGLLVDVPTIGVAKKRLCGKFEPLSSEPGALAPLMDKGEQ 

LA WVWRSKARCNPLFIATGHRVSVDSALA WVQRCMKGYRLPEPTRWADA VASERPA 

FVRYTANQPSGGSPKKKRKV (SEQ ID NO: 26) 

Vru.iant resulting from first round of evolution (in bacteria) ecTadA(H8Y_D108N_N127S)­

XTEN-dCas9: 

MSEVEFSYEYWMRHALTLAKRAWDEREVPVGAVLVHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGM~HRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VJTDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGETAEATRLKRTARRR YTRRKNRICYLQElFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQfflLGELHAILRRQEDFYPFLKDNREKI 

EKJLTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFN ASLGTYHDLLKIIKDKDFLDNEEN 

EDJLEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSP AIKKGJLQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDA 

IVPQSFLKDDSIDNKVL TRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQJLDSRMNTKYDENDKLIREV 

KVJTLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFYY 

GDYKVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 
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SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQ~EFSKRVILADANLDKVLSAYNKH 

RDKPIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGD (SEQ ID NO: 27) 

Enriched vaiiants from second round of evolution (in bacteria) ecTadA 

(H8Y_Dl08N_Nl27S_E155X)-XTEN-dCas9; X=D, G or V: 

MSEVEFSYEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGM§.HRVEITEGILADECAALLSDFFRMRRQXIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGWA VITDEYKVPSKKFKV 

LGNTDRHSIKKNLJGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTJYHLRKKL VDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRY 

DEHHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNEL TKVKYVTEGMRKPAFLSGEQKKAIVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVL TL TLFEDREMIEERLKTY AHLFDD KVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTlLDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSP AIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDA 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFA TVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VY AKVEKGKSKKLKSVKELLGITlM.ERSSFEKNPIDFL 

EAKGYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKH 

RDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGD (SEQ ID NO: 28) 
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ecTadA *-XTEN-nCas9-GGS-DNA repair inhibitor-GGS-NLS (Inhibitor= UGI, 
AAG*E125Q or Endo V*D35A) 

pNMG-160: ecTadA(D108N)-XTEN-nCas9-GGS-AAG*(E12SQ)-GGS-NLS 

MSEVEFSHEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VJTDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGET AEA TRLKR T ARRR YTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR Y 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 

MDGTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLL YEYFTVYNELTKVKYYTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSP AIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKYL TRSDKNRGKSDNYPSEEVVKKMKNYWRQLLN AKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVITLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVY 

GDYKVYDVRKMIAKSEQEIG KAT AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQ~EFSKRVILADANLDKVLSAYNKH 

RDKPIREQAENITHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 

TRIDLSQLGGDGGSKGHLTRLGLEFFDQPAVPLARAFLGQVLVRRLPNGTELRGRJV 
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ETQAYLGPEDEAAHSRGGRQTPRNRGMFMKPGTLYVYIIYGMYFCMNISSQGDGAC 

VLLRALEPLEGLETMRQLRSTLRKGTASRVLKDRELCSGPSKLCQALAINKSFDQRD 

LAQDEAVWLERGPLEPSEPAVVAAARVGVGHAGEWARKPLRFYVRGSPWVSVVDR 

VAEQDTQAGGSPKKKRKV (SEQ ID NO: 387) 

pNMG-161: ecTadA(D108N)-XTEN-nCas9-GGS-Endo V*(D35A)-GGS-NLS 

MSEVEFSHEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARNAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGSETPGTSESATPESDKKYSIGLAIGTNSVGW A VJTDEYKVPSKKFKV 

LGNTDRHSIKKNLIGALLFDSGET AEA TRLKR T ARRR YTRRKNRICYLQEIFSNEMAK 

VDDSFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKAD 

LRLIYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDA 

KAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLS 

KDTYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKR Y 

DEHHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEK 

MDGTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKI 

EKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNF 

DKNLPNEKVLPKHSLLYEYFTVYNELTKVKYYTEGMRKPAFLSGEQKKAfVDLLFK 

TNRKVTVKQLKEDYFKKIECFDSYEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEEN 

EDILEDIVL TLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGI 

RDKQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANL 

AGSP AIKKGILQTVKVYDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKR 

IEEGIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDH 

IVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRK 

FDNLTKAERGGLSELDKAGFIKRQLYETRQITKHV AQILDSRMNTKYDENDKLIREV 

KVJTLKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VYGTALIKKYPKLESEFYY 

GDYKVYDVRKMIAKSEQEIG KAT AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGE 

TGEIVWDKGRDFA TVRKYLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKD 

WDPKKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFL 

EAKGYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLA 

SHYEKLKGSPEDNEQKQLFVEQHKHYLDEIIEQ~EFSKRVILADANLDKVLSAYNKH 

RDKPIREQAENilHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYE 
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TRIDLSQLGGDGGSDLASLRAQQIELASSVIREDRLDKDPPDLIAGAA VGFEQGGEVT 

RAAMVLLKYPSLELVEYKVARIATTMPYIPGFLSFREYPALLAA WEMLSQKPDLVFV 

DGHGISHPRRLGVASHFGLLVDVPTIGVAKKRLCGKFEPLSSEPGALAPLMDKGEQL 

A WVWRSKARCNPLFIATGHRVSVDSALA WVQRCMKGYRLPEPTRWADA VASERPA 

FVRYTANQPGGSPKKKRKV (SEQ ID NO: 388) 

pNMG-371: ecTadA(L84F _A106V _D108N_H123Y _D147Y _E155V _1156F)-SGGS­

SGGS -XTEN-SGGS-SGGS-

ecTadA(L84F _A106V _D108N_H123Y _D147Y _E155V _1156F)-SGGS-SGGS -XTEN­

SGGS-SGGS-nCas9-SGGS- NLS 

SEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHD 

PTAHAEIMALRQGGL VMQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGV 

RNAKTGAAGSLMDVLHYPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQ 

KKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALTL 

AKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRHDPTAHAEIMALRQGGLVM 

QNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHY 

PGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTDSGGSSGGSSGS 

ETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNT 

DRHSIKKNLIGALLFDSGET AEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDS 

FFHRLEESFLVEEDKKHERHPIFGNIVDEVA YHEKYPTIYHLRKKLVDSTDKADLRLI 

YLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAIL 

SARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDT 

YDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEH 

HQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDG 

TEELL VKLNREDLLRKQRTFDN GSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKIL 

TFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKN 

LPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKP AFLSGEQKKAIVDLLFKTNRK 

VTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKJIKDKDFLDNEENEDILE 

DIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRR YTGWGRLSRKLINGJRDKQ 

SGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPA 

IKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIK 

ELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSF 
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LKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTK 

AERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKS 

KLVSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVYGDYKVY 

DVRKMlAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLlETNGETGEIVWD 

KGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKY 

GGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKE 

VKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLK 

GSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIRE 

QAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQ 

LGGDSGGSPKKKRKV (SEQ ID NO: 440) 

pNMG-616 amino acid sequence: ecTadAcwitd type)-(SGGS)2-XTEN-(SGGS)2-

ecTadA(W23L_H36L_P48A_RSIL_L84F_Al06V _Dl08N_Hl23Y_Sl46C_Dl47Y_R152P _E155V _ll56F _Kl57N)-

(SGGS)2-XTEN-(SGGS)2 nCas9 SGGS_NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRALDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPT AHAEIMALRQGGL V 

MQNYRLIDATL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECAALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW AVITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLlAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LT.FRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFN ASLGTYHDLLKIIKD KDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHlANLAG 
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SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHNP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVIT 

LKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIA KSEQEIGKA T AKYFFYSNJMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNNKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIJEQISEFSKRVILADANLDKVLSA YNKHRDK 

PIREQAENIIHLFTL TNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 691) 

pNMG-624 amino acid sequence: ecTadA(wild type)-32 a.a. linker­

ecTadA(W23R_H36L_P48A_RS1L_LS4F_A106V _Dl08N_Hl23Y_S146C_Dl47Y_R152P _ElSSV _1156F _Kl57N)-2 4 a. a. 

linker nCas9 SGGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALTL 

AKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGLVM 

QNYRLIDATLYVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHY 

PGMNHRVEITEGILADECAALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSSGS 

EI'PGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNL 

IGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESF 

LVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMI 

KFRGHFLJEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSR 

RLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDN 

LLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLL 

KALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKL 

NREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV 

GPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFJERMTNFDKNLPNEKVLP 

KHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK 

EDYFKKJECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTL 
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FEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDF 

LKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQT 

VKVVDELVKVMGRHKPENIYIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILK 

EHPVENTQLQNEKL YL YYLQNGRDMYYDQELDINRLSDYDVDHIVPQSFLKDDSID 

NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRKFDNLTKAERGGL 

SELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL YSDF 

RKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKM 

IAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF 

ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSP 

TV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI 

IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDN 

EQKQLFYEQHKHYLDEIIEQISEFSKRVILADANLDKYLSA YNKHRDKPIREQAENilH 

LFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSG 

GSPKKKRKV (SEQ ID NO: 692) 

pNMG-476 amino acid sequence (evolution #3 hetero dimer, wt TadA + TadA evo #3 

mutations): ecTadAcwnd-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadAcLs4F_A106v_ot0sN_tt123v_o141v_E1ssv_us6Fr(SGGS)2-XTEN-

(SGGS)2 nCas9 SGGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRA WDEREVPVGA VLVHNNRVIGEGWNRPIGRHDPTAHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAA GSLMDVLH 

YPGMNHRVEITEGILADECAALLSYFFRMRRQVFKAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW AVITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGET AEA TRLKRT ARRR YTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFLVEEDKKHERHPIFGNIYDEV A YHEKYPTIYHLRKKLVDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDYDKLFIQLVQTYNQLFEENPINASGVDAKAl 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 
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LTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDl 

LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGF ANRNFMQLIHDDS LTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHNP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIA KSEQEIGKA T AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLilKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEilEQISEFSKRVILADANLDKVLSA YNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKR YTSTKEVLDATLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 693) 

pNMG-477 amino acid sequence: ecTadAcwHd-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadAcH36L_RstL_L84F_AI06V _D108N_H123Y _Sl46C_Dl47Y _El55V _1156F _Kl57N)-(SGGS)2-XTEN­

(SGGS)2 nCas9 SGGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRA WDEREVPVGA VL VLNNRVIGEGWNRPIGLHDPT AHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECAALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGET AEATRLKRTARRR YTRRKNRICYLQElFSNEMAKVDD 

SFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQL VQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLlAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 
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HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRJPYYVGPLARGNSRF A WMTRKSEETITPWNFEEVVDKGASAQSFlERMTNFD K 

NLPNEKVLPKHSLL YEY.FTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIJKDKDFLDNEENEDI 

LED NL TL TLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGLRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SP AIKKGILQTVKVVDELVKVMGRHKPENNIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHNP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLTREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIA KSEQEIGKAT AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEJ 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLTARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDK 

PIREQAENIIHLFTLTNLGAP AAFKYFDTTIDRKR YTSTKEVLDATLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 694) 

pNMG-558 amino acid sequence: ecTadAcwild-type)- 32 a.a. linker­

ecTadA(H36L_R51L_L84F_AI06V _Dl08N_Hl23Y_Sl46C_Dl47Y_El55V _Il56F _Kl571'1)- 24 a. a. 

linker nCas9 SGGS NLS 

MSEVEFSHEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALTL 

AKRA WDEREVPVGA VL VLNNRVIGEGWNRPIGLHDPTAHAEIMALRQGGL VM 

QNYRLIDATL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHY 

PGMNHRVEITEGILADECAALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSSGS 

ETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNL 

IGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESF 

LVEEDKKHERHPIFGNNDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMI 

KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSR 
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RLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDN 

LLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLL 

KALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKL 

NREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV 

GPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLP 

KHSLLYEYFTVYNELTKVKYYTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK 

EDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTL 

FEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDF 

LKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQT 

VKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILK 

EHPVENTQLQNEKL YL YYLQNGRDMYYDQELDINRLSDYDVDHIVPQSFLKDDSID 

NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGL 

SELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL YSDF 

RKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFYYGDYKVYDVRKM 

IAKSEQEIGKA T AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF 

ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSP 

TV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI 

IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHYEKLKGSPEDN 

EQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIH 

LFTL TNLGAPAAFKYFDTTIDRKR YTSTKEYLDA TLIHQSITGL YETRIDLSQLGGDSG 

GSPKKKRKV (SEQ ID NO: 695) 

pNMG-576 amino acid sequence: ecTadAcwud-typer (SGGS)2-XTEN-(SGGS)2-

ecTadAca36L_P48S_RstL_LS4F_Al06V _010sN_HI23Y_st46C_D141Y _E1ssv _us6F _Kis1Nr ( S GGS )2-XTEN­

(SGGS)2 nCas9_GGS NLS 

MSEVEFSHEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRA WDEREVPVGA VLVLNNRVIGEGWNRSIGLHDPTAHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECAALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGETAEATRLKRT ARRR YTRRKNRICYLQEIFSNEMAKVDD 
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SFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFN ASLGTYHDLLKIIKD KDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHIVP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTVA YSVLVVAKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLITKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKR YTSTKEVLDA TLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 696) 

pNMG-577 amino acid sequence: ecTadA(wild-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadA<H36L_P48S_Rst L_L84F _A rn6v _01osN_Hl23Y _S146C_Al 42N_Dl47Y _E1ssv ns6F _K1s1N)-(S GOS )2-

XTEN-(S GGS )2 nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRA WDEREVPVGA VLVLNNRVIGEGWNRSIGLHDPTAHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECNALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSS 
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GSETPGTSESATPESSGGSSGGSDKKYSIGLAJGTNSVGW A VITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGETAEATRLKRT ARRRYTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTD KADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPTNASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHODLTLLKALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMD 

GTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGT ALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESJLPKRNSDKLTARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 697) 

pNMG-586 amino acid sequence: ecTadAcwHd-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadAcH36L_P48A_RSl L_L84F _Al06V _Dl08N_Rl23Y _Sl46C_D147Y _ElSSV _1156F _Kl57N)-(SGGS )2-XTEN­

(SGGS )2 nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDATLYVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRA WDEREVPVGA VLVLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGL V 
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MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECAALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW AVITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFN ASLGTYHDLLKIIKD KDFLDNEENEDI 

LEDIVLTL TLFEDREMIEERLKTY AHLFDDKVMKQLKRRR YTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVIT 

LKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKA T AKYFFYS NIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLJARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDK 

PIREQAENIIHLFTLTNLGAP AAFKYFDTTIDRKR YTSTKEVLDA TLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 698) 

pNMG-588 amino acid sequence: ecTadAcwHd-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadA<H36L_P48A_R51L_LS4F_A106V _DIOSN_HU3Y_s146C_AI42N_Dl47Y_E1ssv _us6F _K1s1Nr( S GGS )2-

XTEN-(SGGS)2 nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 
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QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRA WDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPT AHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIBSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEJTEGILADECNALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGN 

TDRHSIKKNLIG ALLFDSGET AEATRLKRT ARRR YTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMD 

GTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKJEKI 

LTFR1PYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SP AIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRJEE 

GIKELGSQILKEHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHIVP 

QSFLKDDSIDNKVLTRSDKNRGKSDNYPSEEVVKKMKNYWRQLLNAKLJTQRKFDN 

LTKAERGGLSELDKAGFIKRQL VETRQITKHV AQILDSRMNTKYDENDKLIREVKVIT 

LKSKLVSDFRKDFQFYKVREINNYHHAHDAYLNAVVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVL VV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFS KR VILADANLD KVLSA YNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKR YTSTKEVLDA TLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 699) 

pNMG-620 amino acid sequence: ecTadA(wild-typer(SGGS)2-XTEN-(SGGS)2-

ecTadAcw23R_H36L_P48A_RslL_L84F_A106v _01osN_H123Y_s146C_Dl47Y_R1s2P_E1ssv _1156F _Kl57N)­

(SGGS)2-XI'.EN-( S GGS)2 nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVJGEGWNRPIGRH 
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DPTAHAEIMALRQGGLVMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRARDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIBSRIGRVVFG VRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECAALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMJKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAJKKGILQTVKVYDELVKVMGRHKPENIYJEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPYENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHIYP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTJDRKRYTSTKEVLDATLIHQSJ.TGLYETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 700) 

pNMG-617 amino acid sequence: ecTadA(wild-type)-(SGGS )2-XTEN-(SGGS )2-

ecTadA(w23L_H36L_P48A_RstL_L84F_A106v_o1osN_m23v_A142A_S146C..D147Y_E1ssv_ns6F _K157Nr 
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(SGGS)2-XTEN-(SGGS)2 nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDATL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHAL T 

LAKRALDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGLV 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAA GSLMDVLH 

YPGMNHRVEITEGILADECNALLCYFFRMRRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFLVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAl 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELL VKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRIPYYVGPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLJNGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAIKKGILQTVKVVDEL VKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNA VVGT ALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKAT A KYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLUKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 701) 
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pNMG-618 amino acid sequence: ecTadA(wild-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadA (W23L_H36L_P48A_R51L_L84F_A106V _D108N_Hl23Y_Al42A_Sl46C_Dl47Y _Rl52P _E155V _Il56F _K157N) 

-(SGGS)2-XTEN-(SGGS)2 nCas9 GOS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRALDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPT AHAEIMALRQGGL V 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFG VRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECNALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGWAVITDEYKVPSKKFKVLGN 

TDRHSIKKNLIGALLFDSGET AEA TRLKRTARRR YTRRKNRICYLQEIFSNEMAKVDD 

SFFHRLEESFL VEED KKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKI 

LTFRIPYYYGPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDK 

NLPNEKVLPKHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SPAIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHNP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKYDENDKLIREVKVIT 

LKSKLVSDFRKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIA KSEQEIGKA T AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKYLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASHY 

EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKR YTSTKEVLDATLIHQSITGL YETRI 
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DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 702) 

pNMG-620 amino acid sequence: ecTadAcwHd-type)-(SGGS)2-XTEN-(SGGS)2-

ecTadAcw23R_H36L_P48A_RSIL_LS4F_AI06V _D108N_H123Y_Sl46C_Dl47Y_Rl52P _E155V _1156F _Kl57N)-

(SGGS)2-XTEN-(SGGS)2 nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALT 

LAKRARDEREVPVGAVLVLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGLV 

MQNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLH 

YPGMNHRVEITEGILADECAALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSS 

GSETPGTSESATPESSGGSSGGSDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGN 

TDRHSIKKNLIG ALLFDSGET AEA TRLKRT ARRR YTRRKNRICYLQEIFSNEM AKVDD 

SFFHRLEESFL VEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRL 

IYLALAHMIKFRGHFLIEGDLNPDNSDVDKLFIQL VQTYNQLFEENPINASGVDAKAI 

LSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKD 

TYDDDLDNLLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDE 

HHQDLTLLKALVRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMD 

GTEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIBKJ 

LTFRJPYYVGPLARGNSRF A WMTRKSEETITPWNFEEVVDKGASAQSFIBRMTNFD K 

NLPNEKVLPKHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNR 

KVTVKQLKEDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDI 

LEDIVLTLTLFEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRD 

KQSGKTILDFLKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAG 

SP AIKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEE 

GIKELGSQILKEHPVENTQLQNEKL YLYYLQNGRDMYVDQELDINRLSDYDVDHIVP 

QSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDN 

LTKAERGGLSELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLlREVKVIT 

LKSKL VSDFRKDFQFYKVREINNYHHAHDA YLNAVVGTALIKKYPKLESEFVYGDY 

KVYDVRKMIAKSEQEIGKA TAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEI 

VWDKGRDFATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDP 

KKYGGFDSPTV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAK 

GYKEVKKDLIIKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHY 
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EKLKGSPEDNEQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDK 

PIREQAENIIHLFTLTNLGAPAAFKYFDTTIDRKR YTSTKEVLDA TLIHQSITGL YETRI 

DLSQLGGDSGGSPKKKRKV (SEQ ID NO: 703) 

pNMG-621 amino acid sequence: ecTadA(wild-type)- 32 a.a. linker­

ecTadA(H36L_P48A_RSIL_L84F_A106V_DIOSN_Hl23Y_SI46C_Dl47Y_R1s2P_E1ssv _Il56F _Kl57N)- 24 a. a. 

linker nCas9 GGS N LS 

MSEVEFSHEYWMRHAL TLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGL VMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALTL 

AKRA WDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGL VM 

QNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHY 

PGMNHRVEITEGILADECAALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSSGS 

ETPGTSESATPESDKKYSIGLAIGTNSVGW A VITDEYKVPSKKFKVLGNTDRHSIKKNL 

IGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESF 

LVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMI 

KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSR 

RLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDN 

LLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLL 

KALVRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKL 

NREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV 

GPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLP 

KHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK 

EDYFKKIECFDSVEISGVEDRFN ASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTL 

FEDREMIEERLKTYAHLFDDKVMKQLKRRRYTGWGRLSRKLINGIRDKQSGKTILDF 

LKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHlANLAGSPAIKKGILQT 

VKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILK 

EHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSID 

NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRKFDNLTKAERGGL 

SELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDF 

RKDFQFYKVREINNYHHAHDA YLNA VVGT ALIKKYPKLESEFVYGDYKVYDVRKM 

IAKSEQEIGKA T AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF 

ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSP 
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TV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI 

IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDN 

EQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSAYNKHRDKPIREQAENilH 

LFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSG 

GSPKKKRKV (SEQ ID NO: 704) 

pNMG-622 amino acid sequence: ecTadAcwild-typer 32 a.a. linker­

ecTadA(H36L_P4SA_RS1L_LS4F_A106V _DIOSN_H123Y_A142N_S146C_Dl47Y_Ris2P _E1ssv _ns6F _Kl57~Y 24 a.a. 

linker nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALTL 

AKRA WDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPTAHAEIMALRQGGL VM 

QNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHY 

PGMNHRVEITEGILADECNALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSSGS 

ETPGTSESATPESDKKYSIGLAIGTNSVGW AVITDEYKVPSKKFKVLGNTDRHSIKKNL 

IGALLFDSGETAEATRLKRTARRRYTRRKNRICYLQEIFSNEMAKVDDSFFHRLEESF 

LVEEDKKHERHPIFGNIVDEY A YHEKYPTIYHLRKKL VDSTDKADLRLIYLALAHMI 

KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPJNASGVDAKAILSARLSKSR 

RLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDN 

LLAQIGDQY ADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLL 

KAL VRQQLPEKYKEIFFDQSKNGYAGYIDGGASQEEFYKFIKPILEKMDGTEELLVKL 

NREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYY 

GPLARGNSRFA WMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLP 

KHSLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK 

EDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIYLTLTL 

FEDREMIEERLKTY AHLFDDKVMKQLKRRR YTGWGRLSRKLINGIRDKQSGKTILDF 

LKSDGFANRNFMQLIHDDSLTFKEDIQKAQYSGQGDSLHEHIANLAGSPAIKKGILQT 

VKVVDEL VKYMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILK 

EHPVENTQLQNEKL YL YYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSID 

NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLN AKLITQRKFDNLTKAERGGL 

SELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKL VSDF 

RKDFQFYKVREINNYHHAHDA YLNA VVGT ALIKKYPKLESEFVYGDYKVYDVRKM 
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IAKSEQEIGKA T AKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF 

ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSP 

TVA YSVLVV AKVEKGKSKKLKSVKELLGITJMERSSFEKNPIDFLEAKGYKEVKKDLI 

IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDN 

EQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIIH 

LFTLTNLGAPAAFKYFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSG 

GSPKKKRKV (SEQ ID NO: 705) 

pNMG-623 amino acid sequence: ecTadA(wild-typeJ- 32 a.a. Linker­

ecTadA(w23L_H36L_P48A_RSlL_L84F_A106V _Dl.08N_Hl23V _8146C_D147Y_R152P _EJSSV _HS6F _K157Nr 24 a. a. 

linker nCas9 GGS NLS 

MSEVEFSHEYWMRHALTLAKRA WDEREVPVGA VL VHNNRVIGEGWNRPIGRH 

DPTAHAEIMALRQGGLVMQNYRLIDA TL YVTLEPCVMCAGAMIHSRIGRVVFG 

ARDAKTGAAGSLMDVLHHPGMNHRVEITEGILADECAALLSDFFRMRRQEIKA 

QKKAQSSTDSGGSSGGSSGSETPGTSESATPESSGGSSGGSSEVEFSHEYWMRHALTL 

AKRALDEREVPVGA VL VLNNRVIGEGWNRAIGLHDPT AHAEIMALRQGGL VM 

QNYRLIDA TL YVTFEPCVMCAGAMIHSRIGRVVFGVRNAKTGAAGSLMDVLHY 

PGMNHRVEITEGILADECAALLCYFFRMPRQVFNAQKKAQSSTDSGGSSGGSSGS 

ETPGTSESATPESDKKYSIGLA IGTNSVGW A VITDEYKVPSKKFKVLGNTDRHS IKKNL 

IGALLFDSGETAEATRLKRTARRR YTRRKNRTCYLQEIFSNEMAKVDDSFFHRLEESF 

LVEEDKKHERHPIFGNIVDEV A YHEKYPTIYHLRKKLVDSTDKADLRLIYLALAHMI 

KFRGHFLIEGDLNPDNSDVDKLFIQLVQTYNQLFEENPlNASGVDAKAILSARLSKSR 

RLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTYDDDLDN 

LLAQIGDQYADLFLAAKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHQDLTLL 

KAL VRQQLPEKYKEIFFDQSKNGY AGYIDGGASQEEFYKFIKPILEKMDGTEELLVKL 

NREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFLKDNREKIEKILTFRIPYYV 

GPLARGNSRFAWMTRKSEETITPWNFEEVVDKGASAQSFIERMTNFDKNLPNEKVLP 

KHSLL YEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKAIVDLLFKTNRKVTVKQLK 

EDYFKKIECFDSVEISGVEDRFNASLGTYHDLLKIIKDKDFLDNEENEDILEDIVLTLTL 

FEDREMIEERLKTY AHLFDDKVMKQLKRRRYTGWGRLSRKLINGJRDKQSGKTILDF 

LKSDGFANRNFMQLIHDDSLTFKEDIQKAQVSGQGDSLHEHIANLAGSPAIKKGILQT 

VKVVDELVKVMGRHKPENIVIEMARENQTTQKGQKNSRERMKRIEEGIKELGSQILK 

EHPVENTQLQNEKLYLYYLQNGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSID 

NKVLTRSDKNRGKSDNVPSEEVVKKMKNYWRQLLNAKLITQRKFDNLTKAERGGL 
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SELDKAGFIKRQLVETRQITKHV AQILDSRMNTKYDENDKLIREVKVITLKSKLVSDF 

RKDFQFYKVREINNYHHAHDA YLNA VVGTALIKKYPKLESEFVYGDYKVYDVRKM 

IAKSEQEIGKATAKYFFYSNIMNFFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDF 

ATVRKVLSMPQVNIVKKTEVQTGGFSKESILPKRNSDKLIARKKDWDPKKYGGFDSP 

TV A YSVLVV AKVEKGKSKKLKSVKELLGITIMERSSFEKNPIDFLEAKGYKEVKKDLI 

IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFL YLASHYEKLKGSPEDN 

EQKQLFVEQHKHYLDEIIEQISEFSKRVILADANLDKVLSA YNKHRDKPIREQAENIJH 

LFfLTNLGAP AAFKYFDTTIDRKR YTSTKEVLDATLIHQSITGLYETRIDLSQLGGDSG 

GSPKKKRKV (SEQ ID NO: 706) 

[00344] In some embodiments, the fusion protein comprises an amino acid sequence 

that is at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at 

least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least 

99.5% identical to any one of the amino acid sequences set forth in any one of SEQ ID NOs: 

11-28, 387, 388, 440, 691-706, or to any of the fusion proteins provided herein. In some 

embodiments, the fusion protein comprises an amino acid sequence that has 1, 2, 3, 4, 5, 6, 7, 

8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 21, 24, 25, 26, 27, 28, 29, 30, 31, 32, 

33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, or more mutations 

compared to any one of the amino acid sequences set forth in SEQ ID NOs: 11-28, 387, 388, 

440, 691-706, or any of the fusion proteins provided herein. In some embodiments, the 

fusion protein compiises an amino acid sequence that has at least 5, at least 10, at least 15, at 

least 20, at least 25, at least 30, at least 35, at least 40, at least 45, at least 50, at least 60, at 

least 70, at least 80, at least 90, at least 100, at least 110, at least 120, at least 130, at least 

140, at least 150, at least 160, at least 170, at least 200, at least 300, at least 400, at least 500, 

at least 600, at least 700, at least 800, at least 900, at least 1000, at least 1100, at least 1200, at 

least 1300, at least 1400, at least 1500, at least 1600, at least 1700, at least 1750, or at least 

1800 identical contiguous amino acid residues as compared to any one of the amino acid 

sequences set forth in SEQ ID NOs: 11-28, 387, 388, 440, 691-706, or any of the fusion 

proteins provided herein. 

Nucleic acid programmable DNA binding protein (napDNAbp) complexes with guide nucleic 

acids 

[00345] Some aspects of this disclosure provide complexes comp1ising any of the 

fusion proteins provided herein, and a guide nucleic acid bound to napDNAbp of the fusion 
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protein. Some aspects of this disclosure provide complexes comprising any of lhe fusion 

proteins provided herein, and a guide RNA bound to a Cas9 domain (e.g., a dCas9, a nuclease 

active Cas9, or a Cas9 nickase) of fusion protein. 

[00346] In some embodiments, the guide nucleic acid (e.g., guide RNA) is from 15-

100 nucleotides long and comprises a sequence of at least 10 contiguous nucleotides that is 

complementary to a target sequence. In some embodiments, the guide RNA is 15, 16, 17, 18, 

19, 20,21, 22,23, 24,25, 26, 27, 28,29,30,31, 32,33,34,35,36,37, 38,39, 40, 41, 42, 43, 

44, 45, 46, 47, 48, 49, or 50 nucleotides long. In some embodiments, the guide RNA 

comp1ises a sequence of 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 

33, 34, 35, 36, 37, 38, 39, or 40 contiguous nucleotides that is complementary to a target 

sequence. ln some embodiments, the target sequence is a ON A sequence. In some 

embodiments, the target sequence is an RNA sequence. In some embodiments, the target 

sequence is a sequence in the genome of a mammal. ln some embodiments, the target 

sequence is a sequence in the genome of a human. In some embodiments, the 3' end of the 

target sequence is immediately adjacent to a canonical PAM sequence (NGG). In some 

embodiments, the guide nucleic acid (e.g., guide RNA) is complementary to a sequence 

associated with a disease or disorder. In some embodiments, the guide nucleic acid (e.g., 

guide RNA) is complementary to a sequence associated with a disease or disorder having a 

mutation in a gene selected from the genes disclosed in any one of Tables 1 and 2. 

Methods of using fusion proteins comprising an adenosine deaminase and a nucleic acid 

programmable DNA binding protein (napDNAbp) domain 

[003471 Some aspects of this disclosure provide methods of using the fusion proteins, 

or complexes comprising a guide nucleic acid (e.g., gRNA) and a nucleobase editor provided 

herein. For example, some aspects of this disclosure provide methods comp1ising contacting 

a DNA, or RNA molecule with any of the fusion proteins provided herein, and with at least 

one guide nucleic acid (e.g., guide RNA), wherein the guide nucleic acid, (e.g., guide RNA) 

is about 15-100 nucleotides long and comprises a sequence of at least 10 contiguous 

nucleotides that is complementary to a target sequence. In some embodiments, the 3' end of 

the target sequence is immediately adjacent to a canonical PAM sequence (NGG). In some 

embodiments, the 3' end of the target sequence is not immediately adjacent to a canonical 

PAM sequence (NGG). In some embodiments, the 3' end of the target sequence is 

immediately adjacent to an AGC, GAG, ITT, GTG, or CAA sequence. 

[00348] In some embodiments, the target DNA sequence comprises a sequence 
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associated with a disease or disorder. In some embodiments, the target DNA sequence 

comp1ises a point mutation associated with a disease or disorder. In some embodiments, the 

activity of the fusion protein (e.g., comprising an adenosine deaminase and a Cas9 domain), 

or the complex, results in a con-ection of the point mutation. In some embodiments, the 

target DNA sequence comprises a G~A point mutation associated with a disease or disorder, 

and wherein the deamination of the mutant A base results in a sequence that is not associated 

with a disease or disorder. In some embodiments, the target DNA sequence encodes a 

protein, and the point mutation is in a codon and results in a change in the amino acid 

encoded by the mutant codon as compared to the wild-type codon. In some embodiments, the 

deamination of the mutant A results in a change of the amino acid encoded by the mutant 

codon. In some embodiments, the deamination of the mutant A results in the codon encoding 

the wild-type amino acid. In some embodiments, the contacting is in vivo in a subject. In 

some embodiments, the subject has or has been diagnosed with a disease or disorder. ln some 

embodiments, the disease or disorder is phenylketonuria, von Willebrand disease (vWD), a 

neoplastic disease associated with a mutant PTEN or BRCAl, or Li-Fraumeni syndrome. A 

list of exemplary diseases and disorders that may be tTeated using the nucleobase editors 

provided herein is shown in Table 1. Table 1 includes the target gene, the mutation to be 

coITected, the related disease and the nucleotide sequence of the associated protospacer and 

PAM. 

Table 1 - List of exemplary diseases that may be treated using the nucleobase editors 
provided herein. The A to be edited in the protospacer is indicated by underlining and the 
PAM is indicated in bold. 

TargetGi:nro 

PTEN 

PITN 

T?53 

BRCAl 

BRCAl 

PAH 

\!\VF 

VW'F 

TP53 

[00349] 

ATCCCell 
)fotatfoo Line 

Cy;136Tyr HTB-!2S 

;\r2233Ter HIB-11 

Giu25SLys HTB-65 

Gly1738Arg NA 

40£1'7.JG>A NA 

Thr3SOMet NA 

Ser12&:5Phe NA 

A!"g.2S3ST~r NA 

AE;;:l?5lli~ HCC1395 

Disease 

Cance- Pre<iispoiition 

Pbenylketonuria 
vc,11 \Vil1eb1and 
~'Hemophilia) 

vo::. \:\'illebrand 
CH ernophilisi 

Prot•.Mpace1· and PAM 

TATATGCATATITAITACATCGG (SEQ ID NO. SS) 

CCGTCATGTGGGTCCTGA'\ TIGG (SEQ lD NO: 86) 

ACACTGAAAGAGTCCAGGTCAGG {SEQ ID NO: 87) 

GTCAGAAGAGATGTGGTCAATGG (SEO ID NO: 88) 

TITAA.~GTGAAGCAGCAICTGGG (SEQ ID NO: 89); 
ATITAA~GTGAAGCAGCATCTGG (SEQ m NO: 91)) 

ACTCCATGACAGIGTAA'ITITGG (SEQ ID NO: 91} 

GCCTGOAGAAGCCATCCAOCAGG {SEQ TD NO: 92) 

C'ICAGACACACTCAITGATGAGG (SEQ ID NO: 93,\ 

GAGGCACTGCCCCCACCATGA GCG (SEO ID NO: 94) 

Some embodiments provide methods for using the DNA editing fusion 

proteins provided herein. In some embodiments, the fusion prolein is used to introduce a 
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point mutation into a nucleic acid by deaminating a target nucleobase, e.g., an A residue. In 

some embodiments. the deamination of the target nucleobase results in the coITection of a 

genetic defect, e.g., in the c01rnction of a point mutation that leads to a loss of function in a 

gene product. In some embodiments, the genetic defect is associated with a disease or 

disorder, e.g., a lysosomal storage disorder or a metabolic disease, such as, for example, type 

I diabetes. In some embodiments, the methods provided herein are used to introduce a 

deactivating poinl mutation into a gene or allele that encodes a gene product that is associated 

with a disease or disorder. For example, in some embodiments, methods are provided herein 

that employ a DNA editing fusion protein to introduce a deactivating point mutation into an 

oncogene (e.g., in the treatment of a proliferative disease). A deactivating mutation may, in 

some embodiments, generate a premature stop codon in a coding sequence, which results in 

the expression of a truncated gene product, e.g., a truncated protein lacking the function of 

the full-length protein. 

[00350] In some embodiments, the purpose of the methods provided herein is to 

restore the function of a dysfunctional gene via genome editing. The nucleobase editing 

proteins provided herein can be validated for gene editing-based human therapeutics in vitro, 

e.g., by correcting a disease-associated mutation in human cell culture. It will be understood 

by the skilled artisan that the nucleobase editing proteins provided herein, e.g., the fusion 

proteins comprising a nucleic acid programmable DNA binding protein (e.g., Cas9) and an 

adenosine deaminase domain can be used to con-ect any single point G to A or C to T 

mutation. In the firs t case, deamination of the mutant A to I cotTects the mutation , and in the 

latter case, deamination of the A that is base-paired with the mutant T, followed by a round of 

replication, corrects the mutation. Exemplary point mutations that can be coITected are listed 

in Tables 1 and 2. 

[003511 The successful coITection of point mutations in disease-associated genes and 

alleles opens up new strategies for gene correction with applications in therapeutics and basic 

research. Site-specific single-base modification systems like the disclosed fusions of a 

nucleic acid programmable DNA binding protein and an adenosine deaminase domain also 

have applications in "reverse" gene therapy, where certain gene functions are purposely 

suppressed or abolished. In these cases, site-specifically mutating residues that lead to 

inactivating mutations in a protein, or mutations that inhibit function of the protein can be 

used to abolish or inhibit protein function in vitro, ex vivo, or in vivo. 

[00352] The instant disclosure provides methods for the treatment of a subject 

diagnosed with a disease associated with or caused by a point mutation that can be coITected 
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by a DNA editing fusion protein provided herein. For example, in some embodiments, a 

method is provided that comprises administe1ing to a subject having such a disease, e.g., a 

cancer associated with a point mutation as described above, an effective amount of an 

adenosine deaminase fusion protein that corrects the point mutation or introduces a 

deactivating mutation into a disease-associated gene. In some embodiments, the disease is a 

proliferative disease. In some embodiments, the disease is a genetic disease. In some 

embodiments, the disease is a neoplastic disease. In some embodiments, the disease is a 

metabolic disease. In some embodiments, the disease is a lysosomal storage disease. Other 

diseases that can be treated by correcting a point mutation or introducing a deactivating 

mutation into a disease-associated gene will be known to those of skill in the art, and the 

disclosure is not limited in this respect. 

[00353] The instant disclosure provides methods for the treatment of additional 

diseases or disorders, e.g., diseases or disorders that are associated or caused by a point 

mutation that can be corrected by deaminase-mediated gene editing. Some such diseases are 

desc1ibed herein, and additional suitable diseases that can be treated with the strategies and 

fusion proteins provided herein will be apparent to those of skill in the art based on the 

instant disclosure. Exemplary suitable diseases and disorders are listed below. It will be 

understood that the numbering of the specific positions or residues in the respective 

sequences depends on the particular protein and numbering scheme used. Numbering might 

be different, e.g., in precursors of a mature protein and the mature protein itself, and 

differences in sequences from species to species may affect numbering. One of skill in tl1e 

art will be able to identify the respective residue in any homologous protein and in the 

respective encoding nucleic acid by methods well known in the rut, e.g., by sequence 

alignment and dete1mination of homologous residues. Exemplai·y suitable diseases and 

disorders include, without limitation: 2-methyl-3-hydroxybutyiic aciduria; 3 beta­

Hydroxysteroid dehydrogenase deficiency; 3-Methylglutaconic acidmia; 3-0xo-5 alpha­

steroid delta 4-dehydrogenase deficiency; 46,XY sex reversal, type 1, 3, and 5; 5-

0xoprolinase deficiency; 6-pyruvoyl-tetrahydropterin synthase deficiency; Aarskog 

syndrome; Aase syndrome; Achondrogenesis type 2; Achromatopsia 2 and 7; Acquired long 

QT syndrome; Acrocallosal syndrome, Schinzel type; Acrocapitofemoral dysplasia; 

Acrodysostosis 2, with or without ho1mone resistance; Acroerythrokeratodenna; Acromic1ic 

dysplasia; Acth-independent macronodulai· adrenal hyperplasia 2; Activated PI3K-delta 

syndrome; Acute inte1mittent porphyria; deficiency of Acyl-CoA dehydrogenase fainily, 

member 9; Adains-Oliver syndrome 5 and 6; Adenine phosph01ibosyltransferase deficiency; 
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Adenylate kinase deficiency; hemolytic anemia due to Adenylosuccinate lyase deficiency; 

Adolescent nephronophthisis; Renal-hepatic-pancreatic dysplasia; Meckel syndrome type 7; 

Adrenoleukodystrophy; Adult junctionaJ epidermolysis bullosa; Epidermolysis bullosa, 

junctional, localisata variant; Adult neuronal ceroid lipofuscinosis; Adult neuronal ceroid 

lipofuscinosis; Adult onset ataxia with oculomotor apraxia; ADULT syndrome; 

Afibrinogenemia and congenital Afibrinogenemia; autosomal recessive 

Agammaglobulinemia 2; Age-related macula.r degeneration 3, 6, 11, and 12; Aicardi 

Goutieres syndromes 1, 4, and 5; Chilbain lupus l; Alagille syndromes 1 and 2; Alexander 

disease; Alkaptonuria; Allan-Herndon-Dudley syndrome; Alopecia universalis congenital; 

Alpers encephalopathy; Alpha-1-antitrypsin deficiency; autosomal dominant, autosomal 

recessive, and X-linked recessive Alpert syndromes; Alzheimer disease, familial, 3, with 

spastic paraparesis and apraxia; Alzheimer disease, types, 1, 3, and 4; hypocalcification type 

and hypomaturation type, IIAl Amelogenesis imperfecta; Aminoacylase l deficiency; Amish 

infantile epilepsy syndrome; Amyloidogenic transthyretin amyloidosis; Amyloid 

Ca.rdiomyopathy, Transthyretin-related; Cardiomyopathy; Amyotrophic lateral sclerosis types 

1, 6, 15 (with or without frontotemporal dementia), 22 (with or without f:rontotemporal 

dementia), and 10; Frontotemporal dementia with TDP43 inclusions, TARD BP-related; 

Andermann syndrome; Andersen Tawil syndrome; Congenital long QT syndrome; Anemia, 

nonspherocytic hemolytic, due to G6PD deficiency; Angelman syndrome; Severe neonatal­

onset encephalopathy with nticrocephaly; susceptibility to Autism, X-linked 3; Angiopathy, 

hereditary, with neph.ropathy, aneurysms, and muscle cramps; Angiotensin i-converting 

enzyme, benign serum increase; Aniridia, cerebellar ataxia, and mental retardation; 

Anonychia; Antithrombin III deficiency; Antley-Bixler syndrome with genital anomalies and 

disordered steroidogenesis; Aortic aneurysm, familial thoracic 4, 6, and 9; Thoracic aortic 

aneurysms and aortic dissections; Multisystemic smooth muscle dysfunction syndrome; 

Moyamoya disease 5; Aplastic anemia; Apparent mineralocorticoid excess; Arginase 

deficiency; Argininosuccinate lyase deficiency; Aromatase deficiency; AlThythmogenic right 

ventricular cardiomyopathy types 5, 8, and 10; Primary familial hypertrophic 

cardiomyopathy; A1th.rogryposis multiplex congenita, distal, X-linked; Arthrogryposis renal 

dysfunction choJestasis syndrome; A.rthrogryposis, renal dysfunction, and cholestasis 2; 

Asparagine synthetase deficiency; Abnmmality of neuronal migration; Ataxia with vitamin E 

deficiency; Ataxia, sensory, autosomal dominant; Ataxia-telangiectasia syndrome; Hereditary 

cancer-predisposing syndrome; Atransfeninemia; Atrial fib1illation, familial, 11, 12, 13, and 

16; Atiial septal defects 2, 4, and 7 (with or without atrioventricular conduction defects); 
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Atiial standstill 2; Atrioventiicula.r septal defect 4; Ati·ophia bulbo.rum hereditruia; ATR-X 

syndrome; Amiculocondylru· syndrome 2; Autoimmune disease, multisystem, infantile-onset; 

Autoimmune lymphoproliferative syndrome, type la; AutosomaJ dominant hypohidrotic 

ectode.rmaJ dysplasia; Autosomal dominant progressive external ophthaJmoplegia with 

mjtochond1ial DNA deletions 1 and 3; AutosomaJ dominant torsion dystonia 4; Autosomal 

recessive centronuclear myopathy; AutosomaJ recessive congenital ichthyosis 1, 2, 3, 4A, and 

4B; Autosomal recessive cutis laxa type IA and lB; Autosomal .recessive hypohidrotic 

ectodermal dysplasia syndrome; Ectode1maJ dysplasia llb; bypohidrotic/bair/tooth type, 

autosomal recessive; Autosomal .recessive hypophospbatemic bone disease; Axenfeld-Rieger 

syndrome type 3; Bainbridge-Ropers syndrome; Bannayan-Riley-Ruvalcaba syndrome; 

PTEN hamartoma tumor syndrome; Baraitser-Winter syndromes 1 and 2; Barakat syndrome; 

Bardet-BiedJ syndromes 1, 11, 16, and 19; Bare lymphocyte syndrome type 2, 

complementation group E; Bartter syndrome antenatal type 2; Brutter syndrome types 3, 3 

with hypocalcimia , and 4; Basal ganglia calcification, idiopathic, 4; Beaded hair; Benign 

familial hematuria; Benign familial neonatal seizures 1 and 2; Seizures, benign familial 

neonatal, 1, and/or myokymia; Seizures, Eru·ly infantile epileptic encephalopathy 7; Benign 

familial neonatal-infantile seizures; Benign hereditary chorea; Benign scapuloperoneal 

musculru· dystrophy with cru·diomyopathy; Berna.rd-Soulier syndrome, types Al and A2 

(autosomal dominant); Bestrophinopathy, autosomal recessive; beta Thalassemia; Bethlem 

myopathy and Bethlcm myopathy 2; Bietti crystalline comeoretinal dystrophy; Bile acid 

synthesis defect, congenital, 2; Biotinidase deficiency; Birk Bru·eJ mental retardation 

dysmorphism syndrome; Blepharophimosis, ptosis, and epicanthus inversus; Bloom 

syndrome; B01jeson-Fo.rssman-Lebmann syndrome; Boucher Neuhauser syndrome; 

B.rachydactyly types Al and A2; Brachydactyly with hypertension; Brain small vessel 

disease with hem01Thage; Branched-chain ketoacid dehydrogenase kinase deficiency; 

Branchiootic syndromes 2 and 3; Breast cancer, eru·ly-onset; Breast-ovru·ian cancer, familial 

1, 2, and 4; Brittle cornea syndrome 2; Brody myopathy; Bronchiectasis with or without 

elevated sweat chloride 3; Brown-Vialetto-V an laere syndrome and Brown-Vialetto-Van 

Laere syndrome 2; B.rugada syndrome; Brugada syndrome 1; Ventricular fibrillation; 

Pru·oxysmal familial ventricular fibrillation; B.rugada syndrome and Brugada syndrome 4; 

Long QT syndrome; Sudden cru·diac death; Bull eye maculru· dystrophy; Stru·gru·dt disease 4; 

Cone-rod dystrophy 12; Bullous ichthyosiform erythrodenna; Bum-Mckeown syndrome; 

Candidiasis, familial, 2, 5, 6, and 8; Cru·bohydrate-deficient glycoprotein syndrome type I and 

Il; Carbonic anhydrase VA deficiency, hyperammonemia due to; Cru·cinoma of colon; 
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Cardiac arrhythmia; Long QT syndrome, LQT 1 subtype; Cardioencephalom yopath y, fatal 

infantile, due to cytochrome c oxidase deficiency; Cardiofaciocutaneous syndrome; 

Cardiomyopathy; Danon disease; Hypertrophic cardiomyopathy; Left ventricular 

noncompaction cardiomyopathy; Carnevale syndrome; Carney complex, type l; Carnitine 

acylcarnitine translocase deficiency; Carnitine palmitoyltransferase I , II, II (late onset), and 

II (infantile) deficiency; Cataract 1, 4, autosomal dominant, autosomal dominant, multiple 

types, with microcornea, coppock-like, juvenile, with microcornea and glucosuria, and 

nuclear diffuse nonprogressive; Catecholaminergic polymorphic vent:Iicular tachycardia; 

Caudal regression syndrome; Cd8 deficiency, familial; Central core disease; Centrome1ic 

instability of chromosomes 1,9 and 16 and immunodeficiency; Cerebellar ataxia infantile 

with progressive external ophthalmoplegi and Cerebellar ataxia, mental retardation, and 

dysequilibrium syndrome 2; Cerebral amyloid angiopathy, APP-related; Cerebral autosomal 

dominant and recessive arteriopathy with subcortical infarcts and Jeukoencephalopathy; 

Cerebral cavernous malformations 2; Cerebrooculofacioskeletal syndrome 2; Cerebro-oculo­

facio-skeletal syndrome; Cerebroretinal microangiopathy with calcifications and cysts; 

Ceroid lipofuscinosis neuronal 2, 6, 7, and 10; Ch\xc3\xa9diak-Higashi syndrome, Chediak­

Higashi syndrome, adult type; Charcot-Maiie-Tooth disease types lB, 2B2, 2C, 2F, 21, 2U 

(axonal), lC (demyelinating), dominant inte1mediate C, recessive intermediate A, 2A2, 4C, 

4D, 4H, IF, IVF, and X; Scapuloperoneal spinal muscular atrophy; Distal spinal muscular 

atrophy, congenital nonprogressive; Spinal muscular atrophy, distal, autosomal recessive, 5; 

CHARGE association; Childhood hypophosphatasia; Adult hypophosphatasia; Cholecystitis; 

Progressive familial intra.hepatic cholestasis 3; Cholestasis, intra.hepatic, of pregnancy 3; 

Cholestanol storage disease; Cholesterol monooxygenase (side-chain cleaving) deficiency; 

Chondrodysplasia Blomstrand type; Chondrodysplasia punctata 1, X-linked recessive and 2 

X-linked dominant; CHOPS syndrome; Chronic granulomatous disease, autosomal recessive 

cytochrome b-positive, types 1 and 2; Chudley-McCullough syndrome; Ciliai·y dyskinesia, 

primary, 7, 11 , 15, 20 and 22; Citrullinemia type I; Citrullinemia type I and IT; Cleidocranial 

dysostosis; C-like syndrome; Cockayne syndrome type A,; Coenzyme QlO deficiency, 

primary 1, 4, and 7; Coffin Siris/Intellectual Disability; Coffin-Lowry syndrome; Cohen 

syndrome,; Cold-induced sweating syndrome 1; COLE-CARPENTER SYNDROME 2; 

Combined cellulai· and humoral immune defects with granulomas; Combined d-2- and 1-2-

hydroxyglutai·ic acidmia; Combined malonic and methylmalonic acidmia; Combined 

oxidative phosphorylation deficiencies 1, 3, 4, 12, 15, and 25; Combined partial and complete 

17-alpha-hydroxylase/17,20-lyase deficiency; Common vaiiable immunodeficiency 9; 
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Complement component 4, partial deficiency of, due to dysfunctional cl inhibitor; 

Complement factor B deficiency; Cone monochromatism; Cone-rod dystrophy 2 and 6; 

Cone-rod dystrophy amelogenesis imperfecta; Congenital adrenal hyperplasia and Congenital 

adrenal hypoplasia, X-linked; Congenital amegakaryocytic thrombocytopenia; Congenital 

aniridia; Congenital central hypoventilation; Hirschsprung disease 3; Congenital contractural 

arachnodactyly; Congenital contractw:es of the limbs and face, hypotonia, and developmental 

delay; Congenital disorder of glycosylation types lB, lD, lG, lH, lJ , lK, lN, IP, 2C, 21, 

2K, Ilm; Congenital dyserythropoietic anemia, type I and II; Congenital ectodennal dysplasia 

of face; Congenital erythropoietic porpby1ia; Congenital generalized lipodystropby type 2; 

Congenital heart disease, multiple types, 2; Congenital heart disease; Inte1rnpted aortic arch; 

Congenital lipomatous overgrowth, vascular malformations, and epide1mal nevi; Non-small 

cell lung cancer; Neoplasm of ovary; Cardiac conduction defect, nonspecific; Congenital 

microvillous atrophy; Congenital muscular dystrophy; Congenital muscular dystrophy due to 

pa1tial LAMA2 deficiency; Congenital muscular dystrophy-dystroglycanopathy with brain 

and eye anomalies, types A2, A7, A8, All, and A14; Congenital muscular dystrophy­

dystroglycanopathy with mental retardation, types B2, B3, B5, and B 15; Congenital 

muscular dystrnphy-dystroglycanopathy without mental retardation, type B5; Congenital 

muscular hypertrophy-cerebral syndrome; Congenital myasthenic syndrome, acetazolamide­

responsive; Congenital myopathy with fiber type disproportion; Congenital ocular coloboma; 

Congenital stationary night blindness, type lA, lB, lC, lE, IF, and 2A; Coproporphy1ia; 

Cornea plana 2; Corneal dystrophy, Fuchs endothelial, 4; Corneal endothelial dystrophy type 

2; Corneal fragility keratoglobus, blue sclerae and joint hypermobility; Cornelia de Lange 

syndromes 1 and 5; Coronary artery disease, autosomal dominant 2; Coronru·y herut disease; 

Hyperalphalipoproteinemia 2; Cortical dysplasia, complex, with other brain malformations 5 

and 6; Cortical malformations, occipital; Corticosteroid-binding globulin deficiency; 

Corticosterone methyloxidase type 2 deficiency; Costello syndrome; Cowden syndrome 1; 

Coxa plana; Craniodiaphyseal dysplasia, autosomal dominant; Craniosynostosis l and 4; 

Craniosynostosis and dental anomalies; Creatine deficiency, X-linked; Crouzon syndrome; 

Cryptophthalmos syndrome; Cryptorchidism, unilateral or bilateral; Cushing symphalangism; 

Cutaneous malignant melanoma 1; Cutis laxa with osteodystrophy and with severe 

pulmonru·y, gastrointestinal, and urinru·y abn01malities; Cyanosis, transient neonatal and 

atypical nephropathic; Cystic fibrosis; Cystinmia; Cytochrnme c oxidase i deficiency; 

Cytochrome-c oxidase deficiency ; D-2-hydroxyglutaric aciduria 2; Druier disease, 

segmental; Deafness with labyrinthine aplasia microtia and microdontia (LAMM); Deafness, 
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aulosomal dominant 3a, 4, 12, 13, 15, autosomal dominant nonsyndromic sensorineural 17, 

20, and 65; Deafness. autosomal recessive IA, 2, 3, 6, 8, 9, 12, 15, 16, 18b, 22, 28, 31, 44, 

49, 63, 77, 86, and 89; Deafness, cochlear, with myopia and intellectual impairment, without 

vestibular involvement, autosomal dominant, X-linked 2; Deficiency of 2-methylbutyryl-CoA 

dehydrogenase; Deficiency of 3-hydroxyacyl-CoA dehydrogenase; Deficiency of alpha­

mannosidase; Deficiency of aromatic-L-amino-acid decarboxylase; Deficiency of 

bisphosphoglycerate mutase; Deficiency of butyryl-CoA dehydrogenase; Deficiency of 

ferroxidase; Deficiency of galactokinase; Deficiency of guanidinoacetate melhyltransferase; 

Deficiency of hyaluronoglucosaminidase; Deficiency of iibose-5-phosphate isomerase; 

Deficiency of steroid 11-beta-monooxygenase; Deficiency of UDPglucose-hexose-1-

phosphate uridylylt.ransferase; Deficiency of xanthine oxidase; Dejerine-Sottas disease; 

Charcot-Marie-Tooth disease, types ID and IVF; Dejerine-Sottas syndrome, aut.osomal 

dominant; Dendritic cell, monocyte, B lymphocyte, and natural killer lymphocyte deficiency; 

Desbuquois dysplasia 2; Desbuquois syndrome; DFNA 2 Nonsyndromic Hearing Loss; 

Diabetes mellitus and insipidus with optic atrophy and deafness; Diabetes mellitus, type 2, 

and insulin-dependent, 20; Diamond-Blackfan anemia 1, 5, 8, and 10; DiarThea 3 (secretory 

sodium, congenital, syndromic) and 5 (with tufting enteropathy, congenital); Dicar·boxylic 

ar1linoacidu1ia; Diffuse palmoplantar keratoderma, Bothnian type; Digitorenocerebral 

syndrome; Dihydropteridine reductase deficiency; Dilated cardiomyopathy lA, !AA, lC, lG, 

lBB, l DD, lFF, l HH, 11, lKK, lN, IS, l Y, and 3B; Left ventticular noncompaction 3; 

Disordered steroidogenesis due to cytochrome p450 oxidoreductase deficiency; Distal 

arthrogryposis type 2B; Distal hereditary mot.or neuronopathy type 2B; Distal myopathy 

Markesbery-Griggs type; Distal spinal muscular· atrophy, X-linked 3; Distichiasis­

lymphedema syndrome; Dominant dystrophic epidermolysis bullosa with absence of skin; 

Dominant hereditary optic atrophy; Donnai Barrnw syndrome; Dopamine beta hydroxylase 

deficiency; Dopanline receptor d2, reduced brain density of; Dowling-degos disease 4; Doyne 

honeycomb retinal dystrophy; Malattia levent.inese; Duane syndrome type 2; Dubin-Johnson 

syndrome; Duchenne muscular dystrophy; Becker muscular dystrophy; Dysfibrinogenemia; 

Dyskeratosis congenita autosomal dominant and aut.osomal dominant, 3; Dyskerat.osis 

congenita, autosomal recessive, 1, 3, 4, and 5; Dyskeratosis congenita X-linked; Dyskinesia, 

farnilial, with facial myokymia; Dysplasminogenemia; Dystonia 2 (torsion, autosomal 

recessive), 3 (torsion, X-linked), 5 (Dopa-responsive type), 10, 12, 16, 25, 26 (Myoclonic); 

Seizures, benign familial infantile, 2; Early infantile epileptic encephalopathy 2, 4, 7, 9, 10, 

11, 13, and 14; Atypical Rett syndrome; Ear"ly T cell progenitor acute lymphoblastic 
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leukemia; Ectode1mal dysplasia skin fragility syndrome; Ectodermal dysplasia-syndactyly 

syndrome 1; Ectopia lentis, isolated autosomal recessive and dominant; Ectrodactyly, 

ectoderrnal dysplasia, and cleft lip/palate syndrome 3; Ehlers-Danlos syndrome type 7 

(autosomal recessive), classic type, type 2 (progeroid ), hydroxylysine-deficient, type 4, type 

4 variant, and due to tenascin-X deficiency; Eichsfeld type congenital muscular dystrophy; 

Endocrine-cerebroosteodysplasia; Enhanced s-cone syndrome; Enlarged vestibular aqueduct 

syndrome; Enterokinase deficiency; Epide1modysplasia ve1rnciformis; Epidennolysa bullosa 

simplex and limb girdle muscular dystrophy, simplex with mottled pigmentation, simplex 

with pyl01ic atresia, simplex, autosomal recessive, and with pyloric atresia; Epidermolytic 

palmoplantar keratoderma; Familial febrile seizures 8; Epilepsy, childhood absence 2, 12 

(idiopathic generalized, susceptibility to) 5 (nocturnal frontal lobe), nocturnal frontal lobe 

type 1, partial, with variable foci, progressive myoclonic 3, and X-linked, with vaiiable 

learning disabilities and behavior disorders; Epileptic encephalopathy, childhood-onset, early 

infantile, 1, 19, 23, 25, 30, and 32; Epiphyseal dysplasia, multiple, with myopia and 

conductive deafness; Episodic ataxia type 2; Episodic pain syndrome, familial, 3; Epstein 

syndrome; Fechtner syndrome; Erythropoietic protoporphyria; Estrogen resistance; Exudative 

vitreoretinopathy 6; Fabry disease and Fabry disease, cai·diac vai·iant; Factor H, VII, X, v and 

factor viii, combined deficiency of 2, xiii, a subunit, deficiency; Familial adenomatous 

polyposis 1 and 3; Familial amyloid nephropathy with urticruia and deafness; Familial cold 

urticaria]; Familial aplasia of the vennis; Familial benign pemphigus; Fatnilial cancer of 

breast; Breast cancer, susceptibility to; Osteosarcoma; Pancreatic cancer 3; Familial 

cardiomyopathy; Familial cold autoinflammatory syndrome 2; Fatnilial co]orectal cancer; 

Familial exudative vitreoretinopathy, X-linked; Familial hemiplegic migraine types 1 ru1d 2; 

Familial hypercholesterolemia; Familial hypertrophic cai·diomyopathy 1, 2, 3, 4, 7, 10, 23 and 

24; Familial hypokalemia-hypomagnesemia; Frunilial hypoplastic, glomerulocystic kidney; 

Familial infantile myasthenia; Fainilial juvenile gout; Familial Mediteffaneru1 fever and 

Fatnilial mediterranean fever, autosomal dominant; Familial porencephaly; Fami]jal 

porphyria cutanea tarda; Familial pulmonary capillary hemangiomatosis; Familial renal 

glucosuria; Familial renal hypomicernia; Familial resaictive cardiomyopathy l; Familial type 

1 and 3 hyperlipoproteinemia; Fanconi anemia, complementation group E, I, N, and 0 ; 

Fanconi-Bickel syndrome; Favism, susceptibility to; Febrile seizures, familial, 11; Feingold 

syndrome 1; Fetal hemoglobin quantitative trait locus 1; FG syndrome and FG syndrome 4; 

Fibrosis of extraocular muscles, congenital, 1, 2, 3a (with or without extraoculai· 

involvement), 3b; Fish-eye disease; Fleck corneal dysa·ophy; Floating-Harbor syndrome; 
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Focal epilepsy with speech disorder with or without mental retardation; Focal segmental 

glomerulosclerosis 5; Forebrain defects; Frank Ter Haar syndrome; Boll'one Di Rocco 

Crovato syndrome; Frasier syndrome; Wilms tumor 1; Freeman-Sheldon syndrome; 

Frontometaphyseal dysplasia land 3; FrontotemporaJ dementia; Frontotemporal dementia 

and/or amyotrophic lateral sclerosis 3 and 4; Frontotemporal Dementia Chromosome 3-

Linked and Frontotemporal dementia ubiquitin-positive; Fructose-biphosphatase deficiency; 

Fuhrmann syndrome; Gamma-aminobuty1ic acid transaminase deficiency; Gamstorp-

W ohlfart syndrome; Gaucher disease type 1 and S ubacute neuronopathic; Gaze palsy, 

familial ho1izontaJ, with progressive scoliosis; Generalized dominant dystrophic 

epide1molysis bullosa; Generalized epilepsy with febrile seizures plus 3, type 1, type 2; 

Epileptic encephalopathy Lennox-Gastaut type; Giant axonal neuropathy; Glanzmann 

thrombasthenia; Glaucoma I , open angle, e, F, and G; Glaucoma 3, primary congenital, d; 

Glaucoma, congenital and Glaucoma, congenital, Coloboma; Glaucoma, primary open angle, 

juvenile-onset; Glioma susceptibility l; Glucose transpo1ter type 1 deficiency syndrome; 

Glucose-6-phosphate transport defect; GLUTl deficiency syndrome 2; Epilepsy, idiopathic 

generalized, susceptibility to, 12; Glutamate fonniminotransferase deficiency; Glutaiic 

acidemia IIA and IIB; Glutaric acidmia, type 1; Gluthathione synthetase deficiency; 

Glycogen storage disease 0 (muscle), II (adult f01m), IXa2, IXc, type lA; type II, type IV, 

IV (combined hepatic and myopathic), type V, and type VI; Goldmann-Favre syndrome; 

Gordon syndrome; Gorlin syndrome; Holoprosencephaly sequence; Holoprosencephaly 7; 

Granulomatous disease, chronic, X-linked, vaiiant; Granulosa cell tumor of the ovary; Gray 

platelet syndrome; Griscelli syndrome type 3; Groenouw corneal dystrophy type I; Growth 

ai1d mental retardation, mandibulofacial dysostosis, microcepbaly, and cleft palate; Growth 

hormone deficiency with pituitary anomalies; Growth honnone insensitivity with 

immunodeficiency; OTP cyclohydrolase I deficiency; Hajdu-Cheney syndrome; Hand foot 

uterus syndrome; Heaiing impairment; Hemangioma, capillai·y infantile; Hematologic 

neoplasm; Hemochromatosis type 1, 2B, and 3; Microvasculai· complications of diabetes 7; 

Transferrin serum level quantitative trait locus 2; Hemoglobin H disease, nondeletional; 

Hemolytic anemia, nonspherocytic, due to glucose phosphate isomerase deficiency; 

Hemophagocytic lymphohistiocytosis, familial, 2; Hemophagocytic lymphohistiocytosis, 

familial, 3; Hepai-in cofactor II deficiency; Hereditai·y acrodennatitis enteropathica; 

Hereditai·y breast and ovaiian cancer syndrome; Ataxia-telangiectasia-like disorder; 

Hereditai·y diffuse gastric cancer; Hereditaiy diffuse leukoencephalopathy with spheroids; 

Hereditary factors II, IX, VIII deficiency disease; Hereditary hemorrhagic telangiectasia type 
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2; Hereditary insensitivity to pain with anhidrosis; Hereditary 1 ymphedema type I; Hereditary 

motor and sensory neuropathy with optic atrophy; Hereditary myopathy with early 

respiratory failure; Hereditary neuralgic amyotrophy; Hereditary Nonpolyposis Colorectal 

Neoplasms; Lynch syndrome J and II; Hereditary pancreatitis; Pancreatitis, chronic, 

susceptibility to; Hereditary sensory and autonomic neuropathy type DB amd TIA; Hereditary 

sideroblastic anemia; Hermansky-Pudlak syndrome 1, 3, 4, and 6; Heterotaxy, visceral, 2, 4, 

and 6, autosomal; Heterotax.y, visceral, X-linked; Heterotopia; Histiocytic medullary 

reticulosis; Histiocytosis-lymphadenopathy plus syndrome; Holocarbox.ylase synthetase 

deficiency; Holoprosencephaly 2, 3,7, and 9; Holt-Oram syndrome; Homocysteinemia due to 

MTHFR deficiency, CBS deficiency, and Homocystinu1ia, pyridoxine-responsive; 

Homocystinuria-Megaloblastic anemia due to defect in cobalamin metabolism, cblE 

complementation type; Howel-Evans syndrome; Hurler syndrome; Hutchinson-Gilford 

syndrome; Hydrocephalus; Hyperammonemia, type III; Hypercholesterolaemia and 

Hypercholesterolemia, autosomal recessive; Hyperekplexia 2 and Hyperekplexia hereditary; 

Hyperfenitinemia cataract syndrome; Hyperglycinmia; Hyperimmunoglobulin D with 

pe1iodic fever; Mevalonic aciduria; Hyperimmunoglobulin E syndrome; Hyperinsulinemic 

hypoglycemia familial 3, 4, and 5; Hyperinsulinism-hyperammonemia syndrome; 

Hyperlysinemia; Hypermanganesemia with dystonia, polycythemia and ciIThosis; 

H yperornithinemia-h yperammonemia-homocitrull in uria syndrome; Hyperparath yroidism 1 

and 2; Hyperparathyroidism, neonatal severe; Hyperphenylalaninemja, bh4-deficient, a, due 

to partial pts deficiency, BH4-deficient, D, and non-pku; Hyperphosphatasia with mental 

retardation syndrome 2, 3, and 4; Hypertrichotic osteochondrodysplasia; 

Hypobetalipoproteinemia, familial, associated with apob32; Hypocalcemia, autosomal 

dominant l; Hypocalciuric hypercalcemia, familial, types 1 and 3; Hypochondrngenesis; 

Hypochromic microcytic anemia with u·on overload; Hypoglycemia with deficiency of 

glycogen synthetase in the liver; Hypogonadotropic hypogonadism 11 with or without 

anosmia; Hypohidrotic ectodermal dysplasia with immune deficiency; Hypohidrotic X-linked 

ectodermal dysplasia; Hypokalemic periodic paralysis 1 and 2; Hypomagnesemia 1, 

intestinal; Hypomagnesemia, seizures, and mental retardation; Hypomyelinating 

Jeukodystrophy 7; Hypoplastic left heart syndrome; Atrioventricular septa.I defect and 

common atrioventricular j unction; Hypospadias 1 and 2, X-linked; Hypothyroidism, 

congenital, nongoitrous, 1; Hypotrichosis 8 and 12; Hypotrichosis-lymphedema­

telangiectasia syndrome; I blood group system; Ichthyosis bullosa of Siemens; Ichthyosis 

ex.foliativa; Ichthyosis prematmity syndrome; Idiopathic basal ganglia calcification 5; 
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Idiopathic fibrosing al veolitis, chronic fonn; Dyskeratosis congenita, autosomal dominant, 2 

and 5; Idiopathic hypercalcemia of infancy; Immune dysfunction with T-cell inactivation due 

to calcium entry defect 2; Immunodeficiency 15, 16, 19, 30, 31 C, 38, 40, 8, due to defect in 

cd3-zeta, with hyper IgM type 1 and 2, and X-Linked, with magnesium defect, Epstein-Barr 

virus infection, and neoplasia; lmmunodeficiency-centrome1ic instability-facial anomalies 

syndrome 2; Inclusion body myopathy 2 and 3; Nonaka myopathy; Infantile convulsions and 

paroxysmal choreoathetosis, familial; Infantile cortical hyperostosis; Infantile GMl 

gangliosidosis; Infantile hypophosphatasia; Infantile nephronophthisis; Infantile nystagmus, 

X-linked; Infantile Parkinsonism-dystonia; Infertility associated with multi-tailed 

spermatozoa and excessive DNA; Insulin resistance; Insulin-resistant diabetes mellitus and 

acanthosis nigricans; Insulin-dependent diabetes mellitus secretory dimThea syndrome; 

Interstitial nephritis, karyomegalic; Intrauterine growth retardation, metaphyseal dysplasia, 

adrenal hypoplasia congenita, and genital anomalies; lodotyrosyl coupling defect; IRAK4 

deficiency; Ilidogoniodysgenesis dominant type and type 1; Iron accumulation in brain; 

Ischiopatellar dysplasia; Islet cell hyperplasia; Isolated 17,20-lyase deficiency; Isolated 

lutropin deficiency; Isovaleryl-CoA dehydrogenase deficiency; Jankovic Rivera syndrome; 

Jervell and Lange-Nielsen syndrome 2; Joubert syndrome 1, 6, 7, 9/15 (digenic), 14, 16, and 

17, and Orofaciodigital syndrome xiv; Junctional epidermolysis bullosa gravis of Herlitz; 

Juvenile GM>l< gangliosidosis; Juvenile polyposis syndrome; Juvenile polyposis/hereditary 

hemoJThagic telangiectasia syndrome; Juvenile retinoschisis; Kabuki make-up syndrome; 

Kallrnann syndrome 1, 2, and 6; Delayed puberty; Kanzaki disease; Karak syndrome; 

Kartagener syndrome; Kenny-Caffey syndrome type 2; Keppen-Lubinsky syndrome; 

Keratoconus l; Keratosis follicularis; Keratosis palmoplantaris striata l; Kindler syndrome; 

L-2-hydroxyglutaric acidmia; Larsen syndrome, dominant type; Lattice corneal dystrophy 

Type III; Leber amaurosis; Zellweger syndrome; Peroxisome biogenesis disorders; Zellweger 

syndrome spectrum; Leber congenital amaurosis 11, 12, 13, 16, 4, 7, and 9; Leber optic 

atrophy; Aminoglycoside-induced deafness; Deafness, nonsyndromic sensorineural, 

mitochondrial ; Left ventiicular noncompaction 5; Left-right axis malformations; Leigh 

disease; Mitochondrial short-chain Enoyl-CoA Hydratase I deficiency; Leigh syndrome due 

to mitochondrial complex I deficiency; Leiner disease; Le1i Weill dyschondrosteosis; Lethal 

congenital contracture syndrome 6; Leukocyte adhesion deficiency type I and ill; 

Leukodystrophy, Hypomyelinating, 11 and 6; Leukoencephalopathy with ataxia, with 

Brainstem and Spinal Cord Involvement and Lactate Elevation, with vanishing white matter, 

and progressive, with ovarian failure; Leukonychia totalis; Lewy body dementia; 
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Lichtenstein-Knorr Syndrome; Li-Fraumeni syndrome l; Lig4 syndrome; Limb-girdle 

muscular dystrophy, type lB, 2A, 2B, 2D, Cl, CS , C9, Cl4; Congenital muscular dystrophy­

dystroglycanopathy with brain and eye anomalies, type Al4 and Bl4; Lipase deficiency 

combined; Lipid proteinosis; Lipodystrophy, familial partial, type 2 and 3; Lissencephaly 1, 2 

(X-linked), 3, 6 (with microcephaly), X-linked; Subcortical laminar heterotopia, X-linked; 

Liver failure acute infantile; Loeys-Dietz syndrome 1, 2, 3; Long QT syndrome 1, 2, 2/9, 2/5, 

(digenic), 3, 5 and 5, acquired, susceptibility to; Lung cancer; Lymphedema, hereditary, id; 

Lymphedema, p1imary, with myelodysplasia; Lymphoproliferative syndrome 1, 1 (X-linked), 

and 2; Lysosomal acid lipase deficiency; Macrocephaly, macrosomia, facial dysmorphism 

syndrome; Macular dystrophy, vitelliform, adult-onset; Malignant hyperthennia susceptibility 

type 1; Malignant lymphoma, non-Hodgkin; Malignant melanoma; Malignant tumor of 

prostate; Mandibuloacral dysostosis; Mandibuloacral dysplasia with type A or B 

lipodyst:rophy, atypical; Mandibulofacial dysostosis, Treacher Collins type, autosomal 

recessive; Mannose-binding protein deficiency; Maple syrup wine disease type 1 A and type 

3; Marden Walker like syndrome; Marfan syndrome; Mruinesco-Sj\xc3\xb6gren syndrome; 

Martsolf syndrome; Matmity-onset diabetes of the young, type 1, type 2, type 11, type 3, and 

type 9; May-Hegglin anomaly; MYH9 related disorders; Sebastian syndrome; McCune­

Alb1ight syndrome; Somatotroph adenoma; Sex cord-stromal tumor; Cushing syndrome; 

McKusick Kaufman syndrome; McLeod neuroacanthocytosis syndrome; Meckel-Gruber 

syndrome; Medium-chain acyl-coenzyme A dehyd:rogenase deficiency; Medulloblastoma; 

Megalencephalic leukoencephalopathy with subcortical cysts land 2a; Megalencephaly cutis 

marmorata telangiectatica congenital; PIK3CA Related Overgrowth Spectrum; 

Megalencephal y-pol ymicrogy1ia-pol ydactyl y-b ydrocephalus syndrome 2; Megaloblastic 

anemia, thiamine-responsive, with diabetes mellitus and senso1ineural deafness; Meier-Godin 

syndromes land 4; Melnick-Needles syndrome; Meningioma; Mental retru·dation, X-linked, 

3, 21, 30, and 72; Mental retru·dation and microcephaly with pontine ru1d cerebellar 

hypoplasia; Mental retardation X-linked syndromic 5; Mental retardation, anterior maxillary 

protrusion, and strnbismus; Mental retardation, autosomal dominant 12, 13, 15, 24, 3, 30, 4, 

5, 6,and 9; Mental retardation, autosomal recessive 15, 44, 46, and 5; Mental retardation, 

stereotypic movements, epilepsy, and/or cerebral malformations; Mental retardation, 

syndromic, Claes-Jensen type, X-linked; Mental retru·dation, X-linked, nonspecific, 

syndromic, Hedera type, and syndromic, wu type; Merosin deficient congenital musculru· 

dystrophy; Metachromatic leukodystrophy juvenile, late infantile, and adult types; 

Metachromatic leukodystrophy; Metatrnphic dysplasia; Methemoglobinemia types I and 2; 
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Methionine adenosyltransferase deficiency, autosomal dominant; Methylmalonic acidemia 

with homocystinuria,; Methylmalonic aciduria cblB type, ; Methylmalonic aciduiia due to 

methylmalonyl-CoA mutase deficiency; METHYLMALONIC ACIDURIA, mut(O) TYPE; 

Microcephalic osteodysplastic p1imordial dwarfism type 2; Microcephaly with or without 

chmioretinopathy, lymphedema, or mental retardation; Microcephaly, hiatal hernia and 

nephrotic syndrome; Microcephaly; Hypoplasia of the corpus callosum; Spastic paraplegia 

50, autosomal recessive; Global developmental delay; CNS hypomyelination; Brain atrophy; 

Microcephaly, normal intelligence and immunodeficiency; Microcephaly-capillary 

malfonnation syndrome; Microcytic anemia; Microphthalmia syndromic 5, 7, and 9; 

Microphthalmia, isolated 3, 5, 6, 8, and with coloboma 6; Microspherophakia; Migraine, 

familial basilar; Miller syndrome; Minicore myopathy with external ophthalmoplegia; 

Myopathy, congenital with cores; Mitchell-Riley syndrome; mitochondrial 3-hydroxy-3-

methylglutaryl-CoA synthase deficiency; Mitochondrial complex I, II, III, III (nuclear type 2, 

4, or 8) deficiency; Mitochondrial DNA depletion syndrome 11 , 12 (cardiomyopathic type), 

2, 4B (MNGIE type), 8B (MNGIE type); Mitochond1ial DNA-depletion syndrome 3 and 7, 

hepatocerebral types, and 13 (encephalomyopathic type); Mitochondrial phosphate canier 

and pyruvate can-ier deficiency; Mitochond1ial trifunctional protein deficiency; Long-chain 

3-hydroxyacyl-CoA dehydrogenase deficiency; Miyoshi muscular dystrophy l; Myopathy, 

distal, with ante1ior tibial onset; Mohr-Tranebjaerg syndrome; Molybdenum cofactor 

deficiency, complementation group A; Mowat-Wilson syndrome; Mucolipidosis [fJ Gamma; 

Mucopolysacchruidosis type VI, type VI (severe), and type VII; Mucopolysaccharidosis, 

MPS-I-H/S, MPS-II, MPS-III-A, MPS-IlI-B, MPS-III-C, MPS-IV-A, MPS-N-B; Retinitis 

Pigmentosa 73; Gangliosidosis GMl typel (with cardiac involvenment) 3; Multicentric 

osteolysis nephropathy; Multicentric osteolysis, nodulosis and arthropathy; Multiple 

congenital anomalies; Atrial septal defect 2; Multiple congenital anomalies-hypotonia­

seizmes syndrome 3; Multiple Cutaneous and Mucosa! Venous Malformations; Multiple 

endocrine neoplasia, types land 4; Multiple epiphyseal dysplasia 5 or Dominant; Multiple 

gastrointestinal atresias; Multiple pterygium syndrome Escobru· type; Multiple sulfatase 

deficiency; Multiple synostoses syndrome 3; Muscle AMP deaminase deficiency; Muscle eye 

brain di sease; Muscular dystrophy, congenital, megaconial type; MyastJ1enia, familial 

infantile, 1; Myasthenic Syndrome, Congenital, 11, associated with acetylcholine receptor 

deficiency; Myasthenic Syndrome, Congenital, 17, 2A (slow-channel), 4B (fast-channel), and 

without tubulru· aggregates; Myeloperoxidase deficiency; MYH-associated polyposis; 

Enclometrial carcinoma; M yocru·dial infarction 1; M yoclonic d ystonia; M yoclonic-Atonic 
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Epilepsy; Myoclonus with epilepsy with ragged red fibers; Myofib1illar myopalhy 1 and 

ZASP-related; Myoglobinuria, acute recun-ent, autosomal recessive; Myonemal 

gastrointestinal encephalopathy syndrome; Cerebellar atax_ia infantile with progressive 

external ophthalmoplegia; Mitochondrial DNA depletion syndrome 4B, MNGIE type; 

Myopathy, centronuclear, 1, congenital, with excess of muscle spindles, distal, 1, lactic 

acidosis, and sideroblastic anemia 1, mitochondrial progressive with congenital cataract, 

hearing loss, and developmental delay, and tubular aggregate, 2; Myopia 6; Myosclerosis, 

autosomal recessive; Myotonia congenital; Congenital myotonia, autosomal dominant and 

recessive f01ms; Nail-patella syndrome; Nance-Horan syndrome; Nanophthalmos 2; Navajo 

neurohepatopathy; Nemaline myopathy 3 and 9; Neonatal hypotonia; Intellectual disability; 

Seizures; Delayed speech and language development; Mental retardation, autosomal 

dominant 31; Neonatal intrahepatic cholestasis caused by cittin deficiency; Nephrogenic 

diabetes insipidus, Nephrogenic diabetes insipidus, X-linked; Nephrolithiasis/osteoporosis, 

hypophosphatemic, 2; Nephronophthisis 13, 15 and 4; Infertility; Cerebello-oculo-renal 

syndrome (nephronophthisis, oculomotor apraxia and cerebellar abnormalities); Nephrotic 

syndrome, type 3, type 5, with or without ocular abnonnalities, type 7, and type 9; Nestor­

Guille1mo progeria syndrome; Neu-Laxova syndrome 1; Neurodegeneration with brain iron 

accumulation 4 and 6; Neurofen-itinopathy; Neurofibromatosis, type land type 2; 

Neurofibrosarcoma; Neurohypophyseal diabetes .insipidus; Neuropathy, Hereditary Sensory, 

Type IC; Neutral 1 amino acid transport defect; Neutral lipid storage disease with myopathy; 

Neutrophil immunodeficiency syndrome; Nicolaides-Baraitser syndrome; Niemann-Pick 

disease type Cl, C2, type A, and type Cl, adult form; Non-ketotic hyperglycinemia; Noonan 

syndrome 1and4, LEOPARD syndrome 1; Noonan syndrome-like disorder with or without 

juvenile myelomonocytic leukemia; Nonnokalemic periodic paralysis, potassium-sensitive; 

Norum disease; Epilepsy, Hearing Loss, And Mental Retardation Syndrome; Mental 

Retardation, X-Linked 102 and syndromic 13; Obesity; Ocular albinism, type I; 

Oculocutaneous albinism type lB, type 3, and type 4; Oculodentodigital dysplasia; 

Odontohypophosphatasia; Odontotrichomelic syndrome; Oguchi disease; Oligodontia­

colorectal cancer syndrome; Opitz G/BBB syndrome; Optic atrophy 9; Oral-facial-digital 

syndrome; Ornithine aminotransferase deficiency; Orofacial cleft 11 and 7, Cleft lip/palate­

ectodermal dysplasia syndrome; Orstavik Lindemann Solberg syndrome; Osteoarthritis wilh 

mild chondrodysplasia; Osteochond1itis dissecans; Osteogenesis imperfecta type 12, type 5, 

type 7, type 8, type I, type III, with n01mal sclerae, dominant form, recessive perinatal lethal; 

Osteopathia striata with cranial sclerosis; Osteopetrosis autosomal dominant type 1 and 2, 
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recessive 4, recessive 1, recessive 6; Osteoporosis with pseudoglioma; Oto-palate-digital 

syndrome, types I and II; Ovarian dysgenesis l; Ovarioleukodystrophy; Pachyonychia 

congenita 4 and type 2; Paget disease of bone, familial; PaJJister-Hall syndrome; 

Palmoplantar keratoderma, nonepidermolytic, focal or diffuse; Pancreatic agenesis and 

congenital heait disease; Papi1lon-Lef\xc3\xa8vre syndrome; Paragangliomas 3; 

Paramyotonia congenita of von Eulenburg; Pai·athyroid cai·cinoma; Pai·kinson disease 14, 15, 

19 Guvenile-onset), 2, 20 (early-onset), 6, (autosomal recessive early-onset, and 9; Prutial 

albinism; Prutial hypoxanthine-guanine phosphoribosyltransferase deficiency; Pattemed 

dystrophy of retinal pigment epithelium; PC-K6a; Pelizaeus-Merzbacher disease; Pendred 

syndrome; Peripheral demyelinating neuropathy, central dysmyelination; Hirschsprung 

disease; Permanent neonatal ctiabetes mellitus; Diabetes mellitus, permanent neonatal, with 

neurologic features; Neonatal insulin-dependent diabetes mellitus; Maturity-onset diabetes of 

the young, type 2; Peroxisome biogenesis disorder 14B, 2A, 4A, SB , 6A, 7 A, and 7B; 

Perrault syndrome 4; Perry syndrome; Persistent hyperinsulinemic hypoglycemia of infancy; 

familial hype1insulinism; Phenotypes; Phenylketonmia; Pheochromocytoma; Hereditary 

Pru·aganglioma-Pheochromocytoma Syndromes; Pru·agangliomas l; Cru·cinoid tumor of 

intestine; Cowden syndrome 3; Phosphoglycerate dehydrogenase deficiency; 

Phosphoglycerate kinase 1 deficiency; Photosensitive tiichothiodystrophy; Phytanic acid 

storage disease; Pick di sease; Pierson syndrome; P.igmentary retinal dystrophy; Pigmented 

nodular adrenocortical disease, primary, l; Pilomatrixoma; Pitt-Hopkins syndrome; Pituitary 

dependent hypercortisolism; Pituitary hormone deficiency, combined 1, 2, 3, and 4; 

Plasminogen activator inhjbitor type 1 deficiency; Plasminogen deficiency, type I; Platelet­

type bleeding disorder 15 and 8; Poikilodem1a, hereditru·y fibrosing, with tendon contractures, 

myopathy, and pulmonary fibrosis; Polycystic kidney disease 2, adult type, and infantile type; 

Polycystic lipomembranous osteodysplasia with sclerosing leukoencephalopathy; 

Polyglucosan body myopathy l with or without immunodeficiency; Polymicrogyria, 

asymmetiic, bilateral frontopari.etal; Polyneuropathy, hearing loss , ataxia, retinitis 

pigmentosa, and catru·act; Pontocerebellar hypoplasia type 4; Popliteal pterygium syndrome; 

Porencephaly 2; Porokeratosis 8, disseminated superficial actinic type; Porphobilinogen 

synthase deficiency; Porphyria cutanea tarda; Poste1ior column ataxia with retinitis 

pigmentosa; Posterior polru· cataract type 2; Prader-Willi-like syndrome; Premature ovru·ian 

failure 4, 5, 7, and 9; Primary autosomal recessive microcephaly 10, 2, 3, and 5; P1imary 

ciliary dyskinesia 24; Primru·y dilated cardiomyopathy; Left vent1icular noncompaction 6; 4, 

Left ventriculru· noncompaction 10; Pru·oxysmal atrial fibrillation; Primru·y hyperoxalmia, 
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type I, type, and type III; Primary hypertrophic osteoarthropathy, autosomal recessive 2; 

P1imary hypomagnesemia; P1imary open angle glaucoma juvenile onset l; Primary 

pulmonary hypertension; Ptimrnse syndrome; Progressive familial heart block type lB; 

Progressive familial intrahepatic cholestasis 2 and 3; Progressive intJ:ahepatic cholestasis; 

Progressive myoclonus epilepsy with ataxia; Progressive pseudorheumatoid dysplasia; 

Progressive sclerosing poliodystrophy; Prolidase deficiency; Proline dehydrogenase 

deficiency; Schizophrenia 4; Properdin deficiency, X-linked; Propionic academia; Proprotein 

convertase 1/3 deficiency; Prostate cancer, hereditary, 2; Protan defect; Proteinmia; Finnish 

congenital nephrotic syndrome; Proteus syndrome; Breast adenocarcinoma; 

Pseudoachondroplastic spondyloepiphyseal dysplasia syndrome; Pseudohypoaldosteronism 

type 1 autosomal dominant and recessive and type 2; Pseudohypoparath yroidism type IA, 

Pseudopseudohypoparathyroidism; Pseudoneonatal adrenoleukodystrophy; Pseudoprimary 

hyperaldosteronism; Pseudoxanthoma elasticum; Generalized arterial calcification of infancy 

2; Pseudoxanthoma elasticum-like disorder with multiple coagulation factor deficiency; 

Psoriasis susceptibility 2; PTEN hamartoma tumor syndrome; Pulmonary arterial 

hypertension related to hereditary hemonhagic telangiectasia; Pulmonary Fibrosis And/Or 

Bone Mrul'ow Failure, Telomere-Related, 1 and 3; Pulmonru·y hypertension, p1imru·y, 1, with 

hereditary hem01Thagic telangiectasia; Purine-nucleoside phosphorylase deficiency; Pyruvate 

carboxylase deficiency; Pyruvate dehydrogenase El-alpha deficiency; Pyruvate kinase 

deficiency of red cells; Raine syndrome; Rasopathy; Recessive dystTophic epidermolysis 

bullosa; Nail disorder, nonsyndromic congenital, 8; Reifenstein syndrome; Renal adysplasia; 

Renal carnitine transport defect; Renal coloboma syndrome; Renal dysplasia; Renal 

dysplasia, retinal pigmentru·y dystrophy, cerebellru· ataxia and skeletal dysplasia; Renal 

tubulru· acidosis, distal, autosomal recessive, with late-onset senso1ineural herufog loss, or 

with hemolytic anemia; Renal tubulru· acidosis, proximal, with oculru· abnormalities and 

mental retru·dation; Retinal cone dystrophy 3B; Retinitis pigmentosa; Retinitis pigmentosa 10, 

11 , 12, 14, 15, 17, and 19; Retinitis pigmentosa 2, 20, 25, 35, 36, 38, 39, 4, 40, 43, 45, 48, 66, 

7, 70, 72; Retinoblastoma; Rett disorder; Rhabdoid tumor predisposition syndrome 2; 

Rhegmatogenous retinal detachment, autosomal dominant; Rhizomelic chondrodysplasia 

punctata type 2 and type 3; Roberts-SC phocomelia syndrome; Robinow Sorauf syndrome; 

Robinow syndrome, autosomal recessive, autosomal recessive, with brachy-syn-polydactyly; 

Rothmund-Thomson syndrome; Rapadilino syndrome; RRM2B-related mitochondrial 

disease; Rubinstein-Taybi syndrome; Salla disease; Sandhoff disease, adult and infantil types; 

Sru·coidosis, early-onset; Blau syndrome; Schindler disease, type 1; Schizencephal y; 
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Schizophrenia 15; Schneckenbecken dysplasia; Scbwannomatosis 2; Schwartz Jampel 

syndrome type l; Sclerocomea, autosomal recessive; Sclerosteosis; Secondary 

hypothyroidism; Segawa syndrome, autosomal recessive; Senior-Loken syndrome 4 and 5,; 

Sensory ataxic neuropathy, dysarthtia, and ophthalmoparesis; Sepiapterin reductase 

deficiency; SeSAME syndrome; Severe combined immunodeficiency due to ADA 

deficiency, with microcephaly, growth retardation, and sensitivity to ionizing radiation, 

atypical, autosomal recessive, T cell-negative, B cell-positive, NK cell-negative of NK­

positive; Paitial adenosine deaminase deficiency; Severe congenital neutropenia; Severe 

congenital neutropenia 3, autosomal recessive or dominant; Severe congenital neutropenia 

and 6, autosomal recessive; Severe myoclonic epilepsy in infancy; Generalized epilepsy with 

febrile seizures plus, types 1 and 2; Severe X-linked myotubular myopathy; Sho1t QT 

syndrome 3; Short stature with nonspecific skeletal abnormalities; Short stature, auditory 

canal atresia, mandibular hypoplasia, skeletal abnormalities; Short stature, onychodysplasia, 

facial dysmorphism, and hypotrichosis; P1imordial dwarfism; Short-rib thoracic dysplasia 11 

or 3 with or without polydactyly; Sialidosis type I and II; Silver spastic pai·aplegia syndrome; 

Slowed nerve conduction velocity, autosomal dominant; Smith-Lemli-Opitz syndrome; 

Snyder Robinson syndrome; Somatotroph adenoma; Prolactinoma; fainilial, Pituitai·y 

adenoma predisposition; Sotos syndrome 1 or 2; Spastic ataxia 5, autosomal recessive, 

Charlevoix-Saguenay type, 1,10,or 11, autosomal recessive; Amyotrophic lateral sclerosis 

type 5; Spastic paraplegia 15, 2, 3, 35, 39, 4, autosomaJ domfoant, 55, autosomal recessive, 

and SA; Bile acid synthesis defect, congenital, 3; Spermatogenic failure 11 , 3, and 8; 

Spherocytosis types 4 and 5; Spheroid body myopathy; Spinal musculai· atrophy, lower 

extremity predominant 2, autosomal dominant; Spinal musculai· atrophy, type II; 

Spinocerebellai· ataxia 14, 21, 35, 40,and 6; Spinocerebellar ataxia autosomal recessive 1 and 

16; Splenic hypoplasia; Spondylocai·potai·sal synostosis syndrome; Spondylocheirodysplasia, 

Ehlers-Danlos syndrome-like, with immune dysregulation, Aggrecan type, with congenital 

joint dislocations, short limb-hand type, Sedaghatian type, with cone-rod dystrophy, and 

Kozlowski type; Parastremmatic dwarfism; Stargardt disease l; Cone-rod dystrophy 3; 

Stickler syndrome type l; Kniest dysplasia; Stickler syndrome, types l(nonsyndromic ocular) 

and 4; Sting-associated vasculopathy, infantile-onset; Stormorken syndrome; Sturge-Weber 

syndrome, Capillary malformations, congenital, 1; Succinyl-CoA acetoacetate transferase 

deficiency; Sucrase-isomaltase deficiency; Sudden infant death syndrome; Sulfite oxidase 

deficiency, isolated; Supravalvai· a01tic stenosis; Surfactant metabolism dysfunction, 

pulmonary, 2 and 3; Symphalangism, proximal, lb; Syndactyly Cenani Lenz type; 
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Syndactyly type 3; Syndromic X-linked mental retardation 16; Talipes equinovarus; Tangier 

disease; TARP syndrome; Tay-Sachs disease, Bl variant, Gm2-gangliosidosis (adult), Gm2-

gangliosidosis (adult-onset); Temtamy syndrome; Teno1io Syndrome; Terminal osseous 

dysplasia; Testosterone 17-beta-dehydrogenase deficiency; Tetraamelia, autosomal recessive; 

TetraJogy of Fallot; Hypoplastic left heart syndrome 2; Truncus arte1iosus; Malformation of 

the heart and great vessels; Ventricular septa] defect 1; Thiel-Behnke corneal dystrophy; 

Thoracic aortic aneurysms and aortic dissections; Marfanoid habitus; Tlu·ee M syndrome 2; 

Tlu·ombocytopenia, platelet dysfunction, hemolysis , and imbalanced globin synthesis; 

Tlu·ombocytopenia, X-linked; Tlu·ombophilia, hereditary, due to protein C deficiency, 

autosomal dominant and recessive; Thyroid a.genesis; Thyroid cancer, follicular; Thyroid 

hormone metabolism, abnormal; Thyroid hormone resistance, generalized, autosomal 

dominant; Thyrotoxic periodic paralysis and Thyrotoxic periodic paralysis 2; Thyrotropin­

releasing hormone resistance, generalized; Timothy syndrome; TNF receptor-associated 

pe1iodic fever syndrome (TRAPS); Tooth a.genesis, selective, 3 and 4; Torsades de pointes; 

Townes-Brocks-branchiootorenal-like syndrome; Transient bullous dermolysis of the 

newborn; Treacher collins syndrome l; Trichomegaly with mental retardation, dwarfism and 

pigmentary degeneration of retina; Trichorhinophalangeal dysplasia type I; 

Trichorhinophalangeal syndrome type 3; T1imethylaminuria; Tuberous sclerosis syndrome; 

Lymphangiomyomatosis; Tuberous sclerosis 1 and 2; Tyrosinase-negative oculocutaneous 

albinism; Tyrosinase-positive oculocutaneous albinism; Tyrosinemia type I; UDPglucose-4-

epimerase deficiency; Ullrich congenital muscular dystrophy; Ulna and fibula absence of 

with severe limb deficiency; Upshaw-Schulman syndrome; Urocanate hydratase deficiency; 

Usher syndrome, types 1, lB, lD, lG, 2A, 2C, and 2D; Retinitis pigmentosa 39; UV­

sensitive syndrome; Van der Woude syndrome; Van Maldergem syndrome 2; Hennekam 

lymphangiectasia-lymphedema syndrome 2; Vaiiegate porphyria; Venniculomegaly with 

cystic kidney disease; Verheij syndrome; Very long chain acyl-CoA dehydrogenase 

deficiency; VesicoureteraJ reflux 8; Visceral heterotaxy 5, autosomal; Visceral myopathy; 

Vitamin D-dependent rickets, types land 2; Vitelliform dystrophy ; von Willebrand disease 

type 2M and type 3; Waardenburg syndrome type 1, 4C, and 2E (with neurologic 

involvement); Klein-Waardenberg syndrome; Walker-W ai-btlfg congenital muscular 

dystrophy; Wai·burg micro syndrome 2 and 4; Waits, hypogammaglobulinemia, infections, 

and myelokathexis; Weaver syndrome; Weill-Mai·chesani syndrome 1 and 3; Weill­

Marchesani-like syndrome; Weissenbacher-Zweymuller syndrome; Werdnig-Hoffmann 

disease; Chai·cot-Maiie-Tooth disease; Wemer syndrome; WFSl-Related Disorders; 
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Wiedemann-Steiner syndrome; Wilson disease; Wolfram-like syndrome, autosomal 

dominant; Worth disease; Van Buchem disease type 2; Xerodenna pigmentosum, 

complementation group b, group D, group E, and group G; X-Jinked agammaglobulinemia; 

X-linked hereditary motor and sensory neuropathy; X-linked ichthyosis with steryl-sulfatase 

deficiency; X-linked periventricular heterotopia; Oto-palato-digital syndrome, type I; X­

linked severe combined immunodeficiency; Zimmermann-Laband syndrome and 

Zimmermann-Laband syndrome 2; and Zonular pulverulent cataract 3. 

[00354] The instant disclosure provides lists of genes comprising pathogenic G to A or 

C to T mutations. Such pathogenic G to A or C to T mutations may be c01rected using the 

methods and compositions provided herein, for example by mutating the A to a G, ancl/or the 

T to a C, thereby restoring gene function. Table 2 includes exemplary mutations that can be 

co1rncted using nucleobase editors provided herein. Table 2 includes the gene symbol, the 

assodated phenotype, the mutation to be corrected and exemplary gRN A sequences which 

may be used to co1Tect the mutations. The gRNA sequences provided in Table 2 are 

sequences that encode RNA that can direct Cas9, or any of the base editors provided he1in, to 

a target site. For example, the gRNA sequences provided in Table 2 may be cloned into a 

gRNA expression vector, such as pFYF to encode a gRNA that targets Cas9, or any of the 

base editors provided herein, to a target site in order to coITect a disease-related mutation. It 

should be appreciated, however, that addi6onal mutations may be coITected to treat additional 

diseases associated with a G to A or C to T mutation. Furthermore, additional gRNAs may 

be designed based on the disclosure and the knowledge in the art, which would be 

appreciated by the skilled aitisan. 



Table 2 Target mutations that may be corrected using nucleobase editors, including exemplary gRNA sequences. gRNA sequences in 
the table coITespond to SEQ ID NOs:740-S:526 from top to bottom. 

RS# Gene 
(dbSNP) Symbol Name gRNAall Phenotypes 

NM_006640.4(SEPT9):c.26 
80338761 SEPT9 2C>T (p.Arg88Trp) CCGAGCCGGTGTCCYGGCGCACT Hereditary neuralgic amyotrophy 

NM_006640.4(SEPT9):c.27 CCCGGCGCACTGAGCTGTYCATT. 
80338762 SEPT9 8C>T (p.Ser93Phe) CCGGCGCACTGAGCTGTYCATTG Hereditary neuralgic amyotrophy 

NM_000497.3(CYP l lBl):c 
28934586 CYPllBl .1343G>A (p.A.rg448His) GCATGCRCCAGTGCCTTGGGCGG Deficiency of steroid 11-beta-monooxygenase 

NM_000843.3(GRM6):c. 14 
748979061 GRM6 62C>T (p.Gln488Ter) TGCCTRGTACCCGCCACTGCTGG Congenital stationary night blindness, type lB 

NM_005198.4(CHKB):c.67 AACCTCAGRTGAGGGCAGGCAG 
786205118 CHKB 7+1G>A G Muscular dystrophy, congenital, megacooial type 

NM_000203.4(IDUA):c.266 
121965029 IDUA G>A (p.Arg89Gln) GGTCCRGACCCACTGGCTGCTGG Mucopolysaccharidosis, MPS-1-H/S, Hurler syndrome 

NM_Ol3953 .3(PAX8):c.170 
104893659 PAX.8 G>A (o.Cys57Tyr) GGCTRCGTCAGCAAGATCCTTGG Thyroid ageoesis 

NM_000497 .3(CYP1 1Bl):c 
104894062 CYPllBl .1121G>A (p.Arg374Gln) C1TGCRGTGGGTGCTGGCTGAGG Deficiency of steroid 11-beta-monooxygenase 

NM_005343.2(HRAS):c.43 
10489423 1 HRAS 6G>A (p.Alal46Thr) GACCTCGRCCAAGACCCGGCAGG Costello syndrome 

NM_000486.5(AQP2):c.523 
104894335 AQP2 G>A (p.Gly l75Arg) CTTRGGGTAGGTCATGGCCATGG 

NM_000486.5(AQP2):c.568 
104894341 AQP2 G>A (p.Alal 90Thr) CTGRCTCCAGCTGTCGTCACTGG 

NM_ l53006.2(NAGS):c.97 AGTRGGTGAGCACAAAAGAACG 
104894604 NAGS lG>A (p.Trp324Ter) G Hyperammonemia, type III 

NM_OOO l 69.2(GLA):c.982 
104894832 GLA G>A (p.Gly328Arg) GCAARGGTACCAGCTTAGACAGG Fabry disease 

NM_000169.2(GLA):c.102 
104894842 GLA OG>A (p.Trp340Ter) GTGTGRGAACGACCTCTCTCAGG Fabry disease 

CCCGACCRGGACACGTGGAAGG 
NM_003042.3(SLC6A l ) :c. G, 

794726859 SLC6Al 131G>A (o.Ar.g44Gln) CCCCGACCRGGACACGTGGAAGG MYOCLONIC-ATONIC EPILEPSY 
NM_OOO l 82.4(HADHA):c. GGAGRTTGGTCTCGCAGGTTGGG, Mitochondrial trifunctio11al protein de ficie11cy, Long-chai11 3-

794727219 HAD HA 2146+1G>A GGGAGRTTGGTCTCGCAGGTTGG hydroxyacyl-CoA dehyclrogenase deficie11cy 
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NM_000666.2(ACY 1 ):c.36 
672601330 ACYl 0- IG>A 

NM_OO 1098398. l (COPA):c 
794727995 COPA .721G>A (p.Glu241Lvs) 

NM_OO 1613.2(ACTA2):c.8 
794728029 ACTA2 09G>A (p.Gly270Glu) 

NM_OO l 242.4(CD27):c. 158 
397514667 CD27 G>A (p.Cys53Tvr) 

NM_000557.4(GDF5):c. ll3 
397514668 GDF5 9G>A (p.Arg380Gln) 

NM_OO 1256850.1 (TTN):c.4 
794729274 TTN 9637G>A (p.Trpl6546Ter) 

NM_000257 .3(MYH7) :c.50 
377461670 MYH7 29C>T (p.Argl677Cys) 

NM_001256850.l ('Il'N):c.7 
794729383 TTN l 708G>A (p.Tm23903Ter) 

NM_002284.3(KRT86):c. I 2 
12 1909129 KRT86 37G>A (p.Glu4 I 3Lys) 

NM_000257.3(MYH7):c.42 
397516208 MYH7 76G>A (p.Glul426Lys) 

NM_000257.3(MYH7):c.43 
397516211 MYH7 48G>A (p.Asp l450Asn) 

POMGNT NM_Ol 7739.3(POMGNT1) 
386834035 l :c.652+1G>A 

NM_OO 1098.2(AC02):c. l 9 
752034900 AC02 81G>A (p.Gly661Arg) 

NM_002281.3(KRT81):c.12 
57419521 KRT81 37G>A (p.Glu413Lys) 

NM_002905.3(RDH5):c.28 
774122562 RDH5 5G>A (p.Trp95Ter) 

121908508 SC02 NM_OO 1169109 .1 (SC02) :c. 

TCARGTACCTGGAAGCTGTGAGG 
TGGRAGGTTGATACCTGCCGGGG 

ATGGRAGGTTGATACCTGCCGGG 

' CATGGRAGGTTGATACCTGCCGG 

TTTCCAGRGATGGAGTCTGCTGG 

GGACTRTGACCAGCATAGAAAGG 

GCGAAAACRGCGGGCCCCACTGG 

AGTGAGCTRGACTCCTCCTTTGG 

GTTGTTGCRCCGCTCCACGATGG 

GTTAAATRGGGAAAGGTGGATGG 
GGAGGGCRAGGAGCAGAGGTGG 
G, 
TGGAGGGCRAGGAGCAGAGGTG 
G 

TGAGATCRAGGACTTGATGGTGG 
ACTTCRACAAGGTGGGCCCTGGG 

AACTTCRACAAGGTGGGCCCTGG 
AAAGGAGRTGCCGGCATCAGAG 
G 

GTGATCRGAGACGAGAACTACGG 
GGAGGGCRAGGAGCAGAGGTGG 
G, 
TGGAGGGCRAGGAGCAGAGGTG 
G 

GTGRGTGGAGATGCACGTTAAGG 

TCCTRGCTTTTGTCAAGGCAGGG, 

Aminoacylase I deficiency 

Thoracic aortic aneurysms and aortic dissections 

Lymphoproliferative syndrome 2 

Brachydactyly type A2 

not provided 

Cardiomyopathy 

not provided 

Beaded hair, not provided 

Cardiomyopathy, not specified 

Cardiomyopathy, not specified 
Muscle eye brain disease, Congenital muscular dystrophy-
dyscroglycanopathy with mental retardation. type B3 

Optic atrophy 9 

Beaded hair, not provided 

Pigmentary retinal dystrophy 

Cardioencepbalomyopathy, fatal infantile, due to cytochrome 
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107G>A (p.Trp36Ter) 

NM_OOO 169 .2(GLA):c.639 
199473684 GLA +919G>A 

NM_l53006.2(NAGS):c.83 
121912591 NAGS 5G>A (p.Ala279Th.r) 

NM_00009 l .4(COL4A3):c. 
121912826 COL4A3 3044G>A (p.Glyl015Glu) 

NM_000257 .3(MYH7):c.50 
730880914 MYH7 30G>A (p.Arg1677His) 

NM_000093.4(COL5Al):c. 
121912932 COL5Al 4466G>A (p.Gly1489Glu) 

199474822 m.7444G>A 
NM_Ol 6434.3(RTEL1 ):c.21 

398123050 RTELl 41+5G>A 
NM_000264.3(PTCH1):c.2 

115556836 PTCHl 183C>T (p.Thr728Met) 

RTELI :c.2402G>A 
20 1540674 RTEL! (p. p.Arg80 l His) 

NM_000843.3(GRM6):c. l5 
62638208 GRM6 65G>A (p.Cvs522Tvr) 

NM_000843.3(GRM6):c.23 
62638625 GRM6 41 G>A (p.Glu78 l Lys) 

NM_OOl 165963.l(SCNlA): 
796053008 SCNlA c.4285G>A (o.Ala l 429Thr) 

NM_005343.2(HRAS):c.18 
121917756 HRAS 7G>A (p.Glu63Lys) 

NM_003380.3(VIM):c.45 l 
1219L7775 VIM G>A (o.Glul51Lvs) 

NM_006920.4(SCN IA):c.4 
121917995 SCNlA 874G>A (p.Argl625Glo) 

121918805 SCNlA NM_006920.4(SCN IA):c.4 

GTCCTRGCTTTTGTCAAGGCAGG 

CT ARAGTGTAAGTTTCATGAGGG. 
ACTARAGTGTAAGTTTCATGAGG 

GGTGACCRCGTCGCTGGCCAAGG 
CCAGRAAGCATGGGGAACATGG 
G, 
ACCAGRAAGCATGGGGAACATG 
G 

GCGGCRCAACAACCTGCTGCAGG 
ATCGRGCTCATCGGTCCTCCGGG, 
GATCGRGCTCATCGGTCCTCCGG 
AAAATCTARACAAAAAAGGAAG 
G 

GGTGCRTGCAGTCCGGTGGCAGG 

ACTTCRTACAGGGGGGCTCGAGG 

TCCAGCRCTGCCAAGCCTGCTGG 

TGCCCTRCGGGCCGGGGGAGCGG 

TTCAACRAGGCCAAGCCCATCGG 

AATAGRCCACATTCAAAGGATGG 
GGAGRAGTACAGCGCCATGCGG 
G, 
AGGAGRAGTACAGCGCCATGCG 
G 
CCTCTACRAGGAGGAGATGCGGG 

' 
ACCTCTACRAGGAGGAGATGCGG 

TCCRAGTGATCCGTCTTGCTAGG 

ATGGGCRTAAATTl'GT"lfGCTGG 

c oxidase deficiency 

Fabry disease. Fabry disease, cardiac variant 

Hyperammonemia, type ill 

Benign familial bematuria 

Cardiomyopatby 

Ehlers-Danlos syndrome, classic type 
Leber optic atrophy, Aminoglycoside-induced deafness, 
Deafness, nonsynclromic sensorineural, mitochondrial 

Oyskeratosis congenita. autosomal recessive. 5 

Holoprosencephalv 7, not specified. not provided 
Idiopathic fibrosing alveolitis, chronic form Dyskeratosis 
congenita, autosomal recessive, 5, PULMONARY FrBROSCS 
AND/OR BONE MARROW FAILURE, TELOMERE-
RELATED, 3 

Congenital stationary night blindness, type I B. not provided 

Congenital stationary night blindness, type IB, not provided 

not provided 

Myopathy, congenital, with excess of muscle spindles 

Cataract, ouclear diffuse uonorogressive, not provided 
Generalized epilepsy with febrile seizmes plus, type 2, 
Epileptic encephalopathy Lenoox-Gastaut type, not provided 

Generalized epilepsy with febrile seizures plus, type 1, not 
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063G>A (p.Yal l355Ile) 

NM_OO 1256850.1 (TIN):c.4 
768431507 TIN 9243C>T (p.Argl6415Ter) 

NM_l53240.4(J\rpHP3):c.3 
368138001 NPHP3 373C>T (p.Argl 125Ter) 

NM_OOO 169 .2(GLA):c.10 l 
730880440 GLA 9G>A (p.Trp340Ter) 

NM_OOO 169 .2(GLA):c.713 
730880450 GLA G>A (p.Ser238Asn) 

NM_000091.4(COL4A3):c. 
267606745 COL4A3 3499G>A (p.Gly1167Arg) 

NM_OO 1243766. l(POMGN 
POMGNT Tl):c.1425G>A 

267606961 l (p.Trp475Ter) 
NM_003286.2(TOP1):c. l 74 

267607132 TO Pl 8G= (p.Gly583=) 
NM_OO 1242.4(CD27):c.24 

398122933 CD27 G>A (p.Tro8Ter) 
NM_020989 .3(CRY GC):c.4 

398122944 CRYGC 71 G>A (p.Trp l57Ter) 
NM_032957 .4(RTEL I ):c.82 

398123019 RTELI 3G>A (p.Glu275Lys) 
NM_000550.2(TYRP L):c. l 

281865424 TYRPl 067G>A (p.Arg356Gln) 
NM_002769.4(PRSSl):c.23 

l l 1033564 PRSSl 5G>A (p.Glu79Lys) 
NM_001492.5(GDFl ):c.485 

121434424 GDFl G>A (p.GlyL62Asp) 
NM_000557.4(GDF5):c. l 47 

74315389 GDF5 lG>A (p.Glu491Lys) 
NM_005138.2(SC02):c.4 l 8 

74315511 SC02 G>A (p.Glul40Lys) 
NM_00108297 l.l(DDC):c. 

137853207 DOC 304G>A (o.Glyl02Ser) 
NM_O 15330.4(SPECC1 L):c 

786201031 SPECClL .3247G>A (p.Glyl083Ser) 

387906858 KCNJ13 NM_002242.4(KCNJ 13):c.4 

CATTICRGAACACTGAGCCAAGG 

AACTCRCTCCCTCATTICTAAGG 

GTGTRGGAACGACCTCTCTCAGG 

GAAAARTATAAAGAGTATCTIGG 
GCCRGAGAAAAGGGAGAAACGG 
G, 
AGCCRGAGAAAAGGGAGAAACG 
G 

GGGATTGRGACATGTGGATGCGG 

CATGGAGGRCTTGACAGCCAAGG 
CCTGGTGRCTGTGCGTICTGGGG, 
CCCTGGTGRCTGTGCGTTCTGGG 

CTGRGGGGCCATGGATGCTAAGG 

CTTTGACRAAGCTCACAACGTGG 

AGTTTCCRAAACACAGTGGAAGG 

ACAACATCRAAGTCCTGGAGGGG 

GGGCGRCTGGGAGCTGAGCGTGG 

GCAGTATRAGGACATGGTCGTGG 

CCCAGACRAGCTGGAGAAGCTGG 
CATCRGCTfCTCCTGGGTGAGGG, 
GCATCRGCTTCTCCTGGGTGAGG 

TGTCRGCATCAAATCCACACTGG 

AAAAGCTCRATTTl'TfGGCCGGG 

provided 

not provided 
Adolescent nephronopbthisis. Renal-hepatic-pancreatic 
dysplasia. not provided 

not provided 

not provided 

Alport syndrome, autosomal dominant 

Lymphovroliferative syndrome 2 

Cataract. coppock-like 

Oyskeratosis congenita, autosomal recessive, 5 

Oculocutaneous albiuism type 3 

Hereditary pancreatitis 

Tetralogy of FaUot, not provided 

Symphalangism, oroximal, I b 
Myopia 6, Cardioencephalomyopathy, fatal iufantile. due to 
cytochrome c oxidase deficiency. not provided 

Deficiency of aromatic-L-amino-acid decarboxylase 

Opitz G/BBB syndrome 

Leber congenital amaurosis 16 
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96C>T (p.Argl66Ter) 

NM_001004127.2(ALG11): 
387907183 ALGll c.l 192G>A (p.Glu398Lys) 

NM_001267550.2(TTN):c.5 
72646831 TIN 7331C>T (p.Argl9111Ter) 

NM_005732.3(RAD50):c.3 
750586158 RAD50 598C>T (p.ArJ1:1200Ter) 

NM_000218.2(KCNQl):c.1 
34516117 KCNQl 799C>T (p.Thr600Met) 

NM_032957 .4(RTEL1 ):c.15 
786205700 RTELl 23C>T (p.Pro508Leu) 

NM_032957 .4(RTEL1 ):c.21 
786205701 RTEL1 49C>T (p.Gln717Ter) 

NM_000045.3(ARG l):c.87 
104893940 ARGl lC>T (p.ArJ1:291Ter) 

NM_000497.3(CYP1 lB l):c 
104894069 CYPllBl .124C>T (p.Pro42Ser) 

NM_001169109.l(SC02):c. 
145100473 SC02 341G>A (p.Argl 14His) 

NM_000486.5(AQP2):c.374 
104894333 AQP2 C>T (p.Thr 125Met) 

NM_OOl 165963.l(SCN IA): 
794726710 SCNlA c.3637C>T (p.Argl213Ter) 

NM_OOl 165963.l(SCNlA): 
794726752 SCNlA c.4573C>T (p.Arg I 525Ter) 

NM_OOl 165963.l(SCN I A): 
794726759 SCNlA c.4933C>T (p.Argl645Ter) 

NM_000169.2(GLA):c.436 
104894837 GLA C>T (o.Prol46Ser) 

NM_001142864.3(PIEZ01) 
200970763 PIEZOl :c.2344G>A (p.GJy782Ser) 

NM_002878.3(RAD51D):c. 
794726988 RAD51D 955C>T (p.Gln319Ter) 

NM_Ol8419.2(SOX18):c.48 
794728015 SOX18 lC>T (p.Glnl61Ter) 

TGGAACRAGCATTITGGGATTGG 

CCATGCTGGAGGGGTGATCYGAA 

CCTTGGATATGCGAGGAYGATGC 

CCTTTGTCCCCGCAGGTGAYGCA 

CCAGCGGCACGCTGGCCCYGGTG 

CCAGGGCTGTGAACYAGGCCATC 
CCAGAAGAAGTAACTYGAACAG 
T 
CCCTITGAAGCCATGYCCCGGCG, 
CCTTTGAAGCCATGYCCCGGCGT 

CCGGAAGTCAGCCTTGCAGYGAG 
CCCCAGCTCAGCAACAGCAYGAC 
, 
CCCAGCTCAGCAACAGCAYGACG 
, 
CCAGCTCAGCAACAGCAYGACG 
G 

CCTGAGAAGGACGTGTTfCYGAA 

CCGCAAAAGCCTATACCTYGACC 

CCGTCTTGCTAGGATTGGCYGAA 

CCTGCGCAGGCTTCYCTGGGAGT 

CCGCTCAGCCACCAGGCYCCACT 

CCTGGGGGACCTCAGAGYAGAGT 
CCGGCCGCGCCGCAAGAAGYAG 
G. 

Congenital disorder of glycosylation type lP 
P1imary dilated cardiomyopatby, Dilated cardiomyopatby lG, 
not provided 

Hereditary cancer-predisposing syndrome 
Long QT syndrome, Congenital long QT syndrome, Cardiac 
arrhythmia 
PULMONARY FIBROSIS AND/OR BONE MARROW 
FAILURE, TELOMERE-RELATED, 3 
PULMONARY FIBROSIS AND/OR BONE MARROW 
FAILURE, TELOMERE-RELATED, 3 

Arl1:inase deficiency 
Congenital adrenal hyperplasia, Deficiency of steroid 11-beta-
monooxygenase 

Myopia 6 

Severe myoclonic epi lepsy in iofancy. not provided 

Severe myoclonic epilepsy in infancy, not provided 

Severe myoclonic epilepsy ill infancy 

Fabry disease 

Xerocytosis 

Breast-ovarian cancer. familial 4 

Hypotricbosis-lympbedema-telangiectasia syndrome 
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NM_000218.2(KCNQl):c. l 
794728540 KCNQl 801C>T (p.Gln601Ter) 

POMGNT NM_Ol 7739.3(POMGNT1) 
28940869 l :c.1324C>T (p.Arg442Cys) 

NM_OO 1256850. 1 (TTN):c.5 
794729279 TTN 8702C>T (p.Arg l9568Ter) 

NM_OO 1256850. l (TTN):c.9 
794729305 TTN 6304C>T (p.Arg32102Ter) 

NM_OO 1256850.1 (TTN):c.8 
794729384 TIN l 193C>T (p.Arg27065Ter) 

NM_022 I 24.5(CDH23):c.3 
397517326 CDH23 628C>T (p.Gln l210Ter) 

NM_O l 7534.5(MYH2):c.70 
147708782 MYH2 6G>A (p.Ala236Thr) 

NM_03 l433.3(MFRP):c.52 
12 1908189 MFRP 3C>T (p.Gln1 75Ter) 

NM_022 I 24.5(CDH23):c.3 
12 1908350 CDH23 880C>T (p.Glnl 294Ter) 

NM_003919.2(SGCE):c.30 
121908490 SGCE 4C>T (p.Argl02Ter) 

NM_00525 l .2(FOXC2):c.3 
121909106 FOXC2 74C>T (p.Ser125Leu) 

NM_00694l.3(SOX1 O):c.47 
121909117 SOXlO OC>T (p.Alal57Val) 

NM_OOl 174136.l(TDGFl): 
121909501 TDGFl c.326C>T (p.Pro l09Leu) 

NM_000080.3(CHRNE):c.8 
121909511 CHRNE 65C>T (p.Leu289Phe) 

CCGCGCCGCAAGAAGYAGGCGC 
G 

CCCCGCAGGTGACGYAGCTGGAC 
CCCAGCACTACTGTACYGTGTGG, 
CCAGCACTACTGTACYGTGTGGA 
CCCCTAAAGTCACTTGGYGAAAA 

' CCCTAAAGTCACTTGGYGAAAAG 

' CCTAAAGTCACTTGGYGAAAAGT 
CCGTGTAGGACAGGCCYGAGAA 
A 

CCATTCAGAGCTTAYGAGGGACA 

CCCCCGTGTTCACAYAGCAGCAG 

CCTCACGGTCTTGG YGTTGCCAA 

CCACTGCGTGTGGCATATCYAGG 
CCAGGCCCCGCCCTTCAACYAGG 

' CCCCGCCCTTCAACYAGGGCTTC 

CCGACCTGGATGGCTTYGATATA 

CCGCCACAACCTCTYGCTCAACG 
CCCCTTCATCGAGGAGGYTGAGC 

CCCTTCATCGAGGAGGYTGAGCG 

CCTTCATCGAGGAGGYTGAGCGG 
CCCCATGACACCTGGCTGCYCAA, 
CCCATGACACCTGGCTGCYCAAG 

' CCATGACACCTGGCTGCYCAAGA 
CCAGACCGTCTTCTTGTTCYTCA, 
CCGTCTTCTTGTTCYTCATTGCC 

Cardiac arrhythmia 

Congenital muscular dystrophy 

not provided 

not provided 

not provided 

Usher syndrome, type 1 D 

[oclusion body myopathy 3 

Naoophthalmos 2 

Usher syndrome, type 10 

Myoclooic dystonia 

Distichiasis-Jymphedema syndrome 

Waardenbmg syndrome type 4C 

Forebraio defects 

Myastheoia, familial infantile, 1 
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NM_000080.3(CHRNE):c.4 
12 1909512 CHRNE 22C>T (p.Pro l 41Leu) 

NM_00689 l .3(CRYGD):c.4 
121909595 CRY GD 3C>T (p.Arg15Cys) 

SERPIND NM_000185.3(SERPIND1): 
121912420 l c.1385C>T (p.Pro462Leu) 

NM_Ol2210.3(TRIM32):c.3 
111033571 TRIM32 88C>T (p.Prol30Ser) 

NM_000666.2(ACY 1 ):c.58 
121912700 ACYl 9C>T (p.Argl97Trp) 

NM_000498.3(CYP I 1B2):c 
121912978 CYP11B2 .554C>T (p.Thr l85rte) 

NM_l 44988.3(ALG 14 ):c. l 
730882050 ALG14 94C>T (p.Pro65Leu) 

NM_OO 1256850.l CITN):c.4 
76 1807131 TTN 6513+1G>A 

NM_03 I 433.3(MFRP):c. I 5 
730882144 MFRP 49C>T (p.Arg5 J7Trp) 

NM_000330.3(RS 1 ):c.3050 
61752068 RSI >A (p.An!102Gln) 

NM_l 53240.4(N PHP3):c. l 
119456962 NPHP3 729C>T (p.Arg577Ter) 

NM_000566.3(FCG R 1 A):c. 
74315310 FCGRlA 274C>T (p.Arg92Ter) 

NM_000579.3(CCR5):c.-
41469351 CCR5 229C>T 

NM_002905.3(RDH5):c.21 
62638185 RDH5 8C>T (p.Ser73Phe) 

NM_OOl 165963.l(SCNlA): 
796053004 SCNlA c.3985C>T (p.Argl329Ter) 

NM_OO l 165963.l(SCNlA): 
796053103 SCNlA c.571 OC> T (p.Gln 1904Ter) 

NM_022788.4(P2RY12):c.7 
121917886 P2RY12 93C>T (p.A:rg265Trp) 

NM_OOO l 24.3(ERCC6):c.2 
121917903 ERCC6 29C>T (p.A:rg77Ter) 

121918450 ITGB3 NM 000212.2(ITGB3):c.22 

CCGTGACGTGGCTGCCTCYGGCC 

CCGGGGCTrCCAGGGCYGCCACT 

CCACGGTGGGGTTCATGCYGCTG 

CCGGGAGGCAGACCATCAGYCTC 

CCTCCCCAGGGGTGYGGGTTACC 
CCCGGGGGAGCCTGAYCCTGGAC 

CCGGGGGAGCCTGAYCCTGGACG 

CCAATGCCTACTCACYTAGACAT 

CCATGTCCAAACTTAYGCTTTGG 
CCCTGCT ACCAGCA TTTCYGG AG, 
CCTGCTACCAGCA TiyfCYGGAGG 

CCTTGACTG'llGAGCYGGGCCTT 
CCTCCTTGATT A TI AAA YGACTA, 
CCTTGA 1T ATT AAA YGACT AACT 

CCAGAGAGGTCTCTCAGGGYGAA 
CCCGTAAATAAACCTTYAGACCA 
, 
CCGTAAATAAACCTfYAGACCAG 

CCTGCAGCGGGTGGCCTYCTCCC 

CCTCTAAGAGCCTfATCTYGATf 
CCTfCCAAGGTCTCCT ATY AGCC. 
CCAAGGTCTCCTATYAGCCAATC 

CCCTGAGCCAAACCYGGGATGTC 
CCCTGCTGCACATCGACYGACAT. 
CCTGCTGCACATCGACYGACATC 

CCTCATCACCATCCACGACYGAA 

MYASTHENIC SYNDROME, CONGENITAL, 4B, FAST-
CHANNEL 

Cataract 4 

Heparin cofactor II deficiency 

Bardet-Biedl syndrome, Bardet-Biedl syndrome l l 

Aminoacylase l deficiency 

Corticosterone methyloxidase type 2 deficiency 

Myasthenic syndrome, congenital, without n1bular ai.rn:regates 

not provided 

Microphthalmia, isolated 5 

Juvenile retinoschisis, not provided 
Adolescent nephronophthisis, Renal-hepatic-pancreatic 
dyspJasia, Meckel syndrome type 7, not provided 

Severe myoclooic epilepsy in infancy, not provided 

not provided 

Platelet-type bleeding disorder 8 

UY-sensitive syndrome 

Glaozmaoo thrombastbeoia 
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48C>T (p.Arg750Ter) 

NM_OOO 169 .2(GLA):c.658 
727503949 GLA C>T (p.Arg220Ter) 

NM_006172.3(NPPA):c.44 
202102042 l\IPPA 9G>A (p.Argl50Gln) 

NM_002769.4(PRSS1):c.47 
202003805 PRSSl C>T (p.Alal6Val) 

NM_00005 l .3(ATM):c.899 
587781698 ATM 8C>T (p.Gln3000Ter) 

NM_OO 1256850.1 (TTN):c.8 
148231754 TTN 3086+5G>A 

NM_002878.3(RAD5 lD):c. 
587781756 RAD51D 451C>T (p.Gln151Ter) 

NM_l 73076.2(ABCA12):c. 
137853289 ABCA12 6610C>T (p.Arg2204Ter) 

NM_000996.2(RPL35A):c. 
116840809 RPL35A 304C>T (o.Argl02Ter) 

NM_002878.3(RAD5 l D):c. 
587782695 RAD5 10 547C>T (p.Gln l 83Ter) 

NM_03253 l .3(KfRREL3):c 
119462978 KTRREL3 . I 18C>T (o.Arg40Trv) 

NM_003919.2(SGCE):c.70 
398123812 SGCE 9C>T (p.Arg237Ter) 

TRAF3IP NM_ l47686.3(TRAF3IP2): 
397518485 2 c. L580C>T (o.Thr527Ile) 

NM_OOl 165963.l(SCN I A): 
794726839 SCNlA c.4985C> T (p.Ala l 662Val) 

NM_00042J .3(KRT10):c.13 
60035576 KRTlO OOC>T (o.Gln434Ter) 

NM_001256850.1CITN):c.7 
779874042 TTN 7716G>T (p.Glu25906Ter) 

NM_000051.3(ATM):c.913 
121434219 ATM 9C> T (p.Arg3047Ter) 

NM_005767 .5(LPAR6):c.4 
121434306 LPAR6 63C>T (p.Glnl55Ter) 

CCCAATTATACAGAAATCYGACA 

CCAATTATACAGAAATCYGACAG 
CCCCAGTTCCTCTTACCYGGAAG, 
CCCAGTTCCTCTTACCYGGAAGC, 
CCAGTTCCTCTTACCYGGAAGCT 

CCACTCCAGTTGCTGYCCCCTTT 

CCTTAGTGATATTGACYAGAGTT 
CCCTTCCCATGACAAATAYGTAC, 
CCTTCCCATGACAAATAYGTACC 
CCGCCTCCTCCAGCTGCTTYAGG, 
CCTCCTCCAGCTGCTTYAGGCTA 

CCATGTTTTTTTCCTTGYGACTC 

CCATTGGACACAGAATCYGAGTG 

CCAGATGCTGGATGTGCTGYAGG 

CCAAGGACAAGT1yfYGGAGAATG 
CCCGTTITCTTC110'1TT A YG AG, 
CCGTTTICTTCTTGTTT A YGAGA 
CCCACCTGGCTTCAGAACAYTCA, 
CCACCTGGC1yfCAGAACA YTCAT, 
CCTGGCTTCAGAACAYTCATGTC 

CCGCACGCTGCTCTrTGY'HTGA 

CCAGAATACTGAATACCAAYAAC 
CCCACACCAGCTGCATTTI'HAGC, 
CCACACCAGCTGCATTTfHAGCA 
CCCCAAAAATCTCAGCYGACTTT, 
CCCAAAAATCTCAGCYGACTTrT. 
CCAAAAATCTCAGCYGACTITTC 
CCCGCCGTI!TTGTTY AGTCT AC. 
CCGCCGTT1TTG11YAGTCTACC 

Fabry disease 

Atrial standstill 2 

Hereditary pancreatitis 

Hereditary cancer-predisposing syndrome 

not provided 

Hereditary cancer-predisposing syndrome 

Autosomal recessive congenital ichtbyosis 4B 

Diamond-Blackfan anemia 5 

Hereditary caocer-predisposiog SYDdrome 

Mental retardatioo, autosomal dominant 4 

not provided 

Candidiasis, fa1nilial, 8 

Severe myoclonic epilepsy ill infancy 

Bullous ichthvosiform ervthroderma, not provided 

not provided 

Ataxia-telangiectasia syndrome 

Hypotricbosis 8 
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NM_000969.3(RPL5):c.67C 
12 1434405 RPL5 >T (p.Arg23Ter) 

NM_003690.4(PRKRA):c.6 
121434410 PRKRA 65C>T (p.Pro222Leu) 

NM_031226.2(CYP 19Al ):c 
121434534 CYP19Al .1303C>T (p.Arg435Cys) 

NM_000123.3(ERCC5):c.2 
121434571 ERCC5 375C>T (p.Ala792Val) 

NM_000292.2(PHKA2):c.3 
137852293 PHKA2 341C>T (p.Thrl l l4Tle) 

NM_032409.2(PINK1 ):c.93 
74315359 PINKl 8C>T (p.Thr3 l 3Met) 

NM_000080.3(CHRNE):c.3 
372635387 CHRNE 7G>A (p.Gly I 3Arg) 

NM_00694J .3(SOX10):c.l l 
74315520 SOXlO 29C>T (p.GID377Ter) 

NM_006941.3(SOX I O):c.74 
74315521 SOXlO 8C>T (p.Gln250Ter) 

NM_000439 .4(PCSK l):c.92 
137852824 PCS Kl OC>T (p.Ser307Leu) 

NM_001122955.3(BSCL2): 
137852973 BSCL2 c.461C>T (p.Ser154Leu) 

NM_001122955.3(BSCL2): 
137852974 BSCL2 c.1015C>T (p.Arg339Ter) 

NM_001082971. l (DDC):c. 
137853211 DDC 272C> T (p.Ala9 l Val) 

NM_000039.l(AP0Al):c.6 
387906570 APO Al 7C>T (p.Gln23Ter) 

NM_001ll1035.l(ACP5):c. 
387906669 ACP5 667C>T (p.Gln223Ter) 

NM_031226.2(CYP19Al):c 
80051519 CYP19Al . 1094G>A (p.Arg365Gln) 

CCAAGTGAAATTTAGAAGAYGAC 

CCTTGAGGAATTCTCYTGGTGAA 

CCATTTGGCTTTGGGCCCYGTGG 
CCCATGGAAGCAGAGGYGCAGT 
G, 
CCATGGAAGCAGAGGYGCAGTG 
c 
CCCTTTGGT AGATGA YCCCGCAT, 
CCTTTGGTAGATGAYCCCGCATG 

CCTGGGCCATGGCCGGAYGCTGT 
CCGTACCGAGAAGCCYCAAGAG 
G 

CCAGCCATCCACCTCAYAGATCG 
CCCCGAAGACAGAGCTGYAGTCG 
, 
CCCGAAGACAGAGCTGYAGTCG 
G, 
CCGAAGACAGAGCTGYAGTCGG 
G 

CCATCTTCGTCTGGGCTTYGGGA 
CCCTGTTGCCAATGTCTYGCTGA. 
CCTGTTGCCAATGTCTYGCTGAC 
CCTCCACAGGTTAACATCYGAAA 

' CCACAGGTTAACATCYGAAAAAG 

CCCGGCCATGCTTGYGGACATGC 

CCAGGCTCGGCATTTCTGGYAGC 
CCCACTGCCTGGTCAAGYAGCTA, 
CCACTGCCTGGTCAAGYAGCTAC 

CCACGACAGGCTGGTACYGCATG 

Aase syndrome 

Dystonia 16 

Aromatase deficiency 

Xeroderma pigmentosum, group G 

Glycogen storage disease TXa2 

Parkinson disease 6, antosomal recessive early-onset 
MYASTHENJC SYNDROME, CONGENITAL, 4B, FAST-
CHANNEL 
Waardenbllrg syndrome type 4C, Waardenbmg syndrome type 
2E. with Demologic involvement 

Peripheral demyelinatiDg oeuropathy. ceDtral dysmyeliDation, 
Waardenburg syndrome, and Hirschsprung disease 

Proprotein convertase 1/3 deficiency 

Silver spastic paraplegia syndrome 

Congenjral generalized lipodystrophy type 2 

Deficiency of aromatic-L-arnino-acid decarboxylase 

Tangier disease 

Spoodyloenchondrodysplasia with immune dysreguJation 

Aromatase deficiency 
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NM_OO I 077620.2(PRCD):c 
387907268 PRCD .64C> T (p.Arg22Ter) 

NM_014967.4(FAN1):c.224 
387907279 FAI~l 5C> T (p.Arg749Ter) 

NM_020745.3(AARS2):c.2 
543267101 AARS2 893G>A (p.Gly965Arg) 

NM_020745.3(AARS2):c.l 
587777592 AARS2 213G>A (p.Glu405Lvs) 

NM_005763.3(AASS):c.19 
587777125 AASS 4G>A (p.Arg65Gln) 

N M_000663.4(ABAT):c.65 
121434578 ABAT 9G>A (p.Arg220Lvs) 

NM_000663.4(ABAT):c.63 
724159990 ABAT 1 C>T (p.Leu211Phe) 

NM_005502.3(ABCAl):c.2 
137854495 ABCAl 81 OC>T (p.Ala937Yal) 

NM_l 73076.2(ABCA l 2):c. 
28940270 ABCA l2 4541G>A (p.Argl514Hfa) 

NM_OO I 089.2(ABCA3):c.3 
121909181 ABCA3 426G>A (o.Tro l 142Ter) 

NM_000350.2(ABCA4):c.3 
61750061 ABCA4 106G>A (p.Glul036Lys) 

NM_000350.2(ABCA4):c.3 
61751399 ABCA4 364G>A (p.Glu l 122Lys) 

NM_000350.2(ABCA4):c.5 
1800553 ABCA4 882G>A (p.Glyl 961Glu) 

NM_000350.2(ABCA4):c.4 
794727531 ABCA4 429C>T (p.Glnl477Ter) 

NM_000350.2(ABCA4):c.8 
794727903 ABCA4 80C>T (p.Gln294Ter) 

NM_000350.2(ABCA4):c. l 
61748550 ABCA4 222C>T (p.Arg408Ter) 

CCGCCGATTTGCCAACYGAGTCC 
CCGCCTTTCACTGTATCAGYGAG, 
CCTTTCACTGTATCAGYGAGCCG 

CCAGGTCAGTAGTGCTTCYGGTG 

CCAGGAAGGCTGCCTYGTCCTCT 

CCTTATCATGAATGGCCYGCCGA 
GGGARGACCATGGGTAAGGAGG 
G, 
TGGGARGACCATGGGTAAGGAG 
G, 
CCATGGGARGACCATGGGTAAGG 
CCCCG ACT ACAGCATCYTCTCCT, 
CCCGACTACAGCATCYTCTCCTT, 
CCGACTACAGCATCYTCTCCTTC 
CCTGGGCCACAATGGAGYGGGG 
A 

ATGTTCTCRCCGAAGTATATGGG 
crGRCTCTCTGCTCTGCTGTGGG, 
TCTGRCTCTCTGCTCTGCTGTGG 

GTCCCAGRAGGAGGCCCAGCTGG 
GGACRAGGCCGACCTCCTTGGGG 

' TGGACRAGGCCGACCTCCTTGGG, 
ATGGACRAGGCCGACCTCCTTGG 

TGTCGRAGTTCGCCCTGGAGAGG 
CCCAGCTGTTCCAGAAGYAGAAA 
, 
CCAGCTGTTCCAGAAGYAGAAAT 

CCATCGGCCGAGTATGYAGGACT 

CCTGATTCACCTGCAGCAYGAAG 

Retinitis pigmentosa 36 

Interstitial nephritis, karyomegalic 

Leukoencephalopathy, progressive, with ovarian failure 

Leukoencephalopathy, progressive, with ovarian fai lLu-e 

Hyperlysinemia 

Gamma-aminobutvric acid transami11ase deficiency 

Gamma-aminobutyric acid transami nase deficiency 

Tangier disease 

Autosomal recessive coogen ital ichthyosis 4A 

Surfactant metabolism dysfunction, pulmonary, 3 

Stargardt disease L not provided 

Stargardt disease L not provided 

Stargardt disease 1. Cone-rod dystrophy 3, not provided 

Stargardt disease 1 

Stargardt disease 1, Cone-rod dystrophy 3 
Retioitis pigmeutosa 19, Stargardt disease L Cone-rod 
dystrophy 3. Age-related macular degeneration 2. not provided 
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NM_000350.2(ABCA4):c.4 
61750130 ABCA4 139C>T (p.Pro 1380Leu) 

NM_000350.2(ABCA4):c.5 
28938473 ABCA4 908C>T (p.Leul970Phe) 

NM_003742.2(ABCB 1 l):c. 
72549401 ABCBll 1723C>T (p.Arg575Ter) 

NM_Ol8849.2(ABCB4):c.9 
72552778 ABCB4 59C>T (p.Ser320Phe) 

NM_Ol8849.2(ABCB4):c.2 
121918440 ABCB4 869C>T (p.Arg957Ter) 

NM_O 18849 .2(ABCB4):c.3 
121918442 ABCB4 502C>T (p.Prol 168Ser) 

NM_000392.4(ABCC2):c.3 
72558200 ABCC2 449G>A (p.Argl 150His) 

NM_OO l l 7 l .5(ABCC6):c.3 
63749823 ABCC6 961G>A (p.Glvl 321Ser) 

NM_OO l 171.5(ABCC6):c.3 
28939701 ABCC6 412C>T (p.Arg l 138Trp) 

NM_OO l l 71.5(ABCC6):c.3 
72653744 ABCC6 490C>T (p.Argl 164Ter) 

NM_OO I 17 l .5(ABCC6):c.3 
63750459 ABCC6 389C>T (p.Thrl 130Met) 

NM_001171.5(ABCC6):c.3 
63750759 ABCC6 940C>T (p.And314Trp) 

NM_000352.4(ABCC8):c.4 
193922402 ABCC8 306C>T (p.Arg1436Ter) 

NM_00569 l .3(ABCC9):c.4 
387906805 ABCC9 640C>T (p.Thr1547Ile) 

NM_00569 l .3(ABCC9):c.3 
387907228 ABCC9 346C>T (p.Argl l 16Cys) 

NM_000033.3(ABCD 1 ):c. l 
11146842 ABCDl 850G>A (p.Arg617His) 

NM_000033.3(ABCD l ):c. l 
150346282 ABCDl 825G>A (p.Glu609Lys) 

NM_000033.3(ABCD 1 ):c.8 
128624213 ABCDl 71G>A (p.Glu291Lys) 

128624218 ABCDl NM 000033.3(ABCDl):c.7 

CCCACAGATCGTGCTCCYGGCTA, 
CCACAGATCGTGCTCCYGGCTAC 

CCTAGTGCTTTGGCYTCCTGGGA 

GGGATTTCRGATGAGGGCTCTGG 

CC'M'CTGGTA TGGATYCACTCTA 

CCTATGCCGGTTGTTTTYGATTT 

CCTTTCATCGAGACGTTAYCCCA 

GGCRTCTGGACTCTGTCACCAGG 

GAGRGTGGGATCTGGATCGACGG 
CCAGGGCAGCACAGTGGTCYGG 
G 

CCAGAGGATCAGTTTCCCGYGAC 
CCCACATGGCTGAGAYGTTCCAG 

CCACATGGCTGAGAYGTTCCAGG 
CCTGGCCAGTGGGCTGCTGYGGC 

' 
CCAGTGGGCTGCTGYGGCTCCAG 

CCTCTTCAGCGGCACCATCYGGT 

CCACTTTGGTGATGAYCAACAAG 

CCTTGGAATCTCTAACTYGCTCA 

TGGCCCRCATGTTCTACCACAGG 
GGTGGCRAGAAGCAGAGAATCG 
G 

TCGRAGGAGATCGCCTTCTATGG 

GTTCRGGGAGCTGGTGGCAGAGG 

Stargardt disease L not provided 

Stargardt disease. not provided 

Progressive familial intrahepatic cholestasis 2 
Cholecystitis, Progressive familial intrahepatic cholestasis 3, 
Cholestasis, intrahepatic, of pregnancy 3 
Progressive familial intrahepatic cholestasis 3, Cholestasis, 
int:rahepatic, of pregnancy 3 

Cholecvstitis 

Dubin-Johnson syndrome 

Pseudoxanthoma elasticum 

Pseudoxanthoma elasticum 

Pseudoxanthoma elasticum 

Pseudoxanthoma elasticum 

Pseudoxanthoma elasticum, Generalized arterial calcification 
of infancy 2 
Persistent hyperiosulioemic hypoglycemia of infancy, familial 
byperiosulinism 

Atrial fibrillation, familial, 12 

Hypertrichotic osteochondrodysplasia 

Adrenoleukodystrophy 

Adreooleukodystrophy 

Adrenoleukodystrophy 

Adrenoleukodvstrophy 
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96G>A (p.Gly266Arg) 

NM_000033.3(ABCD 1 ):c. l 
398123102 ABCDl 553G>A (p.Arg518Gln) 

NM_000033.3(ABCD1):c.l 
398123107 ABCDl 802G>A (p.Trp601Ter) 

NM_000033.3(ABCD1):c.1 
398123105 ABCDl 679C>T (p.Pro560Leu) 

NM_000033.3(ABCD l ):c. l 
398123106 ABCDl 771C>T (p.A.rg591Trp) 

NM_Ol5600.4(ABHD12):c. 
587777603 ABHD12 477G>A (p.Trp159Ter) 

NM_007313.2(ABU):c.763 
387906517 ABU G>A (p.Glu255Lys) 

NM_0073 l 3.2(ABLl):c. l 00 
121913459 ABU lC>T (p.Tbr334Ile) 

NM_O 14049 .4(ACAD9):c. l 
368949613 ACAD9 249C> T (p. Arg4 l 7Cvs) 

NM_OOOO I 6.5(ACADM):c. 
12 1434278 ACADM 583G>A (p.Gly195Arg) 

NM_OOOO 17.3(ACADS):c.6 
1799958 A CADS 25G>A (p.Glv209Ser) 

NM_OOOO 17 .3(ACADS):c.3 
387906951 ACADS 23G>A (p.Gly108Asp) 

NM_OOOO 17 .3(ACADS):c. J 
28940872 A CADS 147C>T (p.Arg383Cvs) 

NM_000017.3(ACADS):c.5 
28940874 A CADS 75C>T (p.Alal92Val) 

NM_OOOO 17 .3(ACADS):c. l 
28941773 A CADS 058C>T (p.Ser353Leu) 

NM_OOOO 17 .3(ACADS):c.9 
121908006 A CADS 73C>T (p.Arg325Trp) 

NM_000017.3(ACADS):c.3 
61732144 A CADS 19C>T (o.Argl07Cvs) 

NM_OOOO 17 .3(ACADS):c. l 
147442301 A.CADS 64C>T (p.Pro55Leu) 

TCCRGATCCTGGGTGGGCTCTGG 
GACTRGAAGGACGTCCTGTCGGG 

TGACTRGAAGGACGTCCTGTCGG 

CCAGGTGATCTACCYGGACTCAG 

CCTGCACCACATCCTGCAGYGGG 

CCAAGGCATCCTCATAYCACATC 
CAAGTGGRAGATGGAACGCACG 
G 
CCCCCGTTCTATATCATCAYTGA. 
CCCCGTTCTATATCATCAYTGAG, 
CCCGTTCTATATCATCAYTGAGT. 
CCGTTCTATATCATCAYTGAGTT 

CCGTACGAGCGCATACTGYGTGA 

CCAACRGAGGAAAAGCTAATTGG 

TCAGRGCATCAGTGCCTTCCTGG 

AGCCGTGRCTGCGCCTCCACCGG 
CCGGCAGAGCGGCACTACYGCG 
A 

CCAATGCCTGGGAGGYTTCGGCT 

CCAAGCTGGCCGCCTYGGAGGCC 
CCTGGCCCTGGAGAGTGCCYGGC 

' 
CCCTGGAGAGTGCCYGGCTGCTG 

CCATGGAGGAGATCAGCYGTGGC 

CCGAGAA.GGAGTTGTTTCYCATT 

Adrenoleukodystropby 

Adrenoleukodystrophy 

Aclrenoleukoclystrophy 

Aclrenoleukoclystrophy 
Polyneuropathy. hearing loss, ataxia, retinitis pigmentosa, and 
cataract 

Acvl-CoA dehvd.rogeoase family. member 9. deficieocv of 
Medium-chaio acyl-coenzyme A dehydrogeoase deficiency, 
oot provided 
Deficiency of butyryl-CoA dehyd.rogenase, not specified, not 
provided 

Deficiency of butyryl-CoA dehydrogeoase 

Deficieocv of butvrvl-CoA dehvdrogenase, not provided 

Deficiency of butyryl-CoA dehyd.rogenase 

Deficieocv of butvrvl-CoA dehvdrogenase, not provided 

Deficiency of butyryl-CoA dehydrogenase, not provided 

Deficieocv of butvrvl-CoA dehvdrogenase. not provided 

Deficiency of butyryl-CoA debydrogeoase 
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NM_OO l 609.3(ACADSB):c 
188094280 ACADSB .l 159G>A (p.Glu387Lys) 

NM_001609.3(ACADSB):c 
137852649 ACADSB .763C>T (p.Leu255Phe) 

NM_000018.3(ACADYL):c 
533055438 ACADYL .1316G>A (p.Gly439Asp) 

NM_000018.3(ACADVL):c 
2309689 ACADVL .1322G>A (p.Glv441 Asp) 

NM_OOOO l 8.3(ACADVL):c 
7667421 17 ACADYL .l375C>T (p.Arg459Trp) 

NM_OOOO l 8.3(ACADVL):c 
I l 8204014 A CA DYL .1837C>T (p.Arg6 13Trp) 

NM_Ol 3227.3(ACAN):c.71 
121913568 ACAN 41 G>A (p.Asp238 I Asn) 

NM_Ol3227.3(ACAN):c.72 
267606625 ACAN 49G>A (p.Val2417Met) 

NM_000789.3(ACE):c.3683 
12 1912703 ACE C>T (p.Pro 1228Leu) 

NM_004035.6(ACOX I ):c.4 
118204093 ACOXl 42C>T (p.Argl48Ter) 

NM_! 749 I 7.4(ACSF3):c.34 
757905943 ACSF3 8G>A (p.Trpl 16Ter) 

NM_l 74917.4(ACSF3):c.14 
138680796 ACSF3 llC>T (p.Arg471Trp) 

NM_l 749 l 7.4(ACSF3):c.72 
140986055 ACSF3 8C>T (p.Pro243Leu) 

NM_OO 1100.3(ACTA1):c.7 
367543051 ACT Al 27G>A (p.Glu243Lys) 

NM_001100.3(ACTA1):c.2 
267606627 ACT Al 23C>T (p.His75Tyr) 

NM_001613.2(ACTA2):c.l 
794728021 ACTA2 16G>A (p.Arg39His) 

387906592 ACTA2 NM_OO l 613.2(ACT A2):c.5 

ATCRAGTGGATGGGGGGAGTAG 
G 

CCTGAAAACAAATTGGGGYTCAG 

GGGGGRTATGGGCTTCATGAAGG 

TATGGRCTTCATGAAGGTACAGG 

CCGAGATCTTCGCATCTTCYGGA 
CCCCAGGCTGCAGCTYGGATCCG 

CCCAGGCTGCAGCTYGGATCCGA 
GAACRACAGGACCATCGAAGGG 
G, 
TGAACRACAGGACCATCGAAGG 
G, 
CTGAACRACAGGACCATCGAAGG 

AGGACTGTRTGGTGATGATCTGG 

CCGCAGTACAACTGGACGCYGAA 

CCTTAGGAACTCACCTTYGAGGC 

GTCATGRATGAGTGGCGGTGTGG 

CCAGTACTGGATCCGAGGCYGGA 

CCTCCACGTGCTCCYGCTGCACC 
CTACRAGCTGCCAGACGGGCAGG 

' AGAGCTACRAGCTGCCAGACGGG 

CCTGAAGTACCCTATCGAGYACG 
GACRTCCCAGACATCAGGTGAGG 

TGTGGGACRTCCCAGACATCAGG 

ATCATGCRTCTGGATCTGGCTGG 

Deficiency of 2-methylbutyryl-CoA dehydrogenase 

Deficiency of 2-methylbutyryl-CoA dehydrogenase 

not provided 
Very long chain acyJ-CoA dehydrogenase deficiency, not 
provided 

not provided 

Very long chain acyl-CoA dehydrogenase deficieucy, not 
provided 

Spondyloepimetaphyseal dysplasia, Arrn:recan type 

Osteochoodtitis dissecans 

Aogiotensio i-converting enzyme, beoigo serum increase 

Pseudoneonatal adrenoleukodvstrophy 

not provided 

Combined malonic and methylmalonic aciduria 

Combined malonic and metbylmalonic acidmia 

Congenital myopatby with fiber type disproportion 

Nemaline myopathy 3 

Thoracic aortic aneurysms and aortic dissections 

Aortic aneurysm. familial thoracic 6. Thoracic aortic 
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36G>A (p.Argl 79His) 

NM_001141945. l (ACTA2) 
112901682 ACTA2 :c. l 15C>T (p.Arg39Cvs) 

NM_OO 110 l .3(ACTB):c.34 
397515470 ACTB 9G>A (p.Glul l 7Lys) 

NM_001101.3(ACTS):c.22 
587779770 ACTB OG>A (p.Gly74Ser) 

NM_OO 110 l .3(ACTB):c.20 
587779769 ACTS 9C>T (p.Pro70Leu) 

NM_00 l l01.3(ACTB):c.35 
587779774 ACTS 9C>T (p.Thrl 20Jle) 

NM_001101.3(ACTB):c.44 
587779775 ACTB 6C>T (p.Thrl49Ile) 

NM_001614.3(ACTG 1 ):c.7 
104894546 ACTGl 9:1 C>T (p.Pro264Leu) 

NM_OO l 6 l 4.3(ACTG I ):c.3 
28 1875325 ACTGl 59C>T (p.Thr 120Jle) 

NM_OO l 6l4.3(ACTG1 ):c.4 
11549190 ACTGI 04C>T (p.Ala l35Val) 

NM_001615.3(ACTG2):c.5 
78001248 ACTG2 32C>T (p.Argl78Cys) 

NM_001615.3(ACTG2):c.l 
587777385 ACTG2 18C>T (p.Arg40Cys) 

NM_OOl 130004.l(ACTNl ) 
387907345 ACTNl :c.313G>A (p.Vall05Ile) 

NM_OO 1103.3(ACTN2):c.2 
794728966 ACTN2 527-lG>A 

NM_001103.3(ACTN2):c.3 
727502886 ACTN2 55G>A (p.Alall9Thr) 

NM_001106.3(ACVR2B):c. 
121434437 ACVR2B l 19G>A (p.Arg40His) 

28936687 ACVRLl NM_000020.2(ACVRLl):c. 

CCCATCCATTGTGGGABGTCCCA, 
CCATCCATTGTGGGABGTCCCAG 
CAACCGCRAGAAGATGACCCAG 
G 
GCACRGCATCGTCACCAACTGGG 

' AGCACRGCATCGTCACCAACTGG 

CCTCACCCTGAAGTACCYCATCG 
CCAACCGCGAGAAGATGAYCCA 
G, 
CCGCGAGAAGATGAYCCAGGTG 
A 

CCTCTGGCCGTACCAYTGGCATC 

CCGGAGGCGCTGTTCCAGCY1~rc 

CCAACAGAGAGAAGATGAYTCA 
G 
CCCCGGCCATGTACGTGGYCATC, 
CCCGGCCATGTACGTGGYCATCC, 
CCGGCCATGTACGTGGYCATCCA 
CCTGCCCCATGCCATCATGYGCC, 
CCCCATGCCATCATGYGCCTGGA, 
CCCATGCCATCATGYGCCTGGAC 

CCATTGTGGGCCGCCCTYGCCAC 

GGCRTCAAACTGGTGTCCATCGG 
CCARCCATACATCCTGGCGGAGG 
.TTCCCARCCATACATCCTGGCGG 
GGCRCTGAAGGTGAGAGGTGTGG 
, 
CCATTGGCRCTGAAGGTGAGAGG 

CTGGAGCRCACCAACCAGAGCGG 

AAGRCCGCTATGGCGAAGTGTGG 

aneurysms and ao1tic dissections, Multisystemic smooth 
muscle dysfunction syndrome. Moyamoya disease 5 
Aortic aneurysm. familial thoracic 6, Thoracic aortic 
aneurysms and aortic dissections 

Baraitser-Winter syndrome l 

Saraitser-Winter syndrome l 

Saraitser-Winter syndrome 1 

Saraitser-Wi nter syndrome I 

Saraitser-Wi nter syndrome l 

Deafness. autosomal dominant 20 

Saraitser-Winter Syndrome 2, not provided 

Baraitser-Winter Syndrome 2, not provided 

Visceral myopathy 

Visceral myopathy 

Platelet-type bleeding disorder 15 

Cardiomyopathy 

Dilated cardiomyopathy lAA, Primary familial hypertrophic 
cardiomyopathy, Fami lial hypertrophic cardiomyopathy 23 

Heterotaxy. visceral, 4. autosomal 

Pulmonary arterial hypertension related to hereditary 
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632G>A (p.Gly21 1Asp) 

NM_000020.2(ACVRLl):c. 
28936688 ACVRLl 1031G>A (p.Cys344Tyr) 

NM_000020.2(ACVRLl):c. 
28936401 ACVRLl l 120C>T (p.Arg374Trp) 

NM_000020.2(ACVRLl):c. 
121909288 ACVRLl 1450C>T (p.Arg484Trp) 

NM_000022.2(ADA):c.632 
121908716 ADA G>A (p.Arg211His) 

NM_000022.2(ADA):c.646 
121908723 ADA G>A (p.Gly216Arg) 

NM_000022.2(ADA):c.986 
1219087 15 ADA C>T (p.Ala329Val) 

NM_000022.2(ADA):c.466 
121908735 ADA C>T (p.Argl 56Cys) 

NM_000022.2(AD A):c.226 
121908736 ADA C>T (p.Arg76Trp) 

NM_000022.2(ADA):c.643 
114025668 ADA G>A (p.AJa215Tbr) 

ADAMTS NM_030957.3(ADAMTS 10 
12 1434358 10 ):c.73G>A (p.AJa25Thr) 

ADA MTS NM_030957 .3(ADAMTS l 0 
121434357 10 ):c.709C>T (p.Arg237Ter) 

ADAM TS NM_ l39025.4(ADAMTS13 
786205077 13 ):c.414+1G>A 

ADAM TS NM_l39025.4(ADAMTS13 
281875305 13 ):c.1523G>A (p.Cys508Tyr) 

ADAMTS NM_l39025.4(ADAMTS13 
121908471 13 ):c.1193G>A (p.Arg398His) 

NM~l39025.4(ADAMTS13 

ADAMTS ):c.3638G>A 
121908474 13 (p.Cys l 213Tyr) 

786205078 ADAMTS NM_l39025.4(ADAMTS13 

CAGTRTTGCATCGCCGACCTGGG. 
GCAGTRTTGCATCGCCGACCTGG 
CCCGAGAGTGGGCACCAAGYGG 
T, 
CCGAGAGTGGGCACCAAGYGGT 
A 

CCCGACTCACCGCGCTGYGGATC, 
CCGACTCACCGCGCTGYGGATCA 
TCACCRTACTGTCCACGCCGGGG, 
TTCACCRTACTGTCCACGCCGGG, 
ATTCACCRTACTGTCCACGCCGG 

CCACGCCRGGGAGGTGGGCTCGG 
CCTTTCCAGAACATCAATGYGGC, 
CCAGAACATCAATGYGGCCAAAT 

CCATCCTGTGCTGCATGYGCCAC 
CCCTTCCCAGGGGCTGCYGGGAG 

CCTTCCCAGGGGCTGCYGGGAGG 

CCGAGCCCACCTCCCCGGYGTGG 

ACGCACRCCTTCCGGTCTCAAGG 

CCTGAAGCGATCGGTCAGCYGAG 

GCCTGAGRTAGGCATGGAGCTGG 

GGTRTATGCCAAGTGGCCCCCGG 

TGCTCCCRCTCCTGCGGAGGAGG 
ACTRTGCAGTGGCCATTGGGCGG, 
CAGACTRTGCAGTGGCCATTGGG, 
GCAGACTRTGCAGTGGCCATTGG 

ACARGGGGCAGAACTGCTTCGGG 

hemonhagic telangiectasia 

Hereditary hemorrhagic telangiectasia type 2, Pulmonary 
ruterial hypertension related to hereditary hemorrhagic 
telangiectasia 

Hereditru·y hemorrhagic telaugiectasia type 2, Pulmonary 
arterial hypertension related to hereditary hemorrhagic 
telangiectasia 
Hereditru·y hemorrhagic telangiectasia type 2, Pulmonary 
ruterial hypertension related to hereditary hemorrhagic 
telangiectasia 

Severe combined immunodeficiency due to ADA deficiency 

Severe combined immunodeficiency due to ADA deficiency 

Severe combined immunodeficiency due to ADA deficiency 

Severe combined immunodefic iency due to ADA deficiency 

Severe combined immunodeficiency due to ADA deficiency. 
Partial adeoosine deaminase deficiency 
Severe combined immuDodeficiency due to ADA deficiency, 
Paitial ade1Josine deamiuase deticieocy 

Weill-Marchesani syndrome I 

Weill-Marcbesani syndrome l 

Upshaw-Schulman syndrome 

Upshaw-Schulman syndrome, not provided 

Upshaw-Schulman syndrome 

Upshaw-Schulman syndrome 

Upshaw-Schulman syndrome 
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13 ):c.331-lG>A 

ADAMTS NM_l39025.4(ADAMTS 13 
11575933 13 ):c.1423C>T (p.Pro475Ser) 

ADAMTS NM_l39025.4(ADA1\1TS13 
121908469 13 ):c.304C>T (p.Argl02Cys) 

ADA MTS NM_ l 39025.4(ADAMTS 13 
12 1908478 l3 ):c.749C>T (p.Ala250Val) 

ADA MTS NM_ l39057.2(ADAMTS 17 
267606638 17 ):c.760C>T (p.Gln254Ter) 

ADA MTS NM_Ol4244.4(ADAMTS2) 
137853147 2 :c.2384G>A (p.Tro795Ter) 

ADA MTS NM_Ol4244.4(ADAMTS2) 
137853146 2 :c.673C>T (p.Gln225Ter) 

NM_OOl 145320. l (A DAMT 
ADA MTS SL2):c.2J 5G>A 

387907064 L2 (p.Arg72Glo) 
NM_OO l 145320.l(ADAMT 

ADAM TS SL2):c.440C> T 
113994121 L2 (p.Pro l 47Leu) 

NM_OO 1145320.1 (AD AMT 
ADAMTS SL2):c.661C>T 

387907065 L2 (p.Arg221Cys) 
NM_Ol9032.5(ADA1\1TSL 

ADAMTS 4):c.2008C>T 
368482584 L4 (p.Arg670Ter) 

NM_020247.4(ADCK3):c. l 
119468004 ADCK3 651G>A (p.Glu551Lys) 

NM_020247 .4(ADCK3):c. l 
119468009 ADCK3 645G>A (p.Gly549Ser) 

NM_020247.4(ADCK3):c.6 
119468005 ADCK3 37C>T (p.Arg213Trp) 

NM_024876.3(ADCK4):c.1 
398122981 ADCK4 027C>T (p.Arg343Trp) 

. 
CACARGGGGCAGAACTGCTTCGG 

CCACTGGGGTGCTGCTGTAYCAC 
CCAGGAGGACACAGAGYGCTAT 
G 
CCCAGCGGACACGTGATGGYTTC . 
CCAGCGGACACGTGATGGYTTCG 
CCACGGGGCCGAGGCCGCCYAG 
A 
GO AGTRGGAGT ACAG AG A CG AG 
G 
CCCTCCTCTCGGGGGGCCAYAGG 
, 
CCTCCTCTCGGGGGGCCAYAGGC 
, 
CCTCTCGGGGGGCCAYAGGCCCT 

AGCRGCACTGCCTGCAGCAGAGG 

CCACATCTCCAGCAAACYGTGTG 

CCACGTGACGGGCAACTATYGCA 

CCAGCTGCGTACTGGAAAYGAGT 
CTACRAGGTCAAGGTGAGCAGGG 
, 
GCTACRAGGTCAAGGTGAGCAGG 

CCTCACCRGCTACGAGGTCAAGG 

CCTGTGACGAGGATTGGCYGGCT 

CCTAAGCCAGGACCTGYGGAACC 

Upshaw-Schulman syndrome 

Upshaw-Schulman syndrome 

Upshaw-Schulman syndrome 

Weill-Marchesani-like syndrome 

Eh lers-Dantos syndrome type 7, autosomal recessive 

Ehlers-Dantos syndrome type 7, autosomal recessive 

Acromicric dysplasia 

Acromicric dysplasia 

Acromicric dysplasia 

Ectopia leotis, isolated autosomal recessive 

Coenzyme QlO deficiency, primary, 4 

Coenzyme QlO deficiency, primary, 4 

Coeozyme QlO deficiency, primary, 4 

Nephrotic syndrome, type 9 
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NM_021l 16.2(ADCY l):c.3 
587777497 ADCYl 1 l2C>T (p.Argl038Ter) 

NM_l83357.2(ADCY5):c. l 
757156390 ADCY5 425C>G (o.Ile475Met) 

NM_l 83357 .2(ADCY5):c.2 
796065306 ADCY5 l 76G>A (p.Ala726Thr) 

NM_005682.6(ADGRG l):c 
587783657 ADGRGI . l970G>A (o.Tro657Ter) 

NM_005682.6(ADGRG l ):c 
587783660 ADGRGJ .620+1G>A 

N M_005682.6(ADGRG I ):c 
121908464 ADGRGI .l693C>T (p.Arg565Tro) 

NM_005682.6(ADGRG l ):c 
587783658 ADGRGl .265C>T (p.His89Tyr) 

NM_032119.3(ADGRV l):c 
121909762 ADGRVl .6901C>T (p.Glo2301Ter) 

NM_000026.2(ADSL):c.56 
28941471 ADSL 9G>A (p.Arg190Glo) 

NM_000026.2(ADSL):c.95 
202064195 ADSL 3C>T (p.Pro318Leu) 

NM_000026.2(ADSL):c.56 
750614500 ADSL 8C>T (p.Argl90Ter) 

NM_000026.2(ADSL):c.42 
756210458 ADSL lC>T (p.Argl41Trp) 

NM_014423.3(AFF4):c.772 
786205680 AFF4 C>T (p.Arg258Trp) 

NM_006796.2(AFG3L2):c. 
727502823 AFG3L2 1875G>A (p.Met625Ile) 

NM_003659.3(AGPS):c.92 
121434412 AGPS 6C>T (p.Thr309Ile) 

NM_000029.3(AGT):c. l 12 
74315283 AGT 4G>A (p.Ari?375Gln) 

CCCCTACCACTTTGTGTGCYGAG, 
CCCTACCACTTTGTGTGCYGAGG, 
CCTACCACTTTGTGTGCYGAGGC 

AGCCCTCRATGTCAGCAAACAGG 

TTGACRCCAGGAGCATTGATAGG 

TCATCTRGTACTGGTCCATGCGG 
GCCARTAAGTTTGGCACCTGGGG, 
AGCCARTAAGTTTGGCACCTGGG, 
CAGCCARTAAGTTTGGCACCTGG 
CCCGCAGGTGCTGGATCYGGGAC 

' CCGCAGGTGCTGGATCYGGGACT 
CCCCAGGGGCCTCTACY ACTTCT, 
CCCAGGGGCCTCTACYACTTCTG, 
CCAGGGGCCTCTACYACTTCTGC 
CCCCTGGGGAAACCATTYAAACC 

CCCTGGGGAAACCATTYAAACCT 

CCTGGGGAAACCATTYAAACCTT 

TCCRAGATGACCTGCGCTTCCGG 
CCCTTGTCATGGACCYGCTACAG, 
CCTTGTCATGGACCYGCTACAGA 

CCAGAACTTGAAGCGTGTCYGAG 

CCAGAGTGATCTCTYGGCTTGCC 
CCCACTGCCTATGTGYGGCCCAT, 
CCACTGCCTATGTGYGGCCCATG 
AGGATRTGTATGACTTTAGGTGG, 
GATAGGATRTGTATGACTTTAGG 
CCCTGGAGTTCAGTAYTGTAGGA, 
CCTGGAGTTCAGTAYTGTAGGAG 

TCTCCCCRGTAGGAGCCTCCCGG 

Deafness, autosomal recessive 44 

Multiple congenital anomalies 

Dyski nesia, familial, with facial myokymia 

Polymicrogyria, bilateral fro ntooarietal 

Polymicrogyria, bilateral frontoparietaJ 

Polvmicrogyria, bilateral frontooarietal 

Polymicrogyria, bilateral frontoparieta1 

Usher syndrome, type 2C 

Adenylosuccinate lyase deficiency, not provided 

not provided 

not provided 

not provided 

CHOPS SYNDROME 

Spastic ataxia 5, autosomal recessive 

Rhizomelic chondrodysplasia punctata type 3 

Renal dysplasia 
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NM_000030.2(AGXT):c.24 
12 1908522 AGXT 5G>A (p.Gly82Glu) 

NM_000030.2(AGXT):c.12 
121908523 AGXT lG>A (p.Gly41A.rg) 

NM_000030.2(AGXT):c.73 
12 1908528 AGXT 8G>A (p.Trp246Ter) 

NM_000030.2(AGXT):c.46 
121908530 AGXT 6G>A (p.Glv l56Arg) 

NM_000030.2(AGXT):c. J 0 
180177161 AGXT 79G>A (p.Arg360Gln) 

NM_000030.2(AGXT):c.10 
180177162 AGXT 7G>A (p.Arg36His) 

NM_000030.2(AGXT):c.l 1 
180177163 AGXT 02G>A (p.Ala368Thr) 

NM_000030.2(AGXT):c. l 2 
180177170 AGXT 5G>A (p.Gly42Glu) 

NM_000030.2(AGXT):c. l 6 
180177177 AGXT 6-lG>A 

NM_000030.2(AGXT):c.30 
180177196 AGXT 8G>A (p.Glyl03Glu) 

NM_000030.2(AGXT):c.32 
180177198 AGXT 3G>A (p.Trpl08Ter) 

NM_000030.2(AGXT):c.51 
180177231 AGXT 8G>A (p.Cysl 73Tyr) 

NM_000030.2(AGXT):c.53 
180177235 AGXT 3G>A (p.Cysl 78Tyr) 

NM_000030.2(AGXT):c.54 
180177236 AGXT 7G>A (p.Aso183Asn) 

NM_000030.2(AGXT):c.86 
61729604 AGXT 6G>A (p.Arg289His) 

CTCGGRACACTGTGCCCTGGAGG, 
TGGCTCGGRACACTGTGCCCTGG 

GCCRGGGGGCTGCAGATGATCGG 
AAGTGRCTGGCCAACTTCTGGGG. 
CAAGTGRCTGGCCAACTTCTGGG, 
TCAAGTGRCTGGCCAACTTCTGG 

ACCCACRGGGAGTCGTCCACCGG 
GTGCTGCRGATCGGCCTGCTGGG, 
GGTGCTGCRGATCGGCCTGCTGG 
CTCRCATCATGGCAGCCGGGGGG 

' CCTCRCATCATGGCAGCCGGGGG 

' TCCTCRCATCATGGCAGCCGGGG, 
CTCCTCRCATCATGGCAGCCGGG, 
CCTCCTCRCATCATGGCAGCCGG 

CAATRCCACCCGCGAGAATGTGG 
CCGGGGRGCTGCAGATGATCGGG 

GCCGGGGRGCTGCAGATGATCGG 

GCARATCATGGACGAGATCAAGG 
TTGRGGCCAATGGCATTTGGGGG. 
GTTGRGGCCAATGGCATTTGGGG, 
GGTTGRGGCCAATGGCATTTGGG, 
TGGTTGRGGCCAATGGCATTIGG 

CATTTRGGGGCAGCGAGCCGTGG 

AACTCTRCCACAGGTGAGCCTGG 

GTACAAGTRCCTGCTCCTGGTGG 
GTGRATTCGGTGGCATCCCTGGG, 
GGTGRATTCGGTGGCATCCCTGG 

CAGCTGGCRCCAGCACCGCGAGG 

Primary hyperoxaluria, type I 

P1imary hvoeroxaluria. tvoe I 

Primary hyperoxalrn·ia, type I 

Primary hyperoxalmia. type I 

Primary hyperoxaluria, type I 

Primary hvoeroxalmia, type I 

Primary hyperoxaluria, type I 

Primary byperoxaluria, type I 

Primary hyperoxaluria, type I 

Primary hyperoxaluria, type I 

Ptimary byperoxaluria, type I 

Primary byperoxaluria, type I 

P1imary byperoxaltu-ia, type I 

Primary byperoxaluria, type I 

Ptimary hyperoxalmia, type I, not provided 

...... 
\0 
\0 

~ 
0 
N 
0 ...... 
QC 

0 
N 
-l 
0 
-l 
QC 

~ 
("".) 

~ 
CJ) 
N 
0 ...... 
g 
.i;.. 
Ul 
CH 
QC ..... 



NM_000030.2(AGXT):c.36 
180177210 AGXT 4C>T (p.Argl22Ter) 

NM_000030.2(AGXT):c.84 
180177279 AGXT 4C>T (o.Gln282Ter) 

NM_000030.2(AGXT):c.92 
180177296 AGXT 2C>T (p.Gln308Ter) 

NM_02066 l .2(AICDA):c.2 
104894325 AICDA 03G>A (p.Trp68Ter) 

NM_020661.2(AICDA):c.7 
104894324 AI CD A OC>T (p.Arg24Trp) 

NM_003977.3(AIP):c.9l 1G 
104894190 ATP >A (p.Arg304Gln) 

NM_003977 .3(AIP):c.40C> 
104894194 AIP T (p.Glnl4Ter) 

NM_003977 .3(AIP):c.24 l C 
267606541 AIP >T (o.Arn81Ter) 

NM_O I 4336.4(AIPLl):c.83 
62637014 AIPLI 4G>A (p.Trp278Ter) 

NM_014336.4(ATPLl):c.l 1 
61757484 ATPLI 26C>T (p.Pro376Ser) 

NM_Ol4336.4(AJPLl):c.78 
142326926 AIPLl 4G>A (p.Gly262Ser) 

NM_000476.2(AKl):c. l 18 
137853204 AKI G>A (p.Gly40Arg) 

NM_0004 76.2(AK1 ):c. 190 
137853205 AKI G>A (p.Gly64Arg) 

NM_000476.2(AKl ):c.382 
104894101 AKl C>T (p.Argl28Trp) 

NM_005989.3(AKR1Dl ):c. 
121918343 AKRlDl 316C>T (p.Leu l06Phe) 

121434592 AKTl NM_005163.2(AKT l ):c.49 

CCTGCACCCAGGAGCCYGAGTGC 
CCTGGCCCTCATTGCGGAAYAGG 

CCCTCATTGCGGAAYAGGTGCAT 

CCTGCAGGCACTGGGGCTGYAGC 

TCGGACTRGGACCTAGACCCTGG 

CCGCTGGGCTAAGGGTYGGCGTG 

GAGCCRAGAGCTGCAGGCCCTGG 
CCGGGAGGACGGGATCYAAAAA 
c 

CCATCGTGTGCACCATGYGAGAA 
GTGRAATGAGGCCGAGGCCAAG 
G 
GACGRGGGTGGCTCTGTGGCTGG 
, 
TGGGGACGRGGGTGGCTCTGTGG 
CCCCTGCAGCCCCGCGCACYTGG. 
CCCTGCAGCCCCGCGCACYTGGG 

CCTGCAGCCCCGCGCACYTGGGT 

TCTCCACCRGGGACCTCCTGCGG 

GAAGRGGCAGCTGGTTCCACTGG 
CCCTGAGACCATGACCCAGYGGC 
, 
CCTGAGACCATGACCCAGYGGCT 
CCCAACCCTGGAGAGGACAYTCA 
, 
CCAACCCTGGAGAGGACAYTCAG 
, 
CCCTGGAGAGGACAYTCAGGGTC 

TAGGGRAGTACATCAAGACCTGG 

Primary hyperoxaluria, type I 

P1imary byperoxaluria, tYPe I 

Primary hyperoxalrn·ia, type I 

Immunodeficiency with hyper IgM type 2 

[mmunodeficiency with hyper lgM type 2 

Pituitary dependent hyperco1tisolism 
Somatotroph adeooma, Prolactinoma. familial, Pimitary 
adenoma predisposition 

Somatotrooh adenoma 

Leber coogeoital amaurosis 4, not provided 

Leber congenital amamosis 4. not specified, not provided 

Leber congenital amaurosis 4, not provided 

Adenylate kinase deficiency, hemolytic anemia due to 

Adenylate kinase deficiency, hemolytic anemia due to 

Adenylate kinase deficiency, hemolytic anemia due to 

Bile acid synthesis defect, congenital, 2 

Proteus syndrome, Carcinoma of colon, Breast 
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G>A (p.Glul7Lys) 

NM_001626.5(AKT2):c.82 
121434593 AKT2 lG>A (p.Arg274His) 

NM_001626.5(AKT2):c.49 
387906659 AKT2 G>A (p.Glul 7Lys) 

NM_l 81690.2(AKT3):c.49 
397514606 AKT3 G>A (p.Glul7Lys) 

NM_000031.5(ALAD):c.82 
121912981 ALAD 3G>A (p.Yal275Met) 

NM_000031.5(ALAD):c.82 
121912983 ALAD OG>A (p.Ala274Thr) 

NM_000031.5(ALAD):c. l 6 
749066913 ALAD 5-llC>T 

NM_00003 l .5(ALAD):c.7 l 
121912982 ALAD 8C>T (p.Arg240Trp) 

NM_000032.4(ALAS2):c.8 
137852302 ALAS2 71G>A (p.G1y291Ser) 

ALDHlA NM_000693.3(ALDH1A3): 
386834230 3 c.211G>A (p.Val71Met) 

ALDHlA NM_000693.3(ALDH1A3): 
397514652 3 c.265C>T (p.Arg89Cys) 

NM_Ol9109.4(ALGl):c.77 
28939378 ALGl 3C>T (p.Ser258Leu) 

NM_024105.3(ALG L2):c.3 
121907933 ALGI2 OJG>A (p.Glyl01Arg) 

NM_024105.3(ALG l2):c.2 
121907931 ALG12 OOC>T (p.Thr67Met) 

NM_l 44988.3(ALG 14 ):c.3 
367570129 ALG14 JOC>T (p.Argl04Ter) 

NM_005787 .5(ALG3):c.35 
28940588 ALG3 3G>A (p.Gly 118Asp) 

NM_005787 .5(ALG3):c. l 6 
387906273 ALG3 5C>T (p.Gly55=) 

NM_024079.4(ALG8):c.82 
121908294 ALG8 4G>A (p.Gly275Asp) 

ALOX12 NM_001139.2(ALOX12B): 
397514527 B c.1294C>T (p.Arg432Ter) 

TACCRCGACATCAAGGTTAGTGG 

CAGGTRAATACATCAAGACCTGG 

TAGGARAATATATAAAAAACTGG 

CTCGCCRTGTACCACGTCTCTGG 

CTCRCCGTGTACCACGTCTCTGG 

GGTRTGGGTAGAGGGGTTGAAGG 
CCCTCATCCCTT AGGACYGGGAT. 
CCTCATCCCTTAGGACYGGGATG 

ATCCAARGTATCCGTAACAGTGG 
CGACRTGGACAAGGCTGTGGAGG 

GCCCGACRTGGACAAGGCTGTGG 

CCAGAGGGGCTCGCCATGGYGCC 
CCCAGTCACGGAGCGGTYGGCCT 

CCAGTCACGGAGCGGTYGGCCTT 

GTTAGARGAGTGCTTGGACTCGG 
CCCGGAGTCGTCCCCAGGA YGTT, 
CCGGAGTCGTCCCCAGGAYGTTC 

AATTCRGTG AATGTAGT AT'CT'GG 

CCGAGRCACTGACATCCGCATGG 

CCTGGCGGAGGTGGGYATCACCT 

GGGRCCTCTGTCATGCATATTGG 

CCTCATCCCCCATACCYGATACA 

adenocarcinoma, Neoplasm of ovary 

Diabetes mellitus type 2 

Megalencephaly-polymicrogyria-polydactyly-bydrocephalus 
syndrome 2 

Porphobilinogen synthase deficiency 

Porphobilinogen synthase deficiency 

Porphobilinogen synthase deficiency 

Porphobilinogen synthase deficiency 

Hereditary sideroblastic anemia 

not provided 

Microphthalmia, isolated 8 

Congenital disorder of glycosylation type I K, not provided 

Congenital disorder of glycosylation type 1 G 

Congenital disorder of glycosylation type l G 

Myasthenic syndrome, congenital, without tubular a1rnregates 

Congenital disorder of glycosylatioo type 10 

Congenital disorder of glycosylation type l D 

Congenital disorder of glycosylation type l H 

Autosomal recessive congenital ichthyosis 2 
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ALOX 12 NM_001139.2(ALOX 12B): 
397514531 B c.1207C>T (p.His403Tyr) 

NM_001165960.l(ALOXE 
3):c.1096C>T 

121434233 ALOXE3 (o.Arg366Ter) 
NM_000478.4(ALPL):c.648 

749544042 ALPL +lG>A 
NM_000478.4(ALPL):c.57 I 

121918007 ALPL G>A (p.GJul 9 lLvs) 

NM_0004 78.4(ALPL):c.100 
121918009 ALPL IG>A (p.Gly334Asp) 

NM_000478.4(ALPL):c.346 
121918013 ALPL G>A (p.Alal 16Thr) 

NM_0004 78.4(ALPL):c.526 
121918019 ALPL G>A (p.Alal76Thr) 

NM_0004 78.4(ALPL):c.323 
121918015 ALPL C>T (p.Prol08Leu) 

NM_000478.4(ALPL):c.8 I 4 
12 1918020 ALPL C>T (p.Arg272Cys) 

NM_OO l 632.3(ALPP):c.74 
1130335 ALPP C= (p.Pro25=) 

NM_006982.2(ALX1 ):c.53 
587776684 ALXl l+lG>A 

NM_006492.2(ALX3):c.54 
121908168 ALX3 7C>T (p.A.rgl83Trp) 

NM_152424.3(AMERl):c.8 
387907269 AMERl l lC>T (p.Glo271Ter) 

NM_000036.2(Ai\11PD 1 ):c. l 
121912682 AMPDl 373G>A (p.Arg458His) 

NM_00048 l .3(AJ\i1T):c.806 
121964981 AMT G>A (p.Gly269Asp) 

NM_OO 1127493.l (ANK2):c 
36210415 ANK2 . l 360G>A (p.GJy454Arg) 

NM_ l 78510.1(Al'\J'KK1 ):c.2 
1800497 ANKKl 137G>A (p.Glu713Lys) 

NM_000216.2(Al'\J'OS 1 ):c.7 
1378525 12 ANOS! 11 G> A ( p. Trp237Ter) 

CCCACCTGCTGGAGACA Y ACCTC, 
CCACCTGCTGGAGACAYACCTCA 

CCTTGGGAATGAAGCTTYGAGGG 

ACATTGACRTGAGTGCTCGGGGG 

AGACAACRAGATGCCCCCTGAGG 
AAGGAGRCAGAATTGACCACGG 
G, 
CAAGGAGRCAGAATTGACCACG 
G 
CGCCACCRCCTACCTGTGTGGGG, 
CCGCCACCRCCTACCTGTGTGGG 

CAGCRCCGCCTACGCCCACTCGG 

CCAATGCCCAGGTCCYTGACAGC 
CCCAC1~l'CATCTGGAACYGCACG, 

CCACTTCATCTGGAACYGCACGG 
CCCTGGGCATCATCCY AGGTAA T, 
CCTGGGCATCATCCYAGGTAATG 
TCCAGRTAGGAGCCAAAAAGAG 
G 

CCTGATGTGTATGCCYGGGAGCA 

CCTCAGCACATGTGYAACCCAAG 

GAGCCCCRCCTGTCCATCTATGG 
AGGCAGRCCTCTGCCTGTATGGG, 
GAGGCAGRCCTCTGCCTGTATGG 
CCGAGCCRGGCAGGTGGAAGTG 
G 

CCAGCTGGGCGCCTGCCTYGACC 

TCACTGRCAGACAGTGGCCCAGG 

Autosomal recessive coDgenitaJ ichthyosis 2 

Autosomal recessive congenital ichthvosis 3 

Childhood hypophosphatasia, Infantile hypophosphatasia, 
Adult hypophosohatasia 

lnfantile hypophosphatasia 
Childhood hypophosphatasia, Infantile hypophosphatasia, 
AdLLlt hypophosphatasia, Odontohypophosohatasia 

Childhood hypophosphatasia, Infantile hypophosphatasia 

Odontohvooohosphatasia 

Childhood hypophosphatasia, Jofaotile hypophosphatasia 

Frontooasal dysplasia 3 

Frontonasal dysplasia 1 

Osteopathia sttiata with cranial sclerosis 

Muscle AMP deamioase deficiency, not provided 

Non-ketotic byperglycinemia 

Torsades de poiotes 

Dopamine receptor d2, reduced brain density of 

Kallmano syndrome 1 
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NM_000216.2(ANOS l):c.7 
137852514 ANOS ! 74G>A (p.Trp258Ter) 

NM_000216.2(ANOS l):c.7 
137852516 ANOSl 84C>T (p.A.l"g262Ter) 

NM_000216.2(Al~OS l):c. l 
137852517 ANOS! 187C>T (p.Ser396Leu) 

NM_032208.2(ANTXR l ):c. 
397514700 ANTXR l 505C>T (p.Al·g J 69Ter) 

NM_0039 l6.4(AP 1 S2):c.28 
587776739 AP IS2 8+5G>A 

NM_004069.4(AP2S l):c.43 
397514498 AP2S l C>T (p.Argl5Cys) 

NM_004722.3(AP4M I ):c.9 
730882249 AP4M l 52C>T (p.Arg318Ter) 

NM_000038.5(APC):c.637 
58778 1392 APC C>T (p.A.l"g213Ter) 

NM_000038.5(APC):c.40J 2 
12 19l3327 APC C>T (p.Glo 1338Ter) 

NM_000038.5(APC):c.3286 
587783029 APC C>T (p.Gln I 096Ter) 

NM_000482.3(APOA4):c.7 
121909576 APOA4 48G>A (p.Glu250Lys) 

NM_000384.2(APOB):c.75 
121918390 APOB 64C>T (p.A.l"g2522Ter) 

NM_000040. l (APOC3):c.5 
138326449 APOC3 5+1G>A 

NM_00004 l .3(APOE):c.34 
28931577 APOE 9G>A (p.Ala117Tbr) 

NM_00004 l .3(APOE):c.87 
121918398 APOE 5G>A (p.Arg292His) 

NM_00004 l .3(APOE):c.43 
267606664 APOE 4G>A (p.Glyl 45Asp) 

7412 APOE NM_00004 l .2(APOE):c.52 

CCGATGRTACCAGTTTCGAGTGG 

CCGATGGTACCAGTTTYGAGTGG 
CCCTTCACTTCACATYGACACAT, 
CCTTCACTTCACATYGACACATG 
CCCAGGCTAATAGGTCTYGAGAT 
, 
CCAGGCTAATAGGTCTYGAGATC 

CCTAAAATAAAATACTAYTCACA 
CCGGGCAGGCAAGACGYGCCTG 
G 

CCAGGTI~r ATCTAAAGTTGYGAT 
CCAGGATATGGAAAAAYGAGCA 
c 

CCAAATCCAGCAGACTGYAGGGT 
CCAACCACAT'ITTGGACAGY AGO 

' CCACA'ITITGGACAGYAGGAATG 
ACGCCRAGGAGCTCAAGGCCAG 
G 
CCTAGAAGATACACGAGACYGA 
A 
TCTGCCCRTAAGCACTTGGTGGG, 
CTCTGCCCRTAAGCACTTGGTGG 
CAGRCGGCGCAGGCCCGGCTGGG 

' GCAGRCGGCGCAGGCCCGGCTGG 

AGCTGCAGRCGGCGCAGGCCCGG 

GCAGCRCCAGTGGGCCGGGCTGG 

CATGCTCGRCCAGAGCACCGAGG 

CCGATGACCTGCAGAAGYGCCTG 

Kallmann syndrome I 

Kallmann syndrome 1 

Kallmaon syndrome 1 

OdoDtotrichomeEc syndrome 

Mental retardation X-linked syndromic 5 

Hypocalciuric hypercalcemia, familial, type 3 
Microcephaly, Hypoplasia of the corpus calJosum, Spastic 
paraplegia 50, autosomal recessive, Global developmental 
delay, CNS hypomyelination, Brain atrophy 

Hereditary cance.r-oredisoosing sy11drome, not provided 

Fami lial adeDomatous polyposis L Carci11oma of colo11 

Fami lial adenomatous polyposis I, not provided 

Hypobetalipoproteioemia, familial, associated with apob32 

Coronary heart disease, Hyperalpbalipoproteioemia 2 

Familial type 3 hyperlipoproteioemia 
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6C>T (p.Argl76Cys) 

NM_00004 l .3(APOE):c.48 
769455 APOE 7C>T (p.Arg163Cys) 

NM_00004 l .3(APOE):c.47 
387906567 APOE 8C>T (p.Argl60Cys) 

NM_000484.3(APP):c.2080 
63749810 APP G>A (p.Asp694Aso) 

NM_000484.3(APP):c.2143 
63750734 APP G>A (p.Yal715Met) 

NM_000485.2(APRT):c.29 
104894507 APRT 4G>A (p.Trp98Ter) 

NM_l 75073.2(APTX):c.61 
121908131 APTX 7C>T (p.Pro206Leu) 

NM_l 98098.2(AQP l):c.113 
104894004 AQPl C>T (p.Pro38Leu) 

NM_OO 165 l .3(AQP5):c.562 
368292687 AQP5 C>T (p.Arg188Cys) 

NM_000044.3(AR):c.4G>A 
104894742 AR (p.Glu2Lys) 

NM_000044.3(AR):c.2 I 57 
137852563 AR G>A (p.Trp719Ter) 

NM_000044.3(AR):c.2 I 9 J 
137852571 AR G>A (p.Val731Met) 

NM_000044.3(AR):c.2324 
137852572 AR G>A (p.Arg775His) 

NM_000044.3(AR):c.2 l 64 
137852583 AR G>A (p.Ala722Tbr) 

NM_000044.3(AR):c. l 645 
137852588 AR C>T (p.Pro549Ser) 

ARHGEF NM_O l 4629.3(ARHGEF10 
28940281 LO ):c.995C>T (p.Thr332Ile) 

NM_020732.3(ARID lB):c. 
587779745 ARIDlB 4102C>T (p.Gln1368Ter) 

CCCACCTGCGCAAGCTGYGTAAG 

CCACCTGCGCAAGCTGYGTAAGC 

CCTCGCCTCCCACCTGYGCAAGC 

GAARATGTGGGTTCAAACAAAGG 

GACARTGATCGTCATCACCTTGG 

TCTGTGRGCCTCCTATTCCCTGG 

CCATTGGCTGGTCTTACYGTGGA 
CCCTGGGCTTCAAATACCYGGTG, 
CCTGGGCTTCAAATACCYGGTGG 

CCATGAACCCAGCCYGCTCTTTT 
ATGRAAGTGCAGTTAGGGCTGGG 

GATGRAAGTGCAGTTAGGGCTGG 

' 
CAAGGATGRAAGTGCAGTTAGGG 

AAGTGRGCCAAGGCCTTGCCTGG 

CTT ACACRTGG ACGACCAGATGG 

GGTACCRCATGCACAAGTCCCGG 

GGCCAAGRCCTTGCCTGGTAAGG 

CCAGGGACCATGT111GYCCATT 
CCGCGAAGGACGGCAYCAAGGA 
c 
CCAGCCCGGCCTGTACCCAYAGC 

' 
CCCGGCCTGTACCCAYAGCAGCC 

Familial type 3 byperlipoproteioemia 

Familial type 3 byperlipoproteioemia 

Cerebral amyloid aogiopatby, APP-related, not provided 

Alzheimer disease. type 1, not provided 

Adenine phosphoribosyltransferase deficiency 

Adult onset ataxia with oculomotor apraxja 

Diffuse palmoplantar keratoclerma, Bothnian type 

ReifensteiD syndrome 

MaligDant tumor of prostate 

MaligDant tumor of prostate 

Hypospadias 1, X-l inked 

Slowed nerve coDduction velocity, autosomal dominant 

Coffin Siris/Intellecnial Disability 
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NM_020732.3(ARID1B):c. 
387907140 ARIDlB 3919C>T (p.Glnl307Ter) 

NM_020732.3(ARID1B):c. 
387907141 ARIDlB 3304C>T (p.Argl 102Ter) 

NM_001288767.l(ARMC5) 
369721476 ARMC5 :c. l 084C> T (p.Arg362Ter) 

NM_000487 .5(ARSA):c.73 
199476366 ARSA 7G>A (p.Arg246His) 

NM_000487.5(ARSA):c.37 
7431546 1 ARSA OG>A (p.Glyl24Ser) 

NM_000487.5(ARSA):c.46 
80338815 ARSA 5+1G>A 

NM_000487.5(ARSA):c. I 2 
80338820 ARSA lO+lG>A 

NM_000487.5(ARSA):c.25 
74315458 ARSA 7G>A (p.Arg86Gl11) 

N M_000487 .5(ARSA):c.76 
74315483 ARSA 3G>A (p.Glu255Lys) 

NM_000487.5(ARSA):c.29 
74315456 ARSA 3C> T (p.Ser98Phe) 

NM_000487 .5(ARSA):c.4 I 
74315462 ARSA 3C>T (p.Prol38Leu) 

NM_000487.5(ARSA):c.98 
398123418 ARSA 6C> T (p.Thr329Ile) 

NM_000487.5(ARSA):c.67 
74315468 ARSA 7C>T (p.Ala226Yal) 

NM_000487.5(ARSA):c.86 
74315473 ARSA 8C>T (p.Arg290Cys) 

74315481 ARSA NM 000487.5(ARSA):c.12 

CCGGCCTGTACCCAYAGCAGCCG 

CCCAACAGCAGCATGYAGGACAT 

CCAACAGCAGCATGYAGGACAT 
G 
CCCCTGGACCTGTTCYGACTCTA, 
CCCTGGACCTGTTCYGACTCTAC 
CCCTCCTGGAACTCAGCYGAGGC 
, 
CCTCCTGGAACTCAGCYGAGGCT 

TTCAGGCCRCGGGCCATTTGGGG 
GGCCRGCAAGTGGCACCTTGGGG 
, 
TGGCCRGCAAGTGGCACCTTGGG 
, 
ATGGCCRGCAAGTGGCACCTTGG 
CGACCAGRTAGGAACCACCCGGG 

' ACGACCAGRTAGGAACCACCCGG 

CCCAGGRTAACCCCTCCCCGTGG 

GTTCRGATGGGCATGTACCCTGG 
ATGRAGCTGGATGCAGCTGTGGG 

' 
GATGRAGCTGGATGCAGCTGTGG 

CCTGGTGCCCAGCTYCCGGGGGG 

CCTGAGGGGGCCfTCCTGCYCCC 

CCTGCCCCCAGGCGTGAYCCACG 
CCCTTCTTCCTGT ACT ATGYCTC, 
CCTTCTTCCTGTACTATGYCTCT 
CCCAGACCTGAGACCATGYGTAT 

' CCAGACCTGAGACCATGYGTATG 

CCCACAGTGATACCAYTGCAGAC 

Mental retardation, autosomal dominant 12 

Mental retardation. autosomal dominant 12 

Acth-independent macrooodular adrenal hyperplasia 2 

Metachromatic leukodystropby, not provided 

Metachromatic leukodystrophy, not provided 
Metachromatic leu.kodystrophy, Metachromatic 
leukodystrophy, juvenile type, Metachromatic leukodystrophy, 
adult type 
Metachromatic leukodystrophy, Metachromatic 
Jeukodystrophy, juvenile type 

Metachromatic leukodvstrophy 

Metachromatic leukodystrophy. Metachromatic 
leuk:odystrophy. Late iofa11tile 
Metachromatic leukodystrophy, Metachromatic 
leukodvstroohv, late i11fantile 

Metachromatic leu.kodvstrophy 

Metachromatic leukodystrophy 

Merachromatic Jeukodystropby 

Metachromatic leukodvstrophy 
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32C>T (p.Thr411Ile) 

NM_000046.3(ARSB):c.12 
118203941 ARSB 14G>A (p.Cys405Tyr) 

NM_000046.3(ARSB):c.28 
118203942 ARSB 4G>A (p.Arg95Gln) 

NM_000047 .2(ARSE):c.14 
122460155 Al~SE 75G>A (p.Cys492Tyr) 

NM_000047 .2(ARSE):c. l 7 
28935474 ARSE 32C>T (p.Pro578Ser) 

NM_ l 39058.2(ARX):c. l 14 
587783096 ARX IG>A (p.Ala381Thr) 

NM_l39058.2(ARX):c.l l l 
104894740 ARX 7C>T (p.Gln373Ter) 

NM_l 39058.2(ARX):c. l 05 
104894743 ARX 8C>T (p.Pro353Leu) 

NM_ l 39058.2(ARX):c. 14 l 
587783189 ARX 4C>T (p.Arg472Ter) 

NM_0043 l 5.4(ASAH I ):c.1 
145873635 ASAHI 73C>T (p.Thr58Met) 

NM_08087 l .3(ASB J O):c.76 
104886478 ASBlO 5C>T (p.Thr255=) 

NM_000048.3(ASL):c.35G 
145 138923 ASL >A (p.Arg12Gln) 

NM_000048.3(ASL):c.446+ 
142637046 ASL lG>A 

NM_001024943.l(ASL):c.l 
28940286 ASL 153C>T (p.Arg385Cys) 

NM_000048.3(ASL):c.544 
398123126 ASL C>T (p.Argl82Ter) 

NM_000048.3(ASL):c.280 
374304304 ASL C>T (p.Arg94Cys) 

NM_l 83356.3(ASNS):c. l 6 
398122974 ASNS 48C>T (p.A:rg550Cys) 

NM_O l 8 l 36.4(ASPM):c.30 
199422154 ASPM 82G>A (p.Glyl028Arg) 

587783287 ASPM NM 018136.4(ASPM):c.90 

. 
CCACAGTGATACCAYTGCAGACC 

CCCAGRTCCCAGGAACAGCATGG 

TCGCRGAGCCAGCTGCTCACTGG 

CGGTGCCTRCTATGG AAGAAAGG 
CCCTGCTGTGGCCCGTTCYCCCT, 
CCTGCTGTGGCCCGTTCYCCCTC 
TCGGRCCAAGTGGCGCAAGCGGG 

GTCGGRCCAAGTGGCGCAAGCGG 

CCGAGGCCCGAGTCYAGGTGAGC 
CCAGAAGACGCACTACCYGGAC 
G 

CCTCGGAGCGGCAGTGTTCYGAC 

ACTCACRTTGGTCCTGAAGGAGG 

CCGATGCCGAGGCCACCACYGCC 

TGGCCRGTTTGTGGGTGCAGTGG 

GCAGAGGCRTGAGTCCTACAGGG 

CCCAGATGCCATTCYGCCAGGCC 
CCACGCCGTGGCACTGACCYGAG 
, 
CCGTGGCACTGACCYGAGACTCT 

CCACACAGCCAATGAGYGCCGCC 

CCACTGACCCTTCTGCCYGCACG 

GCATRGTAAAAACTGAGTAGAGG 

CCTTATAGAGACATYGAGCTGCT 

Mucopolysaccbaridosis type VI. 
MUCOPOLYSACCHARIDOSIS, TYPE VI. SEVERE 

Mucopolysaccharidosis type VI. not provided 

Chondrodysplasia punctata I, X-Iinked recessive 

Chondrodysplasia punctata I , X-linked recessive 

not provided 

Lisseocephaly 2, X-linked 

Epileptic encephalopathy. early infa11tile, l 

Lisseocephaly 2, X-linked 

Jankovic Rivera syndrome 

Glaucoma I, ope11 angle, F 

A.rgioinosuccioate lyase deficiency, not provided 

not provided 

A.rgininosuccinate lyase deficiency 

Argininosuccinate lyase deficiency, not provided 

A.rgininosuccinate lyase deficiency. not provided 
Asparagine synthetase deficiency, Abnormality of neuronal 
migration 

Primary autosomal recessive microcepbaly 5 

Primary autosomaJ recessive microcephaly 5 
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91C>T (p.Arg3031Ter) 

NM_Ol8 l 36.4(ASPM):c.27 
587783227 ASPM 91C>T (p.Arg931Ter) 

NM_O 18 l 36.4(ASPM):c.80 
587783275 ASPM 17C>T (p.Gln2673Ter) 

NM_Ol8136.4(ASPM):c.19 
199422148 ASPM 90C>T (p.Gln664Ter) 

NM_Ol8136.4(ASPM):c.78 
199422175 ASPM 94C>T (p.Gln2632Ter) 

NM_O l 8 l 36.4(ASPM):c.34 
137852996 ASPM 9C>T (p.Argll7Ter) 

NM_000050.4(ASS l):c.470 
121908637 ASS! G>A (p.Arg157His) 

NM_000050.4(ASS1):c.970 
121908639 ASS! G>A (p.Gly324Ser) 

NM_000050.4(ASSl):c.571 
777828000 ASSl G>A (p.Glul91Lys) 

NM_000050.4(ASS1):c.794 
398123131 ASSl G>A (p.Arg265His) 

NM_000050.4(ASS1):c.103 
786204537 ASSl OC>T (o.Arg344Ter) 

NM_000050.4(ASS l):c.-
138350285 ASSI 4C>T 

NM_000050.4(ASS l):c.108 
L21908640 ASSI 7C>T (o.Arg363Tro) 

NM_000050.4(ASS l):c.910 
121908642 ASS! C>T (p.Arg304Trp) 

NM_O l5338.5(ASXL I ):c. l 
373145711 ASXLl 210C>T (p.Arg404Ter) 

NM_O 15338.5(ASXL l ):c.2 
387907077 ASXLl 773C>T (p.Gln925Ter) 

NM_030632.l (ASXL3):c. l 
587777061 ASXL3 210C>T (o.Gln404Ter) 

NM_007348.3(ATF6):c.970 
761357250 ATF6 C>T (p.Arg324Cys) 

NM_015915.4(ATLl):c.715 
119476046 ATLI C>T (o.Arg239Cvs) 

NM_O 15915.4(ATLl):c.467 
137852657 ATLl C>T (p.Thrl56Ile) 

CCTTTTGGCTTTTTCAYGAGATT 

CCAAGCAGTTATTTGTATAYAGT 
CCCATTATCGCTGTGGCAYAGTC, 
CCATTATCGCTGTGGCAYAGTCC 

CCAGGCTGCCATTATTATTYAGA 
CCACTCAAAGAAGGCYGAGTAA 
G 

CAAGGGCCRCAATGACCTGATGG 

TACCRGTGCGTAAGACTCTATGG 

CAGCTACRAGGCTGGAATCCTGG 

CGTGGGCCRTATTGACATCGTGG 
CCAAGTCCCAGGAGYGAGTGGA 
A 

CCTCGACTCCCGCCAGAYGCTAT 

CCAGGTGTACATCCTCGGCYGGG 

CCTfCACCATGGACYGGGAAGTG 
CCAGCCACCCGACAGYGAGATG 
G 

CCATCTG!fGAGCCCYAGGTTGG 
CCTTGGCAGAACAAYAGCCAAA 
A 

CCGCTTGTCAGTCTYGCAAGAAG 

CCAAATTCTrGGAAAAAYGCCTC 

CCTTTGATAGTCAGTCAAYTTTG 

Primary autosomal recessive microcephaly 5 

P1imary autosomal recessive microcepbaly 5 

Primary autosomal recessive microcepbaly 5 

Primary autosomal recessive microcephaly 5 

Primary autosomal recessive microcephaly 5 

Citrullinemia type I. not provided 

Citrullinemia type I. not provided 

Citrullinemia type I 

Citrullinemia type I, not provided 

Citrullinemia tvoe I, not orovided 

not provided 

Citrulljnemja type I, not provided 

Citrumnemia type I 

C-Like syndrome 

C-like syndrome 

Bainbridge-Ropers svodrome 

Acbromatopsia 7 

Soastic oaraoJegia 3 

Spastic paraplegia 3 
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NM_00005 l .3(ATM):c. l 70 
587779818 ATM G>A (p.Trp57Ter) 

NM_00005 l .3(ATM):c.334 
786201957 ATM 9C> T (p.Glnl l l 7Ter) 

NM_022089 .3(ATP13A2):c 
199624796 ATP13A2 .490C>T (p.Arg l64Trp) 

NM_000702.3(ATP1A2):c. 
12 19l8616 ATP1A2 1643G>A (p.Ar.g548His) 

NM_000702.3(ATP1 A2):c. 
796052276 ATP1A2 1091C>T (p.Thr364Met) 

NM_000702.3(ATP I A2):c. 
121918615 ATP1A2 2936C>T (p.Pro979Leu) 

NM_000702.3(A TP l A2):c. 
121918620 ATP1A2 l 127C>T (p.Thr376Met) 

NM_l52296.4(ATP1A3):c. 
80356534 ATP IA3 1838C>T (o.Thr613Met) 

NM_004320.4(ATP2A l ):c. 
121918113 ATP2Al 592C>T (p. Arg J 98Ter) 

NM_004320.4(ATP2A I ):c. 
121918115 ATP2Al 2366C>T (p.Pro789Leu) 

NM_00 168J .3(ATP2A2):c. 
121912736 ATP2A2 2305G>A (p.Gly769Arg) 

NM_00168J .3(ATP2A2):c. 
28929478 ATP2A2 68G>A (o.G ly23Glu) 

NM_001001486.l(ATP2Cl 
137853012 ATP2CI ):c.9 lOG>A (p.Ala304Thr) 

NM_005765.2(ATP6AP2):c 
121918521 ATP6AP2 .321C>T (o.Asol07=) 

ATP6YO NM_O 12463.3(ATP6YOA2) 
374480381 A2 :c.1514+1G>A 

ATP6YO NM_020632.2(ATP6YOA4) 
28939081 A4 :c.2420G>A (p.Arg807Gln) 

ATP6YO NM_020632.2(ATP6YOA4) 
121908367 A4 :c.2257C>T (p.Gln753Ter) 

ATP6YO NM_020632.2(ATP6VOA4) 
121908368 A4 :c.1571C>T (p.Pro524Leu) 

ATP6V1B NM_001692.3(ATP6V1Bl) 
121964881 1 :c.232G>A (p.Gly78Arg) 

TGAA TTRGGATGCTGTI'TTTAGG 

CCTTTGAAGCTTCAGYAAACAGC 
ATACCRCAGCACCCGCTTCTGGG. 
AATACCRCAGCACCCGCTTCTGG 

GGGAGCRTGTGCTGGGTGAGAGG 
CCTGGAGGCGGTGGAGAYGCTG 
G 
CCCTCCGCATGTACCYGCTCAAG, 
CCTCCGCATGTACCYGCTCAAGT 

CCATCTGCTCGGACAAGAYGGGC 

CCGGCGATCACCCCATCAYGGCC 
CCCGTTCCTGACCCCYGAGCTGT, 
CCGTTCCTGACCCCYGAGCTGTC 

CCTGAGGCCCTGATCCYGGTGCA 
CGTCRGGGAAGTTGTCTGGTAGG. 
CCAACGTCRGGGAAGTTGTCTGG 

TACGGRGCTGAGCCTGGAACAGG 

GCTGTARCAGCAATTCCTGAAGG 

CCTTTT AGTCC!'GA YAGTG1TGC 

GGAARTAAGTGTCCCATAGCTGG 
TGCRACTGCACTGGTAAGGATGG 

GCCCTGCRACTGCACTGGTAAGG 

CCTCAGCCTGGCTCATGCAYGTG 
CCCGTTTGGGATTGATCYGGTAA, 
CCGTTTGGGATTGATCYGGTAAT 
GAGCRGGCAGGTGCTTGAGGTGG 

Ataxia-telangiectasia syndrome, Hereditary cancer-
predisposing syndrome 

Hereditary cancer-predisposing syndrome 

Parkinson disease 9 

Migraine, familial basilar 

not provided 

Familial hemiplegic migraitie type 2 

Familial hemiplegic migraine type 2 

Dystonia 12 

Brody myopathy 

Brody myopathy 

Darier disease, segmental 

Kerarosis folliculari s 

Familial benig11 pemphigus 

Mental retardation, X-lioked, syndromic, Hedera type 

Cutis laxa with osteodystrophy. not provided 

Renal rnbular acidosis. distal. autosomal recessive. with late-
onset sensorineural heruiog loss 

Renal mbular acidosis, distal, autosomal recessive 

Renal mbulru· acidosis. distal, autosomal recessive 
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ATP6VIB NM_001693.3(ATP6V 1B2) 
794729667 2 :c.1516C>T (p.A.rg506Ter) 

NM_000052.6(ATP7 A):c.2 
267606673 ATP7A 981C>T (p.Tbr994Ile) 

NM_000053.3(ATP7B):c.2 
201038679 ATP7B 975C> T (p.Pro992Leu) 

NM_000053.3(ATP7B):c.2 
28942076 ATP7B 827G>A (p.Gly943Ser) 

NM_000053.3(ATP7B):c.2 
137853283 ATP7B 336G>A (p.Trp779Ter) 

NM_000053.3(ATP7B):c.2 
587783306 ATP7B 865+1G>A 

NM_000053.3(ATP7B):c.2 
72552255 ATP7B 930C>T (p.Thr977Met) 

NM_000053.3(ATP7B):c.2 
121907994 ATP7B 621C>T (p.Ala874Yal) 

NM_005603.4(ATP8B I ):c. 
121909101 ATP8BI l 660G>A (p.Asp554Asn) 

NM_000489 .4(ATRX):c.52 
122445104 ATRX 25G>A (p.Argl742Lys) 

NM_000489 .4(ATRX):c.7 I 
122445099 ATRX 56C>T (p.Arn2386Ter) 

NM_OOJ 698.2(AUH):c.895-
730880309 AUH lG>A 

NM_001015879.l(AURKC 
121908654 AURKC ):c.629G>A (p.Cys210Tyr) 

NM_000490.4(A VP):c.262 
121964882 AVP G>A (p.Gly88Ser) 

NM_000490.4(A VP):c.260 
121964890 AVP C>T (p.Ser87Phe) 

NM_000490.4(A VP):c.20C 
121964892 AVP >T (p.Pro7Leu) 

28935496 AVPR2 NM_000054.4(A YPR2):c.3 

GAGGAGCRGGCAGGTGCTTGAG 
G 

CCTCAGCGAATTTTACCCTYGAG 

CCAAGCCTCTATCAYAGTTCTGT 
CGTGRGCGTGGCCAGCCCCAGGG 
, 
CCGTGRGCGTGGCCAGCCCCAGG 

GTAATCRGTTTTATCGATTTTGG 

GGGCCGGTRGCTGGAACACTTGG 
TCCTRTAAGTTGAATGCCTTGGG, 
TTCCTRTAAGTTGAATGCCTTGG 

CCGGAACCCAAGTTCRTCACGTT 
CCCGGAAGCACTGTAATTGYGGG 

' 
CCGGAAGCAC'TGTAATTGYGGGG 

CTCTCCCRATGAAGGTGCCCTGG 

AGGARGAGGATTA1vfTTAACAGG 

CCAGGAGC1'TGATGTTAAAYGAA 
CTCARGTCGATTTAGT AACAGGG, 
TCTCARGTCGATTTAGTAACAGG 
CTCTRCTATGAGCTGCTGGTGGG, 
GCTCTRCTATGAGCTGCTGGTGG, 
AGTGCTCTRCTATGAGCTGCTGG 
AGTCCRGCCAGAAGGCGTGCGGG 
, 
CAGTCCRGCCAGAAGGCGTGCGG 

CCGTCGCCCTGCCAGTYCGGCCA 

CCTGACACCATGCTGCYCGCCTG 

CCAGATGCCCTGTGTYGGGCCGT 

Zimmermann-Laband syndrome 2 

Distal spinal muscular atrophy, X-linked 3 

Wilson disease 

Wilson disease 

Wilso11 disease 

Wilson disease 

Wilson disease, not provided 

Wilsoo disease 

Progressive intrahepatic cholestasis 

ATR-X syndrome 

ATR-X syndrome 

3-Methylglutaconic acidmia 

Infertility associated with multi-tailed spermatozoa and 
excessive DNA 

Neurobypopbyseal diabetes insipidus 

Neurobypophyseal diabetes insipidus 

Nephrogenic diabetes iosipidus. X-linked 
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37C>T (p.Argl 13Trp) 

NM_000054.4(A YPR2):c.3 
104894760 AYPR2 lOC>T (p.Argl04Cys) 

NM_004655.3(AXIN2):c.19 
730882193 AXIN2 89G>A (p.Trp663Ter) 

NM_004655.3(AXIN2):c.19 
121908568 AXIN2 66C>T (p.Arg656Ter) 

B3GALN NM_l52490.4(B3GALNT2 
367543074 T2 ):c.802G>A (p. V al268Met) 

B3GALT NM_080605 .3(B3G AL T6): 
397514722 6 c.16C>T (p.Arg6Trp) 

B3GALT NM_080605.3(B3GAL T6): 
397514724 6 c.649G>A (p.Gly217Ser) 

NM_00428 l .3(BAG3):c. l 4 
387906876 BAG3 30G>A (p.Arg477His) 

NM_00428 l .3(BAG3):c.21 
387906874 BAG3 IC>T (p.Arg71Trp) 

NM_003860.3(BANFl) :c.3 
387906871 BANF I 4G>A (p.Ala l2Thr) 

NM_000465.3(BARD I ):c.2 
786202118 BARD I 268G>A (p.Trp756Ter) 

NM_024649.4(BBSl):c.432 
587777829 BBS! +lG>A 

NM_03 l 885.3(BBS2):c.943 
121908178 BBS2 C>T (o.Arg315Tro) 

NM_03 l 885.3(BBS2):c.646 
121908180 BBS2 C>T (p.Arg216Ter) 

NM_l 76824.2(BBS7):c.632 
119466002 BBS7 C>T (o.Thr21 Lile) 

NM_00558 l .4(BCAM) :c.36 
121918133 BCAM lC>T (p.Argl21Ter) 

CCTGGAAGGCCACCGACYGCTTC 
ATCTGTGRGGGGGCAACAGCGGG 

CATCTGTGRGGGGGCAACAGCGG 

CCGCTCGTCTCCAGGCGAAYGAG 
GGTRTGGAGGGAGTTGCAGGTGG 

' GAAGGTRTGGAGGGAGTTGCAG 
G 

CGCCCRCCGCAGCAGCTTCATGG 

CCGAGAGCACGTAGCYGCCGCCC 
GTGCRTCAGGCCAGGAGAGACG 
G 

CCAATGGCCCTfCCYGGGAGGGC 
CTTCGTGRCAGAGCCCATGGGGG 

' 
ACTTCGTGRCAGAGCCCATGGGG 

TC.'TGRAAGGCTCC1yfCGAGCTGG 
AAGAGRTAAATAAATAACATGG 
G, 
AAAGAGRTAAATAAATAACATG 
G 

CCTTCTGTTCAGTCYGGGGCTAC 
CCCATGTATGGCAGTYGATTTGG. 
CCATGTATGGCAGTYGATrTGGT 

CCCTTfGlTTGGGA Y ATCAG ACG 
CCCAGGTGGGCGACGAGYGAGA 
C, 
CCAGGTGGGCGACGAGYGAGAC 
T 

Nepbrogenic diabetes insipidus, Nepbrogenic diabetes 
insipidus, X-linked 

Oligodontia-colorectal cancer syndrome 

Oligodontia-colorectal cancer syndrome 

Congenital muscular dystrophy-dystroglycanopathy with brain 
and eye anomalies, type Al 1. not provided 

Ehlers-Danlos syndrome, progeroid type, 2 

Dilated cardiomyopathy lHH 

Dilated cardionwopathy .I HH. not provided 

Nestor-Guillermo progeria syndrome 

Hereditary cancer-predisposing syndrome 

Bardet-Biedl syndrome. Bardet-Biedl syndrome l 

Bardet-Biedl syndrome 
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NM_000709.3(BCKDHA):c 
375785084 BCKDHA .659C>T (p.Ala220Val) 

NM_000709 .3(BCKDHA):c 
398123497 BCKDHA .288+9C>T 

NM_000709 .3(BCKDHA):c 
398123503 BCKDHA .632C>T (p.Thr211Met) 

NM_000709 .3(BCKDH A):c 
137852873 BCKDHA .793C>T (p.Arg265Trp) 

NM_000056.3(BCKDHB):c 
398124602 BCKDHB .952-IG>A 

NM_000056.3(BCKDHB):c 
121965004 BCKDHB .6 16C>T (o.His206Tyr) 

NM_005881.3(BCKDK):c.4 
397514573 BCKDK 66C>T (p.Argl56Ter) 

NM_004328.4(BCS l L):c.83 
121908571 BCSlL OG>A (o.Ser277 Aso) 

NM_004328.4(BCS l L):c.55 
12 1908578 BCSIL OC>T (p.Argl84Cys) 

NM_004 I 83.3(BESTI):c.25 
28940276 BESTI G>A (p.Va19Met) 

NM_004183.3(BESTl):c.94 
121918287 BESTJ 9G>A (p.Val317Met) 

NM_004183.3(BEST1):c.72 
28940570 BESTl 8C>T (p.Ala243Val) 

NM_004183.3(BEST1):c.76 
372989281 BESTl 3C>T (p.Arg255Trp) 

NM_Ol5250.3(BICD2):c.32 
398123028 BICD2 OC>T (p.Ser107Leu) 

NM_l 39343.2(BINl):c. l 7 l 
587783343 BINI 3G>A (p.Trp571 Ter) 

NM_001715.2(BLK):c.211 
55758736 BLK G>A (p.Ala71Thr) 

NM_000057 .3(BLM):c.319 
367543025 BLM 7G>A (p.Cysl066Tyr) 

104894763 BMP15 NM_005448.2(BMP 15):c.2 

CCTGCAGCGGTGGGGGCGGYGTA 
CCCCCACGTGAGAGGYGGCCTCC 

CCCCACGTGAGAGGYGGCCTCCC 

CCTCTCCACTGGCCAYGCAGATC 
CCCCATCATCTTCTTCTGCYGGA, 
CCCA TCA TCrTcrrcTGCYGG AA, 
CCA TCATCTTCTTCTGCYGG AAC 
TTCARTCTGTGATCAAAACAGGG, 
TTTCARTCTGTGATCAAAACAGG 

CCTGAAGCATYITT'TGCCY ATTG 

CCAGTACTGCCAGCTGGTGYGAC 
GCAGARCCTGGTACTCCTGGAGG 

GCAGCAGARCCTGGTACTCCTGG 
CCCTTTGGCT ATCCACGCYGCCG, 
CCTl'TGGCTATCCACGCYGCCGG 

CAARTGGCTAATGCCCGCYl'AGG 

CCAG RTGTCCCTGlvfGGCTGTGG 
CCCAGGTGGTGACTGTGGYGGTG 

' CCAGGTGGTGACTGTGGYGGTGT 

CCTGACTTGTCTAGTTGGGYGGC 

CCTGATCCAGGAGTYGGCCTCCA 

CTGRAACCAGCACAAGGAGCTGG 
CTACACCRCTATGAATGATCGGG. 
ACTACACCRCTATGAATGATCGG 

TGATAATTRCTGTAAAACAAAGG 

CCTAGGGCATTCACTGYGGTACA 

Maple syrup mine disease, not provided 

Maple svruo urine disease, not provided 

Maple syrup urine d isease, not provided 

Maple syrup urine disease type IA 

Maple syrup urine disease, not provided 

Branched-chain ketoacid dehydrogenase kinase deficiency 

Mitochoodrial complex Ill deficiency 

Mitochoodrial complex I1I deficiency 

Vitell iform dystrophy, not provided 

Bestropbinopathy, autosomal recessive 

Yitelliform dystrophy, not provided 

Retinitis pigmentosa 
Spinal muscular atrophy, lower extremity predominant 2, 
autosomal dominant 

Autosomal recessive centronuclear myopatby 

Manu·ity-onset diabetes of the young. type 11. not specified 

Bloom syndrome 

Premature ovarian failure 4 
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02C>T (p.Arg68Trp) 

NM_005448.2(BMP 15):c.6 
137853320 BMP15 31C>T (p.Gln211Ter) 

NM_001202.3(BMP4 ):c. l 0 
121912766 BMP4 37C>T (p.Ala346Val) 

NM_004329.2(BMPR1A):c. 
199476088 BMPRlA l 127G>A (p.Cys376Tyr) 

NM_004329 .2(BMPR1 A):c. 
764466442 BMPRlA 1081C>T (p.Arg361Ter) 

NM_001204.6(BMPR2):c.1 
137852744 BMPR2 040G>A (p.Cys347Tyr) 

NM_001204.6(BMPR2):c. l 
137852746 BMPR2 471C>T (p.Arg491Trp) 

NM_001204.6(BMPR2):c.9 
137852751 BMPR2 94C>T (p.Arg332Ter) 

NM_OO 1204.6(BMPR2):c.1 
137852756 BMPR2 297C>T (p.Glo433Ter) 

NM_l 99186.2(BPGM):c.26 
121964925 BPGM 8C> T (p.Arg90Cys) 

NM_004333.4(BRAF):c. l 7 
397516894 BRAF 20C>T (o.His574Tyr) 

NM_007294.3(BRCAl):c.5 
397509284 BRCAI 445G>A (p.Trp l815Ter) 

NM_007294.3(BRCAl):c.5 
80356937 BRCAI 212G>A (o.Glvl738Arg) 

NM_007294.3(BRCAl):c.5 
80356962 BRCAl 444G>A (p.Trpl815Ter) 

NM_007294.3(B RCA l):c.5 
80357219 BRCAl 345G>A (o.Trol 782Ter) 

NM_007294.3(BRCA1 ):c.5 
80357284 BRCAl 346G>A (p.Trpl 782Ter) 

NM_007294.3(BRCAl):c.9 
80357292 BRCAl 62G>A (o.Tm321Ter) 

NM_007294.3(BRCAl):c.4 
80358008 BRCAl 676-lG>A 

NM_007294.3(BRCA1):c.4 
80358070 BRCAl 097- lG>A 

CCGTTTTATGTGTCAGYAGCAAA 

CCCCTTTCCACTGGYTGACCACC 
AGTTRCTGCATTGCTGACCTGGG, 
GAGTTRCTGCATTGCTGACCTGG 
CCCGCAATTGCTCATYGAGACCT. 
CCGCAATTGCTCATYGAGACCTA 

ACCTRTGTTATTAGTGACTTTGG 

CCAGGATGCAGAGGCTYGGCTTA 

CCTGCAATTTCCCATYGAGATTT 

CCGTACCAGAGTACYAGATGGCT 

CCTGGCGTCTAAATGAGYGTCAC 

CCAAGTCAATCATCYACAGAGAC 

GATGCCTGRACAGAGGACAATGG 

GTCAGARGAGATGTGGTCAATGG 

GATGCCTRGACAGAGGACAATGG 

GAATRGATGGTACAGCTGTGTGG 

GAATGRATGGTACAGCTGTGTGG 

TAACAGATRGGCTGGAAGTAAGG 

TTCARAGGGAACCCCTTACCTGG 
Trr AARGTGAAGCAGCATCTGGG, 
AT'TI'AARGTGAAGCAGCATCTGG 

Premature ovarian failure 4 

Orofacial cleft 11 

Juvenile polyposis syndrome 

Hereditary cancer-predisposing syndrome 

Primary pulmonary hypertension 

Primary pulmonary hypertension 

Primary pulmonary hypertension 
Pulmonary hypertension, primary, 1, with hereditary 
hemorrhagic telangiectasia 

Deficiency of bisphosphoglycerate mutase 

Cardiofaciocutaneous svndrome 
Familial cancer of breast, Breast-ovarian cancer, familial 1. 
Hereditary cancer-predisposing syndrome 

Familial cancer of breast, Breast-ovarian cancer, familial 1 
Familial cancer of breast, Hereditary breast and ovarian cancer 
syndrome, Breast-ovarian cancer, familia l l, Hereditary 
ca11cer-predisposi11g syndrome 

Familial cancer of breast, Breast-ovarian cancer, familial 1 
Familial cancer of breast, Breast-ovarian cancer. familial 1, 
Hereditary cancer-predisposing sy11drome 
Familial cancer of breast Hereditary breast and ovarian cancer 
syndrome. Breast-ovaria11 cancer. familial l , Hereditary 
cancer-oredisoosing syndrome 

Breast-ovarian cancer, familial 1 

Familial cancer of breast, Breast-ovarian cancer, familial l 
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NM_007294.3(BRCA l ):c.3 
62625307 BRCAl 598C>T (p.Gln l200Ter) 

NM_007294.3(BRCAl):c.l 
80356952 BRCAl 630C>T (p.Gln544Ter) 

NM_007294.3(BRCAl):c.3 
80357089 BRCAl 33 1C>T (p.Gln l 11 lTer) 

NM_007294.3(BRCA I ):c.5 
80357123 BRCA l 25 LC>T (p.Argl751Ter) 

NM_007294.3(BRCA I ):c.9 
8035721 1 BRCA l 49C>T (p.Gln3 17Ter) 

N M_007294.3(BRCA I ):c.4 
80357372 BRCA l 15C>T (o.Glnl39Ter) 

NM_007294.3(BRCA l ):c. l 
80357471 BRCA l 78C>T (p.Gln60Ter) 

NM_000059.3(BRCA2):c.7 
58778 1506 BRCA2 877G>A (o.Tro2626Ter) 

NM_000059.3(BRCA2):c.2 
80358543 BRCA2 978G>A (p.Trp993Ter) 

NM_000059.3(BRCA2):c.2 
80358544 BRCA2 979G>A (p.Trp993Ter) 

NM_000059.3(BRCA2):c.7 
80359015 BRCA2 886G>A (p.Trp2629Ter) 

NM_000059.3(BRCA2):c.9 
80359205 BRCA2 3 l 7G>A (p.Trp3 l 06Ter) 

NM_000059.3(BRCA2):c.8 
80359803 BRCA2 754G>A (p.Glu2918=) 

NM_000059.3(BRCA2):c.8 
730881581 BRCA2 174G>A (p.Trp2725Ter) 

NM_000059 .3(BRCA2):c.8 
276174913 BRCA2 869C>T (p.Gln2957Ter) 

NM_000059.3(BRCA2):c.2 
80358515 BRCA2 50C>T (p.Gln84Ter) 

NM_000059 .3(BRCA2):c.3 
80358578 BRCA2 319C>T (p.Gln l 107Ter) 

NM_000059.3(BRCA2):c.6 
8035885 1 BRCA2 124C>T (p.Gln2042Ter) 

CCCATACACATTTGGCTYAGGGT, 
CCATACACATTTGGCTYAGGGTT 
CCAAACGGAGCAGAATGGTYAA 
G 
CCTGAAATAAAAAAGYAAGAAT 
A 

CCACCAAGGTCCAAAGYGAGCA 
A 

CCTGGCTTAGCAAGGAGCYAACA 
CCGTGCCAAAAGACTTCTAYAGA 
, 
CCAAAAGACTTCTAYAGAGTGAA 

CCAGAAGAAAGGGCCTTCAYAGT 

TAGATRGATCATATGGAAACTGG 

AACAAATRGGCAGGACTC'n'AGG 

AACAAATGRGCAGGACTC'n'AGG 

CATATRGAAACTGGCAGCTATGG 

GTTTTRGATAGACCTTAATGAGG 

CCTTGARGTGAGAGAGTAAGAGG 

AGATGGGTRGTATGCTGTTAAGG 

CCATGGAATCTGCTGAAYAAAAG 

CCAATAATATTCAAAGAGYAAGG 

CCATAATTTAACACCTAGCYAAA 

CCAGAACATTTAATATCCYAAAA 

Familial cancer of breast, Hereditary breast and ovarian cancer 
syndrome, Breast-ovarian cancer, fami lial 1, Hereditary 
cancer-predisposing syndrome 

Familial cancer of breast, Breast-ovarian cancer, familial 1 

Familial cancer of breast, Breast-ovarian cancer, familial 1 
Familial cancer of breast, Hereditary breast and ovarian cancer 
syndrome, Breast-ovarian cancer, familial 1, Hereditary 
cancer-predisposing syndrome 

Familial cancer of breast, Breast-ovarian cancer, fami lial J 

Fami lial cancer of breast, Breast-ovarian cancer, fami lial 1 

Familial cancer of breast, Breast-ovarian cancer, familial 1 
Hereditary breast arJd ovariaD cancer syndrome, Hereditary 
cancer-predisposing syndrome 

Breast-ovarian cancer, familia l 2 
Fami lial cancer of breast, Breast-ovarian cancer. fami lial 2, 
Hereditary cancer-predisposing syndrome 

Fami lial cancer of breast, Breast-ovarian cancer, familial 2 

Familial cancer of breast, Breast-ovarian cancer, familial 2 
Familial cancer of breast, Breast-ovarian cancer, familial 2, 
Hereditary cancer-predisposing syndrome 

Familial cancer of breast 

Familial cancer of breast, Breast-ovruian cancer, familial 2 
Familial cancer of breast, Hereditary breast and ovarian cancer 
syndrome. Breast-ovarian cancer. familial 2 
Familial cancer of breast, Breast-ovarian cancer, familial 2, 
Hereditary cancer-predisposing syndrome 
Hereditary breast and ovarian cancer syndrome. Breast-
ovarian cancer. familial 2 
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NM_000059.3(BRCA2):c.6 
80358920 BRCA2 952C>T (p.Arg23 18Ter) 

NM_000059.3(BRCA2):c.8 
587782010 BRCA2 608C>T (p.Gln2870Ter) 

NM_000059 .3(BRCA2):c.3 
587782613 BRCA2 412C>T (p.Glnll38Ter) 

NM_000059.3(BRCA2):c.7 
397507395 BRCA2 963C>T (p.Gln2655Ter) 

NM_000059.3(BRCA2):c. l 
3975076 17 BRCA2 96C>T (p.Gln66Ter) 

NM_032043.2(BRIPl):c.25 
587782539 BRfP l 76-I G>A 

NM_032043.2(BRIP1 ):c.89 
137852985 BRTPl 7G>A (p.Met2991le) 

NM_032043.2(BRIP J ):c.23 
587782574 BRIPl 77C>T (p.Gln793Ter) 

NM_032043.2(BRIPl):c. lO 
73088 1633 BRIPI 66C>T (p.Arg356Ter) 

NM_057 I 76.2(BSND):c.28 
74315287 BSND G>A (p.GJylOSer) 

NM_057 l 76.2(BSND):c. l 3 
74315289 BSND 9G>A (p.Gly47 Arg) 

NM_000060.3(BTD):c.470 
146015592 BTD G>A (p.Argl57His) 

NM_000060.3(BTD):c.934 
397514396 BTD G>A (p.Gly312Ser) 

NM_000060.3(BTD):c.236 
397514343 BTD G>A (p.Arg79His) 

NM_000060.3(BTD):c.595 
397514375 BTD G>A (p.Vall99Met) 

NM_000060.3(BTD):c. l 333 
397514417 BTD G>A (p.Gly445A:rg) 

NM_000060.3(BTD):c. l 6 l 0 
397514428 BTD G>A (p.Gly537Glu) 

NM_000060.3(BTD):c. l 6 l 3 
397514429 BTD G>A (p.Arg538His) 

367902696 BTD NM 000060.3(BTD):c.443 

CCTAGGCACAATAAAAGATYGA 
A 

CCTTATTCACTAAAATTYAGGAG 

CCAAGCTACATATTGYAGAAGAG 
CCCAGAAAGGGTGCTTCTTYAAC, 
CCAGAAAGGGTGCTTC1TYAACT 

CCTA 1TI AAAACTCCA YAAAGGA 
TTCITTARGACTTTCTAAATGGG, 
TTfCTI~fARGACTTTCTAAATGG 

AGTGCATRGAATTGCTAGATGGG 
, 
AAGTGCATRGAATTGCTAGATGG 

CCAAATGTGAAAGATCTAYAGGT 

CCATAl~fACACAGCCYGAGAACT 

GGATCRGClfCATTGTGCTGGGG, 
CGGATCRGCTTCA 1~rGTGCTGGG, 
CCGGATCRGCnCATTGTGCTGG 

TGGTGATCRGGGGCATCATCTGG 

GCTCCAGCRCCTGAGTTGTATGG 

AAGTRGCATACACACCCCTCTGG 

CATCAGCCRCCAAGAGGCCTTGG 

AATGTCRTGTTCAGCAATAATGG 

GATRGGCTTCACACAGTACATGG 
CTATGRGCGCTTGTATGAGAGGG, 
TCTATGRGCGCTTGTATGAGAGG 

CTATGGGCRCTTGTATGAGAGGG 

TCACCRCHCAATGACACAGAGG 

Familial cancer of breast, Breast-ovarian cancer, fami lial 2 

Hereditary cancer-predisposing syndrome 

Hereditary cancer-predisposing syndrome 

Familial cancer of breast, Breast-ovarian cancer, familial 2 
Familial cancer of breast, Breast-ovarian cancer, fami lial 2, 
Hereditary cancer-predisposing syndrome 

Hereditary cancer-predisposing syndrome 

Breast cancer, early-onset 

Hereditary cancer-predisposing sy11drome 

Hereditary ca11cer-p.redisposiog sy11drome 

Bartcer syndrome type 4 

Bartter syndrome type 4 

Biotinidase deficie11cy, not provided 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency 

Bioti11idase deficiency 
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G>A (p.Argl48His) 

NM_000060.3(BTD):c. l 33 
34885143 BTD G>A (p.Gly45Arg) 

NM_000060.3(BTD):c. l 369 
146600671 BTD G>A (p.Yal457Met) 

NM_000060.3(BTD):c.935 
377651057 BTD G>A (p.Gly312Asp) 

NM_000060.3(BTD):c.235 
104893687 BTD C>T (p.Arg79Cys) 

NM_000060.3(BTD):c.1595 
104893688 BTD C>T (p.Tbr532Met) 

NM_000060.3(BTD):c.283 
397514349 BTD C>T (p.Gln95Ter) 

NM_000060.3(BTD):c.469 
397514363 BTD C>T (p.Argl57Cys) 

NM_000060.3(BTD):c.485 
397514364 BTD C>T (p.Ala162Yal) 

NM_000060.3(BTD):c.631 
372844636 BTD C>T (p.Arg211Cys) 

NM_00006 l .2(BTK):c. l 838 
128621209 BTK G>A (o.Glv613Aso) 

NM_000061.2(BTK):c.862 
128621194 BTK C>T (p.Arg288Trp) 

NM_00006J .2(BTK):c. l 684 
128621204 BTK C>T (o.Am562Trp) 

NM_000061.2(BTK):c.763 
l28621J93 BTK C>T (p.Arg255Ter) 

NM_021830.4(Cl0orf2):c.9 
137852956 Cl0orf2 08G>A (o.Arg303Gln) 

NM_021830.4(C l Oorf2):c. l 
80356544 Cl0orf2 370C> T (p.Thr457lle) 

NM_l 38425.3(C 12orf57):c. 
587777698 Cl2orf57 184C>T (o.Gln62Ter) 

NM_l52269.4(Cl2orf65):c. 
397514539 Cl2orf65 394C>T (p.Argl32Ter) 

397514477 Cl9orfl2 NM_001031726.3(Cl9orfl 

CCACACCRGGGAGGAGAGCGTG 
G 

TCCAARTGTGTGCCCTGGTCAGG 

AAGTGRCATACACACCCCTCTGG 
CCCTCTGGCTCTCATCAGCYGCC, 
CCTCTGGCTCTCATCAGCYGCCA 

CCTCTGGGCTGGTGAYGGCGGCT 

CCTTGACATCTATGAAYAGCAAG 

CCTCTAGGTGCTCCAGYGCCTGA 

CCTGAGTTGTATGGYCATCAGGG 
CCCTTGTTGACCGCTACYGTAAA, 
CCTTGTTGACCGCTACYGTAAAC 

CCCAAGRCCTACGTCTCTACAGG 

CCAAACACATGACTYGGAGTCAG 

CCAAATTTCCAGTCYGGTGGTCC 
CCATGGTGGAGAGCAYGAGATA 
A 
GGCRGATTGTA'LTCTGGTTGGGG, 
CGGCRG ATTGT ATTCTGG11'GGG, 
CCGGCRGATTGTATTCTGGTTGG 

CCCGGGTCATGCTGA YACAGTTf, 
CCGGGTCATGCTGAYACAGTTTG 
CCCGTGGCCACGCAGATCYAGCA 
, 
CCGTGGCCACGCAGATCYAGCAG 
CCTGTTCACAAAGAAAAAYGAG 
A 

CCCTCGAAGGCCCGCCAYGATGA 

Biotinidase deficiency, not specified. not provided 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency, not provided 

Biotinidase deficiency, not provided 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency 

Biotinidase deficiency 

X-linked agammaglobulinemia 

X-linked agammaglobulinemia 

X-linked agammaglobulinemia 

X-linked agammaglobulinemia 

Autosomal dominant progressive external ophthalmoplegia 
with mitochondrial DNA deletions 3 
Mitochondrial DNA-depletion syndrome 3. heparocerebral, 
Mitochondrial DNA depletion syndrome 7 (heparocerebral 
type) 

Temtamv syndrome 

Spastic paraplegia 55. autosomal recessive 

Neurodegeneration with brain iron accumulation 4 
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2):c.32C>T (p.Thrl lMet) 

NM_001286S77.l(C2CD3): 
S877776S3 C2CD3 c.184C>T (o.Arg62Ter) 

NM_00173S.2(CS):c.SSC>T 
121909S87 cs (p.Gln19Ter) 

NM_023073.3(CSorf42):c.7 
13967SS96 CSorf42 477C>T (p.Arg2493Ter) 

NM_0007 l 7 .3(CA4):c.206 
121434SS2 CA4 G>A (p.Arg69His) 

NM_0007 l 7 .3(CA4):c.40C 
104894SS9 CA4 >T (p.Argl4Trp) 

NM_OOl 739.1 (CASA):c.SS 
147623S70 CASA SG>A (p.Lysl8S=) 

NM_OO l 127221.l (CACNA 
CACNAl 1A):c.877G>A 

12J90821S A (p.Glv293Arg) 
NM_OO l 127221. l (CACNA 

CACNAJ I A):c.4982G>A 
12 1908216 A (p.Arg l66L His) 

NM_OO l 127221. l (CACNA 
CACNAl 1A):c.860G>A 

121908236 A (p.Cys287Tyr) 
NM_OOl 127221.l(CACNA 

CACNAl 1A):c.1997C>T 
121908212 A (p.Thr666Met) 

NM_OOl 127221.l(CACNA 
CACNAl 1A):c.3832C>T 

121909323 A (p.Argl278Ter) 
NM_OOl 127221.l(CACNA 

CACNAl 1A):c.4636C>T 
121909324 A (p.ArglS46Ter) 

CACNAl NM_OO 1127221.1 (CACN A 
S87776693 A 1A):c.3992+1G>A 

CACNAl NM_000719.6(CACNA1C): 
8031S385 c c.1204G>A (p.Gly402Ser) 

. 
CCTCGAAGGCCCGCCAYGATGAC 
ACTCRGACAAGTACACAAGTGGG 

CACTCRGACAAGTACACAAGTGG 
CCTGGGGAAAACCTGGGGAYAG 
G 

TCTGGTCRAAAAGTCACATTTGG 

CTGGGACRCTTCTTCTTCTCTGG 
CCTGGCCCTCTCCGCGGCGYGGC, 
CCCTCTCCGCGGCGYGGCCATCG 
CCCGAGCAAGTGATT ACYTTTAA, 
CCGAGCAAGTGATTACYTTTAAA 

ACTGGGAARGGCCCAACAACGG 
G 

TCCRCCTC'n'CCG AGCTGCCCGG 
AATRTCAGCCCTACTGGGAAGGG 

' AAATRTCAGCCCTACTGGGAAGG 

GACCAAATRTCAGCCCTACTGGG 
CCCCTTTCAGATCCTGAYGGGCG, 
CCCTTTCAGATCCTGA YGGGCGA, 
CCTTTCAGATCCTGAYGGGCGAA 

CCCTTACAGGTGCTGYGATACTT, 
CCTTACAGGTGCTGYGATACTTT 

CCAAGCCGCTGACCYGACACATG 
CCCTTGCGAGGAGACTTAYGTGA 

' CCTTGCGAGGAGACTTAYGTGAA 

TGGTTCTCRGTGTGCTTAGCGGG 

Joubert svndrome, Orofaciodigital svndrome xiv 

Leiner disease 

Joubert syndrome l 7 

Retinitis pigmentosa 17 

Retinitis pigmentosa 17 

Carbonic anhydrase VA deficiency, hyperammonemia due to 

Spinocerebellar ataxia 6. Episodic ataxia type 2 

Episodic ataxia type 2 

Episodic ataxia type 2 

Familial hemiplegic migraine type 1 

Episodic ataxia rype 2 

Episodic ataxia type 2 

Episodic ataxia type 2 

Timothy syndrome, Congenital long QT syndrome 
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CACNA1 NM_000719.6(CACNA1C): 
79891110 c c.1216G>A (p.Gly406Arg) 

NM_001167623.l(CACNA 
CACNAl 1C):c.1204G>A 

587782933 c (o.Gly402Ser) 
CACNAl NM_005183.3(CACNA1F): 

122456133 F c.1 106G>A (p.Gly369Asp) 
CACNAl NM_005183.3(CACNA 1F): 

122456135 F c.2683C>T (p.Arg895Ter) 
CACNAl NM_000069.2(CACN A 1 S): 

80338777 s c. l583G>A (p.Arg528His) 
NM_20 l 590.2(CACNB2):c. 

587777742 CACNB2 32C>T (p.Thrl lTle) 
NM_20 l 590.2(CACNB2):c. 

121917812 CACNB2 1442C>T (p.Ser481 Leu) 
NM_OO l 159772.l (CANT!) 

267606699 CANTl :c.899G>A (p.Arg300His) 
NM_OO l 159772.l (CANT L) 

587776951 CANTl :c.-286+ 1 G>A 
NM_001159772. l (CANT1) 

377546036 CANT! :c.676G>A (p. V al226Met) 
NM_000070.2(CAPN3):c. l 

141656719 CAPN3 468C>T (p.Arg490Trp) 
NM_000070.2(CAPN3):c.2 

121434546 CAPN3 57C>T (p.Ser86Phe) 
NM_0241 l0.4(CARD14):c. 

587777763 CARD14 349+5G>A 
NM_0528 L3.4(CARD9):c.2 

398122362 CARD9 14G>A (p.Gly72Ser) 
NM_024537.3(CARS2):c.7 

557671802 CARS2 52C>T (p.Pro251Leu) 
NM_003688.3(CASK):c. 79 

794727270 CASK C>T (p.Arg27Ter) 
NM_003688.3(CASK):c.20 

587783361 CASK 74C>T (p.Gln692Ter) 
NM_003688.3(CASK):c.24 

587783364 CASK 70C>T (p.Gln824Ter) 
NM_003688.3(CASK):c.88 

587783371 CASK OC>T (p.Glo294Ter) 

TTAGCRGGTAAGCAGGACCAAGG 

TGGTTCTCRGTGTGTTGAGCGGG 
TTGRCGTCCTGAGTGGGTGAGGG, 
C11GRCGTCCTGAGTGGGTGAGG 

CCGCTGAGGACCCCATCYGAGCC 

TCCRCTGCATCCGCCTCCTGAGG 

CCTTATAGCTCCTCAAAYTAAAT 

CCGCTCTTCCTCCTYAGCCCCAC 

CCTGCCGCRCCGCGCCAGCCAGG 

CCGCGGGCGCAGTCACTCAYCCG 

CC'ITGCCCAGGCCGCCCA YGT AC 
CCTGATGCAGAAGAACCGGYGG 
A 
CCCACCGGA TGAGACCTYTCTCT, 
CCACCGGATGAG ACCTYTCTCTT 

GGTGARAGCTCCGAClTl'GACGG 

GACCRGCCACAAGGGCTACGTGG 
CCCRGCCTCCCGGGTCCCCAGGG, 
GCCCRGCCTCCCGGGTCCCCAGG 
CCCTTCAGTGTTGTAYGACGATG, 
CCTTCAGTGTTGTAYGACGATGT 
CCATGGAGAAGACCAAAYAGGA 
G 
CCGGAAGATCCACGAGYAGGGG 
c 
CCAGAAACAGTAGAGYAGCTGA 
G 

Timothy syndrome, Long QT syndrome, Congenital long QT 
syndrome, not provided 

Paroxysmal familial ventricular fibrillation, not provided 

Congenital stationary night blindness, type 2A 

Congenital stationary night blindness, type 2A 

Hypokalemic periodic paralysis l 

Brugada syndrome 4 

Brugada syndrome 4 

Desbuquois syndrome 

Desbuquois syndrome 

Desbuquois syndrome 

Limb-girdle muscular dystrophy, type 2A, not provided 

Limb-girdle muscular dystrophy, type 2A 

Psoriasis susceptibility 2 

Candidiasis, familial, 2 

Alpers encephalopathy 
FG syndrome 4. Mental retardation and microcephaly with 
pontine and cerebellar bypoplasia 
Mental retardation and microcephaly with pootine and 
cerebellar hypoplasia 
Mental retardation and microcephaly with pootine and 
cerebellar bypoplasia 
Mental retardation and microcephaly with pontine and 
cerebellar hypoplasia 
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NM_032977.3(CASP1 O):c. l 
28936699 CASPlO 241C>T (p.Ala414Val) 

NM_000388.3(CASR):c.20 
104893700 CASR 09G>A (p.Gly670Glu) 

NM_000388.3(CASR):c.18 
104893712 CASR lOG>A (p.Glu604Lys) 

NM_000388.3(CASR):c.16 
104893719 CASR 57G>A (p.GJy553Arg) 

NM_000388.3(CAS R):c.42 
121909264 CASR 8G>A (p.Gly l43Glu) 

NM_000388.3(CASR):c.19 
121909266 CASR 6C>T (p.Arg66Cvs) 

NM_005 I 88.3(CBL):c. l 259 
267606708 CBL G>A (p.Arg420Gln) 

NM_00007l .2(CBS):c.1330 
28934891 CBS G>A (o.Asp444Asn) 

NM_005 I 89.2(CBX2):c.29 
12 1908255 CBX2 3C>T (p.Pro98Leu) 

NM_OO I 080522.2(CC2D2A 
377177061 CC2D2A ):c.394C>T (p.Argl32Ter) 

NM_l44577.3(CCDC114):c 
201133219 CCDCIJ4 .l391+5G>A 

NM_Ol 7950.3(CCDC40):c. 
374909386 CCDC40 3354C>A (p.Tyr l I l 8Ter) 

NM_Ol 7950.3(CCDC40):c. 
387907092 CCDC40 1951C>T (p.Gln651Ter) 

NM_OO 1080414.3(CCDC88 
CCDC88 C):c.1391G>A 

587782989 c (p.Arg464His) 
CCDC88 NM_OO l 0804 l 4.3(CCDC88 

387907320 c C):c.5058+ 1 G>A 
NM_OO 1029835.2(CCM2):c 

137852841 CCM2 .382C>T (p.Gln128Ter) 
NM_OO 1166284. l (CCT7):c. 

587777929 CCT7 1313C>T (p.Ser438Leu) 
NM_l98053.2(CD247):c.20 

74315290 CD247 8C>T (p.Gln70Ter) 

CCTTCCGTATCCATCGAAGYAGA, 
CCGTATCCATCGAAGYAGATGCT 

TCATCGRGGAGCCCCAGGACTGG 
GATCRAGTTTCTGTCGTGGACGG, 
AGGAGATCRAGTTTCTGTCGTGG 
CAGGAAARGGATCATTGAGGGG 
G, 
CCAGGAAARGGATCATTGAGGG 
G 

GTGGTGGRAGCAACTGGCTCAGG 

CCAGGTATAATTI'CYGTGGGTI~r 

TTCTGCCRATGTGAAATTAAAGG 
CTTCRACCAGGCGCCCGTGGTGG. 
GGGCTTCRACCAGGCGCCCGTGG 

CClll ATClTl'CCAGG AA CY CG A 

CCTCGGCCCAGACGCnA YGAAG 
CCCTCCTGCCCTGCGCYTCACAG, 
CCTCCTGCCCTGCGCYTCACAGA 

CCGCGTGCGGGACGAGTAHCCCC 
CCACCAAAT ACTTCAACY AGCTC, 
CCAAATACTTCAACYAGCTCATC 

GTCCAGCCRCATCCTGAAGCTGG 

CCATRTGAGTGATCCGGACACGG 

CCGGGACACTTGACTYAGGAGCA 

CCATCAAGAACCCCCGCTYGACT 

CCAGCAGGGCCAGAACYAGCTCT 

Malignant lymphoma, non-Hodgkjn 

Hyperparatbyroidism. neonatal severe 

Hypocalcernia, autosomal dominant l 

HypocalciLLric hypercalcemia, familial , type 1 

HypocalciLLric hypercalcemia. familial, type l 

HypocalciLLric hypercalcemia, familial, type 1 
Noonan syndrome-like disorder with or without juvenile 
myelomonocytic leukemia 
Homocystimtria clue to CBS deficiency. Homocystinuria. 
pyridoxiDe-respoosive. DOt provided 

46.XY sex reversal, type 5 

Meckel-Gruber syndrome 

Ciliary dyskinesia, primary, 20 

Ciliary dyskinesia, primary, 15 

Ciliary dyskinesia, primary, 15 

Spinocerebellar ataxia 40 

Hydrocephalus 

Cerebral cavernous malformations 2 

Myocardial infarction 1 

Immunodeficiency due to defect io cd3-zeta 
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NM_000732.4(CD3D):c.27 
730880296 CD3D 4+5G>A 

NM_000074.2(CD40LG):c. 
193922136 CD40LG 761 C> T (p.Thr254Met) 

NM_004356.3(CD8 l ):c.561 
587776775 CD8 1 +lG>A 

NM_OO l 768.6(CD8A):c.33 
12 1918660 CD8A lG>A (o.Glyl 1 lSer) 

NM_ l38477.2(CDAN l):c. I 
113313967 CDANJ 860+5G>A 

NM_ l38477.2(CDAN l):c.2 
120074167 CDANl 015C>T (p.P672L) 

NM_l38477.2(CDANl):c.2 
80338696 CDANl 140C>T (p.Arg714Trp) 

NM_l38477.2(CDAN l):c.3 
80338697 CDANI 124C>T (p.Argl042Tro) 

NM_024529.4(CDC73):c. I 
12 1434263 CDC73 28G>A (p.Trp43Ter) 

NM_024529 .4(CDC73):c. l 
587776558 CDC73 3l+ IG>A 

NM_024529.4(CDC73):c.2 
587776559 CDC73 38- JG>A 

NM_004360.3(CDH l):c.60 
786203576 CDHl G>A (p.Trp20Ter) 

NM_004360.3(CDHl):c.59 
121964875 CDHl G>A (p.Trp20Ter) 

NM_004360.3(CDH1 ):c.17 
121964877 CDHl 92C>T (p.Arg598Ter) 

NM_004360.3(CDHl):c. l 9 
587782750 CDHl 21C>T (p.Glo641Ter) 

NM_004933.2(CDH15):c.l 
121434539 CDH15 78C>T (p.Arg60Cvs) 

397517353 CDH23 NM_022 l 24.5(CDH23):c.7 

TACRTGCTTCCTGAACCCT11GG 

CCATGGCACTGGCTTCAYGTCCT 
CAAGRTGCGCGAGGCCGGTGGG 
G, 
TCAAGRTGCGCGAGGCCGGTGGG 

' TTCAAGRTGCGCGAGGCCGGTGG 

CGAGRGCTACTA'ITTCTGCTCGG 
CCCTTGTTCTGTTTTYGGACCTG, 
CCTTG'TTCTGTTTTYGGACCTGC 
CCCTCCCAGGTCCCTCYGGTCCT, 
CCTCCCAGGTCCCTCYGGTCCTG 
CCCTTGCTGGAATATT ACYGGGA, 
CC1TGCTGGAATATTACYGGGAC 

CCTTGGCCGTGGGGCCAYGGGAC 

GTTTRGGGGTAAGTCCGGCATGG 

GTTI'GGGGRTAAGTCCGGCATGG 

TTARACTGAAAATATTCCTGTGG 

CTCTTGRCTCTGCCAGGAGCCGG 

CTCTTRGCTCTGCCAGGAGCCGG 
CCCCCATACCAGAACCTYGAACT, 
CCCCATACCAGAACCTYGAACTA 

' CCCATACCAGAACCTYGAACTAT. 
CCATACCAGAACCTYGAACTATA 

CCAACTGGACCATTYAGTACAAC 

CCGAGAACCACAAGYGTCTCCCC 

CTGRGGCACCACCATGCTCCTGG 

Immunodeficiency 19 

Immunodeficiency with hyper IgM type l 

Cd8 deficiency, familial 

Congenital dyserythropoietic anemia, type I 

Congenital dyserythropoietic anemia, type I 

Congenital dyserythropoietic anemia, type I 

Congenital dyserythropoietic anemia. type l 

Parathyroid carcinoma 

Hyperparathyroidism I 

Hyperparathyroidism 2 

Hereditary cancer-predisposing syndrome 

Hereditary diffuse gastric cancer 

Hereditary diffuse gastric cancer 

Heredjtary cancer-predisposing syndrome 

Mental retardation. autosomal dominant 3 

Usher syndrome. type 10 
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776G>A (p.Trp2592Ter) 

NM_022124.5(CDH23):c.6 
367928692 CDH23 050-9G>A 

NM_022124.5(CDH23):c.7 
727502931 CDH23 362+5G>A 

NM_022124.5(CDH23):c.7 
121908354 CDH23 19C>T (p.Pro240Leu) 

NM_0330 l 8.3(CDK16):c. l 
727503845 CDK16 258C>T (p.Arg420Ter) 

NM_O 18249 .5(CDK5RAP2 
CDK5RA ):c.5227C>T 

587783392 P2 (p.Glnl 743Ter) 
NM_003159 .2(CDKL5):c.5 

587783086 CDKL5 77G>A (p.Asp193Asn) 
NM_003159 .2(CDKL5):c.2 

267608653 CDKL5 152G>A (p.Val718Met) 
NM_003159 .2(CDKL5):c.2 

122460158 CDKL5 500C>T (p.Gln834Ter) 
NM_003159 .2(CDKL5):c.5 

61749704 CDKL5 39C>T (p.Prol80Leu) 
NM_003159 .2(CDKL5):c.8 

267606713 CDKL5 63C>T (p.Thr28811e) 
NM_003159.2(CDKL5):c.7 

587783089 CDKL5 OOC>T (p.Gln234Ter) 

NM_003159.2(CDKL5):c.2 
587783158 CDKL5 596C>T (p.Gln866Ter) 

NM_003159.2(CDKL5):c. J 
267608643 CDKL5 648C>T (p.Arg550Ter) 

NM_003159.2(CDKL5):c.2 
267608659 CDKL5 413C>T (p.Gln805Ter) 

NM~003159.2(CDKL5):c.2 

267608663 CDKL5 593C>T (p.Gln865Ter) 

NM_004064.4(CDKN lB):c. 
121917832 CDKNlB 227G>A (p.Trp76Ter) 

GCGGCACCRGGTGCCAGGTGTGG 

GTGARCAGTGATGGAGGGCCTGG 
CCCATCTTCATCAACCTGCYTTA, 
CCATCTTCATCAACCTGCYTTAC 

CCTTTTGAGCCACGCACCCYGGT 

CCTGCTCAAACAGATCAGCYAGG 
TCCGTGRACATGTGGTCGGTGGG, 
GTCCGTGRACATGTGGTCGGTGG 

TACAGARGTAAGCCCACCCCCGG 

CCTTTCTTTCAGAGCYAGCCATT 

CCAGATGGTATCGGTCCCYAGAA 

CCAGCTGACAGATACrl'GAYAGA 

CCACTTCCATCTGAGYAGATGAA 
CCAGCCCTTAACAGCTCAAYAAA 

' CCCTTAACAGCTCAAYAAACCAA 

' CCTTAACAGCTCAAYAAACCAAA 
CCCTTCTGGAAGAAATAACYGAA 

' CCTTCTGGAAGAAATAACYGAAA 
CCCTGATCTTCTGACGTTGYAGA, 
CCTGATCTTCTGACGTTGYAGAA 

CCAGCCCTTAACAGCTYAACAAA 
GAGTRGCAAGAGGTGGAGAAGG 
G. 
CGAGTRGCAAGAGGTGGAGAAG 

Usher syndrome. type lD 

Usher syndrome. type lD 

Deafness, autosomal recessive 12 

not provided 

Primary autosomal recessive microcephaly 3 

not provided 

Early infantile epileptic encephalopathy 2. not provided 
Early infantile epileptic encephalopathy 2, Atypical Rett 
syndrome 

Early infantile epileptic encephalopathy 2 

Early infantile epileptic encephalopathy 2 

not provided 

Early infaDtile epileptic encephalopathy 2. not provided 

Early infantile epileptic encephalopathy 2, Atypical Rett 
syDdrome, not provided 

Early infantile epileptic encephalopathy 2 

Early infantile epileptic encephalopathy 2 

Multiple endocrine oeoplasia. type 4 
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NM_000076.2(CDK1"1 l C):c. 
387907225 CDKNlC 820G>A (p.Asp274Asn) 

NM_030928.3(CDT1):c.196 
387906918 CDTl G>A (p.Ala66Thr) 

NM_Ol 4956.4(CEP164 ):c. l 
145646425 CEP164 726C>T (p.Arg576Ter) 

NM_O l 4956.4(CEP 164 ):c.2 
387907310 CEP164 77C>T (p.Arg93Trp) 

NM_O 14956.4(CEP164 ):c. l 
387907311 CEP164 573C>T (p.Gln525Ter) 

NM_Ol8718.2(CEP4l):c.l0 
371812716 CEP41 78C>T (p.Arg360Cys) 

NM_l 45020.4(CFAP53):c. l 
375801610 CFAP53 21C>T (p.Arg41Ter) 

NM_OO 1710.5(CFB):c. 766 
398123065 CFB C>T (p.Glo256Ter) 

NM_032545.3(CFC l):c.334 
104893611 CFC ! C>T (p.Argl l 2Cys) 

NM_OOO I 86.3(CFH):c.2876 
12 1913053 CFH G>A (p.Cys959Tyr) 

NM_000204.3(CFI):c.728G 
121964916 CFI >A (p.GJy243Asp) 

NM_00262l.2(CFP):c.481C 
132630258 CFP >T (p.Arg16JTer) 

NM_000492.3(CFTR):c.830 
672601317 CFTR G>A (p.Trp277Ter) 

NM_000492.3(CFTR):c. l 05 
121908753 CFTR 5G>A (o.Arg352GLn) 

NM_000492.3(CFTR):c.394 
121909010 CFTR 7G>A (p.Trpl316Ter) 

NM_000492.3(CFTR):c. l 39 
397508200 CFTR 3-lG>A 

NM_000492.3(CFfR):c.37 l 
387906369 CFTR 8- lG>A 

G 

GATCTCCRGTGAGCCCCGCACGG 

CACCGRCCCGCAGGAGACTGCGG 
CCCCACCCATGGTAGGYGATCCA 

' CCCACCCATGGTAGGYGATCCAC 

' CCACCCATGGTAGGYGATCCACA 

CCATGTGACGAACACTATYGGAG 

CCTGCAGCTGTCCCTCYAGAGGT 

GGAGCRGGGGTTTGAGTGGCTGG 

TGCGTCRGATTCTTTCTAGATGG 
CCTGGCACCCAGGGGAAYAACA 
G 
CCCGGCCCAC'n'CACCGGCYGCT, 
CCGGCCCACTTCACCGGCYGCT A, 
CCCACTTCACCGGCYGCTACTGC 

T ACAAATRTn'TGAAGGT'n'TGG 

TGTGATGRTATCAATGATTGTGG 

CCCGGACCCGCAGGYGAGCCTGT 

ATACTGCTRGGAAGAAGCAATGG 

GGTCACTCRGCAATTTCCCTGGG 

AATATRGAAAGTTGCAGATGAGG 

TTTCCARACTTCACTTCTAATGG 

ACCTTATARGTGGGCCTC1TGGG 

Intrauterine growth retardation, metaphyseal dysplasia, 
adrenal hypoplasia congenita. and genital anomalies 

Meier-Gorlin syndrome 4 

Nephronopbthisis 15 

Nephronophthisis 15 

Nephronophthisis 15 

Joubert syndrome 9/ 15, digeoic 

Heterotaxy. visceral, 6. autosomal 

Complement factor B deficiency 

Heterotaxy, visceral, 2, autosomal 

Factor H deficiency 

A fibri11ogenemia 

Prooerdin deficiency, X-linked 

Cystic fibrosis 

Cvstic fibrosis 

Cystic fibrosis 

Cvstic fibrosis 

Cystic fibrosis 
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NM_000492.3(CFTR):c. l 66 
397508256 CFTR G>A (p.Glu56Lys) 

NM_000492.3(CFTR):c.170 
397508279 CFTR G>A (p.Trp57Ter) 

NM_000492.3(CFTR):c.101 
77409459 CFTR 3C>T (p.Thr338Ile) 

NM_000492.3(CFTR):c.212 
121908760 CFTR SC> T (p.Arg709Ter) 

NM_000492.3(CFTR):c.595 
121908802 CFTR C>T (p.Hisl99Tyr) 

NM_000492.3(CFTR):c .229 
1219088 10 CFTR OC>T (p.Arg764Ter) 

NM_000492.3(CFTR):c.235 
374946172 CFTR 3C>T (p.Arg785Ter) 

NM_020549.4(CH AT):c. 13 
121912816 C HAT 21G>A (p.Glu441Lys) 

NM_020549.4(CHAT):c.16 
12 1912819 CHAT 79G>A (p.Arg560His) 

NM_020549 .4(CHAT):c.41 
794727516 CHAT 8C>T (p.Gln140Ter) 

NM_020549 .4(CHA T):c.14 
121912821 CHAT 93C>T (p.Ser498Leu) 

NM_001271.3(CHD2):c.13 
398123000 CHD2 96C>T (p.Arg466Ter) 

NM_O 17780.3(CHD7):c.29 
727503863 CHD7 33G>A (p.Trp978Ter) 

NM_Ol 7780.3(CHD7):c.63 
121434343 CHD7 22G>A (p.Gly2108Arg) 

NM_O l 7780.3(CHD7):c. l 4 
587783429 CHD7 80C>T (p.Arg494Ter) 

NM_Ol 7780.3(CHD7):c. l 3 
727503861 CHD7 69C>T (p.Gln457Ter) 

CAGARAATGGGATAGAGAGCTG 
G 
CAGAGAATRGGATAGAGAGCTG 
G 
CCTCCGGAAAATATTCAYCACCA, 
CCGGAAAATATTCAYCACCATCT 

CCAATCAACTCTATAYGAAAATT 

CCAGGGACTTGCATTGGCAYATT 
CCCCACGCTTCAGGCAYGAAGGA 

CCCACGCTTCAGGCAYGAAGGAG 

' CCACGCM'CAGGCA YGAAGGAG 
G 

CCAAGGTCAGAACATTCACYGAA 

TGCRAACACTCCCCATTCGATGG 
TCCATCCRCCGATTCCAGGAGGG, 
GTCCATCCRCCGATTCCAGGAGG 
CCCGTGCCCCCGCTGYAGCAGAC 

' CCGTGCCCCCGCTGYAGCAGACC 

CCACTTAGCCTCCTYGGCAGAAA 
CCCTGAAGCAGAGACCAYGATTT 

' CCTGAAGCAGAGACCAYGATTTG 

TAAACTRGCTACTTTTCAATTGG 

TAAACACRGGGTCAGTCGGACGG 
CCCACAAGCAATCCAGGAAYGA 
C, 
CCACAAGCAATCCAGGAAYGACT 
CCCCAGAAACATGCAGYAGTCTC 

Cystic fibrosis 

Cystic fibrosis 

Cystic fibrosis 

Cystic fibrosis 

Cystic fib rosis 

Cystic fibrosis 

Cystic fibrosis 

Familial infantile myasthenia 

Familial infantile myasthenia 

Familial infantile myasthenia 

Familial infantile myastheoia 

Epileptic encephalopathy, childhood-onset 

CHARGE association 

CHARGE association 

CHARGE association 

not provided 
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NM_O l 7780.3(CHD7):c.43 
587783440 CHD7 18C>T (o.Glnl440Ter) 

NM_Ol 7780.3(CHD7):c. 79 
587783458 CHD7 57C>T (p.Arg2653Ter) 

NM_007194.3(CHEK2):c.2 
786203889 CHEK2 78G>A (p.Tro93Ter) 

NM_007194.3(CHEK2):c.2 
58778 1269 CHEK2 83C>T (p.Arg95Ter) 

NM_007 l 94.3(CHEK2):c.2 
17883862 CHEK2 54C>T (p.Pro85Leu) 

NM_Ol4043.3(CHMP2B):c. 
63750355 CHMP2B 493C>T (p.Gln165Ter) 

NM_001822.5(CHNl):c.68 
121912796 C HNl 2G>A (p.Gly228Ser) 

NM_OO I 822.5(CHNl):c.93 
12 1912798 C HNl 7G>A (p.Glu3 I 3Lys) 

NM_OO I 822.5(CHN l):c.42 
387906599 CHNI 2C>T (p.Prol41Leu) 

NM_000744.6(CHRNA4):c. 
281865066 CHRNA4 878C>T (p.Thr293Tle) 

NM_000747.2(CHRNBl):c. 
137852810 CHRNBI 865G>A (o.Yal289Met) 

NM_005199.4(CHRNG):c.l 
121912672 CHRNG 36C>T (p.Arg46Ter) 

NM_005199.4(CHRNG):c.l 
267606725 CHRNG 3C>T (p.Gln5Ter) 

NM_004273.4(CHST3):c. l 
267606734 CHST3 l 14G>A (p.Glu372Lys) 

NM_000083.2(CLCN1):c.6 
80356700 CLCNl 89G>A (p.Gly230Glu) 

NM_000083.2(CLCN1):c.9 
80356702 CLCN l 50G>A (p.Arg3 l 7Gln) 

80356693 CLCNl NM_000083.2(CLCN1):c.l 

CCCAGAAACATGCAGYAGTCTCG 

CCAGAAACATGCAGYAGTCTCGT 

CCTGGATAAAGCTGTGCTAYAGT 

CCTGTTGTCAATAAAYGAAATGG 

TGCCCCCTRGGCTCGATTATGGG 
CCCCTGCCCCCTGGGCTYGATTA. 
CCCTGCCCCCTGGGCTYGATTAT, 
CCTGCCCCCTGGGCTYGAITATG 
CCTGAGGACCAAGAACYTGAGG 
A 

CCAGGATATTGTGAATYAAGTTC 
ATGTGGRGTCTCATTGCTCAGGG. 
TATGTGGRGTCTCATTGCTCAGG 

CCfAA'n'RAAGATGTCAAGATGG 

CCAAGATGACGATAAACCYAATT 

CCTGCTGCTCATCAYCGAGATCA 

TACTRTGTTCCTGCTGCTGCTGG 

CCTGCGGCCCGCGGAAYGAGACT 
CCATGCATGGGGGCYAGGGGCC 
G 
GCTACRAGGACGTGGCACGCGGG 
, 
CGCTACRAGGACGTGGCACGCGG 
CGTGGRGAAAGAGGTAGGCCTG 
G 

TGTTTCRAGTGCTGGCAGTGTGG 

CCAGTTCTGGATGTYCATCGTGG 

CHARGE association 

CHARGE association 

Hereditary cancer-predisposing syndrome 

Hereditary cancer-predisposing syndrome 
Familial cancer of breast, Hereditary cancer-predisposing 
syndrome, Osteosarcoma, not specified 
Frontotemporal Dementia, Chromosome 3-Linked, not 
provided 

Duane syndrome type 2 

Duane syndrome type 2 

Duane syndrome type 2 

Epilepsy, nocturnal frontal lobe, type l 
MYASTHENIC SYNDROME, CONGENITAL. 2A, SLOW-
CHANNEL 

Multiple pterygium syndrome Escobar type 

Multiple pterygium syndrome Escobar type 

Spondyloepiphyseal dysplasia with congenital joint 
dislocations 
Myotonia congenita. Congenital myotonia, autosomal 
dominant form 
Myotonia congenita, Congenital myotonia, autosomal 
recessive form, Congenital myotonia, autosomal dominant 
form 

Myotonia cougeoita 
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412C>T (p.Ser471Phe) 

NM_000083.2(CLCN1):c.2 
80356706 CLCNl 795C>T (p.Pro932Leu) 

NM_000083.2(CLCNl):c. l 
80356694 CLCNl 439C>T (p.Pro480Leu) 

NM_004366.5(CLCN2):c. l 
201330912 CLCN2 709G>A (p.Trp570Ter) 

NM_OO 1127899.3(CLCN5): 
151340625 CLCN5 c. l 727G>A (p.Gly576Glu) 

NM_OO 1287 .5(CLCN7):c. 2 
121434433 CLCN7 285G>A (p.Arg762Gln) 

NM_OO 1287 .5(CLCN7):c. l 
121434432 CLCN7 663C>T (p.Gln555Ter) 

NM_OO 1287 .5(CLCN7):c.2 
121434435 CLCN7 299C>T (p.Arg767Trp) 

NM_000085.4(CLCNKB):c 
121909132 CLCNKB .610G>A (p.Ala204Thr) 

NM_000085.4(CLCNKB):c 
121909136 CLCNKB .1830G>A (p.Trp610Ter) 

NM_000085.4(CLCNKB):c 
12 1909131 CLCNKB .371C>T (p.Pro l 24Leu) 

NM_006580.3(CLDN I 6):c. 
104893721 CLDN16 715G>A (p.Gly239Arg) 

NM_006580.3(CLDN I 6):c. 
104893723 CLDN16 593G>A (p.Glyl98Asp) 

NM_006580.3(CLDN 16):c. 
104893727 CLDN16 698G>A (p.Gly233Asp) 

NM_OOl 042432. l (CLN3):c. 
796052335 CLN3 949C>T (p.Gln317Ter) 

NM_O l 7882.2(CLN6):c.368 
104894484 CLN6 G>A (p.GJyl23Asp) 

NM_O l 7882.2(CLN6):c.665 
796052356 CLN6 +lG>A 

NM_O l 7882.2(CLN6):c.139 
154774635 CLN6 C>T (p.Leu47Pbe) 

NM_OO 1298.2(CNGA3):c. l 
104893615 CNGA3 669G>A (o.Gly557 Ar2) 

104893619 CNGA3 NM_OO 1298.2(CNGA3):c. l 

CCCCAGAGACCCCTGTGCYATCT. 
CCCAGAGACCCCTGTGCYATCTC. 
CCAGAGACCCCTGTGCYATCTCC 
CCACCACTATGCCCATACYCTGC, 
CCACTATGCCCATACYCTGCGGA 

CCGTACTGGTGGCGGCCCYAGCC 

GTTGRGGCTGCAGCCTGCTTAGG 

TGTTCCRGGCCCTGGGCCTGCGG 

CCTGATGGGAGCTGCTGCCYAGC 

CCGGGCCCTGGGCCTGYGGCACC 
GGCARCGGCGGCAGTGGGCGTG 
G 
CTGRGCTCCTGGACACCAGGTGG, 
TTCCTGRGCTCCTGGACACCAGG 

CCAAGGTTCTGGAATCCYGGAGG 
CTCRGAATGGCTGGGTCTCTGGG. 
GCTCRGAATGGCTGGGTCTCTGG 

TCAGRTACCCCAGGAATCATTGG 

T!l'GRTTGGTCCTGTTGGCTCGG 

CCCTGAGTCACGCTYAGCAATAC 

CATGGRTGCCAGCATCCACCTGG 

CTGRTGAGTGGACATCAGCATGG 
CCCTTCCACCTCGACYTCTGGTT. 
CCTTCCACCTCGACYTCTGGTTC 
ACATCAAGRGGAGCAAGTCGGG 
G 

GGCCRTGGTGGCTGATGATGGGG 

Myotonia congenita. Congenital myotonia, autosomal 
recessive form 
Myotonia congenita, Congenital myotonia, autosomal 
dominant form 

Leukoencepbalopathy with ataxia 

Osteopetrosis autosomal recessive 4 

Osteopetrosis autosomaJ recessive 4 
Osteopetrosis autosomal dominant type 2. Osteopetrosis 
autosomal recessive 4 

Bartter syndrome type 3 

Bartter syndrome. type 3. with hypocalciuria 

Bartcer syndrome type 3 

Primary hypomag;nesemia 

Primary hypomagnesemia 

Primary bypomagnesemia 

not provided 

Ceroid lipofuscinosis nelU'ooal 6 

not provided 

Adult neuronal ceroid lipofuscinosis. not provided 

Acbromatopsia 2, not specified 

Achromatopsia 2 
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585G>A (p.Yal529Met) 

NM_001298.2(CNGA3):c.8 
104893613 CNGA3 47C>T (o.Arg283Tro) 

NM_OO l 298.2(CNG A3):c.8 
104893620 CNGA3 29C>T (p.Arg277Cys) 

NM_OO 1298.2(CNGA3):c. I 
104893621 CNGA3 306C>T (o.Arg436Tro) 

NM_OO l 297 .4(CNGB l ):c.9 
372504780 CNGBI 52C>T (p.Gln3 l8Ter) 

NM_Ol7649.4(CNNM2):c.3 
786205909 CNNM2 64G>A (o.Glul22Lys) 

NM_Ol 7649.4(CNNM2):c. l 
786205910 CNNM2 069G>A (p.Glu357Lys) 

NM_020184.3(CNNM4):c. l 
80100937 CNNM4 690C>T (o.Glo564Ter) 

CNTNAP NM_O I 4 I 41.5(CNTNAP2): 
398124268 2 c.2153G>A (p.Trp718Ter) 

NM_025233.6(COASY):c. l 
587777136 COASY 75C>T (p.Glu59Ter) 

NM_015386.2(COG4):c.21 
267606740 COG4 97C>T (p.Arg733Trp) 

NM_080680.2(COL11A2):c 
121912946 COL11A2 .4322G>A (o.Glyl441Glu) 

NM_080680.2(COL11A2):c 
121912947 COL11A2 .3100C>T (p.Argl034Cys) 

NM_080680.2(COL11A2):c 
121912951 COL11A2 .3991C>T (p.Arg1331Ter) 

NM_004370.5(COL12Al):c 
200487396 COL12A l .5893C>T (p.Argl965Cys) 

NM_004370.5(COL12A l):c 
796052094 COL12Al .8357G>A (p.GJy2786Asp) 

NM_000494.3(COL17 A l):c 
121912773 COL17Al .1898G>A (p.Gly633Asp) 

. 
TGGCCRTGGTGGCTGATGATGGG, 
CTGGCCRTGGTGGCTGATGATGG 
CCGCCTACTGAAGTTTTCCYGGC, 
CCTACTGAAGTTTTCCYGGCTCT 
CCCAGAAGTGAGGTTCAACYGCC 

' CCAGAAGTGAGGTTCAACYGCCT 

CCAAGGACTTGGAGACGYGGGTT 
TCCTRGTGGGCATCCTCCCAGGG, 
ATCCTRGTGGGCATCCTCCCAGG 

CCTTCACCRAGCACGAGCGGCGG 

crrcGGARAGATCGTGCCCCAGG 
CCTCCT ACAGAGGTCTCTY AG1T, 
CCTACAGAGGTCTCTYAGTTTAG 

TACTRGGGAGGCTCTGGGCCTGG 
CCCCAGTCCAGCCCCGTGYAGGC 

' CCCAGTCCAGCCCCGTGYAGGCC 

' CCAGTCCAGCCCCGTGYAGGCCA 

CCGAGACAAGTTTGCCYGGCTCT 

CCCTGRGCAGAAGGGTGAGATGG 
CCCATTGGTCCGCCAGGGYGCCC, 
CCATTGGTCCGCCAGGGYGCCCA 

CCTGGTTCCGAGGGGYGACAAGG 

ACAACGCRATATTGCAGCACAGG 

CCAGRCCCCCAGGGTCCTCCAGG 

CGTGRTGAGGCAGGGCCTCCTGG 

Acb.romatoosia 2 

Achromatopsia 2 

Achromatoosia 2 

Reti ni tis pigmentosa 45, not provided 
HYPOMAGNESEMlA. SEIZURES, AND MENTAL 
RET ARDA Tl ON 
HYPOMAGNESEMIA, SEIZURES, AND MENTAL 
RETARDATION 

Cone-rod dystrophy amelogeoesis imoerfecta 

oot provided 

Neurodegeneration with brain iron accumulation 6 

Congenital disorder of glycosylation type 2J 

Weissenbacher-Zweymuller syndrome 

Deafness, autosomal dominant 13 

BETHLEM MYOPATHY 2 

BETHLEM MYOPATHY 2 

Adult junctional epidermolysis bullosa 
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NM_000494.3(COL17A1 ):c 
12 1912769 COL17Al .3676C>T (p.Argl226Ter) 

NM_000088.3(COL1Al):c. 
72648320 COLlAl 1200+1G>A 

NM_000088.3(COL1Al):c. 
72648356 COLlAl 1598G>A (p.Gly533Asp) 

NM_000088.3(COL1 Al ):c. 
72651646 COL! Al 2156G>A (o.Glv7 L9Aso) 

NM_000088.3(C0Ll A l):c. 
7265165 1 COLl Al 2210G>A (p.Gly737Asp) 

NM_000088.3(COL1 A I ):c. 
72653 13 1 COLI Al 25 15G>A (o.Glv839Ser) 

NM_000088.3(COL1A1 ):c. 
72653136 COLlAI 2533G>A (p.Gly845Arg) 

NM_000088.3(COL1A1 ):c. 
72653 137 COLL Al 2552G>A (o.Glv851 Asp) 

NM_000088.3(COL 1A 1 ):c. 
72653 169 COL I Al 3028G>A (p.GlylOIOSer) 

NM_000088.3(COL 1 A I ):c. 
72653 172 COLI Al 3073G>A (o.Glvl025Arg) 

NM_000088.3(COL1 Al ):c. 
72653 178 COLlAJ 3J 18G>A (p.Glyl040Ser) 

NM_000088.3(COLJ A I ):c. 
72654797 COLlAJ 3182G>A (o.Glvl061Asp) 

NM_000088.3(C0Ll Al):c. 
72654802 COLlAl 3235G>A (p.Gly1079Ser) 

NM_000088.3(COL1Al):c. 
72656306 COLlAl 3271G>A (p.Glyl091Ser) 

NM_000088.3(COL1 A l):c. 
72656330 COLlAl 3541G>A (p.Glyll81Ser) 

NM_000088.3(COL1 A l):c. 
66523073 COLlAl 3064G>A (p.Glyl022Ser) 

NM_000088.3(COL1 Al ):c. 
72645320 COLJAl 761G>A (p.Gly254Glu) 

NM_000088.3(COL1A1 ):c. 
72645333 COLlAl 824G>A (p.Gly275Asp) 

NM_000088.3(COL1A1 ):c. 
72645357 COLlAl 994G>A (p.Gly332Arg) 

CCTGGTCCCCCAGGGCCTYGAGG 

GCCAATRTAAGTATCCTGCCAGG 

AGCTGRTCTGCCTGGTGCCAAGG 

CCCGRTAGCCAGGGCGCCCCTGG 
GCTGRTCTTCCAGGGCCTAAGGG, 
AGCTGRTCTTCCAGGGCCTAAGG 

GCTRGTCCCCCTGGCCCTGCCGG 

GCCRGACCCGCTGGACCCCCTGG 

CCCCCTGRCCCCATTGTGAGTGG 

CCCTRGTGAATCTGGACGTGAGG 

CCTRGACGAGACGGTTC.'TCCTGG 

ACCRGCCCCGCTGGACCCCCTGG 

GCTGRCAAGAGTGGTGATCGTGG 

GTCRGCCCTGTTGGCGCCCGTGG 
CAARGCCCCCGTGGTGACAAGGG 

' 
CCAARGCCCCCGTGGTGACAAGG 

CCCRGCCCTCCTGGACCTCCTGG 

GAARGTTCCCCTGGACGAGACGG 

CGAGRATTGCCCGGAACAGCTGG 

GATGRTGCCAAGGGAGATGCTGG 

TGCCRGGCCCCCTGTGAGTGTGG 

Adult junctional epidermolysis bullosa, Epidermolysis bullosa, 
junctional, localisara variant 

Osteogenesis irnoerfecta 

Osteogenesis irnperfecta. recessive perinatal lethal 

Osteogenesis impe1fecta, recessive perinatal lethal 

Osteogenesis impe1fecta, recessive peri natal lethal 

Osteogenesis imperfecta type Til 

Osteogenesis imperfecta, recessive perinatal lethal 

Osteogenesis imperfecta. recessive perinatal lethal 

Osteogeoesis imperfecta with 11ormal sclerae, domina11t form 

Osteogenesis imperfecta, recessive perinatal lethal 

Osteogeoesis impe1fecta type U1 

Osteogenesis impe1fecta, recessive perinatal lethal 

Osteogenesis impe1fecta type I 

Osteogeoesis irnperfecta. recessive pe1ioatal lethal 

Osteogeoesis irnperfecta. recessive perinatal lethal 

Osteogeoesis irnperfecta type III 

Osteogeoesis irnperfecta type III 

Osteogenesis irnperfecta, recessive perinatal lethal 

Osteogeoesis imperfecta, Osteogenesis irnpe1fecta type ill 
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NM_000088.3(COL1A 1 ):c. 
72653 170 COLI Al 3040C>T (p.Arg l0 14Cys) 

NM_000088.3(COL 1A1 ):c. 
72653 173 COL!Al 3076C>T (p.Argl 026Ter) 

NM_000088.3(COL1 Al):c. 
72645347 COL!Al 934C>T (p.Arg312Cys) 

NM_000089.3(COL1 A2):c. 
72658 152 COL1A2 198 IG>A (p.Glv661Ser) 

NM_000089.3(COLJ A2):c. 
7265816 1 COL1A2 2099G>A (p.Gly700Asp) 

NM_000089 .3(COL1 A2):c. 
72658 176 COL1A2 2251 G>A (p.Glv75 I Ser) 

NM_000089.3(COL1 A2):c. 
72658200 COL!A2 2575G>A (p.Gly859Ser) 

NM_000089.3(COL! A2):c. 
72659338 COL!A2 3295G>A (p.Glvl099Arg) 

NM_000089.3(COLJ A2):c. 
12 1912900 COLJA2 2720G>A (p.Gly907Asp) 

NM_000089.3(COL1 A2):c. 
121912901 COL1A2 1640G>A (p.Gly547Asp) 

NM_000089 .3(COL1 A2):c. 
121912902 COL1A2 2593G>A (p.Gly865Ser) 

NM_000089.3(COL1A2):c. 
121912904 COL1A2 2414G>A (p.Gly805Asp) 

NM_000089.3(COL1 A2):c. 
121912909 COL1A2 1739G>A (p.Gly580Asp) 

NM_000089.3(COL1 A2):c. 
121912910 COL1A2 1504G>A (p.Gly502Ser) 

NM_000089.3(COL1A2):c. 
267606741 COL1A2 1262G>A (p.Gly421Asp) 

NM_000089.3(COL1 A2):c. 
267606742 COL1A2 3269G>A (p.Glyl090Asp) 

NM_000089 .3(COL1 A2):c. 
72656387 COL1A2 838G>A (p.Gly280Ser) 

CCCCCTGGTGAATCTGGAYGTGA, 
CCCCTGGTGAATCTGGAYGTGAG 

CCCTGGTGAATCTGGAYGTGAGG 

CCTGGTGAATCTGGAYGTGAGGT 

CCGAAGGTTCCCCTGGAYGAGAC 
CCTGCCTGGTGAGAGAGGTYGCC 
, 
CCTGGTGAGAGAGGTYGCCCTGG 

CCTRGTCTCAGAGGTGAAATTGG 

GCTGRTCCTGCTGGTCCTGCTGG 

AACRGTGTTGTTGGTCCCACAGG 
CCTRGCACTCCAGGTCCTCAGGG, 
TCCTRGCACTCCAGGTCCTCAGG 

CCTRGACCTCCAGGTGTAAGCGG 
CGTGRTCCTCCTGGTGCTGTGGG, 
CCGTGRTCCTCCTGGTGCTGTGG 

CAGGRTCCCCCTGGTCCTCCAGG 

CAGRGTCTTCTTGGTGCTCCTGG 

TCTGRCCCTCCTGGTCCCCCTGG 

TTTGRTCTCCCTGGTCCTGCTGG 

TAGRGTGATCCTGGCAAAAACGG 

CCTGRTAGTCGTGGTGCAAGTGG 

CAGGRCCCCCCTGGTCCCCCTGG 
GCCRGTCCCCGTGGTGAAGTGGG 
, 

Infantile cortical hyperostosis 

Osteogenesis imperfecta 

Ehlers-Dantos syndrome, classic type 

Osteoporosis 
Osteogenesis impe1fecta type III, Osteogenesis imperfecta 
with normal sclerae, dominant form 

Osteogenesis imperfecta type lil 

Osteogeoesis imperfecta type 1IJ 

Osteogeoesis imperfecta type III 

Osteogeoesis imperfecta. recessive pe1foatal lethal 

Osteogeoesis imperfecta, recessive perinatal lethal 

Osteogeoesis imperfecta, recessive perinatal lethal 

Osteogeoesis imperfecta. recessive pe1inatal lethal 

Osteogeoesis imperfecta. recessive pe1ioatal lethal 

Osteogeoesis imperfecta. recessive perinatal lethal 

Osteogeoesis imperfecta, recessive perinatal lethal 

Osteogeoesis imperfecta type III 

Osteogeoesis imperfecta 
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NM_OO 1844.4(COL2Al):c. 
121912864 COL2Al 3220G>A (p.Glyl074Ser) 

NM_001844.4(COL2Al):c. 
121912867 COL2Al 2320G>A (p.Gly774Ser) 

NM_001844.4(COL2Al):c. 
121912872 COL2Al 800G>A (p.Gly267Asp) 

NM_OO 1844.4(COL2Al ):c. 
121912877 COL2Al 908G>A (p.Gly303Asp) 

NM_OO 1844.4(COL2Al ):c. 
121912878 COL2Al 2905G>A (p.Gly969Ser) 

NM_001844.4(COL2Al):c. 
121912888 COL2Al 1547G>A (p.Gly516Asp) 

NM_001844.4(COL2Al):c. 
121912891 COL2Al 3508G>A (p.Glyl l 70Ser) 

NM_OO 1844.4(COL2Al):c. 
121912894 COL2Al 952G>A (p.Gly318Arg) 

NM_001844.4(COL2Al):c. 
121912896 COL2Al 141G>A (p.Trp47Ter) 

NM_001844.4(COL2Al):c. 
138498898 COL2Al 4148C>T (p.Thr1383Met) 

NM_001844.4(COL2Al ):c. 
121912868 COL2AJ 3 l 58G>A (p.Glyl053Glu) 

NM_OO l 844.4(COL2A l):c. 
387906558 COL2AJ 2149G>A (p.Gly7 l 7Ser) 

NM_OOJ844.4(COL2Al):c. 
121912865 COL2AJ 2J 55C> T (p.Arg7 l9Cys) 

NM_001844.4(COL2Al):c. 
121912882 COL2Al 2710C>T (o.Arg904Cys) 

NM_000090.3(COL3Al):c. 
113871730 COL3Al 926G>A (p.Gly309Glu) 

NM_000090.3(COL3 Al) :c. 
113485686 COL3Al 2356G>A (p.Gly786Arg) 

NM_000090.3(COL3Al):c. 
121912916 COL3Al 3041G>A (p.Glyl014Glu) 

NM_000090.3(COL3Al):c. 
121912919 COL3Al 907G>A (o.Gly303Ariz) 

CGCCRGTCCCCGTGGTGAAGTGG 

CCTRGCTCCCCTGGCCCCGCTGG 

AAARGCCCTGAGGGAGCCCCTGG 

AAGGGRTCCGCCTGGTCCTCAGG 

GGCGGRTGCTCCTGGTGTGAAGG 
GAARGTCCACCAGGTCCCCAGGG 
, 
CGAARGTCCACCAGGTCCCCAGG 

CGCGRTTTCCCAGGTCAAGATGG 

GTCRGTCCCTCTGGCAAAGATGG 

GAACRGATCTCCGGGCCCAATGG 

TGTGRAAGCCGGAGCCCTGCCGG 

cnCCRTGGACAGCAGGCGTAGG 

CTGRAGTCAAGGTGAGTGTCTGG 

CAGRGTCCCCGTGGCCTCCCCGG 

CCAGGGCCTCCAGGGTCCCYGTG 
CCCTGGAGCTGCTGGCYGCGrrG. 
CCTGGAGCTGCTGGCYGCGTTGG 
GAGRACGGCCAGGACTTCCTGGG 
, 
CGAGRACGGCCAGGACTTCCTGG 

CCCRGACTTCCAGGTATAGCTGG 

CAGGRAAACCCTGGATCAGATGG 

AGARGGGCTCCTGGTGAGCGAGG 

Hypocbondrogenesis 

H ypocbondro genesis 
STICKLER SYNDROME. TYPE I, NON SYNDROMIC 
OCULAR 

Stickler syndrome type 1, Kniest dysplasia 

Acbondrogenesis type 2 

Acbondrogenesis type 2 

Coxa plana 

Rbegmatogenous retinal detachment, autosomal dominant 
STICKLER SYNDROME, TYPE I, NONSYNDROMIC 
OCULAR 

Hypochondrogeoesis 

Osteoarthritis with mild choodrodysplasia 
Epiphyseal dysplasia, multiple, with myopia and conductive 
deafness 

Ehlers-Daolos syodrome, type 4 
Ehlers-Daolos syodrome. type 4, Ehlers-Danlos syodrome. 
type 4 variant 

Ehlers-Daolos syodrome, type 4 

Eblers-Daolos syodrome, type 4 
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NM_000090.3(COL3A 1 ):c. 
12 1912920 COL3A1 2410G>A (p.Gly804Ser) 

NM_000090.3(COL3Al):c. 
121912921 COL3Al 1997G>A (p.Gly666Asp) 

NM_000090.3(COL3Al):c. 
121912924 COL3Al 3302G>A (p.Gly l 101Glu) 

NM_000090.3(COL3 Al ):c. 
587779419 COL3Al 1033G>A (o.Gly345Arg) 

NM_000090.3(COL3Al):c. 
587779432 COL3Al 2780G>A (p.Gly927Asp) 

NM_000090.3(COL3A I ):c. 
587779434 COL3Al 2861 G>A (o.Gly954Glu) 

NM_000090.3(COL3A 1 ):c. 
587779437 COL3Al 2140G>A (p.Gly7l4Arg) 

NM_000090.3(COL3A l):c. 
587779438 COL3Al 2824G>A (o.Gly942Arg) 

NM_000090.3(COL3A I ):c. 
587779439 COL3Al 330IG>A (p.Glyl IOIArg) 

NM_000090.3(COL3A I ):c. 
587779446 COL3Al 556G>A (o.Gly l86Ser) 

NM_000090.3(COL3Al ):c. 
587779447 COL3AJ 2842G>A (p.Gly948Arg) 

NM_000090.3(COL3A L):c. 
587779456 COL3A1 2978G>A (o.G ly993Aso) 

NM_000090.3(COL3A l ):c. 
587779466 COL3Al 2564G>A (p.Gly855Asp) 

NM_000090.3(COL3Al):c. 
587779472 COL3Al 3473G>A (p.Gly1158Asp) 

NM_000090.3(COL3Al ):c. 
587779474 COL3Al 2068G>A (p.Gly690Arg) 

NM_000090.3(COL3Al):c. 
587779476 COL3Al 1466G>A (p.GJy489Glu) 

NM_000090.3(COL3Al):c. 
587779478 COL3Al 809G>A (p.Gly270Glu) 

ACTRGCCCTCCAGGACCTGCTGG 

GCCGRTGCACCTGGAGCTCCAGG 

CGTGRAGCTGCTGGCATCAAAGG 

CCCTRGATCCCCTGGTGCTAAGG 
GCTGRCCAACCAGGAGAGAAGG 
G, 
TGCTGRCCAACCAGGAGAGAAG 
G 

ACTGRAGCACGGGGTCTfGCAGG 

CCTRGGCCACCTGGTGCTGCTGG 

T AGRG AGCTCCAGGCCCACTI'GG 

CGTRGAGCTGCTGGCATCAAAGG 

CCTRGTACATCTGGTCATCCTGG 

CTTRGG A TI'GCTGGG ATCACTGG 
CGTGRTCCCCCTGG ACCCCAGGG, 
ACGTGRTCCCCCTGGACCCCAGG 

CCTGRTCCCCAAGGTGTCAAAGG 
CAGRTCCCATTGGACCACCAGGG 

' CCAGRTCCCATTGGACCACCAGG 

GCARGGGCCCCAGGACTTAGAGG 

CCTGRGTTCCGAGGACCTGCTGG 
GATGRACGAAATGGAGAAAAGG 
G, 
CGATGRACGAAATGGAGAAAAG 
G 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Dantos SYDdrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Oa11los syndrome. type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-DaDlos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Danlos syndrome, type 4 
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NM_000090.3(COL3A 1 ):c. 
587779482 COL3Al 3508G>A (p.Glyl l 70Ser) 

NM_000090.3(COL3Al):c. 
587779484 COL3Al 2203G>A (p.Gly735Arg) 

NM_000090.3(COL3Al):c. 
587779493 COL3Al 1979G>A (p.Gly660Asp) 

NM_000090.3(COL3 Al ):c. 
587779494 COL3Al 2555G>A (p.Gly852Asp) 

NM_000090.3(COL3A l):c. 
587779495 COL3AI 3437G>A (p.Glyl l46Glu) 

NM_000090.3(COL3A I ):c. 
587779499 COL3Al I 087G>A (p.Gly363Ser) 

NM_000090.3(COL3A 1 ):c. 
3255+5G>A 

587779501 COL3Al (p.Glyl 068_Pro l 085del) 
NM_000090.3(COL3A l):c. 

587779504 COL3Al 3562G>A (p.Glyl 188Arg) 

NM_000090.3(COL3A I ):c. 
587779505 COL3Al 2708G>A (p.Gly903Glu) 

NM_000090.3(COL3A I ):c. 
587779511 COL3Al 2888G>A (p.Gly963Asp) 

NM_000090.3(COL3Al):c. 
587779517 COL3Al 2825G>A (p.Gly942Glu) 

NM_000090.3(COL3Al):c. 
587779526 COL3Al 2510G>A (p.GJy837Asp) 

NM_000090.3(COL3Al):c. 
587779536 COL3Al 3391G>A (p.Glyll31Ser) 

NM_000090.3(COL3Al):c. 
1149+5G>A 

587779538 COL3Al (p.Gly35 l _Pro383del) 
NM_000090.3(COL3Al):c. 

587779540 COL3Al 3167G>A (p.Glyl056Asp) 
NM_000090.3(COL3A l):c. 

587779543 COL3Al 2185G>A (p.GJy729Arg) 

CAGARGTGAAAGAGGATCTGAG 
G 
CTTRGAAGTCCTGGTCCAAAGGG. 
TCTTRGAAGTCCTGGTCCAAAGG 

CAGGRTCCAAAGGGTGATGCCGG 

TAGGRTCCTCCTGGTCCCCAAGG 

AGTGRACCTCCTGGCAAAGATGG 

AATRGTGCCCCTGGACAAAGAGG 

CTGTAARTTTTGTCATTT'TTTGG 

CCTRGACCTCCTGGTGCCCCTGG 
GATGRGCCCCCAGGTCCTGCGGG 

' 
GGATGRGCCCCCAGGTCCTGCGG 
CCAGRCATGCCAGGTCCTAGGGG 

' ACCAGRCATGCCAGGTCCTAGGG 

' CACCAGRCATGCCAGGTCCTAGG 
AGGRAGCTCCAGGCCCACTTGGG 

TAGGRAGCTCCAGGCCCACTTGG 

GGAGRCCCTCCTGGAGTTGCAGG 

ATCRGCAGTCCAGGACCTGCAGG 

TGTAARTATCA TAGTTGAGAGGG, 
CTGTAARTATCATAGTTGAGAGG 

GTCGRTCCAGCTGGAAAGAGTGG 

CCTRGAGAAAGAGGAGGTCTTGG 

Ehlers-Dantos syndrome, type 4 

Ehlers-Daulos syndrome, tvPe 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Dantos syndrome. type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syncb·ome, type 4 

Ehlers-Daulos syndrome, type 4 
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NM_000090.3(COL3A 1 ):c. 
587779545 COL3Al 3140G>A (p.Glyl047 Asp) 

NM_000090.3(COL3Al):c. 
587779549 COL3Al 2150G>A (p.Gly717 Asp) 

NM_000090.3(COL3Al):c. 
587779554 COL3Al 3220G>A (p.Gly 1074Ser) 

NM_000090.3(COL3 Al ):c. 
587779557 COL3Al 637G>A (o.Gly213Ser) 

NM_000090.3(COL3Al):c. 
587779561 COL3AI 33 19G>A (p.Glyl l07Arg) 

NM_000090.3(COL3A I ):c. 
587779567 COL3Al 2833G>A (o.Gly945Ser) 

NM_000090.3(COL3A 1 ):c. 
587779569 COL3Al l 124G>A (p.Gly375Glu) 

NM_000090.3(COL3A 1 ):c. 
587779576 COL3Al 2987G>A (p.Gly996Glu) 

NM_000090.3(COL3A l ):c. 
587779580 COL3Al 2905G>A (p.Gly969Arg) 

NM_000090.3(COL3A I ):c. 
587779581 COL3Al 2168G>A (o.Gly723Aso) 

NM_000090.3(COL3Al ):c. 
587779583 COL3AJ 2959G>A (p.Gly987Ser) 

NM_000090.3(COL3A I ):c. 
587779584 COL3Al 1618G>A (p.Gly540Arg) 

NM_000090.3(COL3A l):c. 
587779586 COL3AJ 1268G>A (p.Gly423Asp) 

NM_000090.3(COL3Al):c. 
587779591 COL3Al 2087G>A (p.Gly696Asp) 

NM_000090.3(COL3Al):c. 
587779593 COL3Al 836G>A (p.Gly279Asp) 

NM_000090.3(COL3Al):c. 
587779595 COL3Al 2933G>A (p.Gly978Asp) 

NM_000090.3(COL3Al):c. 
587779596 COL3Al 647G>A (p.Gly216Glu) 

NM_000090.3(COL3Al):c. 
587779599 COL3Al 2699G>A (p.Gly900Asp) 

NM_000090.3(COL3A 1 ):c. 
587779601 COL3Al 592G>A (p.Glyl98Arg) 

CCTGRTCATCCAGGCCCACCTGG 

CCTGRTGCTGCTGGTACTCCTGG 

GCTRGTGCTCCCGGTCCTGCTGG 

CAGRGCCCTCCAGGACCTCCTGG 

AAARGACATCGAGGATTCCCTGG 

CCARGCCCACTTGGGATTGCTGG 

CAGGRACACGCTGGTGCTCAAGG 

CCTGRACCCCAGGGTCTTCCTGG 
AGGRGAAGCCCTGGCCCTCAGGG 

' 
TAGGRGAAGCCCTGGCCCTCAGG 

CCTGRTCTGCAAGGAATGCCTGG 

AACRGTCTCAGTGGAGAACGTGG 
CCCRGAAGTCCAGGAGGACCAG 
G 

AATGRTGCTCCTGGACTGCGAGG 

AGAGRTGGAGCTGGTCCCCCTGG 

AACAGRTGCTCCTGGATTAAAGG 
CAGGRTGAAAGTGGGAAACCAG 
G 

CCAGRACCTCCTGGTGCTATAGG 

CCAGRCAAGGATGGGCCCCCAGG 

CCARGATACCAAGGACCCCCTGG 

Ehlers-Dantos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Da11los syndrome, rype 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-DaDlos syndrome, type 4 

Ehlers-Da11los syndrome. type 4 

Ehlers-Dantos syDdrome, type 4 

Ehlers-Dantos syndrome, type 4 
Thoracic aortic anellrysms and aortic dissections, Ehlers-
Dantos syndrome, type 4 
Thoracic aortic aneurysms and aortic dissections, Ehlers-
Dantos syndrome, type 4 

Ehlers-DaDlos Sylldrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Danlos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Danlos syndrome, type 4 
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NM_000090.3(COL3A 1 ):c. 
587779606 COL3Al 2194G>A (p.Gly732Arg) 

NM_000090.3(COL3Al):c. 
587779610 COL3Al 3284G>A (p.Gly 1095Asp) 

NM_000090.3(COL3Al):c. 
587779611 COL3Al 1898G>A (p.Gly633Glu) 

NM_000090.3(COL3 Al ):c. 
587779621 COL3Al 1358G>A (p.Glv453Asp) 

NM_000090.3(COL3A l):c. 
587779625 COL3AI 709G>A (p.Gly237 Arg) 

NM_000090.3(COL3A I ):c. 
587779626 COL3Al 61 lG>A (p.Gly204Asp) 

NM_000090.3(COL3A 1 ):c. 
587779630 COL3Al 2293G>A (p.Gly765Ser) 

NM_000090.3(COL3A 1 ):c. 
587779631 COL3Al 1267G>A (p.Gly423Ser) 

NM_000090.3(COL3A I ):c. 
587779633 COL3Al 1384G>A (p.Gly462Ser) 

NM_000090.3(COL3A I ):c. 
587779634 COL3Al l 844G>A (p.Gly6 I 5Glu) 

NM_000090.3(COL3Al ):c. 
587779637 COL3AJ l 249G>A (p.Gly4l7 Arg) 

NM_000090.3(COL3A l):c. 
587779638 COL3Al 2176G>A (p.GJy726A.rg) 

NM_000090.3(COL3Al):c. 
587779641 COL3Al 593G>A (p.Glyl98Glu) 

NM_000090.3(COL3Al):c. 
587779642 COL3Al 2501G>A (p.GJy834Asp) 

NM_000090.3(COL3Al):c. 
587779644 COL3Al 827G>A (p.Gly276Asp) 

NM_000090.3(COL3Al):c. 
587779648 COL3Al 3419G>A (p.GJy1140Glu) 

NM_000090.3(COL3Al):c. 
587779650 COL3Al 970G>A (p.Gly324Ser) 

NM_000090.3(COL3A 1 ):c. 
587779656 COL3Al 701G>A (o.Gly234Asp) 

AGARGAGGTCTTGGAAGTCCTGG 
AAAGRTGAAACAGGTGAACGTG 
G 

ACAGRACCCCCTGGTCCACAAGG 

GCTGRTATTCCAGGTGTTCCAGG 
CCCRGACGACCTGGAGAGCGAG 
G 

CCTGRTGAACCTGGGCAAGCTGG 

ACTRGTCCTATTGGTCCTCCTGG 

AATRGTGCTCCTGGACTGCGAGG 
AAARGCGAAGATGGCAAGGATG 
G, 
AGCTAAARGCGAAGATGGCAAG 
G 
CTGRACCTCAGGGACCCCCAGGG 

' ACTGRACCTCAGGGACCCCCAGG 

CCARGACCAGCCGGTGCTAATGG 
CAARGAATGCCTGGAGAAAGAG 
G 

CCAGRATACCAAGGACCCCCTGG 

AAAGRTGAAGGAGGCCCTCCTGG 

AAGGRTGAAACAGGTGCTCCTGG 

TAGGRACCTGTTGGACCCAGTGG 

GACRGTGCTCGAGGCAGTGATGG 

TCAGRTAGACCCGGACGACCTGG 

Ehlers-Dantos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Da11los syndrome, type 4 
Thoracic aortic aneurysms and aortic dissections, Ehlers-
Dantos syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-DaDlos syndrome, type 4 

Ehlers-Da11los syndrome. type 4 

Ehlers-Dantos syDdrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daolos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 
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NM_000090.3(COL3A 1 ):c. 
587779662 COL3Al 2753G>A (p.Gly9 l 8Glu) 

NM_000090.3(COL3Al):c. 
587779672 COL3Al 3266G>A (p.Glyl089Asp) 

NM_000090.3(COL3Al):c. 
587779673 COL3Al 998G>A (p.Gly333Asp) 

NM_000090.3(COL3 Al ):c. 
587779674 COL3Al 2860G>A (p.Gly954Arg) 

NM_000090.3(COL3A l):c. 
587779678 COL3AI 2I41G>A (p.Gly7 14Glu) 

NM_000090.3(COL3A I ):c. 
587779680 COL3Al 2186G>A (p.Gly729Glu) 

NM_000090.3(COL3A 1 ):c. 
587779683 COL3Al 3544G>A (p.Glyl l82Arg) 

NM_000090.3(COL3A 1 ):c. 
587779689 COL3Al 2402G>A (p.Gly80 I Asp) 

NM_000090.3(COL3A I ):c. 
587779691 COL3Al 1763G>A (p.Gly588Asp) 

NM_000090.3(COL3A I ):c. 
587779692 COL3Al l 258G>A (p.Gly420Ser) 

NM_000090.3(COL3Al ):c. 
587779693 COL3AJ 1556G>A (p.Gly519Glu) 

NM_000090.3(COL3A I ):c. 
587779695 COL3AJ 2131 G>A (p.G ly7 I 1Ser) 

NM_000090.3(COL3A l ):c. 
587779696 COL3Al 1096G>A (p.G ly366Arg) 

NM_000090.3(COL3Al):c. 
587779698 COL3Al 2177G>A (p.Gly726Glu) 

NM_000090.3(COL3Al):c. 
587779706 COL3Al 2096G>A (p.Gly699Asp) 

NM_000090.3(COL3Al):c. 
587779711 COL3Al 610G>A (p.Gly204Ser) 

NM_000090.3(COL3Al):c. 
587779714 COL3Al 539G>A (p.Glyl80Asp) 

NM_000090.3(COL3Al):c. 
587779716 COL3Al 2735G>A (p.Glv912Asp) 

NM_000090.3(COL3A 1 ):c. 
587779718 COL3Al 799G>A (p.Gly267Ser) 

587779723 COL3Al NM_000090.3(COL3Al):c. 

CCTGRAGTGTCTGGACCAAAAGG 

CAAGRCCCACGTGGTGACAAAGG 

CAGGRCCCTCCTGGTCCTCCTGG 

ACTRGAGCACGGGGTC'nGCAGG 

CCTGRGCCACCTGGTGCTGCTGG 

CCTGRAG AAAG AGGAGGTCTTGG 

CCARGGCAACCAGGCCCTCCTGG 

AGAGRTGAAACTGGCCCTCCAGG 

TAGGRTGCTCCTGGTAAGAATGG 

GCCRGTGCTAATGGTGCTCCTGG 

AGAGRAGCTGCTGGAGAACCTGG 

GCTRGTCCTCCTGGGCCACCTGG 
CCTRGACAAAGAGGAGAACCTG 
G 
CAAGRAATGCCTGGAGAAAGAG 
G 

GCTGRTCCCCCTGGTCCCGAAGG 

CCTRGTGAACCTGGGCAAGCTGG 

CCAGRCCCTCCCGGTCCCCCTGG 

ACTGRTGCTCCTGGCAGCCCTGG 

TAGRGCTTCGATGGACGAAATGG 

CCCTRGCCCTCAGGGTGTCAAGG 

Ehlers-Dantos syndrome, type 4 

Ehlers-Daulos syndrome, tvPe 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-DaDlos syndrome, type 4 

Ehlers-Da11los syndrome. type 4 

Ehlers-Dantos syDdrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Dantos syndrome, type 4 

Ehlers-Da1Jlos syndrome, type 4 

Ehlers-DaDlos sy11drome, type 4 

Ehlers-Da11Jos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-Da11los syndrome, type 4 

Ehlers-Daulos syndrome, type 4 

Ehlers-DauJos sy11clrome, type 4 

Ehlers-Daulos syndrome, type 4 
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29 14G>A (p.Gly972Ser) 

NM_000090.3(COL3Al):c. 
112456072 COL3Al 3563G>A (p.Glyl 188Glu) 

NM_000090.3(COL3Al):c. 
794728060 COL3Al 4087C>T (p.Argl363Ter) 

NM_000090.3(COL3Al):c. 
587779527 COL3Al 1786C>T (p.Arg596Ter) 

NM_OO l 845.5(COL4Al ):c. 
672601346 COL4Al 2263G>A (p.Gly755Arg) 

NM_001845.5(COL4Al):c. 
672601349 COL4Al 2122G>A (p.Gly708Arg) 

NM_001845.5(COL4Al):c. 
121912857 COL4Al 1685G>A (p.Gly562Glu) 

NM_001845.5(COL4Al):c. 
606231465 COL4Al 2194-lG>A 

NM_001845.5(COL4Al):c. 
113994105 COL4Al 1555G>A (p.Gly519Arg) 

NM_001845.5(COL4Al):c. 
113994107 COL4Al 1769G>A (p.Gly590Glu) 

NM_001845.5(COL4Al):c. 
113994108 COL4Al 2159G>A (p.Glv720Asp) 

NM_001845.5(COL4Al ):c. 
113994109 COL4Al 2245G>A (p.Gly749Ser) 

NM_OO 1845.5(COL4A L):c. 
L 13994111 COL4AJ 3389G>A (o.Gly I l 30Aso) 

NM_001845.5(COL4A l ):c. 
113994112 COL4Al 3706G>A (p.G ly1236Arg) 

NM_001845.5(COL4Al):c. 
587777379 COL4Al 3976G>A (o.Glv l326Ar2) 

NM_OO l 846.2(COL4A2):c. 
387906602 COL4A2 3455G>A (p.Gly l 152Asp) 

NM_OO l 846.2(COL4A2):c. 
387906603 COL4A2 31 lOG>A (o.Glv 1037Glu) 

NM_000092.4(COL4A4):c. 
121912858 COL4A4 3601G>A (p.Glyl201Ser) 

121912860 COL4A4 NM_000092.4(COL4A4):c. 

CCTGRACCTCCTGGTGCCCCTGG 

CCTTCGACTTCTCTCCAGCYGAG 
CCTGGTAAGAATGGAGAAYGAG 
G 
CCCRGGGAGAAGGGGAGCATTG 
G 

ATGRGGCCACCGGGGACTCCAGG 
CCTGRAAGAGATGGCCATCCGGG 

' 
TCCTGRAAGAGATGGCCATCCGG 

TTTCARGGAGAGCCTGGAGTTGG 

CCARGGCTGATAGGCCAGCCAGG 

CCTGGAGRAGTTGGATTCCCAGG 

AATGRCTTACCTGGGAACCCAGG 

CCCRGCATTCCTGGCACACCCGG 

CCTGRTGTCAAAGGAGAAGCAGG 
AAARGAGACCGCGGACCTCAGG 
G, 
CAAARGAGACCGCGGACCTCAG 
G 

CCTTGATCACCTTTAATfCYCTG 
CAGRCTTL'CCAGGGCTGACTGGG, 
CCAGRCTTTCCAGGGCTGACTGG 

AAGGRAGACATCGGAGTCCCCGG 

CCTRGTCCAGTGGGAATACCTGG 

GATGRGCTACCTGGTCCTCCAGG 

Ehlers-Danlos syndrome, type 4 

Thoracic aortic aneurysms and aortic dissections 

Ehlers-Danlos syndrome, type 4 

Brain small vessel disease with hemorrhage 

Brain small vessel disease with hemorrhage 

Brain small vessel disease with hemorrhage 

Brain small vessel disease with hemorrhage 
Angiopathy, hereditary, with nephropathy, aneurysms, and 
muscle cramps 

Brain small vessel disease with hemorrhage 

Brain small vessel disease with hemorrha2e 

Fami lial porencephaly 

Familial oorenceohaly 

Fami lial porencephaly 

Schizenceohalv 

PorencephaJy 2 

Porenceohalv 2 

Alport syndrome. autosomal recessive 

Benign familial hematuria 
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2690G>A (p.Gly897Glu) 

NM_000495.4(COL4A5):c. 
281874656 COL4A5 1084G>A (p.Gly362Arg) 

NM_000495.4(COL4A5):c. 
281874660 COL4A5 1216G>A (p.Gly406Ser) 

NM_000495.4(COL4A5):c. 
281874663 COL4A5 1259G>A (p.Gly420Glu) 

NM_000495.4(COL4A5):c. 
281874664 COL4A5 1294G>A (p.Gly432Arg) 

NM_000495.4(COL4A5):c. 
281874669 COL4A5 142G>A (p.Gly48Arg) 

NM_000495.4(COL4A5):c. 
281874671 COL4A5 1589G>A (p.Gly530Asp) 

NM_000495.4(COL4A5):c. 
281874672 COL4A5 1598G>A (p.Gly533Glu) 

NM_000495.4(COL4A5):c. 
281874675 COL4A5 1726G>A (p.Gly576Ser) 

NM_000495.4(COL4A5):c. 
281874677 COL4A5 1744G>A (p.Gly582Arg) 

NM_000495.4(COL4A5):c. 
28 1874680 COL4A5 1835G>A (p.Gly6 12Asp) 

NM_000495.4(COL4A5):c. 
281874683 COL4A5 1904G>A (p.G ly635Asp) 

NM_000495.4(COL4A5):c. 
281874689 COL4A5 2288G>A (o.G ly763Glu) 

NM_000495.4(COL4A5):c. 
281874690 COL4A5 2305G>A (p.G ly769Arg) 

NM_000495.4(COL4A5):c. 
281874695 COL4A5 2483G>A (o.Gly828Glu) 

NM_000495.4(COL4A5):c. 
281874703 COL4A5 2722G>A (p.Gly908Arg) 

NM_000495.4(COL4A5):c. 
281874704 COL4A5 2731G>A (o.G1y911Arg) 

NM_000495.4(COL4A5):c. 
281874706 COL4A5 286G>A (p.Gly96Arg) 

NM_000495.4(COL4A5):c. 
281874717 COL4A5 3587G>A (o.Glyl l 96Glu) 

ATTRGGTTGCCTGGGITGCCTGG 
AGGRGTCAGAAAGGTGATGAAG 
G 

CCTGRACCTCCTGGACTTGACGG 

CCTRGGCITCCAGGGCCTCCTGG 
CAGRGAGAGAGAGGGTTTCCAG 
G 

CAGGRCATTCCAGGAGCTCCAGG 

CCAGRAGCTCCAGGTGCTCCAGG 
CCTRGCACTCCTGGACAGGATGG, 
TTTACCTRGCACTCCTGGACAGG 

GATRGATTGCCAGGGCTTCCTGG 
CAGRCCTCCCAGGGAATATAGGG 

' CCAG RCCTCCCAGGGAATATAGG 
AAAGRCATACAAGGTGTGGCAG 
G, 
TGAAAAAGRCATACAAGGTGTGG 

CCAG RACTTCCAGGT17CAAAGG 

AAARGAGCACTTGGTCCAAAAGG 

CCAGRGATTCCTGGGCCAATAGG 

CCARGACCT1TGGGAATTCCTGG 
TTGRGAATTCCTGGCAGGAGTGG, 
GACCTTTGRGAATTCCTGGCAGG 

CCTRGACITCCTGGATTTCCAGG 

CCTGRACITCCAGG ACTTTCTGG 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ecl recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-linked recessive 

AJport syndrome, X-li nkecl recessive 

Al port syndrome, X-li nked recessive 

Al port syndrome, X-lfoked recessive 

Al port syndrome, X-linked recessive 

Al port syndrome, X-liuked recessive 

Aloort syndrome, X-liuked recessive 

Alport syndrome. X-liuked recessive 

Aloort syndrome, X-liukecl recessive 
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NM_000495.4(COL4A5):c. 
281874722 COL4A5 385G>A (p.Gly l29Arg) 

NM_000495.4(COL4A5):c. 
281874725 COL4A5 3925-lG>A 

NM_000495.4(COL4A5):c. 
281874733 COL4A5 427 lG>A (p.Gly 1424Glu) 

NM_000495.4(COL4A5):c. 
28 1874739 COL4A5 438+5G>A 

NM_000495.4(COL4A5):c. 
28 1874746 COL4A5 4702G>A (p.Glu 1568Lys) 

NM_000495.4(COL4A5):c. 
28 1874763 COL4A5 689G>A (p.Gly230Asp) 

NM_000495.4(COL4A5):c. 
104886080 COL4A5 892G>A (p.Gly298Ser) 

NM_000495.4(COL4A5):c. 
104886381 COL4A5 3554-l G>A 

NM_000495.4(COL4A5):c. 
587776402 COL4A5 4199- IG>A 

NM_000495.4(COL4A5):c. 
104886043 COL4A5 16 1G>A (p.Gly54Asp) 

NM_000495.4(COL4A5):c. 
104886057 COL4A5 593G>A (p.Gly l 98Glu) 

NM_000495.4(COL4A5):c. 
104886060 COL4A5 574G>A (p.Gly L92An!) 

NM_000495.4(COL4A5):c. 
104886061 COL4A5 584G>A (p.Glyl95Asp) 

NM_000495.4(COL4A5):c. 
104886070 COL4A5 791G>A (p.Gly264Asp) 

NM_000495.4(COL4A5):c. 
104886075 COL4A5 655G>A (p.Gly219Ser) 

NM_000495.4(COL4A5):c. 
104886084 COL4A5 937G>A (p.Gly313Ser) 

NM_000495.4(COL4A5):c. 
104886086 COL4A5 956G>A (p.Gly319Asp) 

NM_000495.4(COL4A5):c. 
104886091 COL4A5 974G>A (p.Gly325Glu) 

NM_000495.4(COL4A5):c. 
104886096 COL4A5 1094G>A (p.Gly365Glu) 

TAGRGAGAACGTGGATTTCCAGG 
TCARGGTAATCCTGGCCGGCCGG. 
TTATTCARGGTAATCCTGGCCGG 

AAAGRAGACCCAGGTCTGCCAGG 

TCCAGTAARTTATAAAATTTGGG 

AGTATGTRAAGCTCCAGCTGTGG 
CAGGRTGAGCAAGGTCTTCAGGG 

ACAGGRTGAGCAAGGTCTTCAGG 
TAGRGTAAACCAGGCAAAGATG 
G 

CTGACARGTCAACCAGGCTTTGG 

GTARGTCCAACTGGCCCTCCAGG 

CCAGR1TTGGAAGGACACCCAGG 

CCCAGRACCACCAGGT1TGATGG 

CCARGGCCAA 1~rGGTCCCCCAGG 

ATTGRTCCCCCAGGACCACCAGG 

CCTGRTGACCGAGGGCCTCCTGG 
AATATGRGCTTAAATTTCCAGGG, 
GAATATGRGCTTAAATTTCCAGG 

AAGRGTTTGCCTGGTGATCCTGG 

CCTGRTTACCCTGGTGAACCCGG 
ACCCGRAAGGGATGGTGAAAAG 
G 

CCTGRGTTGCCTGGAGAAAAAGG 

Alpert syndrome, X-linked recessive 

Alport syndrome. X-lioked recessive 

Alport syndrome, X-lioked recessive 

Al port syndrome, X-li11ked recessive 

Al port syndrome, X-linked recessive 

Al port syndrome, X-li11ked recessive 

Al port syndrome, X-li nked recessive 

Al port syndrome, X-linked recessive 

Alport syndrome, X-linked recessive 

Alport syndrome, X-linked recessive 

Alport syndrome, X-li nked recessive 

Al port syndrome, X-li nked recessive 

Al port syndrome, X-U11ked recessive 

Alpo1t syndrome, X-linked recessive 

Alport syndrome, X-linked recessive 

Alport syndrnme, X-linked recessive 

Alport syndrome, X-lioked recessive 

Alporr syndrome, X-lioked recessive 

Alport syndrome, X-lioked recessive 
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NM_000495.4(COL4A5):c. 
104886097 COL4A5 1l12G>A (p.Gly371Glu) 

NM_000495.4(COL4A5):c. 
104886098 COL4A5 l 139G>A (p.Gly380Asp) 

NM_000495.4(COL4A5):c. 
104886101 COL4A5 1226G>A (p.Gly409Asp) 

NM_000495.4(COL4A5):c. 
104886103 COL4A5 1243G>A (p.Gly415Arg) 

NM_000495.4(COL4A5):c. 
104886105 COL4A5 l 148G>A (p.Gly383Asp) 

NM_000495.4(COL4A5):c. 
104886107 COL4A5 I 199G>A (p.Gly400Glu) 

NM_000495.4(COL4A5):c. 
104886110 COL4A5 1268G>A (p.Gly423Glu) 

NM_000495.4(COL4A5):c. 
1048861 lJ COL4A5 l 276G>A (p.Gly426Arg) 

NM_000495.4(COL4A5):c. 
104886112 COL4A5 l 286G>A (p.G ly429Glu) 

NM_000495.4(COL4A5):c. 
1048861 14 COL4A5 l 397G>A (p.Gly466Glu) 

NM_000495.4(COL4A5):c. 
104886115 COL4A5 1406G>A (p.Gly469Glu) 

NM_000495.4(COL4A5):c. 
104886117 COL4A5 1472G>A (p.GJy491Glu) 

NM_000495.4(COL4A5):c. 
104886118 COL4A5 1481G>A (p.Gly494Asp) 

NM_000495.4(COL4A5):c. 
104886122 COL4A5 1562G>A (p.GJy521Asp) 

NM_000495.4(COL4A5):c. 
104886125 COL4A5 1607G>A (p.Gly536Asp) 

NM_000495.4(COL4A5):c. 
104886130 COL4A5 l 736G>A (p.Gly579Glu) 

NM_000495.4(COL4A5):c. 
104886131 COL4A5 l 780G>A (p.Gly594Ser) 

104886132 COL4A5 NM_000495.4(COL4A5):c. 

AAAGRAGAGCGAGGATTTCCTGG 

CAGGRTCCACCTGGCCTfCCTGG 

AAAGRTGATGAAGGACCACCTGG 

CCACCTRGAA1~M.'CCATTCCTGG 

CCTGRCCTTCCTGGACCTCCAGG 
CCTGRA!ITCCTGGAGAAAGGGG 

TCCTGRA TTTCCTGGAG AAAGGG, 
CTCCTGRATTTCCTGGAGAAAGG 
CTGRACTTGACGGACAGCCTGGG 

' CCTGRACTTGACGGACAGCCTGG 

GACRGACAGCCTGGGGCTCCTGG 
CTG RGGCTCCTGGGCTTCCAGGG, 
CCTGRGGCTCCTGGGCTTCCAGG 
AAAGRACTCCAAGGAGAACAAG 
G 
CAAGRAGAACAAGGAGTGAAAG 
G 

TCAGRGCCTCCAGGTCAACCTGG 

CCAGRTCAACCTGGTTTGCCAGG 

GCTGRTGCAACTGGTCCCAAAGG 

CCAGRTGCTCCAGGCTTTCCTGG 
CTGRACAGGATGGATTGCCAGGG 

CCTGRACAGGATGGATTGCCAGG 
TAGRGTGGAATTACTTTTAAGGG, 
TTAGRGTGGAATTACTTTTAAGG 

TAGGGTRGAATTACTTTTAAGGG, 

Alpert syndrome, X-linked recessive 

Alport syndrome. X-lioked recessive 

Alport syndrome, X-lioked recessive 

Al port syndrome, X-li11ked recessive 

Al port syndrome, X-linked recessive 

Al port syndrome, X-li11ked recessive 

Al port syndrome, X-li nked recessive 

Alpert syndrome, X-linked recessive 

Alport syndrome. X-linked recessive 

AJport syndrome, X-linked recessive 

Alport syndrome, X-linked recessive 

Alport syndrome, X-lioked recessive 

Alport syndrome, X-lioked recessive 

Alport syndrome, X-lioked recessive 

Alport syndrome, X-linked recessive 

Alport syndrome. X-linked recessive 

Alport syndrome, X-linked recessive 

Alport syndrome. X-lioked recessive 
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1783G>A (p.Gly595Arg) 

NM_000495.4(COL4A5):c. 
104886136 COL4A5 1681G>A (p.Gly561Arg) 

NM_000495.4(COL4A5):c. 
104886138 COL4A5 1718G>A (p.Gly573Asp) 

NM_000495.4(COL4A5):c. 
104886139 COL4A5 l 735G>A (p.Gly579Arg) 

NM_000495.4(COL4A5):c. 
104886142 COL4A5 1871G>A (p.Gly624Asp) 

NM_000495.4(COL4A5):c. 
104886144 COL4A5 1886G>A (p.Gly629Asp) 

NM_000495.4(COL4A5):c. 
104886145 COL4A5 1895G>A (p.Gly632Asp) 

NM_000495.4(COL4A5):c. 
104886146 COL4A5 1897G>A (p.Glu633Lys) 

NM_000495.4(COL4A5):c. 
104886147 COL4A5 1912G>A (p.Gly638Ser) 

NM_000495.4(COL4A5):c. 
104886157 COL4A5 2023G>A (p.Gly675Ser) 

NM_000495.4(COL4A5):c. 
104886158 COL4A5 2042G>A (o.Glv681Aso) 

NM_000495.4(COL4A5):c. 
104886163 COL4A5 2J 65G>A (p.G ly722Glu) 

NM_000495.4(COL4A5):c. 
104886165 COL4A5 2219G>A (o.G ly740Glu) 

NM_000495.4(COL4A5):c. 
104886166 COL4A5 2228G>A (p.G ly743Asp) 

NM_000495.4(COL4A5):c. 
104886168 COL4A5 2060G>A (o.Glv687Glu) 

NM_000495.4(COL4A5):c. 
104886171 COL4A5 2287G>A (p.Gly763Arg) 

NM_000495.4(COL4A5):c. 
104886172 COL4A5 2297G>A (o.Glv766Aso) 

NM_000495.4(COL4A5):c. 
104886174 COL4A5 2332G>A (p.Gly778Ser) 

NM_000495.4(COL4A5):c. 
104886177 COL4A5 2386G>A (o.Glv796Arg) 

TTAGGGTRGAATTACTTTTAAGG 

AAARGAGAGTTGGGTTCCCCTGG 

CCTGRTTTACCTGGCACTCCTGG 

CCTRGACAGGATGGATTGCCAGG 

CCCCCTGRTTTCGGCCCTCCAGG 
CCAGRCCCAGTAGGTGAAAAAG 
G 
GTAGRTGAAAAAGGCATACAAG 
G 
GTAGGTRAAAAAGGCATACAAG 
G 

CAARGTGTGGCAGGAAATCCAGG 

GATRGTGATGTAGGTCTTCCAGG 
TAGRTGACCCTGGACTTCCAGGG, 
ATAGRTGACCCTGGACTTCCAGG 
CAGRACCTCCAGGAGCACCTGGG 

CCAGRACCTCCAGGAGCACCTGG 

CCTGRGCCACCCGGCTTrCCAGG 

ACCCGRCTTTCCAGGACCAAAGG 
CAGRGCAACCAGGCTTGCCAGGG 

' 
CCAGRGCAACCAGGCTTGCCAGG 

CCARGACTTCCAGGTTfCAAAGG 

CCAGRTTTCAAAGGAGCACTTGG 
CGTRG1TfCCCAGGACCTCCGGG. 
TCGTRGTrTCCCAGGACCTCCGG 
CCCTRGACCAAAAGGTATGGAGG 

' 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ecl recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Aloort svndrome, X-link:ed recessive 

Alport syndrome, X-linkecl recessive 

Aloort svndrome, X-li nked recessive 

Al port syndrome, X-lfoked recessive 

Aloort svndrome, X-linkecl recessive 

Al port syndrome, X-liuked recessive 

Aloort svndrome, X-liuked recessive 

Alport syndrome. X-liuked recessive 

Aloort svndrome, X-liuked recessive 
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NM_000495.4(COL4A5):c. 
104886179 COL4A5 2404G>A (p.Gly802Arg) 

NM_000495.4(COL4A5):c. 
104886180 COL4A5 2423G>A (p.Gly808Glu) 

NM_000495.4(COL4A5):c. 
104886182 COL4A5 2431G>A (p.Gly811Arg) 

NM_000495.4(COL4A5):c. 
104886186 COL4A5 2554G>A (p.Gly852Arg) 

NM_000495.4(COL4A5):c. 
104886187 COL4A5 2555G>A (p.Gly852Glu) 

NM_000495.4(COL4A5):c. 
104886188 COL4A5 2597G>A (p.Gly866Glu) 

NM_000495.4(COL4A5):c. 
104886189 COL4A5 2605G>A (p.Gly869Arg) 

NM_000495.4(COL4A5):c. 
104886191 COL4A5 2624G>A (p.Gly875Glu) 

NM_000495.4(COL4A5):c. 
104886195 COL4A5 2804G>A (p.Gly935Asp) 

NM_000495.4(COL4A5):c. 
104886210 COL4A5 3088G>A (p.Glyl 030Ser) 

NM_000495.4(COL4A5):c. 
104886214 COL4A5 3115G>A (p.Glyl039Ser) 

NM_000495.4(COL4A5):c. 
104886215 COL4A5 3134G>A (p.Glyl045Glu) 

NM_000495.4(COL4A5):c. 
104886223 COL4A5 3247G>A (p.G ly I 083Ser) 

NM_000495.4(COL4A5):c. 
104886225 COL4A5 3319G>A (o.Gly1107Arg) 

NM_000495.4(COL4A5):c. 
104886228 COL4A5 3427G>A (p.Glyll43Ser) 

NM_000495.4(COL4A5):c. 
104886229 COL4A5 3428G>A (p.Gly l 143Asp) 

NM_000495.4(COL4A5):c. 
104886232 COL4A5 3257G>A (p.Glyl086Asp) 

NM_000495.4(COL4A5):c. 
104886235 COL4A5 3481G>A (o.Glyl 161Arg) 

104886236 COL4A5 NM_000495.4(COL4A5):c. 

GCTCCCTRGACCAAAAGGTATGG 

GTTRGACCAAATGGACAACCTGG 
CTGRACCAATGGGACCTCCTGGG. 
CCTGRACCAATGGGACCTCCTGG 

ATGRGACCTCCTGGGCTGCCAGG 

CCTCCTRGACTTGATGTTCCAGG 

CCTCCTGRACTTGATGTTCCAGG 

CCAGRGATCCCCGGAGCACCTGG 

CCCRGAGCACCTGGTCCTATAGG 
TAGRACCTCCAGGATCACCAGGG 

' ATAGRACCTCCAGGATCACCAGG 

CCTGRCCCTACAGGAGAAAAAGG 

ATCRGTGATATGGGrrrrCCAGG 

CAGRGTGTGGAAGGGCCTCCTGG 

CCTGRACCTTCTGG AGTTCCTGG 

CAGRGTGAGCCTGGTCTGCCTGG 

CCCRGATTACCAGGAACCCCTGG 

CCCRGCCITCCAGGAGAACCTGG 

CCCGRCCTTCCAGGAGAACCTGG 
CTGRTCTGCCTGGATACCCAGGG, 
CCTGRTCTGCCTGGATACCCAGG 
CCARGGCCTCCAGGCGAAAAAG 
G 

AAARGCAAACCCGGTCAAGATG 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ecl recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-linked recessive 

AJport syndrome, X-li nkecl recessive 

Al port syndrome, X-li nked recessive 

Al port syndrome, X-lfo.ked recessive 

AJport syndrome, X-linked recessive 

Al port syndrome, X-linked recessive 

Alport syndrome, X-linked recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 
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3499G>A (p.Glyl 167Ser) 

NM_000495.4(COL4A5):c. 
104886237 COL4A5 3508G>A (p.Glyl l 70Ser) 

NM_000495.4(COL4A5):c. 
104886240 COL4A5 3535G>A (p.Gly l l 79A.rg) 

NM_000495.4(COL4A5):c. 
104886244 COL4A5 3586G>A (p.Gly l l 96A.rg) 

NM_000495.4(COL4A5):c. 
104886247 COL4A5 3632G>A (p.Gly1211Glu) 

NM_000495.4(COL4A5):c. 
104886248 COL4A5 3641G>A (p.Gly1214Glu) 

NM_000495.4(COL4A5):c. 
104886250 COL4A5 3694G>A (p.Glyl232Ser) 

NM_000495.4(COL4A5):c. 
104886251 COL4A5 3659G>A (p.Glyl220Asp) 

NM_000495.4(COL4A5):c. 
104886253 COL4A5 3686G>A (p.Gly1229Asp) 

NM_000495.4(COL4A5):c. 
104886257 COL4A5 3808G>A (p.Gly1270Ser) 

NM_000495.4(COL4A5):c. 
104886261 COL4A5 3731G>A (o.Glvl244Aso) 

NM_000495.4(COL4A5):c. 
104886262 COL4A5 3754G>A (p.G ly1252Ser) 

NM_000495.4(COL4A5):c. 
104886263 COL4A5 3763G>A (o.G ly I 255Arg) 

NM_000495.4(COL4A5):c. 
104886279 COL4A5 4342G>A (p.G lyl448Ser) 

NM_000495.4(COL4A5):c. 
104886297 COL4A5 4787G>A (p.Glyl596Asp) 

NM_000495.4(COL4A5):c. 
104886331 COL4A5 1516+1G>A 

NM_000495.4(COL4A5):c. 
104886338 COL4A5 1780-lG>A 

NM_000495.4(COL4A5):c. 
104886361 COL4A5 2705G>A (p.Gly902Glu) 

NM_000495.4(COL4A5):c. 
104886363 COL4A5 2732G>A (o.Glv911Glu) 

NM_000495.4(COL4A5):c. 
104886370 COL4A5 2840G>A (p.Gly947Asp) 

G 

CCCRGTCAAGATGGTATTCCTGG 
GCTRGACAGAAGGGTGAACCAG 
G 

CCTRGACTTCCAGGACTTTCTGG 

CCTGRGATTCCAGGAAATCCTGG 

CCAGRAAATCCTGGCCTTCCAGG 

CCTRGTGTGCAGGGTCCCCCAGG 
CCAGRTCCAAAGGGCGAACCAG 
G 
CACGRTTTCCCTGGTGTGCAGGG, 
TCACGRTTTCCCTGGTGTGCAGG 

GAARGTCCTCCAGGTCTCCCTGG 

TCTCCGGRTCCAGCTCTGGAAGG 

AAARGCAACCCTGGGCCCCAAGG 

CCTRGGCCCCAAGGTCCTCCTGG 

CAARGTCCCCCAGGTCCCCCTGG 

GATTO RrrATTCCTTCATGATGG 
TCCAGRTAAATTATGCCTCAGGG, 
CTCCAGRTAAATTATGCCTCAGG 

TTARGGTGGAATTACTTTTAAGG 

ATGGRACCTCCAGGCCCACCAGG 

TTGGRAATTCCTGGCAGGAGTGG 

CCTGRCCTTCCAGGCCCTCCTGG 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ecl recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome. X-link:ed recessive 

Alport syndrome, X-link:ed recessive 

Alport syndrome, X-link:ed recessive 
~ 
0 

Aloort svndrome, X-link:ed recessive 

Alport syndrome, X-linkecl recessive 

Aloort svndrome, X-li nkecl recessive 

Al port syndrome, X-lfoked recessive 

Al port syndrome, X-linkecl recessive 

Al port syndrome, X-linkecl recessive 

Aloort svndrome, X-lioked recessive 

Alport syndrome, X-link:ed recessive 

Aloort syndrome, X-link:ecl recessive 

Alport syndrome, X-linked recessive 
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NM_000495.4(COL4A5):c. 
104886378 COL4A5 3017-lG>A 

NM_000495.4(COL4A5):c. 
104886384 COL4A5 3605-lG>A 

NM_000495.4(COL4A5):c. 
104886396 COL4A5 385-7 19G>A 

NM_000495.4(COL4A5):c. 
794727397 COL4A5 1844G>A (p.Gly6 15Glu) 

NM_000495.4(COL4A5):c. 
28 1874676 COL4A5 1738C>T (p.Gln580Ter) 

NM_000495.4(COL4A5):c. 
28 1874681 COL4A5 1856C>T (p.Pro619Leu) 

NM_000495.4(COL4A5):c. 
281874727 COL4A5 4 l 47C> T (p.GJ n l 383Ter) 

NM_000495.4(COL4A5):c. 
281874661 COL4A5 l 2 l 9C> T (p.GI n407Ter) 

NM_000495.4(COL4A5):c. 
104886094 COL4A5 11 l 7C>T (p.Arg373Ter) 

NM_000495.4(COL4A5):c. 
104886207 COL4A5 3046C>T (p.Glnl 0 16Ter) 

NM_000495.4(COL4A5):c. 
104886213 COL4A5 3181C>T (p.Glnl061Ter) 

NM_000495.4(COL4A5):c. 
104886241 COL4A5 3538C>T (p.Glnl 180Ter) 

NM_000495.4(COL4A5):c. 
104886270 COL4A5 4228C>T (p.Argl 410Cys) 

NM_000495.4(COL4A5):c. 
104886286 COL4A5 4687C>T (p.Argl563Ter) 

NM_000093.4(COL5Al ):c. 
61735045 COL5Al 1588G>A (p.Gly530Ser) 

CTARGTCCCAAAGGTAACCCTGG 
ATARGCCAAAAGGGTGATGGAG 
G. 
TTCATARGCCAAAAGGGTGATGG 
CAAGRTGGAGAGAAGGGTATTG 
G 
CCAGRGAATATAGGGCCTATGGG 

' CCCAGRGAATATAGGGCCTATGG 

CCTGGCACTCCTGGAYAGGATGG 
CCCAGGGAATATAGGGCYTATGG 
, 
CCAGGGAATATAGGGCYTATGGG 
CCTCCAGGAATCCCTGGCYAGCC, 
CCAGGAATCCCTGGCYAGCCTGG 
CCTGGAGAAAGGGGTYAGAAAG 
G 
CCTGGAGAAAAAGGAGAGYGAG 
G 
CCCTGGTCTCCCTGGA Y AGCCAG, 
CCTGGTCTCCCTGGAYAGCCAGG 
CCCCAGGATTACCTGGAYAGAAA 

CCCAGGATTACCTGGAYAGAAAG 

CCAGGATTACCTGGAYAGAAAG 
G 
CCTGGACCAGCTGGAYAGAAGG 
G 
CCCTCCAGGAGATCCTGGAYGCA 

CCTCCAGGAGATCCTGGAYGCAA 

CCAGGAGATCCTGGAYGCAATGG 

CCAGCCATTCATTAGTYGGTAAG 

GGCRGCGATGCGGGCTCCAAAGG 

Alpert syndrome, X-linked recessive 

Aloort syndrome, X-linked recessive 

Alpert syndrome, X-linked recessive 

AJport syndrome, X-linked recessive 

Al port syndrome, X-linked recessive 

Al port syndrome, X-liuked recessive 

Al port syndrome, X-li nked recessive 

Alpert syndrome, X-linked recessive 
~ 

Alport syndrome. X-linked recessive """ 

Alport syndrome, X-linked recessive 

Alpert syndrome, X-lioked recessive 

Alpert syndrome, X-lioked recessive 

Alpert syndrome, X-lioked recessive 

Alpo1t syndrome, X-lioked recessive 

Ehlers-DaaJos syncb·ome, classic type, not specified 
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NM_OO l 848.2(COL6A 1 ):c. 
12 1912935 COL6Al 1022G>A (p.G ly341Asp) 

NM_OO 1849 .3(COL6A2):c. 
794727788 COL6A2 812G>A (p.Gly271Asp) 

NM_OO l 849.3(COL6A2):c. 
12 1912940 COL6A2 81 lG>A (p.Gly27 1Ser) 

NM_OO 1849 .3(COL6A2):c. 
727502827 COL6A2 857G>A (p.Gly286Glu) 

NM_OO 1849 .3(COL6A2):c. 
727502828 COL6A2 874G>A (p.Gly292Ser) 

NM_OO 1849 .3(COL6A2):c. 
267606750 COL6A2 1861G>A (p.Asp62!Asn) 

NM_OO 1849 .3(COL6A2):c. 
398123646 COL6A2 1522- lG>A 

NM_001849.3(COL6A2):c. 
376880198 COL6A2 2527C>T (p.Arg843Tro) 

NM_OO 1849 .3(COL6A2):c. 
12 1912942 COL6A2 2455C>T (p.Gln819Ter) 

NM_OO 1849 .3(COL6A2):c. 
117725825 COL6A2 2795C>T (p.Pro932Leu) 

NM_004369.3(COL6A3):c. 
794727188 COL6A3 6239G>A (p.Gly2080Asp) 

NM_004369.3(COL6A3):c. 
398124128 COL6A3 6282+1G>A 

NM_004369.3(COL6A3):c. 
121434554 COL6A3 1393C>T (p.Arg465Ter) 

NM_000094.3(COL7 Al):c. 
121912829 COL7Al 61 18G>A (p.GJy2040Ser) 

NM_000094.3(COL 7 A l):c. 
121912832 COL7Al 6007G>A (p.Gly2003Arg) 

CCAGRCCTGCCAGGCTGCAAGGG 

CCCAGRCCTGCCAGGCTGCAAGG 
AAGGRCAACATGGGTGAGCCGG 
G, 
CAAGGRCAACATGGGTGAGCCG 
G 
AAGRGCAACATGGGTGAGCCGG 
G, 
CAAGRGCAACATGGGTGAGCCG 
G 
CAGGRAGACCCGGGCATCGAAG 
G 

GAARGCCCCATTGGATTCCCAGG 

ATCRACAGCTCCGAGAGCATTGG 

TCCTCCARGGAGACCCCGGCAGG 

CCTGCTGGACGGCTCCG AG YGGC 
CCCAGACCTTCCCTGCY AAACAG, 
CCAGACCrrcCCTGCY AAACAGG 

CCATCGTGCGCAGCCYGCGTGGC 
AACGRCACTCAAGGTTTCCAGGG 

GAACGRCACTCAAGGTTTCCAGG 
AAGRTGAGGCGTGGGTGATGGG 
G, 
AAAGRTGAGGCGTGGGTGATGG 
G, 
TAAAGRTGAGGCGTGGGTGATGG 

CCAACTTCAATGCCATCYGAGAC 

CCTRGTATTCCCGGGCTCCCAGG 

CGCRGGCTGAAGGGCGACCGTGG 

Bethlem myopathy 

Ullrich congenital muscular dystrophy, Bethlern myopathy 

Bethlem rnyopathy 

Congenital muscular dystrophy 

Congenital muscular dystrophy 

Congenital muscular dystrophy, Bethlem myopathy 
Ullrich congenital muscular dystrophy, Bethlem myopathy, 
not provided 

Myosclerosis, autosomaJ recessive 
Congenital muscular dystrophy, Bethlem myopathy, not 
provided 

Bethlem myopathy 

not provided 

Ullrich congenital muscular dystrophy 

Generalized dominant dyst:rophic epidermolysis bullosa 
Dominant dystrophic epidermolysis buUosa with absence of 
skin 
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NM_000094.3(COL 7A1 ):c. 
121912836 COL7A1 6127G>A (p.Gly2043Arg) 

NM_000094.3(COL 7 Al):c. 
12 1912837 COL7Al 6724G>A (p.Glv2242Arg) 

NM_000094.3(COL7 Al):c. 
121912838 COL7Al 6091 G>A (p.Gly2031Ser) 

N M_000094.3(COL 7A1 ):c. 
121912839 COL7A1 6859G>A (p.Glv2287 Arg) 

NM_000094.3(COL7 Al):c. 
121912842 COL7Al 60 l 7G>A (p.Gly2006Asp) 

NM_000094.3(COL 7A1 ):c. 
121912843 COL7Al 6044G>A (p.Glv2015Glu) 

NM_000094.3(COL 7A1 ):c. 
121912844 COL7Al 61 OOG>A (p.Gly2034Arg) 

NM_000094.3(COL7 A l):c. 
121912846 COL7Al 61 lOG>A (p.Glv2037Glu) 

NM_000094.3(COL 7 A I ):c. 
12 1912850 COL7Al 6227G>A (p.Gly2076Asp) 

NM_000094.3(COL 7A1 ):c. 
121912851 COL7Al 7957G>A (p.Gly2653Arg) 

NM_000094.3(COL7 Al ):c. 
387906605 COL7AJ 4565G>A (p.Glyl 522Glu) 

NM_000094.3(COL 7 A l):c. 
121912847 COL7Al 4888C>T (p.Arg1630Ter) 

NM_001851.4(COL9Al):c. 
121912931 COL9Al 883C>T (p.Arg295Ter) 

NM_024027.4(COLEC11): 
387907076 COLECll c.610G>A (p.Gly204Ser) 

NM_000095.2(COMP):c.21 
312262904 COMP 55G>A (p.Gly719Ser) 

NM_000095.2(COMP):c.21 
137852655 COMP 56G>A (p.GJy719Asp) 

CCCRGGCTCCCAGGCAGGGCTGG 

TA TICCCRGGCTCCCAGGCAGGG, 
GTATTCCCRGGCTCCCAGGCAGG 

CAGRGGTCTCCAGGTTTGCCTGG 

TCCRGCCTTGCCGGGGAGCCTGG 

GTCRGACCTAAAGGAGAACCTGG 

AAGGRCGACCGTGGAGACCCTGG 

CCCTCAGGRGCCACCTGGTCTGG 

GCCRGGGAGCCTGGAAAGCCTGG 
CTGRAAAGCCTGGTATTCCCGGG. 
CCTGRAAAGCCTGGTATTCCCGG 

GATGRCCCTCCTGGACTCCCTGG 
CCCRGGCTGGCAGGACACAAAG 
G 

CAGGRGCCACCAGGACCCACTGG 
CCCAGGACCTGTTGGCCCCYGAG 
, 
CCAGGACCTGTTGGCCCCYGAGG 
CCTACCCCTCCAGGGTGACYGAG 

CCCCTCCAGGGTGACYGAGGTCC 

CCCTCCAGGGTGACYGAGGTCCT 

CTICATCRGCATCAACGACCTGG 
CATGCGGRGTGGCCGCCTGGGGG 
, 
CCATGCGGRGTGGCCGCCTGGGG 

CATGCGGGRTGGCCGCCTGGGGG 

Generalized dominant dystrophic epidermolysis bullosa 

Recessive dystrophic epidermolysis bullosa 
Recessive dystrophic epidermolysis bullosa. Nail disorder, 
nonsvndrornic congenital, 8 

Generalized dominant dysn-ophic epidermolysis bullosa 

Generalized dominant dvstrophic epidermolvsis bull.osa 

Generalized dominant dyso·ophic epiderrnolysis bullosa 

Generalized dominant dvso·ophic epiderrnolysis bullosa 

Generalized dominant dystrophic epidermolysis bullosa 

Recessive dysrrophic epiderrnolysis bullosa 

Transient bullous derrnolysis of the newborn 

Stickler syndrome, type 4 

Carnevale syndrome 

Pseudoachondroplascic spondyloepipbyseal dysplasia 
syndrome 
Pseudoachondroplascic spondyloepiphyseal dysplasia 
syndrome 
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NM_O 15697 .7(COQ2):c.59 
12 1918231 COQ2 OCi>A (p.Argl97His) 

NM_Ol6035.4(COQ4):c.7 l 
143441644 COQ4 8C> T (p.Arg240Cys) 

NM_OO 1193333.2(CORO 1 
A):c.400G>A 

397514755 CORO IA (p.Va1 134Met) 

NM_004376.5(COX l 5):c.6 
2893971 l COX15 49C>T (p.Arg217Trp) 

NM_000096.3(CP):c. l 652C 
61733458 CP >T (p.Thr55lfle) 

N M_000096.3(CP):c.270l C 
386134156 CP >T (p.Arg901Ter) 

NM_02036 l .4(CPA6):c.809 
114402678 CPA6 C>T (p.Ala270Yal) 

NM_000097 .5(CPOX):c.99 
121917866 CPOX IC>T (p.Arg331Trp) 

NM_000097.5(CPOX):c.85 
12 1917871 CPOX C>T (p.Gln29Ter) 

NM_OO I 876.3(CPTI A):c.2 
28936374 CPT IA l 26G>A (p.Gly709Glu) 

NM_001876.3(CPTJ A):c.2 
80356780 CPTlA l 29G>A (p.Gly7 l0Glu) 

NM_OO l 876.3(CPT L A):c. l 
80356794 CPTlA 425G>A (p.Trp475Ter) 

NM_OO l 876.3(CPT1 A):c.3 
80356775 CPTlA 67C>T (p.Argl23Cys) 

NM_OO l 876.3(CPT1 A):c. l 
80356779 CPTlA 436C>T (p.Pro479Leu) 

NM_000098.2(CPT2):c.886 
727503887 CPT2 C>T (p.Arg296Ter) 

NM_000098.2(CPT2):c. l 50 
74315296 CPT2 7C>T (p.Arg503Cys) 

NM_20l253.2(CRB1 ):c.223 
28939720 CRBl 4C>T (p.Thr745Met) 

730880377 CRB2 NM_l 73689.6(CRB2):c.189 

GCCAATCRTCCAATAGCCGCTGG 

CCTGTACTATGAGCGGYGCTGGG 

AGCGTRTGGGCATTGTGGCCTGG 

CCCATGACATCCCTYGGGTCAGT 
CCARTGAATATATCTTTAGTGGG, 
CCCARTGAATATATCTTTAGTGG 
CCCCCTGATTGTTTGTYGAAGAC, 
CCCCTGATTGTTTGTYGAAGACC, 
CCCTGATTGTTTGTYGAAGACCT 

TTCTATTGRCATCCACTCCACGG 
CCCATCGTGGAGAAYGGCGGGG 
c 
CCCCGCGCCTGGTCCY AGTGCGG, 
CCCGCGCCTGGTCCYAGTGCGGC 

CAGCGRAGGGGGC1~f'TGGACCGG 

CAGCGGAGRGGGCTTTGGACCGG 

CTGRGCAGATGCGCCGATCGTGG 
CCCTCATCGTCACCATGYGCTAC, 
CCTCATCGTCACCATGYGCTACT 

CCTGGGCAGATGCGCYGATCGTG 

CCTGACCAGTGAGAACYGAGAC 
A 

CCGCACTGAGACCATCYGCCCGG 

CCATGTTTGTCCGAAYGCTTCAA 

CCGTTGCGACTGTGCCYGGCCCC 

Coenzyme Q l 0 deficiency, primary 1 

COENZYME QlO DEFICIENCY, PRIMARY, 7 

fmmunodeficiency 8 
Congenital myasthenic syndrome, acetazolamide-responsive, 
Cardioencephalomyopathy, foca l infantile, due to cytochrome 
c oxidase deficiency 2 

Deficiency of ferroxidase, not specified 

Deficiency of ferroxidase 

Febrile seizures, fami lial, 11, not provided 

Coproporphyria 

Coproporphyria 

Cami tine palmitoyltransferase I deficiency 

Caroitine palmitoyltratisferase l deficiency 

Carnitine palrnitoyltraosferase I deficiency 

Carnitine palmitoyltraosferase I deficiency, not provided 

Carnitine palmitoyltransferase I deficiency, not provided 
CARNITJJfE PALMITOYL TRANSFERASE II 
DEFICIENCY, LATE-ONSET, Carnitine palrnitoyltransferase 
II deficiency, infantile 

Retinitis pigmentosa 12, not provided 

Yeotriculomegalv with cystic kidney disease 

~ ... 

~ 
0 
N 
0 ...... 
QC 

0 
N 
-l 
0 
-l 
QC 

~ 
("".) 

~ 
CJ) 
N 
0 ..... 
g ... 
Ul 
CH 
QC ..... 



7C>T (p.Arg633Trp) 

NM_004380.2(CREBBP):c. 
587783476 CREBBP 286C>T (p.Gln96Ter) 

NM_004380.2(CREBBP):c. 
587783475 CREBBP 279lC>T (p.Gln931Ter) 

NM_004380.2(CREBBP):c. 
587783479 CREBBP 3310C>T (p.Glnll04Ter) 

NM_004380.2(CREBBP):c. 
587783490 CREBBP 4078C>T (p.Argl360Ter) 

NM_004380.2(CREBBP):c. 
587783509 CREBBP 598C> T (p.Gln200Ter) 

NM_004380.2(CREBBP):c. 
587783510 CREBBP 6088C>T (p.Gln2030Ter) 

NM_004750.4(CRLFl):c.39 
137853932 CRLFl 7+ 1G>A 

NM_004750.4(CRLF1):c.53 
137853926 CRLFl 8C>T (p.Glol80Ter) 

NM_004750.4(CRLFl):c.4 I 
137853930 CRLFl 3C>T (p.Prol38Leu) 

NM_00637 l .4(CRTAP):c.3 
72659357 CRTAP G>A (p.Metllle) 

NM_000554.4(CRX):c. l 21 
104894672 CRX C>T (p.Arg41Trp) 

CCAGCAGCCCCGTGYAGCAGGGC 

CCAGGTGACCCCGCAGCCTYAAA 

CCTAGAAGCACTGTATCGAYAGG 

CCGGGGAGGTTTTTGTCYGAGTG 

CCATAGCTTAATTAATYAGGCTT 
CCCCTTCCCCAGCAGY AGCCCAT. 
CCCTTCCCCAGCAGYAGCCCATG 

TTGGCCRTAAGTTGGCACCCAGG 
CCCCGCAGGTGGTATGGCYAGGA 

' CCCGCAGGTGGTATGGCYAGGAC 

' CCGCAGGTGGTATGGCYAGGACA 

CCAGTGCCCCCAGAGAAACYCGT 
GATRGAGCCGGGGCGCCGGGGG 
G, 
CGATRGAGCCGGGGCGCCGGGG 
G, 
GCGATRGAGCCGGGGCGCCGGG 
G, 
CGCGATRGAGCCGGGGCGCCGG 
G, 
GCGCGATRGAGCCGGGGCGCCG 
G 
CCCCCAGGAAGCAGCGGYGGGA 
G, 
CCCCAGGAAGCAGCGGYGGGAG 
c. 
CCCAGGAAGCAGCGGYGGGAGC 
G, 
CCAGGAAGCAGCGGYGGGAGCG 

Rubinstein-Taybi syndrome 

Rubinstein-Taybi syndrome 

Rubinstein-Taybi syndrome 

Rubinstein-Taybi syndrome 

Rubinstein-Taybi syndrome 

Rubinstein-Taybi syndrome 

Cold-induced sweating syndrome 1 

Cold-induced sweating syndrome l 

Cold-induced sweati11g syndrome I 

Osteogenesis imperfecta type 7 

Cone-rod dystrophy 2, not provided 
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NM_000554.4(CRX):c.268 
104894673 CRX C>T (p.Arg90Trp) 

NM_000394.3(CRY AA):c.2 
74315440 CRY AA 7G>A (p.Trp9Ter) 

NM_000394.3(CRY AA):c. l 
397515623 CRY AA 60C>T (p.Arg54Cys) 

NM_000394.3(CRY AA):c.3 
397515624 CRY AA 4C>T (p.Arg12Cys) 

NM_000394.3(CRYAA):c.3 
74315439 CRY AA 46C>T (p.Argl 16Cys) 

NM_000394.3(CRY AA):c. l 
74315441 CRY AA 45C>T (p.Arg49Cys) 

NM_001885.2(CRYAB):c.l 
387907338 CRY AB 66C>T (p.Arg56Trp) 

NM_00521 l.3(CSF l R):c.19 
397515555 CSFlR 58G>A (o.Cvs653Tvr) 

NM_0052 l l .3(CSF1R):c.23 
690016564 CSFlR 50G>A (p.Val784Met) 

NM_0052 l I .3(CSF1R):c. l 7 
28 1860268 CSFIR 66G>A (o.Gly589Glu) 

NM_0052 l J .3(CSF I R):c.23 
397515556 CSFlR 29C>T (p.Arg777Trp) 

690016562 CSFlR NM_00521 l .3:c.2467C> T 
NM_000760.3(CSF3R):c.92 

606231473 CSF3R 2C>T (p.Arg308Cys) 
NM_ l56039.3(CSF3R):c. l8 

796065343 CSF3R 53C>T (p.Tbr6 18Ile) 
NM_000099.3(CST3):c.73 

1064039 CST3 G>A (p.Ala25Thr) 
NM_OOO l 00.3(CSTB):c.136 

545986367 CSTB C>T (p.Gln46Ter) 
NM_025099.5(CTCl):c.775 

387907080 CTCl G>A (p.Yal259Met) 
NM_OO l 904.3(CTNNB l):c. 

121913413 CTNNBl 122C>T (p.Tbr4llle) 

c 

CCAGGTTTGGTTCAAGAACYGGA 
CCTGRTTCAAGCGCACCCTGGGG, 
CCCTGRTTCAAGCGCACCCTGGG, 
CCCCTGRTTCAAGCGCACCCTGG 

CCGCCAGTCCCTCTTCYGCACCG 

CCAGCACCCCTGGTTCAAGYGCA 

CCCGTGAGTTCCACYGCCGCTAC 

CCATCAGCCCCTACTACYGCCAG 

CCACCCTCCTTCCTGYGGGCACC 
GCCTRTACCCATGGAGGTAAGGG 

' AGCCTRTACCCATGGAGGTAAGG 

CGTAACRTGCTGTTGACCAATGG 
CCCTCGRAGCTGGAGCC1"fTGGG, 
ACCCTCGRAGCTGG AGCCITTGG 
CCCTCAGTGCATCCACYGGGACG 

CCTCAGTGCATCCACYGGGACGT 

CCTGTGAAGTGGATGGYCCCAGA 

CCTACACCCTGCAGATAYGCTGC 

CCTCACCCTGATGAYCTTGACCC 

CCCGCGRCCGGCTCCAGTCCCGG 

CACCTRGCTCTTGAATGACACGG 

CCACRTGTCCATCATCGTGCAGG 

CCATTCTGGTGCCACTAYCACAG 

Leber congenital amaurosis 7, not provided 

Cataract, autosomal dominant 
Cataract, autosomal dominant, multiple types, with 
microcornea 

Cataract, autosomal dominant 

Cataract, autosomal dominant 

Posterior polar cataract type 2 

Hereditary diffuse leukoenceohalooathv with soheroids 

Hereditary diffuse leukoencephalopathy with spheroids 

Hereditary diffuse leukoencephalopathv with spheroids 

Hereditary diffuse Leukoencephalopathy with spheroids 

Hereditary diffuse leukoenceohalopathy with spheroids 

Severe congenital neutropenia 

Early T cell progenitor acute lymphoblastic leukemia 

Age-related macular degeneration 11 

not provided 

Cerebroretinal microangiopathy with calcifications and cysts 

Pilomatrixoma 
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NM_OO I 03 l 68 l .2(CTNS):c 
35086888 CTNS .124G>A (p.Val42Ile) 

NM_007272.2(CTRC):c.2J 
515726209 CTRC 7G>A (p.Ala73Thr) 

NM_007272.2(CTRC):c.76 
121909293 CTRC OC>T (p.Arg254Trp) 

NM_001814.4(CTSC):c.856 
104894209 CTSC C>T (p.Gln286Ter) 

NM_00 l909.4(CTSD):c.47 
587779409 CTSD OC>T (p.Serl57Leu) 

NM_OO l l7l 174.l(CX3CRl 
3732378 CX3CR1 ):c.935C>T (p.Thr3 l2Met) 

NM_001171174. l(CX3CR I 
3732379 CX3CR1 ):c.841G>A (p.Val281Tle) 

NM_003467 .2(CXCR4 ):c. J 
104893624 CXCR4 OOOC>T (p.Arg334Ter) 

NM_000398.6(CYB5 R3):c. 
12 1965009 CYB5R3 316G>A (p.Val106Met) 

NM_000398.6(CYB5 R3):c. 
61732609 CYB5R3 478C>T (p.ArgJ60Ter) 

NM_000398.6(CYB5R3):c. 
121965014 CYB5R3 229C>T (p.Gln77Ter) 

NM_000398.6(CYB5R3):c. 
200872504 CYB5R3 463+8G>C 

NM_000397.3(CYBB):c.46 
137854590 CYBB 6G>A (p.Ala l56Thr) 

NM_000102.3(CYP17 Al):c 
104894139 CYP17Al .1073G>A (p.Arg358Glo) 

NM_000102.3(CYP17 Al):c 
104894153 CYP17Al .287G>A (p.Arg96Glo) 

NM_000102.3(CYP17 Al):c 
104894154 CYP17Al .374G>A (p.Argl25Glo) 

NM_OOO 102.3(CYP 17 Al ):c 
104894155 CYP17Al .1247G>A (p.Arg416His) 

104894142 CYP17Al NM_000102.3(CYP17 Al):c 

CCGCAGGGTGAGGCTGAYGTTGG 

TCACTGCCRCCCACTGCATCAGG 

CCGGTAGTCTACACCYGGGTGTC 
CCCCAATCCTAAGCCCTYAGGAG 
, 
CCCAATCCTAAGCCCTYAGGAGG 
, 
CCAATCCTAAGCCCTYAGGAGGT 

CCAGGACACTGTGTYGGTGAGTC 
AACCRTCTCAGTCACACTGAGGG, 
CAACCRTCTCAGTCACACTGAGG 

CCAGGAAAATCATAAYGTTGTAG 

CCTCTCCAAAGGAAAGYGAGGTG 

CTTCRTGGACCTGGTCATCAAGG 
GTCRGATGGCGAAC11'CCCTGGG, 
GGTCRG ATGGCGAAC1~rcccTGG 
CCCGTTCTGTCCTGCAGGCYAGC, 
CCGTTCTGTCCTGCAGGCYAGCA 

CCAAGGGATTCCGACCYGAATCA 

TTTTRCTCGAAAGAGAATAAAGG 

TCCRAGAGGTGCTTCGCCTCAGG 

GGGCRGCCTCAAATGGTAAGTGG 

GCTGCATCRAAGGCTGGCGATGG 
AGCRTTTCTTGAATCCAGCGGGG, 
GAGCRTTTCTTGAATCCAGCGGG, 
AGAGCRTTTCTTGAATCCAGCGG 

CCATCCGAGAGGTGCTTYGCCTC 

Cystinosis. atypical nephropathic 

Hereditary pancreatitis 

Hereditary paocreatitis, Pancreatitis, chronic, susceptibility to 

Papillon-Let\xc3\xa8vre syndrome 

Ceroid lipofusci nosis neLu·onal 10 

Age-related macular degeneration 12 

Age-related macular degeneration 12 
Warts, hypogammaglobulinemia. infections. and 
myelokathexis 

METHEMOGLOBJNEMIA. TYPE I 

Methemoglobinemia type 2 

Methemoglobiuemia type 2 

Methemoglobinemia type 2 
Granulomatous disease, chronic, X-linked, variant, not 
provided 

Isolated 17 ,20-lyase deficiency 
Complete combined l 7-alpha-hydroxylase/17,20-lyase 
deficiency 
Complete combined l 7-alpba-hydroxylase/17,20-lyase 
deficiency 

Complete combined l 7-alpba-hydroxylase/17,20-lyase 
deficiency 

Complete combined l 7-alpba-bydroxylase/17.20-lyase 
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.1084C>T (p.Arg362Cys) 

NM_000102.3(CYP 17 Al):c 
104894145 CYP17Al .1283C>T (p.Pro428Leu) 

NM_000102.3(CYPI 7 Al):c 
104894149 CYP17Al .1039C>T (p.Arg347Cys) 

NM_000104.3(CYP1Bl):c. 
28936700 CYP!Bl 182G>A (p.Gly61Glu) 

NM_OOO 104.3(CYP 1B1 ):c. 
201824781 CYPlBl 155C>T (p.Pro52Leu) 

NM_000104.3(CYP1Bl):c. 
79204362 CYPlBl l 103G>A (p.Arg368His) 

NM_000500.7(CYP2J A2):c 
15 1344503 CYP21A2 .1217G>A (p.Trp406Ter) 

NM_000500.7(CYP21A2):c 
7769409 CYP2JA2 .1069C>T (p.Arg357Trp) 

NM_000500.7(CYP21 A2):c 
6445 CYP21A2 .1360C>T (p.Pro454Ser) 

N M_000500.7(CYP2 l A2):c 
9378251 CYP21A2 .92C> T (p.Pro3 I Leu) 

NM_000500.7(CY P2 l A2):c 
7755898 CYP21A2 .955C>T (p.Glu319Ter) 

NM_000782.4(CYP24Al):c 
387907324 CYP24Al .964G>A (p.Glu322Lys) 

NM_000784.3(CYP27 Al):c 
121908097 CYP27A l .1421G>A (o.Arg474Glo) 

NM_000784.3(CYP27 Al):c 
121908099 CYP27Al .1214G>A (p.A.rg405Glo) 

NM_000784.3(CYP27 Al):c 
587778797 CYP27Al .446+lG>A 

NM_000784.3(CYP27 Al):c 
376230356 CYP27A l .380G>A (p.Argl27Gln) 

72551314 CYP27Al NM_000784.3(CY P27 Al ):c 

CCCAGCTCATCTCACYGTCAGTA. 
CCAGCTCATCTCACYGTCAGTAA 

CCAACTATCAGTGACYGTAACCG 
ATCGRAAACGCGGCGGCGGTGG 
G, 
GATCGRAAACGCGGCGGCGGTG 
G, 
ACTGATCGRAAACGCGGCGGCGG 
ACGGGCCCRGGGGCGCGGACCG 
G 
CCCATACAAGGCAGAYGGTCCCT 
, 
CCATACAAGGCAGAYGGTCCCTC 
GTTCTRGCCTGGTATGTGGGGGG, 
AGTTCTRGCCTGGTATGTGGGGG, 
GAGTTCTRGCCTGGT ATGTGGGG, 
TGAGTI'CTRGCCTGGTATGTGGG 

CCGAGGTGCTGCGCCTGYGGCCC 

CCTTCACGCTGCTGYCC!CCGGG 

CCGGAGCCTCCACCTCCYGCCTC 

CCAGATTCAGCAGCGACTGYAGG 

CACARAGCTCCAGCTGGCTGCGG 

TCCRGGCCrGCCrGGGCCGCAGG 

AAACTCCCRGATCATAGAAAAGG 
CACRTGAGCTGGGGCCTGAAGGG 
, 
CCACRTGAGCTGGGGCCTGAAGG 

TACRGAACGACATGGAGCTATGG 

CCACTGGTACCAGCTGCGCYAGG 

deficiency 

Complete combined 17-alpba-hydroxylase/ 17 .20-lyase 
deficiency 
Combined partial 17-alpha-hydroxylase/17,20-lyase 
deficiency 

Glaucoma, congenital 

Glaucoma, primary open angle, juvenile-onset 

Glaucoma, congenital, Coloboma, not provided 

2J -hydroxylase deficiency 

21 -hydroxylase deficiency 

21 -hydroxylase deficiency 

21 -hydroxylase deficiency 

2 1-hydroxylase deficiency 

ldiopathic hypercalcemia of iofancy 

Cholestanol storage disease 

Cholestanol storage disease 

CholestaDol storage disease 

Cholestaool storage disease 

CbolestaDol storage disease 
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.47SC>T (p.Gln lS9Ter) 

NM_000784.3(CYP27 Al):c 
72SS1316 CYP27Al .74SC>T (p.Glo249Ter) 

NM_000784.3(CYP27A1 ):c 
121908098 CYP27Al .1420C>T (p.Arg474Trp) 

NM_000784.3(CYP27 Al ):c 
S87778787 CYP27Al .l 402C> T (p.Pro468Ser) 

NM_00078S.3(CYP27B l):c 
28934604 CYP27Bl .320G>A (p.Arg107His) 

NM_00078S.3(CYP27Bl):c 
118204008 CYP27Bl .1226C>T (p.Thr409Ile) 

NM_00078S.3(CYP27B l):c 
118204011 CYP27Bl .l027C>T (p.Leu343Phe) 

NM_2073S2.3(CYP4V2):c. 
199476187 CYP4V2 283G>A (p.Gly9SArg) 

NM_2073S2.3(CYP4 V2):c. 
199476198 CYP4V2 1020G>A (p.Tm340Ter) 

NM_2073S2.3(CYP4V2):c. 
119103284 CYP4V2 1S23G>A (p.ArgS08His) 

NM_2073S2.3(CY P4 V2):c. 
199476202 CYP4V2 l 187C>T (p.Pro396Leu) 

NM_004820.3(CYP7Bl):c. 
121908611 CYP7BJ 12SOG>A (p.Arg417His) 

NM_004820.3(CYP7Bl):c. 
72554620 CYP7BJ J I 62C>T (p.Arg388Ter) 

NM_00116S928.3(DAG l):c 
19392295S DAG! .S7SC>T (p.Thrl92Met) 

NM_Ol8122.4(DARS2):c.l 
121918212 DARS2 837C>T (p.Leu613Phe) 

NM_Ol8122.4(DARS2):c.l 
200670286 DARS2 825C>T (p.Arg609Trp) 

NM_000787 .3(DBH):c.30 l 
267606760 DBH G>A (p.VallOlMet) 

NM_OO l 9 l 8.3(DBT):c.901 
185492864 DBT C>T (p.Arg301Cys) 

CCATCGGGTTAATGTTCYAGAAC 
CCCTTTGGCTATGGGGTCYGGGC, 
CCTTTGGCTATGGGGTCYGGGCC 
CCCATTTGGCTCTGTGYCCTTTG. 
CCATTTGGCTCTGTGYCCTTTGG 

AGCRCTGCAGCTTCTCGCCCTGG 

CCAGACGCTGGTCAYTCTGTGTC 
CCCCGAAGTCCAGACAGCAYTCC 
, 
CCCGAAGTCCAGACAGCAYTCCA 
, 
CCGAAGTCCAGACAGCAYTCCAC 
GGTCRGGCCAGTGCCCATGGTGG 

CTGGGTCRGGCCAGTGCCCATGG 
AACTGRTCCTTATACCTGTTGGG, 
AAACTGRTCCTTATACCTGTTGG 

TTCRTCCAAGTAATGGCATCTGG 

CCTTTTTCC1yfCTGTTCYeITTAT 

T ATGATCRTTTTATAGAAGA TGG 

CCGGGGACTACTGTGTGYGAAAG 

CCTGTGACTGTTfTGA YGGTGAT 

CCTTCCGGGG ACATG ACYTCATG 

CCTTCCCAAAGTCCTTCYGGGGA 

CTCRTGGTGCTCTGGACCGATGG 
ATTCCACRAGCAAATGCAATGGG 

Cholestanol storaJ:(e disease 

Cholestaool storage disease 

Cholestaool storaJl;e disease 

Vitamin D-dependeot rickets, type 1 

Vitamin D-depeodent rickets, type l 

Vitamin D-depeodeot rickets, type 1 

Bietti crystalli ne corneoretinal dystrophy 

Bietti crystalli11e corneoretioal dystrophy 

Bietti crystalli ne coroeoretioal dystrophy 

Bietti crystalline corneoretioal dystrophy 

Spastic paraplegia SA 

Spastic paraplegia SA, Bile acid synthesis defect, congenital, 3 
Limb-girdle muscular dystrophy-dystroglycanopathy, type C9, 
not provided 
Leukoencephalopathy with Brainstem and Spinal Cord 
Iovolvemeot and Lactate Elevation 
Leukoencephalopathy with Brainstern and Spinal Cord 
Involvement and Lactate Elevation 

Dopamine beta hydroxylase deficiency 

Maple syrup urine disease, 11ot provided 
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NM_004082.4(DCTN l):c.2 
72466485 DCTNl 11 G>A (p.Gly71Arg) 

NM_l 78152.2(DCX):c.184 
104894779 DCX G>A (p.Asp62Asn) 

NM_l78151.2(DCX):c.364 
587783544 DCX G>A (p.Gly122Arg) 

NM_l78151.2(DCX):c.182 
587783527 DCX G>A (p.Glv61Glu) 

NM_ l 7815 l .2(DCX):c.809-
587783589 DCX IG>A 

NM_ l78151.2(DCX):c.574 
104894780 DCX C>T (p.ArnJ92Tro) 

NM_178l51.2(DCX):c.l 15 
587783519 DCX C>T (p.Arg39Ter) 

NM_l7815! .2(DCX):c.130 
587783522 DCX C>T (o.Glo44Ter) 

NM_178151.2(DCX):c.232 
587783535 DCX C>T (p.Arg78Cys) 

NM_l 7815 I .2(DCX):c.304 
587783541 DCX C>T (p.Arn:l02Cvs) 

NM_l78151.2(DCX):c.478 
587783554 DCX C>T (p.Glo160Ter) 

NM_l 78151.2(0CX):c.814 
587783590 DCX C>T (p.Arg272Ter) 

NM_l 7815 l.2(DCX):c.907 
587783592 DCX C>T (p.Arg303Ter) 

NM_OOO l 07 .2(DDB2):c.93 
121434641 DDB2 7C>T (p.Arg313Ter) 

NM_001082971. l(DDC):c. 
137853208 DDC 749C>T (p.Ser250Phe) 

AATTCCACRAGCAAATGCAATGG 

ATGATRGAACTGTTCAAGGCAGG 
ATGGGRACCGCTACTTCAAGGGG 

AATGGGRACCGCTACTTCAAGGG 

CAATGGGRACCGCTACTTCAAGG 
AGGAARGTAATTTAAATAGTGGG 
, 
GAGGAARGTAATTTAAATAGTGG 
ATGRGGACCGCTACTTCAAGGGG 
, 
AATGRGGACCGCTACTTCAAGGG 
, 
CAATGRGGACCGCTACTTCAAGG 
CCARAATGCCGAGTCATGAAGGG 

' CCCARAATGCCGAGTCATGAAGG 

CCGCAGTGGGGTGAAGCCTYGGA 
CCCACTGTAGCTTCT ACYGAACC, 
CCACTGTAGCTTCTACYGAACCA 

CCGAACCAGAACCTTGYAGGCAC 

CCTCTGACCGT1TfYGCAGCTTT 

CCTGCCTCAGGGAGTGYGTTACA 

CCAATATGAAAGCCCCCYAGTCC 

CCTTTTGCCCCAGAATGCYGAGT 
CCCTGGTCCTATGCGCYGAAGCA, 
CCTGGTCCTATGCGCYGAAGCAA 

CCAGAAGAGCGAGATCYGAGTTT 

CCACAACATGCTGCTYCTTTGAC 

Perry syndrome 

Lisseocephaly. X-linked, Subcortical laminar beterotopia, X-
linked 

Heterotopia 

Heterotopia 

Heterotopia 
Lisseocephaly, X -linked, Subcortical laminar heterotopia, X-
li nked, Heterotopia 

Heterotopia 

Heterotopia 

Heterotopia 

Heterotopia 

Heterotopia 

Heterotopia 

Heterotopia 

Xerodenna pigmeotosum. group E 

Deficiency of aromatic-L-amioo-acid decarboxylase 
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NM_001014796. l (DDR2):c 
12 1964863 DDR2 .2254C>T (p.Arg752Cys) 

NM_001356.4(DDX3X):c. l 
796052231 DDX3X 126C>T (p.Arg376Cys) 

NM_OO l 356.4(DDX3X):c.1 
796052234 DDX3X 462C>T (p.Arg488Cys) 

NM_OO l 356.4(DDX3X):c. l 
796052236 DDX3X 490C>T (p.AJa497Yal) 

NM_021008.3(DEAF1 ):c.6 
587777408 DEAFl 70C>T (p.Arg224Trp) 

NM_OO 1242896. l (DEPDC5 
):c.3259C>T 

587777458 DEPDC5 (p.Arg I 087Ter) 

NM_OOJ 927.3(DES):c.1371 
748323823 DES +lG>A 

NM_001927.3(DES):c.1201 
57694264 DES G>A (p.Glu401Lvs) 

NM_OO I 927.3(DES):c.1237 
61726467 DES G>A (p.Glu413Lys) 

NM_OO I 927.3(DES):c. I 255 
62635763 DES C>T (p.Pro419Ser) 

NM_001927.3(DES):c.38C 
62636495 DES >T (p.Ser13Pbe) 

NM_015404.3(DFNB3 l):c. 
397517255 DFNB31 1267C>T (p.Arg423Ter) 

NM_O 15404.3(DFNB3 l ):c. 
779760634 DFNB31 1417-lG>A 

NM_O 15404.3(DFNB3 l ):c. 
137852839 DFNB31 2332C>T (p.Arg778Ter) 

NM_003647 .2(DGKE):c.12 
398123008 DOKE 7C>T (p.Gln43Ter) 

NM_0809 l 6.2(DGUOK):c. 
104893631 DGUOK 425G>A (p.Argl42Lys) 

NM_OO l 360.2(DHCR7):c.7 
121909764 DHCR7 30G>A (p.Gly244Arg) 

CCGGGCAGTGCTCCCTATCYGCT 

CCTCCAAAGGGTGTCYGCCACAC 

CCCTTCACCAGTTCYGCTCAGGA 

CCCAA TTITAGTGGYTACAGCAG 
CCCCRGCCGCCTGCAAGGAAGGG 

' TCCCCRGCCGCCTGCAAGGAAGG 

CCTACATGGACAGCCCAYGAAAG 
GGGAGRTAAGTGGTCTGTCTGGG 
, 
GGGGAGRTAAGTGGTCTGTCTGG 

ATGTGRAGATTGCCACCTACCGG 
GGGAGAGRAGAGCCGGTGAGGG 
G, 
AGGGAGAGRAGAGCCGGTGAGG 
G 
CCCT111 AGGATCAATCTCYCCA, 
CCTTTTAGGATCAATCTCYCCAT 
CCAGCCAGCGCGTGTCCTYCTAC, 
CCAGCGCGTGTCCTYCTACCGCC 
CCTGGGGAACCAGACAYGAGTG 
c 
CCTCAGAGAGGAGTGAGAAYTG 
G 
CCAGCGCCCCAGGCYGAGGAAG 
G 

CCTTCTGGTGTAGCCTCYAGCGG 

AGARGTCTGTGTACAGTGACAGG 

GGCGCCCCRGGATCGTCGCCTGG 

Spondylometaepiphyseal dysplasia short limb-hand type 

not provided. MENTAL RETARDATION, X-LINKED 102 

not provided 

not provided 

Mental retardation, autosomal dominant 24 

Epilepsy, partial, with variable foci 

not provided 

not provided 

not provided 

Myofibrillar myopathy 1, not provided 
Dilated cardiomyopathy 11, Myofibrillar myopathy L not 
provided 

Usher syndrome. type 2D 

Deafness, autosomal recessive 31 

Deafness, autosomal recessive 31 

Nephrotic syndrome, type 7 

Mitochond1ial DNA-depletion syndrome 3. bepatocerebral 

Smith-Lemli-Opitz syndrome 
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NM_OO l 360.2(DHCR7):c.7 
80338857 DHCR7 25G>A (p.Arg242His) 

NM_001360.2(DHCR7):c.8 
398123607 DHCR7 41G>A (p.Val281Met) 

NM_001360.2(DHCR7):c.2 
80338853 DHCR7 78C>T (p.Thr93Met) 

NM_OO 1360.2(DHCR7):c. l 
104886035 DHCR7 5 IC>T (p.Pro51Ser) 

NM_OO l 36 l .4(DHODH):c. 
267606766 DHODH 454G>A (p.Gly l52Arg) 

NM_OO l 361.4(DHODH):c. 
201230446 DHODH 403C>T (p.Arg l35Cys) 

NM_001363.4(DKCl):c.9l 
199422247 DKCI lG>A (p.Ser304Asn) 

NM_001363.4(DKCl):c.12 
121912289 DKC1 26C>T (p.Pro409Leu) 

NM_OOO I 08.4(DLD):c. l I 2 
12 1964992 DLD 3G>A (p.Glu375Lys) 

NM_019074.3(DLL4):c. l 16 
796065346 DLL4 9G>A (p.Cys390Tyr) 

NM_004006.2(DMO):c.9G 
398122853 DM D >A (p.Trp3Ter) 

NM_004006.2(DM D):c.336 
398123936 DMD G>A (p.Trp I l2Ter) 

NM_004006.2(DMD):c.343 
398123939 DMD 3-lG>A 

NM_004006.2(DMD):c.649 
398124032 DMD +lG>A 

NM_004006.2(DMD):c.866 
398124076 DMD 8G>A (p.Glu2890Lys) 

NM_004006.2(DMD):c.956 
398124096 DMD 4-lG>A 

NM_004006.2(DMD):c. l 33 
794727499 DMD C>T (p.Gln45Ter) 

NM_004006.2(DMD):c. l 78 
128626233 DMD C>T (p.Gln60Ter) 

GGCRCCCCGGGATCGTCGCCTGG 

TCTACRTGATTGACTTCTI'CTGG 

CCAAGACTCCACCTATAAYGAGG 

CCTACTGCTGTTCGCCYCCTTCA 

CAGTCACRGGCTTTCAGTGGTGG 
CCCTAGACCCAGAGTCTTCYGCC, 
CCTAGACCCAGAGTCTTCYGCCT 
AAGACARTGCAGTAAGTTCCGGG 
, 
AAAGACARTGCAGTAAGTTCCGG 
CCCACAGACAGCACACYTGCCAC 

CCACAGACAGCACACYTGCCACC 

TGTGTTRAAGGAATGGCTGGTGG 

GAATRTCCCCCCAACTTCACCGG 

GCTTTGRTGGGAAGAAGTAGAGG 

T11'GRAATATAATCCTCCACTGG 
GAARGTCTATGCCAGAAAGGAG 
G, 
GTGGAARGTCTATGCCAGAAAGG 

CCTGAAGRTTGGTAAATTTCTGG 

AGCCCAGARGTAATTGAATGTGG 
ATAATARGGGACGAACAGGGAG 
G 

CCTCTTCAGTGACCTAYAGGATG 
CCTCGAAGGCCTGACAGGGYAA 
A 

Smith-LemJi-Opitz syndrome 

Smith-Lemli-Opitz syndrome, not provided 

Smitb-Lemli-Opitz syndrome, not provided 

Smith-Lemli-Opitz syndrome, not provided 

Miller syndrome 

Miller syndrome 

Dyskeratosis congeoita X-linked 

Dyskeratosis coogenita X-linked 

Maple syrup urine disease, type 3, 11ot provided 

Adams-Oliver syndrome, ADAMS-OLIVER SYNDROME 6 
Duchenne muscLLlar dystrophy, Becker muscular dystrophy, 
Dilated cardiomyopathy 3B, not provided 
Duchenne muscLLlar dystrophy, Becker muscular dystrophy, 
Dilated cardionwooathy 3B 

Dilated cardiomyopathy 3B 
Ducbenne muscular dystrophy, Becker muscular dystrophy, 
Dilated cardiomyopathy 3B 

Dilated cardiomyopathy 3B 
Duchenne muscular dystrophy. Becker muscular dystrophy. 
Dilated cardionwopathy 3B 

Duchenne muscular dystrophy, Becker muscular dystrophy 

Duchenne muscular dystrophy 
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NM_000109.3(DMD):c.700 
128626238 DMD C>T (p.Gln234Ter) 

NM_004006.2(DMD):c.312 
128626245 DMD lC>T (p.Glnl041Ter) 

NM_004006.2(DMD):c.16 l 
398123865 DMD 5C>T (p.Arg539Ter) 

NM_004006.2(DMD):c.265 
398123903 DMD OC> T (p.Gln884Ter) 

NM_004006.2(DMD):c.286 
398123912 DMD 6C>T (p.Gln956Ter) 

NM_004006.2(DMD):c.440 
398123954 DMD 5C>T (p.Glnl469Ter) 

NM_004006.2(DMD):c.535 
398123990 DMD 3C>T (p.Gln l 785Ter) 

NM_004006.2(DMD):c.583 
398123999 DMD C>T (p.Argl95Ter) 

NM_004006.2(DM D):c.789 
398124058 DMD 4C>T (p.Gln2632Ter) 

NM_004006.2(DMD):c.96 l 
398124099 DMD -5831C>T 

NM_OO 1277115.l (DNAHl 
I ):c.8698C> T 

368260932 DNAHll (p.Arg2900Ter) 
NM_001206927.J(DNAH8) 

567050969 DNAH8 :c.24 I 9C>T (p.Arg807Ter) 
NM_OO l 039550.l (ON AJB2 

730882139 DNAJB2 ):c.229+!G>A 
NM_OOl 256865.l (DNAJC6 

398122405 DNAJC6 ):c.2200C>T (p.Gln734Ter) 
NM_001005360.2(DNM2): 

121909089 DNM2 c.ll06G>A (p.Arg369Gln) 
NM_l 75629.2(DNMT3A):c 

796065342 DNMT3A .1204C>T (p.Gln402Ter) 
NM_006892.3(DNMT3B):c 

121908943 Dl\~T3B .1807G>A (p.Ala603Thr) 
NM_l 75850.2(DNMT3B):c 

547940069 DNMT3B .2397-llG>A 
NM_004946.2(DOCK2):c.3 

780318765 DOCK2 310C>T (p.Argl 104Trp) 

CCAAGTTTTGCCTCAAYAAGTGA 

CCAGCTGGTTGAGCATTGTYAAA 

CCAGGTATTGGGAGATYGATGGG 

CCGGCTATCAGATCnY AACCTC 

CCATCAGGACATGGGTCYAGCAG 

CCAGCCAATTTTGAGYAGCGTCT 

CCTITGAAGGAATTGGAGYAGTT 

CCAGCAGTCAGCCACACAAYGAC 

CCAAAGACCTCCGCYAGTGGCAG 

ccnTGTGACCT'n'GGY AAGTCA 

CCAATTTGTACATCYGAACTGGA 

CCACGCTn~rrGTGYGACA TCCA 
GACAGRTAGGTGGAGTGGTGAG 
G 
CCCCACTCCTCTCCCY AG AACCG. 
CCCACTCCTCTCCCYAGAACCGA 

CGAGCRGTTCCCATTTGAGCTGG 
CCAAGGCCGTGGAGGTGYAGAA 
c 

CGTCRCTTCTGAAGTGTGTGAGG 

TCCRGTACCCCCAGGATCTTTGG 
CCCTGAGGCTGAGCTCYGGAAAG 

Duchenne muscular dystrophy 

Duchenne muscular dystrophy, Dilated cardiomyopathy 3B 
Ducheone muscular dystrophy. Becker muscular dystrophy, 
Dilated cardiomyopathy 3B 
Duchenoe muscular dystrophy, Becker muscular dystrophy. 
Dilated cardiomyopathy 3B 

Dilated cardiomyopathy 3B 

Dilated cardiomyopathy 3B 

Dilated cardiomyopathy 3B 
Duchenne muscttlar dystrophy. Becker muscular dystrophy, 
Dilated cardiomyopathy 3B 
Duchenne muscular dystrophy, Becker muscttlar dystrophy, 
Dilated cardiomyopathy 3B 

Dilated cardiomyopathy 38 

Ciliary dyskinesia, primary, 7 

Kartagener syndrome, not provided 
Charcot-Marie-Tootb disease, Spinal muscular atrophy, distal. 
autosomal recessive, 5 

Parkinson disease 19, juvenile-onset 

Myopatby, centronuclear, 1, Myopathy, cenn·onuclear 

Early T cell progenitor acute lymphoblastic leukemia 
Centrome1ic instability of chromosomes 1,9 and 16 and 
immunodeficiency 
Centromeric instability of chromosomes 1,9 and 16 and 
immunodeficiency 

IMMUNODEFICIENCY 40 
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NM_033407.3(DOCK7):c.3 
587777484 DOCK7 616C>T (p.Argl206Ter) 

NM_OO l 382.3(DPAGT l):c. 
397515322 DPAGTl 161+5G>A 

NM_001942.3(DSG l):c.601 
397515640 DSGl C>T (p.Gln201Ter) 

NM_OO l 943.3(DSG2):c.889 
751012696 DSG2 G>A (p.Asp297 Asn) 

NM_OO 1943.3(DSG2):c.137 
121913008 DSG2 G>A (p.Arg46Gln) 

NM_001943.3(DSG2):c.166 
121913013 DSG2 G>A (p.Val56Met) 

NM_OO l 943.3(DSG2):c. l 9 l 
201564919 DSG2 2G>A (p.Gly638Arg) 

NM_001943.3(DSG2):c.769 
794728083 DSG2 C>T (p.Gln257Ter) 

NM_004415.2(DSP):c.88G 
121912998 DSP >A (p.Yal30Met) 

NM_004415.2(DSP):c.8501 
121912999 DSP G>A (p.Arg2834His) 

NM_004415.2(DSP):c.478C 
397516943 DSP >T (p.Argl60Ter) 

NM_004415.2(DSP):c.3805 
767643821 DSP C>T (p.Argl269Ter) 

NM_OO l 376.4(DYNC1 Hl ): 
DYNClH c.10151G>A 

397509411 1 (p.Arg3384Gln) 

387906740 DYNClH NM_OO l 376.4(DYNC 1H1): 

CCTGAGGCTGAGCTCYGGAAAGC 

CCACTCRAGCCTITATCTGAGGG, 
GCCACTCRAGCCTTTATCTGAGG 
TGARCAGCGGCACACGGGTCCGG 

AGATGTGARCAGCGGCACACGG 
G 

CCTTCAAGATTATAAGAYAAGAA 

GTGTTCRATGCAGATGAAATAGG 

TAGTGCRGCAAAAGCGCGCCTGG 

GCCCCCRTGGCTCTTCGGGAGGG, 
CGCCCCCRTGGCTCTTCGGGAGG 
CATTGCRGAAAGGGCGCCAAAG 
G 

CCTGTAAAACAAGCTYAAGTTCA 
GAGRTGACCAGCGGCGGCGGGG 
G, 
CGAGRTGACCAGCGGCGGCGGG 
G, 
ACGAGRTGACCAGCGGCGGCGG 
G, 
TACGAGRTGACCAGCGGCGGCGG 
CTCRCTCCGGA TCTCGCTCCGGG, 
TCTCRCTCCGGATCTCGCTCCGG 

CCATCAGTGTCCCTYGAGTCCGC 
CCACTGAGCAGCGAAGGYGAGC 
T 

AATCRGGCTTCCCTGGCTTGCGG 

TGAARAGGATGCTCTCAGCTGGG 

Epileptic encephalopathy, early infantile. 23 

Congenital disorder of glycosylation type lJ 

Keratosis palmoplantaris striata 1 

Cardiomyopathy 
AtThythmogenic right ventricular cardiomyopathy, type 10. 
Cardiomyopathy 
Arrhythmogenic right ventricular cardiomyopathy, 
Arrhythmogenic right ventricular cardiomyopathy, type 10. 
Catecbolaminergic polymorphic ventricular tachycardia, 
Dilated cardiomyopathy lBB, Primary familial bypertrophic 
cardiomvopathv, Cardiomyopathv, not specified 
Arrhythmogenic right ventricular cardiomyopathy, 
Cardiomyopathy, not specified 

Cardiomvopathv 

A.tThythmogenic right ventricul ar cardiomyopathy, 
AtThythmogenic right ventricular cardiomyopathy, type 8, not 
specified, not provided 

AtThvthmogenic right ventricular cardiomvopathv, type 8 
Arrhythmogenic right ventricular cardiomyopathy, type 8, not 
provided 

not provided 

Mental retardation, autosomal dominant 13 

Mental retardation, autosomal dominant 13 
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1 c.4552G>A (p.Glu 15 l 8Lys) 

NM_001080463.l(DYNC2 
DYNC2H Hl):c. ll 747G>A 

201479015 1 (o.Gly3916Asp) 
NM_0047 l 4.2(DYRK1B):c. 

367643250 DYRKIB 304C>T (p.Argl02Cys) 

NM_003494.3(DYSF):c. I 9 
794727343 DYSF 56G>A (p.Tro652Ter) 

NM_003494.3(DYSF):c.93 
20 1869739 DYSF 7+1G>A 

NM_003494.3(DYSF):c.50 
74589 1180 DYSF 57+5G>A 

NM_003494.3(DYSF):c. I 0 
398123763 DYSF 53+ lG>A 

NM_003494.3(DYSF):c.55 
398123794 DYSF 09G>A (p.Aspl837Asn) 

NM_003494.3(DYSF):c.26 
794727636 DYSF 5C>T (p.Arg89Ter) 

NM_003494.3(DYSF):c.38 
727503911 DYSF 32C>T (o.Glnl278Ter) 

NM_003494.3(DYSF):c.23 
398123773 DYSF llC>T (p.Glo771Ter) 

NM_003494.3(DYSF):c.4 7 
398123789 DYSF 56C>T (p.Argl586Ter) 

NM_001083614.l(EARS2): 
397514594 EARS2 c.500G>A (p.Cysl67Tyr) 

NM_001083614.l(EARS2): 
376103091 EARS2 c.322C>T (p.Arg108Trp) 

NM_006579.2(EBP):c.386 
104894792 EBP G>A (p.Trpl29Ter) 

NM_006579.2(EBP):c.587 
104894794 EBP G>A (p.Trpl96Ter) 

NM_006579 .2(EBP):c.87G 
104894798 EBP >A (p.Trp29Ter) 

104894799 EBP NM_006579.2(EBP):c.187C 

. 
TTGAARAGGATGCTCTCAGCTGG 

TAGRTGCCAAAGATGTACAATGG 

CACTGCRCACGATGTAGTCATGG 

CTGRGGTAACGTGAAACCTGTGG 

CCCRTGAGTTCTCACCACTTTGG 

GTGTGTACRTGGATGGGGGCTGG 
GCCTRTGAGTACATTTCCCTGGG, 
CGCCTRTGAGTACATTrCCCTGG 
TGAGCRACATTTATGTGAAAGGG 

ATGAGCRACATTTATGTGAAAGG 

CCAAGGTCCCACTCYGAGAGGTC 

CCTC1TfTGAGCTCATCYAGAGA 
CCCTGCAGCTCTGGAGYAGGCGG 

CCTGCAGCTCTGGAGYAGGCGGA 

CCGTATCTACATTGTCYGAGCAT 

TCGGTRCAGGAACATGAGCCAGG 

CCCCRGCGGGGGCTCTCATCAGG 

TGTRGGGACCACTCAGCCTGTGG 

GCCCTGTRGCTGGTGCTGCCTGG 

CCCACCTGRCATATACTGGCTGG 

CCCATTGGGGACTTGGCGGYGAC 

Short-Jib thoracic clysplasia 3 with or without polydactyly. not 
provided 

Abdominal obesity-metabolic syndrome 3 
Miyoshi muscular dystrophy 1, Limb-girdle muscular 
dystrophy, type 2B, Myopathy, distal, with anterior tibial 
onset 

Limb-girdle muscular dystrophy, type 2B, not provided 

Limb-girdle muscular dystrophy, type 2B 

Limb-girdle muscular dystrophy, type 2B, not provided 

Limb-girdle muscular dystrophy. type 2B. not provided 
Miyoshi muscular dystrophy I, Limb-girdle muscular 
dystrophy, type 2B 

Limb-girdle muscular dysa:ophy, type 2B. not provided 

Limb-girdle muscular dysa·ophy, type 2B. not provided 
Miyoshi muscular dystrophy 1, Limb-girdle muscular 
dystrophy, type 2B, not provided 

Combined oxidative phosphorylation deficiency 12 

Combined oxidative phosphorylation deficiency 12 

Chondrodysplasia punctata 2 X-linked dominant 

Chondrodysplasia ounctata 2 X-linked dominant 

Chondrodysplasia punctata 2 X-Iinked dominant 

Chondrodysplasia punctata 2 X-lioked dominant 
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>T (p.Arg63Ter) 

NM_006579 .2(EBP):c.328C 
587783613 EBP > T (p.Argl lOTer) 

NM_004092.3(ECHS l ):c.5 
587776498 ECHS l C>T (p.Ala2Val) 

NM_004425.3(ECM1):c.10 
121909114 ECM1 36C>T (p.Gln346Ter) 

NM_004425.3(ECM l):c. 15 
1219091 15 ECMl 7C>T (p.Arg53Ter) 

NM_001399.4(EDA):c.87 1 
397516677 EDA G>A (p.GJy29 I Arg) 

NM_OO 1399 .4(EDA ):c.396 
727504537 EDA +lG>A 

NM_OO 1399 .4(EDA):c.67C 
132630310 EDA > T (p.Gln23Ter) 

NM_OO I 399.4(EDA):c.626 
132630315 EDA C>T (p.Pro209Leu) 

NM_OO l 399.4(EDA):c.676 
727503007 EDA C>T (p.Gln226Ter) 

NM_022336.3(EDAR):c.26 
121908450 EDAR 6G>A (p.Arg89His) 

NM_022336.3(EDAR):c.12 
121908453 EDAR 59G>A (p.Arg420Glo) 

NM_022336.3(EDAR):c. l 0 
121908452 EDAR 72C>T (p.Arg358Ter) 

EDARAD NM_080738.3(EDARADD) 
74315309 D :c.424G>A (p.Glul42Lys) 

NM_OO l 039348.2(EFEMP 1 
121434491 EFEMPl ):c.1033C>T (p.Arg345Trp) 

NM_016938.4(EFEMP2):c. 
193302866 EFEMP2 800G>A (p.Cys267Tyr) 

. 
CCATTGGGGACTTGGCGGYGACT 
CCAAGGGAGACAGCYGATACAT 
c 

CCAGAGAGCCATGGYCGCCCTGC 

CCAGCTGGAGAGGGAG"M'CYAGC 
CCCCTCCCCACCCCTATCCYGAA, 
CCCTCCCCACCCCTATCCYGAAG, 
CCTCCCCACCCCTATCCYGAAGC, 
CCCCACCCCTATCCYGAAGCCTC 

CAGCRGGGAGCTGGAGGTACTGG 
CCAGRTGAGTCACCTAGTAGGGG 
, 
ACCAGRTGAGTCACCTAGTAGGG 
, 
CACCAGRTGAGTCACCTAGTAGG 
CCGCGGGAGCGAGGGAGCYAGG 
G 

CCAGGGATTCCTGGAATTCYAGG 

CCAGGTCCTCCTGGTCCTYAAGG 
AGGCRTCACAAAGACTGTGAGGG 

CAGGCRTCACAAAGACTGTGAGG 

GATTGAGCRGCTGGATGCTGTGG 

CCTCGAGAAGACTAGCYGAATGC 

CTATGACRAATTGTGCTTCCTGG 
CCACAAATGAATGCYGGGAGGA 
T 
TTCTCCTRCCACTGCCCACAGGG, 
TTTCTCCTRCCACTGCCCACAGG 

Choudrodysplasia puuctata 2 X-liuked dominant 
Leigh disease, MITOCHONDRIAL SHORT-CHAIN 
ENOYL-CoA HYDRATASE l DEFICIENCY 

Lipid proteinosis 

Lipid proteinosis 

Hypohidrotic X-linked ectodermal dysplasia 

Hypohidrotic X-Jjnked ectodermal dysplasia 

Hypohidrotic X-lfoked ectodermal dysplasia 

Hypohidrotic X-liuked ectodermal dysplasia, not specified 

Hypohidrotic X-liuked ectodermal dysplasia 

Autosomal recessive hypohidrotic ectodermal dysplasia 
syndrome 

Autosomal domjnant hypohidrotic ectodermal dysplasia 

Autosomal recessive hypohidrotic ectodermal dysplasia 
syndrome, Ectodermal dysplasia 11 b, hypohidrotic/hair/tooth 
type, autosomal recessive 

Doyne honeycomb retinal dystrophy, Malattia leventinese 
Autosomal recessive cutis laxa type IA, Autosomal recessive 
cutis laxa type lB 
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NM_O l 6938.4(EFEMP2):c. 
119489102 EFEMP2 835C>T (p.Arg279Cys) 

NM_004247 .3(EFfUD2):c. 
387906878 EFfUD2 2770C>T (p.Glo924Ter) 

NM_000399.3(EGR2):c.107 
104894161 EGR2 5C>T (p.Arg359Trp) 

NM_001013703.3(EIF2AK 
4):c.3448C>T 

587777208 EIF2AK4 (p.Arg l 150Ter) 
NM_O 14239 .3(EIF2B2):c.5 

104894427 EIF2B2 47C>T (p.Argl83Ter) 
NM_001034 116. l (EIF2B4): 

113994033 ElF2B4 c.1070G>A (p.Arg357Gln) 
NM_001034116. l(EIF2B4): 

113994037 EIF2B4 c.l l91+1G>A 
NM_001034116.l(ElF2B4): 

113994027 EIF2B4 c.683C>T (p.Ala228Yal) 

NM_003907.2(EIF2B5):c.5 
113994055 EJF2B5 83C>T (p.Argl 95Cys) 

NM_O 18127 .6(ELAC2):c.2 
119484086 ELAC2 342G>A (p.Arg781 His) 

NM_001972.2(ELANE):c.3 
137854450 ELANE 77C>T (p.Serl26Leu) 

NM_000501.3(ELN):c.1918 
727503035 ELN +lG>A 

NM_000501.3(ELN):c. l 324 
137854452 ELN C>T (p.Gln442Ter) 

NM_000119.2(EPB42):c.94 
515726212 EPB42 9C>T (p.Arg317Cys) 

NM_002354.2(EPCAJ\il):c. l 
267606785 EPCAM 97G>A (p.Cys66Tyr) 

NM_00443 l .3(EPHA2):c.2 
116506614 EPHA2 162G>A (p.Arg721Gln) 

NM_OO 1005862.2(ERBB2): 
28933368 ERBB2 c.2650G>A (p.Glu884Lys) 

CCAGCTGCTGGCCACAYGCCTCT 

CCGCCCCTTGGAGCCAYAGCCAG 

CCGCTCTGACGAGCTGACAYGGC 

CCGCGCAAGTTAGATYGATTTCA 
CCTCAAAGAGGCTGCCYGAAAG 
A 

GCGGTTTCRGGTGGTAGTGGTGG 
AGAGRTAAGTACAGAGGAAAAG 
G 

CCAATGCCCGGTGTATTGYCCTG 
CCCCCAGCCACCCAACTYGTTGC, 
CCCCAGCCACCCAACTYGTTGCC, 
CCCAGCCACCCAACTYGTTGCCA, 
CCAGCCACCCAACTYGTTGCCAC 
GGAGGAGCRCAGGGAGAAGCGG 
G 
CCGCCACAGCTCAACGGGTYGGC 

CCACAGCTCAACGGGTYGGCCAC 
GTTTGRTGAGCACTGGGTGGAGG 

' CCAGTTTGRTGAGCACTGGGTGG 

CCTTGTAGCCGAAGCTYAGGCAG 

CCACGCRGGCAGGGATTCCCAGG 

TGCCAAATRTTTGGTGATGAAGG 

CCAGCTGCGATGCCCYGCAGCAT 
GTGGRAGCTGATGACTTTTGGGG, 
TGTGGRAGCTGATGACTTTTGGG, 

Autosomal recessive cutis laxa type IA, Autosomal recessive 
cutis laxa type 1 B 
Growth and mental retardation, mandibulofacial dysostosis, 
microcepbaly. and cleft palate 

Deierine-Sottas disease, Charcot-Marie-Tootb disease, type ID 

Familial pulmonary capillary hemaogiomatosis 

Ovarioleukoclystrophy 

Leukoencephalopathy with vanishi ng white matter 

LeukoencephaJopathy with vanishing white matter 

Leukoencephalopathy with vanishing white matter 

Ovarioleukodystrophy 

Prostate cancer, hereditary, 2 

Severe congenital neutropeuia autosomal dominant 

SupravaJvar aortic stenosis 

SupravaJvar aortic stenosis 

Spberocvtosis type 5 

Diarrhea 5, with tufting enteropatby, congenital 

Glioma susceptibility I 
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NM_000400.3(ERCC2):c.2 
121913023 ERCC2 041G>A (p.Asp681Asn) 

NM_000400.3(ERCC2):c.2 
41556519 ERCC2 047C>T (p.Arg683Trp) 

NM_000400.3(ERCC2):c.2 
121913017 ERCC2 176C>T (p.Gln726Ter) 

NM_000400.3(ERCC2):c.1 
121913021 ERCC2 972C>T (p.Arg658Cys) 

NM_000400.3(ERCC2):c. l 
121913024 ERCC2 846C>T (p.Arg616Trp) 

NM_000400.3(ERCC2):c.2 
121913026 ERCC2 164C>T (p.Arg722Trp) 

NM_000122.l(ERCC3):c.l 
121913047 ERCC3 273C>T (p.Arg425Ter) 

NM_000124.3(ERCC6):c.2 
121917904 ERCC6 047C>T (p.Arg683Ter) 

NM_000082.3(ERCC8):c.4 
121434325 ERCC8 79C>T (p.Ala160Val) 

NM_006494.3(ERF):c.547C 
587777006 ERP >T (p.Argl83Ter) 

NM_006494.3(ERF):c. J 270 
587777010 ERF C>T (p.Gln424Ter) 

NM_001017922.l(ERM.AP) 
56025238 ERM AP :c. l 69G>A (o.Glv57 A.rg) 

NM_001017420.2(ESC02): 
80359865 ESC02 c. !354- !8G>A 

NM_001017420.2(ESC02): 
80359850 ESC02 c.604C>T (o.Gln202Ter) 

NM_031475.2(ESPN):c.232 
121908136 ESPN lG>A (p.Arg774Gln) 

GTGTGGRAGCTGATGACTTTTGG 

GCCRACAAGGTGCAGCTTCAGGG 

TGCCRACAAGGTGCAGCTTCAGG 

CCTGCGCTTCTGCCCACAGYGGT 

CCTGCGGCAGATGGCAYAGCCCT 

CCTTCGATGCCATGYGCCACGCG 

CCAGTGCACCACTACGGGYGGGC 

CCAAGTACTTCCTGYGGCAGATG 

CCTGGGAGGCCGAGYGAGTCATG 

CCGATGCAAAATAACCTCYGAGA 

CCAAGCACTGTTTGGTAGYAGGT 

TGAGCCTCRGCCCAGGCGGCGGG 
TCTRTGGTGGCGGGGGCGGTGGG 

ATCTRTGGTGGCGGGGGCGGTGG 
, 
TTGATCTRTGGTGGCGGGGGCGG 
GCCCRGGACGGTACCCAAGGAG 
G, 
CTGGCCCRGGACGGTACCCAAGG 

TCTTRGTTTTT AAAATCA TT AGG 
CCAAAAAATAAAACCAYAAGTf 
A 
GGCRGAAGGTGGGTGGGGCGGG 
G, 
AGGCRGAAGGTGGGTGGGGCGG 
G, 
GAGGCRGAAGGTGGGTGGGGCG 

Cerebrooculofacioskeletal syndrome 2 

Xeroderma pigmentosum, group D 

Xeroderma pigmeotosum, group D 

Photosensitive tri chothiod ystroph y 
Cerebro-oculo-facio-skeletal syndrome, Xeroclerma 
pigmentosum, group D, Cerebrooculofacioskeletal syndrome 2 

Photosensitive ttichothi ocl ystroph y 

Xerodenna pigmentosum, complementation group b 

Cerebro-oculo-facio-skeleta l syndrome 

Cockayne syndrome type A, not provided 

a ·aniosvnostosis 4 

Craniosynostosis 4 

Roberts-SC phocomelia syndrome 

Roberts-SC ohocomelia syndrome 

Deafness, without vestibular involvement, autosomal 
dominant 
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NM_OOl 122742. l (ESRl):c. 
104893956 ESRl 469C>T (o.Argl57Ter) 

NM_000126.3(ETFA):c.346 
119458971 ETFA G>A (p.Glyl l6Arg) 

NM_OO l 985.2(ETFB):c.491 
104894677 ETFB G>A (p.ArJ?: l64Gln) 

NM_004453.3(ETFDH):c. l 
796051960 ETFDH 809G>A (p.Trp603Ter) 

NM_001987.4(ETV6):c.110 
724159946 ETV6 6G>A (o.Arg369Glo) 

NM_001987.4(ETV6):c.641 
724159947 ETY6 C>T (p.Pro214Leu) 

NM_000503.5(EYA l):c.12 
121909199 EYAl 76G>A (o.Glv426Ser) 

NM_OO l 142800.l(EYS):c.7 
527236064 EYS 793G>A (p.Gly2598Asp) 

NM_OO 1142800. l (EYS):c.4 
794727631 EYS 90C>T (o.Argl64Ter) 

NM_004456.4(EZH2):c. I 87 
587783625 EZH2 6G>A (p.Val626Met) 

NM_000504.3(Fl O):c.424G 
61753266 FlO >A (p.Glu142Lys) 

NM_000129.3(Fl3Al):c.78 
121913071 F13Al 2G>A (p.Arg261His) 

NM_000129.3(Fl 3Al):c.51 
121913065 Fl3Al 4C>T (p.ArJ?:172Ter) 

NM_000129.3(F13Al):c.21 
267606787 Fl3Al lOC>T (p.Arg704Trp) 

NM_000129.3(Fl 3Al):c.19 
267606789 F13Al 84C>T (p.ArJ?:662Ter) 

NM_000506.3(F2):c.1292G 
121918482 F2 >A (p.Arg431His) 

121918483 F2 NM_000506.3(F2):c. l 027G 

G, 
GCAGAGGCRGAAGGTGGGTGGG 
G 

CCAAATTCAGATAATYGACGCCA 

CTGCCTTCRGAAAGGTGAGAAGG 
GTGGAGCRGGAGATCGATGGGG 
G, 
AGTGGAGCRGGAGATCGATGGG 
G 
AACTGRGTGGTACCTGAAGGTGG 

' ATTAACTGRGTGGTACCTGAAGG 

TTCCRGATAGTGGATCCCAACGG 

CCGCCGCCTCTCCCYGGCTGAGA 

GTGTACGGRGCGGTGTGGACTGG 

CCTGAGGRCCACCCAAATGCTGG 

CCTTGTCCACTGGGACTTYGACT 

CATCTGACRTGGCAGGCTGGGGG 

CCACRAGGAACAGAACTCTGTGG 

CAGCCRTGTGGGGTCTGCAATGG 
CCCTATGGCGTACTTYGAACCAG, 
CCTATGGCGTACTTYGAACCAGT 
CCCTGGGTCTCTGGGCATYGGAA, 
CCTGGGTCTCTGGGCATYGGAAG 

CCTTTAAAAGAAACCCTGYGAAA 

TCCCRCACCAGGTACAGAACTGG 

GTTCRAGAAGAAGTCGCTGGAGG 

Estrogen resistance 

Glutaric acidemia ITA 

Glutaric acidemia IIB 

not provided 
Hematologic neoplasm, Thrombocytopenia, 
Thrombocvtooenia 5 
Hematologic neoplasm, Thrombocytopenia, 
Thrombocytopenia 5 

Retinitis pigmeotosa 

Retinitis pigmencosa 25 

Weaver syndrome 

Factor X deficiency 

Factor xiii, a subunit, deficiency of 

Factor xiii, a subunit, deficiency of 

Factor xiii, a subunit, deficiency of 

Factor xiii, a subunit. deficiency of 

Hereditary factor II deficiency disease 
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>A (p.Glu343Lys) 

NM_000506.3(F2):c.1054G 
121918484 F2 >A (p.Glu352Lys) 

NM_000130.4(F5):c.5668G 
386834228 F5 >A (p.Glu 1890Lys) 

NM_00013 l.4(F7):c.1061 C 
36209567 F7 >T (p.Ala354Val) 

NM_OOO l 32.3(F8):c.5 l 67G 
137852373 F8 >A (p.Glul 723Lys) 

NM_OOO l 32.3(F8):c.6545G 
137852466 F8 >A (p.Arg2182His) 

NM_OOOl 32.3(F8):c.57 LOG 
28933681 F8 >A (p.Glul904Lys) 

NM_OOO l 32.3(F8):c.6496C 
137852357 F8 >T (p.Arg2166Ter) 

NM_000132.3(F8):c.1171C 
137852364 F8 > T (p.Arg39 l Cys) 

NM_OOO I 32.3(F8):c.1063C 
137852368 F8 >T (p.Arg355Ter) 

NM_OOO l 32.3(F8):c.493C> 
137852393 F8 T (p.Prol65Ser) 

NM_OOO l 32.3(F8):c.88 IC> 
137852401 F8 T (p.Thr294Tle) 

NM_000132.3(F8):c.J636C 
137852416 F8 >T (p.Arg546Trp) 

NM_000132.3(F8):c.1834C 
137852428 F8 >T (p.Arg612Cys) 

NM_OOO l 32.3(F8):c.2149C 
137852435 F8 >T (p.Arg717Trp) 

NM_000132.3(F8):c.5422C 
137852445 F8 > T (p.Leul808Phe) 

NM_OOO l 32.3(F8):c.6046C 
137852453 F8 >T (p.Arg2016Trp) 

NM_OOO 132.3(F8):c.6263C 
137852456 F8 >T (p.Ser2088Phe) 

137852463 F8 NM 000132.3(F8):c.6518C 

. 
TCTGTTCRAGAAGAAGTCGCTGG 

CAAAACCRAAAGAGAGCTCCTGG 
TTGGARAAAACCAGAGAGCAGG 
G, 
GTTGGARAAAACCAGAGAGCAG 
G 

CCGTGGCGCCACGGYCCTGGAGC 

GTGRAGAGGCTCTGGGATTATGG 
ACTCTTCRCATGGAGTTGATGGG, 
CACTCM'CRCATGGAGTTGA TGG 

TCTTTGATRAGACCAAAAGCTGG 
CCCTCCAATTATTGCTYGATACA. 
CCTCCAATTATTGCTYGATACAT 
CCTTCCTTT A TCCAAATTYGCTC, 
CCTTTATCCAAATTYGCTCAGTT 

CCAGAGGAACCCCAACTAYGAAT 

CCTGAAAGAGAATGGTYCAATGG 

CCTCGAAGGTCACA Y A1~fTCTTG 

CCAACTAAATCAGATCCTYGGTG 

CCTCACAGAGAATATACAAYGCT 

CCACAACTCAGACTTTYGGAACA 

CCTTCTATTCTAGCYTTATTTCT 

CCAAAGCTGGAATTTGGYGGGTG 

CCAAGGAGCCCTTTTYTTGGATC 

CCGTTTGCACCCAAYTCATTATA 

Hereditary factor II deficiency disease 

not provided 

Factor VII deficiency 

Hereditary factor VHI deficiency d isease 

Hereditary factor VIIT deficiency disease 

Hereditary factor VIII deficieucy d isease 

Hereditary factor VHC deficieocy d isease 

Hereditary factor VUT deficieocy disease 

Hereditary factor VUT deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 
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>T (p.Thr2173Ile) 

NM_OOO l 32.3(F8):c.6532C 
137852464 F8 >T (p.Arg2178Cys) 

NM_OOO l 32.3(F8):c.6967C 
137852473 F8 >T (p.Arg2323Cys) 

NM_000133.3(F9):c.1069G 
137852257 F9 >A (p.Gly357 Arg) 

NM_OOO 133.3(F9):c. l 324G 
137852267 F9 >A (p.Gly442Arg) 

NM_000133.3(F9):c.1070G 
137852275 F9 >A (p.Gly357Glu) 

NM_OOO l 33.3(F9):c.484C> 
137852272 F9 T (p.Argl62Ter) 

NM_024306.4(F A2H):c.460 
387907040 FA2H C>T (p.Arg154Cys) 

NM_000137.2(FAH):c.1062 
80338901 FAH +5G>A 

NM_OOl 142519.l(FAMl l l 
FAl\.1111 A):c.1706G>A 

58777701 l A (p.Arg569His) 
FAMll I NM_l98947.3(FAM I I IB): 

587777238 B c. l 883G>A (p.Ser628Asn) 
FAM.134 NM_001034850.2(FAML34 

137852737 B B):c.433C>T (p.Glnl45Ter) 
NM_020223.3(FAM20C):c. 

796051850 FAM20C 1645C>T (p.Arg549Trp) 

NM_l98488.3(FAM83H):c. 
137854435 FA1\183H 973C>T (p.Arg325Ter) 

NM_l98488.3(FAM83H):c. 
137854440 FA1\183H 2029C>T (p.Gln677Ter) 

NM_l 98488.3(F AM83H):c. 
387907056 FAM83H 1366C>T (p.Glo456Ter) 

NM_000136.2(FANCC):c.3 
730881731 FAl"ICC 19C>T (p.Glnl07Ter) 

NM_021922.2(F ANCE):c.4 
121434506 FAl"lCE 21C>T (p.Argl41Ter) 

CCCAACTCATTATAGCATTYGCA. 
CCAACTCATTATAGCATTYGCAG 
CCCACCGTTACTGACTYGCTACC, 
CCACCGTTACTGACTYGCTACCT 

TGGRGAAGAGTCTTCCACAAAGG 

CAAATATRGAATATATACCAAGG 
GGGRAAGAGTCTTCCACAAAGGG 
, 
TGGGRAAGAGTCTTCCACAAAGG 

CCTGTACTGAGGGATATYGACTT 

CCGGTGACCAGGCCCATCYGCCT 
TGARTATCTGGCTGCACTGAGGG, 
GTGARTATCTGGCTGCACTGAGG 

ACTCRTAGTATCATTGAG'nTGG 
GAARTTTCCTATCAGAGG1~rTGG. 

CCAAAGAART'ITCCTATCAG AGG 
CCCTGTTGCAGGTGCA Y AGTTGT, 
CCTGTTGCAGGTGCAYAGTTGTG 

CCTGGAGGCCCTGGACCGGYGGC 
CCCCTTCTCCTTCCCTAAA YGAG, 
CCCTTCTCCTTCCCT AAA YGAGC, 
CCTTCTCCTTCCCTAAAYGAGCG 

CCTGAACCCCCTGGTCYAGCGCA 

CCGTGACCAGCTCTACCAGYAGC 

CCACAGAATfCTGGA Y AATCAAA 
CCCTGGGGGAATTGCTGYGAAGG 

' 
CCTGGGGGAATTGCTGYGAAGGG 

Hereditary factor VIII deficiency disease 

Hereditary factor VIII deficiency disease 

Hereditary factor IX deficiency disease 

Hereditary factor IX deficiency disease 

Hereditary factor IX deficiency disease 

Hereditary factor IX deficiency disease 

Spastic paraplegia 35 

Tyrosinemia type I, not provided 

Kenny-Caffey syndrome type 2 
Poikiloderma, hereditary fibrosing. with tendon contractures, 
myopathy, and pulmonary fibrosis 
Hereditary sensory and autonomic neuropathy type JlB, 
Hereditary sensory and autonomic neuropathy type JTA 

Raine syndrome 

Amelogenesis impe1fecta, hypocalcification type 

Amelogeoesis imperfecta, hypocalcification type 

Amelogeoesis imperfecta, hypocalcification type 

Hereditary cancer-predisoosiog syndrome 

Fanconi anemia, complementation group E 
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NM_OO 1113378. l (FANCI): 
12 1918163 FANCI c.3854G>A (p.Arg l285Gln) 

NM_000043.4(FAS):c.8 l 7C 
121913077 FAS > T (p.Gln273Ter) 

NM_024582.4(FAT4):c.712 
398122955 FAT4 3G>A (p.Glu2375Lys) 

NM_006329 .3(FBLN5):c.6 
80338765 FBLN5 04G>A (p.Gly202Arg) 

NM_006329.3(FBLN5):c. l 
28939073 FBLN5 05 1C>T (p.Arg351Trp) 

NM_000138.4(FBN l):c.780 
193922236 FBN l 6G>A (p.Trp2602Ter) 

NM_OOO I 38.4(FBN l):c.142 
794728166 FBN I lG>A (p.Cys474Tyr) 

NM_000138.4(FBN 1 ):c.158 
794728170 FBNl 3G>A (p.Cys528Tyr) 

NM_OOO I 38.4(FBN I ):c.569 
794728237 FBN I 9G>A (p.Cys I 900Tyr) 

NM_OOO I 38.4(FBN I ):c.580 
794728240 FBN I IG>A (p.Cys l934Tyr) 

NM_OOO l 38.4(FBN I ):c.687 
794728257 FBN! 1 G>A (p.Asp229 l Asn) 

NM_000138.4(FBNl):c.720 
794728266 FBN I 5- IG>A 

NM_000138.4(FBN l):c.J 46 
397515757 FBNl 8+5G>A 

NM_000138.4(FBNl):c.425 
397515804 FBNl 9G>A (p.Cys1420Tyr) 

NM_000138.4(FBNl):c.795 
397515859 FBNl 5G>A (p.Cys2652Tyr) 

NM_000138.4(FBN l):c.351 
775417975 FBNl 3C>A (p.Cysl171Ter) 

NM_OOO l 38.4(FBN 1 ):c.642 
794728335 FBNl 5G>A (p.Cys2142Tyr) 

548296552 FBNl NM_OOO 138.4(FBN l):c.292 

TCACRAGACTTCAAGATCAAAGG 
CCAAGACACAGCAGAAYAGAAA 
G 

ATTCCTRAGGATGCACCAACTGG 

GAGGATRGAAGGTCTTGCCAAGG 
CCCTTT ACCATCTTGTACYGGG A, 
CCTTTACCATCTTGT ACY GGGAC 

TACCAGTGRAACCAGTGTGTTGG 
ACCGGTRTGAGTGCAACAAAGGG . 
TACCGGTRTGAGTGCAACAAAGG 

AGAATRCCGAGGTATGGTCCTGG 

CCTRTGGGAATGGAACTTGCCGG 
ATGAATRTGCAAGTGGAAATGGG 

' GATGAATRTGCAAGTGGAAATGG 

TGTARGTAAGAGGATCCCTGTGG 

TACARATATCGATGAATGCAAGG 
GTACRTGATCCATCCT AGGTTGG, 
ATTGGTACRTGATCCATCCTAGG 
CAGTRCCTCAATGCACCAGGAGG 

' GGCCAGTRCCTCAATGCACCAGG 

CAATGAATRTGGCTCTGCGCAGG 
GGTTCACRCAACGGCCATTGGGG 

AGGTTCACRCAACGGCCATTGGG 

GGACAGTRCATCAATACAGATGG 

ATGCRGTGGCGGCCAGCAATAGG 

Fanconi anemia, cornplerneDtation group I 

Autoimmune lymphoproliferative syndrome, type la 
Yan Maldergem syndrome 2, Hennekam lymphangiectasia-
Jymphedema syndrome 2 

Amosomal recessive cutis laxa type IA 

Age-related rnacular degeneration 3 
Thoracic aortic aneurysms and aortic dissections, MarfaD 
syndrome 

Thoracic aortic aneurysms and aortic dissections 

Thoracic aortic aneLLrYSms and aortic dissections 

Thoracic ao1tic aneurysms and aortic dissections 

Thoracic ao1tic aneurysms and ao1tic dissections 

Thoracic aortic aneLLrysms and aortic dissections 

Thoracic aortic aneurysms and aortic dissections 
Thoracic aortic anemysms and aortic dissections. Maifan 
syndrome 

Thoracic aortic anemysms and aortic dissections, Marfan 
syndrome 
Thoracic ao1tic aneurysms and aortic dissections, Marfan 
syndrome 

Thoracic aortic aneurysms and aortic dissections 

Thoracic aortic aneurysms and aortic dissections 

Thoracic aortic aneurysms and aortic dissections 
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6C>T (p.Arg976Cys) 

NM_OOO l 38.4(FBN l):c.350 
137854475 FBNl 9G>A (p.Argl l 70His) 

NM_OOO l 38.4(FBN l):c.338 
137854482 FBNl 6G>A (p.Cysl 129Tyr) 

NM_000138.4(FBN1):c.366 
137854483 FBNl 2G>A (p.Cysl221Tyr) 

NM_OOO 138.4(FBN1 ):c.325 
137854484 FBNl 7G>A (p.Cysl086Tyr) 

NM_000138.4(FBN1):c.766 
369294972 FBNl OC>T (p.Arg2554Trp) 

NM_000138.4(FBN1):c.478 
113871094 FBNl 6C>T (p.Argl596Ter) 

NM_000138.4(FBN l):c.700 
794728262 FBNl 3C>T (p.Arg2335Trp) 

NM_OOO 138.4(FBN l):c.163 
730880099 FBNl 3C>T (o.Arg545Cys) 

NM_000138.4(FBN l):c.264 
794728195 FBN I 5C>T (p.Ala882Val) 

NM_OOO I 38.4(FBN 1 ):c.267 
794728196 FBN I IC>T (o.Gln89 1Ter) 

NM_000138.4(FBN l):c.488 
794728231 FBN I 8C>T (p.Glnl630Ter) 

NM_000138.4(FBNl):c.292 
397514558 FBN I OC> T (p.Arg974Cys) 

NM_000138.4(FBN l):c.803 
794728283 FBNl 8C>T (p.Arg2680Cys) 

NM_OOO l 38.4(FBN l):c.493 
140630 FBNl OC> T (o. And 644Ter) 

NM_000138.4(FBN l):c.665 
113001196 FBNl 8C>T (p.Arg2220Ter) 

NM_000138.4(FBN l):c.128 
112645512 FBNl SC> T (p.Arg429Ter) 

NM_000138.4(FBN l):c.184 
25403 FBNl C>T (p.Arg62Cys) 

NM_001999.3(FBN2):c.l 17 
137852826 FBN2 lG>A (p.Glu391Lys) 

GCCRTTGCGTGAACCTCATAGGG. 
GGCCRTTGCGTGAACCTCATAGG 
GGTGTTTRCCATAACACAGAGGG 

TGGTGTTTRCCATAACACAGAGG 
TATGAATRTAGCTGTCAGCCGGG, 
CTATGAATRTAGCTGTCAGCCGG 
CCAGTRTGTGAACACCCCTGGGG. 
GCCAGTRTGTGAACACCCCTGGG, 
GGCCAGTRTGTGAACACCCCTGG 

GAATCCCCRCTGGCATTCACAGG 

CCTGGAGGGGAAGGTTTCYGACC 

CCCTTCCAGACAATYGGGAAGGG 

CCGGATCTGCAATAATGGAYGCT 

CCTCCCTCGGTGCTGYGTGGGGA 
CCCGTGCACCCTATGCY AAGTTG, 
CCGTGCACCCT ATGCY AAG1yfGG 

CCTTTGGGAGTTTCYAGTGCCGC 
CCCTGCCTA 1~fGCTGGCYGCCAC, 
CCTGCCTATTGCTGGCYGCCACC 

CCACCTGGTTACTTCYGCATAGG 

CCTGAATGAAGATACAYGAGTGT 

CCTCTGCTCTGTGCCTTCYGATG 

CCTCAAATTCCGGTCCCTYGACC 
CCCAATGTCTGTGGATCAYGTTA. 
CCAATGTCTGTGGATCAYGTTAT 
TGTRAGCCTGGCCGCTGCTGGGG, 
CTGTRAGCCTGGCCGCTGCTGGG. 

Thoracic aortic anewysms and aortic dissections. Marfan 
syndrome. Marfanoid habitus, not specified. not provided 

Marfan syndrome 

Marfan syndrome 

Thoracic aortic aneurysms and aortic dissections, Marfao 
syndrome, incomplete 
Thoracic aortic aneurysms and aortic dissections, Marfan 
syndrome 

Thoracic aortic aneurysms and ao1tic dissections 

Marfan syndrome 

Thoracic ao1tic aneurysms and aortic dissections 

Thoracic aortic aneurysms and ao1tic dissections 

Thoracic aortic aneurysms and aortic dissections 
Marfan syndrome, Bctopia lentis. isolated, autosomal 
dominant 

Thoracic aortic aneurysms and aortic dissections 

Thoracic aortic aneurysms and ao1tic dissections 
Thoracic aortic aneurysms and aortic dissections, Marfao 
syndrome 

Marfao synclrome 

Marfan syndrome 

Congenital contractural arachnodactyly 
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NM_OOl 127628.l(FBP l):c. 
121918188 FBPl 490G>A (p.Glyl64Ser) 

NM_O l 2160.4(FBXL4 ):c. l 
398123061 FBXL4 444C>T (p.Arg482Trp) 

NM_Ol2179.3(FBX07):c.6 
121918305 FBX07 5C>T (p.Thr22Met) 

NM_001012515.2(FECH):c 
267606804 FECH .1243C>T (p.Pro415Ser) 

NM_017671.4(FERMT1):c. 
121918292 FERMTl 787C>T (p.Glo263Ter) 

NM_l 78443.2(FERMT3):c. 
121918296 FERMT3 48G>A (p.Trp16Ter) 

NM_l 78443.2(FERMT3):c. 
121918298 FERMT3 687G>A (p.Trp229Ter) 

NM_l 78443.2(FERMT3):c. 
121918295 FERMT3 1537C>T (o.Arg513Ter) 

NM_l 78443.2(FERMT3):c. 
12 1918297 FERMT3 I 729C> T (p.Arg577Ter) 

NM_000508.3(FGA):c. 104 
12 1909607 FGA G>A (o.Arg35His) 

NM_00514 I .4(FGB):c.958+ 
60623 1223 FGB 13C>T 

NM_004463.2(FGD l ):c.935 
28935498 FGD l C>T (o.Pro3 l 2Leu) 

NM_004463.2(FGD l ):c.196 
387906718 FGD l 6C>T (p.Arg656Ter) 

NM_l3924J .3(FGD4):c.823 
118203974 FGD4 C>T (o.Arg275Ter) 

NM_005247 .2(FGF3):c.3 l 0 
121917704 FGF3 C>T (p.Argl04Ter) 

NM_033 l 63.3(FGF8):c.77C 
137852660 FGF8 > T (o.Pro26Leu) 

NM_0020 l 0.2(FGF9):c.296 
121918322 FGF9 G>A (p.Ser99Asn) 

GCTGTRAGCCTGGCCGCTGCTGG 

GCAGCCRGCTACGCACTGTATGG 

CCAAGTGTAAAAAACTCYGGACC 
CCCGAGACGGAGCCGAYGCTGG 
G, 
CCGAGACGGAGCCGAYGCTGGG 
G 

CCGCTCTGTGTCAATYCTGTCTG 

CCTTATGGAACAAGGCATCYAAG 

ATGRGAGCTGCGGGTGTTTGTGG 

CCAGGTGRCTGGACTCGTCGCGG 

CCCCCCGTTfCCAGYGAAAGTTC 

CCTGGGCATCGCCAACAACYGAC 

CGTGCRTGGCCCAAGGG'n 'GTGG 
CCAGGTAACGAACAGGYATGCA 
A 
CCCAGCCACAGCCTCTGCCYTGG. 
CCAGCCACAGCCTCTGCCYTGGG, 
CCACAGCCTCTGCCYTGGGCCCC 

CCAACCTCAATCTGCCTYGAACC 
CCAGAGCTGGAGAAAYGAATGC 
A 
CCATGAACAAGAGGGGAYGACT 
c 
CCTCTAGGAAGGCCYGGGCAGG 
G 

TATCARTATAGCAGTGGGCCTGG 

Fructose-bipbosphatase deficiency 
Mitocboncbial encepbalomyopatby, Mitochondrial DNA 
depletion syndrome 13 (encephalomyopathic type), Global 
developmental delay 

Parkinson disease 15 

Erytbropoietic protoporphyiia 

Kindler syndrome 

LEUKOCYTE ADHESION DEFICIENCY, TYPE III 

LEUKOCYTE ADHESION DEFICIENCY. TYPE III 

LEUKOCYTE ADHESION DEFICIENCY, TYPE Ill 

LEUKOCYTE ADHESJON DEFICIENCY, TYPE Ill 

DysfibrinoJ?enemia 

Afibri11ogenemia, conge11ital 

Syndromic X-linked mental retardatioo 16 

Aarskog syndrome 

Charcot-Marie-Tooth disease, type 4H 
Deafness with labyrinthioe aplasia microtia a11d microdontia 
(LAMM) 

Kallmann syndrome 6 

Multiple synostoses syndrome 3 
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NM_023 l l 0.2(FGFR I ):c.20 
S1S72622S FGFRl 84C>T (p.Thr69Slle) 

NM_023l10.2(FGFR1):c.20 
121909636 FGFRl 38C>T (p.G!n680Ter) 

NM_023110.2(FGFRl ):c.14 
S1S726224 FGFRl 60G>A (p.Gly487 Asp) 

NM_OOO 14 l .4(FGFR2):c. l 0 
1219l849l FGFR2 32G>A (p.Ala344=) 

NM_00014 l .4(FGFR2):c. l 8 
121918S09 FGFR2 82G>A (p.Ala628Thr) 

NM_000142.4(FGFR3):c. 15 
1219131 12 FGFR3 37G>A (p.AspS l 3Asn) 

NM_213647.2(FGFR4):c. l l 
3S l8SS FGFR4 62G>A (p.Gly388Arg) 

NM_024301.4(FKRP):c.764 
104894689 FKRP G>A (p.Trp2SSTer) 

NM_02430 I .4(FKRP):c. I 34 
104894681 FKRP 3C>T (p.Pro448Leu) 

NM_024301.4(FKRP):c.400 
104894690 FKRP C>T (p.Anzl34Trp) 

NM_l 44997 .S(FLCN):c.49 
S87782069 FLCN 9C>T (p.Glol 67Ter) 

NM_ l44997.S(FLCN):c.JO 
398124S23 FLCN 60C>T (p.Gln3S4Ter) 

NM_l 44997.S(FLCN):c.1S 
398124S32 FLCN 97C>T (p.GlnS33Ter) 

NM_001l10SS6.l(FLNA):c 
387907371 FLNA .S217G>A (p.Thr1739=) 

CCAGARTGAAGATCTCCCACAGG 

CCGGATCTACACCCACYAGAGTG 
CCACCTGCCCAAAGCAGYCCTCT, 
CCTGCCCAAAGCAGYCCTCTCCC 
GCTTGGCRGGTAATTCTATTGGG, 
TGCTTGGCRGGT AA ,~rcr ATTGG 

TTTARCAGCCAGAAATGT'ITTGG 

CACAGACRATGCCACTGACAAGG 
CCTGCCCTCGATACAGCCYGGCC, 
CCCTCGATACAGCCYGGCCAGCA 
CGCTRGAAGGCTGAGCGCGAGG 
G. 
GCGCTRGAAGGCTGAGCGCGAG 
G 
CCCGAGCACTTCCTGCAGCYGCT, 
CCGAGCACTTCCTGCAGCYGCTG 

CCTAGTACCTGATGGGGCGYGGG 

CCTGGCCAGGGGCTTCYAGCGCT 
CCCTCCGGCACATGAGGYAGGTA 

' CCTCCGGCACATGAGGYAGGTAG 
CCCAAAGAGGACACAYAGAAGC 
T, 
CCAAAGAGGACACAYAGAAGCT 
G 
TGACRGTGAGGAGGGGTGGGGG 
G, 
GTGACRGTGAGGAGGGGTGGGG 
G, 
AGTGACRGTGAGGAGGGGTGGG 
G, 
AAGTGACRGTGAGGAGGGGTGG 
G, 
CAAGTGACRGTGAGGAGGGGTG 

Kallmann syndrome 2 

Kallmann syndrome 2. Delayed puberty 

Kallmann syndrome 2 

Crouzon syndrome, Craniosyuostosis 

Limb-girdle muscular dystrophy-dystroglycaoopathy, type CS 
Congenital muscttlar dystrophy-dystroglycanopathy without 
mental retardation, type BS 

Limb-girdle muscular dystrophy-dystrogJycanopathy, type CS 

Hereditary cancer-predisposing syndrome 

not provided 

not provided 

Terminal osseous dysplasia 
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NM_OOl 110556.l(FLNA):c 
28935473 FLNA .3596C>T (p.Serl 199Leu) 

NM_OOl 110556.l(FLNA):c 
80338841 FLNA .1923C>T (p.Gly641=) 

NM_OOl 110556.l(FLNA):c 
398123614 FLNA .2761C>T (p.Arg921Ter) 

NM_OOl 110556.l(FLNA):c 
137853310 FLNA .544C>T (p.Glnl82Ter) 

NM_OO 1110556. l (FLN A):c 
137853312 FLNA .3557C>T (p.Serl l86Leu) 

NM_OOl l 10556.l(FLNA):c 
137853317 FLNA .586C>T (p.Argl96Trp) 

NM_OO 1457 .3(FLl\TB):c.10 
80356510 FLl\TB 88G>A (p.Gly363Glu) 

NM_OO 1457 .3(FLNB):c.4 7 
80356513 FLl\TB 56G>A (p.Glyl586Arg) 

NM_001457.3(FLl\TB):c.19 
80356517 FLl\TB 45C>T (p.Arg649Ter) 

NM_OO 1457 .3(FLNB):c.24 
80356519 FLNB 52C>T (p.Arg818Ter) 

NM_l 82925.4(FLT4):c.263 
121909654 FLT4 2G>A (p.Val878Met) 

NM_ l82925.4(FLT4):c.331 
121909656 FLT4 6G>A (o.Glu l l 06Lys) 

NM_l82925.4(FLT4):c.256 
121909657 FLT4 3G>A (p.Ala855Thr) 

NM_l 82925.4(FLT4 ):c.286 
34255532 FLT4 OC> T (o. Pro954Ser) 

NM_O l 4053.3(FL VCR! ):c. 
267606819 FLYCRl 721G>A (p.Ala241Thr) 

NM_OO 1002294.2(FM03):c 
72549320 FM03 .94G>A (o.Glu32Lys) 

NM_006894.5(FM03):c.47 
2266782 FM03 2G>A (p.Glul58Lys) 

NM_006894.5(FM03):c.45 
72549326 FM03 8C>T (o.Prol53Leu) 

G 

CCATTGAGATCTGCTYGGAGGCG 

CCGCAGGAGGCTGGYGAGTATGC 
CCAAGGGGGATGCAGTGYGAGA 
T 

CCAGAACAAGCTGCCGYAGCTGC 

CCAAGTGGACTGCTYGAGCGCGG 
CCGGGACTGGCAGAGCGGCYGG 
G 
GTCCAGRGTTGGAAGCTGTAGGG 

GGTCCAGRGTTGGAAGCTGTAGG 

AAGACTRGGCGCTATATGATTGG 

CCTTTGCTTCAGGTTYGAGCATA 

CCTCCTGCTGCTGGGYGATACAC 

GTGGCCRTGAAAATGCTGAAAGG 
CTCTGGRAG ATCTTCTCTCTGGG, 
TCTCTGGRAGATCTTCTCTCTGG 
CGGCRCCTfCGGGAAGGTGGTGG 

' CTACGGCRCCTTCGGGAAGGTGG 

CCGCAGGAGAAGTCTYCCGAGCA 

CACCRCCGTGCTGGGCAATCAGG 

TTTRAGAAGAGCAATGACATTGG 

AAAARAGTCCTTTCCAGGTAAGG 

CCGGACATCATGTGTATCYCAAC 

Melnick-Needles syndrome 
X-linked periventricular beterotopia, Cardiac valvular 
dysplasia. X-linked 
X-linked periventricular heterotopia. Oto-palato-digital 
syndrome, type I, not provided 

X-linked pe1iventricular heterotopia 

Frontometaphyseal dysplasia 
Oto-palato-digital syndrome. type I, Oto-palato-digital 
syndrome, type II, not provided 

Larsen syndrome, dominant type 

Larsen syndrome, dominant type, Larsen syndrome 

Spondylocarpotarsal synostosis syndrome 

Spondylocarpotarsal synostosis syndrome 

Hereditary lymphedema type [ 

Hereditary lymphedema type I 

Hereditary lymphedema type I 

Heman2ioma, ca oil lary infantile 

Posterior column ataxia with retinitis pigmentosa 

Trimethylaminuria 

Trimetbylaminuria 

Trimethylaminuria 
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NM_OO 1453.2(FOXC1 ):c.8 
79691946 FOXC l 89C>T (p.Pro297Ser) 

NM_001453.2(FOXCI):c.6 
104893952 FOXCl 7C>T (o.Gln23Ter) 

NM_001453.2(FOXC1):c.3 
104893957 FOX C l 92C>T (p.Serl31Leu) 

NM_005249.4(FOXG l):c.1 
786205000 FOXGl 36C>T (p.Gln46Ter) 

NM_005249 .4(FOXG I ):c.6 
786205006 FOXG I l OC>T (p.Leu204Phe) 

NM_005249.4(FOXG l):c.7 
796052467 FOXG I OlC>T (o.Ser234Phe) 

NM_005249 .4(FOXG l):c.2 
796052458 FOXGl 17C>T (p.Gln73Ter) 

NM_023067 .3(FOXL2):c.2 
387906920 FOXL2 05G>A (p.Glu69Lvs) 

NM_023067.3(FOXL2):c.5 
104893739 FOXL2 86C>T (p.Glol96Ter) 

NM_023067.3(FOXL2):c.6 
104893741 FOXL2 55C>T (p.Gln219Ter) 

NM_Ol 4009 .3(FOXP3):c.3 
122467174 FOXP3 G>A (p.Metllle) 

NM_025074.6(FRASl):c.86 
120074156 FRASl 02C>T (o.Gln2868Ter) 

NM_ l 94277 .2(FRMD7):c.2 
137852209 FRl\107 52G>A (p.Va184=) 

NM_ l 94277 .2(FRMD7):c. l 
137852208 FRMD7 003C>T (p.Arg335Ter) 

NM_000145.3(FSHR):c. l 71 
121909660 FSHR 7C>T (p.Arg573Cys) 

NM_006657 .2(FTCD):c.40 
28941768 FTCD 3C>T (p.Argl35Cys) 

104894685 FTL NM_OOO l 46.3(FTL):c.286G 

CCGCCGCCGCCCGCGYCCTCCGC 
CCCTACCTCGGCGGCGAGYAGAG 

CCTACCTCGGCGGCGAGYAGAGC 

CCGCCACAACCTCTYGCTCAACG 

CCACAACAGCCACCACCCCYAGC 
CCCCGAGAAGCGGCTCACGYTCA 

' CCCGAGAAGCGGCTCACGYTCAA 

' CCGAGAAGCGGCTCACGYTCAAC 
CCA TCCGCCACAATCTGTYCCTC, 
CCGCCACAATCTGTYCCTCAACA 
CCGCCGCCGCAGCAGCAGYAGCC 

' 
CCGCCGCAGCAGCAGYAGCCGCC 
TCCGCRAGAGCGCGGAGAAGAG 
G 
CCCCCCAAGTACCTGY AGTCTGG, 
CCCCCAAGTACCTGYAGTCTGGC 
CCCTATGCCTCCTGCYAG ATGGC, 
CCTATGCCTCCTGCYAGATGGCG 

CCGATRCCCAACCCCAGGCCTGG 

CCTGGTGTCATTGAAYAGGTGCG 
AGTRGACCCTGGACATCTGCGGG 

CAGTRGACCCTGGACATCTGCGG 
CCCATCTCAGTACCATGAAYGAC, 
CCATCTCAGTACCATGAAYGACA 

CCAGGATCGCCAAGYGCATGGCC 

CCAGGATGGACAGTYGCCGGACC 

AGACRCCATGAAAGCTGCCATGG 

lridogoniodysgenesis typel, not specified, not provided 

Axenfeld-Rieger svndrome tvoe 3 

Axenfeld-Rieger syndrome type 3 

not provided 

not provided 

not provided 

not provided 

Blepharophimosis, ptosis, and epicaDthus inversus 

Blepbarophimosis. ptosis. and epicanthus inversus 
Insulin-dependent diabetes mellitus secretory diarrhea 
syndrome 

Cryptophthalmos syndrome 

Infantile nystagmus, X-linked 

Infantile nystagmus, X-linked 

Ovarian dysgenesis 1 

Glutamate formiminotransterase deficiency 

Neurofenitinopathy 
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>A (p.Ala96Thr) 

NM_OOO l 46.3(FfL):c.89C> 
397514540 FfL T (p.Tbr30Ile) 

NM_004960.3(FUS):c.1553 
121909669 FUS G>A (p.Arg518Lys) 

NM_004960.3(FUS):c.1520 
267606831 FUS G>A (p.Gly507 Asp) 

NM_004960.3(FUS):c.616 
387906628 FUS G>A (p.Gly206Ser) 

NM_00015 l .3(G6PC):c.551 
104894569 G6PC G>A (p.Gly184Glu) 

NM_OOO l 5 l .3(G6PC):c.248 
1801176 G6PC G>A (p.Arg83His) 

NM_000402.4(G6PD) :c.126 
137852316 G6PD 8G>A (p.Arg423His) 

NM_000402.4(G6PD):c.896 
137852346 G6PD G>A (p.Cys299Tyr) 

NM_000402.4(G6PD):c.634 
267606836 G6PD C>T (p.Arg212Trp) 

NM_000402.4(06PO):c.145 
398123546 G6PO OC>T (o.Arg484Cys) 

NM_000402.4(06PO):c.682 
137852330 G6PD C>T (p.Arg228Cys) 

NM_000402.4(06PO):c.124 
137852334 G6PO 9C>T (p.Arg417Cys) 

NM_000402.4(06PO):c. J 17 
137852345 G6PD 2C>T (p.Ala391Yal) 

NM_000152.3(GAA):c.192 
28937909 GAA 7G>A (o.GJy643Arg) 

NM_000152.3(GAA):c.143 
796051877 GAA 7G>A (p.Lys479=) 

NM_OOO 152.3(GAA):c.25 l 
369532274 GAA 2C>T (o.G1n838Ter) 

NM_000152.3(GAA):c.163 
121907942 GAA 4C>T (p.Pro545Leu) 

CCTGCAGGCCTCCTACAYCTACC 
ACARACAGGATCGCAGGGAGAG 
G. 
TGAGCACARACAGGATCGCAGG 
G 

TGGCTTTGRCCCTGGCAAGATGG 

CAGCRGTGGCTATGGACAGCAGG 
GCTGRAGTCCTGTCAGGTATGGG, 
TGCTGRAGTCCTGTCAGGTATGG 

TGGACAGCRTCCATACTGGTGGG 

GATCCRCGTGCAGCCCAACGAGG 

GATGCTGTRTCTGGTGGCCATGG 

CCTGCAGAGCTCTGACYGGCTGT 

CCAGATGCACTTCGTGYGCAGGT 

CCGTGAGGACCAGATCTACYGCA 
CCACCAGCAGTGCAAGYGCAAC 
G 

CCTGCGCTGCGGCAAGGYCCTGA 

CTGGTCRGGGCCGACGTCTGCGG 
GAARGTAGGGCGAGGGTCCAGG 
G, 
GGAARGTAGGGCGAGGGTCCAG 
G 

CCACAGAGTCCCGCYAGCAGCCC 

CCCACCCTACGTGCYTGGTCAGC 

Hyperferritinemia cataract syndrome 

Arnyotrophic lateral sclerosis type 6 

Amyotrophic lateral sclerosis type 6 

Amyotrophic lateral sclerosis type 6 

Glycogen storage disease type lA 

Glucose-6-phosphate transport defect 

Anemia. nonspherocytic hemolytic, clue to G6PD deficiency 

Anemia, nonsoherocvtic hemolvtic, clue to G6PD deficiency 

Favism. susceptibili ty to, Anemia, nonspherocytic hemolytic, 
due to G6PD deficiency, not provided 

Anemia, oonspherocytic hemolytic, due to G6PO deficiency 

GLYCOGEN STORAGE DISEASE II, ADULT FORM 

Glycogen storage disease, type II 

Glycogen storage disease. tvoe IL not provided 

GLYCOGEN STORAGE DISEASE Il, ADULT FORM 
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NM_000152.3(GAA):c.256 
12 1907943 GAA OC>T (p.Arg854Ter) 

NM_000806.5(GABRAl):c. 
587777308 GABRAl 335G>A (p.Argl 12Gln) 

NM_000816.3(GABRG2):c. 
397514737 GABRG2 968G>A (p.Arg323Gln) 

NM_000816.3(GABRG2):c. 
121909673 GABRG2 245G>A (p.Arg82Gln) 

NM_ l98903.2(GABRG2):c. 
121909674 GABRG2 13 12C>T (p.Gln438Ter) 

NM_0008 l 6.3(GABRG2):c. 
796052504 GABRG2 406C>T (p.Argl36Ter) 

NM_000403.3(GALE):c.26 
28940882 GALE 9G>A (p.Gly90Glu) 

NM_000403.3(GALE):c.95 
28940885 GALE 6G>A (p.Gly3 J 9Glu) 

NM_000403.3(GALE):c.71 
137853860 GALE 5C>T (p.Arg239Trp) 

NM_OOO 154. 1 (GALK I ):c. I 
111033608 GALK I 144C>T (p.Gln382Ter) 

NM_0005 l 2.4(GALNS):c. I 
118204447 GALNS 78G>A (p.Asp60Asn) 

NM_000512.4(GALNS):c.4 
398123438 GALNS 63G>A (o.Gly I 55Arg) 

NM_0005 L2.4(GALNS):c. l 
118204437 GALNS 156C>T (p.Arg386Cys) 

NM_000155.3(GALT):c.38 
367543255 GALT 9G>A (p.Cysl30Tyr) 

NM_OOO 155.3(GAL T):c.98 
111033829 GALT G>A (p.Arg33His) 

NM_000155.3(GALT):c.36 
111033675 GALT 8G>A (p.Argl23Gln) 

NM_000155.3(GALT):c.44 
111033694 GALT 3G>A (p.Argl48Gln) 

NM_OOO l 55.3(GAL T):c.46 
111033704 GALT 2G>A (p.Trpl54Ter) 

111033723 GALT NM 000155.3(GAL T):c.56 

CCAAGGGTGGGGAGGCCYGAGG 
G 

CCTCCRGTTAAATAACCTAATGG 

TGCCCRGAAATCGCTCCCCAAGG 

AAACTTCRGCCTGATATAGGAGG 
CCCAAGATCAGCAACCATTYAAA 

' CCAAGATCAGCAACCATTYAAAT 

CCATTAAAGTCCTCYGATTGAAC 
TTTGCGGRGCTCAAGGCCGTGGG, 
CTTTGCGGRGCTCAAGGCCGTGG 
TGGRGTGGACAGCAGCCTTAGGG 

CTGGRGTGGACAGCAGCCITAGG 
CCCTTCTCTGCAGGTGTCYGGGA, 
CCTTCTCTGCAGGTGTCYGGGAT 
CCACC1~rcT ACCTCTCTYAAGCA, 
CCTTCTACCTCTCTYAAGCAGCC 

TTGRACCGGATGGCTGCAGAAGG 
CACRGATTTGATGAGTGGTTTGG, 
TGAAGCACRGATTTGATGAGTGG 

CCTATCTTCTATTACYGTGGCGA 

CATGTRCTTCCACCCCTGGTCGG 

TATCCRCTACAACCCGCTGCAGG 

CTCRAGGAGTCTGGTAACTATGG 

TCCRGGCTGTTGTTGATGCATGG 

TGCATGRGCCTCAGTCACAGAGG 

CTGCCAGRTAAGGGTGTCAGGGG 

Glycogen storage d isease. type 11 
Epileptic encephalopathy. early infantile, 19. not specified, not 
provided 

Generalized epilepsy with febrile seizures plus 3, not provided 
Epilepsy, childhood absence 2, Familial febrile seizures 8, not 
provided 

Generalized epilepsy with febrile seiZLu-es plus 3 

not provided 

UD Pg 1 ucose-4-epi merase defi cieoc y 

UDPglucose-4-epimerase deficiency, not provided 

UDPglucose-4-epimerase deficiency 

Deficiency of galaccoki nase 

Mucopolysaccharidosis, MPS-IV-A 

Mucopolysaccharidosis, MPS-IV -A, not provided 

Mucopolysaccharidosis, MPS-IV-A, not provided 
Deficiency of UDPglucose-bexose-1-phosphate 
uridylyltransferase 
Deficiency of UDPglucose-bexose-1-phosphate 
tu-i dyl y ltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
lllidylylt:raosferase 
Deficiency of UDPglucose-hexose-1-phosphate 
tu·idylyltransferase 
Deficiency of UDPglucose-hexose-1-phosphare 
uridylylrransferase 

Deficiency of UDPglucose-hexose-1-ohosohate 
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4+1G>A 

NM_000155.3(GALT):c.60 
111033736 GALT 7G>A (p.Glu203Lys) 

NM_000155.3(GALT):c.65 
111033747 GALT 8G>A (p.Glu220Lys) 

NM_000155.3(GALT):c.92 
11 1033784 GALT 2G>A (p.Glu308Lvs) 

NM_000155.3(GAL T):c.98 
11 1033802 GALT 3G>A (p.Arg328His) 

NM_OOO I 55.3(GALT):c. l 0 
367543268 GALT 60- IG>A 

NM_OOO I 55.3(GAL T):c.96 
367543266 GALT IC>T (p.His321Tyr) 

NM_000155.3(GALT):c.60 
111033739 GALT IC>T (p.Arg201Cvs) 

NM_OOO I 55.3(GAL T):c.86 
111033774 GALT SC>T (p.Leu289Phe) 

NM_OOO I 55.3(GAL T):c.98 
111033803 GALT 6C> T (p.Ser329Phe) 

NM_000155.3(GALT):c.98 
11 1033804 GALT 9C>T (p.Ala330Val) 

NM_000155.3(GALT):c.54 
367543259 GALT 2C> T (o.Ser 18 l Phe) 

NM_000155.3(GALT):c.77 
368166217 GALT 2C>T (p.Arg258Cys) 

NM_000155.3(GALT):c.16 
111033649 GALT OC>T (p.Glo54Ter) 

NM_000155.3(GALT):c.41 
111033686 GALT 3C> T (p.Thrl 38Met) 

NM_000155.3(GALT):c.77 
111033845 GALT OC>T (p.Pro257Leu) 

NM_000156.5(GAMT):c.50 
121909272 GAMT 6G>A (p.Cysl69Tyr) 

80338735 GAMT NM_000156.5(GAMT):c.32 

. 
ACTGCCAGRTAAGGGTGTCAGGG 

GCGTGAGRAGCGATCTCAGCAGG 

GCTAATGRAGTACAGCCGCCAGG 

GATCAl~AGGCTGGGGCCAACTGG 

TCCTGCRCTCTGCCACTGTCCGG 
CCARGCTGCAGAGAGACTAAGG 
G, 
TCCARGCTGCAGAGAGACTAAGG 

CCATTGGCAGCTGCACGCTYATT 
CCTGCCAGATATTGCCCAGYGTG. 
CCAGATATTGCCCAGYGTGAGGA 

CCAAGTATGACAACYTCTTTGAG 
CCCTCCGCTCCTGCGCTYTGCCA. 
CCTCCGCTCCTGCGCTYTGCCAC 
CCTCCGCTCCTGCGCTCTGYCAC, 
CCGCTCCTGCGCTCTGYCACTGT 

CCATGATGGGCTGTTYTAACCCC 

CCAGACACTGCTGCTGCCCYGTC 

CCGCATGAAGCGGCCCTGGYAGG 
CCCCTGGTCGGATGTAAYGCTGC, 
CCCTGGTCGGATGTAAYGCTGCC, 
CCTGGTCGGATGTAAYGCTGCCA 

CCAGACACTGCTGCTGCYCGTCG 
ACTRCAACCTCACCTCCTGGGGG, 
TACTRCAACCTCACCTCCTGGGG, 
CTACTRCAACCTCACCTCCTGGG, 
CCTACTRCAACCTCACCTCCTGG 

CAARGTGCCCCTCTGCCCGCAGG 

uridylyltransferase 

Deficiency of UDPglucose-bexose-1-phosphate 
uridylyltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridylylu·ansferase 
Deficiency of UDPglucose-hexose-1-phosphate 
tu-idylyltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridylyltransferase 

Deficiency of UDPglucose-hexose- 1-phosphate 
uridylyltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridylyltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridvlvltransferase 
Deficiency of UDPglucose-hexose- 1-phosphate 
uridylyltraDsferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridvlvltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridyl yltransferase 
DeficieDcy of U DPglucose-hexose-1-phosphate 
uridvlvltransferase 
Deficiency of UDPglucose-hexose-1-phosphate 
uridyl y ltraDsferase 
DeficieDcy of UDPglucose-hexose-1-phosphate 
uri dyl y ltraosferase 

Deficiency of UDPglucose-bexose-1-phosphate 
uri dyl y ltraosferase 
Deficiency of UDPglucose-hexose-1-phosphate 
widylylt:ransferase 

Deficiency of guanidinoacetate methyltraosferase 

Deficiency of guanidiuoacetate methyltransferase, Dot 
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7G>A (p.Lysl09=) 

NM_02204 l .3(GA.l~):c. l 44 
119485089 GAN 7C>T (p.Gln483Ter) 

NM_002049.3(GATA1):c.6 
104894809 GATAl 47G>A (p.Arg216Gln) 

NM_002049.3(GATA1):c.6 
387907207 GATAl 46C>T (p.Arg216Trp) 

NM_001145661.l(GATA2) 
387906630 GATA2 :c.761C>T (p.Pro254Leu) 

NM_001145661.l(GATA2) 
387906632 GATA2 :c.1009C>T (p.Arg337Ter) 

NM_001002295.l(GATA3) 
104894162 GATA3 :c.829C>T (p.Arg277Ter) 

NM_002052.4(GATA4):c.l 
56208331 GATA4 273G>A (p.Asp425Asn) 

NM_002052.4(GAT A4):c. l 
104894074 GATA4 55C>T (p.Ser52Phe) 

NM_002052.4(GAT A4):c. l 
115372595 GATA4 037C>T (p.Ala346Val) 

NM_002052.4(GATA4):c.4 
387906769 GATA4 87C>T (P.Pro163Ser) 

NM_002052.4(GATA4):c.8 
387906771 GATA4 39C>T (p.Thr280Met) 

NM_005257.5(GATA6):c.1 
387906819 GATA6 367G>A (p.Arg456His) 

NM_000157.3(GBA):c.150 
80356772 OBA 5G>A (p.Arg502His) 

NM_000157.3(GBA):c.124 
121908311 OBA 6G>A (p.Glv416Ser) 

NM_001005741.2(GBA):c. 
121908298 OBA 983C> T (p.Pro328Leu) 

NM_OO l 005741.2(GBA):c. 
398123532 OBA 625C>T (p.Arg209Cvs) 

NM_020944.2(GBA2):c.26 
398123015 GBA2 18G>A (p.Arg873His) 

NM_020944.2(GBA2):c. 70 
398123013 GBA2 OC>T (o.Arg234Ter) 

80338673 GB El NM_000158.3(GBEl):c.157 

CCGAAGTCGTGAGGACGCCYAG 
G 
CTGTGGCRGAGGGACAGGACAG 
G 

CCACTCCACTGTGGYGGAGGGAC 
CCTACCCCTCCTATGTGCYGGCG, 
CCCCTCCTATGTGCYGGCGGCTG 

CCACTCATCAAGCCCAAGYGAAG 

CCCCACTGTGGCGGYGAGATGGC 

GCAGRACTCTTGGAACAGCCTGG 
CCTCCGTGCTGGGCCTGTYCTAC, 
CCGTGCTGGGCCTGTYCTACCTC 

CCTCCCGCCAGCGGTGYTTCCAG 

CCTACTCCAGCCCCTACYCGGCT 

CCAGACCACCACCACCAYGCTGT 
TTATGGCRCAGAAACGCCGAGGG 
, 
C1TATGGCRCAGAAACGCCGAGG 
AACCRGTGAGGGCAATGGTGAG 
G 

ATGTGGTCRGCTGGACCGACTGG 

CCAACGCTTGCTGCTGCYCCACT 
CCCTGCAGTTGGCCCAGYGTCCC. 
CCTGCAGTTGGCCCAGYGTCCCG 

TCCRCTCACTGGCCTACATGCGG 

CCATGCCCTCTATCCCYGAGCCT 

TGA'ITCRACTCATT ACGCATGGG, 

provided 

Giant axonal neuropathy 
Thrombocytopeuia, platelet dysfunction. hemolysis, and 
imbalanced globin synthesis 
Thrombocytopeuia, platelet dysfunction, hemolysis, and 
imbalanced globin synthesis 
Denclritic cell, monocyte, B lymphocyte, and natural killer 
lymphocyte deficiency 

Lymphedema, primary, with myelodysplasia 

Barakat syndrome 
Multiple congenital anomalies. Tetralogy of Fallot, Attial 
septal defect 2 

Atrial septal defect 2 

Atrioventricular septal defect 4 
Tetralogy of Fallot, Ventricular septa! defect L 
Atrioventiicular seotal defect 4 

Aa-ial septa] defect 2 

Pancreatic agenesis and congenital heart disease 

Gaucher disease 
Gaucher disease, Subacute nemonopathic Gaucher disease, 
Gaucher disease, type l 

Gaucher disease, type 1 

Gaucher disease. type l , not provided 

Glycogen storage disease, type IV, GLYCOGEN STORAGE 
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lG>A (p.Arg524Gln) 

NM_000159.3(GCDH):c.67 
786205862 GCDH 5G>A (p.Trp225Ter) 

NM_OOO 159 .3(GCDH):c.12 
147611168 GCDH 40G>A (p.Glu414Lys) 

NM_000161.2(GCHl):c.60 
104894438 GCHl 2G>A (p.Gly201Glu) 

NM_000161 .2(GCH1):c.63 
104894443 GCHl 3G>A (p.Met21 llle) 

NM_000161.2(GCHl):c.14 
104894444 GCHl 2C>T (p.Gln48Ter) 

NM_OOO l 62.3(GCK):c.2 l 4 
193922289 GCK G>A (p.Gly72Arg) 

NM_OOO l 62.3(GCK):c.78 l 
104894008 GCK G>A (p.Gly261Arg) 

NM_OOO l 62.3(GCK):c. l 36 
104894012 GCK 3G>A (o.Val455Met) 

NM_OOO l 62.3(GCK):c. l 13 
104894016 GCK 2G>A (p.Ala378Thr) 

NM_OOO I 62.3(GCK):c. J 0 I 
397514580 GCK 5G>A (o.Glu339Lys) 

NM_OOO I 62.3(GCK):c.706 
587780347 GCK G>A (p.Glu236Lys) 

NM_000162.3(GCK):c.136 
104894014 GCK 7C>T (o.Ala456Val) 

NM_OOO l 62.3(GCK):c.683 
80356655 GCK C>T (p.Thr228Met) 

NM_OO 1491 .2(GCNT2):c.1 
56141211 GCNT2 043G>A (o.Gly348Glu) 

NM~145649.4(GCNT2):c.5 

137853339 GCNT2 05G>A (p.Alal69Thr) 
NM_O l 8972.2(GDAP l):c.9 

397515432 GDAPl 80G>A (o.Gly327Aso) 

387906946 GDF3 NM_020634. l (GDF3):c.820 

ATGATTCRACTCATTACGCATGG 

GTGTGRGCTCGGTGTGAAGATGG 

ACACCTACRAAGGTAGGAGCTGG 

GCCTGCTGRAGTCGGGGTAGTGG 

CACATRTGTATGGTAATGCGAGG 
CCCGAGGCCAAGAGCGCGYAGC 
C, 

CCGAGGCCAAGAGCGCGYAGCC 
c 

AGTCRGGGACTTCCTCTCCCTGG 

CTTCRGGGACTCCGGCGAGCTGG 

CTCGGCGRTGGCCTGTAAGAAGG 

GCGCRCTGCGCACATGTGCTCGG 
GGTGRAGAGGTGTGCGGAGGAG 
G, 
GCAGGTGRAGAGGTGTGCGGAG 
G 

CATGRAGGAGATGCAGAATGTGG 
CCCTGGTCTCGGCGGTGGYCTGT, 
CCTGGTCTCGGCGGTGGYCTGTA 
CCGACCTCCACCCCAGGCAYGGG 

' CCTCCACCCCAGGCAYGGGCTGC 

ATGRAAACGGAGACTTAAAGTGG 

CCAGRCTGACCTGAACTGCCTGG 
GTTGRTTTGCTTGCAGGAGTGGG. 
GGTTGRTTfGCTTGCAGGAGTGG 

CCAGCTATTCATTAACTTCYGGG 

DISEASE IV, COMBINED HEPATIC AND MYOPATHIC 

Glutaric aciduria, type 1 

Glutaric aciduria. type L not provided 

Dystonia 5, Dopa-responsive type 

GTP cyclohydrolase I deficiency 

Oystonia 5, Dopa-responsive type 

Manrrity-onset diabetes of the young, type 2 

Manirity-onset diabetes of the young. type 2 

Hyoerinsulinemic hypoglycemia familial 3 

Manu·ity-onset diabetes of the young, type 2 

Matmity-onset diabetes of the young, type 2 

Diabetes melJitus. gestational 

Hvoerinsulinemic hypogJycemia familial 3 

Permanent neonatal diabetes mellitus, Manu-ity-onset diabetes 
of the young. type 2 

I blood group system 

I blood group system 

Charcot-Marie-Tooth disease, recessive intermediate A 

Microphthalmia. isolated, with coloboma 6 
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C>T (p.Arg274Trp) 

NM_0005 l 4.3(GDNF):c.27 
36119840 GDNF 7C>T (p.Arg93Trp) 
RS# GeneSym 
(clbSNP) bol Name 

NM_002055.4(GFAP):c.7 l 
58064122 GFAP SC>T (p.Arg239Cys) 

NM_005262.2(GFER):c.58 
121908192 GFER lG>A (p.Arg194His) 

NM_024996.5(GFM1):c.13 
119470019 GFMl 9C>T (p.Arg47Ter) 

NM_000821.6(GGCX):c.16 
121909678 GGCX 72G>A (p.Gly558Arg) 

NM_000821.6(GGCX):c.14 
121909682 GGCX 27G>A (p.Arg476His) 

NM_000821.6(GGCX):c.76 
121909683 GGCX 3G>A (p.Val255Met) 

NM_000821.6(GGCX):c. l 1 
121909680 GGCX 20C>T (p.Gln374Ter) 

NM_000821.6(GGCX):c.89 
121909684 GGCX 9C>T (p.Ser300Phe) 

NM_l 33261 .2(GJPC3):c.90 
387907000 G1PC3 3G>A (p.Trp301Ter) 

NM_ L3326J .2(GTPC3):c.56 
387907002 GIPC3 5C>T (p.Argl89Cvs) 

NM_000165.4(GJAl):c.6J 
104893963 GJAJ G>A (p.Gly21 Arg) 

NM_000165.4(GJAI):c.l l2 
104893965 OJAI 7G>A (o.Arg376Gln) 

NM_000165.4(GJAl):c.427 
28931600 GJAl G>A (p.GJyl43Ser) 

NM_000165.4(GJAl):c.31C 
387906616 GJAl > T (o.Leul lPhe) 

NM_021954.3(GJA3):c.5G 
397514703 GJA3 >A (p.Gly2Asp) 

NM_02 l 954.3(GJA3):c.427 
398122937 GJA3 G>A (o.Glvl43Arg) 

121917825 GJA3 NM_021954.3(GJA3):c.560 

TGCCRATTCCGCTCTCTTCTAGG 

gRNAall 

CCCTGAAAGAGATCYGCACGCAG 

ATGAGCRCTGGCGCGACGGCTGG 

CCTAATGAAAAAATAYGAAATAT 

GCTGCAGRGGGAAGTGACTGTGG 
TGACCRCTTCCAGCAGAGGTGGG 

ATGACCRCTTCCAGCAGAGGTGG 

TGCTGGTCRTGCACTGGGGTGGG 

CCTGCTCTACCTCCTGGAGYAGC 

CCT AGGTATG11-CTYCT ACGTCA 

AGTGTGRGCCGCCATCGGCGAGG 
CCCAGCCCTTCACCCTGYGCCTG, 
CCAGCCCTTCACCCTGYGCCTGG 

CAACTGCTRGAGGGAAGGTGTGG 

CAGACCTCRGCCTGATGACCTGG 

CATRGTAAGGTGAAAATGCGAGG 

CCTTAGGCAAACTCYTTGACAAG 
ATGGRCGACTGGAGCTTTCTGGG, 
AATGGRCGACTGGAGCT1TCTGG 

GCATGGCCRGGGCGCTGCTGCGG 

CCGCTGGCCCTGCCYCAACACGG 

Congenital central hypoventilation, Hirschsprnng disease 3. 
not specified 

Phenotypes 

Alexander disease, not provided 
Myopathy. mitochondrial progressive, with congenital 
cataract, hearing loss, and developmental delay, not provided 

Combined oxidative phosphorylation deficiency 1 
Pseudoxanthoma elasticum-Jike disorder with multiple 
coagulation factor deficiency 

Pseudoxanthoma elasticum-Jike disorder with multiple 
coagulation factor deficiency 
Pseudoxanthoma elasticum-Jike disorder with multiple 
coagulation factor deficiency 
Pseudoxanthoma elasticum-like disorder with multiple 
coagulation factor deficiency 
Pseudoxanthoma elasticum-Jike disorder with multiple 
coagulation factor deficiency 

Deafness, autosomal recessive 15 

Deafness. autosomal recessive LS 

Oculodentodigital dysplasia 
Hypoplastic left heart syndrome, Atrioventricular septal defect 
and common atrioventricular junction 

Syndactyly type 3 

Oculodentodigital dvsolasia 

Zonular pulvernlent cataract 3 

Zonular pulverulent cataract 3 

Zooular pulveruleot cataract 3 
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C>T (p.Pro187Leu) 

NM_005266.6(GJA5):c. l 45 
387906612 GJA5 C>T (p.Gln49Ter) 

NM_005267 .4(GJ A8):c.566 
397515627 GJA8 C>T (p.Pro189Leu) 

NM_OOO l 66.5(GJB l):c.425 
786204123 GJBl G>A (p.Argl42Gln) 

NM_OO 1097642.2(GJB l):c. 
104894814 GJBl 658C>T (p.Arg220Ter) 

NM_000166.5(GJBl):c.164 
104894824 GJBl C>T (p.Thr55Ile) 

NM_OOO l 66.5(GJB l):c.77C 
587777876 GJBl >T (p.Ser26Leu) 

NM_000166.5(GJBl):c.790 
587777879 GJBl C>T (p.Arg264Cys) 

NM_OOO l 66.5(GJB l):c.688 
587781246 GJBl C>T (p.Arg230Cys) 

NM_OOO l 66.5(GJB l):c.223 
116840819 GJBl C>T (p.Arg75Trp) 

NM_004004.5(GJ B2):c. l 58 
587783645 GJB2 G>A (p.Cvs53Tvr) 

NM_004004.5(GJB2):c.-
80338940 GJB2 23+ lG>A 

NM_004004.5(GJB2):c.223 
104894402 GJB2 C>T (p.Arg75Trp) 

NM_004004.5(GJB2):c.4 l 6 
76434661 GJB2 G>A (p.SerJ39Asn) 

NM_000404.2(GLB l ):c.176 
72555392 GLBl G>A (p.Ar_g59His) 

NM_000404.2(GLB l):c.176 
398123351 GLBl 9G>A (p.Arg590His) 

398123353 GLBl NM_000404.2(GLB l):c.397 

CCTGGGGGGATGAGYAGGCTGAT 

CCGGTGGCCCTGCCYCAATGTGG 

GGTGTTCCRGCTGTTGTTTGAGG 

CCGGGCCTGTGCCCGCYGAGCCC 

CCTTCATCTGCAACAYACTCCAG 

CCGAGTATGGCTCTYGGTCATCT 
CCCTGAAAGACATACTGYGCCGC 

CCTGAAAGACATACTGYGCCGCA 
CCGCTCCAATCCACCTTCCYGCA, 
CCAATCCACCTTCCYGCAAGGGC 
CCCCATCTCCCATGTGYGGCTGT, 
CCCATCTCCCATGTGYGGCTGTG. 
CCATCTCCCATGTGYGGCTGTGG 

GTCTRCAACACCCTGCAGCCAGG 

GCAGRTGAGCCCGCCGGCCCCGG 
CCCCATCTCCCACATCYGGCT AT, 
CCCATCTCCCACATCYGGCTATG, 
CCATCTCCCACATCYGGCTATGG 

CCCGGAAGAAGATGYTGCTTGTG 

CCCRTGTGCCCCGCTTCTACTGG 
GGCCRCTATTGGCCAGCCCGGGG 
, 
TGGCCRCTATTGGCCAGCCCGGG, 
TTGGCCRCTATTGGCCAGCCCGG 

ACTARGGAGGATTACCTGCTTGG 

Atrial fibrillation, familial. 11 

Cataract 1 

Cbarcot-Marie-Tootb Neuropatby X 

X-link:ed hereditary motor and sensory neuropatby 

X-link:ed hereditary motor and sensory neuropatby 

X-linked hereditary motor and sensory neuropatby 

X-link:ed hereditary motor and sensory neuropatby 

Charcot-Marie-Tooth disease 

X-l inked hereditary motor and sensory neuropathy 

Hearing impairment 

Deafness, autosomal recessive lA, Hearing impairment 

Deafness. autosomal dominant 3a 

Deafness, autosomal recessive lA, Hearing impai1"ITTent 
Mucopolysaccharidosis, MPS-lY-B. lnfantile GMl 
gangJiosidosis, Juvenile GM> 1 < gangliosidosis, 
Gaogliosidosis GMJ type 3, GMl -GANGLIOSIDOSIS, 
TYPE I, WITH CARDIAC INYOL YEMENT, not provided 

Mucopolysaccbaridosis, MPS-IV -B, Infaotile GM! 
gangliosidosis, Juvenile GM> l < gangliosidosis, 
Gaogliosidosis GM l type 3, not provided 

Mucopolysaccbaridosis, MPS-IY-B, Infantile GMl 
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- IG>A 

NM_000404.2(GLB l):c.136 
72555359 GLB I 9C>T (p.Arg457Ter) 

NM_000404.2(G LB 1 ):c.622 
72555366 GLB I C>T (p.Arg208Cys) 

NM_000404.2(GLB I ):c.202 
72555370 GLB l C>T (p.Arg68Trp) 

NM_000170.2(GLDC):c.22 
121964980 GLDC 16G>A (p.Arg739His) 

NM_OOO I 70.2(G LDC):c.24 
121964977 GLDC OSC>T (p.Ala802Val) 

NM_005270.4(GLI2):c.132 
121917707 GLJ2 3G>A (p.Trp441 Ter) 

NM_000168.5(GLI3):c.21 l 
116840748 GLI3 OC>T (p.Gln704Ter) 

NM_OOO l 68.5(GLI3):c.348 
116840770 GLI3 lC>T (p.Glnll61Ter) 

NM_OOO 17 l.3(GLRA1 ):c. l 
281864919 GLRAl 259G>A (p.Arg420His) 

NM_001146040.l(GLRA1) 
116474260 GLRAl :c. l l 32G>A (p.Gly378Ser) 

NM_000824.4(GLRB):c.75 
121909749 GLRB 2G>A (p.Gly251Asp) 

NM_005271.3(GLUDl):c.9 
121909736 GLUD l 53G>A (p.Arg318Lys) 

NM_013334.3(GMPPB):c.l 
397509422 GMPPB 081G>A (p.Asp361Asn) 

NM_O l 3334.3(GMPPB):c.2 
397509423 GMPPB 20C>T (p.Arg74Ter) 

397509424 GMPPB NM_O l 3334.3(GMPPB):c.6 

CCCCCAGGGAGTCCTTGAGYGAA 

CCCCAGGGAGTCCTTGAGYGAAA 

' CCCAGGGAGTCCTTGAGYGAAAC 

' CCAGGGAGTCCTTGAGYGAAACA 

CCTGCAGAAGCGCTTTYGCCACC 

CCGCTTCTACTGGAAGGACYGGC 
TCTGTCRCCCTGGAGACTTCGGG. 
ATCTGTCRCCCTGGAGACTTCGG 

CCTGTGGGAACCGTCAGTGYGGC 

CCACTGRGAAGACTGCACCAAGG 
CCCCAACAGACATCTYAGCCAAG 

CCCAACAGACATCTYAGCCAAGC 

CCGACCTGCCCATTYAGTGGAAC 

ATCCCRCATTGGCTTCCCCATGG 

CCTGTAGACAGGCTGGGCYCATC 

GAAAGRCTACTACACATGCGTGG 

ATGARATATTTACATCGTTTTGG 

CCGTTGAGGTAGAGCTCATYATT 

CCTTCCAGCTGGGAATCYGAATC 

CCGCTGACGCTGAGCACCYCGAA 

gangliosidosis, Juvenile GM> 1 < gangliosidosis, 
Gangliosidosis GM I type 3, not provided 

Infantile GMl gangliosidosis 
Mucopolysaccharidosis, MPS-IV -B, Infantile GM! 
gangl iosidosis, Juvenile GM> 1 < gangliosidosis, 
Gangliosidosis GM I type 3, not provided 

Juvenile GM>l< gangliosidosis 

Non-ketotic hyperglycinemia 

Non-ketotic hypergJycinemia 

Holoprosencephaly 9 

Pallister-Hall syndrome 

Pallister-Hall syndrome 

Hyperekplexia hereditary 

HyperekDlexia hereditary 

Hyperekplexia 2 

Hype1insulinism-hyperammonemia syndrome 
Limb-girdle muscular dystrophy-dystroglycanopathy, type 
C14, Congenital muscular dystrophy-dystroglycanopathy with 
brain and eye anomalies, type Al4 
Congenital muscular dystrophy-dystroglycanopathy with brain 
and eye anomalies, type Al4 

Limb-girdle muscular dystrophy-dystroglycanopathy, type 
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4C>T (p.Pro22Ser) 

NM_02197 l .2(GMPPB):c.5 
397509425 GMPPB 53C>T (p.Argl85Cys) 

NM_O l 3334.3(GMPPB):c.8 
202160208 GMPPB 60G>A (p.Arg287Gln) 

NM_002070.3(GNAI2):c.53 
137853227 GNAI2 6G>A (p.Argl 79His) 

NM_OO 1142339 .2(GN AL): 
398122923 GNAL c.409G>A (o.Yal137Met) 

NM_002072.4(GNAQ):c.54 
397514698 GNAQ 8G>A (p.Arg183Gln) 

NM_000516.5(GNAS):c.60 
121913495 GNAS 2G>A (o.Arg201 His) 

NM_OO 1077488.3(GNAS):c 
137854539 GNAS .347C>T (p.Pro l 16Leu) 

NM_001128227.2(GNE):c. 
121908625 GNE 1820G>A (o.Glv607Glu) 

NM_OO l 128227.2(GNE):c. 
62541771 GNE 1985C>T (p.AJa662YaJ) 

NM_O l 4236.3(GN PAT):c.6 
121434440 GNP AT 31C>T (o.Arg211Cvs) 

NM_032520.4(GNPTG):c.3 
137852885 GNPTG 16G>A (p.Glyl06Ser) 

NM_032520.4(GNPTG):c. l 
193302848 GNPTG 96C>T (p.Arg66Ter) 

NM_032520.4(GNPTG):c.6 
193302854 GNPTG 10- l G>T 

NM_000406.2(GI\1RHR):c.4 
104893842 GNRHR 16G>A (p.Arg139His) 

CCCTGCAGTGCTGCAGYGCATCC. 
CCTGCAGTGCTGCAGYGCATCCA 

CCGCAGCACCGTGCACCGCYGGA 
GGACCCRCGTAAAGACCACGGG 
G, 
CGGACCCRCGTAAAGACCACGGG 
, 
ACGGACCCRCGTAAAGACCACGG 
TGACCATRTGAAAAAACTTTGGG, 
TTGACCATRTGAAAAAACTTTGG 
GAGTTCRAGTCCCCACCACAGGG 
, 
AGAGTTCRAGTCCCCACCACAGG 

CGCTGCCDTGTCCTGACTTCTGG 

CCATGAGCAACCTGGTGCYCCCC 

GATGRGCCTGATTGrrcCTGTGG 

GTTTCRCAGC'ITGGATGAGATGG 

CCTTTTTCATGCGGYGTACCTTT 
TCCTCRGGTGAGTGGGGCCGGGG 

' ATCCTCRGGTGAGTGGGGCCGGG 

' GATCCTCRGGTGAGTGGGGCCGG 
CCCGTGCATCTClTCYGACTCTC, 
CCGTGCATCTCTTCYGACTCTCG 

CCTGCATCCTCCACCTTCAYGGC 

ACCRCTCCCTGGCTATCACGAGG 

Cl4 

Limb-girdle muscular dystrophy-dystroglycanopathy. type 
C14, Congenital muscular dystrophy-dystroglycanopathy with 
brain and eye anomalies. type Al4. Congenital muscular 
dystrophy-dystroglycanopathy with mental retardation, type 
Bl4 
Congenital muscular dystrophy-dystroglycanopathy with 
mental retardation. type B 14 

Granulosa cell u1mor of the ovary 

Oystonia 25 

Sturge-Weber syndrome, Capillary malformations, congenital, 
l 
McCune-Albright syndrome. Somatotroph adenoma, Sex 
cord-stromal n1111or, Cushing syndrome 
Pseudohypoparathyroidism type lA, 
Pseudopseudohypoparath yro id ism 

Coclusioo body myopathy 2 

Inclusion body myopathy 2, Nooaka myopatby 

Rhizomelic chondrodyspJasia punctata type 2 

MucoEpidosis III Gamma 

MucoEoidosis III Gamma 

MucoEpidosis III Gamma 
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NM_000406.2(0NRHR):c.9 
104893847 ONRHR 59C>T (p.Pro320Leu) 

NM_OOO l 73.6(0P lBA):c. l 
267606849 GPlBA 620G>A (p.Tro540Ter) 

NM_OOO l 73.6(GP lBA):c.2 
121908063 GPlBA 17C> T (p.Leu73Phe) 

NM_OOO 175.3(0PI):c.475G 
137853582 GPI >A (o.Glyl59Ser) 

NM_000175.3(GPI):c. I 6 15 
137853585 GP! O>A (p.Asp539Asn) 

NM_000175.3(GPJ):c.67 l C 
61754634 GPI >T (p.Thr224Met) 

NM_OOO I 75.3(GPI):c. l 4C> 
267606852 OPI T (p.Thr5Tle) 

NM_000273.2(0PR 143):c.4 
58933950 OPR143 550>A (p.Serl52Asn) 

NM_OO I 004334.3(0PR J 79) 
387907138 0PRl79 :c.598C>T (p.Arg200Ter) 

NM_O 13296.4(0 PSM2):c.3 
267606854 OPSM2 79C> T (p.Argl 27Ter) 

NM_OO J 039848.2(0 PX4):c. 
769967246 OPX4 381C>A (p.Tyr127Ter) 

NM_Ol2203.l(ORHPR):c.4 
180177312 ORHPR 780>A (p.Glyl60Arg) 

NM_012203. l (GRHPR):c.4 
180177314 GRHPR 94G>A (p.Glyl65Asp) 

NM_Ol 2203. l (GRHPR):c.9 
180177322 GRHPR 04C>T (p.Arg302Cys) 

NM_007325 .4(GR1A3) :c.24 
137852350 GRIA3 97G>A (p.Gly833Arg) 

NM_000833.4(GR1N2A):c. 
397518470 GRIN2A 1553G>A (p.Arg518His) 

NM_000834.3(GRIN2B):c. 
796052571 GRIN2B 1858G>A (p.Val620Met) 

CCCATOCTTTOATCYACTTATCT 

CTGRCTGCTCTTTGCCTCTGTGG 

CCTGATGCCTTACACTCGCYTCA 

TTGGCROCTCCGACCTGGTGAGG 
CTCACRACOCTTCTACCAATGGO, 
TCTCACRACOCTTCTACCAATOO 
CCATCACOAATGCAOAGAYGOC 
G 
CCCOCCATGGCCGCTCTCA YCCG, 
CCOCCATGOCCGCTCTCAYCCOG, 
CCATGGCCOCTCTCAYCCGOOAC 

CCATTTCCTCOGTGAATACYTCA 
CCCCTGCCCTGAAOAAGYGAGTG 

' 
CCCTOCCCTOAAGAAOYOAOTOT 

' 
CCTGCCCTOAAOAAGYOAOTOTT 

CCATAOTn'GTTOTCAOYOACAC 

CCTOCACOCCCOATAYOCTOAOT 

ATCATCROOCTGOOGCGCATAGG 

CTCTAGRCCAGGCCATTGCTCGG 

CCACCCACAGAACCYGCAACACC 

ACTTGTCRGAGGTCTOGGGCTGG 

TGAGGAACRTTCTGAAGTGGTGG 
TACCTRTGCAGAACCCAAAGGGG 

' GTACCTRTGCAGAACCCAAAGGG 

Bernard-Soulier syndrome, type Al 

Bernard-Soulier syndrome, type A2, autosomal dominant 
Hemolytic anemia, nonspherocytic, due to glucose phosphate 
isomerase deficiency 
Hemolytic anemia, nonspherocytic, due to glucose phosphate 
isomerase deficiency 
Hemolytic anemia, nouspherocytic, due to glucose phosphate 
isomerase deficiency 

Hemolytic anemia, nonspherocytic, due to glucose phosphate 
isomerase deficiency 

Ocular albinism. type I. DOt provided 

CoDgeDital stationary Dight bl indness, type l E 

Chudley-McCullouRh syndrome 

Spondylometaphyseal dysplasia Sedaghatiao type 

Plimary byperoxaluria, type II 

Primary byperoxaluria, type II 

Primary hyperoxaluria, type II 

Mental retardation, X-lioked, syndromic, wu type 
Focal epilepsy with speech disorder with or without mental 
retardation 

not provided 
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NM_000834.3(GRIN2B):c. 
397514556 GRlN2B 1658C>T (p.Pro553Leu) 

NM_002087.3(GRt'\T):c.3G> 
63750331 GRN A (p.Metllle) 

NM_002087 .3(GRN):c.835 
60623 1221 GRN +lG>A 

NM_002087 .3(G RN):c.373 
63750077 GRN C>T (p.Glnl25Ter) 

NM_002087.3(GRN):c. l47 
63751294 GRN 7C>T (p.Arg493Ter) 

NM_002087 .3(GRN):c.12l 
193026789 GRN 2C>A (p.Cys404Ter) 

NM_ l 73849.2(GSC):c.400 
587777289 GSC C>T (p.Gln 134Ter) 

NM_OOO I 78.2(GSS):c.49 l 
121909307 GSS G>A (p.Arg l64Gln) 

NM_002098.5(GUCA I B):c. 
121909124 GUCAlB 469G>A (p.Glvl57Arg) 

NM_OOO l 80.3(G UCY2D):c 
61750173 GUCY2D .2513G>A (p.Arg838His) 

NM_000181.3(GUSB):c.15 
121918179 GUSB 21G>A (p.Trp507Ter) 

NM_000181.3(GUSB):c.10 
398123234 GUSB 84G>A (p.Asp362Asn) 

NM_000181.3(GUSB):c.16 
16_1653del38 

377519272 GUSB (p.Ser539Argfs*8) 
NM_000181.3(GUSB):c.53 

587779400 GUSB OC>T (p.Thrl77Ile) 
NM_OOO l 81.3(GUSB):c.52 

121918181 GUSB 6C>T (p.Leu l76Phe) 
NM_002103.4(GYS 1 ):c.138 

121434584 GYSl 4C>T (p.Arg462Ter) 

' CGTACCTRTGCAGAACCCAAAGG 

CCCTTCCTCAGAGCYATTCAGCG 
CATRTGGACCCTGGTGAGCTGGG, 
CCATRTGGACCCTGGTGAGCTGG 
GCACACAGRTACCAGAGGCAGG 
G 

CCGTGGGTGCCATCYAGTGCCCT 

CCTGCAACGTGAAGGCTYGATCC 

CCACCAGCACTGCTGYCCCCAGG 

CAGCATCTRGTGCGGTACCGGGG 

TGTGCACCRGTGGGTCCCCTGGG 
GAGAATRGAGATGGTAAGAGGG 
G, 
TGAGAATRGAGATGGTAAGAGG 
G, 
ATGAGAATRGAGATGGTAAGAG 
G 
CCGGGAGCRCACGGAGGAGCTG 
G 
ACTCTTGRTATCACGACTACGGG, 
TACTCTTGRTATCACGACTACGG 

GGGCTTCRACTGGCCGCTGCTGG 

CCATACTCRCTCTGAATAATGGG 

CCATCAACAACACACTCAYCCCC 

CCATCAACAACACAYTCACCCCC 

CCTGACCACCATCCGCYGAATCG 

Mental retardation. autosomal dominant 6 

Frontotemporal dementia, ubiquitin-positi ve, not provided 

Frontotemporal dementia, ubiquitin-positi ve 

Frontotemporal dementia, ubiquitin-positive, not provided 

Frontotemporal dementia, ubiquitin-positive, not provided 

Frontotemporal dementia 
Shott stature, auditory canal atresia. mandibular hypoplasia, 
skeletal abnormalities 

Gluthathiooe synthetase deficiency 

Retinitis pigmencosa 48, not provided 

Cone-rod dystrophy 6, not provided 

Mucopolysacchruidosis type VII 

Mucopolysaccharidosis type VII, not provided 

Mucopolysaccbru·idosis type VII 

Mucopolysaccha1idosis type VII 

Mucopolysacchru·idosis type VIL not provided 

Glycogen storage disease 0, muscle 
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NM_021957.3(GYS2):c.736 
12 1918419 GYS2 C>T (p.Arg246Ter) 

NM_005327.4(HADH):c.l 1 
137853101 HADH 8G>A (o.Ala40Thr) 

NM_005327.4(HADH):c.77 
137853103 HADH 3C>T (p.Pro258Leu) 

NM_000183.2(HADHB):c. 
121913134 HADHB 1331 G>A (o.Arg444Lys) 

NM_021l75.3(HAMP):c. l6 
104894695 HAMP 6C>T (p.Arg56Ter) 

NM_0061 18.3(HAXl):c.56 
74315322 HAXl 8C>T (o.Gln l90Ter) 

NM_0005 l 7.4(HBA2):c.31 
41417548 HBA2 4G>A (p.Cysl05Tyr) 

NM_0005 l 8.4(HBB):c.47G 
63750783 HBB >A (o.Tml6Ter) 

NM_0005 I 8.4(HBB):c.-
34999973 HBB 140C>T 

NM_0005 l 8.4(HBB):c.-50-
34883338 HBB 92C>T 

NM_000559 .2(HBG1 ):c.-
35378915 HBGl 170G>A 

NM_000559.2(HBG1 ):c.-
35983258 HBGl 53-196C>T 

NM_000559.2(HBGl):c.-
281860601 HBGl 167C>T 

NM_000184.2(HBG2):c.19 
34474104 HBG2 OC>T (p.His64Tyr) 

NM_000184.2(HBG2):c.27 
35103459 HBG2 7C>T (p.His93Tyr) 

CCACCGGTACTGCATGGAGYGAG 

CCGGTACTGCATGGAGYGAGCTT 

GATGGGCRCCGGCATTGCCCAGG 

CCGGTTACCCCATGGGCCYATTT 
AACARATTACGGAAAGAAGGAG 
G, 
GCCAACARATTACGGAAAGAAG 
G 
CCCATGTTCCAGAGGYGAAGGAG 

' CCATGTTCCAGAGGYGAAGGAG 
G 

CCAGATCTTGATTCCYAGGTTI'C 

CCACTRCCTGCTGGTGACCCTGG 

CCTGTRGGGCAAGGTGAACGTGG 

CCTCACCCTGTGGAGCCAYACCC 

CCTCACCCTGTGGAGCYACACCC 

CTTRACCAATAGCCTTGACAAGG 

CCTCTTGGGGGCCCCTTCYCCAC 

CCAGCCTTGCCTTGACYAATAGC 
CCCCAAAGTCAAGGCAYATGGCA 

CCCAAAGTCAAGGCAYATGGCA 
A, 
CCAAAGTCAAGGCAYATGGCAA 
G 
CCCAGCTGAGTGAACTGY ACTGT, 
CCAGCTGAGTGAACTGYACTGTG 

Hypoglycemia with deficiency of glycogen syntherase in the 
liver 

Deficiency of 3-bydroxyacyl-CoA dehydrogenase 

Hyperinsulinemic hypoglycemia, familial. 4 

Mitochondrial trifunctio nal protein deficiency 

Hemocbromatosis type 2B 

Severe congenital neutropeDia 3, autosomal recessive 

Hemoglobin H disease, nondeletional 

beta"O" Thalassemja 

beta Thalassemja 

Fetal hemoglobin quantitative trait locus 1 

Fetal hemoglobin Qllantitative trait locus 1 

Fetal hemoglobin quantitative trait locus 1 

Cyanosis, transient neonatal 

Cyanosis, transient neonatal 
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NM_OOO l 84.2(HBG2):c.20 
587776864 HBG2 2G>A (p.Val68Met) 

NM_005333.4(HCCS):c.47 
193929392 HCCS 5G>A (p.Glul59Lys) 

NM_005334.2(HCFC I ):c.6 
318240758 HCFC I 74G>A (p.Ser225Asn) 

NM_005334.2(HCFC 1 ):c.2 
397515486 HCFC J 18C>T (p.Ala73Val) 

NM_O l 8486.2(HDAC8):c.9 
398122909 HDAC8 58G>A (p.Gly320Arg) 

HE PACA NM_ l 52722.4(HEPACAM) 
387907052 M :c.292C>T (o.Arg98Cys) 

NM_003865.2(HESX l):c.4 
104893742 HESX I 45G>A (p.Glul 49Lys) 

NM_000520.4(HEXA):c.80 
121907954 HEXA 5G>A (o.Gly269Ser) 

N M_000520.4(HEXA):c.50 
121907957 HEXA 9G>A (p.Argl 70Glo) 

NM_000520.4(HEXA):c.80 
121907980 HEXA 5+1G>A 

NM_000520.4(HEXA):c.59 
1800429 HEXA 8G>A (p.Val200Met) 

NM_000520.4(HEXA):c. l 4 
121907966 HEXA 95C>T (p.Arg499Cys) 

NM_000520.4(HEXA):c.50 
121907972 HEXA 8C>T (p.Arg l70Trp) 

NM_000520.4(HEXA):c. l 0 
76173977 HEXA 73+1G>A 

NM_000520.4(HEXA):c.80 
770932296 HEXA 6-7G>A 

NM_000521 .3(HEXB):c.15 
121907983 HEXB 14G>A (p.Arg505Gln) 

CCCAAGGAAGTCAGCA YCTICTT, 
CCAAGGAAGTCAGCAYCTTCTTG 
GAATAACRAGCAGGCTTGGAAG 
G 
GATGARTGGCTGCAGGCTGGGGG 

' GGATGARTGGCTGCAGGCTGGGG 
, 
GGGATGARTGGCTGCAGGCTGGG 
, 
CGGGATGARTGGCTGCAGGCTGG 

CCAGTGG'ITCATCCCAGYCGTGA 

ACTTGACCRGGGTCATCCT AGGG 

CCTGACTATCGAGACYGTATCCG 

TCTAGAGRAAGACAGAATCCAGG 
ACCARGTAAGAATGATGTCTGGG 

GACCARGTAAGAATGATGTCTGG 

TCCTCACCRGGGCTTGCTGTTGG 
ACCAGRTAAGAATGATGTCTGGG 

GACCAGRTAAGAATGATGTCTGG 

GAACRTGTTCCACTGGCATCTGG 

CCTGACATTTGCCTATGAAYGTT 
CCCCGCTTTCCTCACYGGGGCTT, 
CCCGCTTTCCTCACYGGGGCTTG 
CCCTCCTTCCTTCCTCAYGTCTG, 
CCTCCTTCCTTCCTCAYGTCTGG 
CCAGGGATACCTAAGCYAAGAG 
A 

AGGCCTCRGGCAAGTGCTGTTGG 

Cyanosis, transient neonatal 

Microobtbalmia, syndromic, 7 

Mental retardation 3, X-linked, not provided 

Mental retardation 3, X-linked 

Cornelia de Lange syndrome 5 
Megalencephalic leLLkoencephalopathy with subco1tical cysts 
2a 

Growth hormone deficiency with pituitary anomalies 

Tay-Sachs disease. Gm2-gangliosidosis. adult 

Tay-Sachs disease 

Tay-Sachs disease. Bl variant 

Tay-Sachs disease. Gm2-gangliosidosis, adult-onset 

Tay-Sachs disease 

Tay-Sachs disease, not provided 

Tay-Sachs disease 

Sandhoff disease. adult type 
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NM_000521.3(HEXB):c.85 
12 1907986 HEXB OC>T (p.Arg284Ter) 

NM_0004 l 0.3(HFE):c.845 
1800562 HFE G>A (P.Cvs282Tvr) 

NM_001017975.4(HFMl):c 
587777269 HFMl .2206G>A (p.Gly736Ser) 

NM_000187.3(HGD):c.16-
397515347 HGD lG>A 

NM_OOO 187 .3(HGD):c.688 
28942100 HGD C>T (p.Pro230Ser) 

NM_ l52419.2(HGSNAT):c 
398124544 HGSNAT .1250+1G>A 

NM_l52419.2(HGSNAT):c 
112029032 HG SN AT .l 843G>A (p. AJa6 l 5Thr) 

NM_l52419.2(HGSNAT):c 
121908286 HGSNAT . l553C>T (o.Ser518Phe) 

NM_005340.6(HfNT I ):c.27 
397514493 H[NTJ 8G>A (p.Gly93Asp) 

NM_005340.6(lillffl):c.18 
397514492 HINTl 4C>T (p.Glo62Ter) 

NM_00041 l .6(HLCS):c. l9 
146448211 HLCS 93C>T (p.Arg665Ter) 

NM_00041 l.6(HLCS):c.16 
119103231 HLCS 48G>A (p.Val550Met) 

NM_0004 l l.6(HLCS):c.15 
119103229 HLCS 22C>T (p.Arg508Trp) 

NM_000190.3(HMBS):c.51 
118204096 HMBS 8G>A (p.Argl 73Gln) 

NM_OOO l 90.3(HMBS):c.59 
118204100 HMBS 3G>A (p.Trpl98Ter) 

CCAGATTACGAGGAATTYGAGTC 

ACGTRCCAGGTGGAGCACCCAGG 

CCAAGTCAAAGTAACAAACYATA 
TACARTACATTTCTGGA 1TfGGG, 
CTACARTACA'nTCTGGA TTTGG 

CCTCGTGATTTCTTGATAYCCAT 
CTACRTAAGCGAACCCCTGGGGG 

' CCTACRTAAGCGAACCCCTGGGG 

' CCCTACRTAAGCGAACCCCTGGG, 
GCCCTACRTAAGCGAACCCCTGG 
CATCGTCRCCACTGCCCTCTGGG, 
ACATCGTCRCCACTGCCCTCTGG 

CCATTACAGGGGCTCA11vfYTGT 

GAATAAGGRTTATCGAATGGTGG 
CCCAAGAAACATATATCCYAGAT 

CCAAGAAACATATATCCYAGATT 
AGTATCRGTAATAAAGGGGAAG 
G 

TGGCTGTCRTGGAAGCAGTGAGG 

CCTGTGTTCCAGGAYGGGGAGGG 

CAACACCCRGCTTCGGAAGCTGG 
TGGGCTRGCACAACCGGGTGGGG 

' 
ATGGGCTRGCACAACCGGGTGGG 

' 
CATGGGCTRGCACAACCGGGTGG 

Sandhoff disease, Sandhoff disease, infanti le 
Hemocbromatosis type l, Microvascular complications of 
diabetes 7, Traosferrin serum level quantitative trait locus 2, 
not specified. not provided 

Premature ovarian failme 9 

Alkaoronuria 

Alkaptomu-ia 

not provided 
Mucopolysaccharidosis, MPS-Ul-C, RETINfTJS 
PJGMENTOSA 73 

Mucooolvsaccharidosis. MPS-Jll-C 

Gamstorp-Wohlfart syndrome 

Gamstorp-Woblfart syndrome 

not provided 

Holocarboxylase syntbetase deficiency, not provided 

Holocarboxylase syotbetase deficiency 

Acute intermittent porphyria 

Acute incermiccenc porphyria 
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NM_000190.3(HMBS):c.77 
118204103 HMBS G>A (p.Arg26His) 

NM_OOO l 90.3(HMBS):c.91 
118204104 HMBS G>A (o.Ala31Thr) 

NM_OOO l 90.3(HMBS):c.66 
118204110 HMBS 7G>A (p.Glu223Lys) 

NM_000190.3(HMBS):c.74 
118204112 HMBS 8G>A (o.Glu250Lvs) 

NM_000190.3(HMBS):c.75 
118204113 HMBS 4G>A (p.Ala252Thr) 

NM_OOO l 90.3(HMBS):c.64 
I l 8204116 HMBS 7G>A (o.Gly216Aso) 

NM_OOO I 90.3(HMBS):c.34 
118204094 HMBS 6C>T (p.Argl 16Trp) 

NM_000190.3(HMBS):c.49 
118204101 HMBS 9C>T (o.Arn l67Tro) 

NM_OO l 166 107.l(HMGCS 
28937320 HMGCS2 2):c.160G>A (p.Yal54Met) 

NM_OO I 166 107.l(HMGCS 
2):c.1373G>A 

137852639 HMGCS2 (o.ArJ?458His) 
NM_000545.6(HNF1A):c.8 

137853238 HNFIA 15G>A (p.Arg272His) 
NM_000545.6(HNF1 A):c. l 

137853241 fil·rFlA 859C>T (p.Thr620Ile) 

NM_000545.6(HNF1A):c.3 
137853243 HNFlA 35C>T (p.Prol 12Leu) 

NM_000458.3(HI\lFlB):c.4 
121918675 HNFlB 94G>A (p.Argl65His) 

NM_000457.4(HNF4A):c.4 
137853336 HNF4A 06C>T (p.Argl36Trp) 

NM_l384 l 3.3(HOGA1 ):c.9 
777046879 HOG Al 73G>A (p.Gly325Ser) 

764396564 HOG Al NM_l384 l 3.3(HOGA1 ):c. l 

GGTACCCRCAAGAGCCAGGTGGG 

GGGTACCCRCAAGAGCCAGGTGG 

GCAGCTTRCTCGCATACAGACGG 
GGGCGTGRAAGTGCGAGCCAAG 
G 

TCGCTRAAAGGGCCTTCCTGAGG 

AAGGRCCTTCCTGAGGCACCTGG 

TGGRCCAGGTACACTTGACCAGG 
CCTTCCCTCCTCCCCCAGGYGGG, 
CCCTCCTCCCCCAGGYGGGAAAA 
, 
CCTCCTCCCCCAGGYGGGAAAAC 

CCTTAGCAACTCTCCACAGYGGG 

GGACRTGGGCATCCTGGCCCTGG 

AGCATCRCCGAAAGTATGCCCGG 

GGCRCAAAGAAGAAGCCTTCCGG 

CCACAGCGTCATCGAGAYCTTCA 
CCCTCTCCCAGGGAGGACCYGTG 

CCTCTCCCAGGGAGGACCYGTGG 

AGCRTGCCGCTCTGTACACCTGG 
CCAGAATGAGCGGGACYGGATC 
A 
CAACRGCTGGCTCTGAGGGCAGG 

CCAGCAACRGCTGGCTCTGAGGG 

CCCCCCTGTGACCACCCYCTTCA. 

Acute intermittent porphy1ia 

Acute intermittent oorohvria 

Acute intermittent porphyria 

Acute intermittent oorohvria 

Acute intermittent porphyria 

Acute intermittent porphyria 

Acute intermittent porphyria 

Acute intermittent oorohyria 
mitochondrial 3-hydroxy-3-methylglutaryl-CoA synthase 
deficiency 

mitochondrial 3-hydroxy-3-methylglutaryl-CoA synthase 
deficiency 

Diabetes mellitus. insulin-dependent, 20 

Manirity-onset diabetes of the young, type 3 

Mattuity-onset diabetes of the young, type 3 

Familial hypoplastic, glomerulocystic kidney 

Mattrrity-onset diabetes of the young, type 1 

Primary byperoxaluria, type III 

Primary hyperoxaluria, type III 
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34C>T (p.Pro45Leu) 

NM_000522.4(HOXA13):c. 
104894019 HOXAI3 l 107G>A (p.Trp369Ter) 

NM_002143.2(HPCA):c.56 
550921485 HPCA 8G>A (p.Ala l90Thr) 

NM_000194.2(HPRTJ ):c.3 
398123240 HPRT l 84+ lG>A 

NM_OOOl94.2(HPRTl):c.4 
398123241 HPRT l 86-lG>A 

NM_000l94.2(HPRTJ):c. l 
137852506 HPRT l 93C>T (p. Leu65Phe) 

NM_OOO l 95.4(HPS l ):c.174 
281865089 HPS I 9G>A (p.Trp583Ter) 

NM_032383.4(HPS3):c. l 18 
1219083 16 HPS3 9C>T (p.Arg397Trp) 

NM_022081.5(HPS4):c.649 
11947 1023 HPS4 C>T (p.Arg2 l 7Ter) 

NM_024747.5(HPS6):c.223 
28 1865107 HPS6 C>T (p.G ln75Ter) 

NM_024747.5(HPS6):c.8l 5 
281865109 HPS6 C>T (p.Thr272Jle) 

NM_024747.5(HPS6):c.123 
281865112 HPS6 4C> T (p.Glo412Ter) 

NM_005144.4(HR):c.3034 
121434451 HR G>A (p.Asp l 012Asn) 

NM_000196.3(HSD1 1B2):c 
121917780 HSD1 1B2 .622C>T (p.Arg208Cys) 

NM_OO l 0378 l l .2(HSD l 7B 
HSD17B l 10):c.388C>T 

28935475 0 (p.Argl30Cys) 

NM_OOO 197. l (HSD 17B3):c 
119481078 HSD17B3 .166G>A (p.Ala56Thr) 

NM_OOO 197 .1(HSDl7B3):c 
28939085 HSD17B3 .695C>T (p.Ser232Leu) 

CCCCCTGTGACCACCCYCTTCAC, 
CCCCTGTGACCACCCYCTTCACT, 
CCCTGTGACCACCCYCTTCACTG 
AATCTGRTTCCAGAACAGGAGGG 

CAATCTGRTTCCAGAACAGGAGG 

CAGCRCCTCCCAGTTCTGAGAGG 
GAAAGRTATGTATCTTGAAAGGG 

' GGAAAGRTATGTATCrfGAAAGG 

TTAACARCTTGCTGGTGAAAAGG 

CCATCACATTGTAGCCYTCTGTG 

CCAGCTGGATCAGAGAYCAGACC 

CCTGCAGTGTTTCACTGTGYGGT 

CCAAGGTCCTGCTTCACYGAACA 
GGAGGGCTRGCCGGCCGGCCAG 
G 

GCCCAG RTGTGTACAGCCAGTGG 

CCGCCGCTRGTAGTACCCGCAGG 

GGCCRACCTGGTCAGCATCCTGG 

CCTCCTGCCCCTGCTGYGCAGCT 

CCTTCAATGTGATCYGCCTGGTG 
CTGGARCAGGCGATGGAATTGGG 

ACTGGARCAGGCGATGGAATTGG 
CCCCATATGCTGTCTYGACTGCA, 
CCCATATGCTGTCTYGACTGCAA 

Hand foot uterus syndrome 

Dystonia 2. torsion, autosomal recessive 

not provided 

not provided 
Partial hypoxat1thine-guanine phosphoribosyltransferase 
deficiency 

Hermansky-Pudlak syndrome l 

Hermansky-Pudlak syndrome 3 

Hermansky-PudJak syndrome 4 

Hermanskv-Pudlak syndrome 6 

Hermansky-Pudlak syndrome 6 

Hermansky-PudJak syndrome 6 

Alopecia universalis congeoita 

Aooarent mineralocorticoid excess 

2-metbyl-3-hydroxybutyric aciduria 

Testosterone 17-beta-dehydrogenase deficiency 

Testosterone 17-beta-dehydrogenase deficiency 
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NM_001166 120. l (HSD3B2 
80358216 HSD3B2 ):c.5 12G>A (p.Trpl71Ter) 

NM_001540.3(HSPB 1 ):c.54 
28937569 HSPB1 5C>T (p.Prol82Leu) 

NM_OO 1540.3(HSPB l):c.54 
104894020 HSPBl 4C>T (p.Prol82Ser) 

NM_001540.3(HSPB1):c.37 
29001571 HSPBl 9C>T (o.Arg l27Tro) 

NM_005529.6(HSPG2):c.4 
137853248 HSPG2 595G>A (p.Cys 1532Tyr) 

NM_002775.4(HTRA l ):c.8 
587776445 HTRA l 21G>A (p.Arg274Gln) 

NM_002775.4(HTRA 1 ):c.8 
1] 3993969 HTRA l 89G>A (p.Val297Met) 

NM_002775.4(HTRA I ):c. l 
113993971 HTRAl 108C>T (o.Arg370Ter) 

NM_ l5328l. l (HYALl):c.8 
104893743 HYAL I 02G>A (p.Glu268Lys) 

NM_O I 8060.3(IARS2):c. I 8 
373436822 LARS2 21G>A (p.Tro607Ter) 

NM_0165 l 3.4(TCK):c.8 15G 
118203918 ICK >A (p.Arg272GIJ1) 

NM_001282386.J(lDHl):c. 
121913500 lDHl 395G>A (o.Argl32His) 

NM_002168.3(IDH2):c.419 
121913502 IDH2 G>A (p.Argl40Gln) 

NM_000202.6(IDS):c.998C 
104894853 IDS >T (p.Ser333Leu) 

NM_000202.6(IDS):c. l 402 
199422231 IDS C>T (p.Arg468Trp) 

NM_000203.4(IDUA):c.120 
121965019 IDUA 5G>A (p.Trp402Ter) 

NM_000203.4(IDUA):c.898 
121965030 IDUA G>A (p.Ala300Thr) 

121965032 IDUA NM_000203.4(IDUA):c.109 

AATGGGTRGAATCTAAAAAATGG 

CCAACGAGATCACCATCCYAGTC 

CCAACGAGATCACCATCYCAGTC 
CCGGCAAGCACGAGGAGYGGCA 
G 

CGCTRCCCGCCAGGCTACATCGG 

GCTGCRGCCGGGAGAGTTCGTGG 

ATCRTGAGCACCACCCAGCGAGG 

CCTCACGGAGTCCCATGACYGAC 

TGTGGCCRAGGCATTCCGTGTGG 

TCATGRTCTTATGTTCTTCCAGG 

GAAACRACCAACAGCTAGTCAGG 

CA TAGGTCRTCA TGC'rl'A TGGGG 
CTATCCRGAACATCCTGGGGGGG 
, 
ACTATCCRGAACATCCTGGGGGG 
, 
AACTATCCRGAACATCCTGGGGG 

CCATCATTGCATTTACCTYGGAT 

CCTATAGCCAGTATCCCYGGCCT 

GCTCTRGGCCGAAGTGTCGCAGG 
GACGAGRCGGACCCGCTGGTGGG 
, 
CGACGAGRCGGACCCGCTGGTGG 

CCCCTTCGCGCAGCGCAYGCTCA, 

3 beta-Hydroxysteroid dehydrogenase deficiency 

Distal hereditary motor neuronopathy tvoe 2B 

Distal hereditary motor neuronopathy type 2B 
Charcot-Marie-Tootb disease type 2F, Distal hereditary motor 
nelU'onopathv type 2B 

Schwartz Jampel syndrome type l 
Cerebral autosomal recessive arteriopathy with subcortical 
infarcts and leukoencephaJopathy 
Cerebral autosomal recessive arteriopathy with subcortical 
infarcts and leukoencephalopathy 
Cerebra l autosomal recessive arteriopathy with subcortical 
i11farcts and leukoencephalopathv 

Deficiency of hyaluroooglucosamioidase 

Leigh disease, not provided 

Endocrioe-cerebroosteodysplasia 

D-2-bydroxyglutru.ic acidmia 2 

Mucopolysaccbaridosis, MPS-II, not provided 

Mucopolysacchaiidosis, MPS-II 

Hmler syndrome. not provided 

Mucopolysaccbaridosis, MPS-I-HIS 

N 
QC ... 

~ 
0 
N 
0 ...... 
QC 

0 
N 
-l 
0 
-l 
QC 

~ 
("".) 

~ 
CJ) 
N 
0 ..... 
g ... 
Ul 
CH 
QC ..... 



lC>T (p.Thr364Met) 

NM_001025295.2(IFITM5) 
786201032 IFITM5 :c.119C>T (p.Ser40Leu) 

NM_Ol4714.3(IFT140):c.87 
431905521 IFT140 4G>A (p.Val292Met) 

NM_Ol47 l 4.3(fFT140):c.39 
794727473 IFT140 91C>T (p.Glnl 331Ter) 

NM_O l 47 l 4.3(1FT J 40):c. l 5 
199826737 IFT140 65G>A (p.Gly522Gl.u) 

NM_Ol4714.3(fFT140):c.63 
201188361 rFT140 4G>A (o.Glv212Arg) 

NM_O I 5662.2(IFT172):c.88 
145541911 JFT172 6C>T (p.Arg296Trp) 

NM_OO l l 77701.2(lFT27):c. 
587777546 IFT27 299G>A (o.Cvs lOOTvr) 

IGHMBP NM_002 I 80.2(JGHMBP2): 
137852667 2 c. l738G>A (p.Val580Ue) 

NM_020070.3(IGLLI ):c.64 
74315491 fGLLl C>T (o.Gln22Ter) 

NM_002181 .3(IHH):c.391G 
121917853 IHH >A (p.Glu 131 Lys) 

NM_00218 I .3(IHH):c.298G 
121917855 IHH >A (p.AsplOOAsn) 

NM_002181.3(IHH):c.383G 
267606873 IHH >A (p.Arg l 28Glo) 

NM_002181.3(IHH):c.461C 
121917861 IHH >T (p.Thrl54Ile) 

NM_002181.3(IHH):c.137C 
121917856 IHH >T (p.Pro46Leu) 

NM_OO 1556.2(IKBKB):c.8 
200296680 IKB KB 14C>T (p.Arg272Ter) 

NM_003639 .4(IKBKG):c. l 
137853329 IKB KG 207C>T (p.Gln403Ter) 

CCCTTCGCGCAGCGCAYGCTCAC, 
CCTTCGCGCAGCGCAYGCTCACC 

CCACTTGATCTGGTYGGTGTTCA 
TCTCRTGATGGCCGTCGGGGAGG, 
CCTTCTCRTGATGGCCGTCGGGG, 
GCCTTCTCRTGATGGCCGTCGGG 
CCAGGAGACCAGGCTGGCGYAG 
c 

CCAAGAAGCAGGGATTCYCCTCA 

CCAAAGTTCCTCACYGTCCATCA 

GCCATCCCRCTTCCAGGCCAAGG 

CCAGCCACTTGCTGYAGTTGTTG 
TTCRTCAGATCCAACAGGAAAGG 
,TGTCCTTCRTCAGATCCAACAGG 

CCAGGCCCCAACCTCAGGYAGCG 
ACCRAGGGCTGGGACGAGGACG 
G, 
GGTGACCRAGGGCTGGGACGAG 
G 

CGCCRACCGCCTCATGACCCAGG 
GCTGCRGGTGACCGAGGGCTGGG 

AGCTGCRGGTGACCGAGGGCTGG 

CCGCGCGGTGGACATCAYCACAT 
CCGCCACGCAAACTCGTGCYGCT, 
CCACGCAAACTCGTGCYGCTCGC 

CCACAGTGTCCTGGCTGAGYGAC 
CCCAAGTGCCAGTATYAGGCCCC 
, 
CCAAGTGCCAGTATYAGGCCCCT 

Osteogenesis imoerfecta tvoe 5 

Renal dysplasia, retinal pigmeotary dystrophy. cerebellar 
ataxia and skeletal dysplasia 
Renal dysplasia, retinal pigmentary dystrophy, cerebe!Jar 
ataxia and skeletal dysplasia 

Renal dysplasia, reti11al pigmentary dystrophy, cerebellar 
ataxia and skeletal dysplasia 

Bardet-Biedl syndrome 19 

Werdoig-Hoffmaoo disease, Charcot-Marie-Tooth disease 

AgammaR:lobulioemia 2, autosomal recessive 

Brachydactyly type Al 

Bracbydaccyly type Al 

Bracbydactyly type Al 

Bracbydactyly type Al 

Acrocapitofemoral cl ysplasia 

Immunodeficiency 15 

Hypohiclrotic ectoclermal dysplasia with immune deficiency 
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NM_OO l 558.3(IL1 ORA):c.7 
149491038 ILlORA 84C>T (p.Arg262Cys) 

NM_001558.3(IL10RA):c.2 
137853580 ILlORA 51C>T (p.Thr84Ile) 

NM_OO 1l42784.2(1Ll lRA) 
387906787 ILllRA :c.475C>T (p.Glul59Ter) 

NM_005535.2(1Ll 2RB l):c. 
121434492 IL12RB1 94C>T (p.Gln32Ter) 

NM_052872.3(1 Ll 7F):c.284 
748486078 fL17 F C>T (p.Ser95Leu) 

NM_O 14339 .6(1U 7RA):c.8 
387906913 fL17RA SOC>T (p.Glu284Ter) 

JLlRAPL NM_O l 427 l .3(1Ll RAPLl ): 
122461161 1 c.1460G>A (p.Trp487Ter) 

NM_000206.2(IL2RG):c.86 
137852508 IL2RG SC> T (p.Arg289Ter) 

NM_002 I 85.3(JL 7 R):c.394 
104893894 fL7R C>T (p.Prol 32Ser) 

NM_000883.3(TMPDH l ):c. 
121912551 fMPDH I 1057G>A (p.Val353Ile) 

NM_000883.3(1MPDH 1 ):c. 
121912553 IMPDHl 568C>T (p.Argl90Trp) 

NM_022489.3(1NF2):c.653 
267607183 INF2 G>A (o.Ar22J8Gln) 

NM_Ol9892.4(JNPP5E):c. I 
121918129 INPP5E 304G>A (p.Arg435Gln) 

NM_005543.3(INSL3):c.30 
104894698 INSL3 4C>T (p.Arg102Cys) 

NM_000208.2(1NSR):c.348 
121913139 INSR lG>A (p.Ala1161Thr) 

NM_000208.2(1NSR):c.479 
121913146 INSR G>A (p.Trp160Ter) 

NM_000208.2(INSR):c.357 
121913150 INSR 2G>A (p.Argll91Gln) 

NM_000208.2(INSR):c.360 
121913156 INSR 2G>A (p.Arg1201Gln) 

CCTCCAGCTGT ATGTGCGGYGCC, 
CCAGCTGTATGTGCGGYGCCGAA 
CCCTGTCCTATGACCTTAYCGCA. 
CCTGTCCTATGACCTTAYCGCAG 

CCTAGGAGCTGATAGCYAGAGGT 

CCAGTGAGTGCTGT1~rry AGGAC 
CTTCCRAGGGGTACCGGTTGGGG, 
ACTTCCRAGGGGTACCGGTTGGG, 
AACTTCCRAGGGGTACCGGTTGG 
CCCTCTCTGCCCGCAGATCYAGC, 
CCTCTCTGCCCGCAGATCYAGCC 

GGGCTRGAGCATCTTTGAGCTGG 
CCCTGTCAGGACGATGCCCYGAA 

CCTGTCAGGACGATGCCCYGAAT 

CCAGTTAAACCTGAGGCTYCTTT 

GGGCRTCGACGTCATAGTCTTGG 
CCAGGCCAACGAGGTGYGGAAG 
G 

CAGCTGCRGAACGAGln'ATCGG 

AGCRGCTGCTGGACTACACCAGG 
CCAGACCTCTCACCATCACYGCC, 
CCTCTCACCATCACYGCCACCAC 

CCTGRCAGCGAGAAACTGCATGG 

TATCGACTRGTCCCGTATCCTGG 
TACTACCRGAAAGGGGGCAAGG 
G, 
TTACTACCRGAAAGGGGGCAAGG 

CCCTGTACRGTGGATGGCACCGG 

Crauiosyuostosis and dental anomalies 

Immunodeficiency 30 

Candidiasis, familial, 6 

Candidiasis, familial, 5 

Mental retardation 21. X-linked 

X-l inked severe combiDed immunodeficiency 
Severe combined immunodeficiency, autosomal recessive, T 
celJ-oegative, B cell-positive, NK cell-positive 

Retinitis pigmentosa 10 

Leber congenital amamosis 11 

Focal segmental glomerulosclerosis 5 

Familial aplasia of the vermis, Joubert syndrome 1 

Cryptorchidism, unilateral or bilateral 
Insulin resistance, Insulin-resistant diabetes mellitus Al"l'D 
acanthosis uigricans 

Insulin-resistant diabetes mellims AND acanthosis uigricans 

Diabetes mellitus type 2 
Insulin-resistant diabetes mellirns AND acanthosis nigricans, 
Hyperinsulinemic hypoglycemia familial 5 
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NM_000208.2(INSR):c.303 
17998 16 INSR 4G>A (p.Vall012Met) 

NM_014425.3(INVS):c.250 
755549444 INVS 9C> T (p.Gln837Ter) 

NM_OO 1023570.2(IQCB 1 ): 
12 1918244 LQCBL c.138 1C>T (p.Arg461Ter) 

NM_OO 1023570.2(IQCB 1): 
727503968 fQCBI c.1090C>T (p.Arg364Ter) 

NM_OO l l l l 125.2(1QSEC2) 
587777261 fQSEC2 :c.2563C>T (p.Arg855Ter) 

NM_OO l l 1l 125.2([QSEC2) 
267607186 fQSEC2 :c.2587C>T (o.Arg863Tro) 

NM_0011 11125.2(£QSEC2) 
267607188 IQSEC2 :c.1075C>T (p.Arg359Cys) 

NM_O l 6 l 23.3(IRAK4):c.34 
377584435 IRAK4 C>T (p.Argl2Cys) 

NM_006147.3(JRF6):c. l J 3 
12 1434228 !RF6 7G>A (p.Trp379Ter) 

NM_006 I 47.3(LRF6):c. l45 
397515434 IRF6 C>T (o.Gln49Ter) 

NM_006147 .3(IRF6):c.5C> 
28942093 IRF6 T (p.Ala2Val) 

NM_006147.3(IRF6):c. l 18 
121434230 IRF6 6C> T (p.Pro396Ser) 

NM_006147.3(IRF6):c.127 
387906968 IRF6 lC>T (p.Ser424Leu) 

NM_005101.3(ISG15):c.16 
786201005 ISG15 3C>T (p.Gln55Ter) 

NM_001101426.3(ISPD):c. 
368593151 ISPD 802C>T (p.A.rg268Ter) 

NM_000419.3(ITGA2B):c. 
137852907 ITGA2B 818G>A (p.GJy273Aso) 

137852906 ITGA2B NM_000419.3(ITGA2B):c. 

GTACRTGCCGGACGAGTGGGAGG 

TGTGTACRTGCCGGACGAGTGGG 

CTGTGTACRTGCCGGACGAGTGG 
CCAAGAAACAAAGTGACAYAAG 
c 
CCGAGTTGAACTGAAGAAAYGA 
G 

CCA TG AG ACTTrCCYG AG AA 1~ro 

GATGAGTCRCTCCACTTTCTGGG 
CCTCCTGCCCTGCAGCCAGYGGT, 
CCTGCCCTGCAGCCAGYGGTACT 

CCATCCAGACAGCCTTCYGCCAG 

CCATCAACATATGTGYGCTGCCT 

ATGRCCAGATGGGAAACCATTGG 
CCACCCGGCATAGCCCTYAACAA 
, 
CCCGGCATAGCCCTYAACAAGAA 
CCCCCCCAG ATCA TGGYCCTCCA, 
CCCCCCAGATCATGGYCCTCCAC, 
CCCCCAGATCATGGYCCTCCACC 

CCTGAACAGGTCATTYCAGTAGT 

CCGCCTGCAGATCTYAACCCCAG 
CCCGAGCGGTGTGGCGCTGYAGG 

CCGAGCGGTGTGGCGCTGYAGGA 

CTCRTTTGTAGGTCACCTAAAGG 

GGCCGTGGRCGAGTTCGACGGGG 

CCACCATGGCCTTCCTTYGAGTA. 

Diabetes mellitus type 2, not specified 

Infantile nephronophthisis 

Sen ior-Loken syndrome 5, not provided 

Senior-Loken syndrome 5, not provided 

Mental retardation, X-linked, nonspecific 

Mental retardation, X-l inked, nonspecific, not provided 

Mental retardation, X-linked, nonspecific 

IRAK4 deficiency 

Van der Woude syndrome 

Van der Woude syndrome 

Van der W oude syndrome 

Van der W oude syndrome 

Poptiteal pterygium syndrome 

Immunodeficiency 38 
Congenital muscular dysu-opby-dystroglycaaopathy with brain 
and eye anomalies, type A 7 

Glanzmaoa thrombastheoia 

Glanzmann tb.rombastheoia 
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1750C>T (p.Arg584Ter) 

NM_002206.2(ITGA 7):c.23 
200402328 ITGA7 57+1G>A 

NM_003638.2(ITGA8):c.12 
374664941 ITGA8 19G>A (p.Gly407 Arg) 

NM_00021 l.4(ITGB2):c.32 
9983887 ITGB2 9-6C>T 

NM_000211.4(ITGB2):c.85 
137852616 ITGB2 OG>A (p.Gly284Ser) 

NM_000212.2(ITGB3):c. l 1 
121918449 ITGB3 99G>A (p.Cys400Tyr) 

NM_000213.3(ITGB4):c.27 
121912466 ITGB4 92G>A (p.Gly931Asp) 

NM_0002 l 3.3(ITGB4):c.18 
80338755 ITGB4 2G>A (p.Cys61 Tyr) 

NM_000213.3(ITGB4):c.16 
121912462 ITGB4 60C>T (p.Arg554Ter) 

NM_005546.3(ITK):c. l 003 
121908191 ITK C>T (p.Arg335Trp) 

NM_002225.3(IVD):c.793+ 
76347 1771 IYO IG>A 

NM_002225.3(1YD):c.94 lC 
28940889 IYO >T (p.A la314Yal) 

NM_0002 I 4.2(JAG l):c.821 
28939668 JAGI G>A (p.Gly274Asp) 

NM_000214.2(JAG l):c.550 
121918350 JAGl C>T (p.ArgJ 84Cys) 

NM_032492.3(JAGN l):c.3 
587777727 JAGNl G>A (p.Metllle) 

NM_000215.3(JAK3):c. l 33 
137852626 JAK3 3C>T (p.Arg445Ter) 

NM_OO 1193466. l (KAN SL 
796052595 KANSLl l):c.2203+1G>A 

NM_OOl 130089.l(KARS):c 
397514746 KARS .ll29G>A (p.Asp377Asn) 

NM_005886.2(KA TNB l):c. 
730880257 KATNBl 1604C>T (p.Ser535Leu) 

CCATGGCCTTCC11YGAGTACGC 

CCGGCCCCGCCTGGCTTAYGTGG. 
CCCCGCCTGGCTTAYGTGGCCAA 

CCTGCAAAAGGCACTCYGATGGC 
GCCRGTGGGGACAGAACAAAAG 
G 
CGACRGCCGCTGTCACCTGGAGG 

' CAACGACRGCCGCTGTCACCTGG 

TGCCACCTRCCTCAACAATGAGG 

CCGGGRCATGGTGGAGTTCCAGG 

CCGGCGCTRCAACACCCAGGCGG 

CCCTCTCTGCAGACYGAGGACGC 

CCTGGTGACTCGACTCYGGTATC 

GATTCCTGRTAAGTAGCACCGGG 

CCTGCACGTGAGGGAAGYCT1TG 

ACGRCATCTGTAATGAGCCCTGG 

CCACTTTGAGTATCAGATCYGCG 

GGCACAATRGCGTCTCGAGCAGG 

CCTTCTGGTTGGCCTCAGCYGAC 
CCARTAAGTGTCAGGGAGCCGGG 

' 
GCCARTAAGTGTCAGGGAGCCGG 

TCACRATCTCATGGAAATCACGG 

CCATCAACGACCTGTYGGTGGTG 

Congenital muscular dystrophy 

Renal adysplasia 

Leukocyte adhesion deficiency type l 

Leukocyte adhesion deficiency 

Glanzmann thrombasthenia 

Adult junctional epidermolysis bullosa 

Epidermolysis bullosa with pyloric atresia 

Epidermolysis bullosa with pyloric atresia 

Lymphoproliferative syndrome 1 

fsovalervl-CoA dehvdrogenase deficiency 

fsovaleryl -CoA dehydrogeoase deficiency, not provided 

Tetralogy of Fallot 

Alagille syndrome l 
Severe coogenital oeutropeoia, Severe congenital neutropeoia 
6, autosomal recessive 
Severe combined immunodeficieocy, autosomal recessive, T 
cell-negative, B cell-positive, NK cell-negative 

Dot provided 

Deafoess, autosomal recessive 89 

LisseocephaJv 6, with microcephalv 
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NM_004974.3(KCNA2):c.8 
786205232 KCNA2 90G>A (p.Arg297Gln) 

NM_002234.3(KCNA5):c. l 
121908593 KCNA5 828G>A (p.Glu610Lys) 

NM_000219.5(KCNE1):c.2 
1805128 KCNEI 53G>A (p.Asp85Asn) 

NM_000219.5(KCNE l ):c.2 
199473360 KCNEl 47G>A (p.Glu83Lys) 

NM_000219.5(KCNEl ):c. l 
199473644 KCNE l 63G>A (p.Gly55Ser) 

NM_000219.5(KCNEl ):c.2 
79654911 KCNE L OOG>A (p.Ar_g67His) 

NM_000219.5(KCNE1):c.2 
74315446 KCNEl 21C>T (p.Ser74Leu) 

NM_000219.5(KCNE1 ):c.2 
28933384 KCNEl OC>T (p.Thr7Ile) 

NM_ l72201. l(KCNE2):c.3 
199473367 KCNE2 47C>T (p.Alal 16Yal) 

NM_l 72201.1 (KCNE2):c .2 
199473648 KCNE2 9C> T (p.Thr I OM et) 

NM_002238.3(KCNH l ):c. l 
730882174 KCNHl 042G>A (p.Gly348Arg) 

NM_000238.3(KCNH2):c.2 
794728397 KCNH2 770G>A (p.Gly924Arg) 

NM_000238.3(KCNH2):c.3 
794728401 KCNH2 002G>A (p.Trpl001Ter) 

NM_000238.3(KCNH2):c. l 
794728478 KCNH2 129-lG>A 

NM_000238.3(KCNH2):c. l 
794728487 KCNH2 945+1G>A 

NM_000238.3(KCNH2):c.2 
141401803 KCNH2 860C>T (p.Arg954Cys) 

TCCRGTTGGTAAGAGTCTTTAGG 

CCGGRAAACAGATTTGTGAAAGG 

GTCCRATGCCTGGCAAGAGAAGG 

TCTACATCRAGTCCGATGCCTGG 
TTCTTCRGCTTCTTCACCCTGGG, 
ATTCTTCRGCTTCTTCACCCTGG 

CCAGCTTCTTGGAGYGGATGTAG 
CCAAGAAGCTGGAGCACTYGAA 
c 

CCTGTCTAACACCAYAGCGGTGA 

CCATGAGAACATTGGTGYGGCTG 

CCAAT1~fCACACAGA YGCTGGAA 

TGAATATRGAGCTGCTGTGCTGG 
CCGGCCGRGGGGGCCGTGGGGG 
G, 
GCCGGCCGRGGGGGCCGTGGGG 
G 
AGCTTCTRGGGGGACAGTCGGGG 

CAGCTTCTRGGGGGACAGTCGGG 

CGGGTGCARGTCCTGTCCCTGGG 
GCTRTGAGTGTGCCCAGGGGCGG . 
TTGGCTRTGAGTGTGCCCAGGGG, 
ATTGGCTRTGAGTGTGCCCAGGG, 
CATTGGCTRTGAGTGTGCCCAGG 
GGCRGAGGGGGCTGGAGCTGCG 
G 

EPILEPTIC ENCEPHALOPATHY, EARLY Il\IFANTILE, 
32 

Atrial fibrillation, familial. 7 
Long QT syndrome, Long QT syndrome 5, acquired, 
susceptibility to, Long QT syndrome 2/5, not specified, not 
provided 

Congenital long QT syndrome 

Congenital long QT syndrome, not specified 

Long QT syndrome, Congenital l.on_g QT syndrome 

Long QT syndrome 5, Congenital long QT syndrome 
Jervell and Lange-Nielsen syndrome 2, Congenital long QT 
syndrome 

Acquired long QT syndrome 
Long QT syndrome, Congenical long QT syndrome, Cardiac 
arrh yth 111 i a 

Zimmermann-Laband syndrome 

Cardiac arrhythmia 

Cardiac arrhythmia 

Cardiac arrhythmia 

Cardiac anhytbmia 

Sudden infant death syndrome, Cardiac affhvthmia 
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NM_000238.3(KCNH2):c.8 
199472880 KCNH2 65G>A (p.Glu289Lys) 

NM_000238.3(KCNH2):c. l 
199472937 KCNH2 81 lG>A (p.Glv604Asp) 

NM_000238.3(KCNH2):c.3 
199473019 KCNH2 014G>A (p.Arg l005Gln) 

NM_000238.3(KCNH2):c.3 
199473022 KCN H2 107G>A (p.Gly l036Asp) 

NM_000238.3(KCNH2):c.2 
199473432 KCN H2 660G>A (p.Arg887 His) 

NM_000238.3(KCNH2):c.2 
199473540 KCNH2 810G>A (p.Ser937Asn) 

NM_000238.3(KCNH2):c.2 
199473669 KCNH2 707G>A (p.Gly903Arg) 

NM_000238.3(KCNH2):c.2 
199473670 KCNH2 759G>A (p.Arg920Glo) 

NM_000238.3(KCNH2):c.3 
121912509 KCNH2 003G>A (p.Trpl001Ter) 

NM_000238.3(KCNH2):c.2 
138498207 KCNH2 371C>T (p.A.rg791Trp) 

NM_000238.3(KCNH2):c. l 
770047651 KCNH2 128G>A (p.Gln376=) 

NM_000238.3(KCNH2):c.2 
794728381 KCNH2 026C>T (p.Gln676Ter) 

NM_000238.3(KCNH2):c.3 
794728403 KCNH2 040C>T (p.A.rgl 014Ter) 

NM_000238.3(KCNH2):c. l 
794728364 KC!\1H2 096C>T (p.A.rg366Ter) 

NM_000238.3(KCNH2):c. l 
794728481 KCNH2 684C>T (p.His562Tyr) 

CATCRAGGCCATGCGCGCCGGGG 

ACATCRAGGCCATGCGCGCCGGG 

GACATCRAGGCCATGCGCGCCGG 

CCTGGGCGDCCCCTCCATCAAGG 

CAGTCRGGGCCGCCAGTACCAGG 
CCCGGGRCGACGTGGAGAGCAG 
G 

AGCRCAAGTTGTCCTTCCGCAGG 

CTCCARCCCTGAGAGCAGTGAGG 
CCARGGGAGGTGTCGGCCTTGGG 

' 
GCCARGGGAGGTGTCGGCCTTGG 
GTAGCCRGGGCCGGCCGGGGGG 
G. 
AGTAGCCRGGGCCGGCCGGGGG 
G. 
GAGTAGCCRGGGCCGGCCGGGG 
G 

AGCTTCTGRGGGGACAGTCGGGG 

GTCGCCCCRCAGGATCTCGATGG 
CCGGCCGCTGGGCGCCTACYTGG 

CCGCTGGGCGCCTACYTGGGTGA 

CCCGCTACCACACAYAGATGCTG 

CCAGTACCAGGAGCTCCCTYGAT 
CCTAAGATAAAGGAGYGAACCC 
A 

CCTTTGCGCTCATCGCGYACTGG 

Congenital long QT syndrome 

Congenital long QT syndrome 

Congenital long QT syndrome 

Congenital long QT syndrome, Cardiac arrhythmia 

Long QT syndrome, Congenital long QT syndrome 

Congenital long QT syndrome, Cardiac arrhythmia 

Congenital long QT syndrome, Cardiac arrhythmia 

Congenital long QT syndrome 

Long QT syndrome 2, Cardiac arrhythmia 
Long QT syndrome. Congenital long QT syndrome, Cardiac 
arrhythmia 

Long QT syndrome. Cardiac arrhythmia 

Cardiac arrhythmia 

Cardiac arrhythmia 

Cardiac anhytbmia 

Cardiac an·hythmia 
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NM_000238.3(KCNH2):c.9 
199472885 KCNH2 34C>T (p.Arg3 12Cys) 

NM_000238.3(KCNH2):c. l 
199472901 KCNH2 307C>T (p.Thr436Met) 

NM_000238.3(KCNH2):c. l 
1994729 10 KCNH2 474C>T (p.His492Tyr) 

NM_000238.3(KCNH2):c.2 
199472984 KCNH2 086C>T (p.Arg696Cys) 

NM_000238.3(KCNH2):c.3 
199473021 KCNH2 097C>T (p.Argl033Trp) 

NM_000238.3(KCNH2):c.3 
199473035 KCN H2 457C>T (p. HisJ l53Tvr) 

NM_000238.3(KCNH2):c. l 
121912504 KCNH2 682C>T (p.Ala561 Val) 

NM_000238.3(KCNH2):c. l 
121912508 KCNH2 744C>T (p.Arg582Cys) 

NM_000238.3(KCNH2):c.2 
794728382 KCN H2 I 04C>T (p.Glo702Ter) 

NM_000238.3(KCNH2):c.3 
150988911 KCNH2 43G>A (p.Vall 15Met) 

NM_000238.3(KCNH2):c.2 
77331749 KCNH2 738C>T (p.Ala913Val) 

NM_153767.3(KCNJ1):c.53 
104894253 KCNJl 5G>A (p.Ala179Tbr) 

NM_002241.4(KCNJ10):c.5 
137853067 KCNHO 95C>T (p.Argl99Ter) 

NM_002241.4(KCNJ10):c.8 
137853071 KCNHO 89C>T (p.Arg297Cys) 

NM_00224 l .4(KCNJ1 O):c. l 
137853074 KCNJlO 042C>T (p.Arg348Cys) 

CCATGCACCCACTGYGCAGCGGC 
CCTTCCTGCTGAAGGAGAYGGAA 

CCTGCTGAAGGAGAYGGAAGAA 
G 
CCCCGGCCGCA TCGCCGTCY ACT, 
CCCGGCCGCATCGCCGTCY ACT A, 
CCGGCCGCATCGCCGTCYACTAC 
CCCCAATCCCCTGCGCCAGYGCC, 
CCCAATCCCCTGCGCCAGYGCCT, 
CCAATCCCCTGCGCCAGYGCCTC 
CCTCTCCAGCCCGGGTCGGYGGC, 
CCAGCCCGGGTCGGYGGCCCCGG 
CCCAGCCCCTGCACAGAYACGGC 
, 
CCAGCCCCTGCACAGAYACGGCT 

CCTITGCGCTCATCGYGCACTGG 

CCACACATGGACTCAYGCATCGG 

CCTCGAGGAGTACTTCYAGCACG 
CCCCATCCTCG'fTCTI'CA YGGGC, 
CCCATCCTCGTTCTTCA YGGGCA, 
CCATCCTCGTTCTTCAYGGGCAC 
CCTTGGGGCCGGGCCGGGYGGG 
G 
AACRCAGTGATCAGCAAACGGG 
G, 
GAACRCAGTGATCAGCAAACGG 
G, 
AGAACRCAGTGATCAGCAAACG 
G 
CCCTGCCTCATGATCYGAGTTGC, 
CCTGCCTCATGATCYGAGTTGCC 

CCACCTGTCAGGTGYGCACTTCC 
CCTCCGTGACAGCACTGTA YGCT, 
CCGTGACAGCACTGTAYGCTACG 

Long QT syndrome, Congenical long QT syndrome, Cardiac 
aJThythmia 

Congenital long QT syndrome 

Congenital long QT syndrome 

Congenital long QT syndrome 

Congenital long QT syndrome 

Congenital long QT syndrome 
Long QT syndrome 2, Congenital long QT syrJCirome, Cardiac 
arrhythmia 
Long QT syDdrome 2. Congeoital long QT syDdrome. Cardiac 
arrhythmia 

Cardiac an-hythmia 

Long QT syndrome 2. Congenital long QT syndrome 
Long QT syndrome 2, Congenital long QT syndrome. Long 
QT syndrome 2/9. digenic. Cardiac anbythmia 

Bartter syndrome antenatal type 2 

SeSAME syndrome 

SeSAME syndrome 

Enlarged vestibttlar aqueduct syndrome 
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NM_000525.3(KCNJ1 l ):c.l 
80356615 KCNJ l l 58G>A (p.Gly53Asp) 

NM_000525.3(KCNJ 1 l):c.1 
80356616 KCNJ 11 75G>A (o.Val59Met) 

NM_000525.3(KCNJ l l):c.8 
267607196 KCNJl l 44G>A (p.Glu282Lys) 

NM_000525.3(KCNJ l l):c.6 
80356625 KCNJ l l 01 C>T (p.Arg201 Cys) 

NM_OO l 194958.2(KCNJ 18 
527236152 KCNJ l8 ):c.4 I 9C> T (p.Thrl 40Met) 

NM_OO I l94958.2(KCNJ18 
527236157 KCNJI 8 ):c. l2 l9C>T (p.Gln407Ter) 

NM_OOJ I 94958.2(KCNJ1 8 
527236158 KCNJ l8 ):c. I 061 C>T (p.Thr354Met) 

NM_000891.2(KCNJ2):c.5 l 
104894584 KCNJ2 4G>A (p.Asol72Aso) 

NM_000891.2(KCNJ2):c.55 
104894581 KCNJ2 7C>T (p.Prol86Leu) 

NM_002240.4(KCNJ6):c.46 
786204795 KCNJ6 OG>A (o.Gly l54Ser) 

NM_001282534.l(KCNK9) 
121908332 KCNK9 :c.706G>A (p.Gly236Arg) 

NM_0002 L 8.2(KCNQ l):c. l 
794728531 KCNQJ 685+1G>A 

NM_000218.2(KCNQ l):c.1 
794728539 KCNQl 794G>A (p.Lys598=) 

NM_000218.2(KCNQ l):c.3 
794728553 KCNQl 43G>A (p.Glu 115Lys) 

NM_000218.2(KCNQl):c.l 
794728572 KCNQl l 76G>A (p.Trp392Ter) 

NM_000218.2(KCNQ1):c.6 
17215479 KCNQl 43G>A (p.Val215Met) 

NM_000218.2(KCNQ 1 ):c. l 
120074183 KCNQl 034G>A (p.Gly345Glu) 

GGAGCAGGRCCGCTTCCTGCAGG 

GGACRTGTTCACCACGCTGGTGG. 
GCAGGACRTGTTCACCACGCTGG 

CCTCRAGATCATCGTCATCCTGG 

CCGCCTCTGCTTCATGCTA YGTG. 
CCTCTGCTTCATGCTAYGTGTGG 

CCTCTICTCCATCGAGA YGCAGA 

CCGGGATGGCCTCAGCCCCYAGG 

CCTATGAGGTGCCCTCTAYGCCC 

ATCATCRATGCTTTCATCATTGG 
CCAAGATGGCAAAGCYAAAGAA 
G 
CA CC A 1TRG'n'A TGGCT ACCGGG, 
CCACCATTRGTTATGGCTACCGG 

CATCRGGGCCTTCCTCAACCTGG 
AGGAGRTGGGCACGGCCAAACG 
G 

GACAARGTAGGCTCACGCGCCGG 

TCCTCRAGCGTCCCACCGGCTGG 
CTGRAAGATCTACATCCGGAAGG 
, 
CCACCTGRAAGATCTACATCCGG 
CTGCRTGGGCTCCAAGGGGCAGG 

TCCTCTGCRTGGGCTCCAAGGGG 
CCCAGGRGATTCTTGGCTCGGGG, 
TCCCAGGRGATTCTTGGCTCGGG, 
TTCCCAGGRGATTCTTGGCTCGG 

Permanent neonatal diabetes melli tus. Diabetes melJitus, 
permanent neonatal, with neurologic features 
Permanent neonatal diabetes mellitus, Diabetes mellitus. 
permanent neonatal, witb neurologic features, Neonatal 
insulin-dependent diabetes mellitus 

fslet celJ hyperplasia 
Permanent neonatal diabetes melli tus, Diabetes mellitus, 
permanent neonatal, with neurologic features, Diabetes 
mellitus 

Thyrotoxic periodic paralysis 

Thyrotoxic periodic paralysis 

Thyrotoxic periodic paralysis. Thyrotoxic periodic paralysis 2 

Shott QT syodrome 3. short QT syndrome 

Aoclerseo Tawi l syodrome. Coogeo ital loog QT syodrome 

Kenoen-Lubiosky syndrome 

Birk Ba.rel meotal retardation dysmorphism syndrome 

Cardiac arrhythmia 

Cardiac arrhythmia 

Cardiac arrhythmia 

Cardiac anhytbmia 

Congenital long QT syndrome, Long QT syndrome. LQTl 
subtype 

Long QT syndrome 1, Congenital long QT syndrome, Long 
QT syndrome, LQTl subtype 
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NM_000218.2(KCNQl):c.8 
120074187 KCNQJ 98G>A (p.Ala300Thr) 

NM_000218.2(KCNQl):c.l 
120074188 KCNQl 573G>A (p.Ala525Thr) 

NM_0002l 8.2(KCNQl):c.4 
199472688 KCNQI 36G>A (p.Glu l 46Lys) 

NM_000218.2(KCNQl):c.4 
199472692 KCNQl 84G>A (p.Val162Met) 

NM_000218.2(KCNQ l):c.5 
199472694 KCNQJ 14G>A (p.Vall72Met) 

NM_0002! 8.2(KCNQ I ):c.8 
199472736 KCNQ! 75G>A (p.G ly292Asp) 

NM_000218.2(KCNQl):c. l 
199472811 KCNQl 750G>A (p.Gly584Ser) 

NM_000218.2(KCNQl):c.8 
199473464 KCNQI 68G>A (p.Glu290Lys) 

NM_0002 I 8.2(KCNQ I ):c. J 
199473482 KCNQJ 748G>A (p.Arg583 His) 

NM_0002 l 8.2(KCNQ I ):c.4 
762814879 KCNQI 77+1G>A 

NM_000218.2(KCNQ1):c.6 
151344631 KCNQl 13G>A (p.Val205Met) 

NM_000218.2(KCNQ1):c. l 
149089817 KCNQl 336G>A (p.Asp446Asn) 

NM_000218.2(KCNQ1 ):c. l 
397508070 KCNQl 032+1G>A 

NM_000218.2(KCNQl):c. l 
140452381 KCNQl 354C>T (p.Arg452Trp) 

NM_000218.2(KCNQl):c.l 
199472787 KCNQl 555C>T (p.Arg519Cys) 

TACRCAGATGCGCTGTGGTGGGG 

CTACRCAGATGCGCTGTGGTGGG. 
GCT ACRCAGATGCGCTGTGGTGG. 
GCAGCTACRCAGATGCGCTGTGG 

TGTGRCCAAGAAGAAATTCCAGG 

CATCRAGCAGTATGCCGCCCTGG 

ATCRTGCTGGTGGTGTTCTTCGG 

CGGAGTACRTGGTCCGCCTCTGG 

GAGTCAGRCCGCGTGGAGTTCGG 

GATCGCRGCAGCAACACGATCGG 

GGTGAACRAGTCAGGCCGCGTGG 

GATCRCGGCAGCAACACGATCGG 
GGATGRTACGTAGCATCTGAGGG 
, 
TGGATGRTACGTAGCATCTGAGG 

CATCRTGGTCGTGGCCTCCATGG 

CGTGCRACCCCCCAGAAGAGCGG 
CCCAGCGRTAGGTGCCCCGTGGG 

TCCCAGCGRTAGGTGCCCCGTGG 
CCCCCCAGAAGAGCGGYGGCTG 
G, 
CCCCCAGAAGAGCGGYGGCTGG 
A, 
CCCCAGAAGAGCGGYGGCTGGA 
c 

CCATTAAGGTCATTCGAYGCATG 

Long QT syndrome l, Cardiac anhythmia, not provided 
Congenital long QT syndrome, Cardiac arrhythmia, Long QT 
syndrome, LQTI subtype 
Congenital long QT syndrome, Long QT syndrome, LQTl 
subtype 

Congenital long QT syndrome, Cardiac arrhythmia 

Congenital long QT syndrome 

Congenital long QT syndrome, Cardiac arrhythmia 

Sudden infant death syndrome 
Congenital long QT syndrome. Long QT syndrome. LQTl 
subtype 

Congenital long QT syndrome, Cardiac arrhythmia 

Cardiac arrhythmia 
Long QT syndrome l, Long QT syndrome, Congenital long 
QT syndrome. Cardiac arrhythmia, Long QT syndrome, LQT 1 
subtype, not provided 

Cardiac arrhythmia 

Long QT syndrome, Cardiac arrhythmia, Long QT syndrome, 
LQTl SU btype 

Long QT syndrome, Congenital long QT syndrome, Cardiac 
ruTbythmia, Long QT syndrome, LQTl subtype 

Congenital long QT syndrome 
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NM_000218.2(KCNQ I ):c. l 
199473446 KCNQl 97C>T (p.Ser66Phe) 

NM_000218.2(KCNQl):c.4 
199473450 KCNQl 09C>T (p.Leul37Phe) 

NM_000218.2(KCNQl):c.6 
775479779 KCNQl 42C>A (p.Cys214Ter) 

NM_000218.2(KCNQl):c. l 
397508075 KCNQI 075C>T (p.Gl.o359Ter) 

NM_000218.2(KCNQ l):c. l 
397508097 KCNQI 588C>T (p.Gln530Ter) 

NM_ l 72107.2(KCNQ2):c. l 
796052642 KCNQ2 009G>A (p.Ala337Thr) 

NM_ l 72107.2(KCNQ2):c.6 
397514581 KCNQ2 38G>A (p.Arg213Gln) 

NM_l 72107.2(KCNQ2):c.8 
397514582 KCNQ2 69G>A (p.Glv290Asp) 

NM_ l 72107.2(KCNQ2):c.7 
587777219 KCNQ2 94C>T (p.Ala265Yal) 

NM_l72107.2(KCNQ2):c.8 
796052634 KCNQ2 09G>A (p.Trp270Ter) 

NM_l 72107.2(KCNQ2):c.2 
118192190 KCNQ2 96+1G>A 

NM_ l 72107.2(KCNQ2):c.6 
118192200 KCNQ2 20G>A (p.Arg207Gl.o) 

NM_ l 72107 .2(KCNQ2):c.9 
118192216 KCNQ2 98G>A (p.Arg333Gln) 

NM_ l 72107.2(KCNQ2):c.7 
794727740 KCNQ2 93G>A (p.Ala265Thr) 

NM_ l 72107 .2(KCNQ2):c.9 
118192214 KCNQ2 67C>T (p.Gl.o323Ter) 

NM_ l 72107.2(KCNQ2):c. l 
118192224 KCNQ2 288C>T (p.Pro430Ser) 

CCCGCGCCCCCTGCGTYCCCGGC, 
CCGCGCCCCCTGCGTYCCCGGCC 

CCTCATCGTCCTGGTCTGCYTCA 
CCTCCATGGTGGTCCTCTGHGTG, 
CCATGGTGGTCCTCTGHGTGGGC 
CCTGAAGGTGCAGCAGAAGYAG 
A 
CCAAGAAGAAATTCYAGGTAAG 
c 

CCCGGCARCAGGCCTGATCCAGG 

TGGACCRGCGGGGAGGCACCTGG 

CTGGAACGRCAGGCTCCTTGCGG 

CATCCRCGTAGGTGTCAAAGTGG 

TGGTRGGGCCTGGTGAGTTGTGG 
CTACGTRTGAGTGGCCGGCGGGG 

CCTACGTRTGAGTGGCCGGCGGG 

GCCTACGTRTGAGTGGCCGGCGG 
TGCRGATGATCCGCATGGACCGG 

' GATTCTGCRGATGATCCGCATGG 
AAGAGGCRGAACCCGGCAGCAG 
G 
TACRCGGATGCACTCTGGTGGGG, 
CTACRCGGATGCACTCTGGTGGG, 
CCTACRCGGATGCACTCTGGTGG, 
ACACCTACRCGGATGCACTCTGG 
CCCTGAAGGTTCAGGAGYAGCAC 
, 
CCTGAAGGTTCAGGAGYAGCACA 
CCCCTGTGTGGATGCTGCYCCGG. 
CCCTGTGTGGATGCTGCYCCGGA. 

Congenital long QT syndrome 
Congenital long QT syndrome, Cardiac anhythrnia, Long QT 
syndrome, LQTl subtype 

Cardiac anhythrnia 

Cardiac arrhythmia, Long QT syndrome, LQTl subtype 

Long QT syndrome, Cardiac an-hythmia 

not provided 

Early infanti le epileptic encephalopathy 7, not provided 

Early infantile epileptic encephalopathy 7 

Early infantile epileptic encephalopathy 7, not provided 

not provided 

Benign familial neonatal seizures 1 

Benign familial neonatal seizures 1, Seizures, benign familial 
neonatal, 1, and/or myokyrnia. not provided 

Benign familial neonatal seizures 1 

Benign familial neonatal seizures 1, Seizures, Early infantile 
epileptic encephalopathy 7, not provided 

Benign familial neonatal seizures 1 

Benign familial neonatal seizures 1 
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NM_l 72107 .2(KCNQ2) :c. l 
118192236 KCNQ2 741C>T (p.Arg581Ter) 

NM_004519 .3(KCNQ3):c.9 
118192251 KCNQ3 88C>T (p.Arg330Cys) 

NM_004700.3(KCNQ4):c.9 
28939710 KCNQ4 61G>A (p.Gly321Ser) 

NM_004700.3(KCNQ4):c.8 
80358279 KCNQ4 86G>A (p.Gly296Ser) 

NM_020822.2(KCNTl):c. l 
397515402 KCNTl 283G>A (p.Arg428Gln) 

NM_020822.2(KCNT 1 ):c. l 
397515404 KCNTl 421G>A (p.Arg474His) 

NM_020822.2(KCNTl):c.8 
587777264 KCNTl 62G>A (p.Gly288Ser) 

NM_020822.2(KCNTl):c.2 
397515405 KCNTl 782C>T (p.Arg928Cys) 

NM_l33497.3(KCNY2):c.2 
387907302 KCNY2 26C>T (p.Gln76Ter) 

NM_OO 1282684.1(KCTD17 
786205860 KCTDl7 ):c.434G>A (p.Argl 45His) 

NM_l 53033.4(KCTD7):c.2 
387907260 KCTD7 80C>T (p.Arg94Trp) 

NM_004187.3(KDM5C):c.2 
199422234 KDM5C 191C>T (o.Leu731Phe) 

NM_007035.3(KERA):c.52 
121917860 KERA OC>T (p.Glnl74Ter) 

NM_004523.3(K1Fl l):c.79 
730882122 KlFll 0- IG>A 

NM~OO 1244008. l (KIF! A): 
672601369 KIFlA c.757G>A (p.Glu253Lys) 

NM_001l73464.l(KIF21A) 
267607200 KIF21A :c.2841G>A (o.Met947Ile) 

121912585 KIF21A NM_001l73464.l(KIF21A) 

CCTGTGTGGATGCTGCYCCGGAC 

CCACCTGGACATGCTGTCCYGAA, 
CCTGGACATGCTGTCCYGAATTA 
CCCAAAACGTGGGAAGGCYGTCT 

CCAAAACGTGGGAAGGCYGTCTG 

AGGCTCCRGCTTTGCCCTGAAGG 

CTGRGCAGGGTCCTGGCTGCTGG 
CAGCRGGTCATCTACCTCCAGGG, 
CCAGCRGGTCATCTACCTCCAGG 

CCTGCRCGCCTGGGCCGTGAAGG 

GACCTGCRGCATCCAGCACCTGG 
CCCACCCTTCCAACATGYGCTTC, 
CCACCCTTCCAACATGYGCTTCA 
CCTGGCAGAAGAGGACYAGCAG 
G 

GTACCRCGTGCTGCAGTGCCAGG 
CCCCACGGACTCCGAGGGCYGGT 

CCCACGGACTCCGAGGGCYGGTA 

' CCACGGACTCCGAGGGCYGGTAC 
CCC AG ACGGCCTTGTCTGCYTrT, 
CCAGACGGCCTrGTCTGCYTrTC 
CCTGACCCTTCTTGACCTA Y AGA, 
CCCTTCTTGACCTAYAGAACAAC 

AAATTAAARGTTGATCTTGCAGG 
AGCRAGCGGGCTGACTCCACGGG 

' 
GAGCRAGCGGGCTGACTCCACGG 

AGATATRAATAGACTCCTCAAGG 

CCTGCTITCTCAATAGCAAYGGG 

Beni_!~n familial neonatal seizures 1, not provided 

Benign familial neonatal seizures 2 

DFNA 2 Nonsyndrornic Hearing Loss 

DFNA 2 Nonsyndrornic Hearing Loss 
Early infantile epileptic encephalopathy 14, Epilepsy, 
nocturnal frontal lobe, 5 

Early infantile epileptic encephalopathy 14 

Early infantile epileptic encephalopathy 14 

Epilepsy, nocturnal frontal lobe, 5 

Retinal cone dystrophy 3B 

DYSTONTA 26, MYOCLONfC 

Epilepsy, progressive myoclonic 3 

Mental retardation, syndromic, Claes-Jensen type, X-l inked 

Cornea plana 2 
Microcephaly with or without chorioretinopathy, 
lymphedema, or mental retardation 

Mental retardation, autosomal dominant 9 

Fibrosis of extraocular muscles, congenital, 3b 

Fibrosis of extraocular muscles, congenital, L Fibrosis of 
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:c.2860C>T (p.Arg954T1p) 

NM_004984.2(KIF5A):c.83 
387907288 KIF5A 9G>A (p.Arg280His) 

NM_004984.2(KIF5A):c.70 
387907289 KIF5A 4G>A (p.Gly235Glu) 

NM_004984.2(KIF5A):c.10 
12 1434444 KIF5A 82C>T (p.Ala36 1 Val) 

NM_l 98525.2(KTF7):c.6 IC 
7947273 16 KIF? >T (p.Arg21Ter) 

NM_03255l.4(KISS1 R):c.9 
104894701 KISS IR 9JC>T (p.Arg331Ter) 

NM_000222.2(KlT):c. l 879 
794726675 KlT + IG>A 

NM_000222.2(KIT):c.l 747 
121913680 KIT G>A (p.Glu583Lys) 

NM_l52467.3(KLHL10):c. 
370756367 KLHL!O 937G>A (p.Ala313Thr) 

NM_Ol7415.2(KLHL3):c.l 
199469643 KLH L3 292G>A (p.Al"g43 l Glo) 

NM_Ol7415.2(KLHL3):c.l 
199469628 KLHL3 019C>T (p.Ala340Val) 

NM_006063 .2(KLHL41) :c. 
730882260 KLHL4l 1238C>T (p.Ser413Leu) 

NM_004917.4(KLK4):c.45 
104894704 KLK4 8G>A (p.Trpl53Ter) 

794727420 KMT2D NM 003482.3(KMT2D):c.5 

ATCRTGACAGCAAAATGACAAGG 
GCAGRGAGTGAGAAGGTAGGGG 
G. 
GGCAGRGAGTGAGAAGGTAGGG 
G. 
TGGCAGRGAGTGAGAAGGTAGG 
G. 
CTGGCAGRGAGTGAGAAGGTAG 
G 
CCCAGAAGGAGACGATTGYGAA 
G, 
CCAGAAGGAGACGATTGYGAAG 
c 
CCCAGTGCGGGTTGCCCTGYGAG 

' CCAGTGCGGGTTGCCCTGYGAGT 

CCTGGGCTCGCACTTCYGACAGG 

CTCAAGCRTAAGTTCCTGTATGG 

AATGGRAGTTTCCCAGAAACAGG 
TGACRCTCGGGCAGACAGATGGG 

ATGACRCTCGGGCAGACAGATGG 
CGGCRGAGCAGTGTGGGTGTGGG 
, 
GCGGCRGAGCAGTGTGGGTGTGG 
CCTTCCAGAAGATGCAGAGYAGG 

' CCAGAAGATGCAGAGYAGGTGA 
G 

CCTTCAAACAGAGGCTTYGCTGG 

GGCTRGGGTCTGCTGGCGAACGG 

CCAAGGACCTGCAGYAGCTCTTC 

extraocular muscles, congenical, 3b 

Spastic paraplegia 10 

Spastic paraplegia l 0 

Spastic paraplegia l 0 

Acrocallosal syndrome, Schinzel type 

Pa1tial albinism 

Partial albinism 

Spermatogeoic failure 11 

Pseudobypoaldosterooism, type 2 

Pseudohypoaldosteronism, type 2 

Nemaline myopathy 9 

Amelogeoesis imperfecta. hypomatmation type, ITAi 

Kabuki make-up syndrome 
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677C>T (p.Glnl893Ter) 

NM_003482.3(KMT2D):c.7 
794727549 KMT2D 903C>T (p.Arg2635Ter) 

NM_003482.3(KMT2D):c. l 
587783685 KMT2D 2592C>T (p.Arg4198Ter) 

NM_003482.3(KMT2D):c. l 
587783699 KMT2D 5943C>T (p.Gln5315Ter) 

NM_003482.3(KMT2D):c.3 
587783711 KMT2D 121C>T (p.Glnl041Ter) 

NM_003482.3(KMT2D):c. l 
398123704 KMT2D 1149C>T (p.Gln3717Ter) 

NM_003482.3(KMT2D):c. l 
398123708 KMT2D 1692C>T (p.Gln3898Ter) 

NM_003482.3(KMT2D):c. l 
398123711 KMT2D 2406C>T (p.Gln4136Ter) 

NM_003482.3(KMT2D):c. l 
398123721 KMT2D 47 lOC>T (p.Arg4904Ter) 

NM_003482.3(I<MT2D):c.7 
398123757 KMT2D 066C>T (p.Gln2356Ter) 

NM_000422.2(K RT I 7):c.30 
59977263 KRTl7 4G>A (p.Vall02Met) 

NM_000423.2(KRT2):c. l 45 
137852629 KRT2 9G>A (p.Glu487Lys) 

NM_000424.3(KRT5):c.125 
l219l2476 KRT5 2G>A (p.Glu4 I 8Lys) 

NM_000424.3(KRT5):c.74 
57499817 KRT5 C>T (p.Pro25Leu) 

NM_005554.3(KRT6A):c. l 
60554162 KRT6A 414G>A (p.Glu472Lys) 

NM_005555.3(KRT6B):c. l 
60627726 KRT6B 414G>A (p.Glu472Lys) 

CCCATGGAGCCTCACAGYGATCA 

CCATGGAGCCTCACAGYGATCAG 

CCTACGGTGGGTCAGCTTYGAGC 
CCCGGGGTGGAGAGCTGTYAAA 
A, 
CCGGGGTGGAGAGCTGTYAAAA 
c 

CCAAAACTCCCCTCCTTCCYAGT 

CCTGATTCAAGGCTTTTAYAGGA 
CCCATGGGCTCTTT A YAGCAGCT, 
CCATGGGCTCTTTAYAGCAGCTT 
CCCCACCTGCTGGCTYAGCCCTC. 
CCCACCTGCTGGCTYAGCCCTCT 

CCAATCTGGATGTGYGACAGCTC 

CCAGGAGCCACCCCCTGCCYAGG 
CAAGRTGCGTGCCCTGGAGGAGG 

' GGACAAGRTGCGTGCCCTGGAGG 
AGGGCRAGGAGTGCAGGTGAGG 
G, 
GAGGGCRAGGAGTGCAGGTGAG 
G 

TGCCRAGCAGCGTGGGGAGCTGG 
CCGCCTCTGCCATCACCCYGTCT, 
CCTCTGCCATCACCCYGTCTGTC 
GGAGGGTRAGGAGTGCAGGTGG 
G, 
TGGAGGGTRAGGAGTGCAGGTG 
G 
GGAGGGCRAGGAGTGCAGGTGG 
G, 

Kabuki make-up syndrome 

Kabuki make-up syndrome 

Kabuki make-up syndrome 

Kabuki make-up syndrome 

Kabuki make-up syndrome, not provided 

Kabuki make-up syndrome, not provided 

Kabuki make-up syndrome. not provided 

Kabuki make-up syndrome. not provided 

Kabuki make-up syndrome, not provided 

Pachyonychia congenita type 2, not provided 

lchthyosis bullosa of Siemens. lchthyosis exfoliativa, not 
provided 
Epidermolysis bullosa simplex, autosomal recessive, not 
provided 
Epidermolysis bullosa simplex with mottled pigmentation, not 
provided 

PC-K6a, not provided 

Pachyonychia congenita 4, not provided 
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NM_l 73086.4(KRT6C):c. l 
587777292 KRT6C 414G>A (p.Glu472Lys) 

NM_002282.3(KRT83):c.12 
57802288 KRT83 19G>A (p.Glu407Lys) 

NM_000226.3(KRT9):c.51 I 
57019720 Kin9 G>A (p.Vall71Met) 

NM_000425.4(L l CAM):c. l 
137852519 LlCAM 792G>A (p.Asp598Asn) 

NM_000425.4(L l CAM):c. l 
137852524 LICAM 108G>A (p.Gly370Arg) 

NM_000425.4(Ll CAM):c.2 
137852525 LlCAM 254G>A (p.Val752Met) 

NM_024884.2(L2HGDH):c. 
118204021 L2HGDH 164G>A (o.Glv55Asp) 

NM_000426.3(LAMA2):c. l 
12 1913574 LAMA2 580G>A (p.Cys527Tyr) 

NM_000426.3(LAMA2):c. l 
398123367 LAMA2 12+1G>A 

NM_000426.3(LAMA2):c.2 
9492297 LAi\!1A2 750-lG>C 

NM_000426.3(LAMA2):c.9 
398123391 LAMA2 212-lG>A 

NM_000426.3(LAMA2):c.9 
121913571 LAMA2 253C>T (p.Arg3085Ter) 

NM_000426.3(LAMA2):c. 7 
121913572 LAMA2 732C>T (p.Arg2578Ter) 

NM_000426.3(LAMA2):c.7 
727502851 LAMA2 888C>T (p.Arg2630Ter) 

NM_000426.3(LAMA2):c.3 
398123373 LAMA2 976C>T (p.Argl326Ter) 

TGGAGGGCRAGGAGTGCAGGTG 
G 

CCTACCTGCACTCCTYGCCCTCC 

ATATCRAGATCGCCACCTACAGG 
TAAGRTGCAGGCTCTAGAGGAGG 

' GGATAAGRTGCAGGCTCTAGAGG 
ACTGRATGTGGTGGAGAGTAGGG 

' AACTGRATGTGGTGGAGAGTAGG 
ATCAACRGGATCCCTGTGGAGGG 

' AATCAACRGGATCCCTGTGGAGG 
CGCRTGCAGTGGCGCCCTCAGGG 

' 
CCGCRTGCAGTGGCGCCCTCAGG 
TCGTTGRTGGCGG AA TTGTGGGG. 
ATCGTTGRTGGCGGAATTGTGGG. 
CATCGTTGRTGGCGGAATTGTGG 

ACAGATRTCAGAGTTCCTACTGG 
AAGAGRTACAGTCGAGGCATGG 
G. 
AAAGAGRTACAGTCGAGGCATG 
G 

GCARCCTGTCGCTGTAATGCCGG 

TCARATGACCTCAAGCAGTTI'GG 

CCAGTATTCCGTTCYGAGGTTGC 
CCACCTAGGAGAAAAYGAAGGC 
A 

CCGTTCATGTAGAGYGAACTAGA 

CCATAGAACTGTGACCYGAGAAG 

Palmoplantar keratoderma, nonepidermolytic, focal or diffuse 

Beaded hair, not provided 

Epidermolvtic palmoplaatar keratoderma, not provided 

Spastic paraplegia 1 

Spastic paraplegia l 

L-2-hvdroxv!!lutaric acicluria 
Congenital muscular dystrophy clue to partial LAMA2 
deficieocy, oot provided 

Merosin deficient congenital muscular dystrophy. not 
provided 
Merosin deficient congenital muscular dystrophy, not 
provided 
Merosin deficient congenital muscular dysn·ophy. not 
provided 

Merosin deficient congenital muscular dystrophy 
Merosin deficient congenital muscular dystrophy, not 
provided 

Congenital muscular dystrophy 
Merosin deficient congenital muscular dystrophy. not 
provided 
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NM_000426.3(LAMA2):c.5 
398123378 LAMA2 914C>T (p.Gln l 972Ter) 

NM_l98129.2(LAMA3):c.6 
137852757 LAMA3 808C>T (p.Arg2270Ter) 

NM_l98129.2(LAMA3):c.8 
137852758 LAMA3 962C>T (p.Gln2988Ter) 

NM_002292.3(LAMB2):c.2 
730880125 LAMB2 890C>T (p.Arg964Ter) 

NM_002292.3(LAMB2):c.4 
267607208 LAMB2 177C>T (p.Leul393Phe) 

NM_000228.2(LAMB3):c. l 
121912484 LAMB3 830G>A (p.Trp610Ter) 

NM_000228.2(LAMB3):c.7 
80356681 LAMB3 27C>T (p.Gln243Ter) 

NM_000228.2(LAMB3):c.4 
121912483 LAMB3 96C> T (P. G ln 166Ter) 

NM_000228.2(LAMB3):c.6 
587776812 LAMB3 28+42G>A 

NM_006059.3(LAMC3):c. l 
387906887 LAMC3 156C>T (p.Gln386Ter) 

NM_002294.2(LAMP2):c.9 
104894858 LAMP2 28G>A (p.Val310lle) 

NM_004737 .4(LARGE):c. l 
398124181 LARGE 102C> T (o.Gln368Ter) 

NM_Ol5340.3(LARS2):c. l 
398123036 LARS2 886C>T (p.Thr629Met) 

NM_000229. l (LCAT):c.44 
121908050 LCAT OC>T (p.Thr14We) 

NM_000229. l (LCAT):c.54 
387906300 LCAT 4C>T (p.Argl82Cys) 

NM_007078.2(LDB3):c.201 
45514002 LDB3 7G>A (p.Asp673Asn) 

NM_007078.2(LDB3):c.566 
45487699 LDB3 C>T (p.Ser189Leu) 

NM_001080116.l (LDB3):c. 
121908335 LDB3 802C>T (p.Arg268Cys) 

121908337 LDB3 NM 007078.2(LDB3):c.617 

CCAAAGGCTGTCTTYAGAAAAGC 

CCAATCTCACAACTCTCYGAGAT 

CCAATCATGGAGCCCTCYAGTTT 

CCGTGGGCAGGGCTGYGATGTGA 

CCAGCGGGCACTTGGCAAGYTCT 
GTGRTCAGGGCCTGGGCTGGAGG 

CCTGTGRTCAGGGCCTGGGCTGG 

CCTACTATGCTGTGTCCYAGCTC 

CCGCCAGGGTCGGCCTYAGAGCT 

CCAACTCTGTJ'TCCTTTYCCACC 

CCAGCCCTGTGACTGCYAGTCGG 

GGCTCCRGTAAGCAAAGCACTGG 

CCACACCCGCTCCGAGYAGTGCT 

CCTGTTCATGCAAAAAYGAAAGA 
CCCACAGGGTACCTGCACAYACT 

' CCACAGGGTACCTGCACAYACTG 
CCAGCAGGAGGAGTACTACYGC 
A 
TGCRATTTCCCCGTGGAGGCTGG, 
TGGCTGCRATTTCCCCGTGGAGG 

CCAAAAGCCCTGCCGGGCTYGAG 
CCCACGTTTTGCCAAATTGYGCA, 
CCACGTTTTGCCAAATTGYGCAA 

CCTGTACTCGGCAGAGAYCCTGA 

Merosin deficient congenital muscular dystrophy, not 
provided 

Juoctiooal epidermolysis bullosa gravis of Herlitz 

Adult junctional epidermolysis bullosa 

Pierson syndrome 
Nephrotic syndrome, type 5, with or without ocular 
abnormalities 

Junctional epidermolvsis bullosa gravis of Herlitz 

Junctional epidermolysis bullosa gravis of Herlitz 

Junctiooal epidermolvsis bullosa gravis of Herlitz 

Adult ju11ctio11al epidermolysis bu llosa 

Cortical malformations, occipital 

Cardiomyopathy, Danon disease 

not provided 

Perrault sy11drome 4 

Fish-eye disease 

Norum disease 

Dilated cardionwooathy lC, Left ventricular noncompaction 3 
Dilated cardiomyopathy lC, not specified, nor provided, 
Familial hypertrophic cardiomyopathy 24 

Myofibrillar myopathy, ZASP-related, not specified 

Dilated cardiomvooathv lC 
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C>T (p.Thr206Ile) 

NM_000527 .4(LDLR):c.20 
375009082 LDLR 98G>A (p.Asp700Asn) 

NM_000527.4(LDLR):c.52 
121908033 LDLR 3G>A (p.Aspl75Asn) 

NM_000527.4(LDLR):c.25 
121908037 LDLR 31G>A (p.Gly844Asp) 

NM_000527.4(LDLR):c.71 
768563000 LDLR 8G>A (p.Glu240Lys) 

NM_000527.4(LDLR):c.16 
28942081 LDLR 37G>A (p.Gly546Asp) 

NM_000527 .4(LDLR):c. l 0 
139361635 LDLR 24G>A (p.Asp342Asn) 

NM_000527.4(LDLR):c.67 
387906303 LDLR OG>A (p.Asp224Asn) 

NM_000527 .4(LDLR):c.53 
121908026 LDLR OC>T (p.Ser177Leu) 

NM_000527.4(LDLR):c.62 
121908044 LDLR lC>T (p.Gly207=) 

NM_000527.4(LDLR):c.50 
752596535 LDLR IC>A (o.Cvsl67Ter) 

LDLRAP NM_Ol5627.2(LDLRAP1): 
121908324 l c.65G>A (p.Trp22Ter) 

NM_003240.3(LEFrY2):c. 
121909.126 LEFfY2 1025G>A (o.Ser342Asn) 

NM_003240.3(LEFTY2):c. 
121909125 LEFfY2 940C>T (p.Arg;314Ter) 

NM_000894.2(LHB):c.167 
121912517 LHB G>A (o.Glv56Aso) 

NM_l 78 l 38.4(LHX3):c.62 
137854503 LHX3 9C>T (p.Ala210Val) 

121912642 LHX4 NM_033343.3(LHX4):c.25 

CTGCCCGRACGGCATGCTGCTGG 

GCGAARATGGCTCGGATGAGTGG 

GGACGRCTACAGCTACCCCTCGG 

GACRAATTCCAGTGCTCTGATGG 

GAAAGGGGRCCTGAATGGTGTGG 
CCCCRACGGCTTCCAGCTGGTGG. 
GTGCCCCRACGGCTTCCAGCTGG 

CTGCAAGRACAAATCTGACGAGG 
CCCGACTGCGAAGATGGCTYGGA 

' CCGACTGCGAAGATGGCTYGGAT 

CCACTGCCTAAGTGGYGAGTGCA 
CCCCCAGCTGTGGGCCTGHGACA 

' CCCCAGCTGTGGGCCTGHGACAA 

' CCCAGCTGTGGGCCTGHGACAAC 

' CCAGCTGTGGGCCTGHGACAACG 
AGAGCTRGGGGGGCGGTGGCCG 
G 
GGTCARCCTGCCCAACATGAGGG 

' 
TGGTCARCCTGCCCAACATGAGG 

CCA TTTCTGGGGCCGYG ACAGTG 

TGCCGRCTACTGCCCCACCATGG 
CCAGAACCGCCGGGYCAAGGAG 
A 

CCTGCTGCCCTGACAGGYGCTTC 

not provided 

Familial hypercholesterolemia 

Familial hypercholesterolemia 

not provided 

Familial bypercholesterolemia 

Hypercholesterolaemia, not provided 

Familial bypercholesterolemia 

Familial hypercholesterolemia, not provided 

Familial bypercholesterolemia 

not provided 

Hypercholesterolemfa, autosomal recessive 

Left-ri2ht axis malformations 

Left-right axis malformations 

Isolated lutrooin deficiency 

Pituitary hormone deficiency, combined 3 

Pituitary hormone deficiency, combined 4 
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