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STABILIZED NUCLEIC ACIDS ENCODING 
MESSENGER RIBONUCLEIC ACID (mRNA) 

[0001] This disclosure relates to the field of stabilized messenger ribonucleic acid 

(mRNA) and DNA encoding the stabilized mRNA.  

BACKGROUND 

[0002] Polyadenylation is the process of adding multiple adenine nucleotides to the 3' 

end of a messenger RNA (mRNA), forming a poly-A tail. The poly-A tail consists of 

multiple repeated adenine nucleotides, such as adenosine monophosphates, without other 

bases interrupting the sequence. The poly-A tail is critical for the nuclear export, translation, 

and stability of mRNA. In nature, as mRNA is produced from DNA, a terminal transferase 

adds adenine nucleotides to the 3' end of mRNA. This enzymatic process can be applied 

when producing mRNA ex vivo, but the process is difficult to control and results in poly-A 

tails of different lengths. By encoding a poly-A tail in the plasmid, it is possible to decrease 

the heterogeneity in the poly-A tail. However, it does not eliminate the heterogeneity, and has 

additional downsides such as potential instability of the plasmid.  

[0003] The poly-A tail acts as the binding site for poly-A-binding protein. Poly-A

binding protein assists in exporting mRNA from the nucleus, translation, and inhibiting 

degradation of the mRNA. In the absence of export from the nucleus, mRNAs are typically 

degraded by the exosome. The poly-A-binding protein recruits proteins necessary for 

translation.  

[0004] mRNA is now being used as a therapeutic molecule, for example, for the 

treatment of various diseases and disorders. mRNA is delivered to a subject in lieu of the 

protein so that the subject's cells produce the protein encoded by the mRNA within the cell.  

For these and other purposes, mRNA may be prepared via transcription from a DNA 

template, often contained in a plasmid. During mRNA production, the poly-A tail may be 

added to mRNA enzymatically after transcription from a plasmid or encoded on the plasmid 

itself When the poly-A tail is encoded on a plasmid, the poly-A tail may become shorter (i.e., 

lose adenine nucleotides) over cycles of plasmid DNA replication, potentially leading to large 

variations in the resulting DNA and subsequent mRNA population. Thus, there exists a need 

in the art to design plasmids encoding poly-A tails that are stable and resistant to gradual loss 

of nucleotides encoding poly-A adenine nucleotides during DNA replication.  
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SUMMARY 

[0005] Disclosed herein are DNA encoding, and mRNA comprising, poly-adenylated 

(poly-A) tails comprising consecutive adenine nucleotides located 3' to nucleotides encoding 

a protein of interest, wherein the poly-A tail is stabilized by inserting non-adenine nucleotide 

"anchors." 

[0006] As used herein, the term "poly-A tail" refers to a poly-A tail on an mRNA 

molecule, or a sequence encoding a poly-A tail within a DNA plasmid. A poly-A tail may be 

encoded by a complementary DNA sequence within a plasmid. A sequence of repeating 

thymine (T) nucleotides in a DNA sequence, e.g. a homopolymer T sequence, may encode a 

poly-A tail on an mRNA. Two or more consecutive adenosine (e.g. adenosine or 

deoxyadenosine), thymidine, or other nucleotides are called homopolymers. Naturally

occurring poly-A tails comprise long, uninterrupted homopolymer A sequences.  

[0007] The non-adenine nucleotide anchors disclosed herein interrupt the poly-A tail 

at regular or irregularly spaced intervals and stabilize the DNA encoding the poly-A tail as 

well as the mRNA produced from the DNA. Exemplary non-adenine nucleotide anchors are 

provided in Table 4. An anchor sequence, for example, is adjacent to two adenine nucleotide 

homopolymer sequences within the poly-A tail.  

[0008] In some embodiments, a DNA composition comprising nucleotides encoding a 

poly-adenylated (poly-A) tail located 3' to nucleotides encoding a protein of interest, wherein 

the poly-A tail comprises at least 8 consecutive adenine (A) nucleotides and one or more non

adenine (A) nucleotides is encompassed.  

[0009] In some embodiments, the poly-A tail comprises at least 10, 15, 20, 25, 30, 35, 

40, 45, 50, 55, 60, 65, 70, 75, 80, 85, or 90 consecutive adenine nucleotides.  

[0010] In some instances, the one or more non-adenine nucleotides prevent the loss of 

one or more adenine nucleotides during DNA replication as compared to the loss that occurs 

in a DNA comprising a 3' tail of a similar or same length that contains only adenine 

nucleotides.  

[0011] In some embodiments, the one or more non-adenine nucleotides are positioned 

to interrupt the consecutive adenine nucleotides so that a poly(A) binding protein can bind to 

a stretch of consecutive adenine nucleotides.  

[0012] In some embodiments, the poly-A tail comprises at least 50 total adenine 

nucleotides.  
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[0013] In some embodiments, the poly-A tail comprises 40-500 total adenine 

nucleotides.  

[0014] In some instances, the poly-A tail comprises 95-100 total adenine nucleotides.  

[0015] In some embodiments, the poly-A tail comprises or contains 90, 91, 92, 93, 

94, 95, 96, or 97 total adenine nucleotides.  

[0016] In some embodiments, the poly-A tail comprises or contains 96 or 97 total 

adenine nucleotides.  

[0017] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 non-adenine nucleotides.  

[0018] In some embodiments, the non-adenine nucleotide(s) is located after at least 8, 

9, 10, 11, or 12 consecutive adenine nucleotides.  

[0019] In some instances, the one or more non-adenine nucleotides are located after at 

least 8-50 consecutive adenine nucleotides.  

[0020] In some embodiments, the one or more non-adenine nucleotides are located 

after at least 8, 9, 10, 11, 12, 13, 14, 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 consecutive 

adenine nucleotides.  

[0021] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides every 8-50 consecutive adenine 

nucleotides. In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides comprising at least two non-adenine 

nucleotides every 8-50 consecutive adenine nucleotides. In some embodiments, the poly-A 

tail has one or more non-adenine nucleotides or one or more consecutive stretches of 2-10 

non-adenine nucleotides irregularly spaced anywhere along the length of the poly-A tail, 

wherein somewhere along the length of the poly-A tail there are at least 8 consecutive 

adenines. For example, a poly-A tail may be 70-1000 nucleotides in length, and have any 

number of non-adenines (either singly or grouped) irregularly spaced along the length, as 

long as there is one or more stretch of at least 8 consecutive adenines.  

[0022] In some instances, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides every 8, 9, 10, 11, 12, 13, 14, 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 consecutive adenine nucleotides.  

[0023] In some instances, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides comprising at least two non-adenine 
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nucleotides every 8, 9, 10, 11, 12, 13, 14, 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,or50 

consecutive adenine nucleotides.  

[0024] In some embodiments, the poly-A tail comprises or contains 1, 2, 3, 4, or 5 

consecutive non-adenine nucleotides every 8-50 consecutive adenine nucleotides.  

[0025] In some instances, the poly-A tail comprises or contains 1, 2, 3, 4, or 5 

consecutive non-adenine nucleotides every 8, 9, 10, 11, 12, 13, 14, 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 consecutive adenine nucleotides.  

[0026] In some embodiments, the poly-A tail comprises or contains more than one 

non-adenine nucleotide or more than one consecutive stretch of 2-10 nucleotides as 

interrupting sequences irregularly spaced within the poly-A tail.  

[0027] In some embodiments, the poly-A tail comprises or contains more than one 

non-adenine nucleotide or more than one consecutive stretch of 2-10 nucleotides comprising 

at least two non-adenine nucleotides irregularly spaced within the poly-A tail.  

[0028] In some instances, the poly-A tail comprises or contains one non-adenine 

nucleotide or 2, 3, 4, or 5 consecutive non-adenine nucleotides every 12 consecutive adenine 

nucleotides.  

[0029] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or 2, 3, 4, or 5 consecutive non-adenine nucleotides every 16 consecutive adenine 

nucleotides.  

[0030] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or 2, 3, 4, or 5 consecutive non-adenine nucleotides every 25 consecutive adenine 

nucleotides.  

[0031] In some instances, the poly-A tail comprises or contains one non-adenine 

nucleotide or 2, 3, 4, or 5 consecutive non-adenine nucleotides every 30 consecutive adenine 

nucleotides.  

[0032] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or 2, 3, 4, or 5 consecutive non-adenine nucleotides every 39 consecutive adenine 

nucleotides.  

[0033] In some embodiments, the non-adenine nucleotide is guanine, cytosine, or 

thymine. In some instances, the non-adenine nucleotide is a guanine nucleotide. In some 

embodiments, the non-adenine nucleotide is a cytosine nucleotide. In some embodiments, the 

non-adenine nucleotide is a thymine nucleotide.  
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[0034] In some instances, where more than one non-adenine nucleotide is present, the 

non-adenine nucleotide may be selected from: a) guanine and thymine nucleotides; b) 

guanine and cytosine nucleotides; c) thymine and cytosine nucleotides; or d) guanine, 

thymine and cytosine nucleotides.  

[0035] In some embodiments, the non-adenine nucleotide consists of one non-adenine 

nucleotide selected from guanine, cytosine, and thymine.  

[0036] In some instances, the non-adenine nucleotides comprise two non-adenine 

nucleotides selected from one or more of guanine, cytosine, and thymine.  

[0037] In some embodiments, the non-adenine nucleotides comprise three non

adenine nucleotides selected from one or more of guanine, cytosine, and thymine.  

[0038] The adenine nucleotides may be adenosine monophosphate.  

[0039] In some embodiments, the protein encoded by the mRNA is a therapeutic 

protein. In some instances, the protein a cytokine, chemokine, growth factor, Cas9 or 

modified Cas9.  

[0040] In some embodiments, mRNA encoded by any of the DNAs described herein 

is encompassed.  

[0041] In some embodiments, the DNA is within a vector. The vector may be within a 

host cell, including insect, bacterial, or mammalian (e.g., human) cells.  

[0042] In some embodiments, the one or more non-adenine nucleotide prevents loss 

of nucleotides encoding the poly-A tail within the vector during growth of the host cell as 

compared to the loss that occurs in a DNA comprising nucleotides encoding a poly-A tail of a 

similar or same length that contains only adenine nucleotides.  

[0043] Methods of producing mRNA from any of the DNA vectors described herein 

are encompassed comprising: linearizing the vector downstream of the poly-A tail; 

denaturing the linearized vector; and contacting the denaturized DNA with an RNA 

polymerase in the presence of guanine, cytosine, uracil, and adenine nucleotides.  

[0044] In some embodiments, this disclosure includes a DNA comprising nucleotides 

encoding a poly-adenylated (poly-A) tail located 3' to nucleotides encoding a protein of 

interest, wherein the poly-A tail comprises a first homopolymer sequence of at least 8 

consecutive adenine (A) nucleotides and an interrupting sequence comprising one or more 

non-adenine (A) nucleotides. In some such embodiments, the poly-A tail further comprises a 

second homopolymer sequence of at least consecutive adenine (A) nucleotides. In some 

embodiments, the poly-A tail comprises three or more homopolymer sequences of at least 8 

consecutive adenine (A) nucleotides. In some embodiments, the first and/or subsequent 
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homopolymer sequence comprises at least 10, 15, 20, 25, 30, 35, or 40 consecutive adenine 

nucleotides. In some embodiments, the one or more non-adenine nucleotide prevents the loss 

of one or more adenine nucleotide during DNA replication as compared to the loss that 

occurs in a DNA comprising a 3' tail of a similar or same length that contains only adenine 

nucleotides. In some embodiments, the one or more non-adenine nucleotide is positioned to 

interrupt the consecutive adenine nucleotides so that a poly(A) binding protein can bind to a 

stretch of consecutive adenine nucleotides. In some embodiments, the poly-A tail comprises 

at least 50 total adenine nucleotides. In some embodiments, the poly-A tail comprises 40

1000, 40-900, 40-800, 40-700, 40-600, 40-500, 40-400, 40-300, 40-200, or 40-100 total 

adenine nucleotides. In some embodiments, the poly-A tail comprises 95-100 total adenine 

nucleotides. In some embodiments, the poly-A tail comprises or contains 90, 91, 92, 93, 94, 

95, 96, or 97 total adenine nucleotides. In some embodiments, the poly-A tail comprises or 

contains 96 or 97 total adenine nucleotides. In some embodiments, the one or more 

interrupting sequence comprises or contains one non-adenine nucleotide or one consecutive 

stretch of 2-10 non-adenine nucleotides. In some embodiments, the one or more interrupting 

sequence comprises or contains one non-adenine nucleotide or one consecutive stretch of 2

10 nucleotides that includes two or more non-adenine nucleotides. In some embodiments, the 

non-adenine nucleotide(s) is located after at least 8, 9, 10, 11, or 12 consecutive adenine 

nucleotides. In some embodiments, the one or more non-adenine nucleotide is located after 

at least 8-50 consecutive adenine nucleotides. In some embodiments, the one or more non

adenine nucleotide is located after at least 8, 9, 10, 11, 12, 13, 14, 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 consecutive adenine nucleotides.  

[0045] In some embodiments, as described in the preceding paragraph, the 

interrupting sequence is a trinucleotide, dinucleotide or mononucleotide interrupting 

sequence. In some such embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 non-adenine nucleotides every 8-50 consecutive 

adenine nucleotides. In some embodiments, the poly-A tail comprises or contains one non

adenine nucleotide or one consecutive stretch of 2-10 non-adenine nucleotides every 8, 9, 10, 

11,12, 13,14, 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 consecutive adenine nucleotides. In 

some embodiments, the poly-A tail comprises or contains 1, 2, 3, 4, or 5 consecutive non

adenine nucleotides every 8-50 consecutive adenine nucleotides. In some embodiments, the 

poly-A tail comprises or contains 1, 2, 3, 4, or 5 consecutive non-adenine nucleotides every 8, 
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9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33, 

34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 consecutive adenine 

nucleotides. In some embodiments, the poly-A tail comprises or contains more than one non

adenine nucleotide or more than one consecutive stretch of 2-10 non-adenine nucleotides. In 

some embodiments, the more than one non-adenine nucleotide or more than one consecutive 

stretch of 2-10 non-adenine nucleotides are irregularly spaced within the poly-A tail. In some 

embodiments, the poly-A tail comprises or contains one non-adenine nucleotide or 2, 3, 4, or 

5 consecutive non-adenine nucleotides every 12 consecutive adenine nucleotides. In some 

embodiments, the poly-A tail comprises or contains one non-adenine nucleotide or 2, 3, 4, or 

5 consecutive non-adenine nucleotides every 16 consecutive adenine nucleotides. In some 

embodiments, the poly-A tail comprises or contains one non-adenine nucleotide or 2, 3, 4, or 

5 consecutive non-adenine nucleotides every 25 consecutive adenine nucleotides. In some 

embodiments, the poly-A tail comprises or contains one non-adenine nucleotide or 2, 3, 4, or 

5 consecutive non-adenine nucleotides every 30 consecutive adenine nucleotides. In some 

embodiments, the poly-A tail comprises or contains one non-adenine nucleotide or 2, 3, 4, or 

5 consecutive non-adenine nucleotides every 39 consecutive adenine nucleotides. In some 

embodiments, the non-adenine nucleotide is guanine, cytosine, or thymine. In some 

embodiments, the non-adenine nucleotide is a guanine nucleotide. In some embodiments, the 

non-adenine nucleotide is a cytosine nucleotide. In some embodiments, the non-adenine 

nucleotide is a thymine nucleotide. In some embodiments, the DNA comprises more than 

one non-adenine nucleotide selected from: (a) guanine and thymine nucleotides; (b) guanine 

and cytosine nucleotides; (c) thymine and cytosine nucleotides; or (d) guanine, thymine and 

cytosine nucleotides. In some embodiments described above, the non-adenine nucleotide 

consists of one non-adenine nucleotide selected from guanine, cytosine, and thymine. In 

some embodiments, non-adenine nucleotides comprise two non-adenine nucleotides selected 

from one or more of guanine, cytosine, and thymine. In some embodiments, non-adenine 

nucleotides comprise three non-adenine nucleotides selected from one or more of guanine, 

cytosine, and thymine. In some embodiments, adenine nucleotides are adenosine 

monophosphate. In some embodiments, the protein is a therapeutic protein. In some 

embodiments, the protein a cytokine or chemokine. In some embodiments, the protein a 

growth factor. In some embodiments, the protein is Cas9 or modified Cas9.  

[0046] This disclosure also encompasses an mRNA encoded by the DNA as 

described in the preceding paragraphs.  
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[0047] In some embodiments, the DNA described in the preceding paragraphs may 

also be comprised within a vector. In some embodiments, the vector is comprised within a 

host cell. In some embodiments, where the DNA is within a vector, the one or more non

adenine nucleotide prevents loss of nucleotides encoding the poly-A tail within the vector 

during growth of the host cell as compared to the loss that occurs in a DNA comprising 

nucleotides encoding a poly-A tail of a similar or same length that contains only adenine 

nucleotides.  

[0048] This disclosure also encompasses methods of producing mRNA from the 

DNA vectors described herein, comprising: (a) linearizing the vector downstream of the poly

A tail; (b) denaturing the linearized vector; and (c) contacting the denaturized DNA with an 

RNA polymerase in the presence of guanine, cytosine, uracil, and adenine nucleotides.  

FIGURE LEGENDS 

[0049] FIG 1 shows a sequence encoding a poly-A tail that contains only adenosines 

decreasing in length over rounds of growth. Each clone refers to a DNA generated by 

successive rounds of growth/purification of host cells expressing plasmid encoding the 

clones.  

[0050] FIG 2 shows retention of size of a poly-A tail comprising non-adenine 

nucleotides over 2 growth passages.  

[0051] FIG 3 shows secreted embryonic alkaline phosphatase (SEAP) levels 

measured in a Cas9 mRNA assay using Cas9 mRNA with a poly-A tail containing only 

adenosines or Cas9 mRNA with a poly-A tail comprising non-adenine nucleotides and single 

guide RNA targeting SEAP (SEQ ID NO: 8).  

[0052] FIG 4 shows percent SEAP inhibition measured in a Cas9 mRNA assay using 

Cas9 mRNA with a poly-A tail containing only adenosines or Cas9 mRNA with a poly-A tail 

comprising non-adenine nucleotides and single guide RNA targeting SEAP (SEQID NO: 8) 

with a 24-hour incubation.  

[0053] FIG 5 shows percent SEAP inhibition measured in a Cas9 mRNA assay using 

Cas9 mRNA with a poly-A tail containing only adenosines or Cas9 mRNA with a poly-A tail 

comprising non-adenine nucleotides and single guide RNA targeting SEAP (SEQID NO: 8) 

with a 48-hour incubation.  

[0054] FIG 6 shows serum transthyretin (TTR) levels in mice 7 days after dosing of a 

control transformation and storage solution (TSS) buffer or dosing of liquid nanoparticles 

(LNP) formulated with the single guide RNA of SEQID NO: 9 (targeting the mouse TTR 
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gene) and either an mRNA encoded by SEQ ID NO: 6 (HiCas9 mRNA) or by SEQ ID NO: 7 

(disrupted Poly-A mRNA).  

[0055] FIG 7 shows percent SEAP inhibition measured in a Cas9 mRNA assay using 

Cas9 mRNA with a poly-A tails containing only adenosines or Cas9 mRNA with a poly-A 

tails comprising non-adenine nucleotides and single guide RNA targeting SEAP (SEQ ID 

NO: 8) with a 48-hour incubation.  

DETAILED DESCRIPTION 

[0056] Disclosed herein are DNAs encoding a poly-adenylated tail located 3' to 

nucleotides encoding a protein of interest, wherein the poly-A tail comprises one or more 

non-adenine nucleotides. During DNA replication, DNA encoding a poly-A tail comprising 

one or more non-adenine nucleotide may show less gradual loss of adenine nucleotides 

within the poly-A tail compared with poly-A tails consisting only of adenine nucleotides.  

Thus, plasmids comprising DNA encoding a poly-A tail comprising one or more non-adenine 

nucleotide are provided. mRNA encoded by such DNA is also encompassed. Both the DNA 

and RNA may exhibit greater stability against processive loss of adenine nucleotides than 

similar molecules comprising non-interrupted poly-A tails.  

[0057] The protein of interest may be any natural or non-natural protein. As used 

herein, "protein" refers to any sequence of consecutive amino acids. As such, a protein may 

refer to a protein that comprises the full amino acid sequence of a naturally occurring protein.  

In addition, a protein may refer to an amino acid sequence that comprises a fragment of a 

full-length protein. A protein may be a naturally-occurring sequence, a naturally-occurring 

sequence with one or more modifications, or an artificial sequence that does not occur in 

nature.  

[0058] The protein of interest may be of therapeutic use in a subject, or this protein 

may be of use in a biochemical reaction. Therapeutic proteins include, for example, growth 

factors, antigens for vaccines or immuno-oncology, and enzymes, among others. Therapeutic 

proteins may be naturally occurring or modified. In certain circumstances, a modified protein 

may be a fusion protein.  

[0059] In some embodiments, expression of a protein by an mRNA is for use as a 

treatment for a disease. In some embodiments, expression of a protein by an mRNA is for use 

as a cancer immunotherapy, vaccination against infectious disease, to induce tolerance to a 

type I allergy, as a replacement therapy, or as a regenerative medicine (see Sergeeva OV et 

al, Biochemistry (Moscow) 81(7):709-722 (2016)).  

9



WO 2019/036513 PCT/US2018/046772 

[0060] In some embodiments, autologous dendritic cells are transfected ex vivo with 

an mRNA encoding for prostate-specific antigen (PSA) to modulate the T-cell immune 

response in subjects with metastatic prostate cancer.  

[0061] In some embodiments, an mRNA is a prophylactic vaccine. In some 

embodiments, an mRNA encodes for one or more antigenic proteins. In some embodiments, 

the antigenic protein(s) is a viral protein. In some embodiments, the mRNA causes cells of 

the body to produce and express an antigenic protein. In some embodiments, the mRNA 

causes expression of antigenic proteins without a danger or disease or spread between 

individuals. In some embodiments, expression of antigenic proteins causes the immune 

system of a subject to produce antibodies. In some embodiments, these antibodies can 

neutralize a virus and prevent future infection after exposure to the virus. In some 

embodiments, the mRNA is a prophylactic vaccine for an infectious disease. In some 

embodiments, the mRNA is prophylactic vaccine against influenza, chikungunya, Zika, 

cytomegalovirus, human metapneumovirus (HMPV), or parainfluenza virus type 3 (PIV3).  

In some embodiments, the mRNA is a prophylactic vaccine against influenza H1O or H7 

subtypes.  

[0062] In some embodiments, an mRNA is a personalized cancer vaccine. In some 

embodiments, an mRNA primes the immune system of a subject with cancer to recognize 

cancer cells and mount a response. In some embodiments, this response is tailored to the 

individual patient's cancer or tumor. In some embodiments, an mRNA encodes a patient's 

specific neoantigens (unique proteins with mutations present in the patient's cancer or 

tumor). In some embodiments, an mRNA causes expression of a patient's specific 

neoantigens. In some embodiments, expression of neoantigens elicits a specific immune 

response in the patient to recognize and destroy cancer cells. In some embodiments, an 

mRNA is of use as a personalized cancer vaccine. In some embodiments, an mRNA is of use 

as a personalized cancer vaccine together with one or more checkpoint inhibitor antibodies, 

such as anti-PD-1 therapies.  

[0063] In some embodiments, an mRNA is of use for intratumoral immuno-oncology.  

In some embodiments, injection of an mRNA into a tumor reduces off-target effects and/or 

may be more potent compared to systemic administration. In some embodiments, the mRNA 

causes expression of OX40L (CD252), the ligand for CD134. In some embodiments, the 

mRNA causes expression of cytokines such as interleukin 12 (IL-12).  

[0064] In some embodiments, an mRNA causes expression of a protein for localized 

therapy. In some embodiments, an mRNA causes creation of more blood vessels and 
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improved blood supply in a local tissue. In some embodiments, the mRNA causes expression 

of vascular endothelial growth factor A (VEGF-A). In some embodiments, expression of 

VEGF-A is local and transient. In some embodiments, local and transient expression of 

VEGF-A is of use for treatment of heart failure or after a heart attack, of diabetic wound 

healing, or of other ischemic vascular diseases.  

[0065] In some embodiments, an mRNA causes expression of a protein for 

replacement therapy. In some embodiments, the protein is surfactant protein-B.  

[0066] In some embodiments, an mRNA causes expression of an RNA-guided 

nuclease such as class 2 CRISPR-associated Cas endonuclease, e.g. Cas9/Csnl (Cas9). An 

exemplary Cas9 sequence is UniProt Q99ZW2. In some embodiments, the protein is a 

modified Cas9 or a Cas9 protein fused to another functional protein or peptide. Modified 

versions of Cas9 having one catalytic domain, either RuvC or HNH, that is inactive are 

termed "nickases". In some embodiments, the compositions and methods comprise nickases.  

In some embodiments, the compositions and methods comprise a nickase Cas9 that induces a 

nick rather than a double strand break in the target DNA.  

[0067] In some embodiments, the Cas protein may be modified to contain only one 

functional nuclease domain. For example, the Cas protein may be modified such that one of 

the nuclease domains is mutated or fully or partially deleted to reduce its nucleic acid 

cleavage activity. In some embodiments, a nickase Cas is used having a RuvC domain with 

reduced activity. In some embodiments, a nickase Cas is used having an inactive RuvC 

domain. In some embodiments, a nickase Cas is used having an HNH domain with reduced 

activity. In some embodiments, a nickase Cas is used having an inactive HNH domain.  

[0068] In some embodiments, chimeric Cas proteins are encoded by the DNA, where 

one domain or region of the protein is replaced by a portion of a different protein. In some 

embodiments, a Cas nuclease domain may be replaced with a domain from a different 

nuclease such as Fokl. In some embodiments, a Cas protein may be a modified nuclease.  

I. DNA encoding poly-A tails comprising non-adenine nucleotides 

[0069] As used herein, a "poly-A tail" refers to a sequence comprising adenosines or 

other adenine nucleotides at the 3' end of an mRNA. While natural poly-A tails may be 

comprised solely of adenine nucleotides, a "poly-A tail" of the present invention is stabilized 

by one or more non-adenine nucleotide "anchors". In some embodiments, the poly-A tail 

comprises at least 8 consecutive adenine nucleotides and one or more interrupting sequence 

comprising a non-adenine nucleotide. In other words, the poly-A tails of the present invention 
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comprise at least 8 consecutive adenines, but also comprise one or more non-adenine 

nucleotide within the interrupting or anchor sequences. The interrupting sequences disclosed 

herein interrupt the poly-A tail at regular or irregularly spaced intervals and stabilize the 

DNA encoding the poly-A tail as well as the mRNA produced from the DNA. Exemplary 

interrupting sequences are provided in Table 4.  

[0070] As used herein, "non-adenine nucleotides" refer to any natural or non-natural 

nucleotides that do not comprise adenine. Guanine, thymine, and cytosine nucleotides are 

exemplary non-adenine nucleotides.  

[0071] Native poly-A tails are added in a process of polyadenylation that begins after 

transcription of a DNA into mRNA. In molecular biology methods, however, poly-A tails are 

often encoded by a section of DNA within a plasmid that encodes a protein of interest. In this 

instance, the size of the poly-A tail (i.e., the number of adenine nucleotides comprised in the 

poly-A tail) is directly dependent on the number of DNA nucleotides in the plasmid that 

encode for these consecutive adenine nucleotides.  

[0072] The number of DNA nucleotides encoding the poly-A tail may gradually 

decrease during DNA replication during, for example, growth of the plasmid in a host cell.  

When the number of consecutive adenine-encoding nucleotides in a plasmid reduces, the 

yield of plasmid encoding full-length poly-A tail is reduced, and the resulting mRNA having 

shorter poly-A tails may have decreased stability and/or increased degradation. For example, 

an mRNA with a poly-A tail of 40 consecutive adenine nucleotides might be expected to 

have lower stability than an mRNA with a poly-A tail of 90 or more nucleotides. By lower 

stability, it is meant that an mRNA may be degraded more quickly, and consequently 

expression of a target protein is decreased from an mRNA with a shorter poly-A tail. As such, 

maintaining the length of a poly-A tail within a DNA plasmid over multiple rounds of DNA 

replication within host cells is beneficial. In addition, the poly-A tail may be important for 

translation, and maintaining a longer poly-A tail may result in improved protein expression 

from the mRNA.  

[0073] Inclusion of one or more non-adenine nucleotides in a poly-A tail located 3' to 

nucleotides encoding a protein of interest may prevent the loss of one or more adenine 

nucleotides during DNA replication as compared to the loss that occurs in a DNA comprising 

a 3' poly-A tail of a similar or same length that contains only adenine nucleotides. The 

presence of a longer poly-A tail may also improve the efficiency of protein translation from 

an mRNA.  
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A. Adenine nucleotides 

[0074] The number of consecutive adenine nucleotides in a poly-A tail of this 

invention is designed to allow the poly-A-binding protein to bind to the consecutive 

adenosines. As used herein, "poly-A binding protein," "poly A binding protein," or 

"polyadenylate-binding protein" refers to a protein that binds to a poly-A tail of an mRNA. A 

poly-A binding protein may function to regulate translational initiation. By binding to poly

A tails, a poly-A binding protein may protect them from uridylation by ZCCHC6/ZCCHC11 

and hence contribute to mRNA stability. A poly-A binding protein may be localized in 

cytoplasmic messenger ribonucleoprotein (mRNP) granules containing untranslated mRNAs 

that shuttle between the cytoplasm and the nucleus. An exemplary poly-A binding protein is 

PABPC1 (Uniprot Reference Number: P11940). DNA of the present invention may encode 

sufficient consecutive adenine nucleotides such that when transcribed into mRNA, one or 

more poly-A binding proteins retains ability to bind the poly-A tail. An interrupting non

adenine nucleotide anchor is placed after this functional number of consecutive adenine 

nucleotides.  

[0075] In some embodiments, the one or more non-adenine nucleotide is positioned to 

interrupt the consecutive adenine nucleotides so that a poly-A binding protein can bind to a 

stretch of consecutive adenine nucleotides (i.e. an adenine nucleotide homopolymer or 

"homopolymer A". In some embodiments, the poly-A tail comprises at least 8 consecutive 

adenine nucleotides. In some embodiments, the at least 8 consecutive adenine nucleotides are 

8, 9, 10, 11, and/or 12 consecutive nucleotides. In some embodiments, the poly-A tail 

comprises at least 10, 15, 20, 25, 30, 35, and/or 40 consecutive adenine nucleotides. In some 

embodiments, the poly-A tail comprises at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 

70, 75, 80, 85, and/or 90 consecutive adenine nucleotides. A homopolymer, for example in a 

poly-A RNA sequence, may comprise at least 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 

21, 22, 23, 24, 25, 30, 35, or 40 consecutive adenosine nucleotides. A homopolymer, for 

example in a plasmid sequence encoding the poly-A tail, may comprise at least 8, 9, 10, 11, 

12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, or 40 consecutive thymidine 

nucleotides. In some embodiments, the poly-A tail comprises two or more homopolymer A 

sequences of different lengths, e.g. the interrupting sequences in the poly-A tail are 

irregularly spaced. In some embodiments, the poly-A tail comprises regularly spaced 

interrupting sequences and two or more homopolymers of the same length.  
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[0076] In some embodiments, the poly-A tail comprises a first homopolymer 

sequence of at least 8 consecutive adenine nucleotides, a second homopolymer sequence of at 

least 5 consecutive adenine nucleotides, and an anchor comprising one or more non-adenine 

nucleotides.  

[0077] In some embodiments, the poly-A tail comprises one or more sets of 8-50 

consecutive adenine nucleotides. In some embodiments, the poly-A tail comprises one or 

more sets of 8-100 consecutive adenine nucleotides. For poly-A tails with multiple sets of 

consecutive adenine nucleotides, i.e. multiple homopolymer sequences, each set of adenine 

nucleotides does not need to be the same length.  

[0078] In addition to the number of consecutive adenine nucleotides, a poly-A tail 

may also be characterized by the number of total adenine nucleotides. The number of total 

adenine nucleotides is simply the sum of all adenine nucleotides in a poly-A tail. All adenine 

nucleotides in different groups of consecutive or non-consecutive groupings of adenine 

nucleotides would therefore be included in the number of total adenine nucleotides in a poly

A tail.  

[0079] In some embodiments, the poly-A tail comprises 40-50, 50-60, 60-70, 70-80, 

80-90,90-100,100-110, 110-120,120-130, 130-140,140-150,150-160, 160-170,170-180, 

180-190, 190-200,200-210,210-220,220-230,230-240,240-250,250-260,260-270,270

280,280-290,290-300,300-310,310-320, 320-330,330-340, 340-350,350-360, 360-370, 

370-380, 380-390,390-400,400-410,410-420,420-430,430-440,440-450,450-460,460

470,470-480,480-490,490-500,500-510, 510-520,520-530, 530-540,540-550, 550-560, 

560-570, 570-580, 580-590, or 590-600 total adenine nucleotides. In some embodiments, the 

poly-A tail comprises one or more homopolymer A sequence of at least 8, 9, 10, 12, 25, 30, 

50 nucleotides in length.  

[0080] In some embodiments, the poly-A tail comprises 40-1000, 40-900, 40-800, 40

700, 40-600, 40-500, 40-400, 40-300, 40-200, or 40-100 total adenine nucleotides.  

[0081] In some embodiments, the poly-A tail comprises at least 40 total adenine 

nucleotides. In some embodiments, the poly-A tail comprises at least 50 total adenine 

nucleotides. In some embodiments, the poly-A tail comprises at least 40, 50, 60, 70 80, 90, 

100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 220, 240, 260, 280, or 300 adenine 

nucleotides.  

[0082] In some embodiments, the poly-A tail comprises or contains 90, 91, 92, 93, 

94, 95, 96, or 97 total adenine nucleotides. In some embodiments, the poly-A tail comprises 

or contains 96 or 97 total adenine nucleotides.  
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[0083] In some embodiments, the adenine nucleotides are adenosine monophosphate.  

The nucleotides may be modified.  

B. Interrupting sequences comprising non-adenine nucleotides 

[0084] Non-adenine nucleotides of the present invention may comprise or consist of 

natural or non-natural nucleotides such as guanine, cytosine, or thymine. The nucleotides 

may be modified.  

[0085] In some embodiments, a poly-A tail comprises one non-adenine nucleotide in 

a poly-A tail that otherwise consists only of adenine nucleotides. The one non-adenine 

nucleotide may interrupt a sequence of adenine nucleotides. The one non-adenine nucleotide 

may be selected from guanine, cytosine, and thymine. In some embodiments, the one non

adenine nucleotide is a guanine nucleotide. In some embodiments, the one non-adenine 

nucleotide is a cytosine nucleotide. In some embodiments, the one non-adenine nucleotide is 

a thymine nucleotide. The interrupting sequence may be a mononucleotide, dinucleotide, 

trinucleotide sequence. The interrupting sequence may comprise 1, 2, 3, 4, 5, or more non

adenine nucleotides and it may be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more nucleotides in length.  

[0086] In some embodiments, a single non-adenine nucleotide may interrupt sets or 

groups of consecutive adenine nucleotides. The one non-adenine nucleotide may be 

positioned to interrupt consecutive adenine nucleotides in such a way that a poly-A binding 

protein can bind to a stretch of consecutive adenine nucleotides.  

[0087] In some embodiments, there are more than one non-adenine nucleotides in a 

poly-A tail. The more than one non-adenine nucleotide may be positioned to interrupt 

consecutive adenine nucleotides in such a way that a poly-A binding protein can bind to a 

stretch of consecutive adenine nucleotides. In some embodiments, non-adenine nucleotides 

are interspersed between more than one set of consecutive adenine nucleotides, with the 

number of adenine nucleotides in each series of consecutive adenine nucleotides being 

sufficient to allow binding of a poly-A binding protein.  

[0088] The non-adenine nucleotides may be in stretches of more than one non

adenine nucleotide. The non-adenine nucleotides may be in stretches of 2-10 consecutive 

nucleotides that comprise one or more non-adenine nucleotides. The non-adenine nucleotides 

may be in interrupting sequences that are interspersed between more than one set of 

consecutive adenine nucleotides, e.g., more than one homopolymer A sequence. In some 

embodiments, the number of consecutive non-adenine nucleotides may be one, two, three, 

four, or five. In some embodiments, there are consecutive stretches of 2-10 non-adenine 
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nucleotides. In some embodiments, there are consecutive stretches of 2-10 nucleotides 

comprising at least two non-adenine nucleotides.  

[0089] The consecutive non-adenine nucleotides may be more than one of the same 

nucleotide or the consecutive non-adenine nucleotides may be different from each other. For 

example, the non-adenine nucleotides may be more than one guanine, cytosine, or thymine 

nucleotides. The non-adenine nucleotides may also be guanine and thymine nucleotides; 

guanine and cytosine nucleotides; thymine and cytosine nucleotides; or guanine, thymine and 

cytosine nucleotides. The non-adenine nucleotides may comprise two non-adenine 

nucleotides selected from one or more of guanine, cytosine, and thymine. The non-adenine 

nucleotide may comprise three non-adenine nucleotides selected from one or more of 

guanine, cytosine, and thymine. The non-adenine nucleotide may comprise more than three 

non-adenine nucleotides selected from one or more of guanine, cytosine, and thymine. The 

poly-A tail may comprise adenine nucleotides between non-adenine nucleotides at regular or 

irregular intervals. For example, one may view the poly-A tail as having a pattern, where the 

pattern is regular or irregular. The key to the pattern is the presence of one or more non

adenine nucleotide anywhere in the poly-A tail so long as there are at least 8 consecutive 

adenines anywhere along the length. In some embodiments, a poly-A may comprise a stretch 

of at least 8 consecutive adenine nucleotides anywhere along the length, where the adenine 

nucleotides are "interrupted" anywhere after 8 or more adenines with one or more non

adenine nucleotide. The interrupting sequence may be one non-adenine nucleotide, or 2 to 10 

consecutive nucleotides, optionally comprising at least two non-adenine nucleotides. Each 

one or consecutive stretch of nucleotides comprising at least two non-adenine nucleotides 

may be followed by one or more adenines, optionally followed by one or more non-adenine 

nucleotides, optionally followed by one or more than one adenine nucleotides and so on until 

the end of the poly-A tail. This pattern of adenine nucleotides/non-adenine nucleotides may 

repeat at regular or irregular intervals. Alternatively, there may be no pattern, such as where 

there is only one or one consecutive stretch of 2-10 nucleotides, optionally comprising at 

least two non-adenine nucleotides along the entire length of poly-A.  

II. Exemplary patterns of adenine and non-adenine nucleotides in poly-A tails 

[0090] Poly-A tails of this invention may comprise or consist of a number of different 

patterns of interrupting sequences such as consecutive adenine nucleotides and one or more 

non-adenine nucleotide.  
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[0091] A poly-A tail may begin with one or a series of consecutive adenine 

nucleotides followed by a non-adenine nucleotide. A poly-A tail that begins with a series of 

adenine nucleotides means that the 5' end of the poly-A tail consists of one or a series of 

consecutive adenine nucleotides with one or more non-adenine nucleotide coming after the 

consecutive adenine nucleotides. "After," means that the non-adenine nucleotides are 3' to a 

series of consecutive adenine nucleotides.  

[0092] In some embodiments, the 5' end of the poly-A tail may consist of a series of 

consecutive adenine nucleotides followed by one or more non-adenine nucleotide(s). In some 

embodiments, one or more non-adenine nucleotide(s) is located after at least 8, 9, 10, 11, or 

12 consecutive adenine nucleotides. In some embodiments, the one or more non-adenine 

nucleotide is located after at least 8-50 consecutive adenine nucleotides. In some 

embodiments, the one or more non-adenine nucleotide is located after at least 8-100 

consecutive adenine nucleotides. In some embodiments, the non-adenine nucleotide is after 

one, two, three, four, five, six, or seven adenine nucleotides and is followed by at least 8 

consecutive adenine nucleotides.  

[0093] In some embodiments, the 5' end of the poly A tail consists of one to eight 

adenine nucleotides followed by one or more non-adenine nucleotide(s). In such 

embodiments, the non-adenine nucleotide(s) are followed by more adenine nucleotides. The 

adenine nucleotides that follow the one or more non-adenine nucleotide comprise at least 8 

adenines nucleotides before another non-adenine nucleotide.  

[0094] The range of size of a group of consecutive adenine nucleotides that begins the 

poly-A tail may vary. In some embodiments, the 5' end of the poly-A tail consists of 1, 2, 3 4, 

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, 

31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55, 

56,57,58,59,60,61,62,63,64,65,66,67,68,69,70,71,72,73,74,75,76,77,78,79,80, 

81, 82, 83, 84, 85, 86, 87, 88, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 consecutive 

adenine nucleotides. Where the first non-adenine nucleotide falls after 1-7 adenine 

nucleotides, the poly-A tail further comprises a stretch of at least 8 adenine nucleotides after 

the non-adenine nucleotide.  

[0095] In some embodiments, the one or more non-adenine nucleotide is located after 

at least 8, 9, 10, 11, 12, 13, 14, 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 consecutive 

adenine nucleotides.  
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[0096] The poly-A tail may end with a stretch of non-adenine nucleotides at the 3' 

end. The number of non-adenine nucleotides at the 3' end of the poly-A tail may be 1, 2, 3, 4, 

5, 6, 7, 8, 9, or 10 non-adenine nucleotides. Alternatively, the 3' end of the poly-A tail may 

consist of one or more adenine nucleotides.  

[0097] The poly-A tail of the present invention may comprise one sequence of 

consecutive adenine nucleotides followed by one or more non-adenine nucleotides, optionally 

followed by additional adenine nucleotides. The poly-A tail of the present invention may also 

comprise more than one sequence of consecutive adenine nucleotides interrupted by one or 

more non-adenine nucleotides. The sequence of consecutive adenine nucleotides may be at 

least 8, 9, 10, 11, 12, 13, 14, 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 consecutive adenine 

nucleotides. The number of non-adenine nucleotides in an interrupting sequence may be 1, 2, 

3, 4, 5, 6, 7, 8, 9, or 10 non-adenine nucleotides.  

[0098] A poly-A tail of the invention may also comprise more than one series of 

consecutive adenine nucleotides that are interrupted or interspersed with non-adenine 

nucleotides. The length of the interrupting sequence may be 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 

nucleotides. The length of the interrupting sequence may be 1-3, 1-5, 1-10, 2-10, 2-8, 2-6, or 

2-5 nucleotides. The poly-A tails of the invention may comprise more than one set of 

consecutive adenine nucleotides and an interrupting sequence comprising one non-adenine 

nucleotide or more than one consecutive stretch of 2-10 non-adenine nucleotides between 

each set of consecutive adenine nucleotides. The poly-A tails of the invention may comprise 

more than one set of consecutive adenine nucleotides and one non-adenine nucleotide or 

more than one consecutive stretch of 2-10 nucleotides comprising at least two non-adenine 

nucleotides between each set of consecutive adenine nucleotides. The poly-A tails of the 

invention may comprise more than one set of consecutive adenine nucleotides and one or 

more interrupting sequences, each comprising one or more non-adenine nucleotide. The sets 

may each comprise the same or different number of adenine nucleotides. In embodiments 

with multiple sets of consecutive adenine nucleotides, each set of consecutive adenine 

nucleotides may be sufficient in length to allow binding of a poly-A binding protein.  

[0099] In some embodiments, one or more non-adenine nucleotide is an interrupting 

sequence located at regular intervals with the poly-A tail. By regular intervals, it is meant that 

a set number of consecutive adenine nucleotides is followed by non-adenine nucleotides in a 

repeated fashion.  
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[00100] In some embodiments, one or more non-adenine nucleotide is located at 

irregular intervals with the poly-A tail. By irregular intervals, it is meant that a set number of 

consecutive adenine nucleotides is followed by non-adenine nucleotides followed by another 

set of consecutive adenine nucleotides that comprise a different number of adenines than the 

first set.  

[00101] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides non-adenine nucleotides every 8-50 

consecutive adenine nucleotides. In some embodiments, the poly-A tail comprises or contains 

one non-adenine nucleotide or one consecutive stretch of 2-10 non-adenine nucleotides every 

8-50 consecutive adenine nucleotides. In some embodiments, the poly-A tail comprises or 

contains one non-adenine nucleotide or one consecutive stretch of 2-10 nucleotides non

adenine nucleotides every 8-100 consecutive adenine nucleotides. In some embodiments, the 

poly-A tail comprises or contains one non-adenine nucleotide or one consecutive stretch of 2

10 non-adenine nucleotides every 8-100 consecutive adenine nucleotides.  

[00102] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides comprising at least two non-adenine 

nucleotides every 8-50 consecutive adenine nucleotides. In some embodiments, the poly-A 

tail comprises or contains one non-adenine nucleotide or one consecutive stretch of 2-10 

nucleotides comprising at least two non-adenine nucleotides every 8-50 consecutive adenine 

nucleotides. In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides comprising at least two non-adenine 

nucleotides every 8-100 consecutive adenine nucleotides. In some embodiments, the poly-A 

tail comprises or contains one non-adenine nucleotide or one consecutive stretch of 2-10 

nucleotides comprising at least two non-adenine nucleotides every 8-100 consecutive adenine 

nucleotides.  

[00103] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides comprising a non-adenine 

nucleotide every 8, 9, 10, 11, 12, 13, 14, 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,or50 

consecutive adenine nucleotides.  

[00104] In some embodiments, the poly-A tail comprises or contains one non-adenine 

nucleotide or one consecutive stretch of 2-10 nucleotides comprising at least two non-adenine 

nucleotides every 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
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29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,or50 

consecutive adenine nucleotides.  

[00105] In some embodiments, number of non-adenine nucleotides may be 1, 2, 3, 4, 

or 5 consecutive non-adenine nucleotides. In some embodiments, the number of consecutive 

adenine nucleotides may be 8-50 adenine nucleotides. In some embodiment embodiments, 

the poly-A tail comprises or contains 1, 2, 3, 4, or 5 consecutive non-adenine nucleotides 

every 8,9,10, 11,12, 13,14, 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 consecutive adenine 

nucleotides.  

[00106] The numbers of consecutive adenine nucleotides in a poly-A tail may be 12, 

16, 25, 30, or 39. The number of consecutive adenine nucleotides may also be greater than 

39. In some embodiments, the poly-A tail comprises or contains 1, 2, 3, 4, or 5 consecutive 

non-adenine nucleotides every 12 consecutive adenine nucleotides. In some embodiments, 

the poly-A tail comprises or contains 1, 2, 3, 4, or 5 consecutive non-adenine nucleotides 

every 16 consecutive adenine nucleotides. In some embodiments, the poly-A tail comprises 

or contains 1, 2, 3, 4, or 5 consecutive non-adenine nucleotides every 25 consecutive adenine 

nucleotides. In some embodiments, the poly-A tail comprises or contains 1, 2, 3, 4, or 5 

consecutive non-adenine nucleotides every 30 consecutive adenine nucleotides. In some 

embodiments, the poly-A tail comprises or contains 1, 2, 3, 4, or 5 consecutive non-adenine 

nucleotides every 39 consecutive adenine nucleotides. The number of consecutive non

adenine nucleotides may also be greater than 5.  

[00107] Exemplary trinucleotide interrupting sequences include GCG, CCG, GTG, 

TGG, CGG, GGT, TAT, CAT, CGT, CTC, GAT, CCT, TGT, CGC, CAC, TGC, TCG, TCT, 

CCC, GAC, TAG, GTT, CTG, and TTT. There are 63 possible trinucleotide interrupting 

sequences, and 36 trinucleotide interrupting sequences that omit a terminal A. In some 

embodiments, the poly-A tail comprises one or more trinucleotide interrupting sequences 

chosen from TGG, CGG, GGT, TAT, CAT, CGT, CTC, GAT, CCT, TGT, CGC, CAC, 

TGC, TCG, TCT, CCC, GAC, TAG, GTT, CTG, and TTT. In some embodiments, the poly

A tail comprises multiple interrupting sequences designed to minimize hybridization and 

annealing between 3 or more nucleotides within the sequence encoding the poly-A tail or 

within the poly-A tail. In certain embodiments, the interrupting sequences that minimize 

annealing between 3 or more nucleotides are chosen from the 34 trinucleotide interrupting 

sequences that omit a terminal A. In some embodiments, the interrupting sequences that 

minimize annealing between 3 or more nucleotides are chosen from TGG, CGG, GGT, TAT, 
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CAT, CGT, CTC, GAT, CCT, TGT, CGC, CAC, TGC, TCG, TCT, CCC, GAC, TAG, GTT, 

CTG, and TTT. In some embodiments, e.g. SEQ ID NO: 18, the poly-A tail comprises di

and/or tri-nucleotide interrupting sequences chosen from TGG, CGG, GGT, TAT, CAT, 

CGT, CTC, GAT, CCT, TGT, CGC, CAC, TGC, TCG, TCT, CCC, GAC, TAG, GTT, CTG, 

TTT, and CG. In certain embodiments, the poly-A tail comprises trinucleotide interrupting 

sequences chosen from GCG, CCG, and GTG. Exemplary dinucleotide interrupting 

sequences include CG, GC, CC, GG, TT, CT, TC, GT, and TG. There are 15 possible 

dinucleotide interrupting sequences, and 9 dinucleotides that do not include a terminal A.  

Mononucleotide interrupting sequences can be C, G, and T. Note that, with respect to any 

nucleotide sequence above, when referring to an RNA sequence (such as an mRNA), as 

opposed to a DNA sequence, T is replaced by U.  

[00108] One skilled in the art would be able to design a number of different patterns of 

DNA encoding poly-A tails with consecutive adenine nucleotides and one or more non

adenine nucleotide. Some exemplary poly-A tails comprising at least 8 consecutive adenine 

nucleotides and one or more adenine-nucleotide are presented, for example, in SEQ ID Nos: 

1-5, 10, 11, and 18.  

III. Methods of use 

[00109] The DNA of this invention may be used for production of mRNA encoded by 

the DNA. In some embodiments, an mRNA is encoded by the DNA of the invention.  

[00110] In some embodiments, the DNA of the invention is prepared for production of 

mRNA. In some embodiments, the DNA is within a vector. In some embodiments, the vector 

is within a host cell. In some embodiments, an mRNA encoded by the DNA of this invention 

is used for translating the protein of interest encoded by the DNA.  

[00111] In some embodiments, the one or more non-adenine nucleotide prevents the 

loss of one or more adenine nucleotides during DNA replication as compared to the loss that 

occurs in a DNA comprising a 3' tail of a similar or same length that contains only adenine 

nucleotides. DNA replication is a necessary step in growth of plasmid for DNA purification.  

As such, a plasmid comprising the DNA of this invention encoding a poly-A tail comprising 

at least 8 consecutive adenine nucleotides and one or more non-adenine nucleotide may show 

improved stability over one more rounds of growth and purification of the plasmid, as 

compared to a plasmid encoding a poly-A tail consisting only of adenine nucleotides.  

[00112] A plasmid comprising the DNA of this invention comprising a sequence 

encoding a poly-A tail comprising at least 8 consecutive adenine nucleotides and one or more 
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non-adenine nucleotide may have greater stability when grown in a host cell compared to a 

plasmid comprising a DNA comprising a sequence encoding a poly-A tail consisting only of 

consecutive adenine nucleotides. During growth of the host cell expressing a plasmid with a 

DNA sequence, a DNA sequence encoding a poly-A tail that comprises consecutive adenine 

nucleotides and one or more non-adenine nucleotide may be resistant to a decrease in length 

of the DNA encoding the poly-A tail compared to a poly-A tail consisting only of adenine 

nucleotides. In some embodiments, a plasmid comprising a DNA encoding a poly-A tail 

comprising one or more non-adenine nucleotide prevents loss of adenines during growth of a 

host cell as compared to a plasmid comprising a DNA encoding a poly-A tail comprising 

only adenine nucleotides.  

[00113] Any means of growing and purifying a vector known to one skilled in the art 

may be used for growth of a host cell encoding a plasmid. The process of growth and 

purification of a vector may also be referred to as plasmid preparation. Standard steps of 

plasmid purification include growth of a bacterial culture, harvesting and lysis of the bacteria, 

and purification of plasmid DNA. Many kits are available from various manufacturers to 

purify plasmid DNA. The step of plasmid preparation may be minipreparation (with expected 

yield of 20 to 40 pg or 50 to 100 pg of plasmid DNA), midipreparation (with expected yield 

of 100 to 350 pg of plasmid DNA), maxipreparation (with expected yield of 500-850 pg of 

plasmid DNA), megapreparation (with expected yield of 1.5-2.5 mg of plasmid DNA), or 

gigapreparation (with expected yield of 7.5-10 mg of plasmid DNA). For therapeutic mRNA 

production, plasmids may be produced at scales of 100mg, 1 g, 1Og, or more. The increased 

stability and replication efficiency of plasmids encoding poly-A tails with non-adenine 

nucleotides as described herein may improve the consistency and efficiency of plasmids 

made at such scales.  

[00114] In some embodiments, a method of producing mRNA from a DNA vector of 

the present invention is encompassed. In some embodiments, the method of producing 

mRNA from the DNA vector comprises linearizing the vector downstream of the poly-A tail; 

denaturing the linearized vector; and contacting the denaturized DNA with an RNA 

polymerase in the presence of RNA nucleotides such as guanine, cytosine, uracil, adenine, or 

chemically modified version of such nucleotides such as pseudouridine, N-I-methyl 

pseudouridine, methoxyuridine, among others. Modified residues, such as base, sugar, and 

backbone modifications of nucleotide residues can be used in the mRNAs, polynucleotides, 

and methods described herein.  
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[00115] This description and exemplary embodiments should not be taken as limiting.  

For the purposes of this specification and appended claims, unless otherwise indicated, all 

numbers expressing quantities, percentages, or proportions, and other numerical values used 

in the specification and claims, are to be understood as being modified in all instances by the 

term "about," to the extent they are not already so modified. Accordingly, unless indicated to 

the contrary, the numerical parameters set forth in the following specification and attached 

claims are approximations that may vary depending upon the desired properties sought to be 

obtained. At the very least, and not as an attempt to limit the application of the doctrine of 

equivalents to the scope of the claims, each numerical parameter should at least be construed 

in light of the number of reported significant digits and by applying ordinary rounding 

techniques.  

[00116] It is noted that, as used in this specification and the appended claims, the 

singular forms "a," "an," and "the," and any singular use of any word, include plural referents 

unless expressly and unequivocally limited to one referent. As used herein, the term 

include" and its grammatical variants are intended to be non-limiting, such that recitation of 

items in a list is not to the exclusion of other like items that can be substituted or added to the 

listed items.  

DESCRIPTION OF SEQUENCES 

[00117] This table provides a listing of certain sequences referenced herein. Note again 

that, when referring to the RNA version of a DNA sequence in the table below, T is replaced 

by U. When referring to a DNA version of an RNA sequence in the table below, U is 

replaced by T.  

Table 1 

Description Sequence SEQ 

ID No 

sequence of an exemplary AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 1 

poly-A tail comprising GCGAAAAAAA AAAAAAAAAA AAAAAAAAAA 

non-adenine nucleotides AAACCGAAAA AAAAAAAAAA AAAAAAAAAA 

with 30, 30, and 39 AAAAAAAAAA AAAAACCC 

consecutive adenosines 
and ending with non

adenine nucleotides 

30PA - sequence of an AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 2 

exemplary poly-A tail GCGAAAAAAA AAAAAAAAAA AAAAAAAAAA 
comprising non-adenine AAACCGAAAA AAAAAAAAAA AAAAAAAAAA 

nucleotides with 30, 30, AAAAAAAAAA AAAA 

and 39 consecutive 
adenosines 

25PA - sequence of an AAAAAAAAAA AAAAAAAAAA AAAAAGCGAA 3 

exemplary poly-A tail AAAAAAAAAA AAAAAAAAAA AAACCGAAAA 

comprising non-adenine 
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Description Sequence SEQ 
ID No 

nucleotides with four AAAAAAAAAAPAAAAAAAAA AGTGAAAAAA 
sets of 25 consecutive AAAAAAAAAA AAAAAAAAA 

adenosines 

16PA - sequence of an AAAAAAAAAA AAAAAAGAAA AAAAAAAAAA 4 

exemplary poly-A tail AAACAAAAAA AAAAAAAAAA TAAAAAAAAA 

comprising non-adenine AAAAAAATAA AAAAAAAAAA AAAACAAAAA 

nucleotides with six sets AAAAAAAAAA A 
of 16 consecutive 

adenosines 

16PA long - sequence of AAAAAAAAAA AAAAAAGAAA AAAAAAAAAA 5 

an exemplary poly-A tail AAACAAAAAA AAAAAAAAAA TAAAAAAAAA 
comprising non-adenine AAAAAAATAA AAAAAAAAAA AAAACAAAAA 

nucleotides with six sets AAAAAAAAAA ACAAAAAAAA AAAAAAAAAA 

of 16 consecutive AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 

adenosines and 63 AAAAAAAAAA AAAAA 

consecutive adenosines 

Cas9 mRNA with a poly-A TAATACGACTCACTATAGGGTCCCGCAGTCGGCGTCCAGC 6 

tail consisting of 97 GGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTTATT 

adenosines CGGATCCATGGATAAGAAGTACTCAATCGGGCTGGATATC 
GGAACTAATTCCGTGGGTTGGGCAGTGATCACGGATGAAT 

ACAAAGTGCCGTCCAAGAAGTTCAAGGTCCTGGGGAACAC 

CGATAGACACAGCATCAAGAAAAATCTCATCGGAGCCCTG 
CTGTTTGACTCCGGCGAAACCGCAGAAGCGACCCGGCTCA 

AACGTACCGCGAGGCGACGCTACACCCGGCGGAAGAATCG 

CATCTGCTATCTGCAAGAGATCTTTTCGAACGAAATGGCA 

AAGGTCGACGACAGCTTCTTCCACCGCCTGGAAGAATCTT 

TCCTGGTGGAGGAGGACAAGAAGCATGAACGGCATCCTAT 
CTTTGGAAACATCGTCGACGAAGTGGCGTACCACGAAAAG 

TACCCGACCATCTACCATCTGCGGAAGAAGTTGGTTGACT 

CAACTGACAAGGCCGACCTCAGATTGATCTACTTGGCCCT 

CGCCCATATGATCAAATTCCGCGGACACTTCCTGATCGAA 
GGCGATCTGAACCCTGATAACTCCGACGTGGATAAGCTTT 

TCATTCAACTGGTGCAGACCTACAACCAACTGTTCGAAGA 

AAACCCAATCAATGCTAGCGGCGTCGATGCCAAGGCCATC 

CTGTCCGCCCGGCTGTCGAAGTCGCGGCGCCTCGAAAACC 

TGATCGCACAGCTGCCGGGAGAGAAAAAGAACGGACTTTT 
CGGCAACTTGATCGCTCTCTCACTGGGACTCACTCCCAAT 

TTCAAGTCCAATTTTGACCTGGCCGAGGACGCGAAGCTGC 

AACTCTCAAAGGACACCTACGACGACGACTTGGACAATTT 
GCTGGCACAAATTGGCGATCAGTACGCGGATCTGTTCCTT 

GCCGCTAAGAACCTTTCGGACGCAATCTTGCTGTCCGATA 

TCCTGCGCGTGAACACCGAAATAACCAAAGCGCCGCTTAG 

CGCCTCGATGATTAAGCGGTACGACGAGCATCACCAGGAT 

CTCACGCTGCTCAAAGCGCTCGTGAGACAGCAACTGCCTG 
AAAAGTACAAGGAGATCTTCTTCGACCAGTCCAAGAATGG 

GTACGCAGGGTACATCGATGGAGGCGCTAGCCAGGAAGAG 

TTCTATAAGTTCATCAAGCCAATCCTGGAAAAGATGGACG 

GAACCGAAGAACTGCTGGTCAAGCTGAACAGGGAGGATCT 
GCTCCGGAAACAGAGAACCTTTGACAACGGATCCATTCCC 

CACCAGATCCATCTGGGTGAGCTGCACGCCATCTTGCGGC 

GCCAGGAGGACTTTTACCCATTCCTCAAGGACAACCGGGA 

AAAGATCGAGAAAATTCTGACGTTCCGCATCCCGTATTAC 

GTGGGCCCACTGGCGCGCGGCAATTCGCGCTTCGCGTGGA 
TGACTAGAAAATCAGAGGAAACCATCACTCCTTGGAATTT 

CGAGGAAGTTGTGGATAAGGGAGCTTCGGCACAAAGCTTC 

ATCGAACGAATGACCAACTTCGACAAGAATCTCCCAAACG 
AGAAGGTGCTTCCTAAGCACAGCCTCCTTTACGAATACTT 

CACTGTCTACAACGAACTGACTAAAGTGAAATACGTTACT 

GAAGGAATGAGGAAGCCGGCCTTTCTGTCCGGAGAACAGA 
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Description Sequence SEQ 
ID No 

AGAAAGCAATTGTCGATCTGCTGTTCAAGACCAACCGCAA 
GGTGACCGTCAAGCAGCTTAAAGAGGACTACTTCAAGAAG 
ATCGAGTGTTTCGACTCAGTGGAAATCAGCGGGGTGGAGG 

ACAGATTCAACGCTTCGCTGGGAACCTATCATGATCTCCT 
GAAGATCATCAAGGACAAGGACTTCCTTGACAACGAGGAG 

AACGAGGACATCCTGGAAGATATCGTCCTGACCTTGACCC 

TTTTCGAGGATCGCGAGATGATCGAGGAGAGGCTTAAGAC 

CTACGCTCATCTCTTCGACGATAAGGTCATGAAACAACTC 

AAGCGCCGCCGGTACACTGGTTGGGGCCGCCTCTCCCGCA 
AGCTGATCAACGGTATTCGCGATAAACAGAGCGGTAAAAC 

TATCCTGGATTTCCTCAAATCGGATGGCTTCGCTAATCGT 

AACTTCATGCAATTGATCCACGACGACAGCCTGACCTTTA 
AGGAGGACATCCAAAAAGCACAAGTGTCCGGACAGGGAGA 

CTCACTCCATGAACACATCGCGAATCTGGCCGGTTCGCCG 

GCGATTAAGAAGGGAATTCTGCAAACTGTGAAGGTGGTCG 

ACGAGCTGGTGAAGGTCATGGGACGGCACAAACCGGAGAA 

TATCGTGATTGAAATGGCCCGAGAAAACCAGACTACCCAG 

AAGGGCCAGAAAAACTCCCGCGAAAGGATGAAGCGGATCG 
AAGAAGGAATCAAGGAGCTGGGCAGCCAGATCCTGAAAGA 

GCACCCGGTGGAAAACACGCAGCTGCAGAACGAGAAGCTC 

TACCTGTACTATTTGCAAAATGGACGGGACATGTACGTGG 
ACCAAGAGCTGGACATCAATCGGTTGTCTGATTACGACGT 

GGACCACATCGTTCCACAGTCCTTTCTGAAGGATGACTCG 

ATCGATAACAAGGTGTTGACTCGCAGCGACAAGAACAGAG 

GGAAGTCAGATAATGTGCCATCGGAGGAGGTCGTGAAGAA 

GATGAAGAATTACTGGCGGCAGCTCCTGAATGCGAAGCTG 
ATTACCCAGAGAAAGTTTGACAATCTCACTAAAGCCGAGC 

GCGGCGGACTCTCAGAGCTGGATAAGGCTGGATTCATCAA 

ACGGCAGCTGGTCGAGACTCGGCAGATTACCAAGCACGTG 
GCGCAGATCTTGGACTCCCGCATGAACACTAAATACGACG 

AGAACGATAAGCTCATCCGGGAAGTGAAGGTGATTACCCT 

GAAAAGCAAACTTGTGTCGGACTTTCGGAAGGACTTTCAG 

TTTTACAAAGTGAGAGAAATCAACAACTACCATCACGCGC 

ATGACGCATACCTCAACGCTGTGGTCGGTACCGCCCTGAT 
CAAAAAGTACCCTAAACTTGAATCGGAGTTTGTGTACGGA 

GACTACAAGGTCTACGACGTGAGGAAGATGATAGCCAAGT 

CCGAACAGGAAATCGGGAAAGCAACTGCGAAATACTTCTT 

TTACTCAAACATCATGAACTTTTTCAAGACTGAAATTACG 
CTGGCCAATGGAGAAATCAGGAAGAGGCCACTGATCGAAA 

CTAACGGAGAAACGGGCGAAATCGTGTGGGACAAGGGCAG 

GGACTTCGCAACTGTTCGCAAAGTGCTCTCTATGCCGCAA 

GTCAATATTGTGAAGAAAACCGAAGTGCAAACCGGCGGAT 

TTTCAAAGGAATCGATCCTCCCAAAGAGAAATAGCGACAA 
GCTCATTGCACGCAAGAAAGACTGGGACCCGAAGAAGTAC 

GGAGGATTCGATTCGCCGACTGTCGCATACTCCGTCCTCG 

TGGTGGCCAAGGTGGAGAAGGGAAAGAGCAAAAAGCTCAA 
ATCCGTCAAAGAGCTGCTGGGGATTACCATCATGGAACGA 

TCCTCGTTCGAGAAGAACCCGATTGATTTCCTCGAGGCGA 

AGGGTTACAAGGAGGTGAAGAAGGATCTGATCATCAAACT 

CCCCAAGTACTCACTGTTCGAACTGGAAAATGGTCGGAAG 

CGCATGCTGGCTTCGGCCGGAGAACTCCAAAAAGGAAATG 
AGCTGGCCTTGCCTAGCAAGTACGTCAACTTCCTCTATCT 

TGCTTCGCACTACGAAAAACTCAAAGGGTCACCGGAAGAT 

AACGAACAGAAGCAGCTTTTCGTGGAGCAGCACAAGCATT 
ATCTGGATGAAATCATCGAACAAATCTCCGAGTTTTCAAA 

GCGCGTGATCCTCGCCGACGCCAACCTCGACAAAGTCCTG 

TCGGCCTACAATAAGCATAGAGATAAGCCGATCAGAGAAC 

AGGCCGAGAACATTATCCACTTGTTCACCCTGACTAACCT 

GGGAGCCCCAGCCGCCTTCAAGTACTTCGATACTACTATC 
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Description Sequence SEQ 
ID No 

GATCGCAAAAGATACACGTCCACCAAGGAAGTTCTGGACG 
CGACCCTGATCCACCAAAGCATCACTGGACTCTACGAAAC 

TAGGATCGATCTGTCGCAGCTGGGTGGCGATGGCGGTGGA 

TCTCCGAAAAAGAAGAGAAAGGTGTAATGAGCTAGCCATC 
ACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAA 

AGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTT 

TTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAA 

ATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAAT 

TAATAAAAAATGGAAAGAACCTCGAGAAAAAAAAAAAAAA 

AAA 
AAA 

T7 promoter and Cas9 mRNA TAATACGACT CACTATAGGG TCCCGCAGTC 7 
with a poly-A tail GGCGTCCAGC GGCTCTGCTT GTTCGTGTGT 

comprising SEQ ID NO: 1 GTGTCGTTGC AGGCCTTATT CGGATCTGCC 

ACCATGGATA AGAAGTACTC GATCGGGCTG 
GATATCGGAA CTAATTCCGT GGGTTGGGCA 

GTGATCACGG ATGAATACAA AGTGCCGTCC 

AAGAAGTTCA AGGTCCTGGG GAACACCGAT 

AGACACAGCA TCAAGAAGAA TCTCATCGGA 

GCCCTGCTGT TTGACTCCGG CGAAACCGCA 
GAAGCGACCC GGCTCAAACG TACCGCGAGG 
CGACGCTACA CCCGGCGGAA GAATCGCATC 

TGCTATCTGC AAGAAATCTT TTCGAACGAA 
ATGGCAAAGG TGGACGACAG CTTCTTCCAC 

CGCCTGGAAG AATCTTTCCT GGTGGAGGAG 

GACAAGAAGC ATGAACGGCA TCCTATCTTT 

GGAAACATCG TGGACGAAGT GGCGTACCAC 

GAAAAGTACC CGACCATCTA CCATCTGCGG 
AAGAAGTTGG TTGACTCAAC TGACAAGGCC 

GACCTCAGAT TGATCTACTT GGCCCTCGCC 

CATATGATCA AATTCCGCGG ACACTTCCTG 

ATCGAAGGCG ATCTGAACCC TGATAACTCC 
GACGTGGATA AGCTGTTCAT TCAACTGGTG 

CAGACCTACA ACCAACTGTT CGAAGAAAAC 

CCAATCAATG CCAGCGGCGT CGATGCCAAG 

GCCATCCTGT CCGCCCGGCT GTCGAAGTCG 

CGGCGCCTCG AAAACCTGAT CGCACAGCTG 
CCGGGAGAGA AGAAGAACGG ACTTTTCGGC 

AACTTGATCG CTCTCTCACT GGGACTCACT 

CCCAATTTCA AGTCCAATTT TGACCTGGCC 
GAGGACGCGA AGCTGCAACT CTCAAAGGAC 

ACCTACGACG ACGACTTGGA CAATTTGCTG 

GCACAAATTG GCGATCAGTA CGCGGATCTG 

TTCCTTGCCG CTAAGAACCT TTCGGACGCA 

ATCTTGCTGT CCGATATCCT GCGCGTGAAC 
ACCGAAATAA CCAAAGCGCC GCTTAGCGCC 

TCGATGATTA AGCGGTACGA CGAGCATCAC 

CAGGATCTCA CGCTGCTCAA AGCGCTCGTG 

AGACAGCAAC TGCCTGAAAA GTACAAGGAG 
ATTTTCTTCG ACCAGTCCAA GAATGGGTAC 

GCAGGGTACA TCGATGGAGG CGCCAGCCAG 

GAAGAGTTCT ATAAGTTCAT CAAGCCAATC 

CTGGAAAAGA TGGACGGAAC CGAAGAACTG 

CTGGTCAAGC TGAACAGGGA GGATCTGCTC 
CGCAAACAGA GAACCTTTGA CAACGGAAGC 

ATTCCACACC AGATCCATCT GGGTGAGCTG 

CACGCCATCT TGCGGCGCCA GGAGGACTTT 
TACCCATTCC TCAAGGACAA CCGGGAAAAG 
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Description Sequence SEQ 
ID No 

ATCGAGAAAA TTCTGACGTT CCGCATCCCG 
TATTACGTGG GCCCACTGGC GCGCGGCAAT 

TCGCGCTTCG CGTGGATGAC TAGAAAATCA 

GAGGAAACCA TCACTCCTTG GAATTTCGAG 
GAAGTTGTGG ATAAGGGAGC TTCGGCACAA 

TCCTTCATCG AACGAATGAC CAACTTCGAC 

AAGAATCTCC CAAACGAGAA GGTGCTTCCT 

AAGCACAGCC TCCTTTACGA ATACTTCACT 

GTCTACAACG AACTGACTAA AGTGAAATAC 
GTTACTGAAG GAATGAGGAA GCCGGCCTTT 

CTGAGCGGAG AACAGAAGAA AGCGATTGTC 

GATCTGCTGT TCAAGACCAA CCGCAAGGTG 
ACCGTCAAGC AGCTTAAAGA GGACTACTTC 

AAGAAGATCG AGTGTTTCGA CTCAGTGGAA 

ATCAGCGGAG TGGAGGACAG ATTCAACGCT 

TCGCTGGGAA CCTATCATGA TCTCCTGAAG 

ATCATCAAGG ACAAGGACTT CCTTGACAAC 

GAGGAGAACG AGGACATCCT GGAAGATATC 
GTCCTGACCT TGACCCTTTT CGAGGATCGC 

GAGATGATCG AGGAGAGGCT TAAGACCTAC 

GCTCATCTCT TCGACGATAA GGTCATGAAA 
CAACTCAAGC GCCGCCGGTA CACTGGTTGG 

GGCCGCCTCT CCCGCAAGCT GATCAACGGT 

ATTCGCGATA AACAGAGCGG TAAAACTATC 

CTGGATTTCC TCAAATCGGA TGGCTTCGCT 

AATCGTAACT TCATGCAGTT GATCCACGAC 

GACAGCCTGA CCTTTAAGGA GGACATCCAG 

AAAGCACAAG TGAGCGGACA GGGAGACTCA 

CTCCATGAAC ACATCGCGAA TCTGGCCGGT 
TCGCCGGCGA TTAAGAAGGG AATCCTGCAA 

ACTGTGAAGG TGGTGGACGA GCTGGTGAAG 

GTCATGGGAC GGCACAAACC GGAGAATATC 

GTGATTGAAA TGGCCCGAGA AAACCAGACT 

ACCCAGAAGG GCCAGAAGAA CTCCCGCGAA 
AGGATGAAGC GGATCGAAGA AGGAATCAAG 

GAGCTGGGCA GCCAGATCCT GAAAGAGCAC 

CCGGTGGAAA ACACGCAGCT GCAGAACGAG 

AAGCTCTACC TGTACTATTT GCAAAATGGA 

CGGGACATGT ACGTGGACCA AGAGCTGGAC 

ATCAATCGGT TGTCTGATTA CGACGTGGAC 

CACATCGTTC CACAGTCCTT TCTGAAGGAT 

GACTCCATCG ATAACAAGGT GTTGACTCGC 

AGCGACAAGA ACAGAGGGAA GTCAGATAAT 
GTGCCATCGG AGGAGGTCGT GAAGAAGATG 

AAGAATTACT GGCGGCAGCT CCTGAATGCG 

AAGCTGATTA CCCAGAGAAA GTTTGACAAT 
CTCACTAAAG CCGAGCGCGG CGGACTCTCA 

GAGCTGGATA AGGCTGGATT CATCAAACGG 

CAGCTGGTCG AGACTCGGCA GATTACCAAG 

CACGTGGCGC AGATCCTGGA CTCCCGCATG 

AACACTAAAT ACGACGAGAA CGATAAGCTC 
ATCCGGGAAG TGAAGGTGAT TACCCTGAAA 

AGCAAACTTG TGTCGGACTT TCGGAAGGAC 

TTTCAGTTTT ACAAAGTGAG AGAAATCAAC 

AACTACCATC ACGCGCATGA CGCATACCTC 

AACGCTGTGG TCGGCACCGC CCTGATCAAG 

AAGTACCCTA AACTTGAATC GGAGTTTGTG 

TACGGAGACT ACAAGGTCTA CGACGTGAGG 

AAGATGATAG CCAAGTCCGA ACAGGAAATC 
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Description Sequence SEQ 
ID No 

GGGAAAGCAA CTGCGAAATA CTTCTTTTAC 
TCAAACATCA TGAACTTCTT CAAGACTGAA 

ATTACGCTGG CCAATGGAGA AATCAGGAAG 

AGGCCACTGA TCGAAACTAA CGGAGAAACG 
GGCGAAATCG TGTGGGACAA GGGCAGGGAC 

TTCGCAACTG TTCGCAAAGT GCTCTCTATG 

CCGCAAGTCA ATATTGTGAA GAAAACCGAA 

GTGCAAACCG GCGGATTTTC AAAGGAATCG 

ATCCTCCCAA AGAGAAATAG CGACAAGCTC 
ATTGCACGCA AGAAAGACTG GGACCCGAAG 

AAGTACGGAG GATTCGATTC GCCGACTGTC 

GCATACTCCG TCCTCGTGGT GGCCAAGGTG 
GAGAAGGGAA AGAGCAAGAA GCTCAAATCC 

GTCAAAGAGC TGCTGGGGAT TACCATCATG 

GAACGATCCT CGTTCGAGAA GAACCCGATT 

GATTTCCTGG AGGCGAAGGG TTACAAGGAG 

GTGAAGAAGG ATCTGATCAT CAAACTGCCC 

AAGTACTCAC TGTTCGAACT GGAAAATGGT 
CGGAAGCGCA TGCTGGCTTC GGCCGGAGAA 

CTCCAGAAAG GAAATGAGCT GGCCTTGCCT 

AGCAAGTACG TCAACTTCCT CTATCTTGCT 
TCGCACTACG AGAAACTCAA AGGGTCACCG 

GAAGATAACG AACAGAAGCA GCTTTTCGTG 

GAGCAGCACA AGCATTATCT GGATGAAATC 

ATCGAACAAA TCTCCGAGTT TTCAAAGCGC 

GTGATCCTCG CCGACGCCAA CCTCGACAAA 
GTCCTGTCGG CCTACAATAA GCATAGAGAT 

AAGCCGATCA GAGAACAGGC CGAGAACATT 

ATCCACTTGT TCACCCTGAC TAACCTGGGA 

GCTCCAGCCG CCTTCAAGTA CTTCGATACT 

ACTATCGACC GCAAAAGATA CACGTCCACC 

AAGGAAGTTC TGGACGCGAC CCTGATCCAC 

CAAAGCATCA CTGGACTCTA CGAAACTAGG 

ATCGATCTGT CGCAGCTGGG TGGCGATGGT 
GGCGGTGGAT CCTACCCATA CGACGTGCCT 

GACTACGCCT CCGGAGGTGG TGGCCCCAAG 

AAGAAACGGA AGGTGTGATA GCTAGCCATC 

ACATTTAAAA GCATCTCAGC CTACCATGAG 
AATAAGAGAA AGAAAATGAA GATCAATAGC 
TTATTCATCT CTTTTTCTTT TTCGTTGGTG 
TAAAGCCAAC ACCCTGTCTA AAAAACATAA 
ATTTCTTTAA TCATTTTGCC TCTTTTCTCT 
GTGCTTCAAT TAATAAAAAA TGGAAAGAAC 
CTCGAGAAAA AAAAAAAAA AAAAAAAAA 
AAAAAAGCGA AAAAAAAAAA AAAAAAAAAA 
AAAAAAAAAC CGAAAAAAAA AAAAAAAAAA 
AAAAAAAAAA AAAAAAAAAA A 

Single guide RNA mC*mU*mC*C CUGAUGGAGA UGACAGGUUU 8 
targeting SEAP UAGAmGmCmU mAmGmAmAmA mUmAmGmCAA 

GUUAAAAUAA GGCUAGUCCG UUAUCAmAmC 
mUmUmGmAmA mAmAmAmGmU mGmGmCmAmC 
mCmGmAmGmU mCmGmGmUmG 
mCmU*mU*mU *mU 

Single guide RNA mU*mU*mA*CAGCCACGUCUACAGCAGUUUUAGAmGmCmU 9 
targeting mouse TTR mAmGmAmAm 

AmUmAmGmCAAGUUAAAAUAAGGCUAGUCCGUUAUCAmAm 
CmUmUmGm 
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Description Sequence SEQ 

ID No 

AmAmAmAmAmGmUmGmGmCmAmCmCmGmAmGmUmCmGmGm 
UmGmCmU* 
mU*mU*mU 

12PA - sequence of an AAAAAAAAAAAATAAAAAAAAAAAATAAAAAAAAAAAACA 10 
exemplary poly-A tail AAAAAAAAAAATAAAAAAAAAAAACAAAAAAAAAAAAGAA 

comprising non-adenine AAAAAAAAAACAAAAAAAAAAAATAAAAAAAAAAAA 

nucleotides with nine 
sets of 12 consecutive 

adenosines and 

mononucleotide 

interrupting sequences 

8PA - sequence of an AAAAAAAATAAAAAAAATAAAAAAAACAAAAAAAAAAAAA 11 

exemplary poly-A tail AAAGAAAAAAAATAAAAAAAACAAAAAAAACAAAAAAAAT 

comprising non-adenine AAAAAAAAGAAAAAAAACAAAAAAAATAAAAAAAA 

nucleotides with twelve 

sets of 8 consecutive 
adenosines and 

mononucleotide 

interrupting sequences 

PolyA-1 TCTTCCTTCAGTCTGTAAACCTCAGCTCGAGAAAAAAAAA 12 

Bcllla primer annealing AAATGGAAAAAAAAAAAACGGAAAAAAAAAAAAGGTAAAA 

sites flanking sequence AAAAAAAATATAAAAAAAAAAAACATAAAAAAAAAAAACG 

comprising five TTCATATCGGTTCTAGACCACACTTCTTACTGAGGTCCC 

interrupting sequences 

separating six repeats of 

12 consecutive adenosines 

PolyA-2 TCTTCCTTCAGTCTGTAAACCTCAGAATTCATCTAGCTCG 13 

Bcllla primer annealing AGAAAAAATTCGAAAAAAAAAAAACGTAAAAAAAAAAAAC 

sites flanking sequence TCAAAAAAAAAAAAGATAAAAAAAAAAAACCTAAAAAAAA 

comprising five AAAATGTAAAAAAAAAAAAGGGAAAGTCTTCCATATCGGT 

interrupting sequences TCTAGACCACACTTCTTACTGAGGTCCC 

separating six sets of 12 

consecutive adenosines 

PolyA-3 TCTTCCTTCAGTCTGTAAACCTCAGCTCGAGGAAGACAAG 14 

Bcllla primer annealing GGAAAAAAAAAAAACGCAAAAAAAAAAAACACAAAAAAAA 

sites flanking sequence AAAATGCAAAAAAAAAAAATCGAAAAAAAAAAAATCTAAA 

comprising five AAAAAAAAACGTTCATATCGGTTCTAGACCACACTTCTTA 
interrupting sequences CTGAGGTCCC 

separating six sets of 12 

consecutive adenosines 

PolyA-4 TCTTCCTTCAGTCTGTAAACCTCAGCTCGAGAAAAAATTC 15 
Blclla primer annealing GAAAAAAAAAAAACCCAAAAAAAAAAAAGACAAAAAAAAA 

sites flanking sequence AAATAGAAAAAAAAAAAAGTTAAAAAAAAAAAACTGAAAA 

comprising six AAAAAAAATTTAAAAAAAAAAAATCTAGACCACACTTCTT 

interrupting sequences ACTGAGGTCCC 

separating seven sets of 
12 consecutive adenosines 

PolyA 1-2 TCTTCCTTCAGTCTGTAAACCTCAGAATTCATCTAGCTCG 16 

Blclla primer annealing AGAAAAAAAAAAAATGGAAAAAAAAAAAACGGAAAAAAAA 

sites flanking sequence AAAAGGTAAAAAAAAAAAATATAAAAAAAAAAAACATAAA 

comprising 11 AAAAAAAAACGAAAAAAAAAAAACGTAAAAAAAAAAAACT 

interrupting sequences CAAAAAAAAAAAAGATAAAAAAAAAAAACCTAAAAAAAAA 
separating 12 sets of 12 AAATGTAAAAAAAAAAAAGGGAAAGTCTTCCATATCGGTT 

consecutive adenosines CTAGACCACACTTCTTACTGAGGTCCC 

PolyA 3-4 TCTTCCTTCAGTCTGTAAACCTCAGCTCGAGGAAGACAAG 17 

Blclla primer annealing GGAAAAAAAAAAAACGCAAAAAAAAAAAACACAAAAAAAA 

sites flanking sequence AAAATGCAAAAAAAAAAAATCGAAAAAAAAAAAATCTAAA 

comprising 12 AAAAAAAAACGAAAAAAAAAAAACCCAAAAAAAAAAAAGA 
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interrupting sequences CAAAAAAAAAAAATAGAAAAAAAAAAAAGTTAAAAAAAAA 
separating 13 sets of 12 AAACTGAAAAAAAAAAAATTTAAAAAAAAAAAATCTAGAC 

consecutive adenosines CACACTTCTTACTGAGGTCCC 

300PA AAAAAAAAAAAATGGAAAAAAAAAAAACGGAAAAAAAAAA 18 
sequence of an exemplary AAGGTAAAAAAAAAATATAAAAAAAAAAAACATAAAAA 

poly-A tail comprising 24 AAAAAAACGAAAAAAAAAAAACGTAAAAAAAAAAAACTCA 
interrupting sequences AAAAAAAAAAAGATAAAAAAAAAAAACCTAAAAAAAAAAA 

separating 13 repeats of ATGTAAAAAAAAAAAAGGGAAAAAAAAAAAACGCAAAAAA 

12 consecutive adenosines AAAAAACACAAAAAAAAAAAATGCAAAAAAAAAAAATCGA 

AAAAAAAAAAATCTAAAAAAAAAAAACGAAAAAAAAAAAA 

CCCAAAAAAAAAAAAGACAAAAAAAAAAAATAGAAAAAAA 
AAAAAGTTAAAAAAAAAAAACTGAAAAAAAAAAAATTTAA 

AAAAAAAAAA 

100PA - sequence of an AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 19 
exemplary poly-A tail AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 

comprising 97 adenine AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAA 

nucleotide homopolymer 

pUC-M seq2 forward primer GGGTTATTGTCTCATGAGCG 20 

pUC-M seq reverse primer TTTTGTGATGCTCGTCAGGG 21 

RN-Blla for TCTTCCTTCAGTCTGTAAAsCCTCAG 22 

RN--Bclia rev GGGACCTCA-TAAGAAG G23 
Liv-Udepleted: Cas9 mRNA TCCCGCAGTCGGCGTCCAGCGGTGeTTGTTCGTGTGT 24 
with a poly-A tail GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGQAC 
consisting of 98 AGAAGTACAGCATCGGACTGGACATCGCAACAAACAGCT 
consecutive adenosines CGGATGGGCAGTCATCCACAACGAACAAGGTCC 

_AAAAAC .A-ACA ACA CGCA 
TCAAGAAGAACCTGATGTTCG CGG 
AGAAACA GCACAAGCAA"AAGTACATAGAGAACAGCAGC 
AG~AAGATACA7CAAG7AAG "QAGAACAGAXATCTGC T

ACOTC 

AGG'AATCTT7CACAGATGIGCAGCG 
CTTCTTCChAAGATGGAAGAGCCTTCCTGGTCG ACAA 
GCA-AGAAkGCACGAAA]CGA ATcexCTTr~CAAAZATCGC 
TCGACGCAAGTCGCATACACCAAAAATACCCGccATCAATCT 

CCAVT GA GAAGACTGCAAGAAA.AGC 

C-GACT ACI CTGGCC TA CACATGATCA 

IG T, CG.AGA C CT T C' CT GAT CGAGGAGA CAT AC1 CC 

GGACAACA GCGAC GT CGACAAGC T GTT AT CCAGCT GG T C 
CAGACATACAACCAGCTGTT GAAAACG 'TAC 

CAAGCGGAGTCACGCAAAGGCAATCCTGACGCAAGACT 

CCGGGAGAAAAGAGCf GACTGTTCA/NACCTGAT~CG 

cCGAxCoCTGGCAAAzCG~ rCAGCTCGCACAA-GGAPC 
ACA-TAIACCA" CCTGACAACCTGCT1GGCACAGATCG 

GAGCGACGCAATCCTCTGAGCAATCTGAGAGTCAAC 
ACAGAAATCAAAGC.xCGTGCGCAAGCATGATCA 
AGAGATA.CAUU.C.CACACA1GGCXCCTGACACTGOTGA 
GGCACTGGTCAGACAGAGCTGCCGGAAAAGTAQCAAGGAA 

TCCGAGCA~G-\CCAGQGAGATTCTCAAGTTflCAT 
C2ACCGTCCT-GG/Ac~AAGATGGCGAOACAGAGACTG 
>;CTGGTCAGCTGACAAGAAGACCGCTGAGAAGAG 

G'fACTnTGAC~ikAACGGxYAGNATCCCGCArzCAG
T CCACCT 
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GGGAGAACTGAGCATCrGAGAAGACGGAGACTTC 
TACC-yCGTCCGAAGGACAAOAGGAAdAAGATCGAAAAGA' 0 
TCTGACATT-AGAATCCCGTACTA.CGTCGGACCGCTGGC 

ACA-A- me.~((A.-A-Ar-j 7 7 1''1rC 

GAGGAAACAGC GATCAGAGCAGA JAAG 
GAAGAAf-CnATCACACGTGGAACTTCAAAATCCG 

`VCAAGGGAACC . TAA 'MGCTTTGPAA",JG TAT CGC 

AAACTTCGACAAGAACCTGCOGA(CAATCCTGCCG 
?AGCACAGCCTGCTGTACGAATACGTTCACA'GTTACAACG 

AACTGACPA' GGCAAGTACGTC -AIasGAATGAGAAA 

GCGGCATTCCTGAGCGGAACAGCAAGAAGGCAATCGTC 
GACCTGCTGIrrJAAACA AGAA7'7r-'AGTCACA'G

T AAGC}7 
AG.cTGAAGGAAGACTACTTCrl7(J.AGAA ?GATCGAAkTGCJI"JCGA 

CAxGCGC0 CGGTCG TCGK&,x' 1 ,u. r~~AAACAATCAA'rGCA 

ACAAGGACTTCCTGAC7A\GAAG h AAAACGAACATCCT''__ 
GGAAGACATCOTCCTGA'CArCGACA.CTGTTCGAAGACAGA 
GAAAT GA T C GAG/AAGAC T GAAGACATAC GCACA C CT GT 
TCGACGAsCAAGGTCAxTGAAGCAGCTGAAAGAGAAAT' 

ATCAGAGACAAGCACAGCGGAAAGACAATCCTCGACTTCC 
J~TGAAGr1AGCAIC:GC~CkAIjtCCGAAA7CTTATGr'ICCT 

GATCACGACGACCCTACT TAAGGAAGACAxTCAG tI/-Iraa a'a'ta-2-tAaGaIAU C-----
AGAC.GCGGGACA G G G.GA.ArCCGCACGAAC 

A T C GCAAAC C TG G CAGGAAGCC CGGCAATCPAGAAGGG 
AiATCCTGCAGACAGCAAGGTCGTCGA'CGACTGGTCAAG 
GTrATGGGAAGACACAAGCCOGJxAACATCGTCA TCOAA 
T GGCAAGAOGAAAAIACCAGACAACACAOGAAOGGA CAGAAGCA 
CAGCAGAGAAA GAATOG'AAAT CGAA GAAG' AAG 
GAACTGGGArCCAGCATCOTGAAGGA'CACCCGGTCGAAA 

ACACACAGCTGCAGAACGOA7 'IJGCTGTACCTGTACTACCT 
GCA-GAACGGAAGAGAxCAT7(2QTACGY TCCAGGAxACTGGAC 

.- :P - _:,__ rIrr--rA t 
ATCIlxCAxGACTiGAGCGATxJAluGAC-GC"ACCACTCGC 
CGCAGAGCTTCCTGAAGGACACAGATGA CIACACGT 
CCT'GACAAAGCGA GAAAGAAGAGCGACAC 

GTCGAGCGAAGAGTCGTCAAGAAGAlGAGAACTACT 
GGAGACAGCTOCTGAACGCAAJAGCTGOATCACACAGAGPA 
GTTCGACAACCTGAC 7'AAACAGA G A GCTAGC 

GAACTOGGCAAGG -ACGGATTCATCAGAACAGCTGTVCG 
AGCAACICA GATCACG"TTGCA C T C GCA CAGAT C T GCA 

CAxGCAGAATGOAACACAAAx~GTACGAsCGOAAAACGACAAGCTG 

AT CA 'GAGAATGTC CAACAAJTCAACTGAATGGACAGC(ITGG 

ACA CCACGC7 CCGAGCATACCTG 
ACeGCAGTCGTCGGACA(2 ACTGAT'CAAGACGT'-"CCGA 

AGCrGGrAAGCGAATTCGCTAr-rCG GAGACTAC-AGGTCTA 
CGACGTCAGAAAGATGATOGCAAAGAGCGAACAGGAAATC 
GGAAAGGCAACAGCAAAGTA CT TC TITAAGCTAACATCIA 
TGOAACTTCTTCAAGAsCAGOAATCAxCACTGC'PACGAGAx 

AATCAGTAGOAGACCGCTGATCG?'AACNsCGGAGAAACA 
CGGAGAAAxTCGTTGGA >GGAAGGATTCGOACAG 
TCA-GAAAGGOTClGGCATCCrGCAGGT CCA-IfTCrGTCpA 

T~~CfGCGAAGAG'(ACA&QCGACAAGC~((TGACGCxAsAGAA 

AGAAGGCACTGGG'ArCCGAAG-AAGACVAGGATTCGACAG 
CCCGACAGTkcCC.CATGCGCC~'TGTCTCGAAGGCr~ 

GAAAAGGGAAAOAGCAA'GAAGCTGAAACGTCAAGGAAC 
TGCTOGGAATCACATCATOOAAAGAAGCAGCTTCOAAM 1 0 

GTxCCCOGATGGACTGTCTCAAGCTGCCx~GAACGCC 
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COTTCGAAACJ0AAAGGAAAAAGA.AATG'cCTGCA 
C'G GAACTGC AAGGA G.A.C"T.'G GCA CT r-C C G 

AGCAAGTACGT1CAACTTCCTGTACCTGGCAAGCCACTACG 
AGAACT GAGGA C Cl GG IACA C A , 1 A7GAGCA 

GCTGTTCGTCCAACAGCACAAGCACTACCTGGACGAAATC 
ST 7'ACGATCACGATTCACCAACACAGTCATCCTCC 

CAACGCAAACCGGCAAGCCT 7AvCC-TACAACA 
GCAGAACCCAOAGGA TAGAGAACAGGCCAAAAAT C 

ATCC0ACCTGTTCACACTGACAAA '
("CCGGAGCACCGGCAG 

CATTCAGTAxCTTCGCACACAACATCGCAP7GAAT 
CAC-ACAC.AGGAATCTGGACGCAACACTGATCCAC 
CPAAGCATCACAGGOOACTGTJACGAAACAAOAATCGACCTGAx 

G CC AGC T GCGAaG C GCA AGGAAGC CG A A AGAA 
ATGAA G T CTCTACTAGCCAA T T T\ AAACAT CT CA 
GCCTACCLATG;AGAATAAGAAAAGAAAAri/CMG7\TCAATA 
CCTTATTCATCTCTTTTTCTTTTTCGTTCCTCTAAAGCCA 
ACACCCTCTCTAPAAAAACATAAATTTCTTTAATCATTTTG 
CCTCTTTTCTCTTGCTTCAATTATOAAATGGOAAAG7 ' 
ACCTCG~xAAAAAx JJAAAAAAA AAAA~ii777x7::

7 
'AAAAAJJx 

AAAAAAAAZ'QrAAJAixxAAAAAAAAAJrJJJxAix~AAAAAA 
AAJA~iiiAAAA-AAAAAAJrJrJAAAA777 

Cas9 mRNA with a poiy-A TCCCGCAGTCGGCGTCCACCCGCTCG0CTTGTTCGTCTGT 25 
tail comprising SEQ ID GTGCGACA 
NO: 3 AGTAOTACAGCATCGGACTGGACATCGGAACAAACAGCGT 

CCOATOGC'AGTCA'TCACAGACGOATACAGGTCCCGAC 
AGGC CCTGGGACACA?GACAGCACACA 

TN, iiCAAAAACCTACGA\CACT GCTTCACGC 
.AGiAiACAGOCAGAAGCAACAAGACtTGAAGAGAtxwACACAA 

AGAACATACACAAGOAAAAACAGAAATCTGCTA.CCTC 
AGGAAATCT TCAG.....CCGAAATGGCAAAGGTCCACGACAG 

CTTCTTCCACAGACT G AAALAGCCTTCCTGGTCG-AAGAA 
GACAGCAGCACGAACACCCATCTTCCCACG 
TCGACGAAGTCGCATACCACGGixIAGTACCCGCAATCT 
CCACCTGCAGAAAG~xCTGGTCGOACAGCACAGAxC7AAGGC(7 
GACCTGAGCTGATCTACCTGCOAiCTGGCACAsCATGATCAx 

AGTTCGAGGAACTTCTGATGAAGGGACCGAC 77011~'(E4A,-,-tv~,xKC :CT7x'A~-~m ,, A 

GGACAr&ACAGCACGTaCGACAAGCGAC'ICACOCAGCTGGTC CACCACAAAACCAGCGTTCGA 

GCA GGCA-'GAG.CTGMACGTGDCGT 
CALCTGAGCCTGGGA(CTACACCACTC 2 AGt-CAACTT" 

CGACC TGGCAA~ACGCAAACTGCACTGAGixCAAGGAC'( 
ACATACGAxCGACGACCTGGACACC"TCGGCCATCO 

GAGAC CAGTACG -,CAGACCTGTTC CTGGCAPG CAAA G.AAC CT 
G TAGCGACGCAATCCCTGCTCACACxTGAGAGTCAAC 

"AA C //r7A;A
7 

ACAOAAA'7C7'AA CACGGGCCTACA 
AIA .CCAACACCAC-AACCCACCACTCTGAA 

GGCAixCGGCAACMGCAGCTCACGAAATACAAGGTAA 

ATcTTCTCACCTuAACAAGCACGGATACGCAGGAACC 

T CATTCCAC"P ,C GGAGGAGC AG CGAA T T CTAC GT CA CT xCTAAG GCAOCCGTT'GAAAAGACCTAACAAAACTGOi 

TGTAGCGACAGGACAAAGCA1CG 

GAAGAAICAAT'ACACCCTGAACTTCCAACAAGTCGTCG 
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ACAAGGGAGC-U-GCGCPAA G AGCTCC r Gr.AAAG ATGA 
AAA01TTGACAGC/NCotCCCGAA/CG~tJ;AGNGTCCoCCG 

_ACTGAAAGGTAAGTAC'TCACAGAAGGAATGACAAA 
GCCGCTCGACGAAA GAAGGfCA ATCGAC 

GACCCTGTTCAAGACAAACAGAAAGGTCAC/G' AG 

AYGCTG/YAGGAAGACTACTTCMAGA-TCGAANTGCTTCGA 

CA GOGTCGAAATCCGGmAGCTCGAGACAGATTCAACGCA 
AGOCTGGGAACATACCACGACTGCTC/sA/CATCAtGG 

ACACCACTTOOTGGACCAACCAAGAAACGAA TC 
GGAAGC/TCTCCTGACACGCCTGTTCG~"AAG'A"'AGA 
GIt/;ATGiATCGAAGAAA/GACTG.AAGACATAGCACrCTG 

GAC AGCAG AGAAAG 
TCAGAGACAGCAACCCAAAGATCCTGG-.CTTCC 

TGAAGAGCGA<'GGATTCGCAACAGAATTCA G 
GA.TCCACGACGACAGCCTGACATTCAAGGAGA.CATCCAG 

AAGCC'GGTCACCGGAOAGGGAsGACAGCCTGCACGAkC 

AA T C GCAAA C C T GGCAGG AAGCC CGGCAA T CPAGAGG 
AT CC TGAGACATCAAGGTCGTCGACAACTGGTCAAG 
GTCATGGGAAC~rACAAkGCCGGAAAACAkTCGTCA/TCGAAA 

TGCAGAGAIt/ACCAGACAA/CACA/GAAGGGCACAtGAGAA 

G-AA:GGGAAGCCAGA TCCTAAGGAACACCCGGTCCAAA 
ACACANGC4AGAACGAAAAGUCTTACCTGTA CTCC 

GCAGAACGGAAGAGACATGTACGTCGACCAGGACTGGAC 
ACACACAGACTGAGCG'ACTAAAG TCCGACGATCOGTCC 

tG-CAGOGTTCCTGAGGAGACAGOATOGAGCACTT ACGT 
COTGAkCPAGAAGCGACAAGAACAGGAGG~A/AGAGOGA0AAC 
GTCCCGAGCGAAG/AAGTOCTCAAGAAGATGAAGAACTACT 
GGAk/GCAGCTCTGAACGC-AAGCTGATjC7'AC ACAAGAAAk 

GTCGACAACCTGCAAAGG//kCCAGAGAGAGGAGA CTGAGC 

GAACTGCGACAAGCGCAGGATTCATCAAiGAGACO/GCTG1TCG 

AAACAAG/CA P.GCAAAGCAUCTCGA ACA G T 
CASGCGkTAATACCAAATACACGAAAACGCAAJCTG 

ATCAGAGrAGTCAAGGTO A TC CA C TA CAAC" GG 
TCAGC GA CT T CAGAAG-GA C T T CCG T T TCGAGG T CG 
AGAAAkTCNAOACTACCAOOACGCAGACGCTA'CCTG 
AACGCAGTCGTOGGkkACCACTGATCAAGAA/GTAOOCGA 
AGCTGGkAAGCGAATTCTCTACGGAATACAAGGTTA 

GGAAAktGGCAA/CAGC/AAGTATTCTCACGCAAPATCAl/ 
TGAACTTCTTCAAGACAGAAATCCA.FCTGGrrCAGGAGA 
ATACAGAAAGAGACCGT'A'TCGAA -t-'CACGGAG'A:ACA 

G-GAG AAA rTCGT CGGG:A CAAG GG GG CTG CAACAG 
TCAGAANAGGCCTGAGATGCCAGGCACkATC0AA 

GACAG GAGTCCAGACAGGA'GCGTTCAGCAAGGAAAC 

ATCCTGCC/AAG!'CttAGA CGACAGCTGATCCG/ACAA 
AGAGGCGGACCCG/AAGAT~mOCGATTCGACAGC 

CGCAGTN/FCGCAT"CACGTCCTGGTCGTCGCAtGGTC 

TGCTGGGAATCACPATCATGGAAAAAGGCACTGAA 
GAACCCGATVCGACTTCCTGGAAG1CAAAGGGAA&AAGAA 

GTCAAG.AGGACCTGATCAT CAAGCTGCGAGTACAGCC 
TTTCGAAkCTCAA/ACGAAGAAAGAGAATGCTGCAAG 

CGCAGGAGAACTGCAGAAGGGAA C-/NACTGGCACTGCCG 
AGCANAGTACGTCACTTCCT TCCT'GGCAGCCACTACG 

AAAAGCTGAAkGGGAAGCCCGAAG'xCACAACAGOACAs 
GTGTTGCGAACCAGCACACNTACCTGGACGNATC 
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AkTCGAACAGCAGCGAATTCAGCAAAGAGCAAT7~L~t m'JxCCTGG 

CA'X-CGCAAAtCCCACAA\GGTCCTGAGxCGcCATACAA 

G4CA CAGCAG>CCAAGCCIA TCAGAGAACACCGCAGAXAAA CA TC A"~r-~ (-'gT rm 

CATTCAAGTu. CTCGACACAACAATCGAAGAAAGACATA 
CACAAGCACAAAGGPAGTCCTGGACGCAACACTGA-TCCAC 
CAGAGCA.TCACAGGACT GTA CG AAACAAGAATCGACCTGA 
GC AGCTGGGAGGAGA.C GGGlAGAGCCCGAGAAG7A 
GAGAAAGGTCTAGCCTAGCCATCACAsTTTAAGACATCTCAs 
GCCTACCATGAGAATAAGAGAAAAGAAAATGAAGATCAATA 

GCTTATTCATCT1CrTTT'TTFTTTCGTTGGTGTAAAGCCA/ 

CCTCTTTTCTCTCTGC'CAATTAATAAk7IJjQ\AATGGAAAGAr}/ 
tACCJA-iAAAAAA AAJAAAAAAAAACGAAAAAA 

AACAAAAAAAA ACCAAAAAAAAAAAAAAAAAA 

AAAA 

Cas9 mRNA with a poly-A TCC"CGCACTCGGCGTCC-.xuyAGC GCTCTGTTGTTCGTCrFGT 26 
tail comprising SEQ ID GTGTCGTTGCAGGCCTTA".TCGGATCCCCACCA TGGACA 
NO: 4 AGAAGTAGCAGCATCGGACTGGACATCGGAACAAACAGCT 

OC-GATGGGCAGTCATCA.CAACACAAGGTCCCGAGC 
G TCAAGGTCCTGGGAAACAGACAGCAACAGCA 

TCAAGAAGAACCTGnCGAGCACT GCTGTTCGA CAGCGG 
AGAAAyCj-GCjAGAAGCAACAAGACTGAGAGACAGCJAAGA 
AGxw-,YsGATA-iCACtAAAC~AACGAATCTGCTACCTC 

AGGAAATCTTC A AAGGTCGACGACAG 
CTTC;TTCCACA-xGA-CTGGAGctTTIcTGGCGAAGNAA 
GAcA-AGAAkGCACGCJAAAGcACmCCGATCCGGAAACA-TCG 
C~CAaCTGA0GGAAGCTGACAC,' ACAGAAAGCA 

GAi-CCGAACGATCACCTGGCUAUG-ACTATCA 

AGTTCAGAGGACACTTUCT ATuCGAAGGAGACCTGAACCC 
GGA CAACA-CGACGT CcAAGC TT TCAT CCAGCT GGT C 
CAGACATACAACCAGCTGiTTCCAAGCAAAACCCGATQAACG 
CAAGCGGAsGTCGACGCAA'AGCAA'7

TCCTGACGCCAAGACT 

GAGCAAGAGCAGAAGAsCTGG7NACCTGATCGCACAGCTG 
CCGGGAGA/ktAAAAC' ACT GCGGAAACCTGA-TCc 
CAurCGAGCCGGGACTGA'CACCAATCAAGkvicAGCACT 

CGACCTGGCAGACAAAAGCTGr"'~CAGCTGACGCAAGGAC 
AxCTACGYCGACGACTGGACAACCyTGcTGGCACATCG 

GAGACCAGTACGCAG".CCTrTCCGCAGC AAGAACC 

GAGCGACGCAATCCT C ATCTGAGAGTCAAC 
ACAGAAATCACAAA'GGuACTGGCGCAAGCA.TGATCA 
AGAGATAsCGACGAACACCACCAGG40"CCACACTGCTGAA 
GGCACTGGTCAGACsG6:AGCTGCCCGGAAAAGTAsCAAGCAA 

ATT ACACAAGACGGATACGCAGGATAACC 
TCGACGCAGACC-oA/GCCGGAAGTNITCTACAAGTTCAT 

CAA-\GCGAkTGAAAAATGGCGrAANCAGAA-GCTG 
CTGGTCAAGCTGCAACAGAGAAGACC~-'tTGCTGAG4AAAGCAGA 

GACATTH'CGACAACGCAG'ATCCCCACCAGAC CACCT 
GGGAGACTGCACGCAAT CCTGAGAGACAGGAAGACTTC 

TAG .CCC G TCTAG ITG C ACAGAAAAGACG TAAAGA, 

TCCTGACATTCAGAATCCCGTACTICGTcGGACCGCTpGGC 
AAGAGGAAACAGAG'TTCGCTGATGACAAGrAAsAC 
GAAGAAACAATCACACCGTGGAANCTTCGAAAGTCGTCG 
ACAAGGGCAGCAAG- AAGC GCTTCATCGAAAAATGAC 

AAA\CTTCGACAAAAIJCC00CGAACAAAGGCCTCCGo 
AAGX(JCCGCCTGCTGTJAGATACTCACGTTAAC 

AACT1GACAAAGGTCAAGTAOCTCACAGAAGGAATGACAAA 
GA Z GAA CC yAGCAATCGTC 
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GCTCGTAAGACAACAAAGCCAGTrCMiiGC 

CAGCGCATAGCGGCAGTCG3CAGATCAA 
GCCTGGGAACATACCACACCGCTGAAGATCkTCAAGGC 

ACAAGGACTTCCTGGACAACGAAGACpG C 
GGAAiGACATCGTCCTGA.CACTGACACTTTCGAGACAGA 
GAAAT GI'rT m'GAAGJfiQGAGAGA.CA.TAC GCACAC CTGT 
TCGACGACAAGGTCATGAAGCAGCTGAAG AAGAAGATA 

CA CGG~s GGGAAGC T A GAGPAGCT A TC C G 
ATCAGAGCAAGCAG" GCGGAAA.GCAATCCTGGACTTCC 
TGAA\GAGCGAGATC(A~?rrcv-A/CAA~ drfTTCATGCAGCT 

GATxiCCACAAACCk nzctTACATfTCAA7GAAGCATCCA 

AAGGCACAGGTJCeAGCGAGGGAkG/kACCCTCcGAAC 
A CA T C G CpAA TGCAGA CGGA T CAAAG G G 
ATCCTCAGCAGTC TTCGAAC 

GTOATGGGAACACACAAGCCGGAAA''CATCG T mCATC A 
T GAAGAAA C G CA GACAACAGAGGGACATGAAGAA 

CAGCAG' 7 'CjGtsGATGAAGAqGAATCC~GAAAGGATCAAG; 
CACTCGGAAGCCAGAsTCCTAGCACCCGGTCGW"'>'? 
A CACA'C T GCACAAC GAAAAGCT GTA CTC7 TA(TA CC 
GCAGAACGGAAGGCTTCCACCAGEGAACrTGGC/C 
TCAAGACTACGACACCTCACCACATCGTCC 

tCGCAGAGCTTCCTYGAAGGCACGACAGCUA.CGAMCA AAG 

CA CT1 TA CAA C G (CA CGGGAAAGA G C-GA CAAC 
G;TCCCGACAArG4AAGTCGTCAACAGA'T'GAAGAACTACTq 
G-GAGACAGCTCCCAAAGCTGATCACA.CA-AGA 

GITTGACAACCTGCAAGGCAGAGAGAGGAGGACTGAGC 
GCTGGATCA7AGGC4sGGATTCATCAAGAGACQAGCTGGTCG 

AAACAAG AGTCArCAAAGCACGTCGCACAGATCCTGGA 
CAGCGAT GCAA('ACAG TACCACGAAAA C G C>AAGCTG 
ATCAGAGAAGGTC/N/NCACACAC'GAAGAGCAAGCT 
TCACGAfCTvvCAGAAA/GGACTTCj* CATTxCTACAGCAG/N 
GAAA T CAA CAAC TACCVC'CC GC.ACA G CG CT CC T G 

AACGCAGTCGT'CGGAACAGCACTGATCAAGAAGTACCCG1½ 

C GA CG T CA GAAAGAT G-1A T GCAAAGAGC GAACAGGAAJ C 
GGAAAGGCAACAGCAAAGTA CT TC T T CTACAGCAACAT CA 

TAACTmCTTCAGCACAGAAATCsCACTGGCAAACGGAGA 
AATCAGAAAGAGACCGCTGATCGAAA'CAAA'<CGG\AAACA 
GGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCAACAG 
TCAGAAAGGXCTCCTGGCATGCCCGCAGCC ATk~CTCAA 

GAArJACAAGTCCAGCAC?-GGAGA./TS:CAGCAAGGA-AAGC 
ATxiUTGCCGAAGAGAAACACGCACAAGcTGATCpGCAAGAA 

GAAGGACGGACCCGAAG AAG.ACGGAGGA.TTCCACAG 
CCCG A CG.G TC -TACACGTCTGGC1TGCAAAGGTC 
GAAAAGGGAAAGAGCkAGAAGCTGAAGAGCGTCAAGGAAC 

TGCTGGG7AT-ACAACA'TGGw AG GAGCAGCT7TCGAAJA 
GAACCCGATCGACTCCtTGGLACAAAGGGATsArAGGAA7' 
GTCAAGAAGGACCTGATCATCAACATGCCCGAA G TCGCC 
TG(-1T T C GAA C TGGA AAA A A AG AT GCTGCCAAG 
CGCAGGAAittCTG.CAGAAk GAAACGAA(CTGGCACT>CCG 

AAACTGAGGAAGCCGAAGCAACGAAcCAAAGCAF 
CTG TCTC AAC AGCACAAGCCT.c'TGGACGAKAATC 

CAGAGAAGTCA T 
CAGACGC~( AAACCTGGACAAGGTCrCGAGCGCATCAAC<A 

GCACAGAG,~ACAAkGCCGATCAGAGAAfCAGGCAG-RAtiACATC 
ATCCA TCACACTGACAAACCTGGGACACCGGCAG 

CATTCAACTACTTCGCACACAATCGACAGPAAGAGATA 
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CA'CCAGCACAA--AAATCCTGGC;ACCCAACACTGATCJCCANC 
CAx"AG-CCATICACGGACTTACGAAAC.AAATCAC"TGA 
G CCA GCTGGGAGGACG, Th" '"' G i2A GrGAGGAArCCCAAGA GAA 
GACGAAGGTCTACCTACGCCATCACATTTACACGCATCTCA 
G-CCTlACCP"-'A.TGAAATAAGAGAAGQA-ATGAAGACAATIA 

GCTTATTCATCT'CTTTTTCTTTTTCGTTGGTGTAAAGCCA 
ACACCCTGTCTAC?ACATAAATTW'7rTCTTTAATCATTTTG 
CCTCTTTT'TCTGTGTTCATTAATAAAAATGGAAA 
,CC77AAAAAAA A AAAAAAAAA C 

Cas9 mRNA with a poiy-A TCCCGCAGTCGGCTCCAGCGGCTCTGCCTTCTTCGTGTGT 27 
tail comprising SEQ ID GTGTCCTTCGCCTTATTCCCATCCGCCACCAGACA 
NO: 5 AGAACAGCATCGGACTGGATCGGACAAACACGT 

CGGTGGGCATCATCACAGACAATACAACATCCCAGCC 
AAGAAG,.TTC.AAGTCC'TC ACCAGACAACACACA 
TCAAAGAACCTGATCGGAGCA CGCTTTCGCCGG 

GAAACAGCACAACCAACAAGACTAACAGACAC CAACA 

ACAAT C CAG CACC AAATGGCAAACC T CGAC ACG 
C"TCTTC'CACACTGGAAGAAGCTTCCTGGCIC7GAG 
GCCAAGAAGCACG-AACACCCGATCTTCGGAAACATCG 
TCCGAAGTCGCATACCASCGAAGATACCCGACAATCTA 

CCACCTGCAGAAAAACCGCTGGTCGACACCAG uCCA 
,GCC TG ACTGATCTACCTGC.CCGTGCACACACTATCG 

krrCr 
AG("77"C'GAGGC4ACCTTCCTGAT/r~rCAAG"'AGACCTGAACCC 

GGA-AACAGCGACGTCACAGTTk:TCAC T 
C7GCGATCCACCCAAAGGCAAT&)CCTACCAAGACT,7 

G-AG CAAGA.GCAAAGACTGGAAADCCTAT C GCACAGCTG 
CCCGGAGAAAAGTAGOA.CCACTGC"'GGAC'CTCATCG 
CACTGAGCCTGCCACTGAXCACCGPACTTCAAGCAA77CTT 
CGACCTCCCAGAAGCCAACTGCAGCTG}AGCAACGGAC 
ACATACGAsCCACCACCTGGCACAAC'TCTCGCACAGATCG 

GAGACCAGTACCGCAGAC"TGTTCCTGCACGCCACCT 
GACGACC.AATJCCTGCT'"A"GCGACATCCTGAGGCACC 

ACAGCAAATFCACAAGGCACCGCTCGAGCOCAAGCATCATCA 
ACAC4TACGACGAACA CA"CAGGCCTCACACTGCTGAc 
CGCACTCCTCAGACAGCAGCTCCGGAAAAGT'CACAGAA 

TCOGAC GGAGGACAAGCCCCAAGA T TCTACAAGTTCAT 

CAACCGAT'CCTGGAAATGGACGGAACAGOAGAACTG 
CTCGCTCAGCCTGAACAAAACACCTGCTCACAAAGCAGIA 
CAACATTCGACAACCGGAAGCATCCCGCACCAGCATCCACCT 
GGGACAACTGCACCCAAT'CCTCAGOAGACACCAAGACTTC 
TACCCGTTCCT""IAAGGACACACAGAAAAGAT'CGAAAAGA 
'TCCTGACAC'"CAAT'CCCTACTCGTICGGACCG"TGG 
AACAGGCAACA""G'CGATTCGCATGGCTGAAAA"AAG 

GAAGAACACA <o~r.CCTCCAACT'TCCAAAGT1TC 
ACAAGGAGCACGCACAAGCTTATrGAAGAATbAC 
/'AACTTCGAC' AAG>7

ACCTCCGAACGAAAA;GGT
m'T LC 

2AGCACA"'TCTTCAATTACAT,CTACCGb 
AACTCACAAAGG"TCPAG'TACTCACAGAAGG7CPATC'ACAAA 

GCCTGCTTTCACCGACAAACAAAACCATCAAGC 

CACGTCCGAAATICAGCGGACGCAAGACAGATTCAA 7 CGCA 
ACCTGGGCAACATACCA.CCACCTGCTCGAGATCATCAAGG 
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GGAAGACATCrTCCAC ACACTTTCGAACA 

TC'A' 1CCACAAGGTCATGAACAGCTAAGAACCGAAGAA 
ACAGCAACAGAGCGGKAA.CAATCCAGACATC 

'771mm'CCITGGI p ,,(77(T T<tT C7Tfl\j -T GA TIGG 
TGAAACCGACA GATT CCAAA CAGCAAA CTTG T C G ,AG 
CATCCACGACGACAGCCGACATTCAAGAACAGGAT CG 
ACCACACGTCAGCCACACGGAGACAGCCTCAtCAAC 
ACAT/CGCACCTCAGGAAGCN (CCGCTCAAGAACCG 
AATCCTCCAGACACTCAAGCGC t CGAGAACTGGTCAAC 
oTCATGGGAAGACACAAGNI ICCAA AA-A CGiT-C TC AAA 
TGGCAACACAAAA/-CCAGACAACACAGAA-\GGACAAAGAA 

GACCGGAACCAATCCTGAAGGklrnrA4ACICCGGT/CGAA7 

CACAGCTGCCCAGAACGAAAACTGT'CACCTGTACTACCT 
CCAGCACGGCAAAACAACGT '~CACCAOGAACTGGAC 
ATUAACAGA'CTGAG CACTACOACGTCGACCACTCC 
CGCAGACTT 0CCGCGACCOGCATCCACA/ACAAGGTn 
CCTGACAAKAAGCGCCAACAGAGGAAAGOAGCGACAAC 

GTCOACCGCG AGAAGTCGTCAAGAAGATGCAACACTi 
GAACAGCNT G TGAACGCAAAGCTAC''' A r ACAAAA 
GTCC/CACCTGCACAAAxGxCAGAG.CAAGAGA/CT"GAGC 
GAACTGGCCAAGTCAGGATTCATCAAGAGACAGCTGGCOG 

AACAGACGATAT I
""'AA'G;ACGCCACAGATC2TGGA 

GCACAATGAACACAA2UAGTAGALCGAAAACACAAGCCTG 
AT CAGAGAACT CAAC CA T A CA CT GAAGCAAGCT GG 

TCG C G .C TT CACTGJTG G A CTTCACAT GTCT CA AG GTA 

AGAAATCAkACAACTAsCCACCACCACACGACCGCATACCTG 
AACCCAGTCGTCGCAACAGCACG,'TTCAGAGTACCOGA 

AGCTCGAAACCGAATTCGTCTACCCAGACTACAGGTCTA 
CGCCAGAAAC./ GATCATCCGCGCA /NGACGA7AAC 

GGATCAA''-'CACACCCAATACTCACTACCAAA"CCA 

CATCAGCAAAAACCGCTGATCCAAACAAACGAGAAA 
GAGCAAATCGTCTGCGA.CAAGCAAGAGACTTCG'2N'CACA 

TCCAGCAACG-T CCTCGAGCATC CGCA-C-TCAACAKTu TCA 

AAGACAAGTCCAA CAAGGATTCACAAGGAC 
ATCCTCCGAAAAAACA.CGACAGCTCATCCAAGAA 
AGAGGCACTGGGCCCAAC T ACCAGG/TTCGACAGC 
C4-CGACCGTCGCATACAGKC T GTCGTCGCAAAGTC 
TGAAAGGAN.AA/-\IGGCAGCCTGAAGNAGCG-\OOGTA.N.  

TCTGGGAAT/NCACAATCCATAATAGTCG.AAAA 

GACCCCGATCCT-CTGAACAAAOGAACACAAA 
GTCAGAAGCGCCTGTCAT '-,AAGCTCCAAGTAAGCC 

TGTTCGAACTAAACGAAGAAGCAA TGi'AP iCGCAAG 
CG-CAGGAGAACTGCACGAACCCAAACGAACTCGCA.CTOCCG 
AGCMGTA.CGTCAA.CTTCCTGTACCTGAAGCCACTACC 

A/CCCTCAAGACACCCGAAGCAACGAN/NACAGCA 
CCTGTTCGTCG\ACAGCACAAGCICTACCTGGACCAAACT 
ATCGAACAGATC/GCGOACTTCAGCAACACG'PAGCTCCTC 
CACCCAACCTCACA/-ACTCCACCATiAC-CA 

ATCCACCTGTCTCACACTGACAAACCTGGACCGCG 
CATCAATACTCGACACAACATCACAAACGAGATA 
CA"

T
ICAGCACAXCGGAAGTCCTGGACCAACACTGA/TCCAC 

K.CAGCACAGGACTCTACGCAACAAGOAATCGACCTGA 

GCCAGu CGACCAGA.CGOAOGAGGAAGCCCGCAGAAGAA 
CAGAAA/GTCTACCTAGCCATCACCATTTAAAAAGCATCTCAs 
CCTCACC T

GAGAA'k/TPAGAGCAGAAAATOGAAGATCK.TA 
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GCTTATTICATCTCTTTT"TCTTTTTCCIGTGTGdAAGCCA 

ACACCCTGTCTAsAAAACATAATTTCTTTAATCATTTTG 

AAAAAAAcr}%%AAATAAAAAAAAAAJ UAAAAATAAAuYAAAA 

AAAA~b&dAIeAAAAAAAAAt~AfAAAA 

AAAJAA AAA 

Cas9 mRNA with a poiy-A 28 
tail comprising SEQ ID GTGTCGTTGCAGCCTTATTCGGATCCCCC C CP 
NO: 10 AGAAGTACAGCATCGGACT1GACATCGGAACAAACAGCGT 

CGGATGGGCACGTCATCACAGACGAATACAAGGTCCCGA'GC 
ACAAGTTCAAGGTCCGCAACACAGACAGAGCA-CAGCA 

TCAAGAGAAfTGACGAGCACTGrrCTGTTCGACACGG 

AGCAAACACCAGAACAACAAGACTCAAGACAACAGCAACGA 
AGAAGATACACACGAAGAAAGAACAPATCTGCTACCTC 

AGGsATCICAGAACGAATGCAAGGTCAGAA 
CT'CTTCCAAGACGGAA-AACT T CCTCGAAGA 
GACAAGCAACACGAAAGACACCCGGCTTCGGAAACATCC 
TCCACGAAGTCGCATA.CCACCAAAAGTACCCGZ'CAA'TCTA 
CCACCTGACGAAAGAACCTCCTCGACA GCACAACGC 
GACCTGAGACTGATCTACCTGGCACTGGCACA.CATOATCA 
ACTCCACAOGACACTTCCTCATCGAGCAGAC'CCTGAACCC 
GGACAACACCGACGTCCACACT'TTCATCCAGCTGCTC 
CAGACATAsCAACCAGCTGTTCGAAG~CAAACCCGATnCAA~CG 
C.AAGCCATCCIUGACCG CATICACCAAGAC 

GCAAGAGCCCACAACACTGGAAAAOCCATCGCCAGYCTG 
CCGGAGAAAAAAGAACGGACTGTTCCAAACCTAT 

C&WTGGCCGGATGCACCGAAh CTTCAAGAOGCAAC'TT 
CGACCTCGCA.GAAGCC'TG- CTGAGCAAGGAC 
ACATACGACGACCACCTGAACCTCCTCCCACATCC 
CACACCA-TACCACGCCTOTTCCTGGCAGCAAACC T m 

GAGCCACGCAATCCTCTGAGCGACATCCTGCCGAGTCAAsC 

ACAACCAATCAAACCCGGCACCCTGAGCGCAACATCATCA 
AGAGTATACGACAAC! CCACCGACCTGACCTGCTCAA 

GCA-CTGG'CAGACAGCACCTGCCGGArlAGTACAACGA 

TICCACGGAGGACCAACCCACCAAGAATTCTACAAGTTCAT 
CAACCCA GAAACGATCCACGAACAAGAAG 
CT GTAGCTGA C- AGACCGCTAGA' CTA CAGA 
CAACATmCGACIAACGAACATCCCGCACCAGCCCC 
GGOAGAACTCCACCIATCCTGAGAAGACAGGAG CTTC 
TACCCCTTCCTGAAACCCAACCGPAACGA:ATCGAAAAGC 
TCCTCACATTCAGAATCCCGTACTACCTCGACWG.TGGC 
AAGCACCCAGCAGATTCCATGGATGACAACGAAAGAC 
G.AACAAACAACCACCGTGGAA-,-t 1CC?7rAGAATCGCGI' 

ACAAGGAGCAAGGCACAACTTrCACAGAATGAC ATCTT-CGCCOCAAGACCTC7CA-f.CJJAAAGCCTG'ICCG 

C C 7AATAlOCTTCACAGCI'CTACACG 

AAC'TGCAAAGGT'TCAATACTCACAAAGGAATGrAA 
GCCOGCATI'CCTCAGCGGAOAACAGAAGAAGGCCATGTC 
GACCCTGTTCAAGACAAACAGAAGGTCACAGTCAAC 
AGCTCAACGAAGACTAsCTTCAACAAGATCCAATGCTTCCA 
CAGCGTCGOAAATCAGCGGAGTCCCAGACACATTCAACCC 

A1CAAGGACCTTCCTCCACAA-CCAAGAAAACGAAGCA-TCCT 
GGAAGACATCC''CCTGCACTCACACTITCGCAGACAG 

A/CATGATCGA AAACTCAAGACATACCCACACCTGT 
TCGsAG.saA-CATGA±"GAGCTGAAGAGNCAAGAAG 
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ATCAGAAAGCA GA'GCGAAGAAAC CTG'G ACTTC C 
TG rAAGAGCG.CGGTTGCAA771'CTCAGCGCT 

Gcr~;CACGCGACAGCCACATCAAAAGC ATCCAG 

ACATCGCAAACCTGGCAGGAAGCCCGGCMATCPAGAAGGG 
AATCCTGCA-GACAGTCA'AGGTCGTCGACGAACTGGTCAAG 
GTCATGGGCAAGACACAAGCCGG?'J\IACATCGTCACTCGAAA 

T GGCAAG"K"'"G?' J 'CCAGA CAAkCAeC~GAACGGACA GAAGAA 

CAGCAGAGAAGAAGAAGACGAAT CGAA GAAGGAATCAAG'c 
GAA-TGGGAAGCCANGAtCCTAAGGACACCCGTC'A 

ACACANCAGCT'''AGAACG GCTGT A CTACCT 
GCA?-AACGGAGCAAS'"2TTACGTCGK'ACCACCAACTCGAC 

TCAAAAACTFAGCCTAIGACGTCGACCACACGTCC 
CGCAGAGCTTCCTGAAGC"'"ACCACACAACAAGGT 
CCTGA"CNAGAAGCGACAAGAACAGA-GGAAAGAG4CGACAAC 

GGATGA( "''T G CTGACGCA A  CATCACANCAGAGA 
GTCACACCTG'AC'CJCAGAACAGAGGACGAC 

GAACNTGGCAGCAGCGATTCTC\AGAGACACTG KTC 

ACAGACACA'N 1NGCACGA,CACCAGArTCG 

CGAGA2ATGACACAAA--GTC AC GAGIJ.CACAAGC TG 
AT CAGTAGT AGT A T CA C'ATJ GGAAACAGCT GG 

TCAGCGACTC'AGA AGGACTTCATT'TAC GTCAG 
AGAAATCXACAACTACCACCACGC CAACGCAT'ACCTG 
AACGCAGTCCGTCGGAACA-GCACTGAT'CAAGAAGTACCCGA 
IAGCTGGCAAGUCGAATTCGT TACA.A ACAGGTCTA 

CGACGTCAGAAAGACGACCGCAAGAGCGAACAG G GATC 
GGAAAGGCAACACCAAAGTACTTCTCTACACCAACATCAs 

CCACTCTTCCAAGACAGAATCACACTGGCM`ACGGAA 
AATAGAGA GACCGCTG NYATCGAAQK'kACACAAAACxACA 

TGLAAAGGTNNCC~TGAACCCAGCAACTC',,GTC 

GAGAC GATCGCGAGTTACGAAC 

TCCTGCCGAGAG AACACCAACGTCCAA 

AGAAGGJ'CTGGGACCCGAAGAAGTACGGAGGA'TTCGACAG 
CCCGACAGCGCCATAC? <GCTCCCTGGT'CGTCGCAAAGGTC 

GAAAAGGGAACAAGAAGCTGPAGCAGCCTCAAGCGAAC 
GCTGGCAAT CAK"'CAATGAAACAGCTTCG'AAN 

CGA,CCGTC GTCC TGGAAGC7A G( GTA','CAAGA 

G CA*AGAAGA CCGTCTCAAGACAGAGTtCA C 

TGTTCGAACA'CG-'.,<'NAAAGC",A GCG' CA"G 

CGCG r ATGA AGGGAA-rATGCATCC 

GCAAGTCACGCAAC T .rCACCTGGCAAGCCArACG 

AAAGCTAAGGAGCCGGAGA.AAGAAC.AAAGC, 

G C CCGC"'< GA&G ACAAGCACTACCTGGACGAATC 
T'CGAACAUGATCAGCGAACTCAGCA AAGkCATCCTGG 
CAGACGCAAACCTGGP'AAGGTCCTGGGC"AC"A 

GCACAGAsG"AC~aCCG''ATCGAGtPA 7 CGCAGAAACANTC 
ACCCACCCTTTCANCCACAAACCTGGG CCGGCAC 
CA'TTCkAGTCTTCG7AAA'A"CACGACAAA'CA'GAT 
CACAAGCCAAAGGAAGTC"'.."'JGGACGC""IAA'ACTGATCCAC 

--A" _1 ', -"" ,A~ "-A.~'- 5 y CAG_ GCCAGCTGGGCAGGAGACGGAGGACAACCCGAGAAGAAI 
GAGAAAGGTCTACCTAGCeATCACATTTAAAACGCA'.T'TCA 

GCCTACCACTGAGAACAAGAGAAAGAATGAAGACATA 
GCTTATTCAT'CTCTTTTCCTTTTCG'TGGTGTAAAGACC 
A CACCCTCTCAAAAACA TAAATCTTTAATCATTTTG 
CCTCTTTCTCTGT3GCCC.AT TAAAAAAAA T GG7 J7GA 
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ACCIAAAAATJAAAAA''~~"l! 'AATlAAAAAAAAAIAA 
ACAA-AAAAAAAJ'AT~y "'AAAAAA-AAAAAACAJAAAAAA-AAAA 

GAAAAAAAAAAAAAATAMAAA 
Cas9 mRNA with a poiy-A TCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGT 29 
tail comprising SEQ ID GTGTCGTTGCACGCCTTATTCGGTCCGCCACCATGGACA7 
NO: 11 AGAGTACAGCATCGGACTGGACATCGGAACAACGT 

CGATGGCAGTCAT'CACACCC GATCTC.GGT½½ CCCGA'CG 
A .TCAA CCT ACACA\CAGACACAGCA 

TCAAGr 'AGAACCT 'G"TrGACACTGCTTCCA 'C 
ACGAAC.GCAAGCAACA A CG FCTA ACAGCAAGI 

GAAGACTACAAGACAAAGAACAAATCTCACcTGC 
AGGAACTCAG CA GAG GCAGGTCGACGACAG 
CTTCTTCCACAGACTGGCAGAAAGCTTCCTGGTCA-'AGAA 
GACAAACGCACGGCACCACCCGATCTTCCCAAACATCG 

GTCCGGT C GPCA(=NCTCGAJC GTACCCG7,CATC TA 

CACTTC TGTC GACTGTC C GC -ACCGCAGGCP 
cCACCTGAGACTGATCTACCTGGACGCACACAAATGACA 

CATTCGGACACCCTGACGCAGGAGCCGACC 
GGA CAACAG CACA G CGCAAG CT CG TTCAT CCAGCT G CCTC 

A ACCGC TGAAAACCCGCAC 
CAAGCGACGTccACCAAAGGCAATccTcAGCGCAAGACT 
GAGCAACAGCAGCAGACTGGAAAMCCTGATCGC.A.CCTG 
CCGGGAG' A3AGAACAACGGACTGTTCGGAAAT C 
CACTGACCCTGGGACTGAGACCGAACTTCAAGAGCAACTT 
CGACCTGGCAGAACGCAAAGCTGCAGCTGACCAAGGAC 
.ACATAfCGACACCCTGGcAC ~AACuCGCTGCACACATJCG 

ACACCAG'ACCCAGACCCTGTCCTGACACCAAAGAA-CCT 
GAGCGACGCATCCTGTCTGACGACATCCTAGTAA,'PNC 

CAGAACAAAGG'.CGTCTGcACl-GAGCATTGATA 

-"-A ,ACAG (AAGA 

AGACATACACGAACACCACCACCTG~iACACTiGCTCAA 

TCGACC 0 G G CATAGC CACGAAA T T C TTCCA T CAT 
CJAAGCP'TCiCTAAATGCGGCAGAAGAACC '<hTG 

CTGGCAAGCTGAACf;GA~sACCTCrn'TGAG 7 :'dfGCGA 

GAA"<ATTCGAAAGGAGCTCGACC AATCCACCT'~ 

TCCCGTCCTGAAGGArVluCAJCGAGAAAAG"~7ACAAG 

TCCTCACAITTCAGAATCCCCTACTA.CGTCGGACCGCTGC 
.GAGGACAGC.TGCATGGATGACAAG.AAGAGC 

GAAGA[JACAATCACACCGTGGAACTTCGAACAACTCGTCG 

AAACTTCGACAGAACCTCCGAACGAAAAGGTCCTGC 
AAGGCACGCCTCTGTAcG ATACTTCACAGTCTACAACC 

CCGCATCCAGGGAAACAAAAnAGCA . ATGT 
CACCTGCTGTTCAAGAt..CAAA?-CAGAA/AGGTCACAGCAAGC¾7-; 

COPCCGTCGCAAAT'CAGCCGGA4TCAGCACAATCAACGCA 

AGYCCTGGGACATACCACGACCTGCTAAGAATCATICAAGG 

AcAAGGACTTCCTGGA.CAACAAG4AAAACGAAGACATCCT 
CGAAGACATCGTCCTGCACTACPCTGTTCCAAGACAGA 
GAAAsTCAT.CGAAGAAAGACTGAA.CACATACCACACCTCT 
TCGACGCAA-JGGTCATGA'' AAGCTGAAGAGfcAAGAAGAT7 

TGAAGACACGACCAACCACAGAAACTCTCAGCAC 
G11TiCACACACACCACATTCAAGGAAG.A.iu: CCiTCC 

AAGGCPACACAGGAAGGCACAAG.iCCCCTGCACGA'i"AC 
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AATCCTGAGA.CAGAGGTTTTrrrcGACGAACTGGAG 

GT-----TGGGAAGACACA G----A AACGAAA 
AT GGGGAAAACCKGA-AAC AAGKAGGP G.CA-G AGAA 

CxAGAGGAAxAGA AGGAAT1r rCG.AGGAAGAT" CA 

GAAGTGC44GAAGCCAGA T C AG--GA.ACACGTGTGACAGC 

ACACACAAGGTGCAGAAC''AG C'TAfp-CTG 4TACTACCT 
GGAGAACGGAAGAGACATGTACGTCGACCAGGAGCTGGAC 
ATCAAGACTGAGCGACTAC~lGCTCGC7CCTCGKTC 
GOGAGAGCTTCCTGPAGGAGSGACCATCGA'C"'GAC'G 

CCGACGA-AGCGACAAGAGAGGAAC GAGGCAAC 
GTGGCACGGAAXGAAGTCGTCGAAGA77AGT.G A-,GACTCT 
GGA-GACAGCTGGTGG'AACGGAA7AGGTCAAGj' -'7(77A'A 

AAACAAGACA GATCACAAAGCACGTCGCAGATCCTGG' 

_AG ATACCAGTCAGAACGr..,ACAGC 

ATCAGAGAG'T"GACTCATCA'C'CTGAC AGCCTGG 
TG AGC A CTT CAGAAAGGATT C TTGC TCAGGT CA 
AGAAATCAACAGTACCAICCACGCAGAGCACACCT 

AAGCGTGTGGACAGCAACTGACAAGAAGT , _ACCGA 
AGGTGGAAAGGGAATTCGT"7CACGGGACTAC'CAA A 

LCGACGLTLPCIGAAGA T',ACGCAAPrUG'GAACGGAAATC 

GGAAAGGCAACACCAAAGTTCTCTACAGA ACA 
TGACTTTAGA'C'AA ArATC"(CAfTGCACGAGIX 

?ATGAGAAG/AGACCGCTGATGGAAACAAAGJCGGAGAAGAC 
GGAGAA T C GTTGGGA CAAGGGAAGAGAT TCGCAACAG 

GAAG-ACAGAGTGCGACAGAGGCGTTCGAAGGAAACGC 
ATGGTCCGCAAGAGAAGAGCGACAAGCTCATCGGCGA 
AGAA-'GGACTGGGACCCGAAGAAGTACGG7 /v;5AGGATT7CGA-CAG 
GCCGACGTC7'"GC'A7T

CAGGTCTGG rXTGCAGCG 
GAAAGGGAGAAGAAGGAGAGCGTC-cGGAAC 
TCTGGGI AACAACATGGAA,}7.GAAGCAGC7\7("Ti'UTGAAA

GAACGGGATCGACTTCCAGC"A7C
'
AAAGGCAT'ACAAGGAA 

GTCAAGAAGG-ACTGAT'CATCAAG(CTGCCGAGTACAGCC 
TG-TTGGAACTGGAAAACGGAAGJ'GAGAATGCTGGAAG4 
CGCAGG~AGAGAAG GAAACC"'GfATC T CCTGCCG 

AGGGTACCTCAA''CjTTGTACCTGGCAAGCAGTAC 
AAAAGCTGAAGGCAACCCGGAAGAAGAAGAAGA GC 

GTGTTCGGAACAGCAGAACGCACTAxciTGGlACGAAAT1C 
A'TCGAACAGATCAGCCGAATTGAGCASAGAGACTCATCCTGG 

GCACAGAGACAAGCCGATCA'GAGAACAGGCAGAAAACATC 

ATC-,CACCTGTCCATACAACG 7AGACGAG 

CATTCAAGTA/CTTCGACAAAAATCGAKCAGRAAGAGATA 

C' kC7 AGCACAAAGGAAGTCCTGGACGCAAGACTGATCCAC 
CAGACCATCACAGGCGACTGTACGAAACAAGAATCGAGGTGA 

GCCAGCTGGGAGGACACGCAGAGGAGGGCCAAGAAGAA 
GAGAAGGT'CTAGCTAsGCCATGACATTTAAAAGCATCTGA 
GCCT'iACGAGAAGGA ' AA'JCAAATCATA 
GTTJATTCATCTCTTTTTTTTTCGTTGGTGTAAAGCCA 

ACACC""TGTCTAAA'ACAT'AATTCTTTAA.TCATTTG CCTTTTCCTTGTTCATRAAAAATGAAG 
IP C7771 G, G'7 Gp 

ACCAAAAAAA GITA7AJAVAA1A TAAAAAAAACAAA7AAAAAA 

AAAAYAQAAAA TAAAAAA CAAAQQ MCAAAAA 
?3ATk'tkr

'
QAAGAAAAAAA]CSAA.AAAiATRAAAAAAAQ 7 

41



WO 2019/036513 PCT/US2018/046772 

Description Sequence SEQ 
ID No 

Cas9 mRNA with a poly-A TCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGT 30 

tail comprising SEQ ID GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGGACA 

NO: 19 AGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGT 

CGGATGGGCAGTCATCACAGACGAATACAAGGTCCCGAGC 
AAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCA 

TCAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGG 

AGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGA 
AGAAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGC 
AGGAAATCTTCAGCAACGAAATGGCAAAGGTCGACGACAG 
CTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAA 

GACAAGAAGCACGAAAGACACCCGATCTTCGGAAACATCG 

TCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTA 
CCACCTGAGAAAGAAGCTGGTCGACAGCACAGACAAGGCA 

GACCTGAGACTGATCTACCTGGCACTGGCACACATGATCA 

AGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCC 

GGACAACAGCGACGTCGACAAGCTGTTCATCCAGCTGGTC 

CAGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACG 

CAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCAAGACT 
GAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTG 

CCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCG 

CACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTT 
CGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGAC 

ACATACGACGACGACCTGGACAACCTGCTGGCACAGATCG 

GAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCT 

GAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCAAC 

ACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCA 
AGAGATACGACGAACACCACCAGGACCTGACACTGCTGAA 

GGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAA 

ATCTTCTTCGACCAGAGCAAGAACGGATACGCAGGATACA 
TCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAGTTCAT 

CAAGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTG 

CTGGTCAAGCTGAACAGAGAAGACCTGCTGAGAAAGCAGA 

GAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCT 

GGGAGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTC 
TACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGA 

TCCTGACATTCAGAATCCCGTACTACGTCGGACCGCTGGC 

AAGAGGAAACAGCAGATTCGCATGGATGACAAGAAAGAGC 

GAAGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCG 
ACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAATGAC 
AAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCG 
AAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACG 
AACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAA 
GCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTC 
GACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGC 
AGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGA 

CAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCA 
AGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGG 

ACAAGGACTTCCTGGACAACGAAGAAAACGAAGACATCCT 

GGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGA 

GAAATGATCGAAGAAAGACTGAAGACATACGCACACCTGT 

TCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAGATA 
CACAGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGA 

ATCAGAGACAAGCAGAGCGGAAAGACAATCCTGGACTTCC 

TGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCT 
GATCCACGACGACAGCCTGACATTCAAGGAAGACATCCAG 

AAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAAC 
ACATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAGGG 
AATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTCAAG 

GTCATGGGAAGACACAAGCCGGAAAACATCGTCATCGAAA 
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TGGCAAGAGAAAACCAGACAACACAGAAGGGACAGAAGAA 
CAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAG 
GAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGAAA 
ACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT 
GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGAC 
ATCAACAGACTGAGCGACTACGACGTCGACCACATCGTCC 

CGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGT 

CCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAAC 

GTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACT 
GGAGACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAA 
GTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGC 
GAACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCG 
AAACAAGACAGATCACAAAGCACGTCGCACAGATCCTGGA 
CAGCAGAATGAACACAAAGTACGACGAAAACGACAAGCTG 

ATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAAGCTGG 

TCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAG 

AGAAATCAACAACTACCACCACGCACACGACGCATACCTG 

AACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGA 
AGCTGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTA 

CGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAATC 

GGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACATCA 
TGAACTTCTTCAAGACAGAAATCACACTGGCAAACGGAGA 

AATCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACA 

GGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCAACAG 
TCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAA 

GAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAGC 
ATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAA 

AGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAG 

CCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTC 
GAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAAC 

TGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAA 

GAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAA 

GTCAAGAAGGACCTGATCATCAAGCTGCCGAAGTACAGCC 

TGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAG 
CGCAGGAGAACTGCAGAAGGGAAACGAACTGGCACTGCCG 

AGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTACG 

AAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCA 

GCTGTTCGTCGAACAGCACAAGCACTACCTGGACGAAATC 
ATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGG 

CAGACGCAAACCTGGACAAGGTCCTGAGCGCATACAACAA 

GCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATC 

ATCCACCTGTTCACACTGACAAACCTGGGAGCACCGGCAG 

CATTCAAGTACTTCGACACAACAATCGACAGAAAGAGATA 
CACAAGCACAAAGGAAGTCCTGGACGCAACACTGATCCAC 

CAGAGCATCACAGGACTGTACGAAACAAGAATCGACCTGA 

GCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAA 
GAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCATCTCA 

GCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATA 

GCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCA 

ACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTG 

CCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGA 
ACCAA 

AAAAAAAAAAAAAAAAAAAA 
Cas9 mRNA with a poly-A TCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGT 31 

tail comprising SEQ ID GTGTCGTTGCAGGCCTTATTCGGATCCGCCACCATGGACA 

NO: 2 AGAAGTACAGCATCGGACTGGACATCGGAACAAACAGCGT 

CGGATGGGCAGTCATCACAGACGAATACAAGGTCCCGAGC 
AAGAAGTTCAAGGTCCTGGGAAACACAGACAGACACAGCA 
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Description Sequence SEQ 
ID No 

TCAAGAAGAACCTGATCGGAGCACTGCTGTTCGACAGCGG 
AGAAACAGCAGAAGCAACAAGACTGAAGAGAACAGCAAGA 
AGAAGATACACAAGAAGAAAGAACAGAATCTGCTACCTGC 
AGGAAATCTTCAGCAACGAAATGGCAAAGGTCGACGACAG 
CTTCTTCCACAGACTGGAAGAAAGCTTCCTGGTCGAAGAA 

GACAAGAAGCACGAAAGACACCCGATCTTCGGAAACATCG 

TCGACGAAGTCGCATACCACGAAAAGTACCCGACAATCTA 

CCACCTGAGAAAGAAGCTGGTCGACAGCACAGACAAGGCA 

GACCTGAGACTGATCTACCTGGCACTGGCACACATGATCA 
AGTTCAGAGGACACTTCCTGATCGAAGGAGACCTGAACCC 

GGACAACAGCGACGTCGACAAGCTGTTCATCCAGCTGGTC 

CAGACATACAACCAGCTGTTCGAAGAAAACCCGATCAACG 
CAAGCGGAGTCGACGCAAAGGCAATCCTGAGCGCAAGACT 

GAGCAAGAGCAGAAGACTGGAAAACCTGATCGCACAGCTG 

CCGGGAGAAAAGAAGAACGGACTGTTCGGAAACCTGATCG 

CACTGAGCCTGGGACTGACACCGAACTTCAAGAGCAACTT 

CGACCTGGCAGAAGACGCAAAGCTGCAGCTGAGCAAGGAC 

ACATACGACGACGACCTGGACAACCTGCTGGCACAGATCG 
GAGACCAGTACGCAGACCTGTTCCTGGCAGCAAAGAACCT 

GAGCGACGCAATCCTGCTGAGCGACATCCTGAGAGTCAAC 

ACAGAAATCACAAAGGCACCGCTGAGCGCAAGCATGATCA 
AGAGATACGACGAACACCACCAGGACCTGACACTGCTGAA 

GGCACTGGTCAGACAGCAGCTGCCGGAAAAGTACAAGGAA 

ATCTTCTTCGACCAGAGCAAGAACGGATACGCAGGATACA 

TCGACGGAGGAGCAAGCCAGGAAGAATTCTACAAGTTCAT 

CAAGCCGATCCTGGAAAAGATGGACGGAACAGAAGAACTG 
CTGGTCAAGCTGAACAGAGAAGACCTGCTGAGAAAGCAGA 

GAACATTCGACAACGGAAGCATCCCGCACCAGATCCACCT 

GGGAGAACTGCACGCAATCCTGAGAAGACAGGAAGACTTC 
TACCCGTTCCTGAAGGACAACAGAGAAAAGATCGAAAAGA 

TCCTGACATTCAGAATCCCGTACTACGTCGGACCGCTGGC 

AAGAGGAAACAGCAGATTCGCATGGATGACAAGAAAGAGC 

GAAGAAACAATCACACCGTGGAACTTCGAAGAAGTCGTCG 

ACAAGGGAGCAAGCGCACAGAGCTTCATCGAAAGAATGAC 
AAACTTCGACAAGAACCTGCCGAACGAAAAGGTCCTGCCG 

AAGCACAGCCTGCTGTACGAATACTTCACAGTCTACAACG 

AACTGACAAAGGTCAAGTACGTCACAGAAGGAATGAGAAA 

GCCGGCATTCCTGAGCGGAGAACAGAAGAAGGCAATCGTC 
GACCTGCTGTTCAAGACAAACAGAAAGGTCACAGTCAAGC 

AGCTGAAGGAAGACTACTTCAAGAAGATCGAATGCTTCGA 

CAGCGTCGAAATCAGCGGAGTCGAAGACAGATTCAACGCA 

AGCCTGGGAACATACCACGACCTGCTGAAGATCATCAAGG 

ACAAGGACTTCCTGGACAACGAAGAAAACGAAGACATCCT 
GGAAGACATCGTCCTGACACTGACACTGTTCGAAGACAGA 

GAAATGATCGAAGAAAGACTGAAGACATACGCACACCTGT 

TCGACGACAAGGTCATGAAGCAGCTGAAGAGAAGAAGATA 
CACAGGATGGGGAAGACTGAGCAGAAAGCTGATCAACGGA 

ATCAGAGACAAGCAGAGCGGAAAGACAATCCTGGACTTCC 

TGAAGAGCGACGGATTCGCAAACAGAAACTTCATGCAGCT 

GATCCACGACGACAGCCTGACATTCAAGGAAGACATCCAG 

AAGGCACAGGTCAGCGGACAGGGAGACAGCCTGCACGAAC 
ACATCGCAAACCTGGCAGGAAGCCCGGCAATCAAGAAGGG 

AATCCTGCAGACAGTCAAGGTCGTCGACGAACTGGTCAAG 

GTCATGGGAAGACACAAGCCGGAAAACATCGTCATCGAAA 
TGGCAAGAGAAAACCAGACAACACAGAAGGGACAGAAGAA 

CAGCAGAGAAAGAATGAAGAGAATCGAAGAAGGAATCAAG 
GAACTGGGAAGCCAGATCCTGAAGGAACACCCGGTCGAAA 
ACACACAGCTGCAGAACGAAAAGCTGTACCTGTACTACCT 

GCAGAACGGAAGAGACATGTACGTCGACCAGGAACTGGAC 
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Description Sequence SEQ 
ID No 

ATCAACAGACTGAGCGACTACGACGTCGACCACATCGTCC 
CGCAGAGCTTCCTGAAGGACGACAGCATCGACAACAAGGT 

CCTGACAAGAAGCGACAAGAACAGAGGAAAGAGCGACAAC 
GTCCCGAGCGAAGAAGTCGTCAAGAAGATGAAGAACTACT 
GGAGACAGCTGCTGAACGCAAAGCTGATCACACAGAGAAA 
GTTCGACAACCTGACAAAGGCAGAGAGAGGAGGACTGAGC 
GAACTGGACAAGGCAGGATTCATCAAGAGACAGCTGGTCG 
AAACAAGACAGATCACAAAGCACGTCGCACAGATCCTGGA 
CAGCAGAATGAACACAAAGTACGACGAAAACGACAAGCTG 
ATCAGAGAAGTCAAGGTCATCACACTGAAGAGCAAGCTGG 

TCAGCGACTTCAGAAAGGACTTCCAGTTCTACAAGGTCAG 

AGAAATCAACAACTACCACCACGCACACGACGCATACCTG 
AACGCAGTCGTCGGAACAGCACTGATCAAGAAGTACCCGA 

AGCTGGAAAGCGAATTCGTCTACGGAGACTACAAGGTCTA 

CGACGTCAGAAAGATGATCGCAAAGAGCGAACAGGAAATC 

GGAAAGGCAACAGCAAAGTACTTCTTCTACAGCAACATCA 

TGAACTTCTTCAAGACAGAAATCACACTGGCAAACGGAGA 
AATCAGAAAGAGACCGCTGATCGAAACAAACGGAGAAACA 
GGAGAAATCGTCTGGGACAAGGGAAGAGACTTCGCAACAG 
TCAGAAAGGTCCTGAGCATGCCGCAGGTCAACATCGTCAA 
GAAGACAGAAGTCCAGACAGGAGGATTCAGCAAGGAAAGC 
ATCCTGCCGAAGAGAAACAGCGACAAGCTGATCGCAAGAA 
AGAAGGACTGGGACCCGAAGAAGTACGGAGGATTCGACAG 
CCCGACAGTCGCATACAGCGTCCTGGTCGTCGCAAAGGTC 
GAAAAGGGAAAGAGCAAGAAGCTGAAGAGCGTCAAGGAAC 
TGCTGGGAATCACAATCATGGAAAGAAGCAGCTTCGAAAA 
GAACCCGATCGACTTCCTGGAAGCAAAGGGATACAAGGAA 
GTCAAGAAGGACCTGATCATCAAGCTGCCGAAGTACAGCC 

TGTTCGAACTGGAAAACGGAAGAAAGAGAATGCTGGCAAG 
CGCAGGAGAACTGCAGAAGGGAAACGAACTGGCACTGCCG 
AGCAAGTACGTCAACTTCCTGTACCTGGCAAGCCACTACG 
AAAAGCTGAAGGGAAGCCCGGAAGACAACGAACAGAAGCA 
GCTGTTCGTCGAACAGCACAAGCACTACCTGGACGAAATC 
ATCGAACAGATCAGCGAATTCAGCAAGAGAGTCATCCTGG 
CAGACGCAAACCTGGACAAGGTCCTGAGCGCATACAACAA 
GCACAGAGACAAGCCGATCAGAGAACAGGCAGAAAACATC 

ATCCACCTGTTCACACTGACAAACCTGGGAGCACCGGCAG 

CATTCAAGTACTTCGACACAACAATCGACAGAAAGAGATA 
CACAAGCACAAAGGAAGTCCTGGACGCAACACTGATCCAC 

CAGAGCATCACAGGACTGTACGAAACAAGAATCGACCTGA 

GCCAGCTGGGAGGAGACGGAGGAGGAAGCCCGAAGAAGAA 

GAGAAAGGTCTAGCTAGCCATCACATTTAAAAGCATCTCA 

GCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATA 
GCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCA 
ACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTG 

CCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGA 
ACCAA 

AAAAAAAAAAAAAAAAAAAA 

[00118] Phosphorothioate (PS) linkage or bond refers to a bond where a sulfur is 

substituted for one nonbridging phosphate oxygen in a phosphodiester linkage, for example 

in the bonds between nucleotides bases. When phosphorothioates are used to generate 

oligonucleotides, the modified oligonucleotides may also be referred to as S-oligos.  
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[00119] A "*" may be used to depict a PS modification. In this application, the terms 

A*, C*, U*, or G* may be used to denote a nucleotide that is linked to the next (e.g., 3') 

nucleotide with a PS bond.  

[00120] In this application, the terms "mA*," "mC*," "mU*," or "mG*" may be used 

to denote a nucleotide that has been substituted with 2'-O-Me and that is linked to the next 

(e.g., 3') nucleotide with a PS bond.  

EXAMPLES 

[00121] The following examples are provided to illustrate certain disclosed 

embodiments and are not to be construed as limiting the scope of this disclosure in any way.  

Example 1 - Design and stability of stable plasmids for poly-A coding 

[00122] Poly-A tails were designed that comprised non-adenine nucleotides. The 

stability of plasmids encoding these poly-A tails with consecutive adenine nucleotides and 

non-adenine nucleotides (e.g., interrupting sequences) were compared to poly-A tails 

composed solely of adenine nucleotides.  

[00123] The issue of loss of the number of adenosines in an mRNA poly-A tail 

consisting of only adenosines is highlighted in Table 2. A sequence containing a poly-A tail 

of 96 adenosines was inserted into a pUC57 plasmid (Genscript) and transformed into E. coli.  

Cells were plated on LB-Amp plates, and incubated overnight at either 30°C or 37°C. Eight 

colonies were picked and inoculated into 96-well plates with LB-Amp media and grown 

overnight at 30°C or 37°C (Day 1). Samples from the Day 1 cultures were added to fresh 

LB-Amp media and grown for two additional days at 30°C or 37°C (Day 2). DNA was 

purified from Day 1 and Day 2 cultures and sequenced to determine poly-A tail length in the 

plasmids. Exemplary results are shown in Table 2 below and in Figure 1.  

Table 2: Poly-A length after plasmid growth in E. Coli 

370C 300 C 
Initial colony Day 1 poly-A Day 2 poly-A Initial colony Day 1 poly-A 
size length length size length 
Sm 95 18 Reg 80 
Reg 95 68 Sm 95 
Reg 95 94 Reg 39 
Sm 95 N/A Reg 48 
Reg 96 N/A Sm 95 
Sm 36-95 mix 18 Sm 95 
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37 0 C 300 C 
Initial colony Day 1 poly-A Day 2 poly-A Initial colony Day 1 poly-A 
size length length size length 
Sm 62 61 Reg 47 
Reg 69 68 Sm 95 

[00124] For a number of the colonies each round of growth was associated with a 

decrease in the number of adenosines within the poly-A tail, with only one colony 

maintaining over 90 adenosines through two rounds of replication. In addition, the size of 

bacterial colonies correlated with loss of poly-A tail length from the plasmid (i.e., larger 

colonies corresponded with loss of poly-A length), suggesting that sequences encoding longer 

poly-A tails may inhibit bacterial growth during plasmid production. DNA purified from 

colonies of E. coli represent a population of DNAs from individual E. coli harboring plasmid 

DNA. Thus, the values provided in Table 2 (and similar values described herein) represent 

average poly-A length of the population. Further, during PCR and sequencing of long repeats 

such as poly-A, the polymerase may slip, resulting in the appearance that the sequence is 

slightly shorter than the actual sequence. Thus, for results showing 95 adenosines, it is not 

certain whether the plasmid has lost one adenosine, or whether it is a PCR artifact. However, 

significant loss is not an artifact of polymerase slippage during PCR amplification and 

sequencing.  

[00125] In a separate experiment, E. coli were transformed with a pUC57 plasmid 

containing a poly-A tail of SEQ ID NO: 1 and plated on LB-Amp plates. Eight clones were 

cultured through two rounds of growth and tested for maintenance of the sequence encoding 

the poly-A tail. Representative data on one clone is shown in Figure 2, where no change in 

size of the tail was seen with the poly-A tail of SEQ ID NO: 1 over 2 rounds of growth of a 

plasmid encoding it. Miniprep 1 refers to the first round of growth, while Miniprep 2 refers to 

the second round of growth. Minipreps were performed using an Invitrogen Purelink Quick 

Plasmid Miniprep kit.  

[00126] A plasmid encoding a poly-A tail with an additional non-adenosine pattern 

(SEQ ID NO: 3) was tested for its ability to withstand replication in E. coli. A sequence 

containing a poly-A tail of SEQ ID NO: 3 was inserted into a pUC19 plasmid (Genscript) and 

transformed into E. coli. Cells were plated on LB-Kan plates, and incubated overnight at 

either 30 0C or 370C. Eight colonies were picked and inoculated into 96-well plates with LB

Kan media, and grown overnight at 300C or 37 0 C (Day 1). Samples from the Day 1 cultures 

were added to fresh LB-Kan media and grown for two additional days at 300 C or 370 C (Day 
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2). DNA was purified from Day 1 and Day 2 cultures and sequenced to determine poly-A tail 

length in the plasmids. Of eight Day 1 cultures sequenced, six maintained stretches of 25, 24, 

24, and 24 adenosines, and of twelve Day 2 cultures sequenced, nine maintained stretches of 

25, 24, 24, and 24 adenosines, demonstrating an improvement of poly-A retention compared 

to adenosine-only sequences.  

[00127] These data indicate that DNAs encoding poly-A tails comprising non-adenine 

nucleotides have improved stability over multiple rounds of plasmid growth and purification 

in comparison to DNAs encoding poly-A tails containing only adenosines.  

Example 2 - Activity of constructs with poly-A tails comprising non-adenine nucleotides 

[00128] Experiments were performed to determine whether there was a difference in 

efficacy of mRNA with poly-A tails comprising non-adenine nucleotides (interrupting 

sequences) versus those with poly-A tails containing only adenosines. A model system was 

used where mRNA encoding Cas9 protein was transfected by electroporation into HEK-293 

cells with a reporter plasmid encoding secreted embryonic alkaline phosphatase (SEAP), as 

well as a guide RNA targeting SEAP. Successful expression of Cas9 protein from the mRNA 

results in cleavage of the SEAP target sequence, leading to a color change reflecting 

decreased production of SEAP. The SEAP HEK-Blue reporter reagents were obtained from 

Invivogen. A sequence containing a T7 promoter and encoding a Cas9 mRNA with 

adenosine-only poly-A tail (designed to have 100 adenosine nucleotides, but shown as having 

97 adenosine nucleotides by sequencing) (SEQID NO: 6) or a sequence containing a T7 

promoter and encoding a Cas9 mRNA with a poly-A tail of SEQ ID NO: 1 (SEQ ID NO: 7) 

were cloned into pUC57 plasmid (Genscript). mRNA was produced by in vitro transcription 

from the linearized plasmids encoding each mRNA.  

[00129] Figure 3 shows titration of Cas9 mRNA with adenosine-only poly-A or the 

poly-A of SEQ ID NO: 1 in the HEK-Blue cell assay at concentrations from 0.005-50nM, 

and 1pM single guide RNA targeting SEAP (SEQ ID NO: 8).  

[00130] The HEK-Blue results show that the effect of mRNA with either poly-A tail 

was similar across the dose-response curve. Higher concentrations of mRNA led to a 

decrease in SEAP reporter gene expression as evidenced by the color change to pink, as the 

baseline blue color indicates SEAP expression. Thus, the poly-A tail comprising non-adenine 

nucleotides did not change the efficacy of expression and function of a Cas9 construct 

compared to a poly-A tail containing only adenosines.  

48



WO 2019/036513 PCT/US2018/046772 

[00131] The efficacy of editing conferred by expression of a Cas 9 mRNA of SEQ ID 

NO: 6 was also compared to the Cas9 mRNA of SEQ ID NO: 7 (i.e., adenosine-only poly-A 

tail compared to poly-A tail of SEQ ID NO: 1). For these experiments, HEK-Blue cells were 

transfected with sgRNA (SEQ ID NO: 8) and the two different mRNAs by electroporation.  

[00132] Figure 4 shows percent SEAP inhibition for both constructs after 24-hour 

incubation. The EC5o for SEAP editing for mRNA with a poly-A tailing containing only 

adenosine and a poly-A tail comprising non-adenine nucleotides were similar at 0.050 and 

0.054, respectively.  

[00133] Figure 5 shows percent SEAP inhibition for both constructs after a 48-hour 

incubation. The EC 5 o for SEAP editing for mRNA with a poly-A tailing containing only 

adenosine and a poly-A tail comprising non-adenine nucleotides were similar at 0.086 and 

0.082, respectively.  

[00134] mRNA expression and activity were also confirmed in vivo. The Cas9 

mRNAs of SEQID NO: 6 (HiCas9 mRNA) and SEQID NO: 7 (Disrupted PolyA mRNA) 

were formulated with single guide RNA of SEQ ID NO: 9 (targeting mouse TTR gene) at a 

1:1 weight ratio into lipid nanoparticles (LNPs) and administered to CD-i female mice (n=5) 

by intravenous dosing at 1 or 0.5 mg/kg of total RNA. Blood was collected from the animals 

at 7 days post-dose, and serum levels of TTR protein were measured by ELISA. In short, 

total TTR serum levels were determined using a Mouse Prealbumin (Transthyretin) ELISA 

Kit (Aviva Systems Biology, Cat. OKIAOO111). Kit reagents and standards were prepared 

according to the manufacture's protocol. The plate was read on a SpectraMax M5 plate 

reader at an absorbance of 450 nm. Serum TTR levels were calculated by SoftMax Pro 

software ver. 6.4.2 using a four parameter logistic curve fit off the standard curve. Final 

serum values were adjusted for the assay dilution.  

[00135] Figure 6 shows comparable levels of serum TTR knockdown (representative 

of percentage editing of the TTR gene) for both poly-A constructs at 7 days post-dose. Serum 

TTR knockdown results were confirmed by sequencing of the TTR locus in livers of the mice 

harvested at 7 days. Mice receiving the adenosine-only poly-A mRNA showed 61.74% and 

69.84% editing at 0.5 and 1 mg/kg total RNA, respectively, while mice receiving the poly-A 

mRNA containing non-adenosine nucleotides showed 63.14% and 70.82 % editing at 0.5 and 

1 mg/kg total RNA.  

[00136] Therefore, expression of a Cas9 mRNA with a poly-A tail comprising non

adenine nucleotides produced similar editing efficacy compared to a Cas9 mRNA with a 

poly-A tail containing only adenosines.  
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Example 3 - Activity of constructs with poly-A tails comprising additional interrupting 

sequences 

[00137] Experiments were performed to determine efficacy of mRNA with poly-A 

tails comprising non-adenine nucleotides versus those with poly-A tails containing only 

adenosine nucleotides as in Example 2. Sequences containing a T7 promoter and encoding a 

Cas9 mRNA with an interrupted poly-A tail comprising SEQID NO: 2, SEQID NO: 3, SEQ 

ID NO: 4, SEQ ID NO: 5, SEQID NO: 10, or SEQ ID NO: 11 were made by PCR 

amplification using primers to incorporate the poly-A sequences. mRNA was produced by in 

vitro transcription from these PCR products. mRNA for SEQ ID NO: 18 was produced by in 

vitro transcription from a linearized plasmid encoding the mRNA.  

[00138] Figure 7 shows titration of Cas9 mRNA with adenosine-only poly-A [100PA] 

or the poly-A of SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQID NO: 5, SEQ ID NO: 

10, or SEQID NO: 11 in the HEK-Blue cell assay at concentrations from 0.02-6nM, and 

1pM single guide RNA targeting SEAP (SEQ ID NO: 8). Specifically, Figure 7 shows 

percent SEAP inhibition for the constructs after a 48-hour incubation, and EC50 values are 

provided in Table 3, below. All constructs are active.  

Table 3: EC50 values for SEAP inhibition 
PolyA Cas9 mRNA EC50 Standard 

Construct Error 

98 consecutive Liv (U- depleted Cas9 0.0627 0.0118 
adenosines N1Me pseudo U) 

97 consecutive 100 PA 0.0956 0.0041 
adenosines 

SEQID NO: 4 16 PA 0.0692 0.0087 

SEQID NO: 5 16 PA long 0.0705 2.237 

SEQID NO: 3 25 PA 0.0500 0.0213 

SEQID NO: 2 30 PA 0.0591 0.0086 

SEQID NO: 12 PA 0.0549 0.0296 
10 

SEQID NO: 8 PA 0.04233 0.0295 
11 
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Example 4 - Cloning of long PolyA with interrupting sequences 

[00139] A 300 nucleotide long polyA tail, SEQ ID NO:18 [300pa], was designed 

comprising twelve interrupting sequences from Table 4 (below) and 13 repeats of 12 

consecutive adenosines. Anchor Sequences of SEQ ID NOT: 18 were designed to minimize 

hybridization and self-annealing between trinucleotide interrupting sequences within the 

-300 nt the poly-A tail. Table 4 below provides interrupting sequences that minimize 

annealing between interrupting sequences, and include the anchors used in this experiment.  

[00140] To clone SEQID NO: 18, each of sequences PolyA-1 (SEQ ID NO: 12), 

PolyA-2 (SEQ ID NO: 13), PolyA-3 (SEQ ID NO: 14), and PolyA-4 (SEQID NO: 15) are 

created in the pUC57 mini vector (Genscript). The pAl-2 plasmid is created by amplifying 

SEQ ID NO:12 with Bcllla primers, digesting the PCR product with restriction enzymes 

XhoI and AclI and ligating the restriction fragment into the pA2 plasmid comprising SEQ ID 

NO: 13 digested with XhoI and BstBI. The pA3-4 plasmid is created in the same manner 

amplifying SEQID NO: 14 and ligating it into the same restriction sites on plasmid pA4.  

The pAl-4 plasmid (comprising SEQ ID NO:18) is assembled by amplifying the SEQ ID 

NO: 17 sequence from pA3-4, digesting the PCR fragment with BbsI and XbaI restriction 

enzymes and cloning the restriction fragment into the polyA 1-2 (SEQ ID NO: 16) construct 

digested with BbsI and XbaI restriction enzymes. The inserts into pAl-2 and pA3-4 are 

assessed by Sanger sequencing from both directions using [pUC-M seq2 forward primer and 

pUC-M seq reverse primer] as primers (SEQ ID Nos: 20 and 21).  

[00141] The resulting SEQ ID NO: 18 (300PA) polyA sequence is excised by 

digesting pAl-4 with XhoI and XbaI for cloning into the same sites in a protein encoding 

vector. All steps are carried out under standard conditions.  

Table 4: 

CGG CGT CGC 
CTG CTT CTC 
CAG CAT CAC 
CCC CCG CCT 

GGG GGT GGC 
GCG GCT GCC 
GAG GAT GAC 
GTG GTT GTC 

TGG TGT TGC 
TTG TTT TTC 
TAG TAT TAC 
TCG TTC TCC 
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[00142] The reference in this specification to any prior publication (or information 

derived from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge 

in the field of endeavour to which this specification relates.  

[00143] Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group of 

integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A DNA comprising nucleotides encoding a poly-adenylated (poly-A) tail located 3' to 

nucleotides encoding a protein of interest, wherein the poly-A tail comprises(a) three 

or more homopolymer sequences of at least 8 consecutive adenine (A) nucleotides; 

and (b) an interrupting sequence comprising (i) one non-adenine nucleotide; or (ii) a 

consecutive stretch of 2-10 non-adenine nucleotides, between each homopolymer 

sequence.  

2. The DNA of claim 1, wherein the poly-A tail further comprises a) a plurality of 

homopolymer sequences of 8, 9, 10, 11 or 12 consecutive adenine (A) nucleotides; 

and (b) an interrupting sequence comprising: (i) a dinucleotide comprising two 

consecutive non-adenine nucleotides; or (ii) a trinucleotide that does not include a 

terminal adenine (A) between each homopolymer sequence.  

3. The DNA of claim 1 or 2, wherein the poly-A tail comprises twenty-five 

homopolymer sequences of 11 or 12 consecutive adenine (A) nucleotides.  

4. The DNA of claim 1, wherein one or more of the three or more homopolymer 

sequences comprises at least 10, 15, 20, 25, 30, 35, or 40 consecutive adenine 

nucleotides.  

5. The DNA of any one of claims 1-4, wherein the interrupting sequence prevents the 

loss of one or more adenine nucleotide during DNA replication as compared to the 

loss that occurs in a DNA comprising a 3' tail of a similar or same length that 

contains only adenine nucleotides.  

6. The DNA of any one of claims 1-5, wherein the interrupting sequence is positioned to 

interrupt the consecutive adenine nucleotides so that a poly(A) binding protein can 

bind to a stretch of consecutive adenine nucleotides.  

7. The DNA of any one of claims 1, 2, and 4-6, wherein the poly-A tail comprises at 

least 50 total adenine nucleotides.  

8. The DNA of any one of claims 1, 2, and 4-7, wherein the poly-A tail comprises 40

1000,40-900,40-800,40-700,40-600,40-500,40-400,40-300,40-200,or40-100 

total adenine nucleotides.  

9. The DNA of any one of claims 1-8, wherein the poly-A tail comprises 300-310 total 

adenine nucleotides.  

10. The DNA of any one of claims 1, 2, and 4-8, wherein the poly-A tail comprises 95

100 total adenine nucleotides.  
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11. The DNA of any one of claims 1, 2 and 4-9, wherein the interrupting sequence is 

located after at least 8-50 consecutive adenine nucleotides.  

12. The DNA of any one of claims 1-11, wherein the interrupting sequence is a 

trinucleotide, dinucleotide or mononucleotide interrupting sequence.  

13. The DNA of any one of claims 1 and 3-12, wherein the interrupting sequence 

comprising 1 non-adenine nucleotide, or 2, 3, 4, or 5 consecutive non-adenine 

nucleotides, is located every 8, 9, 10, 11, 12, 13, 14, 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 consecutive adenine nucleotides, optionally every 12, 16, 25, 30, or 

39 consecutive adenine nucleotides.  

14. The DNA of any one of claims 1-13, wherein the interrupting sequence is located 

after every 11 or 12 consecutive adenine nucleotides.  

15. The DNA of any one of claims 1-14, wherein the interrupting sequences are 

irregularly spaced within the poly-A tail.  

16. The DNA of any one of claims 1-15, wherein the non-adenine nucleotide is guanine, 

cytosine, or thymine.  

17. The DNA of claim 16, comprising more than one non-adenine nucleotide selected 

from: 

a. guanine and thymine nucleotides; 

b. guanine and cytosine nucleotides; 

c. thymine and cytosine nucleotides; or 

d. guanine, thymine and cytosine nucleotides.  

18. The DNA of any one of claims 1-17, wherein the non-adenine nucleotide consists of 

one non-adenine nucleotide selected from guanine, cytosine, and thymine or wherein 

the non-adenine nucleotides comprise two or three non-adenine nucleotides, wherein 

each of the two or three nucleotides is independently selected from guanine, cytosine, 

and thymine.  

19. The DNA of any one of claims 1-18, wherein the adenine nucleotides are adenosine 

monophosphate.  

20. The DNA of any one of claims 1-19, wherein the interrupting sequence comprises a 

trinucleotide chosen from TGG, CGG, GGT, TAT, CAT, CGT, CTC, GAT, CCT, 

TGT, CGC, CAC, TGC, TCG, TCT, CCC, GAC, TAG, GTT, CTG, and TTT.  
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21. The DNA of any one of claims 1-19, wherein the interrupting sequence comprises a 

dinucleotide chosen from CG, GC, CC, GG, TT, CT, TC, GT, and TG.  

22. The DNA of claim 21, wherein the dinucleotide interrupting sequence is CG.  

23. The DNA of any one of claim 1-19, wherein the interrupting sequence is chosen from 

TGG, CGG, GGT, TAT, CAT, CGT, CTC, GAT, CCT, TGT, CGC, CAC, TGC, 

TCG, TCT, CCC, GAC, TAG, GTT, CTG, TTT, and CG.  

24. The DNA of any one of claims 1-8 and 11-23, wherein the poly-A tail comprises a 

sequence of SEQ ID NO: 18.  

25. The DNA of any one of claims 1-24, wherein the protein is a therapeutic protein.  

26. The DNA of claim 25, wherein the protein is Cas9 or modified Cas9, a cytokine, a 

chemokine, or a growth factor.  

27. A mRNA encoded by the DNA of any one of claims 1-26.  

28. The DNA of any one of claims 1-26, wherein the DNA is within a vector.  

29. The DNA of claim 28, wherein the vector is within a host cell.  

30. The DNA of claim 28 or 29, wherein the interrupting sequence prevents loss of 

nucleotides encoding the poly-A tail within the vector during growth of the host cell 

as compared to the loss that occurs in a DNA comprising nucleotides encoding a poly

A tail of a similar or same length that contains only adenine nucleotides.  

31. A method of producing mRNA from the DNA vector of claim 28, comprising: 

a. linearizing the vector downstream of the poly-A tail; 

b. denaturing the linearized vector; and 

c. contacting the denaturized DNA with an RNA polymerase in the presence of 

guanine, cytosine, uracil, and adenine nucleotides.  
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