
COMPOSITIONS AND METHODS FOR DENGUE VIRUS CHIMERIC 

CONSTRUCTS IN VACCINES 

PRIORITY 

[0001] This PCT Application claims priority to U.S. Provisional Application No. 61/800,204 

filed March 15, 2013. This application is incorporated herein in its entirety by reference for 

all purposes. 

FEDERALLY FUNDED RESEARCH 

[0002] Some embodiments disclosed herein were supported in part by grant number R43 

AI084291-01 from the National Institutes of Health. The U.S. Government may have certain 

rights to practicc the subject invention. 

FIELD 

[0003J Embodiments herein report compositions, methods, uses and manufacturing 

procedures for dengue virus constructs and vaccine compositions thereof. Some 

embodiments concern a composition that includes, but is not limited to, chimeric flavivirus 

virus constructs that alone or in combination with other constructs can be used in a vaccine 

composition. In certain embodiments, compositions can include constructs of more than one 

serotypes of dengue virus, such as dengue-1 (DEN-1) virus, dengue-2 (DEN-2) virus, 

dengue-3 (DEN-3) virus and/or dengue-4 (DEN-4) virus. In other embodiments, 

manufacturing strategy that can improve the safety and genetic stability of recombinant live-

attenuated chimeric dengue vaccine (DENVax) viruses. Certain embodiments include at least 

one live, attenuated dengue virus in combination with dengue virus chimeric constructs 

identified to be both safe and effective in vaccine compositions where the constructs have 

undergone additional passages in cell cultures. BACKGROUND 

[0004[ Infection with dengue virus can lead to a painful fever of varying severity. To date, 

four serotypes of dengue virus have been identified: dengue-1 (DEN-1), dengue-2 (DEN-2), 

or dengue-3 (DEN-3) in combination with dengue-4 (DEN-4). Dengue fever is caused by 

infection of a dengue virus. Other subtypes may be discovered in the future (e.g. DEN-5). 

Dengue virus serotypes 1 -4 can also cause dengue hemorrhagic fever (DHF), and dengue 

shock syndrome (DSS). The most severe consequences of infection, DHF and DSS, can be 

life threatening. Dengue viruses cause 50-100 million cases of debilitating dengue fever, 

500,000 cases of DHF/DSS, and more than 20,000 deaths each year. To date, there is no 
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effective vaccine to protect against dengue fever and no drug treatment for the disease. 

Mosquito control efforts have been ineffective in preventing dengue outbreaks in endemic 

areas or hi preventing further geographic spread of the disease. It is estimated that 3.5 billion 

people are threatened by infection with dengue virus. In addition, dengue virus is a leading 

cause of fever in travelers to cndcmic areas, such as Asia, Central and South America, and 

the Caribbean. 

[0005] All foui' dengue virus serotypes are endemic throughout the tropical regions of the 

world and constitute the most significant mosquito-borne viral threat to humans in tropical 

regions, worldwide. Dengue viruses are transmitted to humans primarily by Aedes aegypti 

mosquitoes. Infection with one dengue virus serotype results in life-long protection from re­

infection by that serotype, but does not prevent secondary infection by one of the other three 

dengue virus serotypes. In fact, previous infection with one dengue vims serotype leads to an 

increased risk of severe disease (DHF/DSS) upon secondary infection with a different 

serotype. The development of an effective vaccine represents an important approach to the 

prevention and control of this global emerging disease. Multiple immunizations make 

complete vaccine coverage difficult both for public health efforts in dengue virus endemic 

countries as well as travelers. 

SUMMARY 

[0006] Embodiments herein concern compositions, methods and uses of chimeric dengue 

virus constructs. In some embodiments, a composition can include chimeric dengue virus 

constructs having an attenuated dengue virus backbone with structural genes from at least one 

other dengue virus serotype. Other embodiments concern at least one live, attenuated virus in 

combination with one or more chimeric dengue viruses. Other embodiments can include a 

composition of chimeric dengue viruses having a modified DEN-2 backbone (e.g. PDK-53 as 

a starting backbone in PI (passage-1) and passage variability (after passage and growth in 

vitro on a permissive cell line) as indicated for P2, P3,.. .P8..P10 etc.) and one or more 

structural components of DEN-1, DEN-2, DEN-3 or DEN-4. In other embodiments, an 

immunogenic composition is generated where when introduced to a subject, the composition 

produces an immune response to one or more dengue viruses in the subject. Therefore, 

constructs contemplated herein can be generated and passaged in vitro, and each of the 

passages provides an attenuated dengue virus contemplated of use in a pharmaceutical^ 

acceptable vaccinc composition. In certain embodiments a live, attenuated virus can be a 

live, attenuated dengue-2 vims alone or in combination with one or more chimeric dengue 

viruses. 
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[0007J In certain examples, chimeric dengue virus constructs of dengue virus serotypes can 

include passage 7 (P7) live, attenuated viruses or chimeric viruses having nuclcic acid 

sequences identified by SEQ ID NOS: 1, 4, 7 and 10 or polypeptide sequences indicated by 

SEQ ID NOS: 2, 3, 5, 6, 8, 9, 11 and 12. It is contemplated herein that any of the passages 

for any of the live, attenuated viruses described herein can be used in an immunogenic 

composition to induce immune responses to the represented dengue viruses (e.g. serotypes 1-

4). In accordance with these embodiments, an immunogenic composition that includes a P-8 

isolated live, attenuated virus can be administered to a subject to inducc an immunogenic 

response against one or more dengue virus serotypes depending on the construct selcctcd. In 

addition, a live, attenuated virus can be combined with one or more of these chimeric viruses. 

This is contemplated for each of the live, attenuated viruses isolated/produced in each 

subsequent ccll passages (e.g. African Green Monkey Vero cell production, hereinafter: Vero 

cells). It is contemplated herein that any ccll line (e.g. GMP-produced cell bank, FDA or 

EMA-approved) capable of producing dengue viruses is of use to passage any of the viral 

constructs at a manufacturing scale or as appropriate contemplated herein for subsequent use 

in a vaccine or immunogenic composition against Dengue virus. 

[00081 In other embodiments, compositions contemplated herein can be combined with other 

immunogenic compositions against other Flaviviruses such as West Nile virus, Japanese 

encephalitis or any other flavivirus chimeric construct and/or live, attenuated virus. In certain 

embodiments, a single composition can be used against multiple flaviviruses. 

[00091 In certain embodiments, an immunogenic composition of the present invention can 

include chimeric dengue viruses against one or more of DEN-1, DEN-2, DEN-3 and/or DEN-

4, alone or in combination with a live, attenuated dengue virus composition. 

[00010J In other embodiments, a construct can include a construct having adaptive 

mutations in the structural or non-structural regions of the virus that increase growth or 

production without affecting attenuation or safety of the virus when introduced to a subject. 

In certain embodiments, any of the contemplated chimeric dengue virus constructs can 

include a live, attenuated DEN-2 virus having specific mutations used as a backbone where 

the live attenuated DEN-2 PDK virus further includes structural proteins of one or more of 

prM (premembrane) and E (envelope) structural proteins of the other dengue virus serotypes. 

In addition, a DEN-2 backbone can include additional mutations in order to increase 

production of or enhance the immune response to a predetermine composition in a subject 

upon administration (e.g. chimeric Dengue virus 2/1, 2/3 or 2/4). 
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[00011] in some embodiments, structural protein genes can include prM and E genes 

of DEN-1, DEN-2, DEN-3 or DEN-4 on a DEN-2 backbone having one or two mutations that 

are part of a live, attenuated dengue virus. For example, a dengue construct, in certain 

embodiments can include those constructs termed DENVax-l-A, DENVax-2-F, DENVax-3-

F, and DEN Vax-4-F (sec Example section) where the DEN-2 backbone has one or more 

mutations (e.g. not found in the PI or other previous passaged virus or PDK-53) from the 

DEN-2 live, attenuated virus previously demonstrated to be safe and effective to induce an 

immune response. The DEN-2 live, attenuated virus of the instant application is an improved 

version of the originally used DEN-2 live, attenuated virus. A chimeric construct of the 

instant invention can include a modified attenuated DEN-2 PDK-53 backbone, having one or 

more structural proteins of the second dengue virus serotype wherein the structural proteins 

can includc additional mutations to increase an immunogenic response to the chimeric 

construct. Tn some embodiments, certain mutations acquired by attenuated DEN-2 PDK-53 

can produce a conservative amino acid change or not in a constructs different from the PI 

construct which can result in desirable traits for production etc. 

[00012] In other embodiments, a live, attenuated DEN-2 genome can be used to 

generate constructs of dengue virus serotype 1 (DEN-1) and dengue virus serotype 3 (DEN-

3), dengue virus serotype 4 (DEN-4) where one or more structural protein genes of the DEN-

2 viral genome can be replaced by one or more structural protein genes of DEN-1, DEN-3 or 

DEN-4, respectively. In some embodiments, a structural protein can be the C, prM or E 

protein of a second dengue virus. In certain embodiments, structural protein genes include 

the prM and E genes of DEN-1, DEN-3 or DEN-4. These hybrid viruses express the surface 

antigens of DEN-1, DEN-3 or DEN-4 while retaining the attenuation phenotypes of the 

parent attenuated DEN-2. 

[00013] Constructs disclosed herein can include chimeric constructs of DEN-4, DEN-2, 

DEN-1, and DEN-3 expressing surface antigens of DEN-1, DEN-3 and DEN-4 using 

attenuated DEN-2 virus as a backbone. 

[00014] In certain embodiments, compositions of the instant invention can include a 

composition that comprises a single chimeric dengue virus construct disclosed herein and a 

pharmaceutical^ acceptable carrier or excipient. Alternatively, compositions of the instant 

invention can includc a composition that comprises two or more, or three or more chimeric 

dengue virus constructs disclosed herein, and a pharmaceutical^ acceptable carrier or 

excipient. In accordance with these embodiments, a one or more dengue virus chimcric 

constructs contemplated herein can be combined with one or more, live attenuated dengue 
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viruses. In certain embodiments, a live, attenuated virus can be a live, attenuated DEN-2 

virus wherein additional mutations in the NCR, NS1 regions or other regions increase the 

immune response, increase viral growth or other improvement for an improved live, 

attenuated dengue virus. 

[00015] In ccrtain embodiments, the attenuation loci, nucleotide 5'NCR-57-T, NS1-

53-Asp, and NS3-250-Val, of the DENV-2 vaccine have been previously determined, and all 

of these changes are shared by the common PDK-53 virus-specific genetic background of the 

four DENVax viruses. The genetic sequence of the three attenuation loci as well as the 

previously established in vitro and in vivo attenuation phenotypes of these vaccine candidates 

were carefully monitored for the cGMP-manufactured DENVax seeds. This report describes 

strategies used to generate master virus seeds (MVS) as well as their genetic and phenotypic 

characterization of use in the manufacture of dengue virus vaccine compositions. These 

MVS can be used for manufacture of clinical materials and ultimately commercial vaccine 

supplies. 

Brief Description of the Drawings 

[00016] The following drawings form part of the present specification and are included 

to further demonstrate ccrtain embodiments. Some embodiments may be better understood 

by reference to one or more of these drawings alone or in combination with the detailed 

description of specific embodiments presented. 

[00017] Fig. 1 represents an exemplary chart reflecting an exemplary chimeric 

construct of the instant invention, DEN-2/DEN-4 compared to previously generated 

constructs and wild type dengue viruses. 

[00018] Fig. 2 represents an exemplary histogram plot comparing various responses 

using a live, attenuated DEN-2 backbone (with additional mutations) and a second dengue 

virus serotype as structural components substituted for the dcngue-2 structural components 

(e.g. DENVax-1 MVS). This plot illustrates plaque sizes of the DENVax MVS. Wild-type 

Dengue viruses and previously published rcscarch-gradc vaccine candidate viruses were 

included for control and comparison. This plot illustrates improved production of the dengue 

virus constructs compared to control dengue virus chimeric constructs. 

[00019] Fig. 3 represents an exemplary histogram plot that represents temperature 

sensitivities of DENVax MVS (Master Virus Seed). Wild type dengue viruses and previously 

published research-grade vaccine candidate viruses were included for comparison with the 

MVS grade. 
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[00020] Fig. 4 represents an exemplary histogram plot that represents viral growth of 

DENVax MVS in C6/36 cells compared to controls. Wild-type dengue viruses and research-

grade vaccine candidate viruses were included for comparison with the DENVax MVS. 

[00021 ] Figs. 5A-5C represent exemplary plots of neurovirulence in newborn mice. 

Pooled results of several experiments summarizing the ncurovirulcncc of wt DEN V-2 16681 

virus in CDC-ICR («=72) and Taconic-ICR (n=32) newborn mice challenged ic with 104 pfu 

of the virus (A). Ncurovirulcncc of DENVax MVS tested in Taconic-ICR mice with a dose of 

104 pfu (B) or 103 pfu (C). The numbers of animals tested per group in one experiment (n=16) 

or two pooled experiments (n=31 or 32) arc indicated. 

[00022J Fig. 6 represents an exemplary histogram illustrating plaque size of the 

DENVax MVS, WVS, and BVS. Mean plaque diameters ± SD (error bars) of the virus 

plaques in Vero or LLC-MK2 cells under agarose overlay measured on day 9 pi. Wild type 

DENVs and previously published research-grade vaccine candidate viruses were included for 

control and comparison. 

[000231 Fig. 7 represents an exemplary histogram plot illustrating growth of DEN Vax 

MSV, WVS, and BVS in C6/36cells at two incubation temperatures to verify their retention 

of this in vitro attenuation marker after large scale manufacturing. 

[000241 Fig. 8 represents an exemplary histogram plotting restricted growth of 

DENVax MVS, WVS, and BVS in C6/36 cells. Mean titers ± SD (error bars) of the viruses 

replicated in C6/36 cells 7 days pi. The wt Dengue viruses and previously published 

research-grade vaccine candidate viruses were included for comparison. 

[000251 l^igs. 9A-9B represent exemplary graphs of data of ncurovirulcncc of 

DENVax MVS in newborn ICR mice. (A) IC inoculations of the virus at dose of 104 PFU. (B) 

IC inoculation of the virus at dose of 103 PFU. 

[00026] Fig. 10 represents an exemplary chart comparing new live, attenuated viruses 

to previously generated live, attenuated dengue viruses. 

Definitions 

[00027] As used herein, "a" or "an" may mean one or more than one of an item. 

[00028] As used herein the specification, "subject" or "subjects" may include, but are 

not limited to, mammals such as humans or mammals, domesticated or wild, for example 

dogs, cats, other household pets (e.g. hamster, guinea pig, mouse, rat), ferrets, rabbits, pigs, 

horses, cattlc, prairie dogs, wild rodents, or zoo animals. 

[00029] As used herein, the terms "virus chimera," "chimeric virus," "flavivirus 
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chimera" and "chimeric flavivirus" can mean a construct comprising a portion of the 

nucleotide sequence of a dengue-2 virus and further nucleotide sequence that is not from 

denguc-2 virus or is from a different flavivirus. A "dengue chimera" comprises at least two 

different dengue virus serotypes but not a different flavivirus. Thus, examples of other 

dengue viruses or flaviviruses include, but are not limited to, sequences from dengue-1 virus, 

dengue-3 virus, dengue-4 virus, West Nile virus, Japanese encephalitis virus, St. Louis 

encephalitis virus, tick-bome encephalitis virus, yellow fever virus and any combination 

thereof. 

100030] As used herein, "nucleic acid chimcra" can mean a construct of the invention 

comprising nucleic acid comprising a portion of the nucleotide sequence of a dengue-2 virus 

and further nucleotide sequence that is not of the same origin as the nucleotide sequence of 

the denguc-2 virus. Correspondingly, any chimeric flavivirus or flavivirus chimcra disclosed 

herein can be recognizcd as an example of a nucleic acid chimera. 

[00031 ] As used herein, "a live, attenuated virus" can mean a wild-type virus, mutated 

or selected for traits of use in vaccine or other immunogenic compositions wherein some 

traits can includc rcduccd virulence, safety, efficacy or improved growth etc. 

DESCRIPTION 

[00032] In the following sections, various exemplary compositions and methods are 

described in order to detail various embodiments. It will be obvious to one skilled in the art 

that practicing the various embodiments does not require the employment of all or even 

some of the specific details outlined herein, but rather that concentrations, times and other 

specific details may be modified through routine experimentation. In some cases, well-

known methods or components have not been included in the description. 

[00033] In accordance with embodiments of the present invention, there may be 

employed conventional molecular biology, protein chcmistry, microbiology, and recombinant 

DNA techniques within the skill of the art. Such tcchniqucs arc explained fully in the 

literature. Sec, e.g., Sambrook, Fritsch & Maniatis, Molecular Cloning: A Laboratory 

Manual, Sccond Edition 1989, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 

N.Y.; Animal Cell Culture, R. 1. Freshney, ed., 1986). 

[00034] Embodiments herein concern compositions, methods and uses for inducing 

immune responses against one or more dengue virus serotypes in a subject, individually or 

simultaneously. In accordance with these embodiments, attenuated dengue viruses and 

nucleic acid chimeras arc generated and used in vaccine compositions disclosed herein. 

Some embodiments concern modified or mutated dengue constructs or chimeras. Other 
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embodiments concern introducing mutations to modify the amino acid sequences of 

structural proteins of dengue viruses wherein the mutation increase immunogenicity to the 

virus. 

[00035] Live, attenuated dengue viruses of all four serotypes have been developed by 

passaging wild-type viruses in cell culture. These are some of the most promising live, 

attenuated vaccine candidates for immunization against flavivirus and in particular dengue 

virus infection and/or disease. These vaccine candidates have been designated by a 

combination of their dengue serotype, the cell line through which they were passaged and 

the number of times they were passaged. Thus, a dengue serotype 1 wild-type virus 

passaged in PDK cells 13 times is designated as DEN-1 PDK-13 virus. Other vaccine 

candidates are DEN-2 PDK-53, DEN-3 PGMK-30/FRhL-3 (e.g. thirty passages in primary 

green monkey kidney cells, followed by three passages in fetal rhesus lung cells and DEN-4 

PDK-48). These four candidate vaccine viruses were derived by tissue culture passage of 

wild-type parental DEN-1 16007, DEN-2 16681, DEN-3 16562 and DEN-4 1036 viruses, 

respectively. 

[00036] In certain embodiments, live, attenuated denguc-2 PDK-53 vaccine virus 

contained a mixture of viruses, writh the population containing varying nucleotide 

differences. After genetic characterization of the attenuating mutations, certain attenuating 

characteristics were outlined and engineered into a cDNA infectious clonc. RNA was 

transcribed from this infectious clonc and introduced into Vero cells as a passage 1 of the 

newly characterized and derived PDK-53-Vcro-DEN-2-P 1 virus (sec for example, Table 

1). This attenuated virus was created for each DEN serotype, but for DEN-1, DEN-3 and 

DEN-4, the prM and E genes were engineered into 3 separate cDNA infectious clones, thus 

generating four separate PDK-53-Vero viruses (termed herein as: PDK-53-Vero-DEN-2-P 1, 

PDK-53-Vcro-DEN-1 -P 1, PDK-53-Vero-DEN-3-P 1, and PDK-53-Vero-DEN-4-P 

1). These attenuated vaccine virus strains were passaged in Vero cells 10 times (Table 1), 

and each separate lineage acquired mutations upon their adaptation to grow in Vero cells 

(Table 3). Certain embodiments here are directed to derivation and uses for these live, 

attenuated dengue viruses. 

[000371 Previous human clinical trials with these attenuated viruses have indicated 

that DEN-2 PDK-53 has the lowest infectious dose (50% minimal infectious dose of 5 

plaque forming units or PFU) in humans, is strongly immunogenic, and produces no 

apparent safety concerns. The DEN-1 PDK-13, DEN-3 PGMK-30/FRhL-3 and DEN-4 

PDK-48 vaccine virus candidates have higher 50% minimal infectious doses of 10,000, 
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3500, and 150 PFU, respectively, in humans. Although only one immunization with 

monovalent DEN-2 PDK-53 virus or DEN-4 PDK-48 virus was required to achieve 100% 

seroconversion in human subjects, a booster was needed to achieve the same seroconversion 

rate for DEN-1 PDK-13 and DEN-3 PGMK-30/FRhL-3 viruses, which have the two highest 

infectious doses for humans. 

[00038] DEN-2 PDK-53 virus vaccine candidate, also abbreviated PDK-53, has 

several measurable biological markers associated with attenuation, including temperature 

sensitivity, small plaque size, dccrcascd replication in mosquito C6136 cell culture, 

decreased replication in intact mosquitoes, loss of neurovirulence for suckling mice and 

decreased incidence of vircmia in monkeys. Clinical trials of the candidate PDK-53 vaccinc 

have demonstrated its safety and immunogenicity in humans. Furthermore, the PDK-53 

vaccine induces dengue virus-specific T-cell memory responses in human vaccine recipients. 

Some embodiments herein describe an improvement on the DEN-2 PDK-53 used in 

chimeric constructs disclosed herein. 

[00039] Immunogenic flavivirus chimeras having a dcnguc-2 virus backbone and at 

least one structural protein of another dengue virus serotype can be used for preparing the 

dengue virus chimeras and methods for producing the dengue virus chimcras are described. 

The immunogenic dengue virus chimeras are provided, alone or in combination, in a 

pharmaccutically acceptable carrier as immunogenic compositions to minimize, inhibit, or 

immunize individuals against infection by one or more serotypes, such as dengue virus 

serotypes DEN-1, DEN-2, DEN-3 and DEN-4, alone or in combination. When combined, 

the immunogenic dengue virus chimeras may be used as multivalent vaccines (e.g. bi-, tri-

and tetravalent) to confer simultaneous protection against infection by more than one 

species or strain of flavivirus. In certain embodiments, the dengue virus chimeras are 

combined in an immunogenic composition useful as a bivalent, trivalent or tetravalent 

vaccine against the known dengue virus serotypes or confer immunity to other pathogenic 

flaviviruses by including nucleic acids encoding one or more proteins from a different 

flavivirus. 

[00040] In some embodiments, avirulent, immunogenic dengue virus chimeras 

provided herein contain the nonstructural protein genes of the attenuated dcnguc-2 virus 

(e.g. PDK-53), or the equivalent thereof, and one or more of the structural protein genes or 

immunogenic portions thereof of the flavivirus against which immunogcnicity is to be 

induced in a subject. For example, some embodiments concern a chimera having attenuated 

denguc-2 virus PDK-53 genome as the viral backbone, and one or more structural protein 
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genes encoding capsid, premembrane/membrane, or envelope of the PDK-53 genome, or 

combinations thereof, replaced with one or more corresponding structural protein genes 

from DEN-1, DEN-3 or DEN-4 or other flavivirus to be protected against, such as a 

different flavivirus or a different dengue virus serotype. In accordancc with these 

embodiments, a nuclcic acid chimera disclosed herein can have functional properties of the 

attenuated dengue-2 virus and is avirulent, but expresses antigenic epitopes of the structural 

gene products of DEN-1, DEN-3 or DEN-4 in addition to other flaviviruses and is 

immunogenic (e.g. induces an immune response to the gene products in a subject). Then, 

these DNA constructs are used to transcribe RNA from an infectious clone, this RNA is 

introduced into Vero cells again producing a new progeny virus at PI. These new progeny 

viruses are distinguishable from PDK-53. (See e.g. P1-P10). 

[00041 ] In another embodiment, a nucleic acid chimera can be a nuclcic acid chimera 

having, but not limited to, a first nucleotide sequence encoding nonstructural proteins from 

an attenuated dcngue-2 virus, and a second nucleotide sequence encoding a structural 

protein from dcnguc-4 virus alone or in combination with another flavivirus. In other 

embodiments, the attenuated dengue-2 virus can be vaccine strain PDK-53 having one or 

more mutated amino acids (sec Examples). These additional mutations confer desirable 

traits of use as live, attenuated dengue-2 or as chimeric constructs described herein. Some 

embodiments includc structural proteins of one or more of C, prM or E protein of a second 

dengue virus. 

[00042] Other aspccts include that chimeric viruses can include nucleotide and amino 

acid substitutions, deletions or insertions for example, in the control PDK-53 dcngue-2 

genome to reduce interference with immunogenicity responses to a targeted dengue virus 

serotype. These modifications can be made in structural and nonstructural proteins alone or 

in combination with the example modifications disclosed herein and can be generated by 

passaging the attenuated virus and obtaining an improved composition for inducing an 

immune response against one or more dengue virus serotypes. 

[00043] Certain embodiments disclosed herein provide for method for making the 

chimeric viruses of this invention using recombinant techniques, by inserting the required 

substitutions into the appropriate backbone genome. Other embodiments herein concern 

passaging a confirmed (e.g. safe and effective) live, attenuated chimeric virus for additional 

improvements. In ccrtain embodiments, a dengue-2 backbone used herein can include one 

or more mutations presented in Table 3. In other embodiments, a dengue-dengue chimera 

of the instant application can include one or more mutations as presented in Table 3. In yet 
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other embodiments, a dengue-dengue chimera can includc all of the mutations for each 

chimera as represented in Table 3 for Den-2/Den-l, Dcn-2/Dcn-3 or Den-2/Den-4. 

Pharmaceutical compositions that includc a live, attenuated virus represented by the 

constructs of Table 3 arc contemplated. For example, mono-, di-, tri- or tetravalent 

compositions are contemplated of use herein using chimeras and live, attenuated dcnguc-2 

viruses as presented in Table 3. 

[00044] in certain embodiments, a live, attenuated DEN-2 variant contemplated 

herein can be formulated into a pharmaceutical composition wherein the pharmaceutical 

composition can be administered alone or in combination with dengue-dengue chimeras or 

dcnguc-flavivirus chimeras. In certain embodiments, a bi-, tri or tetravalent compositions 

can be administered in a single application or in multiple applications to a subject. 

Flavivirus Chimeras 

[00045] Dengue virus types 1-4 (DEN-1 to DEN-4) are mosquito-borne flavivirus 

pathogens. The flavivirus genome contains a 5'-noncoding region (5-NC), followed by a 

capsid protein (C) encoding region, followed by a premembrane/membrane protein (prM) 

encoding region, followed by an envelope protein (E) encoding region, followed by the 

region encoding the nonstructural proteins (NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5) and 

finally a 3' noncoding region (3TSIC). The viral structural proteins are C, prM and E, and the 

nonstructural proteins arc NS1-NS5. The structural and nonstructural proteins are translated 

as a single polyprotcin and processed by cellular and viral proteases. 

1000461 Flavivirus chimcras can be constructs formed by fusing non-structural 

protein genes from one type, or serotype, of dengue virus or virus species of the flaviviridac, 

with protein genes, for example, structural protein genes, from a different type, or serotype, 

of dengue virus or virus species of the flaviviridac. Alternatively, a flavivirus chimera of 

the invention is a construct formed by fusing non-structural protein genes from one type, or 

serotype, of dengue virus or virus species of the flaviviridac, with further nucleotide 

sequences that direct the synthesis of polypeptides or proteins selected from other dengue 

virus serotypes or other viruses of the flaviviridac. 

[00047] In other embodiments, avirulent, immunogenic flavivirus chimeras provided 

herein contain the nonstructural protein genes of the attenuated dengue-2 virus, or the 

equivalent thereof, and one or more of the structural protein genes, or antigenic portions 

thereof, of the flavivirus against which immunogenicity is to be conferred. Suitable 

flaviviruses include, but arc not limited to those listed in Table 1. 

[00048] Other suitable dengue viruses for use in constructing the chimeras can be 
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wild-type, virulent DEN-1 16007, DEN-2 16681, DEN-3 16562 and DEN-4 1036 and 

attenuated, vaccine-strain DEN-1 PDK-13, DEN-2 PDK-53, DEN-3 PMK-30/FRhL-3 and 

DEN-4 PDK-48. Genetic differences between the DEN-1, DEN-2, DEN-3 and DEN-4 wild 

type/attenuated virus pairs arc contemplated along with changes in the amino acid 

sequences encoded by the viral genomes. 

[00049J Sequence listings for DEN-2 PDK-53 correspond to the DEN-2 PDK-53-V 

variant, wherein genome nucleotide position 5270 is mutated from an A to a T and amino 

acid position 1725 of the polyprotein or amino acid position 250 of the NS3 protein 

contains a valine residue. The DEN-2 PDK-53 variant without this nucleotide mutation, 

DEN-2 PDK-53-E, differs from PDK-53-Y only in this one position. DEN-2 PDK-53-E has 

an A at nucleotide position 5270 and a glutamate at polyprotein amino acid position 1725, 

NS3 protein amino acid position 250. It is understood that embodiments herein include 

modified PDK 53 that include one or more passages in a separate host cell (e.g. Vero cells, 

see Table 1) where desirable traits of use in vaccine compositions contemplated herein arc 

generated. 

[00050] In certain embodiments, designations of the chimeras can be based on the 

DEN-2 virus-specific infectious clonc modified backbones and structural genes (prM-E or 

C-prM-E) insert of other dengue viruses or other flaviviruses. DEN-2 for the dengue-2 

backbone, followed by the strain from which the structural genes are inserted. One DEN-2 

backbone variant is reflcctcd in the next letter after the number designation. One particular 

DEN-2 backbone variant from which the chimera was constructed is indicated by the 

following letter placed after a hyphen, parent 16681 (P), PDK-53-E (E), or PDK-53-V (V); 

the last letter indicates the C-prM-E structural genes from the parental (P) strain or its 

vaccinc derivative (V) or the prM-E structural genes from the parental (P) or its vaccine 

derivative (VI). For example; DEN-2/1-VP denotes the chimera comprising the attenuated 

DEN-2 PDK-53 V backbone comprising a valine atNS3-250 and the C-prM-E genes from 

wild-type DEN-1 16007; DEN-2/1-VV denotes the DEN-2 PDK-53V backbone with the 

vaccine strain of dengue-1, DEN-1 PDK-13; DEN-2/1-VP1 denotes the DEN-2 PDK-53V 

backbone and the prM-E genes from wild-type DEN-1 16007; DEN-2/3-VP 1 denotes the 

DEN-2 PDK-53V backbone and the prM-E genes from wild-type DEN-3 16562; DEN-

2/4VP1 denotes the DEN-2 PDK-53 V backbone and the prM-E genes from wild-type DEN-

4 1036. Other chimeras disclosed herein are indicated by the same manner. 

[00051] In one embodiment, chimeras disclosed herein contain attenuated dengue-2 

virus PDK-53 genome as the viral backbone, in which the structural protein genes encoding 
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C, prM and E proteins of the PDK-53 genome, or combinations thereof, can be replaced 

with the corresponding structural protein genes from dengue-1, dengue-3 or dengue-4 virus 

and optionally, another flavivirus to be protected against, such as a different flavivirus or a 

different dengue virus strain. 

[00052] In the nonstructural protein regions, a Gly-to-Asp (wild typc-to-PDK-53) 

mutation was discovered at nonstructural protein NS1-53 (genome nucleotide position 

2579); a Lcu-to-Phc (wild typc-to-PDK-53) mutation was discovered at nonstructural 

protein NS2A-181 (genome nucleotide position 4018); a Glu-to-Val (wild type-to-PDK-53) 

mutation was discovered at nonstructural protein NS3-250 (genome nucleotide position 

5270); and a Gly-to-Ala mutation (wild type-to-PDK-53) was discovered at nonstructural 

protein NS4A-75 (genome nucleotide position 6599). The live, attenuated DEN-2 virus of 

the instant invention further includes mutations as presented in any chimcra or live, 

attenuated dengue-2 virus of Table 3. 

[00053] PDK-53 virus strain has a mixed genotype at genome nucleotide 5270. A 

significant portion (approximately 29%) of the virus population encodes the non-mutated 

NS3-250-Glu that is present in the wild type DEN-2 16681 virus rather than the NS3-250-

Val mutation. As both genetic variants are avirulent, this mutation may not be necessary in 

an avirulent chimera. 

[00054] Previously, it was discovered that avirulcnce of the attenuated PDK-53 virus 

strain can be attributed to mutations in the nucleotide sequence encoding nonstructural 

proteins and in the 5' noncoding region. For example, a single mutation at NS1 -53, a double 

mutation at NS1-53 and at 5"NC-57, a double mutation at NS1-53 and at NS3-250 and a 

triple mutation at NSI-53, at 5'NC-57 and at NS3-250, result in attenuation of the DEN-2 

virus. Therefore, the genome of any dengue-2 virus containing such non-conservative 

amino acid substitutions or nucleotide substitutions at these loci can be used as a base 

sequence for deriving the modified PDK-53 viruses disclosed herein. Another mutation in 

the stem of the stem/loop structure in the 5' noncoding region will provide additional 

avirulent phenotype stability, if desired. Mutations to this region disrupt potential secondary 

structures important for viral replication. A single mutation in this short (only 6 nucleotide 

residues in length) stem structure in both DEN and Venezuelan equine encephalitis viruses 

disrupts the formation of the hairpin structure. Further mutations in this stem structure 

decrease the possibility of reversion at this locus, while maintaining virus viability. 

[00055] Mutations disclosed herein can be achieved by any method known in the art 

including, but not limited to, naturally-occurring or sclccted clones having additional 



features once passaged in a cell line of interest (e.g. Vero cells). It is understood by those 

skilled in the art that the virulence screening assays, as described herein and as are well 

known in the art, can be used to distinguish between virulent and avirulent backbone 

structures. 

Construction of Flavivirus Chimeras 

[00056] Flavivirus chimeras described herein can be produced by splicing one or 

more of the structural protein genes of the flavivirus against which immunity is desired into 

a PDK-53 dengue virus genome backbone, or other methods known in the art, using 

recombinant engineering to remove the corresponding PDK-53 gene and replace it with a 

dengue-1, dengue-3 or dengue-4 virus gene or other gene known in the art. 

[00057J Alternatively, using the sequences provided in the sequence listing, the 

nucleic acid molcculcs encoding the flavivirus proteins may be synthesized using known 

nucleic acid synthesis tcchniqucs and inserted into an appropriate vector. Avirulent, 

immunogenic virus is therefore produced using recombinant engineering techniques known 

to those skilled in the art. 

[00058] A target gene can be inserted into the backbone that encodes a flavivirus 

structural protein of interest for DEN-1, DEN-3, DEN-4 or other flavivirus. A flavivirus 

gene to be inserted can be a gene encoding a C protein, a PrM protein and/or an E protein. 

The sequence inserted into the dcngue-2 backbone can encode both PrM and E structural 

proteins. The sequence inserted into the dengue-2 backbone can encode all or one of C, prM 

and E structural proteins. 

[00059] Suitable chimeric viruses or nucleic acid chimeras containing nucleotide 

sequences encoding structural proteins of other flaviviruses or dengue virus serotypes can 

be evaluated for usefulness as vaccines by screening them for the foregoing phenotypic 

markers of attenuation that indicate avirulencc and by screening them for immunogenicity. 

Antigenicity and immunogenicity can be evaluated using in vitro or in vivo reactivity with 

flavivirus antibodies or immunoreactive serum using routine screening procedures known to 

those skilled in the art. 

Dengue Virus Vaccines 

[000601 In ccrtain embodiments, chimeric viruses and nucleic acid chimeras can 

provide live, attenuated viruses useful as immunogens or vaccines. Some embodiments 

include chimeras that exhibit high immunogenicity to dengue-4 virus while producing no 

dangerous pathogenic or lethal effects. 

[00061] To rcducc occurrence of DHF/DSS in subjects, a tetravalent vaccinc is 
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needed to provide simultaneous immunity for all four serotypes of the virus. A tetravalent 

vaccine is produced by combining a live, attenuated dengue-2 virus of the instant 

application with dengue-2/1, dengue-2/3, and dcngue-2/4 chimeras described above in a 

suitable pharmaceutical carrier for administration as a multivalent vaccine. 

[00062] The chimeric viruses or nucleic acid chimeras of this invention can include 

structural genes of cither wild-type or live, attenuated virus in a virulent or an attenuated 

DEN-2 virus backbone. For example, the chimera may express the structural protein genes 

of wild-type DEN-4 1036 virus, its candidate vaccine derivative in either DEN-2 

backgrounds. 

[00063] Viruses used in the chimeras described herein can be grown using techniques 

known in the art. Virus plaque titrations are then performed and plaques counted in order to 

assess the viability and phenotypic characteristics of the growing cultures. Wild type viruses 

can be passaged through cultured cell lines to derive attenuated candidate starting materials. 

[00064] Chimeric infectious clones can be constructed from the various dengue 

serotype clones available. The cloning of virus-spccific cDNA fragments can also be 

accomplished, if desired. The cDNA fragments containing the structural protein or 

nonstructural protein genes are amplified by reverse transcriptasc-polymcrasc chain reaction 

(RT-PCR) from dengue virus RNA with various primers. Amplified fragments are cloned 

into the cleavage sites of other intermediate cloncs. Intermediate, chimcric dengue virus 

clones are then sequenced to verify the accuracy of the inserted dengue virus-specific cDNA. 

[00065] Full genome-length chimeric plasmids constructed by inserting the structural 

protein and/or nonstructural protein gene region of dengue serotype viruses into vectors are 

obtainable using recombinant techniques well known to those skilled in the art. 

Nucleotide and Amino Acid Analysis 

[00066] The NS1-53 mutation in the DEN-2 PDK-53 vaccine virus is significant for 

the attenuated phenotype of this virus, because the NSl-53-Gly of the DEN-2 16681 virus is 

conserved in nearly all flaviviruses, including the tick-borne viruses, sequenced to date. 

DEN-4 vaccine virus can also contain an amino acid mutation in the NS1 protein at position 

253. This locus, which is a Gln-to-His mutation in DEN-4 PDK-48 vaccine virus, is Gin in 

all four wild serotypes of dengue virus. This Gin residue is unique to the dengue viruses 

within the flavivirus genus. The NS1 protein is a glycoprotein that is secreted from 

flavivirus-infected cells. It is present on the surface of the infected cell and NS1 -specific 

antibodies are present in the serum of virus-infected individuals. Protection of animals 

immunized withNSl protein or passively with NSl-spccific antibody has been reported. 
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The NS1 protein appears to participate in early viral RNA replication. 

[00067] The mutations that occurred in the NS2A, NS2B, NS4A, and NS4B proteins 

of the DEN-1, -2, -3 and -4 attenuated strains arc conservative in nature. The NS4A-75 and 

NS4A-95 mutations of DEN-2 and DEN-4 vaccine viruses, respectively, occurred at sites of 

amino acid conservation among dengue viruses, but not among flaviviruses in general. 

[00068] The flaviviral NS3 protein possesses at least two rccognizcd functions: the 

viral proteinase and RNA hclicasc/NTPase. The 698-aa long (DEN-2 virus) NS3 protein 

contains an amino-terminal serine protease domain (NS3-51-His, -75-Asp, -135-Ser 

catalytic triad) that is followed by sequence motifs for RNA helicase/NTPasc functions 

(NS3-196-GAGKT (SEQ IDNO:147), -284-DEAH, -459-GRIGR). None of the mutations 

in the NS3 proteins of DEN-1, DEN-2, or DEN-3 virus occurred within a rccognizcd motif. 

The NS3-510 Tyr-to-Phe mutation in DEN-1 PDK-13 virus was conservative. Since the 

wild-type DEN-2, -3 and -4 viruses contain Phc at this position, it is unlikely that the Tyr-

to-Phe mutation plays a role in the attenuation of DEN-1 virus. The NS3-182 Glu-to-Lys 

mutation in DEN-1 PDK-13 vims occurred at a position that is conserved as Asp or Glu in 

most mosquito-borne flaviviruses and it may play some role in attenuation. This mutation 

was loeated 15 amino acid residues upstream of the GAGKT hclicase motif. As noted in 

previous reports, the NS3-250-Glu in DEN-2 16681 vims is conserved in all mosquito-

borne flaviviruses except for yellow fever vims. 

[00069] Nucleic acid probes selectively hybridize with nucleic acid molecules 

encoding the DEN-1, DEN-3 and DEN-4 viruses or complementary sequences thereof. By 

"selective" or "selectively" is meant a scqucncc which does not hybridize with other nucleic 

acids to prevent adequate detection of the dengue virus. Therefore, in the design of 

hybridizing nucleic acids, selectivity will depend upon the other components present in a 

sample. The hybridizing nuclcic acid should have at least 70% complementarity with the 

segment of the nucleic acid to which it hybridizes. As used herein to describe nuclcic acids, 

the term "selectively hybridizes" excludes the occasional randomly hybridizing nucleic 

acids, and thus, has the same meaning as "specifically hybridizing." The selectively 

hybridizing nucleic acid of this invention can have at least 70%, 80%, 85%, 90%, 95%, 

97%, 98%, and 99% complementarity with the segment of the scqucncc to which it 

hybridizes, preferably 85% or more. 

[00070] Sequences, probes and primers which selectively hybridize to the encoding 

nucleic acid or the complementary, or opposite, strand of the nucleic acid arc contemplated. 

Specific hybridization with nuclcic acid can occur with minor modifications or substitutions 
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in the nucleic acid, so long as functional spccies-specific hybridization capability is 

maintained. By "probe" is meant nuclcic acid sequences that can be used as probes or 

primers for selective hybridization with complementary nucleic acid sequences for their 

detection or amplification, which probes can vary in length from about 5 to 100 nucleotides, 

or preferably from about 10 to 50 nucleotides, or most preferably about 18-24 nucleotides. 

[00071 ] If used as primers, the composition preferably includes at least two nucleic 

acid molecules which hybridize to different regions of the target molecule so as to amplify a 

desired region. Depending on the length of the probe or primer, the target region can range 

between 70% complementary bases and full complementarity and still hybridize under 

stringent conditions. For example, for the purpose of detecting the presence of the dengue 

virus, the degree of complementarity between the hybridizing nuclcic acid (probe or primer) 

and the sequence to which it hybridizes is at least enough to distinguish hybridization with a 

nuclcic acid from other organisms. 

[00072] Nucleic acid sequences encoding the DEN-4, DEN-3 or DEN-1 virus (e.g. 

structural elements) can be inserted into a vcctor, such as a plasmid, and recombinantly 

expressed in a living organism (e.g. into a dcngue-2 backbone) to produce recombinant 

dengue virus peptides and/or polypeptides and/or viruses. 

Nuclcic Acid Detection Methods 

[00073] A rapid genetic test that is diagnostic for each of the vaccine viruses 

described herein is provided by the currcnt invention. This embodiment of the invention 

enhances analyses of viruses isolated from the scrum of vaccinated humans who developed 

a vircmia, as well as enhancing charactcrization of viremia in nonhuman primates 

immunized with the candidate vaccine viruses. 

[00074] These sequences include a diagnostic TaqMan probe that serves to report the 

detection of the cDNA amplicon amplified from the viral genomic RNA template by using a 

reverse-transciptasc/polymcrase chain reaction (RT/PCR), as well as the forward and 

reverse amplimers that arc designed to amplify the cDNA amplicon, as dcscribcd below. In 

certain instances, one of the amplimers has been designed to contain a vaccine virus-

specific mutation at the 3'-terminal end of the amplimer, which effectively makes the test 

even more specific for the vaccinc strain because extension of the primer at the target site, 

and consequently amplification, will occur only if the viral RNA template contains that 

specific mutation. 

[00075] Automated PGR-based nuclcic acid sequence detection system can be used, 

or other known technology for nuclcic acid detection. The TaqMan assay is a highly 
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specific and sensitive assay that permits automated, real time visualization and quantitation 

of PCR-generated amplicons from a sample nuclcic acid template. TaqMan can determine 

the presence or absence of a specific sequence. Tn this assay, a forward and a reverse primer 

arc designed to amieal upstream and downstream of the target mutation site, respectively. A 

specific detector probe, which is designed to have a melting temperature of about lO.degree. 

C. higher than either of the amplimers and containing the vaccine virus-specific nucleotide 

mutation or its complement (depending on the strand of RT/PCR amplicon diat is being 

detected), constitutes the third primer component of this assay. 

100076] A probe designed to specifically detect a mutated locus in one of the vaccine 

viral genomes will contain the vaccinc-spccific nucleotide in the middle of the probe. This 

probe will result in detectable fluorcsccncc in the TaqMan assay if the viral RNA template 

is vaccine virus-specific. However, genomic RNA templates from wild-type DEN viruses 

will have decreased efficiency of probe hybridization because of the single nucleotide 

mismatch (in the case of the parental viruses DEN viruses) or possibly more than one 

mismatch (as may occur in other wild-type DEN viruses) and will not result in significant 

fluorescence. The DNA polymerase is more likely to displace a mismatched probe from the 

RT/PCR amplicon template than to cleave the mismatched probe to release the reporter dye 

(TaqMan Allelic Discrimination assay, Applied Biosystcms). 

[00077] One strategy for diagnostic genetic testing makes use of molecular beacons. 

The molecular beacon strategy also utilizes primers for RT/PCR amplification of amplicons, 

and detection of a specific sequence within the amplicon by a probe containing reporter and 

quencher dyes at the probe termini. Tn this assay, the probe forms a stem-loop structure. The 

molecular beacons assay employs qucnchcr and reporter dyes that differ from those used in 

the TaqMan assay. 

Pharmaceutical Compositions 

[00078] Embodiments herein provide for administration of compositions to subjects 

in a biologically compatible form suitable for pharmaceutical administration in vivo. By 

"biologically compatible form suitable for administration in vivo" is meant a form of the 

active agent (e.g. pharmaceutical chemical, protein, gene, of the embodiments) to be 

administered in which any toxic effects are outweighed by the therapeutic effects of the 

active agent. Administration of a therapeutically active amount of the therapeutic 

compositions is defined as an amount effective, at dosages and for periods of time necessary 

to achieve the desired result. For example, a therapeutically active amount of a compound 

may vary according to factors such as the disease state, age, sex, and weight of the 
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individual, and the ability of antibody to elicit a desired response in the individual. Dosage 

regima may be adjusted to provide the optimum therapeutic response. 

100079) In one embodiment, the compound (e.g. pharmaceutical chemical, protein, 

peptide etc. of the embodiments) may be administered in a convenient manner, for example, 

subcutaneous, intravenous, by oral administration, inhalation, intradermal, transdermal 

application, intravaginal application, topical application, intranasal or rectal administration. 

Depending on the route of administration, the active compound may be contained in a 

protective buffer (e.g. FTA, F127/trchalosc/albumin). In one embodiment, a composition 

may be orally administered. Tn another embodiment, the composition may be administered 

intravenously. In one embodiment, the composition may be administered intranasally, such 

as inhalation. Tn yet another embodiment, the composition may be administered 

intradermally using a needle-free system (e.g. Pharmajet®) or other intradermal 

administration system. 

[00080J A composition may be administered to a subject in an appropriate carricr or 

diluent, co-administered with enzyme inhibitors or in an appropriate carrier such as 

liposomes. The term "pharmaceutically acceptable carrier" as used herein is intended to 

includc diluents such as saline and aqueous buffer solutions. It may be necessary to coat the 

compound with, or co-administer the compound with, a material to prevent its inactivation. 

The active agent may also be administered parenterally, or intraperitoneally. Dispersions 

can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in 

oils. Under ordinary conditions of Storage and use, these preparations may contain a 

preservative to prevent the growth of microorganisms or other stabilizing formulation (e.g. 

FTA). 

[000811 Pharmaceutical compositions suitable for injectable use may be administered 

by means known in the art. For example, sterile aqueous solutions (where water soluble) or 

dispersions and sterile powders for the extemporaneous preparation of sterile injectable 

solutions or dispersion may be used. In all eases, the composition can be sterile and can be 

fluid to the extent that easy syringability exists. It might be stable under the conditions of 

manufacture and storage and may be preserved against the contaminating action of 

microorganisms such as bacteria and fungi. The pharmaceutically acceptable carrier can be 

a solvent or dispersion medium containing, for example, water, ethanol, polyol (for example, 

glycerol, propylene glycol, and liquid polyetheylene glycol, and the like), and suitable 

mixtures thereof. The proper fluidity can be maintained, for example, by the use of a 

coating such as lecithin, by the maintenance of the required particle size in the case of 
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dispersion and by the use of surfactants. Prevention of microorganisms can be achieved by 

heating, exposing the agent to detergent, irradiation or adding various antibacterial or 

antifungal agents. 

[00082] Sterile injectable solutions can be prepared by incorporating active 

compound (e.g. a compound that induces an immune response to one or more dengue virus 

serotypes) in the required amount in an appropriate solvent with one or a combination of 

ingredients enumerated above, as required, followed by filtered sterilization. 

[00083] Upon formulation, solutions will be administered in a manner compatible 

with the dosage formulation and in such amount as is therapeutically cffcctivc. The 

formulations are easily administered in a variety of dosage forms, such as the type of 

injectable solutions described above, it is contemplated that compositions arc especially 

suitable for intramuscular, subcutaneous, intradermal, intranasal and intraperitoneal 

administration. A particular ratio may be sought such as a 1:1, 1:2 or other ratio (e.g. PFUs 

of a given dengue virus serotype) 

[00084] The active therapeutic agents may be formulated within a mixture 

predetermined ratios. Single dose or multiple doses can also be administered on an 

appropriate schedule for a given situation (e.g. prior to travel, outbreak of dengue fever). 

[00085] In another embodiment, nasal solutions or sprays, aerosols or inhalants may 

be used to deliver the compound of interest. Additional formulations that are suitable for 

other modes of administration include suppositories and pessaries. 

[00086] Certain formulations can includc cxcipicnts, for example, pharmaceutical 

grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, 

magnesium carbonate and the like. 

[00087] A pharmaceutical composition may be prepared with carriers that protect 

active ingredients against rapid elimination from the body, such as time-release 

formulations or coatings. Such carriers include controlled release formulations, such as, but 

not limited to, microencapsulated delivery systems, and biodegradable, biocompatible 

polymers, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, polyorthocstcrs, 

polylactic acid and others are known. 

[00088] Pharmaceutical compositions arc administered in an amount, and with a 

frequency, that is effective to inhibit or alleviate side cffccts of a transplant and/or to reduce 

or prevent rejection. The precise dosage and duration of treatment may be determined 

empirically using known testing protocols or by testing the compositions in model systems 

known in the art and extrapolating therefrom. Dosages may also vary with the severity of 
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the condition. A pharmaceutical composition is generally formulated and administered to 

exert a therapeutically useful effect while minimizing undesirable side effects. In general, 

dose ranges from about 102 to 106 PFU can be administered initially and optionally, 

followed by a second administration within 30 days or up to 180 days later, as needed. In 

ccrtain embodiments, a subject can receive dual administration of a mono, bi-, tri or 

tetravalent composition disclosed herein wherein the composition is a single composition 

mixture or has predetermined compositions of different dengue virus serotypes. In some 

embodiments, a DEN2/4 chimcra can be present in higher concentrations than other dengue 

virus serotypes such as a live, attenuated dengue-1. 

[00089] Tt will be apparent that, for any particular subject, specific dosage regimens 

may be adjusted over time according to the individual need. 

[00090] Tn one embodiment, a composition disclosed herein can be administered to a 

subject subcutaneously or intradcrmally. 

[00091] The pharmaceutical compositions containing live, attenuated dengue viruses 

may be administered to individuals, particularly humans, for example by subcutaneously, 

intramuscularly, intranasally, orally, topically, transdcrmally, parenterally, gastrointestinally, 

transbronchially and transalveolarly. Topical administration is accomplished via a topically 

applied cream, gel, rinse, etc. containing therapeutically effective amounts of inhibitors of 

serine proteases. Transdermal administration is accomplished by application of a cream, 

rinse, gel, etc. capable of allowing the inhibitors of serine proteases to penetrate the skin and 

enter the blood stream. In addition, osmotic pumps may be used for administration. The 

necessary dosage will vary with the particular condition being treated, method of 

administration and rate of clcarancc of the molecule from the body. 

[00092] In certain embodiments of the methods of the present invention, the subject 

may be a mammal such as a human or a veterinary and/or a domesticated animal or 

livestock or wild animal. 

Therapeutic Methods 

[00093] In one embodiment of the present invention, methods provide for inducing 

an immune response to dengue virus serotype(s) using a mono, bi-, tri or tetravalent 

formulation of live, attenuated and/or chimeric viral constructs contemplated herein. 

[00094] Embodiments of the present invention is further illustrated by the following 

non-limiting examples, which are not to be construed in any way as imposing limitations 

upon the scopc thereof. On the contrary, it is to be clearly understood that resort may be had 

to various other embodiments, modifications, and equivalents thereof which, after reading 
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the description herein, may suggest themselves to those skilled in the art without departing 

from the spirit of the present invention or the scopc of the appended claims. 

EXAMPLES 

[00095] The following examples are included to demonstrate ccrtain embodiments 

presented herein. It should be appreciated by those of skill in the art that the techniques 

disclosed in the Examples which follow represent techniques discovered to function well in 

the practices disclosed herein, and thus can be considered to constitute preferred modes for 

its practice. However, those of skill in the art should, in light of the present disclosure, 

appreciate that many changes can be made in particular embodiments which are disclosed 

and still obtain a like or similar result without departing from the spirit and scope herein. 

Example I 

[00096] In some exemplary methods, compositions used to generate as referred to 

herein as "master virus seeds (MVS)" are disclosed. These compositions may be derived 

from one or more live, attenuated dengue viruses, such as DEN-1, DEN-2, DEN-3, and 

DEN-4. In certain methods, compositions may be derived from one or more live attenuated 

Dengue viruses that include but are not limited to, specific constructs disclosed herein 

referred to as DENVax-1, DENVax-2, DENVax-3, and DENVax-4. Tn other exemplary 

methods, strategics used to generate and characterize these compositions arc provided. In 

yet other embodiments, tetravalent dengue virus formulations and genetic and phcnotypic 

characterization of these formulations are provided. 

Production and analysis of pre-masler DENVax viruses 

[00097] Ccrtain procedures were performed to generate pre-mastcr dengue virus 

seeds, such as serial amplification and purification of dengue viruses (e.g. DENVax). First, 

DENVax viruses were re-derived by transfcction of viral RNA transcribed from the full-

length recombinant DENVax cDNA into production-ccrtificd cclls (e.g. Vero cells), 

resulting in PI (passage 1) virus seed. The four PI viruses from each of dengue-1 to 

dcnguc-4 were then amplified and plaque purified to obtain the candidate pre-master 

vaccine P7 seeds (see Table 1). Ccrtain tests were performed to analyze passages of dengue 

viruses. For example, full-length genome sequencing demonstrated that all four of the P2 

(passage 2) seed viruses were genetically identical to their homologous progenitor, 

research-derived, rcscarch-grade candidate vaccine virus. The original plaque phenotypes 

were also retained in the P2 viruses. Six plaque purified viruses (P3 A-F) were isolated for 

each serotype of dengue virus (e.g. DENVax 1-4) from the P2 seeds, and each isolated 

plaque was directly plaque purified two more times. The third plaque purification (P5) of 
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cach virus was amplified twice (P6 A-F and P7 A-F) in Vero cells to produce the potential 

prc-master P7 DENVax seeds (Table 1). 

Table 1 Example of acGMP Rederivation of DENVax Viruses in WCB-Vero Cells 

Passage Seed Production/Purification Characterizations 
PI Transfect WCB-Vero with transcribed viral RNAs Plaque titrate 
P2 Amplify PI virus Full genome sequence 
P3 Pick 6 plaques (A-F)/scrotypc from P2 plaque assay Plaque purification 
P4 Pick plaques A-F from P3 plaque assay Plaque purification 
P5 Pick plaques A-F from P4 plaque assay Plaque purification 
P6 Amplify P5 A-F plaques Plaque titrate 

P7 Pre-master seeds: Amplify P6 A-F 
Full genome sequence, 
TaqMAMA, Plaque 
phenotypes 

P8* MVS: Amplify selected P7 virus seed Full gcnctic and phenotypic 
characterization 

P9 WVS: Amplify P8 Master Seed viruses Full genome sequence, 
TaqMAMA 

P10 BVS: Amplify P9 Working Seed viruses Full genome scqucncc, 
TaqMAMA 

* One optimal P7 seed (A, B, C, D, E, or F) was selected based on the genetic and plaque 
analysis to make P8 MVS 

[00098] Some tests were further performed to characterize P7 DENVax seeds, such 

as analysis of genome scqucnccs and plaque phenotypes of the P7 seeds, and comparison 

with P2 seeds (Table 2). Plaque phenotypes of the P7 viruses were generally similar to 

those of the P2 seeds. In some exemplary experiments, virus titers were monitored. Virus 

titers rcachcd over 6.0 log pfu/ml for most of the P7 seeds, except for 5 viruses. Genome 

sequencing of more than 60 candidate vaccinc virus seeds after 10 or more serial passages 

in Vero cclls identified no reversion event at NS1-53 and NS3-250 of the three major 

attenuation determinants of the DENV-2 PDK-53 genetic vector, suggesting that these 2 

loci arc quite stable in candidate vaccine virus seeds. All sequence chromatograms of the 

24 candidate strains generated from both forward and reverse sequencing for these two sites 

were homogenous without any minor nucleotide populations evident at the NS1-53 and 

NS3-250 genetic loci. In contrast to the NS1 and NS3 sites, different levels of reversions at 

the 5'NCR-57 attenuation locus were identified from multiple serially passaged research 

grade vaccine viruses, suggesting this locus might not be as stable as NS1 and NS3 after 

multiple passages in ccll culture. Therefore, a sensitive mismatch amplification assay 
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(TaqMAMA) was developed to accurately measure the reversion rate at the 5'NCR-57 

locus by real-time RT-PCR. In some studies, the 5'NCR-57 reversion rates of all 24 of the 

P7 seeds were measured by the TaqMAMA. Depending on the concentration of the input 

viral RNA for each virus in the assay, the sensitivity limit of the TaqMAMA ranged 

between 0.01% and 0.07% reversion, which is much more sensitive than the 10-30% 

reversion sensitivity limit detectable by consensus genome sequence analysis. The resulting 

data illustrates that 15 of the 24 P7 viruses had minimal or undetectable reversion (< 0.07%), 

one virus (DENVax-3-D) had almost 100% reversion, and 8 viruses (1 DENVax-1, 1 

DENVax-2, 2 DENVax-3, and 4 DENVax-4) had partial reversion ranging from 0.08% to 

12.85% (Table 2). Full-length genome sequencing was conducted for 16 of the 24 P7 

viruses with low levels of 5'NCR57 reversion as measured by TaqMAMA. All the 

sequenced viruses maintained the other two DENVax attenuation determinants (NS1 -53, 

NS3-250), and all had acquired additional mutations that were not present in the original, 

engineered recombinant cDNA clones (Table 2). In one exemplary target vaccine 

composition, DENVax-l-A, DENVax-2-F, DENVax-3-F, and DENVax-4-F were selected 

as target prc-mastcr seed for each serotype because their genotypes and plaque phenotypes 

most closely resembled those of the originally designed vaccine recombinants. The 

DENVax-1-A, DENVax-2-F, and DENVax-4-F had two non-synonymous mutations, and 

the DENVax-3-F had one. The evidence suggests these additional mutations observed in 

these 4 prc-mastcr seeds do not cause safety concerns or immunogenicity alterations for the 

viruses. These prc-mastcr seeds were further amplified to generate the MVS (master seed, 

designated as P7, Table 1). 

1000991 Exemplary methods provided herein used purified in-vitro transcribed viral 

RNA from cloned cDNA plasmid as the pure source to transfect vaccinc-ccrtificd Vero cells 

to generate vaccine virus. Serial plaque purifications and full-genome sequence analyses 

were incorporated into the manufacturing procedures to ensure manufactured vaccine seeds 

with optimal purity and genetic stability. Six cloned viruses were prepared as potential prc-

master seeds for each serotype of DENVax. Through genomic analysis, including 

TaqMAMA and complete genomic sequencing, as well as characterization of viral plaque 

phenotypes, prc-mastcr seeds were chosen to advance to master virus seeds production for 

each serotype (serotypes 1-4). The selected pre-master seeds had undetectable reversions 

(<0.01% or <0.07%) at the 5'NCR-57 locus, with 1 or 2 amino acid substitutions in their 

genomes, and retained the small plaque phenotypes previously observed. 
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Table 2. Characterizations of pre-master (P7) seeds 

Virus Clone3 TaqMAMAb 
Logio 
pfu/ml Plaque0 Mutations identified in genomed 

DENVax-1 A ** 6.85 P2 NS2A-1161-L, NS2B-92 E-D, one silent DENVax-1 
B * 6.93 P2 nde 

DENVax-1 

C * 6.93 D nd 

DENVax-1 

D ** 7.02 D C-67 K-A; one silent 

DENVax-1 

E 0.57% 7.28 P2 nd 

DENVax-1 

F ** 7.18 P2 E473 T-M; one silent 
DENVax-2 A 0.03% 6.33 P2 NS1-341 K-N DENVax-2 

B * 6.33 P2 E-305 K-T, two silent 
DENVax-2 

C * 5.84 L NS4A-18 T-A, four silent 

DENVax-2 

D 0.08% 6.20 P2 NS2B-99 I-L, one 3INCR 

DENVax-2 

E 0.03% 6.31 P2 prM-52 K-E, NS5-412 T-V, two silent 

DENVax-2 

F ** 6.15 P2 prM-52 K-E, NS5-412 I-V 
DENVax-3 A * 6.00 P2 NS5-200 K-N, one silent, one 3'NCR DENVax-3 

B 0.05% 6.27 P2 NS2A-33 1-T, NS2A-59 M-T 
DENVax-3 

C 0.30% 6.25 P2 nd 

DENVax-3 

D 100.00% 6.27 P2 nd 

DENVax-3 

E 0.31% 6.00 P2 nd 

DENVax-3 

F ** 6.30 P2 E-223 T-S, one silent 
DENVax-4 A 0.47% 5.60 P2 E323 K-R/K, NS2B-21 L-F/L, NS2B-39 

T-S, one silent 
DENVax-4 

B * 5.65 D NS2A-126 A-V; NS4A-5 N-D;NS5-383 
K-R, one silent 

DENVax-4 

C 4.50% 5.90 P2 nd 

DENVax-4 

D 12.85% 5.97 D nd 

DENVax-4 

E 0.52% 6.85 S prM-85 E-D, NS2B-45 T-A, NS5-320 M-
T, NS5-551 E-G, two silent 

DENVax-4 

F 0.02% 6.93 S NS2A-66 D-G, NS4A-21 A-Y, four silent 
"Cloned viruses (by serial plaque purifications) selected for further development of MVS are designated bold. 
b *: Reversion rate < 0.07% (detection limit). **: Reversion rate < 0.01% (detection limit) 
c Plaque phenotypes: P2: similar to P2 virus; L = larger than P2 virus, D = similar size, but appear somewhat different hi clearness of the 
plaques; S = smaller than P2. 
Substitutions differing from the engineered DENVax cDNA clones. Amino acid mutations are listed with residue position of the virus 

protein and the changes (wt-mutation). Total number of silent mutations in structural and non-structural genes of each seed is listed. 
Mutations at non-coding region (NCR) are also noted. 
e nd = Not done. These clones had higher 5'NCR-57 reversion rates (by TaqMAMA) than other clones, so were excluded from further 
sequence analysis. 

Example 2 
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[000100] 111 some exemplary methods, compositions of master virus seeds, working 

virus seeds and bulk virus seeds as well as their genetic and phenotypic characterization arc 

described. These compositions are provided for manufacture of clinical materials and 

ultimately commercial vaccinc supplies. Serial plaque purifications and full-genome 

sequence analyses were incorporated into the manufacturing process to ensure compositions 

of vaccine seeds with optimal safety and genetic stability for manufacture of clinical trial 

materials. 

Production and manufacturing quality controls for MVS, WVS, and BVS 

[000101] In some studies, MVS of the 4 DENVax were produced by amplifying the 

prc-master P7 seed in certified Vero cells. In other studies, MVS were used to make large 

amount of WVS in cell factories. Further, the BVS stocks of DENVax were amplified from 

the WVS and were formulated into tetravalent drug product mixtures to be used used for 

human clinic trials. Quality controls for product release were performed in some exemplary 

methods, including, but not limited to, testing all of the MVS, WVS, and BVS for identity, 

infectious titer, sterility, mycoplasma, and in vitro and in vivo adventitious agents. All 

seeds passed the virus identity test using scrotypc-specific RT-PCR assays, which showed 

positive amplification corresponding to its serotype and negative for heterologous serotypes 

(data not shown). No detectable mycoplasma or adventitious agents were detected in the 

MVS, WVS, or BVS stocks. 

Genetic analysis of the MVS, WVS, and BVS 

[0001021 In certain exemplary methods, after generation of MVS from the selected 

pre-MVS (P7) strains selected above were produced and the respective viral RNA was 

sequenced again. Full-length genome sequencing revealed that the MVS for DENVax-1 

was identical to its pre-master seed, while the WVS and subsequent BVS acquired 2 

additional substitutions at E-483 and NS4B-108 (see Tables 2 and 3). The Ala substitution 

at E-483 represented part of the genotype in the MVS, but became the dominant genotype in 

BVS. DENVax-2 and DENVax-3 were identical to their respective pre-master seeds (Table 

2 and 3). The DENVax-2 MVS was identical to its pre-master seed, and the WVS and BVS 

had 2 additional mutations at NS4A-36 and NS4B-111. Both mutations were partial in 

WVS and were the major genotype in the BVS. The MVS of DENVax-3 was again 

identical to the pre-master seed, but the WVS and BVS contained an additional aa 

substitution atNS4A-23. The DENVax-4 MVS acquired an additional amino acid mutation, 

at locus NS2A-99 (from Lys to Lys/Arg mixed genotype) during production of the MVS 

(Table 3). Its WVS and BVS retained the NS2A-99 Lys/Arg mixed genotype, and the BVS 



had an extra NS4B-238 Ser/Phe mixed genotype. Consensus sequence results also 

confirmed that MVS, WVS as well as BV retained the three genetic determinants of 

attenuation at the 5'NCR-57, NS1-53, and NS3-250 loci. Analysis of tlie least stable 

attenuating locus by TaqMAMA demonstrated that the 5'NCR-57 reversion rate between 

<0.7% to and 0.13% among MVS, <0.07% among WVS, and between <0.07 and 0.21% 

among BVS. A 3% reversion at the 5'NCR-57 locus was considered the maximum 

permissible rate for acceptance of a vaccine lot (Table 3). 

Table 3. Nucleotide and amino acid substitutions in DENVax seeds 

DENVax Nucleotides Amino Acids Prc-mastcr MVS® WVS* BVSa 

DENVax-1 2384 G-C E-483 Gly-Ala - - Gly/Ala Ala 
3823 A-C NS2A-116 Ile-Leu Leu Leu Leu Leu 
4407 A-T NS2B-92 Glu-Asp Asp Asp Asp Asp 
7148C-T NS4B-108 Thr-Ilc - - lie lie 
7311 A-G silent G G G G 
TaqMAMA 5'NCR-57 reversion %b — - - -

DENVax-2 592 A-G prM-52 Lys-Glu Glu Glu Glu Glu 
6481G-C NS4A-36 Ala-Pro - - Ala/Pro Pro 
7156C-T NS4B-111 Leu-Phe - - Leu/Phe Phe 
8803 A-G NS5-412 Tic-Val Val Val Val Val 
TaqMAMA 5'NCR-57 reversion %b — - 0.07% 0.21% 

DENVax-3 1603 A-T E-223 Thr-Ser Ser Ser Ser Ser 
6436 G-A NS4A-23 Asp-Asn - - Asn Asn 
7620 A-G silent G G G G 
TaqMAMA 5'NCR-57 reversion %b — - - -

DENVax-4 225 A-T silent T T T T 
3674 A-G NS2A-66 Asp-Gly Gly Gly Gly Gly 
3773 A-A/G NS2A-99 Lys-Lys/Arg - Lys/Arg Lys/Arg Lys/Arg 
539I C-T silent T T T T 
6437 C-T NS4A-21 Ala-Val Val Val Val Val 
7026 T-C silent T/C T/C T/C T/C 

7538 C-C/T NS4B-238 Scr-
Scr/Phe - - Ser/Phe Ser/Phe 

9750 A-C silent C C C C 
TaqMAMA 5'NCR-57 reversion %b - 0.13% - -

4 Bold: Changes started at MVS stocks. 
b"—" indicates reversion rate < 0.01% (detection limit), indicates reversion rate <0.07% (detection limit) 

[000103] Full-gcnomc scqucncc analysis revealed that an additional amino acid 

mutation developed in the DENVax-4 MVS, while the other three DENVax MVS lots 

retained the consensus genome sequence of their pre-master seeds. Overall, from deriving 

of the PI seeds to the pre-master (P7) seeds, only 1 or 2 non-synonymous mutations 

occurred in a given seed. From PI to MVS (P8) seeds, 2 to7 nucleotide substitutions were 

identified in any given DENVax seed and only 2 to 3 of these substitutions resulted in 

amino acid changes. Thus, minor changes occurred. RNA viruses arc error-prone in their 
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genome replication, so genetic substitutions in flavivirus genome during cell passages are 

not unexpected. None of the silent mutations in the MVS were within the 5' or 3 'NCR that 

may affect virus replication. Only the change in prM-52 Lys-Glu of the DENVax-2, and 

the substitution in NS2A-66 Asp-Gly of DENVax-4 arc not conservative changcs. The 

NS2A-66 mutation of the DENVax-4 is in the nonstructural backbone part of the DENV-2 

PDK-53. Although NS2A-66 locus is usually Asp among various strains of DENV-2, it is 

usually Gly for DENV-4. Tt is possible that the Asp to Gly change in the DENVax-4 is 

relevant for fitness of the DENVax-4 in Vero cells. The DENVax-2 prM-52 mutation 

resides in the C-terminal portion of the prM that is cleaved out from the mature virus 

particles. In some exemplary methods, phcnotypic characterization was performed to 

confirm that none of the mutations in the MVS seeds significantly altered the attenuation 

phenotypes of the vaccine. 

[000104J The DENVax viruses demonstrated high genetic stability during the 

manufacturing process. The three defined DENV-2 PDK-53 attenuation loci located in 

5'NCR, NS1-53, and NS3-250 remained stable in the consensus genome sequence upon 

serial passage of the DENVax from pre-Master strains to bulk vaccine preparations. The 

highly sensitive TaqMAMA of the 5'NCR-57 locus demonstrated minimal or undetectable 

reversion in the MVS, WVS (P9/Working), and BVS (Bulk Virus Seed for vaccines) of 

dengue virus serotypes. The 5'NCR-57 reversion rates of the DENVax BVS preparations 

(PlO-equivalent) were significantly lower than the 5'NCR-57 reversion rates that evolved in 

research-grade vaccine candidates after 10-serial passages in Vero cells (4-74% reversion). 

The strategy for large-scale manufacturing of the DENVax seeds provided herein resulted in 

a genetically stable vaccine seed which retained the attenuation markers in the candidate 

vaccine viruses. 

Plaque phenotype of DENVax MVS 

[0001051 In one exemplary method, plaque phenotypes of the DENVax MVS were 

compared with wild type Dengue viruses and their homologous research-grade chimcric 

viruses in Vero cells (Fig. 2). All of the MVS of DENVax-1, -2, and -3 produced plaques 

that were significantly smaller than their wild type homologs and very similar (within 0.4-

mm differences) to their homologous research-grade viruses in Vero cells. DENVax-4 

MVS was also significantly smaller than the wild type DENV-4, but was slightly larger (0.9 

mm difference) than the original lab derived D2/4-V chimera. 

[000106] Fig. 2 represents an exemplary histogram illustrating plaque sizes of the 

DENVax MVS in contrast with control wild type viruses and research-grade vaccine 



candidate viruses. Mean plaque diameters (mm) ± SD (error bars) of the virus plaques in 

Vero cells under agarose overlay measured on day 9 pi. The wild type DEN viruses, 

represented by black bars, and previously published research-grade vaccine candidate 

viruses, represented by white bars, were included for control and comparison to the 

DENVax master vaccine seeds represented by grey bars. 

Temperature sensitivity of DENVax MVS 

[000107] Tn another exemplary method, temperature sensitivity was tested in Vero 

cells for the DENVax MVS and compared with their homologous wild type and the original 

research-grade chimeric vaccine virus. The wild type (wt) DENV-3 16562 was not 

temperature sensitive. The wt dengue virus serotype 1 and dengue virus serotype-4 were 

moderately temperature sensitive at 39°C (titers were approximately 1.0 logiopfu/ml lower 

at 39°C than at 37°C, Fig. 3). Wt Dengue virus serotype-2 16681 was the most temperature 

sensitive of the wt Dengue viruses tested, and resulted in a 100-fold titer drop at 39°C. 

DENVax-1, -2, and -3 were as temperature sensitive as their original homologous research-

grade chimeric vaccine viruses (Fig. 2). Titers at 39°C dropped between 2.0 and 3.0 logio 

pfu/ml for these DENVax strains. DENVax-4 also was temperature sensitive, 

demonstrating a 5-fold reduction in titer. However, the original rcscarch-gradc D2/4-V 

demonstrated about a 10-fold reduction in titer. The final stabilized DENVax-4 MVS 

contained F127 (and other agents known to stabilize these formulations (FTA)), which was 

shown to enhance thermal stability of the Dengue viruses. The presence of the F127 in 

DENVax-4 MVS likely contributed to the less pronounced temperature sensitivity of the 

virus in the Vero culture assay. In a separate experiment, temperature sensitivity of an 

MSV-derived DENVax-4 strain in the absence of F127 was further evaluated. To remove 

the F127 from the strain, viral RNA was isolated from a DENVax-4 bulk virus preparation 

and was transfected into Vero cells. This DENVax-4 virus appeared to be as temperature 

sensitive as the D2/4 V research strain (titer reduced 1.5 logio pfu/ml) on day 3 pi in the 

absence of F127 (Fig. 3). 

[000108] Fig. 3 illustrates an exemplary histogram illustrating temperature sensitivities 

of DENVax MVS. The wild type Dengue viruses and previously published research-grade 

vaccine candidate viruses were included for comparison. The DENVax-4 MVS contains 

additional F-127 that can mask the temperature sensitivity results of the virus in this assay. 

A separate experiment analyzing a surrogate DENVax-4 in the absence of F127 was also 

included. Mean titers ± SD (error bars) of the viruses replicated in Vero cells at 37°C or 
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39°C. 

DENVax MVS replication in mosquito C6/36 cells 

[000109] In some exemplary methods, the DENVax MVS were grown in C6/36 cells 

to verify their retention of the in vitro attenuation phenotype, with the knowledge that the 

research-grade chimeric vaccine viruses retained the attenuation phenotype of the backbone 

DENV-2 PDK53 virus in these mosquito cells. Compared to the wt Dengue viruses, 

DENVax-1, DENVax-2 and DENVax-4 MVS showed significant growth reduction (at least 

3 logio pfu/ml reduction) in C6/36 cells on day 6 pi (Fig. 4). The DENVax-3 MSV also 

exhibited reduced growth compared to the wt DENV-3 16562, but the reduction was not as 

marked (1-2 logio pfu/ml reduction). However, the C6/36 titers of the DENVax-3 seed lots 

were similar (within 1 logio pfu/ml difference) to the C6/36 titer of the original research-

grade chimeric D2/3-V vaccine virus. 

[000110] Fig. 4 illustrates an exemplary histogram plotting restricted growth of 

DENVax MVS (grey bars) in C6/36 cells in comparison with wt Dengue viruses (black bars) 

and rcscarch-grade vaccine viruses (white bars). Mean titers ± SD (error bars) of the 

viruses rcplicatcd in C6/36 cells 6 days pi. 

Virus infection, dissemination, and transmission rates in whole mosquitoes 

[000111] In some exemplary methods, the infection and dissemination rates of the 

DENVax were compared with their parental wt Dengue viruses. In certain exemplary 

experiments, oral infection experiments were conductcd in Ae. aegypti mosquitoes. 

Infectious blood meals were back-titratcd to measure the virus titers and only the 

experiments with similar virus titers in the blood meal (less than 1 logio pfu/ml differences) 

between parental Dengue viruses and DENVax for each serotype were included for 

comparisons in Table 4. DENVax-1, DENVax-2, and rcscarch-grade D2 PDK-53-VV45R 

did not infect mosquitoes through oral feeding, which is significantly different (p < 0.0001) 

from their parental viruses, DENV-1 16007 (44% infection) and DENV-2 16681 (43.3% 

infection). Bccausc no mosquito was infected by DENVax-1 and -2, there was little to no 

dissemination conccrn for these two vaccine viruses. While DENVax-4 did infect some 

mosquitoes through oral feeding (2 out of 55), the infection rate was significantly lower (p < 

0.05) than its parental wt virus, DENV-4 1036 (8 out of 50). DENVax-3 did not infect any 

mosquitoes in two experiments with blood meal viral titers of 5.2±0.02 logio pfu/ml (Table 

4), and in a separate experiment with blood meal viral titer of 6.0 logio pfu/ml, only 1 out of 

30 mosquitoes became infcctcd (data not shown). However, wt Dengue virus-3 16562 also 
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had a very low infection rate (8%) at 5.2 logio pfu/ml, and the rate did not increase in a 

separate experiment with a higher blood meal viral titer at 6.2 logio pfu/ml (3%, 1 positive 

out of 30 mosquitoes, data not shown). Although the wild type (wt) Dengue vims-3 and 

Dengue virus-4 had significantly lower infection rates than the wt Dengue virus-1 and 

Dengue virus-2, the mean virus titers in the infcctcd mosquitoes were similar (3.1 to 3.9 

logio pfu/mosquito). In contrast, the DENVax-4 titers from the two infected mosquitoes 

were both minimal (0.7 logio pfu/mosquito), which was 1,000-fold lower than the titer from 

the mosquitoes infected by wt Dengue virus serotype-4 1036 (3.9 ± 1.5 pfu/mosquito). 

[0001121 For those mosquitoes that were infected, dissemination out of the midgut 

could be assessed by determining whether virus was present in the legs. The four parental 

DENVs resulted in dissemination rates ranging between 36.3% and 62.5%, and their mean 

virus titers (in logiopfu) from the legs were between 0.9±0.3 and 2.2±0.7 (excluding 

negative samples). Neither of the two DENVax-4 infcctcd mosquitoes resulted in virus 

dissemination to the legs (Tabic 4). While disseminated virus was detectable in the legs, 

none of the four wt Dengue viruses was dctcctablc in saliva of orally infcctcd mosquitoes, 

suggesting that oral feeding conditions may not be sufficiently sensitive to measure the 

transmission rate of these DEN Vs. Therefore, in other exemplary methods, highly stringent 

artificial mosquito infections by dircct IT inoculation were subsequently performed (Table 

4). Except for DENVax-4, all viruses (wt and DEN Vax) achieved 100% infection of the IT 

inoculatcd Ae. aegypti. The DENVax-4 inoculum had a slightly lower viral titer than the 

other three viral inocula, but it still successfully infcctcd 70% of the inoculated mosquitoes. 

Despite the high body infection rates achieved by IT inoculation, all four DENVax viruses 

exhibited significantly lower (p < 0.005) or non-detectable transmission rates (0-10%) 

compared to the wt Dengue viruses (43-87%, Table 4). The DENVax viruses demonstrated 

little to no infection and dissemination after oral feeding, and the highly stringent IT results 

affirmed the minimal transmission capacity of these DENVax viruses in Ae. aegypti. 

Table 4: Virus infection, dissemination, and transmission rates in whole mosquitoes 

Virus 

Oral Feed IT inoculation 

Virus Blood 
Meal9 

Infectio 
nb 

Body 
Titer' 

Disscmin 
ation® 

Inocu 
lum 

Infectio 
nb 

Body 
Titer0 Salivar Virus 

Mean± 
ST) % (P/N) Mean± 

SD P* % (P/N)r pfu/d 
ose % (P/N) Mean± 

SD 
% 

(P/N) 
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DENV-1 
16007 6.6 44.0% 

(11/25) 
3.6 ± 
1.5 

36.3% 
(4/U) 53.9 100% 

(30/30) 
4.7 ± 
0.48 

43% 
(13/30) 

DENVax-1 6.9 0% 
(0/30) NA 

<0.0 
001 NA 67.8 100% 

(30/30) 
3.4 ± 
0.39 

10% 
(3/30) 

<0.00 
5 

DENV-2 
16681 6.6 43.3% 

(13/30) 
3.1 ± 
1.5 

38.5% 
(5/13) 67.8 100% 

(30/30) 
5.2 ± 
0.34 

87% 
(26/30) 

D2 PDK53-
W45R 6.4 0% 

(0/30) NA 
<0.0 
001 NA 56.4 100% 

(30/30) 
4.0* 
0.20 

0% 
(0/30) 

<0.00 
01 

DENVax-2 6.4 0% 
(0/30) NA 

<0.0 
001 NA 52.7 100% 

(30/30) 
3.5 ± 
0.27 

7% 
(2/30) 

<0.00 
01 

DENV-3 
16562 5.2 8% 

(2/25) 
3.8-t 
0.2 

50% 
(1/23) 34.0 100% 

(30/30) 
4.2 ± 
0.50 

67% 
(20/30) 

DENVax-3 5.2 ± 
0.02 

0% 
(0/50) NA 0.10 

8 NA 37.3 100% 
(30/30) 

3.3 ± 
0.36 

3% 
(1/30) 

<0.00 
01 

DENV-4 
1036 

5.8 ± 
0.5 

16% 
(8/50) 

3.9 = 
1.5 

62.5% 
(5/8) 69.4 100% 

(30/30) 
5.2 ± 
0.45 

70% 
(21/30) 

DENVax-4 5.41 
0.4 

3.6% 
(2/55) 

0.7 ± 
0.0 

0.03 
3 0% (0/2) 11.8 70% 

(21/30) 
1.1 ± 
0.46 

0% 
(0/21) 

<0.00 
01 

3 Virus tilers or Mean^standard deviation if from more than I experiment in blood meal (logio pfu/ml) by back titration 
bRatc of virus detected in mosquito bodies. P/N = positive,''total mosquitoes 
uMean virus titers -L standard deviation (logio pfu/mosquito) in mosquito body, only positive sample are included for 
calculation 
d Statistic analysis of the differences between wt DENV and DENVax by Fisher Exact probability 
eRatc of virus detected in legs of the positively infectcd mosquitoes 
f Rate of virus detected in saliva of the positively infected mosquitoes. Used to measure transmission efficiency 

[000113] Vector compctcncc is an important safety component for live-attenuated 

flavivirus vaccine viruses. Previously, the rcscarch-grade DENV-2 PDK-53-VV45R virus 

and wt derivatives were tested in Ae. aegypti, and found that the NS 1-53-Asp attenuating 

mutation was the dominant determinant for impaired mosquito replication. The other two 

major attenuation loci of the DENV-2 PDK-53 vaccine, nucleotide 5'NCR-57-T and NS3-

250-Val, also exhibited some inhibiting cffcct on replication in mosquitoes, thus providing 

additional, redundant restrictions for mosquito vector compctcncc. Some exemplary 

methods described herein were used to test the mosquito oral and IT infection and 

replication for all four DENVax strains. DENVax-1, -2, and -3 did not infect any Ae. 

aegypti mosquitoes through oral infection (Table 4). The DENVax-4 infcctcd only 3.6% of 

orally exposed mosquitoes, a level significantly lower than that of the wt DENV-4 with a 

replicative mean titer in the mosquito bodies lower than that of wt DENV-4 infcctcd 

mosquitoes. Surprisingly, DENVax-4 was detected in the legs of the infcctcd mosquitoes, 

suggesting that DENVax-4 was not able to disseminate from the mosquito midgut following 

oral infection. The infection rates for the DENVax-1, -2, and -4 were all significantly less 

than their wt counterparts, but the difference was not significant between DENVax-3 and wt 

DENV-3 16562 due to the very low infection rates for both viruses. Compared to other wt 

strains of DENV assessed in Ae. aegypti collected from the same Mae Sot Province, 

Thailand, the parental wt Dengue virus strains used for engineering DENVax appeared to 

have lower infectious and dissemination rates by oral infection. The wt DENV-1 PU0359, 
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DENV-2 PU0218, DENV-3 PaH881/88, and DENV-4 1288 used for engineering the 

Yellow Fever (YF) 17D vaccine-based ChimcriVax-DEN vaccines had infection rates 

ranging 47-77%. In contrast, the YF 17D vaccinc cannot infect Ae. aegypti. Although the 

ChimeriVax strains contained the prM-E from these highly infectious wt DENV, the 

ChimeriVax retain the mosquito attenuation phenotype of their YF 17D rqolicative 

backbone. Results provided herein also indicated that the mosquito attenuation of DENV-2 

PDK-53 backbone was maintained in the DENVax strains. In addition, using the wt 

Dengue virus strains with lower mosquito-infectivity in constructs included in compositions 

described herein provides an additional safety feature. 

[000114] The oral infection results illustrate that the DENVax had minimum mosquito 

infectivity and dissemination capacity. In addition, the more sensitive and stringent IT 

infection experiments were performed to further analyze the potential of DENVax to be 

transmitted by Ae. aegypti. The IT results demonstrated that all four DENVax viruses had 

non-detectable or minimal mosquito transmission potential compared to their wt 

counterparts. DENVax transmission could only theoretically occur if (1) vcctor feeds on a 

vaccinee with a sufficient viremia titer to infect mosquito midgut, (2) the virus is capable of 

replicating in the midgut epithelium and able to subsequently disseminate out of the midgut, 

and (3) the disseminated virus can replicate in salivary gland and cxpcctoratc sufficient 

virus in saliva for transmission. The threshold of human viremia required to infcct 

mosquitoes has not been established adequately, but human viremia can be 106-108 

mosquito infectious dosc5o(MIDso)/ml after natural wt DENV infection. This MID50 was 

based on direct IT inoculation of mosquitoes with diluted human plasma. Analysis of 

DENVax in nonhuman primates indicated that viremia titers following DENVax 

immunization were very low (less than 2.4 logio pfu/ml) and lasted for 2-7 days. Given the 

low viremia levels and the low mosquito infection, dissemination, and transmission capacity 

of DENVax, it is unlikely that these vaccine viruses could be transmitted by mosquitoes in 

nature or cause viremia. 

[000115] Therefore, it is proposed that any of the passages of any of the serotypes (Pl-

P10) could be used in a composition to generate a safe and effective vaccine against one, 

two, three or all four dengue virus serotypes. 

Neurovirulence in suckling mice 

1000116] The original research-grade vaccine viruses were highly attenuated for 

neurovirulence in newborn ICR mice maintained in-house at DVBD/CDC. All of these 

mice survived ic (intracerebral) challenge with 104 pfu of each vaccine virus. The wt 
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Dengue virus serotype-2 16681 virus, on the other hand, resulted in 62.5% - 100% mortality 

in these CDC-ICR mice in various experiments. In some experiments, commercial ICR 

mice obtained from Taconic Labs (Taconic-ICR) were used to study neurovirulence in 

newborn mice. It was observed that newborn Taconic-ICR mice were significantly more 

susceptible to Dengue virus serotype-2 infection than the previous CDC-ICR mice. Fig. 5A 

summarizes the ncurovirulence of wt Dengue virus serotype-2 16681 in CDC-ICR colony 

and Taconic-ICR newborn micc challenged ic with 104 pfu of the virus. The Taconic-ICR 

mice (100% mortality in 32 mice, average survival time of 8.3 ± 0.5 days) were more 

susceptible to ic Dengue virus serotype-2 16681 challenge than the previous CDC-ICR mice 

(91% fatalities in 72 mice, average survival time of 14.6 ± 2.3 days). 

[000117] In other exemplary methods, in order to evaluate neurovirulcncc of the 

DENVax MVS, the Taconic-ICR mice initially were challenged ic (intraccrcbrally)with a 

dose of approximately 104 pfu of wt Dengue virus scrotype-2 16681, D2 PDK-53 W45R, 

D2/3-V, or DENVax 1-4 virus in one (n=16) or two (n^31-32) experiments (Fig. 5B). At 

this dose, D2/3-V research grade virus, as well as DENVax-1, and DENVax-3 MVS 

exhibited fully attenuated neurovirulcncc phenotypes (no illness or mortality). As expected, 

wt Dengue virus serotype-2 was found to be "fatal", with average mouse survival time 

(AST) of 8.3 ± 0.8 days. Tn these Dengue virus serotype-2-sensitive Taconic-ICR mice, the 

D2 PDK-53-W45R research grade virus resulted in 81.3% mortality. The DENVax-2 

MVS and DENVax-4 MVS were uniformly fatal in the Taconic-ICR, showing AST values 

of 9.8 ± 1.7, 10.2 ± 1.4, and 11.3 ± 0.4 days, respectively. 

[000118[ In some exemplary methods, the neurovirulence of wt Dengue virus 

serotype-2 16681 virus was compared with that of D2 PDK-53 W45R, DENVax-2 MVS 

and DENVax-4 MVS, as well as D2/4-V research grade virus, at a 10-fold lower dose (103 

pfu, Fig. 5C). The wt Dengue virus serotype-2 retained a uniformly fatal neurovirulcnt 

phenotype, with AST of 9.0 ±1.4 days, at this lower challenge dose. The other 4 viruses 

exhibited intermediate ncurovirulence phenotypes, and the degree of neurovirulence was 

serotype-specific. The D2 PDK-53-VV45R virus and its DENVax-2 MVS cognatc showed 

significant attenuation (32.3% survival with AST of 13.1 ± 3.8 days and 31.2% survival 

with AST of 10.5 ±3.4 days, respectively). Both the DENVax-4 MVS and the research 

grade D2/4-V virus were highly attenuated for ncurovirulcnce (81.3% survival with AST of 

18.8 ± 5.8 days and 100% survival, respectively). The results suggested that MVS of 

DENVax-1 and -3 exhibited complete attenuation of ncurovirulcncc, while DENVax-2 and 

-4 MVS lots retained attenuation phenotypes that closely resembled their homologous 



research-grade vims vaccine candidates. 

[000119] Figs. 5A-5C represent exemplary graphs illustrating ncurovirulence in 

newborn mice tested with various compositions including wt Dengue virus scrotypc-2 and 

different attenuated Dengue viruses. Pooled results of numerous experiments summarizing 

the neurovirulence of wt Dengue virus serotype-2 16681 virus in CDC-TCR (n=12) and 

Taconic-TCR (n=32) newborn micc challenged ic with 104 pfu of the virus (A). 

Neurovirulence of DENVax MVS tested in Taconic-ICR mice with a dose of 104 pfu (B) or 

103 pfu (C). The numbers of animals tested per group in one experiment (n=16) or two 

pooled experiments (n=31 or 32) are indicated. 

Plaque phenotype of WVS, and BVS 

[000120] Certain studies were performed to comparc plaque phenotypes of WVS and 

BVS with MVS, wt Dengue viruses and their homologous lab derived, research-grade 

chimeras in Vero cells (Fig. 6). Mean plaque sizes were calculated from 10 plaques for 

each vaccine virus, but from reduced numbers of wt DENV-1, -3, and -4. All of the MVS 

viruses of DENVax-1, -2, and -3 produced plaques that were significantly smaller than their 

wt homologs and very similar (within 0.4-mm differences) to their homologous research-

grade viruses in Vero cells. DENVax-4 MVS was also significantly smaller than the wt 

DENV-4, but was slightly (0.9 mm) larger than the original lab derived D2/4-V chimera. 

With the exception of the DENVax-2, all of the WVS and BVS of the DENVax-1, -3, -4 

retained significantly smaller plaque sizes than those produced from their wt homologs. The 

DENVax-2 WVS and BVS produced plaques that were similar to the plaques of wt DENV-

2 virus in Vero cells, but when tested in LLC-MK2 cells all of the DENVax-2 manufactured 

seeds produced plaques that were somewhat smaller than those of the wt DENV-2 (1.4 ± 0.4) 

and similar to the lab derived D2 PDK-53-VV45R (1.0 ± 0.3) (Fig. 6). 

[000121] Evaluation of the phcnotypic markers of viral attenuation, including small 

plaque phenotype, temperature sensitivity, rcduccd replication in mosquito cells, rcduccd 

infection/dissemination/transmission by mosquitoes, and reduced neurovirulence in 

newborn ICR micc, were assessed for the compositions of MVS stocks. Results indicated 

that all of the DENVax retained the expected attenuation phenotypes similar to the original 

research-grade vaccine viruses. Given the mutations responsible for attenuation are 

conserved in all MVS, WVS and BV, it can be expected the attenuated phenotypes to be 

retained in the material manufactured for human clinical testing. 

[000122] Fig. 6 represents an exemplary histogram illustrating plaque size of the 

DENVax MVS, WVS, and BVS. Mean plaque diameters ± SD (error bars) of the virus 
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plaques in Vero or LLC-MK2 cells under agarose overlay measured on day 9 pi. The wt 

DENVs and previously published research-grade vaccinc candidate viruses were included 

for control and comparison. 

Virus replication in mosquito C6/36 cells 

[0001231 Previous studies demonstrated that the research-gradc PDK-53-based 

chimeric vaccine viruses retained the attenuation phenotype of the backbone DENV-2 

PDK53 virus in C6/36 cclls. In some exemplary methods, the DENVax MSV, WVS, and 

BVS were grown in C6/36cells to verify their retention of this in vitro attenuation marker 

after large scale manufacturing. Compared to the wt Dengue viruses, except for DENVax-3, 

the manufactured seeds showed marked growth reduction (at least 3 logio PFU/ml reduction) 

in C6/36 cells on day 6 pi (Fig. 7). The DENVax-3 seeds also exhibited reduced growth 

compared to the wt DENV-3 16562, but the reduction was not as marked (1-2 logio PFU/ml 

reduction). However, the titers of the DENVax-3 seed lots were similar (within 1 logio 

PFU/ml difference) to the original rcscarch-grade chimeric D2/3-V vaccinc virus. 

[000124J Fig. 8 represents an exemplary histogram plotting restricted growth of 

DENVax MVS, WVS, and BVS in C6/36 cells. Mean titers ± SD (error bars) of the viruses 

replicatcd in C6/36 cells 7 days pi. The wt Dengue viruses and previously published 

rcscarch-grade vaccine candidate viruses were included for comparison. 

Neurovirulence in suckling mice 

[000125] Additional experiments were performed to analyze neurovirulcncc in 

newborn ICR mice. At an intracranial dose of 104 PFU, the survival rates for wt DENV-2 

16681 and the D2 PDK-53-VV45R were 0% and 18.8%, respectively (Fig. 9A) in the TCR 

mice, but were about 20% for wt DENV-2 16681 and 100% for the D2 PDK-53-VV45R in 

the CDC TCR micc. In this study, DENVax-1 and DENVax-3 MVS were attenuated (100% 

survival) for the micc at a dose of 104 PFU, but the MVS of DEN Vax-2 and DENVax-4 

caused 100% mortality at the dose of over 104 PFU (Fig. 5 A). However, when tested at a 

dose of 103 PFU of virus, the DENVax-2 (31.3% survival) and DENVax-4 (81.3% survival) 

showed reduced neurovirulence relative to wt Dengue virus serotype-2 16681 (0% survival), 

and their survival rates were similar to those of the research-grade vaccine candidates D2 

PKD-53-VV45R (32.3%) and D2/4-V (100%), respectively (Fig. 9B). Although, wt DENV-

1, -3, or -4 were not included for comparison in this study, previous work demonstrated that 

wt DENV-1 16007 was attenuated in the CDC-ICR mice by the ic route, while both wt 

DENV-3 16562 and DENV-4 1036 were highly virulent (0% survival) for the CDC-TCR 

micc. It is likely that these 3 wt DENV would exhibit similar or greater virulence in the 
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more susceptible Taconic ICR mice. Therefore, inclusion of these wt Dengue viruses for 

comparison with their homologous DENVax MVSs was considered to be uninformative. 

This study indicated that all 4 DEN Vax MVSs and original laboratory derived candidate 

vaccinc viruses exhibit comparable mouse attenuation phenotypes relative to the wt DENV-

2 16681. 

[000126] Figs. 9A-9B represent exemplary graphs of data of neurovirulence of 

DENVax MVS in newborn ICR mice. (A) IC inoculations of the virus at dose of 104 PFU. 

(B) IC inoculation of the virus at dose of 103 PFU 

[000127J All seed lots of the DENVax were tested for the identity, sterility, and 

freedom from undesirable agents. Full-genome sequcncc analysis revealed that one extra 

amino acid mutation evolved in the DENVax-4 MVS, while the other 3 DENVax MVSs 

retained the consensus genome sequence of their pre-master seeds. In WVS lots, the 

DENVax-3 acquired an extra amino acid mutation and the other 3 serotypes accumulated 2 

extra amino acid substitutions, relative to their pre-master seeds. Genome sequences of all 

the 4 BVS lots were identical to their WVS lots. Overall from the P2 seeds to the pre-

master (P7) seeds, only 1 or 2 non-silent mutations occurred in a given seed. Between pre-

master and BCS (P10) seeds, only 1 to 2 nucleotide substitutions were observed, all of 

which occurred in NS2A, 4A, or 4B, with the exception of single nucleotide change 

resulting in a conserved glycinc and alanine at residue E-483. From P2 to BVS (P10) seeds, 

total 3 to 8 nucleotide substitutions were identified in any given DENVax seed, and only 2 

to 4 of these substitutions resulted in amino acid changes. None of the silent mutations in 

the BVS were within the 5'- or 3'-NCR region which may affects virus replication. These 

results suggest that the DENVax viruses were genetically highly stable during manufacture. 

The three defined DENV-2 PDK-53 attenuation loci located in 5'NCR, NS1-53, and NS3-

250 remained unchanged in the consensus genome sequence upon serial passage of the 

DENVax to generate BVS stocks. The highly sensitive TaqMAMA of the 5'-NCR-57 locus 

showed minimal or undetectable reversion in the MVS, WVS, and BVS of DENVax. The 

highest reversion rate of 0.21% was identified in the DENVax-2 BVS. The reversion rates 

of the PlO-equivalent BVS (<0.07% to 0.21%) were significantly lower than the reversion 

rates that evolved in other vaccinc candidates after serial passages in Vero cells (4-74% 

reversion by P10). This suggests that this strategy for large scalc manufacturing of the 

DENVax seeds is succcssful, regarding maintaining genetic stability and retention of 

attenuation markers in the candidate vaccine viruses. 

[0001281 Sincc MVS stocks disclosed herein will be used for future manufacturing of 
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WVS and BVS lots, full panels of vims attenuation phenotype evaluations, including small 

plaque phenotype, temperature sensitivity, reduced replication in mosquito cells, reduced 

infcction/dissemination/transmission in whole mosquitoes, and rcduccd ncurovirulence in 

newborn ICR mice, were conducted for all MVS or their equivalent surrogate stocks. For 

the WVS and BVS stocks, plaque size, infectivity in mosquito cells, were also performed to 

confirm their attenuations. Results indicated that all the MVS stocks of the 4 serotypes of 

DENVax retained the expected attenuation phenotypes, such as small plaques, reduced 

replication in C6/36 cells, and reduced mouse ncurovirulence, similar to the original lab-

derived vaccine viruses (Figs. 6, 8, and 9). Except for the DEN Vax-4, all other 3 MVS 

stocks of DENVax were TS at 39°C as shown in Figs 3 and 7. 

10001291 For the WVS and BVS stocks, two attenuation phenotypes, small plaques 

and restricted replication in C6/36 cells, were analyzed and confirmed. Sincc there are very 

little genetic changes between the MVS and BVS, it was cxpcctcd that they would retain the 

attenuation phenotypes as MVS. In addition to the experiments described in this report, 

safety and immunogenicity of the manufactured DENVax in Agl29 mice and nonhuman 

primate have been tested. 

1000130] Exemplary methods are provided herein to demonstrate manufacture of 

DENVax MVS, WVS, and BVS stocks under cGMP. The BVS stocks were used to 

formulate the tetravalent DENVax currently in human clinical trial evaluations. A unique 

manufacture strategy to optimize the genetic stability and safety of the manufactured MVS 

was provided in some exemplary methods. Since the main attenuation loci of the DENVax 

have been well characterized previously and a highly sensitive and quantifiable SNP assay, 

TaqMAMA was developed to integrate genome sequence and the TaqMAMA to identify 

optimal pre-master seeds for making the MVS. The genetic and phenotypic 

characterizations of the MVS were fully analyzed to confirm that these viruses retained 

desirable attenuations for safety of the vaccine. This may be the only live, attenuated viral 

vaccine that can be efficiently analyzed for all the major attenuation genctic loci during 

manufacturing from pre-master all the way to BVS stocks. Results provided herein 

exemplified the advantage of strategically designed live-attenuated vaccines in vaccinc 

safety. 

[000131] Fig. 10 represents an exemplary table comparing new live, attenuated viruses 

to previously generated live, attenuated dengue viruses. Mutations are indicated where 

different from a control virus (e.g. 16681), or other live, attenuated dengue-2 viruses. 
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Materials and methods 

Viruses and cells 

[0001321 DENV-1 16007, DENV-2 16681, DENV-3 16562, and DENV-4 1 034 served 

as wild-type (wt) DENV controls, and they were the parental genotype viruses for the four 

recombinant DENVax vaccine candidates. DENVax progenitor research-grade viruses, 

designated as D2/1-V, D2 PDK-53-W45R, D2/3-V, and D2/4-V, were prepared and 

characterized previously. Vero (African green monkey kidney) cells used for making the 

master and working cell banks for vaccine production were originated from the American 

Type Culture Collection (ATCC) CCL81 cell line that has been characterized by the World 

Health Organization (WHO) for vaccinc manufacture (WCB-Vero cclls). 

Derivation of live recombinant DENVax viruses from cDNA clones 

[000133J To re-derive the candidate vaccine viruses under cGMP manufacturing 

conditions, the previously engineered DENV infectious cDNA clones, pD2-PDK-53-

W45R, pD2/l-V, pD2/4-V, and in v/fra-ligated pD2/3-V containing the full genome-

length viral cDNAs were used to make fresh viral RNA transcripts by in vitro transcription 

as dcscribcd previously. Briefly, Xbal-linearized DENV genomic cDNAs were treated with 

proteinase K, extracted with phenol/chloroform and precipitated in ethanol to remove any 

residual proteins, and then suspended in RNase-free Tris-EDTA buffer prior to transcription. 

The in vitro transcription was conducted using the AmpliScribe T7 High Yield 

Transcription kit (Epicentre Technologies) following the manufacturer's recommended 

protocol. The RNA A-cap analog, m7G(5')ppp(5')A (New England BioLabs), was 

incorporated during the 2-hr transcription reaction to add the 5'-terminal A-cap to the RNA 

transcript. The samples were then treated with DNase T to digest the template cDNA, 

followed by low pH phenol/chloroform extraction and ethanol precipitation to remove 

residual DNA and proteins. The purified RNA transcripts, suspended in RNase-free water, 

were distributed in 20-j^l aliquots and stored at -80°C until ready for transfection of cells. 

The integrity and concentration of the RNA transcripts were analyzed by agarose gel 

electrophoresis. Each 20-^1 aliquot was estimated to contain sufficient genome-length viral 

RNA to permit transfcction of 0.4-1 x 107 production-ccrtificd Vero cclls by clcctroporation. 

[000134] Transfection of each RNA transcript into WCB-Vero cclls was performed in 

the cGMP facility at Shantha Biotechnics. DENVax RNA transcripts were thawed, mixed 

with 400 pi of the Vero cell suspension (1 x 107 cells/ml), and transferred to a pre-chillcd 

sterile clcctroporation cuvette (4-mm gap) for electroporation by a Gene Pulscr Xccll total 

system (BioRad Laboratories). Each sample was pulsed once at 250V/oo 0hms/500 [iF, 
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incubated for 10-15 rnin at room temperature, transferred to a 75-cm2 flask containing 30 ml 

of cell growth medium (MEM with 10% FBS), and incubated at 36°C ± 1°C, 5% CO2 for 6 

to 11 days. The culture medium was harvested, clarified by ccntrifugation, stabilized, and 

stored in small aliquots below -60°C. The viral titers of candidate vaccine stocks (termed 

PI for passage level 1) resulting from transfection were determined by plaque titration assay 

in Vero cells and used for further propagation of the DENVax seeds. 

Manufacture of DENVax virus seeds 

1000135] PI virus seeds were used to propagate DENVax pre-master, master, working, 

and bulk virus seed lots through a strategy designed to ensure the optimal genetic stability 

and safety of the manufactured lots. This strategy included three serial plaque purifications, 

as well as genetic analyses of viruses at various passage levels to select the optimal clonal 

virus population for continued seed production (Table 1). Briefly, the PI seeds harvested 

from transfected cells were amplified oncc by infection of Vero cells at a MOI of 0.001 to 

generate the P2 seeds. Aliquots of the P2 seed stocks were evaluated by plaque morphology 

and complete viral genomic sequencing. The genetically confirmed P2 stocks were plated 

on Vero cell monolayers with overlay medium as described in the plaque titration section 

below to generate well-isolated plaques. After visualization with neutral red, six individual 

plaques from each of the 4 serotypes of vaccine viruses were isolated (plaque clones A to F) 

and mixed into 0.5 ml of culture medium (passage P3). Each of the six plaque suspensions 

was subjected to two additional rounds of plaque purification, resulting in twice- and thrice-

plaquc purified virus seeds at passages P4 and P5, respectively. The P5 viruses were 

amplified through two sequential Vero passages to produce P7 seed stocks. 

1000136] Genetic analysis of the three major DENVax attenuation loci using spot 

sequencing and/or Taqman-bascd mismatched amplification mutation assay (TaqMAMA) 

as previously disclosed, and plaque phenotype analysis were conducted to screen all 24 P7 

seeds. Seeds possessing appropriate initial characteristics were then further characterized by 

full genomic sequencing. As a result of these analyses, one of the 6 (clone A-F) P7 seeds of 

each DENVax serotype was sclcctcd to be the pre-master seed, based on the presence of the 

DENV-2 PDK-53 attenuating mutations, minimal genomic sequence alterations, and 

cxpcctcd plaque phenotype. Each selected prc-mastcr seed was expanded to master virus 

seed (MVS or P8) by a one-time passage of the virus at MOI of 0.001 in multiple 175 cm2 

flasks of Vero cells. Except for the DENVax-4 MVS, the master vims seeds were harvested 

at 8-10 days post infection (pi). The MVS stocks were harvested at 6-10 days post infection 

(pi), clarified by centrifugation, stabilized by the addition of sucrosc/phosphatc/glutamate 
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solution (final concentration 7.5 % sucrose, 3.4 mM potassium dihydrogen phosphate, 7.2 

mM dipotassium hydrogen phosphate, 5.4 mM monosodium glutamatc, respectively) and 

0.95 to 1.90% FBS (final concentration). DENVax-4 MVS was prepared differently to 

optimize its yield. Briefly, multiple flasks of cells were infected with DENVax-4 pre-master 
seed at a MOI of 0.001 in the presence of 0.1% F-l 27™, poloxamer 407, (other EO-PO 

block copolymers have been assessed and may substitute here, see issued patent) that have 

been demonstrated to enhance DENV virus thermal stability. Infectious media was 

harvested days 6-10 pi, and stabilized with 17% FBS (final concentration), pooled, and 

frozen. All four DENVax MVS stocks were stored as 1-ml aliquots below -60°C. 

[0001371 The DENVax working virus seeds (WVS) were prepared by one-time 

passage in Vero cell culture of the MVS at a MOI of 0.001. The procedures were similar to 

the production of MVS, except they were cultured in multiple-layer ccll factories (6360 

cm2). The WVS stocks were filtered through 10 jiM and 0.45 [iM filters, stabilized with the 

same stabilizers used for the MVS, aliquoted into 30ml PETG bottles or 2.0 ml cryovials, 

and stored below-60°C. 

[000138] Tn certain methods, bulk virus seeds (BVS) were produced by infecting 

multiple cell factories (6360 cm2 each) of confluent Vero cells with 90 mL of diluted WVS 

to attain a MOT of 0.001. A media used for dilution of the WVS inocula contained 0.1% F-

1271M without serum. After 1.5 hr adsorption, cells were washed 3 times with PBS, and 800 

ml of serum-free DMEM medium was added to each cell factory, and the factories were 

incubated at 36(±1)°C in 5(±0.5)% CO2. After incubation for four days, small aliquots of 

medium were collected for sterility testing. Viruses were harvested between day 5 and day 

10 pi, and immediately clarified by filtration through a 0.45 um pore size filter, and 1L of 

each clarified virus pool was stabilized by addition of 500 ml of 3x FTA buffer (final 

concentrations of 15% trehalose, 1.0% Pluronic® F-1271M poloxamer 407, 0.1% human 

albumin USP in PBS, pli 7.4). The stabilized virus was distributed into 1-L PETG bottles 

and stored frozen below -60°C for subsequent pooling and quality control testing. All 

stabilized virus harvests with a vims titer above 105 PFU/ml and an acceptable level of 

residual DNA were rapidly thawed in a water bath at 32°C, then aseptically pooled and 

mixed. Each pooled monovalent BVS was distributed into labeled PETG containers and 

stored at below -60°C until further use. 

Manufacture product quality controls 

[000139] The MVS, WVS, and BVS seeds were tested for identity, sterility, and 
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detectable adventitious agents. The identity of cach vaccinc stock was confirmed by RT-

PCR with DENVax serotypc-spccific primers. The amplified cDNA fragments contained 

the E/NS1 chimcric junction site to permit identification of each of the four DENVax 

serotypes. Each seed was tested in all 4 serotype-spccific RT-PCR reactions to confirm viral 

identity and freedom from cross contamination with heterologous DENVax serotypes. 

Sterility testing was performed in accordance with USP 71 (United States Pharmacopeia, 

section 71). Mycoplasma testing was performed. 

f000140] The following in vitro and in vivo tests for viral contamination were all 

performed using unclarified, unstabilizcd DENVax harvests collcctcd during manufacture 

of the seeds. Harvested infectious media were first neutralized with DENV rabbit 

polyclonal antiserum (Inviragen) at 36 ± 1°C for 1 hr to inactivatc the DENV. For in vitro 

test, the neutralized seeds were inoculated into three indicator cells lines, MRC5, VERO 

and MA104, in 25 cm flasks. Echo virus (CPE control) or mumps virus (hemadsorption 

control) were used as positive CPE or hemadsorption control, respectively. All cells were 

monitored daily for CPE for a total of 14 days. At the end of 14 days, the culture 

supernatant was removed and replaced with 10 mL of a guinea pig red blood cell (RBC) 

solution (3 mL of 0.5% guinea pig RBC in phosphate buffered saline, made up to 10 mL 

with ccll growth medium). The flasks were then incubated at 5 ± 3°C for 30 minutes 

followed by incubation at room temperature for 30 minutes. The monolayers were washed 

with PBS and observed under 10 X magnification for the presence of any star-shaped 

clumps of RBCs for hemadsorption. 

[000141] In vivo tests for adventitious agents were performed in suckling mice, post-

weaning mice and guinea pigs. Suckling mice were inoculated with 0.1ml or 0.01 ml (10 

mice in each dose group) of the DENV-antiserum neutralized seed sample through 

intraperitoneal (ip) injection. Similarly, 10 post-weaning mice were each inoculated ip with 

0.5 ml or 0.03 ml of the sample. Guinea pigs (5/group) were each inoculated ip with 

5.0 mL. Suckling mice were observed daily for morbidity and mortality for a total of 14 

days following inoculation. Post-weaning mice were observed for a total of 28 days, and 

guinea pigs were observed for a total of 42 days following inoculation. The test articles met 

the acceptance criterion if >80% of the inoculated animals remained healthy throughout the 

observation period. 

[000142] The in vivo testing for contaminants was also performed in embryonatcd 

chicken eggs and was conducted. For every sample, 10 embryonatcd hen eggs (9 days old) 

were cach inoculatcd with 0.5 mL of the DENV antiserum-neutralized sample into the 
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allantoic fluid and incubated at 35°C for 3 days. The allantoic fluids from these 10 eggs 

were harvested, pooled and passaged into the allantoic fluid of 10 fresh embryonated eggs 

(10-11 days old; 0.5mL/cgg) and incubated at 35°C for a further 3 days. Similarly, for each 

sample, 10 embryonatcd eggs (6-7 days old) were each inoculated with 0.5 mL per egg 

(DENVax-2 monovalent BVS ) or 0.25 mL per egg (DENVax-1, DENVax-3 and DENVax-

4 BVS) by injection into the yolk sac and incubated at 35°C for 9 days. The yolk sacs from 

these 10 eggs were harvested and pooled, and a 10% suspension was passaged into the yolk 

sacs of 10 fresh embryonated eggs (6-7 days old; 0.5 mL/egg) and incubated at 35°C for a 

further 9 days. Eggs inoculated into the allantoic fluid (both initial and passage inoculations) 

were observed for viability after 3 days incubation. Both pools of allantoic fluid were tested 

for hemagglutination activity using chicken, guinea pig and human type O erythrocytes at 

4°C and 25°C. Eggs inoculatcd into the yolk sack (both initial and passage inoculations) 

were observed for viability after 9 days of incubation. 

Virus plaque assay and immunofocus assay 

[000143] Virus titers were measured by plaque assay or immunofocus assay using 

Vero cclls. Plaque assays were performed in double agarose overlays in six-well plates of 

conflucnt Vero cells as previously described, and they were also used to evaluate the plaque 

phenotypes of the DENVax seeds. For accuratc comparison, plaque sizes of all viruses were 

measured and compared in the same experiment. After visualization with neutral red on 

day 9 pi, up to 10 well isolated plaques for cach virus were measured for mean plaque size 

calculation. Fewer plaques were measured for wt DENV-1, -3, and -4, whose larger plaque 

sizes often did not permit measurement of 10 wcll-scparatcd plaques. 

[000144] Because tetravalent DENVax contains all four DENV serotypes, a DENV 

serotype-specific immunofocus assay was developed to quantitate each DENVax 

component in the tetravalent formulations. Immunofocus assays of cach individual 

DENVax MVS were compared with the plaque assays to ensure virus titration results were 

comparable between the two assays. The immunofocus assay was conductcd in 6-wcll 

plates of confluent Vero cells infected with serially diluted viruses. Cclls were overlaycd 

with a balanced salt medium (BSS/YE-LAH medium) containing 0.7% high viscosity 

carboxymethyl ccllulosc (Sigma) and incubatcd for 7 days at 37°C with 5% CO2. After 

removal of overlays, ccll sheets were washed 3 times with PBS, fixed with cold 80%) 

acetone for 30min at -20°C, washed once with PBS, and blocked with a blocking buffer 

containing 2.5% (w/v) nonfat dry milk, 0.5% Triton X-l 00, 0.05% Tween-20 in PBS at 

37°C for 30 min. Blocked cells were incubatcd with diluted DENV serotype-specific MAbs, 

43 



1F1 (DENV-1), 3H5 (DENV-2), 8A-1 (DENV-3), or 1H10 (DENV-4) in blocking buffer at 

37°C for 1 hour or 4°C overnight, washed 3 times with washing buffer (0.05% Twecn-20 in 

PBS), and incubated with alkaline phosphatase- or horse radish peroxidase (HRP)-

conjugated affinity-pure goat anti-mouse IgG (Jackson Immuno Research Laboratories) at 

37°C for 45-60 min. Plates were washed 3 times before the appropriate substrate, 1-Step 

NBT/BCIP plus suppressor (Pierce) for alkaline phosphatase or Vector-VIP kit (Vcctor 

Labs) for HRP, was added for color development. Color development was stopped by 

rinsing with water when the foci were fully developed. Stained immunofoci were directly 

visualized and countcd on a light box. 

Genetic sequence 
[000145] Full length genomes of the MVS and WVS were sequenced (see below). 

Briefly, viral RNA was extracted from DENVax seeds by using the QIAamp viral RNA kit 

(Qiagen), and overlapping cDNA fragments covering the entire genome were amplified 

using the Titan One Tube RT-PCR kit (Roche Applied Science, Inc.). The amplified cDNA 

fragments were gel purified before sequencing with both forward and reverse primers using 

the BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems). Sequence reactions 

were cleaned using the BigDye XTcrminator Purification kit (Applied Biosystems), and run 

on the 3130x1 Genetic analyzer (Applied Biosystems) at DVBD/CDC. The Lasergcne 

SeqMan software (DNAStar, Inc) was used for genome analysis and comparison. 

Taqman-based mismatch amplification mutation assay (TaqMAMA) 

1000146] TaqMAMA is a sensitive, quantitative single nucleotide polymorphism assay 

developed to permit finer assessment of the level of reversion at the 5'NC-57 locus of 

attenuation, and was further optimized for this study. Extracted viral RNA from MVS and 

WVS were analyzed by the TaqMAMA with both sets of primers/Taqman probe that are 

specific to wt or the vaccine 5*NC-57 region. The forward primers used to detect DENV-2 

wt and vaccine sequences were D2-41-GC and D2-40-TT, respectively. The 3-terminal 

nucleotide of each forward primer matched the specific 5'NCR-57 nucleotide for each virus, 

while the nucleotide adjacent to the 3'-terminal nucleotide in cach primer differed from the 

DENV-2 viral genomic sequence to enhance the mismatch effect. The reverse primer, CD-

207, and the Taqman probe, CD-169F, for both wt and vaccinc sets were identical. 

Sequences of the primers and probe as well as cycling conditions were described previously. 

The real time RT-PCR was performed with the iQ5 or CFX-95 system (BioRad), using a 

BioRad iScript RT-PCR (for probes) kit, in a 25-fil reaction containing 5 \x\ of viral RNA 
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template, 0.4 uM of each primer, and 0.2 uM of the probe. Triplicate reactions for each wt-

and vaccine-specific assay were conducted for each sample. Genome copy numbers were 

determined relative to a standard curvc prepared for each viral genotype, where the RNA 

standards were transcripts derived from plasmids containing nt 1-2670 of each genotype-

spccific cDNA. In addition, the specificity of the assay was confirmed by testing cach RNA 

standard with the heterologous genotype primer/probe sets to ensure minimum cross-

reactivity in every experiment. The results were reported as the percentage of viral genomes 

showing reversion. Previously, due to higher cross-reactive backgrounds that limited the 

input RNA levels for this assay, the original detection sensitivity was about 0.1% reversion 

(discrimination power). Since then, the assay has been further optimized using improved 

real-time PCR equipment and reaction kits, and the cross-reactive background was 

dccrcased considerably at much high levels (7-8 logio copies) of RNA template input. This 

optimization resulted in significant improvement of the detection sensitivity, down to 0.01 -

0.07% reversion. 

Virus replication in mosquito C6/36 cells and temperature sensitivity in mammalian Vero 

cells 

[0001471 The replication phenotypes of the four DENVax MVS stocks and wt DENV-

1, -2, -3, and -4 viruses were evaluated in C6/36 mosquito cclls (Aedes albopictus). C6/36 

cclls grown in 6-wcll plates were infcctcd in duplicate with each virus at a MOT of 0.001 

and incubatcd with 4 ml/well of DMEM medium containing 2% FBS in a 5% CO2 incubator 

at 28°C. Small aliquots of the eulture supernatant were collected for each virus on day 6 pi, 

mixed with an equal volume of medium containing 40% FBS, and stored at -80°C until 

ready for virus plaque titration. 

1000148] Temperature sensitivity was conducted by comparing viral growth at 39°C 

versus growth at 37°C at five days pi of Vero cells in 6-wcll plates. Cells were infected in 

quadruplicate with each virus at a MOI of 0.001 at 37°C. Following adsorption of virus, the 

infected cultures were incubated with 4 ml/well of DMEM medium containing 2% FBS in 2 

separate 5% CO2 incubators, one set (duplicate plates) at 37°C and the other at 39°C. 

Aliquots (50-f.il) of the culture supernatant were collected on day 5 pi, mixed with an equal 

volume of DMEM containing 40% of FBS, and stored at -80°C until ready for virus plaque 

titration. Incubator temperatures were calibrated with NIST-traccablc factory-calibratcd 

thermometers (-1 to 51 °C; ERTCO). 

Mosquito infection, dissemination, and transmission 
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[000149] Aedes aegypti mosquitoes used for the study were from a colony established 

in 2002 from a village near Mac Sot (16' N, 33' E), Thailand. After emerging from larvae, 

adult mosquitoes were maintained at 28°C at a 16:8 (light:dark) photoperiod with 10% 

sucrose solution provided ad libitum. Fivc-to-seven day old female mosquitoes were used 

for infectious blood meal feeding or intrathoracic (IT) inoculations. Aliquots of freshly 

eultured DENVax and wt DENV were used immediately upon harvest (without any freeze-

thaw cyclc) to make virus blood meals as indicated below for oral infection. Remaining 

virus supematants were supplemented with FBS to a final concentration of 20%, and 

aliquots were stored at -80°C for future vims plaque titration and IT inoculation experiments. 

The freshly prepared DENVax seeds for these experiments were amplified from the pre-

master seeds in Vero cells, and were considered DENVax MVS equivalents. 

[000150] Infectious blood meals were prepared by mixing fresh vims at a ratio of 1:1 

with defribrinated chicken blood (Colorado Scrum Company) on the day of oral infection. 

Mosquitoes were sugar-starved overnight and then offered the virus :blood mixture for 1 

hour using a Hemotek membrane feeding system (Discovery Workshops). A 50-|il aliquot 

of the blood meal was retained at -80°C for back-titration of vims doses. Fully-engorged 

females were sorted under cold anesthesia and placed into cartons with 10% sucrose 

solution provided ad libitum. Cartons were placed at 28°C with a photoperiod of 16:8 h 

(light:dark). After 14 days, 25-30 mosquitoes from each virus group were anesthetized via 

exposure to triethylaminc (Flynap ®, Carolina Biological Supply Company) and one hind 

leg was removed and placed in 0.5 ml of DMEM with 10% FBS and 5% 

penicillin/streptomycin (lOOU/ml and 100jig/ml respectively). Saliva was collected by 

inserting the proboscis of the anesthetized mosquito into a capillary tube containing 2.5% 

FBS and 25% sucrose solution. Mosquitoes were allowed to salivate for at least 15 minutes 

and then capillary tubes and bodies were placed into separate tubes containing DMEM. 

Mosquito bodies, legs and saliva were stored at -80°C until they were triturated and assayed 

for infectious vims. For IT inoculation, mosquitoes were cold-anesthetized and inoculated 

with approximately 50 pfu of vims in 0.34 jjl inoculum. Inoculated mosquitoes were kept 

for 7 days in the same conditions as dcscribcd above. Mosquitoes were then anesthetized, 

and their saliva and bodies were collccted as described above. Samples were stored at -80°C 

until further processing. 

1000151] To process the samples for vims titration, body and leg samples were 

homogenized with copper coated BBs (Crossman Corporation, NY) at 24 cycles/second for 

4 min using a mixer mill, and then clarified by centrifuging at 3,000 x g for 3 min. Saliva 



samples were centrifuged at 3,000 x g for 3 minutes to expel fluid from capillary tubes. 

Ten-fold dilutions of the body and leg homogenates and saliva samples were tested for 

presence of infectious virus by plaque assay. Results from bodies, legs, and saliva were 

used for determining the infection, dissemination, and transmission rates, respectively. 

Mouse neurovirulence 
[000152] Timed pregnant female TCR mice were obtained from Taconic Labs, and 

monitored several times each day to determine approximate birth times of pup litters. Tn a 

given experiment, approximately 12-24 hours after birth, two litters of eight pups per virus 

(n=16), was challenged with 103 to 104 pfu of virus in 20 [jl of diluent by intracranial (ic) 

inoculation using a 30-gauge needle. Animals were monitored at least 3 times daily for at 

least 32 days following challenge. At the first sign of illness (rough fur, hunchcd back, 

weight loss, abnormal movement, paralysis, or lethargy) animals were euthanized by lethal 

anesthetization with isoflurane gas, followed by cervical dislocation. The post-infcction day 

of euthanasia represented the "time to illness/morbidity" or "survival time" for the animal. 

The animal experiments were conducted following a DVBD/CDC lACUC-approvcd animal 

protocol. 

Derivation of Master Seed Viruses 

DENvax-1 Master Virus Seed (MVS) 

[0001531 Nucleotide sequence of the chimeric viral genome and deduced amino acid 

sequence of the translated protein are provided herein. Most of the prM-E gene (nt 457 to -

2379, underlined) is wild-type (wt) DEN-1 16007 virus specific; the remaining genome is 

DEN-2 PDK-53 virus specific. All engineered substitutions differ from wt virus (D1 16007 

or D2 16681), as well as extra mutations (changes from engineered cDNA clone) detected 

in the MVS are marked. 

Substitutions Included in the Genome and Protein: 

[000154] 
a. 
b. 

[0001551 
a. 
b. 
c. 
d. 
e. 

Junction sites between D1 (prM-E) and D2 backbone: 
lllll (nt 451-456); engineered silent mutation, nt-453 A-to-G 
NgoMTV (nt 2380-2385): engineered mutations, nt-2381/2382 TG-to-CC 
(resulted in E-482 Val-to-Ala change) 

D2 PDK-53 virus backbone (change from wt D2 16681): all in bold 
5'-noncoding rcgion(NCR)-57 (nt-57 C-to-T): major attenuation locus (in red 
NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red) 
NS2A-181 Leu-to-Phc (nt-4018 C-to-T) 
NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation focus (in red) 
nt-5547 (NS3 gene) T-to-C silent mutation 



f. NS4A-75 Gly-to-Ala (nt-6599 G-to-C) 
* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccinc virus 

[000156] DEN-1 prM-E (changc from wt D1 16007) 
a. Engineered nt-1575 T-to-C silent mutation to remove native Xbal site 

[000157] Additional substitutions found in vaccinc seed (0.03% nt different from 
original clone) 

a. NS2A-116 Tlc-to-Lcu (nt-3823 A-to-C, in bold) 
b. NS2B-92 Glu-to-Asp (nt-4407 A-to-T, in bold) 
c. nt-7311 A-to-G silent mutation (in bold) 

3?Csl"57-X, D2 i:£S."-S3 attenuation locus (VJ: 132 lafiSi: C) 

>5'-Noncoding Region j >C 
10 20 30 40 50 60 70 80 90 100 

AGTTGTTAGTCTACGTGGACCGACAAAGACAGATTCTTTGAG3GAGCTAAGCTCAATGTAGTTCTAACAGTTTTTTAATTAGAGAGCAGATCTCTGATGA 
M N 

110 120 130 140 150 160 170 180 190 200 
ATAACCAACGGAAAAAGGCGAAAAAC^CGCCTTTCAATATGCTGAAACGCGAGAGAAACCGCGTGTCGACTGTGCAACAGCTGACAAAGAGATTCTCACT 
NQRKKAKNTPFNMLKRERNRVSTVQQLTKRFSL 

210 220 230 240 250 260 270 280 290 300 
TGGAATGCTGCAGGGACGAGGACCATTAAAACTGTTCATGGCCCrGGlGGCGTTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATATTGAAGAGA 
GMLQGRGPLKLFMALVAFLRFLTIPPTAGILKR 

310 320 330 340 350 360 370 380 390 400 
TGGGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGGTTCAGGAAAGAGATrGGAAGGATGCTGAACATC'TTGAATAGGAGACGCAGATCTG 
WGTIKKSKAINVLRGFRKEIGRMLIJILNRRRRSA 

>prM Beginning of D1 16007 sequence 
410 420 430 440 450 1460 470 480 490 500 

CAGGCATGATCATTATGCTGATTCCAACAGTGATGGCGTTCCATTTAACCflggB6RX?GGGAGAGCCGCATATGATAGTTAGCAAGCAGGAAAGAGGAAA 
GMI IMLI PTVMAFHLT T"R""G G E P HMIVSKQERGK 

I 
Engineered Hltil splicing site (nt-453 A-to-G silent) 

510 520 530 540 550 560 570 580 590 600 
GTCACTTTTGTTCAAGACCTCTGCAGGTGTCAACATGTGCACCCTCATTGCGATGGATTTGGGAGAGTTGTGTGAGGACAOGATGACCTACAAATGCCCC 
SLLFKTSAGVNMCTLIAMDLGELCEDTMTYKCP 

610 620 630 640 650 660 670 680 690 700 
CGGATCACTGAGGCGGAACCAGATGACGTTGACTGTTGGTGCftATGCCACGGACACATGGGTGACCTATGGAACGTGCTCTCAAACTGGCGAACACCGAC 
RITEAEPDDVDCWCNATDTWVTYGTCSQTGEHRR 

>M 
710 720 730 740 750 760 770 780 790 800 

GAGACAAACGTTCCGTCGCATTGGCCCCACACGTGGGGCTTGGCCTAGAAACAAGAGCCGAAACGTGGATGTCCTCTGT^AGGTGCTTGGAAACAGATACA 
DKRSVALAPHVGLGLETRAETWMSSEGAWKQIQ 

810 820 830 840 850 860 870 880 890 900 
AAAAGTAGAGACTTGGGCTCTGAGACATCCAGGATTCACGGTGATAGCCCTTTTTCTAGCACATGCCATAGGAACATCCATCACCCAGAAAGGGATCATT 
KVETWALRHPGFTVIALFLAHAIGTSITQKGII 

>E 
910 920 930 940 950 960 970 980 990 1000 

TTCATTTTGCTGATGCTGGTAACACCATCTATGGCCATGCGATGCGTGGGAATAGGCAACAGAGACTTCGTGGAAGGACTGTCAGGAGCAACATGGGTGG 
FILLMLVTPSMAMRCVG I GNRDFVEGLSGATWVD 

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 
ATGTGGTACTGGAGCATGGAAGTTGCGTCACCACCATGGCAAAAAACAAACCAACACTGGACATTGAACTCTTGAAGACGGAGGTCACAAACCCTGCAGT 
VVLEHGSCVTTMAKN KPTLD I ELLKTEVTNPAV 

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 
TCTGCGTAAATTGTGCATTGAAGCTAAAATATCAAACACCACCACCGATTCGAGATGTCCAACACAAGGAGAAGCCACACTGGTGGAAGAACAAGACGCG 
LRKLCIEAKISNTTTDSRCPTQGEATLVEEQDA 

1210 1220 1230 1240 1250 1260 127D 1280 1290 1300 
AACTTTGTGTGCCGACGAACGTTCGTGGACAGAGGCTGGGGCAATGGCTGTGGGCTATTCGGAAAAGGTAG'rCTAATAACGTGTGCCAAGTTTAAGTGTG 
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NFVCRRTFVDRGV?GNGCGLFGKGSLITCAKFKCV 

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 
TGACAAAACTAGAAGGAAAGATAGTTCAATATGAAAACCTAAAATATTCAGTGATAGTCACCGTCCACACTGGAGATCAGCACCAGGTGGGAAATGAGAC 
TKLEGKIVQYENLKYSVIVTVHTGDQHQVGNET 

1410 1420 1430 1440 1450 1460 147D 1480 1490 1500 
TACAGAACATGGAACAACTGCAACCATAACACCTCAAGCTCCTACGTCGGAAATACAGCTGACCGACTACGGAACCCTTACATTAGATTGTTCACCTAGG 
TEHGTTATITPQAPTSEIQLTDYGTLTLDCSPR 

1510 1520 1530 1540 1550 1560 1570 1500 1590 1600 
ACAGGGCTAGATTTTAACGAGATGGTGTTGCTGACAATGAAAGAAAGATCATGGCTTGTCCACAAACAATGGTTCCTAGACTTACCACTGCCTTGGACCT 
TGLDFNEMVLLTMKERSWLVHKQWFLDLPLPWTS 

Engineered silent mutation (nt-1575 T-to-C): remove the native DEN-1 virus-specific xbal site 

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 
CTGGGGCTTCAACATCCCAAGAGACTTGGAACAGACAAGATTTACTGGTCACATTTAAGACAGCTCATGCAAAGAAGCAGGAAGTAGTCGTACTAGGATC 
GASTSQETWNRQDLLVTFKTAHAKKQEVVVLGS 

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 
ACAAGAAGGAGCAATGCACACTGCGCTGACTGGAGCGACAGAAATCCAAACGTCAGGAACGACAACAATITTCGCAGGACACCTAAAATGCAGACTAAAA 
QEGAMHTALTGATEIQTSGTTTIFAGHLKCRLK 

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 
ATGGACAAACTAACTTTAAAAGGGATGTCATATGTGATGTGCACAGGCTCATTCAAGTrAGAGAAAGAAGTGGCTGAGACCCAGCATGGAACTGTTCTGG 
MDKIJTLKGMSYVMCTGSFKLEKEVAETQHGTVLV 

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
TGeAGGTTAAATATGAAGGAACAGACGCACCATGCAAGATTCCCTTTTCGACCCAAGATGAGAAAGGAGCAACCCAGAATGGGAGATTAATAACAGCCAA 
QVKYEGTDAPCKIPFSTQDEKGATQNGRLITAN 

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 
CCCCATAGTCACTGACAAAGAAAAACCAGTCAATATTGAGGCAGAACCACCCTTTGGTGAGAGCTACATCGTGGTAGGAGCAGGTGAAAAAGCTTTGAAA 
PIVTDKEKPVNI EAEP P F G ESY IVVGAGEKALK 

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200 
CTAAGCTGGTTCAAGAAAGGAAGCAGCATAGGG&AAATGTTTGAAGCAACTGCCCGAGGAGCACGAAGGATGGCCATTCTGGGAGACACCGCATGGGACT 
LSWFKKGSSI GKMFEATARGARRMAI LGDTAWDF 

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300 
TCGGTTCTATAGGAGGAGTGTTCACGTCTATGGGAAAACTGGTACACCAGGTTTTTGGAACTGCATATGGAGTTTTGTTTAGCGGAGTTTCITGGACCAT 
GSIGGVFTSMGKLVHQVFGTAYGVLFSGVSWTM 

End of Dl 16007 sequence 

I 
2310 2320 2330 2340 2350 2360 2370 2380 2390 2400 

GAAAATAGGAATAGGGATTCTGCTGACATGGCTAGGATTAAATTCAAGGAACACGTCCCTTTCGATGATGTGCATCGCAQCQGQSATTGTGACACTGTAT 
KIGIGILLTWLGLNSRNTSLSMMCIA A G I V T L Y 

I 
Engineered splicing site, E-482 Val-to-Ala (nt-2381/2382 TG-to-CC) 

>NS1 
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 

TTGGGAGTCATGGTGCAGGCCGATAGTGGTTGCGTTGTGAGCTGGAAAAACAAAGAACTGAAATGTGGCAGTGGGATTTTCATCACAGACAACGTGCACA 
LGVMVQADSGCVVSWKN KE LKCGSGI F ITDNVHT 

2510 2520 2530 2540 2550 2560 2570 2580 2590 2600 
CATGGACAGAACAATACAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAGCTATCCAGAAAGCCCATGAAGAGGfcCATTTGTGGAATCCGCTCAGT 
WTBQYKFQPESPSKLASAIQKAHEEDICGIRSV 

i 
102 PDK-S3 MSl-83-Aap attttWAfcion !io«u« (wt D2 166S1; Glv, 73-0) 

2610 2620 2630 2640 2650 2660 2670 2680 2690 2700 
AACAAGACTGGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCACATTCTATCAGAAAATGAGGTGAAGTTAACTATTATGACAGGAGACATC 
TRLENLMWKQITPELNH I LSENEVKLTIMTGDI 

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800 
AAAGGAATCATGCAGGCAGGAAAACGATCTCTGCGGCCTCAGCCCACTGAGCTGAAGTATTCATGGAAAACATGGGGCAAAGCAAAAATGCTCTCTACAG 
KGIMQAGKRSLRPQPTELKYSWKTWGKAKMLSTE 

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900 
AGTCTCATAACCAGACCTTTCTCATTGATGGCCCCGAAACAGCAGAATGCCCCAACACAAATAGAGCTTGGAATTCGTTGGAAGTTGAAGACTATGGCTT 
SHNQTFLIDGPETAECPNTNRAWNSLEVEDYGF 

2910 2920 2930 2940 2950 2960 2970 2980 2990 3000 
TGGAGTATTCACCACCAATATATGGCTAAAATTGAAAGAAAAACAGGATGTATTCTGCGACTCAAAACTCATGTCAGCGGCCATAAAAGACAACAGAGCC 

G V V T T N IWLKLKEKQDVFCDSKLMSAAI KDNRA 
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3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 
GTCCATGCCCATATCCGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATAGAGAAAGCCTCTTTCATTGAAGTTAAAAACTGCCACTGGCCAA 
VHADMGYWI ESALNDTWKI E K A S F I EVKNCHWPK 

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200 
AATCACACACCCTCTGGAGCAATGGAGTGCTAGAAAGTGAGATGATAATTCCAAAGAATCTCGCTGGACCAGTGTCTCAACACAACTATAGACCAGGCTA 
SHTLWSNGVLESEMIIPKNLAGPVSQHNYRPGY 

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300 
CCATACACAAATAACAGGACCATGGCATCTAGGTAAGCTTGAGATGGACTTTGATTTCTGTGATGGAACAACAGTGGTAGTGACTGAGGACTGCGGAAAT 
HTQITGPWHLGKLEMDFDFCDGTTVVVTEDCGN 

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400 
AGAGGACCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCTGCCGATCTTGCACATTACCACCGCTAAGATACAGAGGTGAGG 
RGPSLRTTTASGKLITEWCCRSCTLPPLRYRGED 

>NS2A 
3410 3420 3430 3440 3450 3460 3470 3480 3490 3500 

ATGGGTGCTGGTACGGGATGGAAATCAGACCATTGAAGGAGAAAGAAGAGAATTTGGTCAACTCCTTGGTCACAGCTGGACATGGGCAGGTCGACAACTT 
GCWYGMEIRPLKEKEENLVNSLVTAGHGQVDNF 

3510 3520 3530 3540 3550 3560 3570 3580 3590 3600 
TTCACTAGGAGTCTTGGGAATGGCATTGTTCCTGGAGGAAATGCTTAGGACCCGAGTAGGAACGAAACATGCAATACTACTAGTTGCAGTTTCTTTTGTG 
SLGVLGMALFLEEMLRTRVGTKHAILLVAVSFV 

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700 
ACATTGATCACAGGGAACATGTCCTTTAGAGACCTGGGAAGAGTGATGGTTATGGTAGGCGCCACTATGACGCATGACATAGGTATGGGCGTGACTTATC 
TLITGNMSFRDLGRVMVMV GATMTDDI GMGVTYL 

3710 3720 3730 3740 3750 3760 3770 3780 3790 3800 
TTGCCCTACTAGCAGCCTTCAAAGTCAGACCAACTTTTGCAGCTGGACTACTCrTGAGAAAGCTGACCTCCAAGGAATTGATGATGACTACTATAGGAAT 
ALLAAFKVRPTFAAGLLLRKLTSKELMMTTIGI 

3810 3820 3830 3840 3850 3860 3870 3880 3890 3900 
TGTACTCCTCTCCCAGAGCACCCTACCAGAGACCATTCTTGAGTTGACTGATGCGTTAGCCTTAGGCATGATGGTCCTCAAAATGGTGAGAAATATGGAA 
VLLSQSTLPETILELTDALALGMMVLKMVRNME 

I 
Additional NS2A-116 Ile-to-Leu (nt3823 A-to-C> mutation in master and pre-master seed 

3910 3920 3930 3940 3950 3960 3970 3980 3990 4000 
AAGTATCAATTGGCAGTGACTATCATGGCTATCTTGTGCGTCCCAAACGCAGTGATATTACAAAACGCATGGAAAGTGAGTTGCACAATATTGGCAGTGG 
KYQLAVT I MAI LCVPNAVI LQNAWKVSCTI LAVV 

4010 4020 4030 4040 4050 4060 4070 4080 4090 4100 
TGTCCGTTTCCCCACTGTTCTTAACATCCTCACAGCAAAAAACAGATTGGATACCATTAGCATTGACGATCAAAGGTCTCAATCCAACAGCTATTTTTCT 
SVSPLFLTSSQQKTDWI P L A L T I KGLNPTAI FL 

I 
D2 PDK-53 specific NS2A-181-Plie (wt D2 16681J Leu, nt-4018-C) 

>NS2B 
4110 4120 4130 4140 4150 4160 4170 4180 4130 4200 

AACAACCCTCrCAAGAACCAGCAAGAAAAGGAGCTGGCCATTAAATGAGGCTATCATGGCAGTCGGGATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAA 
TTLSRTSKKRSWPLNEAI MAVGMVSI LASSL LK 

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300 
AATGATATTCCCATGACAGGACCATTAGTGGCTGGAGGGCTCCTCACTGTGTGCTACGTGCTCACTGGACGATCGGCCGATTTGGAACTGGAGAGAGCAG 
NDIPMTGPLVAGGLLTVCYVLTGRSADLELERAA 

4310 4320 4330 4340 4350 4360 4370 4380 4390 4400 
CCCATGTCAAATGGGAAGACCAGGCAGAGATATCACCAACCAGTCCAATCCTGTCAATAACAATATCAGAAGATGGTAGCATGTCGATAAAAAATGAAGA 
DVKWEDyAEISGSSP 1 LS IT I SEDGSMSI KNEE 

4410 4420 4430 4440 4450 4460 4470 4480 4490 4500 
GGAAGATCAAACACTGACCATACTCATTAGAACAGGATTGCTGGTGATCTCAGGACTTTTTCCTGTATCAATACCAATCACGGCAGCAGCATGGTACCTG 
EDQTLTI LIRTGLLVI SGLF PVSI PI TAAAWYL 

Additional NS2B-92 Glu-to-Asp (nt-4407 A-to-T) mutation (in master and pre-master seed) 

>NS3 
4510 4520 4530 4540 4550 4560 4570 4580 4590 4600 

TGGGAAGTGAAGAAACAACGGGCCGGAGTATTGTGGGATGTTCCTTCACCCCCACCCATGGGAAAGGCTGAACTGGAAGATGGAGCCTATAGAA'fTAAGC 
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WEVfCKQRAGVLWDVPSP P P MGKAELEDGAYRI KQ 

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700 
AAAAAGGGATTCTTGGATATTCCCAGATCGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCATGTCACACGTGGCGCTGTTCTAATGCA 

KGI LGYSQIGAGVYKEGT FHTMWHVTRGAVL MH 

4710 4720 4730 4740 4750 4760 4770 4780 4790 4800 
TAAAGGAAAGAGGATTGAACCATCATGGGCGGACGTCAAGAAAGACCTAATATCATATGGAGGAGGCTGGAAGTTAGAAGGAGAATGGAAGGAAGGAGAA 
KGKRIE PSWADVKKDL I SYGGGWKLEGE WKEGE 

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900 
GAAGTCCAGGTATTGGCACTGGAGCCTGGAAAAAATCCAAGAGCCGTCCAAACGAAACCTGGTCTTTTCAAAACCAACGCCGGAACAATAGGTGCTGTAT 
EVQVLALEPGKNPRAVQTK PGLFKTNAGTI GAVS 

4910 4920 4930 4940 4950 4960 4970 4980 4990 5000 
CTCTGGACTTTTCTCCTGGAACGTCAGGATCTCCAATTATCGACAAAAAAGGAAAAGTTGTGGGTCTTTATGGTAATGGTGTTGTTACAAGGAGTGGAGC 

L D F £3 PGTSGSP II DKKGKVVGLYGNGVVTRSGA 

5010 5020 5030 5040 5050 5060 5070 5080 5090 5100 
ATATGTGAGTGCTATAGCCCAGACTGAAAAAAGCATTGAAGACAACCCAGAGATCGAAGATGACATTTTCCGAAAGAGAAGACTGACCATCATGGACCTC 
YVSAIAQTEKSI EDNPE I EDDI FRKRRLTI MDL 

5110 5120 5130 5140 5150 5160 5170 5180 5190 5200 
CACCCAGGAGCGGGAAAGACGAAGAGATACCrTCCGGCCATAGTCAGAGAAGCTATAAAACGGGGTTTGAGAACATTAATCTTGGCCCCCACTAGAGTTG 
HPGAGKTKRYLPAIVREAI KRGLRTLI LAPTRVV 

5210 5220 5230 5240 5250 5260 5270 5280 5290 5300 
TGGCAGCTGAAATGGAGGAAGCCCTTAGAGGACTTCCAATAAGATACCAGACCCCAGCCATCAGAGCTGXGCACACCGGGCGGGAGATTGTGGACCTAAT 
AAEMEEALRGL PI RYQTPAI RAVHTGREIVDLM 

S32 PDK-53 ES3-25Q-V&1 scfc-snuafcica locus (wt D2 ISSBls Glu, nt- 5270-A.) 

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400 
GTGTCATGCCaCATTTACCATGAGGCTGCTATCACCAGTTAGAGTGCCAAACTACAACCTGATTATCATGGACGAAGCCCATTTCACAGACCCAGCAAGT 
CHATFTMRLLSPVRVPNYNLIIMDEAHFTDPAS 

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500 
ATAGCAGCTAGAGGATACATCTCAACrCGAGTGGAGATGGGTGAGGCAGCTGGGATTTTTATGACAGCCACTCCCCCGGGAAGCAGAGACOCATTTCCTC 
IAARGYI5TRVEMGEAAGI FMTATPPGSRDPF PQ 

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600 
AGAGCAATGCACCAATCATAGATGAAGAAAGAGAAATCCCTGAACGCTCGTGGAATTCCGGACATGAATGGGTCACGGATTTTAAAGGGAAGACTGTTTG 
SNAPI 1DEERE IP ERSWN SGHEWVTDFKGKTVW 

I 
D2 PDK-53 silent mutation nt-5547-C (wt D2 16681: T) 

5610 5620 5630 5640 5650 5660 5670 5680 5690 5700 
GTTCGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGCCTGAGGAAAAATGGAAAGAAAGTGATACAACTCAGTAGGAAGACCTTTGATTCTGAG 
FVPSIKAGNDIAACLRKNGKKVIQLSRKTFDSE 

5710 5720 5730 5740 5750 5760 5770 5780 5790 5B00 
TATGTCAAGACTAGAACCAATGATTGGGACTTCGTGGTTACAACTGACATTTCAGAAATGGGTGCCAATTTCAAGGCTGAGAGGGTTATAGACCCCAGAC 
YVKTRTNDWDFVVTTDI SE MGANFKAERVI DPRR 

5810 5820 5830 5840 5850 5860 5870 5880 5890 5900 
GCTGCATGAAACCAGTCATACTAACAGATGGTGAAGAGCGGGTGATTCTGGCAGGACCTATGCCAGTGACCCACTCTAGTGCAGCACAAAGAAGAGGGAG 
CMKPVI LTDGEERVI LAG PM PVTHSSAAQRRGR 

5910 5920 5930 5940 5950 5960 5970 5980 5990 6000 
AATAGGAAGAAATCCAAAAAATGAGAATGACCAGTACATATACATGGGGGAACCTCTGGAAAATGATGAAGACTGTGCACACTGGAAAGAAGCTAAAATG 
I GRN PKNENDQYI YMG E P L EN D EDCAHW KEAKM 

6010 6020 6030 6040 6050 6060 6070 6080 6090 6100 
CTCCTAGATAACATCAACACGCCAGAAGGAATCATTCCTAGCATGTTCGAACCAGAGCGTGAAAAGGTGGATGCCATTGATGGCGAATACCGCTTGAGAG 
LLDNINTPEGI I PSMFE PERE KVDAI DGEYRLRG 

6110 6120 6130 6140 6150 6160 6170 6180 6190 6200 
GAGAAGCAAGGAAAACCTTTGTAGACTTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAG 
EARKTFVDLMRRGDLPVWLAYRVAAEGINYADR 

6210 6220 6230 6240 6250 6260 6270 6280 6290 6300 
AAGGTGGTGTTTTGATGGAGTCAAGAACAACCAAATCCTAGAAGAAAACGTGGAAGTTGAAATCTGGACAAAAGAAGGGGAAAGGAAGAAATTGAAACCC 
RWCFDGVKNNQILEENVEVE IWTKEGER KKL KP 

>NS4A 
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6310 6320 6330 6340 6350 6360 6370 6380 6390 6400 
AGATCGTTGGATGCTAGGATCTATTCTGACCCACTGGCGCTAAAAGAATTTAAGGAATTTGCAGCCGGAAGAAAGTCTCTGACCCTGAACCTAATCACAG 
RWLDARIYSDPLALKEFKEFAAGRKSLTLNLITE 

6410 6420 6430 6440 6450 6460 6470 6480 6490 6500 
AAATGGGTAGGCTCCCAACCTTCATGACTCAGAAGGCAAGAGACGCACTGGACAACTTAGCAGTGCTGCACACGGCTGAGGCAGGTGGAAGGGCGTACAA 
MGRLPTFMTQKARDALDNLAVLHTAEAGGRAYN 

6510 6520 6530 6540 6550 6560 6570 6580 6590 6600 
CCATGCTCTCAGTGAACTGCCGGAGACCCTGGAGACATTGCTTTTACTGACACTTCTGGCTACAGTCACGGGAGGGATCTTTTTATTCTTGATGAGCGCA 
HALSELPETLETLLLLTL LATVTGGI FLFLMSA 

I 
D2 PDK-53 specific NS4A-75-Ala (wt D2 16681s Gly, nt-6599-G) 

6610 6620 6630 6640 6650 6660 6670 6660 6690 6700 
AGGGGCATAGGGAAGATGACCCTGGGAATGTGCTGCATAATCACGGCTAGCATCCTCCTATGGTACGCACAAATACAGCCACACTGGATAGCAGCTTCAA 
RGI GKMTLGMCCI ITASI L LWYAQIQPIIWIAASI 

6710 6720 6730 6740 6750 6760 6770 6780 6790 6800 

ILEFFLIVLLIPEPEKQRTPQDNQLTYVVIAIL 

>NS4E 
6810 6820 6830 6840 6850 6860 6870 6880 6890 6900 

CACAGTGGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTAGAAAAAACGAAGAAAGATCTCGGATTGGGAAGCATTGCAACCCAGCAACCCGAGAGC 
TVVAATMANEMGFLEKTKKDLGLGSIATQQPES 

6910 6920 6930 6940 6950 6960 6970 6980 6990 7000 
AACATCCTGGACATAGATCTACGTCCTGCATCAGCATGGACGCTGTATGCCGTGGCCACAACATTTGTTACACCAATGTTGAGACATAGCATTGAAAATT 
NILDIDLRPASAWTLYAVATTFVTPMLRHSIENS 

7010 7020 7030 7040 7050 7060 7070 7080 7090 7100 
CCTCAGTGAATGTGTCCCTAACAGCTATAGCCAACCAAGCCACAGTGTTAATGGGTCTCGGGAAAGGATGGCCATTGTCAAAGATGGACATCGGAGTTCC 
SVNVSLTAIANQATVLMGLGKGWPLSKMDIGVP 

7110 7120 7130 7140 7150 7160 7170 7180 7190 7200 
CCTTCTCGCCATTGGATGCTACTCACAAGTCAACCCCATAACTCTCACAGCAGCTCTTTTCTTATTGGTAGCACATTATGCCATCATAGGGCCAGGACTC 
LLAIGCYSQVNPITLTAAL FLLVAHYAI IGPGL 

7210 7220 7230 7240 7250 7260 7270 7280 7290 7300 
CAAGCAAAAGCAACCAGAGAAGCTCAGAAAAGAGCAGCGGCGGGCATCATGAAAAACCCAACTGTCGATGGAATAACAGTGATTGACCTAGATCCAATAC 
QAKATREAQKRAAAGI MKN PTVDGITVIDLDP I P 

7310 7320 7330 7340 7350 7360 7370 7380 7390 7400 
CTTATGATCCGAAGTTTGAAAAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCTGCGTGACTCAAGTATTGATGATGAGGACTACATGGGCTCTGTGTGA 
YDPKF EKQLGQVM LLVL CVTQVLMMRTTWALCE 

I 
Additional silent mutation (nt-7311 A-to-G, in maBter and pre-mastar seed) 

7410 7420 7430 7440 7450 7460 7470 7480 7490 7500 
GGCnTAACCTTAGCTACCGGGCCCATCTCCACATTGTGGGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCGGTGTCAATGGCTAACATTTTT 
ALTLATGP I STLW E G N PGR FWNTTIAVSMANI F 

> NS5 
7510 7520 7530 7540 7550 7560 7S70 7580 7590 7600 

AGAGGGAGTTACTTGGCCGGAGCTGGACTTCTCTTTTCTATTATGAAGAACACAACCAACACAAGAAGGGGAACTGGCAACATAGGAGAGACGCTTGGAG 
RG5YLAGAGLLFSIMKNTTNTRRGTGNIGETLGE 

7610 7620 7630 7640 7650 7660 7670 7680 7690 7700 
AGAAATGGAAAAGCCGATTGAACGCATTGGGAAAAAGTGAATTCCAGATCTACAAGAAAAGTGGAATCCAGGAAGTGGATAGAACCTTAGCAAAAGAAGG 
KWKSRLNALGKSE FQI YKKSGIQEVDRTLAKEG 

7710 7720 7730 7740 7750 7760 7770 7780 7790 7800 
CATTAAAAGAGGAGAAACGGACCATCACGCTGTGTCGCGAGGCTCAGCAAAACTGAGATGGTTCGTTGAGAGAAACATGGTCACACCAGAAGGGAAAGTA 
IKRGETDHHAVSRGSAKLRWFVERNMVTPEGKV 

7810 7820 7830 7840 7850 7860 7870 7880 7890 7900 
GTGGACCTCGGTTGTGGCAGAGGAGGCTGGTCATACTATTGTGGAGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACCAGGACACG 
VDLGCGRGGWSYYCGGLKNVREVKGLTKGGPGHE 

7910 7920 7930 7940 7950 7960 7970 7980 7990 8000 
AAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTTCAAAGTGGAGTTGACGTTTTCTTCATCCCGCCAGAAAAGTGTGACACATTATT 
EPI PMSTYGWNLVRLQSGVDVFFI PPEKCDTLL 

8010 8020 8030 8040 8050 8060 8070 8080 8090 8100 
GTGTGACATAGGGGAGTCATCACCAAATCCCACAGTGGAAGCAGGACGAACACTCAGAGTCCTTAACTTAGTAGAAAATTGGTTGAACAACAACACTCAA 
CDIGESSPNPTVEAGRTLRVLML,VEHWLWWWTO 
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8110 8120 8130 8140 8150 8160 8170 8180 8190 8200 
TTTTGCATAAAGGTTCTCAACCCATATATGCCCTCAGTCATAGAAAAAATGGAAGCACTACAAAGGAAATATGGAGGAGCCTTAGTGAGGAATCCACTCT 
FCIKVLNPYMPSVIEKMEALQRKYGGALVRNPLS 

8210 8220 8230 8240 8250 8260 8270 8280 8290 8300 
CACGAAACTCCACACATGAGATGTACTGGGTATCCAATGCTTCCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATCAACAGATITAC 
RNSTHEMYWVSNASGNIVSSVNMISRMLINRFT 

8310 8320 8330 8340 8350 8360 8370 8380 8390 8400 
AATGAGATACAAGAAACCCACTTACGAGCCGGATGTTGACCTCGGAAGCGGAACCCGTAACATCGGGATTGAAAGTGAGATACCAAACCTAGATATAATT 
MRYKKATYEPDVDLGSGTRNIG IE SE I PNLDI I 

8410 8420 8430 8440 8450 8460 8470 8480 8490 8500 
GGGAAAAGAATAGAAAAAATAAAGCAAGAGCATGAAACATCATGGCACTATGACCAAGACCACCCATACAAAACGTGGGCATACCATGGTAGCTATGAAA 
GKRIEKIKQEHETSWHYDQDHPYKTWAYHGSYET 

8510 8520 8530 8540 8550 8560 8570 8580 8590 8600 
CAAAACAGACTGGATCAGCATCATCCATGGTCAACGGAGTGGTCAGGCTGCTGACAAAACCTTGGGACGTCGTCCCCATGGTGACACAGATGGCAATGAC 
KQTGSAS5MVN GVVR L L T KP WDVVP MVTQMAMT 

8610 8620 8630 8640 8650 8660 8670 8680 8690 8700 
AGACACGACTCCATTTGGACAACAGCGCGTTTTTAAAGAGAAAGTGGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGAAACTAATGAAAATAACA 
DTTPFGQQRVFKEKVDTRTQEPKEGTKKLMK.IT 

8710 8720 8730 8740 8750 8760 8770 8780 8790 8800 
GCAGAGTGGCTTTGGAAAGAATTAGGGAAGAAAAAGACACCCAGGATGTGCACCAGAGAAGAATTCACAAGAAAGGTGAGAAGCAATGCAGCCTTGGGGG 
AEWLWKELGKKKTPRMCTREEFTRKVRSNAALGA 

8810 8820 8830 8840 8850 8860 8870 8880 8890 8900 
CCATATTCACTGATGAGAACAAGTGCAACTCCCCACGTGAGGCTGTTGAAGATAGTAGGTTTTGGGAGCTGGTTGACAAGGAAAGGAATCTCCATCTTGA 
IFTDENKWKSAREAVEDSRFWELVDKERNLHLE 

8910 8920 8930 8940 8950 8960 8970 8980 8990 9000 
AGGAAAGTGTGAAACATGTGTGTACAACATGATGGGAAAAAGAGAGAAGAAGCTAGGGGAATTOGGCAAGGCAAAAGGCAGCAGAGCCATATGGTACATG 
GKCETCVYNMMGKREKKL G EFG KAKGSRAI WYM 

9010 9020 9030 9040 9050 9060 9070 9080 9090 9100 
TGGCTTGGAGCACGCTTCTTAGAGTTTGAAGCCCTAGGATTCTTAAATGAAGATCACTGGTTCTCCAGAGAGAACTCCCTGAGTGGAGTGGAAGGAGAAG 
WLG ARFLEFEALGFLNEDHWFSRENSLSGVEGEG 

9110 9120 9130 9140 9150 9160 9170 9180 9190 9200 
GGCTGCACAAGCTAGGTTACATTCTAAGAGACGTGAGCAAGAAAGAGGGACCACCAATGTATGCCGATGACACCGCAGGATGGGATACAAGAATCACACT 
LHKLGYILRDVSKKEGGAMYADDTAGWDTRITL 

9210 9220 9230 9240 9250 9260 9270 9280 9290 9300 
AGAAGACCTAAAAAATGAAGAAATGGTAACAAACCACATGGAAGGAGAACACAAGAAACTAGCCGAGGCCATTTTCAAACTAACGTACCAAAACAAGGTG 
EDLKNEEMVTNHMEGEH KKLAEAI FKLTYQNKV 

9310 9320 9330 9340 9350 9360 9370 9380 9390 9400 
GTGCGTGTGCAAAGACCAACACCAAGAGGCACAGTAATGGACATCATATCGAGAAGAGACCAAAGAGGTAGTGGACAAGTTGGCACCTATGGACTCAATA 
VRVQRPTPRGTVMDI I SRRDQRGSGQVGTYGLNT 

9410 9420 9430 9440 9450 9460 9470 9480 9490 9500 
CTTTCACCAATATGGAAGCCCAACTAATCAGACAGATGGAGGGAGAAGGAGTCTTTAAAAGCATTCAGCACCTAACAATCACAGAAGAAATCGCTGTGCA 
FTNMEAQLIRQMEGEGVFKSIQHLTITEEIAVQ 

9510 9520 9530 9540 9550 9560 9570 9580 9590 9600 
AAACTGGTTAGCAAGAGTGGGGCGCGAAAGGTTATCAAGAATGGCCATCAGTGGAGATGATTGTGTTGTGAAACCTTTAGATGACAGGTTCGCAAGCGCT 
NWLARVGRERIiSRMAISGDDCVVKPLDDRFASA 

9610 9620 9630 9640 9650 9660 9670 9680 9690 9700 
TTAACAGCTCTAAATGACATGGGAAAGATTAGGAAAGACATACAACAATCGGAACCTTCAAGAGGATGGAATGATTGGACACAAGTGCCCTTCTGTTCAC 
LTALNDMGKIRKDIQQWEPSRGWNDWTQVPFCSH 

9710 9720 9730 9740 9750 9760 9770 9780 9790 9800 
ACCATTTCCATGAGTTAATCATGAAAGACGGTCGCGTACTCGTTGTTCCATGTAGAAACCAAGATGAACTGATTGGCAGAGCCCGAATCTCCCAAGGAGC 
HFHELIMKDGRVIiVVPCRNQDELIGRARISQGA 

9810 9820 9830 9840 9850 9860 9870 9880 9890 9900 
AGGGTGGTCTTTGCGGGAGACGGCCTGTTTGGGGAAGTCTTACGCCCAAATGTGGAGCTTGATGTACTTCCACAGACGCGACCTCAGGCTGGCGGCAAAT 
GWSLRETACLGKSYAQMWSLMYFHRRDLRLAAN 

9910 9920 9930 9940 9950 9960 9970 9980 9990 10000 
GCTATTTGCTCGGCAGTACCATCACATTGGGTTCCAACAAGTCGAACAACCTGGTCCATACATGCTAAACATGAATGGATGACAACGGAAGACATGCTGA 
A I CSAVPSHWVPTSRTTWS I HAKHEWMTTEDMLT 

10010 10020 10030 10040 10D50 10060 10070 10080 10090 10100 
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CAGTCTGGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACTCCAGTGGAATCATGGGAGGAAATCCCATACTTGGGGAAAAGAGAAGA 
VWNRVWIQBNPWMEDKTPVESWEEIPYLGKRED 

10110 10120 10130 10140 10150 10160 10170 10180 10190 10200 
CCAATCGTGCGGCTCATTGATTGGGTTAACAAGCAGGGCCACCTGGGCAAAGAACATCCAAGCAGCAATAAATCAAGTTAGATCCCTTATAGGCAATGAA 
QWCGSLIGLTSRATWAKN I QAAINQVRSLIGNE 

>3'-Noncoding Region 
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300 

GAATACACAGATTACATGCCATCCATGAAAAGATTCAGAAGAGAAGAGGAAGAAGCAGGAGTTCTGTGGTAGAAAGCAAAACTAACATGAAACAAGGCTA 
EYTDYMPSMKRFRREEEEAGVLW* 

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400 
GAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGTGAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCATAAATGCCATAG 

10410 10420 10430 10440 10450 10460 10470 10480 10490 10500 
CTTGAGTAAACTATGCAGCCTGTAGCTCCACCTGAGAAGGTGTAAAAAATCCGGGAGGCCACAAACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGC 

10510 10520 10530 10540 10550 10560 10570 10580 10590 10600 
GGTTAGAGGAGACCCCTCCCTTACAAATCGCAGCAACAATGGGGGCCCAAGGCGAGATGAAGCTGTAGTCTCGCTGGAAGGACTAGAGGTTAGAGGAGAC 

10610 10620 10630 10640 10650 10660 10670 10680 10690 10700 
CCCCCCGAAACAAAAAACAGCATATTGACGCTGGGAAAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAAAATGGAATG 

10710 10720 
GTGCTGTTGAATCAACAGGTTCT 

DENvax-2 Master Virus Seed (MVS) 

[000158] Nucleotide sequence of the recombinant viral genome and deduced amino acid 
sequence of the translated protein are provided herein. The engineered virus is based 
on D2 PDK-53 virus. All engineered substitutions that are different from wild-type 
DEN-2 16681 virus (also the parental virus for PDK-53), as well as extra mutations 
(changes from engineered cDNA clone) detected in the MVS are marked. 

Substitutions Included in the Genome and Protein: 

[000159] D2 PDK-53 virus backbone (changc from wt D2 16681): all in bold 
a. 5'-noncoding region (NCR)-57 (nt-57 C-to-T): major at.ienua.tion locus (in red) 
b. prM-29 Asp-to-Val (nt-524 A-to-T) 
c. nt-2055 C-to-T (E gene) silent mutation 
d. NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red) 
c. NS2A-181 Lcu-to-Phc (nt-4018 C-to-T) 
f. NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation locus (in red) 
g. nt-5547 (NS3 gene) T-to-C silent mutation 
h. NS4A-75 Gly-to-Ala (nt-6599 G-to-C) 

* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus 

[000160] Engineered clone marker (silent mutation): 
a. nt-900 T-to-C silent mutation: infectious clonc marker 

[000161J Additional substitutions found in vaccine seed (0.02% nt different from 
original clone) 

a. prM-52 Lys-to-Glu (nt-592 A-to-G), in bold 
b. NS5-412 Ile-to-Val (nt-8803 A-to-G), in bold 

KCft->Ks "-DSC- 53 «sttsniwsuii.r> lo<su« iwr. Di iCffeit C> 
>5' -NC j >C 

10 20 30 40 SO 60 70 80 90 100 1LD 120 
AGTTGTrAGTL"rAO(?l,C}GACCtiAG/>AAGAGAGATr,tTrn,GAGC3aARC,rAAfKrrCAftiC!TAC?'ri,CT,AACAC?r,l*l"i"lTAATTACACACCftCATCrCTGATGAATAACCAACCCAAAAACGCC 

MNWQKKKA 
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130 140 150 160 170 180 190 200 210 220 230 210 
AAAAAGA(X!CCITrCAATATGCTGAAACCOCACACAAACCCCCTCTCCACTCTCCAACACCTCAC&AAGAGATTCT(^C^'GGAATCC''PGCAGGGA(JGAGGA(JCATiAAAAGVG,i.-.rCATG 
KNTPFNMLKEERNR VSTVQQLTKR FSLGMLQ G RGPIJKLFM 

250 260 270 280 29U 300 310 320 330 340 350 360 
GCCCTGGTCCOGl"ruCl"i'CGTTTCC,'l'AACAATCCCACCAACAGCACCCATATrCAAGAGAlK;GGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGGTTCftGGAAAGAGATT 
ALVAPljHKXiTiPP TAG I LKRKGTI K"KSKA£NV LHGFRKF. T 

»prM 
370 380 390 400 410 420 430 440 4b0 460 473 480 

GGAACJGATCCTCAACATCTTCAATACCACACCCACATCTCCACGCArCArcaTTATCCrCATTCCAACAGTGATGGCGTTCCATTTAACCACACGTAACGGAGAAOCACACATGATCGa'C 
CRML MILNRURKBAGM11M1.11JTVHAPHT, TTBNGKPHMIV 

490 500 blO b20 =30 b40 550 560 570 580 593 600 
AGCAGACAARAOAAACCCA&AACTCTTCTGTTTAAAACA GAGGTTGGCGTGAACftTGTGTACGCTCATCCCCATGCACCrTCCTCAATrCTCTCAAOACACAATCACGTACGAGTGTCCC 
SRQEKGKSI1T.PKTEVGVNMCTI.MAMDLGELCEDTIIYECP 

I 
D2 PDK-53 specific prM-29 Val (wt D2 16681 Asp, nt-524-A) Additional prM-52 Lys-to-Glu mutation (nt-592 A-to-G) 

>M 
610 620 630 640 6b0 660 670 680 690 700 713 720 

CITG'l'LAGGCAGAATGAGCCAGAAGACA'L'AGACTGT'L'GG'i'GCAAC'rCTACGTCCIACGTGCJG'I'AACTTATGGGACGTGTArCACCATGrrGAGAACATAGA AGAGAAAA AAGA.TCAGTGGGA 
LLKOMEPF. n.IDCWCNSTSTWVTYCJTCTTMG'F. HRREKRSVA 

730 740 7b0 760 770 780 790 800 810 E20 833 84 0 
CrCCTTCCACATGTGGGAATCGGACTGGAGAl^CGAAC'lCAAACATGGAI'GTCATCAGAAGGGGCeTGGAAACATGTCCAGAGAATTGAAAnTTGGATCTrGAGACATCCAGGCTTCACG 
LVPHVGMGIIETRTETWMSSEGAWKHVQRIETW IIJRH P CFT 

>E 
R50 860 870 RRI1 R9I1 900 9L0 920 930 940 953 960 

ATCATCGCAGGAArCCTGGCATACACCATAGGAAGGACACATT'ICCAAAGAGGCGrGATCTTCATCTTAC'i'GAGAGC'KJTGAGTCG'ITCAATGAGAA'lGCXJ'l'l'aCA'rAUGAATGTGAAAT 
MMAA TIiAYTT OTTHFQRAL T FI IrLTAVTPSMTKRC I G M S N 

" I 
Engineered silent clone marker: nt-900 T-to-C ailent mutation 

970 980 990 1000 1010 1020 1030 1040 1050 1D60 1073 1080 
AGAGACrTTCTCCAACCCCTTTCACCACCAACCTCCCTrCACATACTCTTACAACATCCAACCTCTCTGACGACGATCGCAAAAAACAAACCAACAriGGA-TTTGAACTGATAAAAACA 
RDFVEGVSGGSWVDIVLEIIGSCVTTMAKNKPTL-DFEIiIKT 

1 090 1100 111.0 1123 113 fl 1140 1150 11G0 1170 1180 1193 1200 
GAAGnr.AAACAGCCTGCCACCCTAAGGAAGTACTGTATAGAGGCAAAGCTAACCAACACAACAACAGAATCTCGCTGCCCAACACAAGGGGAACCCAGCCrAAATGAAGAC-CAGGACAAA 
E A K Q P A T Ii R K Y C I E A X L T N l! 1' '1' KSRCV1' QCJiPSliNSiKQOK 

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1313 1320 
AGGTrOCTCTCCAAACACTCCATCCTACACAGACCATCGCGAAA'IGGATGTGGACrATTTGGAAAGCGAGGCATTG'rGACCTCTCCTATGTrCAGA.fGCAAAAAGAACA'-GGAAGGAAAA 
RFVCKH S M V D R G W G N G C G li £ G KG If i VT CAMFK CK.KN M K G K 

1330 1340 1350 1360 137U 1380 1390 1400 1410 1420 1433 1440 
GrrG,I'GCAAGCAGAAAACrTGGAATACAGGATTGTGATAACACCTCAGTCAGGGGAAGAGCATGCAGTCGGAAATGAGAGAGGAAAACATGGOAAGGAnATCAAW\TAAGACCACAGAGT 
VVyPENLKYTl V I 2 PHSGXKH AVGW DTGKS4GKE I K IT PQS 

14b0 1460 1470 1480 149D 1500 1510 1.520 1530 1540 1550 1560 
TCCATCACAGAAGCAGAA,l"iGACAGG,l"rAJGGGACi,G,lGACAA,rGGAG,rGCrC,L'CGAAGAACGGGGCrCGAd'rCAA,l'GAGATGGTGT'rGCIGCAGA'lGGAAAA,llAAAGCr,i,GGOtGGTG 
SITaAilLTGYG'l'V I" MZCSPUTGLDPNKMVLLQMaNKAWLV 

1570 1580 1590 LS0J1 1510 1620 1630 1640 1650 1660 1673 1680 
CACAGGCAATRGTTCCTAGACCTGCCXJTTAOCATGGTTGCCCCCAGCCCACACACAACCCTCAAATTCCATACACAAAGAGAGATTGGTCACTTTCAAftAATCCCCATGCGAACAAACAC 
HRQWFLDIIPLPWLPGADTQGSNWIQKETTJVTFKNPHAKKQ 

1690 1700 1 710 1723 1730 1740 1750 1760 1770 1 780 1793 1800 
GATGTTGTTGTTTTAGGATCCCAAGAAGGGGCnATGCACACAGCACrrACAGGGGCCACAGAAATCCAAATGTCATrAGGAAACTTACTCTTGACAaGAGATCTCAAGTGCAGGCrGAGA 
DVVVT. GSQF. GAMH 7AT, TGATT! T QMS SGNTtT-FTGHT. K G 3 T, R 

1010 1020 1030 1040 1850 I860 1070 1000 1090 1900 1913 1920 
ATGGACAAC CTACACCT CAAAGGAATGTCATACTCTATG TCCAGAC GAAACTTTAAAGTTGTGAACCAAATAGCACAAACACAACATGCAACAA?AGTTATCACAGTC GAATATGAACCG 
HDKLQLKGMSYSMCTCKFKVVKEIAETQHGTIVIRVQYEC 

1930 1940 1950 1960 1970 1980 1990 2000 2010 2C20 2033 2040 
CACCCCTCTCCATC CAAGATC GCTTITCACATAATGGA'J: I'TGGAAAAAAGACA'.'GTC'ITAGGTCGC CTGATTACACTC AAC CCAATTGTCAC AC AAAAAGATAGC CCACT CAACATAGAA 
DCSPCKIPFEIMJLKKliHVLpGKijiTVNPIVTEKDSPVillE 

2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2153 2160 
GCAGAACCTCCATTTCSGAGACAGCTAGATCATCATAGGAGTAGAGCOGGGACAACTGAAGCTCAACTGGTTTAAGAAAGGAAG'rrCl'A'l'CGGCCAAA'rGTrT'GAGAGAAGAATGAGGGGG 
AEPPFGDSYIIIGVEPGOLKLNWFKKG SSIGQMFETTMRG 

I 
D2 PDK-53 nt-2055-T silent mutation <D2 166Bli C) 

2170 2180 2190 22D0 2210 2220 223D 2240 2250 2260 2273 2280 
GCGAAGAGAA'TGGGCATiTTAGGTGACACAGCCrrGGCSATTTTGGATnG'rTHGGAGGAGTGTTTACATCI'ATAGGAAAGGCrCTCCACGAAGTC'ri'TGGAGCAATGTA'lGGA.GC'l'GCG'i'rC 
A. KRMAILGDTAWDFGSliGGVKTS 1 GKALII QVFGAI YGAAF 

2290 2300 2310 2320 2330 2340 23SD 2360 2370 2380 2390 2400 
AGTGGGGTrrCATCGACTATGAAAATCfTrGATAGGAGTCATTATCACATCOATACCAATGAATTCACGCAGCAnOTCACl'GTCrG'lGAGACTAGTA'ri'GG'raGGAA'nXJTGACACrGTAT 
SGVSWTMKTT, TGVI ITWICMNSRSTH t. fi V T L V L V G IV T L 

>NS1 
2410 2420 2430 244 0 2450 2460 2470 2480 2490 2b00 2bl0 2b20 

TTGGGAGTCA'rCJGTGCAGGCCGA'L'AGTGGTTGfXiTTGTGAGCTGGAAAAACAAAGAACTGAAATGTGGCAGTGGGATT'lTGATCACAGACAACGTGCACACrA'rGGACAGAACAA'rACAAG 
T, GVMVQAD5GCVVSWKNKF. TrKGGSGT F l'EDNVHtWTEQYK 

2530 2540 2550 2560 2b?0 2SB0 2590 2C00 2610 2620 2630 2640 
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TrcCAACCAGAATCCCCTTCAAAACTAGCTTCAGC'ATCCAGAAAGCCCATGAWVGGACATTTGTGGAATCCCCTCAGTAACAAGACTGGAGAATCTGATGTGGAAACAAATAACACCA 
K Q P X SPSKLASATQKAKE7, DTCOIRSVTRL3NLMWKQITP 

32 KOE-52 N31-5-' -Asp Uciis {wt D2 16651: Sly, at-i-379-S} 

2650 2660 267C 26B0 2690 2700 2710 2720 2730 2740 27b0 27S0 
CAATTCAATCACATTCTATC^.GAAAAl'GAUGTGAAGTlAACl'ATl'AiGAGAGGAGACATGAAAGGAATCATGCAGGCAGGAAAACGAl.'CrCTGCGGCCTCAGCCCACTGAGCTGAAGTAT 
EIiNUlLSENEVK_iTlMTGD£KGlMQAGKRSLRPOPT]il,KY 

2770 27B0 2790 2900 2810 2820 2830 2840 2850 2860 2870 2880 
rCATGCAAAACATGGGGCAAAGCAAAAATGCTClCTACACACTGTCATAACCACACCXTTCTCATrCA'l.GGCCCCGAAACAGCAGAATGCGCCAACACAAAi'AGACC'ITGGAA'iTCG'lTG 
SWKTWGJCAKMLSTESHNQTPL I DGPETAECPNTNRAKNSL 

2890 2900 2910 2920 2930 2940 2950 2960 2970 2980 2990 3000 
GAAGTlGAAGACTATGGCTTTGGAGTATrCACCACCAATATATGGCrAAAATX'GAAAGAAAAACAGGATGTATTCTGCGACTCAAAACTCATGTCAGCGGCCATAAAAGACAACAGAGCC 
EVED*GKGV£TT NlWLKl.KEKQDVPCDSKLMi5AA J KD.&IRA 

3010 3020 3030 3040 30b0 3060 3070 3090 3090 3100 3110 312D 
G'ICCATGCCGATATGGGlil'mTri,GGA'X,AGAAAGTGCACTGAAlrGACAGATGGAAGATAGAGAAAGCGTGlvl"l,CAl*l'GAAGTTAAAAACTGCCAGTGGCCAAAATCAGAGACGGl'CKJGAac 
VnADMGiWIESALNDTWKIEKASfi EVKNG llWPKSIITLWfc" 

3130 3140 3150 3160 3170 3180 3190 3200 3210 3220 3230 3240 
AATGGAGTGCTAGAAAGTGAGATGATAATTCrAAAGAATCTCGf;TGGACGAG'!'GTCTCAAC7ACAACTATAGACCAC!G0TAGCATACACAAATAACAC30ACCATf3GCATC,""AGGTAAGCTT 
NGVT. p. SEMIIPKNT. AGPVS2HNYRPGYHT£>TTGPWHT. GKL 

32b0 3260 3270 3280 3290 3300 3310 3320 3330 3340 33=0 33S0 
GAGA'l'GGAC'rrrGA'TITCTGTGATGGAACAACAGTGGTAGTGACTGAGGACTGCGGAAATAGAGGACCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCA-AACAGAATCGTGCTRC 
P. MDFDPCDCTTVVVTSDCCNRG PSLRTTTASCKLl TEWCC 

>H32A 
3370 3380 3390 340(1 3410 3420 3430 3440 3450 3460 3470 3430 

CGATCTrGCACATTACCACCCCTAACATACAGACGTGAGCATGGCTGCTCCTACCGGATGGAAATCACACCATTCAAGGAGAAAGAAGAClAATrTGGTnAACTCCrrTGGTCACACCTCGA 
RSCTLPPLRYRGSDGCWYGMEIRPLKEKEENLVNSLVTAG 

34 90 3500 3510 3520 3530 3540 3550 3560 3570 3580 359D 3600 
CATCGGCACGTGCACAAeiTITCAC'fAGGAGTC'ITGCCAATGCGATTGT'rGC-'GUAGGAAATGCTTAGCAGCUUAGTAGGAACCAAACATGCAATACTACIACICTOCACTTTGTrTTU'fG 
IIGQVDNf'SLGVLGMALFLEEMLR'l'KVGTKIIAILLVAVSPV 

3610 3620 3630 3640 3650 3660 3670 3600 3690 3700 371.0 3720 
ACATTCATCACACCGAACATCTCClTTACAGACCTCCCAACAC?GATGGrTATCGTACCCCCCACTATCACGGATCACATACCTATCCCCCTCACTTATCTlCCCCTACTACCACGCrTC 
TLITCNMSFRDLCSVMVMVCATMTDDICMCVTYLALLAAP 

3730 3740 37b0 3760 3770 3780 3790 3800 3B10 3820 3830 3B40 
AAAGTL'AGACCAACTrrTGCAGCTGGACTACTClTGAGAAAGCI'GACCTCCAAGGAA'riGA'rGATOAOTACTATAXJGAATl'GTACTCCi'C'rCCCAGAGCACCA'rACfJAGAGACeATrC'rr 
XVRPfFAAGLLLRKLTS KELMMT'i' 1 G IVLLSQSTI PETI L 

3850 3860 3870 3980 3890 3900 3910 3920 3930 3940 3950 3960 
GAGTTGACTGATGCGTTAGCGTTAGGCATGATGGTGGTCAAAATGGTGAGAAATATGGAAAAGTATGAATTGGCAGTGACTATGATGGGTATGTTGTGCGTCCCAAACGCAGTGATArTA 
SLTDALALGMMVLKMVRNMEKYQLAVT IMAILCVPNAVI L 

3970 3980 3990 4000 4010 4020 4030 4040 4050 4060 4070 40B0 
CAAAA0GCATGCAAACTCACTTGCACAATATTGGCACTGCTGTGCGTrTGCCCACTGTrCTTAACATCCTCACACCAAAAAACAGATrGGATACCATrACCA1"rGACCATCAAAGGTCTC 
QNAWKVSCTI^LAVVSVSPLFLTSSQQKTDWIPLALTIKGIi 

I 
D2 PDK-53 specific NS2A-181-Phe (wt D2 16681s Leu, nt-4018-C) 

>NS2B 
4090 4100 4110 4120 4130 4140 4150 4160 4170 4180 4190 4200 

AATCCAAGAGCTATTTTTCTAACAACCCTCTCAAGAACCAOCAAGAAAAGGACCTCCCCATTAAATGACGCTATCATGGCAGTCGGGATGGTGAGCAITT^AOCCAG^'i'CTr.'TCCTAAAA 
NPTAIFLTTLSRTSKKRSWPLNEAIMAVGMVSTT. ASST. I.K 

4210 4220 4230 4240 4250 4260 4270 42R0 4290 4300 4310 4320 
AATGATATTCCCATGACAGGAGCATTAGTCGCaXXJAGGGCTCCrCAGrGTGTGCTAOGTGerCACTGGAOGATCGGCCGATTrCGAACTCCAGAGAGCACCCCATCTCAAATGGGAAGAC 
NDIPMTCPLVAGGLLTVCYVLTGRSADLELERAADVKWED 

4330 4340 4350 4360 4370 4380 4390 4400 4410 4420 4430 4440 
CAGCCAGAGATATCACGAAGCAGTCCAATCCTCTCAATAACAATATCACAACATGCTAGCATGTCCATAAAAAATGAAGAGGAAGAACAAACACTGACCATACTCAT-AGAACAGGATTG 
QAEISCSSPI_LSITISEDCSMSIKNEEEEQTLTILIRTGL 

>NS3 
4450 4460 4470 4480 4490 4b00 4bl0 4520 4530 4S40 455(1 4560 

CLGG'lGA'ICrCAGGAC'riTrrCCrGTA'l-CAATACfJAAl'CACGGGAGCAGCAa'GGTACCrGTGGGAAG'I-GAAGAAACAACCCCCCCCACTATTCTGCCATGTTCCTrCACCCCCAGCCA'iX; 
LVISGLPP VSIPITAAAWVLWEVKKQRACVLWDVPSPPPM 

4570 4580 4590 4600 4610 4620 4630 4640 465C 4660 4u70 4680 
GGAAAGGCTGAACTGGAAGATGGAGCCTATAGAATTAAGGAAAAAGGGATTOrriGGATATTGCCAGATOGGAGCOGGACTTTACAAACAACCAACATTCCATACAATCTCCCATGTCACA 
G X A E I. RDGAYHTKQKGILGYSQIGAGVYKKGTKHTMWHVT 

4690 4700 4710 4720 4730 4740 4750 4760 4770 4780 4790 4BD0 
CGTGGCGd'G'ri'CTAATGCATAAAGGAAAGAGGATTGAA CCATCA" HGGCGGA CGTCAAGA A A GAGCTAATATCATATGGAGGAGUC1"GGAAGTPAGAAGGAGAA1 GG AAGGAAGGAGAA 
RGAVbMHKGKGT?. PSWAPVJTKDT, TSYGGGWKLKGEWKJiGE 

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900 4910 4920 
GAAG'I'CCAGGTA'i'rGGCACl'GGAGCCTGGAAAAAATCCAAnAGnCGTnC AAACRAAACCTGGTCT'rTTCAAAACCAACGCCCJCAACAATACX^i'GCTGTATC'IC'iX^GAC'L'nTG'rCC'rGCA 
EVQVT. AT, P. PGKNPRAVQTKPCLFKT NAGTI^GAVSt, DFSPG 

4930 4940 4950 4960 4370 4980 4990 5000 5010 5020 5030 5040 
AOGTCAGGATCTCCAATTATCGACAAAAAaGG&AAAGTTOTGCCrCCTTATCCTAATCCTCTTCTTACAAGGAGTGGAGCATATGTGAGTGCTATAGCCCAGACTGAAAAAAGCATTGAA 
TSGSPT IDKKGKVVCLYCNGVVTR SGAYVSA1 A Q T K K S 1 E 

5050 5060 5070 5080 5090 5100 51)0 5120 5130 5140 5150 5150 
GACRAGCCAGAGATraiAAGATGACATTTTCCGAAAGAGAAGACTCACCATCATCCACCTCCACCCAGGAGGGGGAAAGACGAAGAGAi'ACCil'GCGaCGATAG'.'GAGAUAAUGTA'i'AAAA 
CMPEIEDD IPRKRRL1 i MULH PGAGKTKRYLPA IVREAI K 
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blVD 5180 5190 52D0 5210 5220 5230 5240 5250 526 0 5270 523D 
CGGGGTTTGAGAACATTAATCTTGCCCCCCACTACACrTa'rCGCACCTCAAATGCAfiGAACCCGTrACACCACTTCCAATAACATACCACACCCCACCCATCACACCTCTCCACACCCCC 
R G T R T L I L A P T R V V A A E M E E A D R G L P I R Y Q T F A I R A V II T C-

£S PfMC-SS £33-2&d-Y&3 iaausttiojb lou'.LS ;Bi l*501: Slu, nt -52'?C -A) 

5290 5300 S310 =320 b330 5340 5350 5360 5370 5380 5390 54DD 
CCGGAGATItil'GGACCTAATGTGTCATGCCACATL'TACCA'iGAGGC'I'GGTATGACCAG'lTAGAm'GCCAAAOTACAACCTOATTATCATOGACGAAGCCCATrTCACAGACCCAGCAAGT 
RETVOLMCIIATFTMRI. T, SPVRVPNYNLIIMDEAliFTDPAS 

5410 5420 5430 544(1 5450 5460 5470 5480 5490 550C 5510 5520 
ATAGOAGCTAGAGGATACATCTCAAGT'CSAOTCGAGATGGGTGAGGGnGCTSGGATTrTTATGACaiGCICJVCTCCCCCfifiGAAGCAGAGACCr.ATTTGGTCaGAGGAATflGAOTaATCATA 
lAAR GYISTRVRMCJ FAA GrFMTATPPGSROPPPQSNAPTT 

5530 5540 5550 5560 5570 5580 5590 5600 5610 5620 5630 5640 
GATGAACAAAGAGAAATCCOrGAACGCTCGTGGAATrCCGCACATGAATGCCTCACXJGATTTTAAACGGAAGACMGTTTGGTTCGTTCCAACTATAAAACCAGCAAATCATATACCACCT 
D £ K K E I PR RSWNSGHEWVTDFKGKTVWFVPS I KAGND1AA 

I 
D2 PDK-53 silent mutation nt-5547-C (D2 166Bls T) 

5650 5660 5670 5680 5690 5700 5710 5720 5730 574 0 5750 5760 
TOCCTGAGGA AA A A TGCAAAC AAACTGATACAAGT GAGTAOOA AGA CCT"IT"ATTGTOAGTATGTC A AGACTACAACCAATGATTCGG ACTTCGTGGTTACA A CTGACATTTC AGAA ATG 
C r, RXNGKKVXQLSRKTFnSEYVKTRTNDWD7VVTTT5TSF. M 

5770 bYBO b/SC bBOO b810 b820 S830 b840 b8b0 bis 60 5870 5080 
CCTCCCAATTTCAAGGCTGAC-AGGGTCArAOACCC GAGACG CIG CATCAAAGGACT CATACTAACACATCGTGAAGAGCGGGTCATTGTCG CAGC ACCTATCG GAG TO AGCCACTCTAGT 
GANFKABKVIDPRRCMKPVILTDCEERVILACPMPVTIISS 

5890 5900 5910 5920 5930 5940 5950 5960 5970 5980 5990 6000 
GCAGCACAAAGAAGAGGCAGAATACGAACAAATCCAAAAAATGACAATCACCACTACATATACATCCGCCAACCTCTGGAAAATGATOAACACT3TCCACACTCGAAAGAAGCTAAAATG 
AAQRRCRICRNPKNEND QYIYMCEPLENDEDCAHWKSAKM 

6010 6020 6030 6040 6050 6060 6070 60B0 6090 6100 £110 6120 
Gi'CCTAGATAACATCykAC^CGCCAGAAaGAATGATTCCTrAGCATGTTCGAACCAGAGCGTGAAAAGGTGGATGCCATTGATGGCGAAI'ACOSC'rrGAGAGGAGAAGCAAGGAAAACC'rri.' 
LLDHINTPEG11. flSKFJBPBttJfKVDAlDCEYHLRGEAHKTF 

6130 6140 61bC 6160 6170 6180 6190 6200 6210 6220 £230 6240 
CrAGACrTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAGAAGGTGGTGTrrTGATGGAGTCAAGAACAACCAAATCCTA 
VDLMRRCDLPVWLAYSVAAEGINYADRRWCFDGVKNNQIL 

6250 6260 627C 6280 6200 6300 6310 6320 6330 6340 £350 6360 
UAAGAAAACXJTGGAAGTTGAAATCTGGACAAAAGAAGGGGAAAGGAhGAAATTGAAACCCAGA't'GGTTGGATGCTAGGATC'LA'rrCL'GACCCACIGGCGCI'AAAAGAATTTAAGGAAT'i'L' 
E E N V F, VRTWTKFGR RKKT. KPRWT. nARIYSDPliALKEi'KEK 

>NS4A 
6370 6380 639C 61C0 6410 6420 6430 6440 641,0 6460 £470 6480 

GCAGCCGGAAGAAAGTCTCTCACCCTCAACCrAATCACACAAATCCGTAGCCTCCCAACCTTCATGACTCACAACCCAAGAGACGCACTGGACAACTIAGCAGTGCTGCACACGGCTGAG 
AAGRKSIiTLNLITEKCRIiPTFMTQKARDALDNT. AVT, HTAF. 

6490 6500 6510 6520 6530 6540 6550 6560 6570 6580 6590 6600 
GCAGG'l'GGAAGGGCGTACAACCA'l'GCTC'l'GAGTGAACl'L-CCUGAGACL'C'l'UGAGAGATl'GCT'iT'rAC'l'GACAClUerGGC'l'ACAGTCACGGUAGfiGA'iC'rrrrTATTCrrGACGAGCGCA 
ACCRAYNHALSELPET LETLi>LLTLLATVTGG I F L FLMSA 

D2 PDK-53 specific NS4A-75-Ala (wt D2 16681s Gly, nt-S599-G) 

6610 6620 6630 6640 66b0 6660 6670 6680 6690 6700 6710 6720 
AGCCCCATACCCAACATGACCCTCCGAATGTGGTGCATAATCACCGCTAGCATCCrCCTATGGTACCCAGAAATACACCCACACTCCATACCACCTTCAATAATACTCCACTTTTTTCTC 
RGIGKMTLGMCCIITA£I1LWYAQIQPHWI_AASIILEFFL 

>NS4B 
6730 6740 6750 6760 6770 6780 6790 6800 6610 6G2U £830 6840 

AIAGTlU'lGC'iUAaUKX^AGAACeiX^AAAACAGAGAA^CCCCAAGAGAAnGAACTGACGTACGTTGTCATAGCCA'i'GeTCACACTCGTCCCCCCAACCATCCCAAACCACA-CCCTTTC 
IVLLI PEPEKQRTPfJUJKQJjjEY VVXAI LTVVAATMANEMGF 

68S0 6860 6U70 6880 6890 £900 6910 6920 6930 6940 £950 6960 
CTAGAAAAAAOCAACAAACATCTCGGATTGGGAAGCATTGCAACCGAGCAACCCGAGAGOAACATCCTGGACATAGATCTACOTCCTCCATCACCATCGAOCCTCTATGCGG7GGCCACA 
r. K K T K K D I. G T. G S T ATQQPRSN T T. D T DLKPASAUTL ¥ A V A T 

6970 6980 6990 7000 7010 7020 7030 7040 70b0 7060 7070 7080 
ACAaTWmACttCCAATGri^AGAeATAGCArrGAAAATTCCTCAGTCAATCTGTCCCTAACAGCTATAUCCAAGCAAaCCACACTCTTAATCOCTC?CCCCAAACCATCCCCArTC?CA 
TKVT PMLRHSIFNSHVNVSnTAIANQATVLMCLCKCWPLS 

7090 7100 7110 7120 7130 7140 71SO 7160 7170 7180 7190 7200 
AAGAll.'GGACATCXJGA(JlTCCCCTrGTOGCCAr,rGC}ATGCTAC'rCACAAGTnAACCGCATAACrCI'CACAGCAGCTC,inTCTTATTCCTAGCACATTAT0CCATCATAGCGCCAGGACTC 
KMDIGVPLLAIGCYSQVKPITLTAALFT. r, VAHYAriGPGI, 

7210 7220 7230 7240 7250 7260 7270 7280 729D 7300 7310 7320 
CAAGCAAAAGCAACCAGAGAAGCrCAGAAAAGAGCAGOSGCGGGCATCATGAAAAACCCAACTGTCGATGGAATAA^AGTtJA'rrGACC'L'AGA'rcCAATACt^ri'AI'GA'iCGAAAGi'TrGAA 
QAKATREAQKRAAAGIM KNP TVDGT TVI DLDPIPYD PKPE 

7330 7340 7350 7360 7370 7380 7390 7400 7410 7420 C430 7440 
AAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCiGGG'lGACl'CAAGTA'rrGA'l'GATGAGGACrAGAUGGGCTCTCTCTGAGGClTTAACCrrAOCTACCGGGCnGATCTnCACATTGTOG 
KQLCQVMLLVLCVTOVLMMRTTHALCEAT, TT. ATGPTSTT. W 

7450 7460 7470 7481) 7490 /sJli 7510 7520 7530 7540 7550 7550 
CAACCAAATCCACCCACCTTTTCCAACACTACCATICaCCTG'XCAATCGCIAACATTTTTACACCCACTTACTTCCCCGGAGCrGGACTi'CTGTTTTCTA'rrATOAAGAACAGAAGCAAC 
EGNPGRFWKTTIAVSMANIFRCSYLAGAGr,T, FSTMKMTTN 

>N95 
7570 7580 7590 7600 761 D 7620 7630 7640 7650 7660 7670 7600 
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ACAAGAAGGGGAAOTGGCAACATACGAGAGACGCrTGGACACAAATGCAAAAGCCGATiGAACGCATTGaGAAAAACTGAATTCCACATCTACAACAAAAGTGGAATCCAGGAAGTGGAT 
TRKGTONIGBTLGEKWKSRLNAI.OKSEFQI_Y!CKSG10EVD 

7690 7700 7710 7720 7730 7740 7750 7760 7770 7780 7790 7800 
AGAACCTTAGCAAAAGAAC^aTTBAAAGAOGAGaaRrGGacnATnaCGCTCTCTCCCCACCCTCAGCAAAACTGAGATGOTTCGTTGAGAGAAACATGCTCACACCACAAUGGAAAGiA 
RT LaKEGIKRGETDHHAVSRGSaKLRWFVERNMVT P E G K V 

7810 7820 7830 7840 7650 7860 7870 7880 789C 7900 7910 7920 
GTGGACC'RXiGTTCTGn CACACGACCCTCCT CATACTATTCrCOACCACTAAAGAATGTAAGAUAAGTCAfi ACC CC?AACA AAACCACCACCACCACACCAAGAAC CCAC CC L'CATGTCA 
VDLGCGRGGWSYYCGCLKNVREVKGLTKGGPQHEEPIPMS 

7930 7940 79SC 7960 7970 7980 7990 8000 8010 8G20 8030 3040 
ACATATGGGTCCAATCTACTC OGT OFT CAAAGTGGAU'Pl'GAGG'ri "WCTTCAT CCCGCCAGA A A AGTCTCACACATTATTCTGTG AGATAUGGGAG L'CAT UAC CAAATCC CACAGTGGAA 
TYGWNLVRLQSGVDVi'fr' I PPF. TTCDTLLCDIGKSSPNPTVE 

8050 80G0 907C 8080 8C90 aiDD 8110 8120 8130 814U aisS 31 SO 
GGAGGACGAACaCTCanACTCCTTAACTTACTAGAAAATTCClTGAAGAACAACACrCAATTTTOCATAAaGGTTfrrCAACCCATATATCCCCTCACrCATAGAAAAAATGaAAGCAGTA 
A G R T 1". R V L N L V E N W L N N N T Q fc' C I KVI.NPYMPSV lEKMEAi. 

8170 8180 819C 8200 8210 8220 8230 8240 82b0 8260 8273 8230 
CaaaOGAAATATCGAGGAGGG'ri'AG'lGAUGAATCCAC'l'Cl'GACGAAACTCCACaCATRAnATGTACTCCGTATCGAATGCTTOGGGGAACATAG'l'G'J.'GArCAG'lGAACATGATTTGAACC 
QRKYCCAJjVRUPbSRNB THEMYWV S N A S G N J. V SS S V N M T S R 

8290 8300 8310 8320 833 0 8340 8350 8360 8370 8380 8393 8400 
AraTTGATCAACAGATITACAATGACATACAACAAAGCCAOr'lACGAGCCGC3ATGTTGACCTCGGAAGCGGAACCCGTAACATCCCCATr0AAAG'lX;AUA,!ACCAAAC:Cl,AGATATAATT 
MT, TNRFTMRYKKATYEPDVDT.GSGTRNICIESiilPNl.DTT 

8410 8420 8430 8440 8450 8460 8470 8480 8490 8500 8510 8520 
GGGAAAACAATAGAAAAAATAAAG0AAGAGCATGAAACV\TCATGGCAC7ATGACCAACACCACCCATACAAAACGTGGGCATACCATGGTAGCTATGAAAC.AAAACAGACTGGATCACCA 
GKRIEKT KQEHETSVJHYDQDII P Y KTWAYHGSYF. TXQTGSA 

8530 8540 8550 R56G 8570 8580 8590 8600 8610 8620 8630 8640 
TCATCCATCCTCAAGGGAGTGGTCAGGCTGCTBACAAAACfrrTnGGaCGTORTCr;CCATGGTCACACAGATGGCAAUGAGAGACACGACrCCA"rTTGGACAArAGCGOBTTTr'TaaaGAG 
SSMVNGVVULLTKPWDVVPMVTQMAMTDTTPFGQQHVFKE 

8650 8660 8670 8680 8690 8700 8710 8720 8730 8740 6750 8 760 
AAAGTGGACACGAGAACCCaaGaArCGAaACAACCCACCAACAAACTAATGAAAATAACAGGAGAG-lGGeriTGGAAAGAATTAGOGaaGaaaAAnACACCCACCATCTCCACCAGAGAA 
KVDTRTQEPKEG TKKLMKITABWI.WKRT. GKKKTPRMCTRE 

6770 8780 8790 3B0!) 6610 8820 8830 8B40 8850 8860 Sfi70 6860 
GAATTCACAACAAACCTCACAACCAATCCAGCCrrGGGUGGCGl'A,.'l'CALTGA7GAC3AACAAGTGGAAGTOCCCACCTCACCCTCTTCAACATACTAGCTTTTauaAGG,-GG'lTaACAAG 
KPTRKVRSNAALGAVfTDF. NKHKSAREAVEDSRFWEI.VDK 

I 
Additional NS5-412 Ile-to-Val (nt-6803 A-to-G) mutation in master and pre-master seed 

8890 8900 8910 8920 8 93 0 8 94 0 8 950 8 9 60 8970 0980 6990 9D00 
GAAAGGAATCTCCATCTTCAACCAAACTCTG AAACATGTGTGTACAACATGA'iGUGAAAAAGAGAGAAGAAGCTAGGGGAA TTCGGCA AOC CAAAACC CACCACACCCATATGGTACA1XJ 
ERNLIILKGKCETCVYNMMGKREKKLGEFGKAKGSRATWYM 

9010 9020 9030 9040 9C50 9060 9070 9080 9090 9100 9110 9120 
TGGCTTGGAGCACGCTTCTTACAGm'GAAGCCCl'AGGArrcrrAAA^OAArJATCACTGGTTCTCCAGAGAGAACTCCCTCACTCGAGTOGAAGGAGAAGGGClGCACAAGCTI'AGGTTAC 
NLGARFLEFEAL GFT. NEDHHFSRENSLSCVEGEGLH KT. Gr 

9130 9140 9150 9160 9170 9180 9190 9200 9210 922C 923 0 924 0 
ArrCTAAGAGACGTGAGCAACAAACACGGAGGAGCAArGTArGCCGATGACACOGCAGGATGGGATACAAGAATCACACTAGAAGACCTAAAAAATCAAGAAATGGTAACAAACCACATG 
ILRDVSKKEGGAMYADD TAGWDT KITLEDLKNEE KVTWHM 

9250 9260 927C 9280 9299 9300 9310 9320 9330 934 0 9350 9360 
CAAGCAfJ AACACAAGAAACTAGCCC-AGGCCATTTTC A a a fTTA A OCT ACC AAAA CAACGTCG'fGCG'i'GTGCAAAGACCAAt.'ACeAAGAGGCACAGT AATGGACATCATATCGAG A AGAC AC 
ECEHKK1.AISAJFK7, TYQNXVVRVQRPTPRGTVMDirSRRD 

9370 9380 939C 9400 94 10 9420 9430 9440 94b0 9460 9473 9430 
CAAAGAGGTAGrGGACAAGTTGGCACCTATCCACTCAATACrrTCACCAATATGGAAGCCCAACrAA'rCAGACAGaTGGAGGGAGAaRGAGTCTTTaaAACCAITCACCACCTAACAATC 
QKGSGQVGTYGLNTFTNMEAQLIRQMRGF. GVFKSIQ1ILTI 

9490 9500 9510 9520 9530 9540 9550 9560 9570 9580 9593 9600 
ACAGAAUAAATCGClG'rGCAAAACTCGTTAGCAAGAGTjGGGCGCCAAACGTTA'iGAAGAATGGGCA'l'CAGTGGAGA'I'GA'r'l'G'CGTlG'lGAAACCTTTAGATGACAGGTTCGCAAGCGCT 
TEElAVQNKLARVGRERLSRMAlSGDUCVVKPr. DDRFASA 

9610 9620 9630 9640 96b0 9660 9670 96S0 9C90 9700 9710 9720 
TTAACAGCTCTAAATGACATGGGAAAGATrAGCAAACACA'iACAAGAA'rGGGAACCTTCAAGAGGATGGAATGATTGGAOAGAAGTGCCCTTCTGrTCACACCATrTCCATCAGaTAATC 
LTALNI)MGKI.RKI|lC!aWEP5RGWNnWTQVPFC:8HHPlIELi 

9730 9740 9750 9768 9770 97B0 9790 9800 9810 9820 9830 9640 
A'lGAAAGACGGTCGCGTaCTCGTTGTTCCATCTACAAACCAAGA'lGAAC'lGA'rTGGCAGAGGCCGAATCTCCCAAGGAGCAGGGTGGTCTTTGGGRGaGaCGGCCTGrrTCCCCAAGTCr 
MKDGRVT. VVPCRJJQDEL1GRARISQGAGWSI. RF. TACLCKS 

9859 9860 9870 9H83 9890 9900 9910 9920 9930 9940 99b0 9960 
TACOCCCAAATCTCCACCTTGATGTACrTCCAUAUACGCaACCTCaGGOTGncCGCAAATCCTATTrCCTCCCCACTACCATCACATTCCCTTCCAACAAGTCGAACAAGCl'GGl'GCATA 
YAQHWSLMYPHKRDJ. R T. AAHAICSAVPSHWVPTSRTTKS1 

9970 9930 9990 10000 10010 10020 10030 10040 10050 10C60 1C070 10080 
CATGCTAAACATGAATGGATGACAACGGAACACA'i'G'J'rGACAG,rCTGGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACTCCA3TGGAA?CATCGGACGAAATCCGA 
HAKHEWMTTEDMJJTVWTJRVWIQENPHMEDKTPVESWEEIP 

10090 10100 10110 10120 L0130 10140 10150 10160 10170 10180 10190 1D200 
TACTTCGCCAAAACAGAAGACGAA'rGGTGCGGCTCATTGATTGGGTTAACAACCACCGCCAGC'fGGGCAAAGAACA'rCCAACCACCAATAAAi'CAAGTlAGA'rfXICrrATAGGnAATGAA 
YLCKREOQWCGST, TGETSRATWAKNIQAAIROVRSLIGKE 

>3' -NC 
10210 10220 1023C 0240 10250 10260 10270 10280 10290 10300 1031U 1032D 

GAATACACAGATTACATGGCATCCATGAAAACAITCACAAOAGAAGAGGAAGAAGCAGGAGTTCTGTGGTAGAAAGCAAAACTAACA'rOAAAGAAGGCTrAGAAGTCAGGTCGGATTAACC 
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EYTDYMPSMKRFRREEEF. A G V I, W 

10330 10340 10350 10360 10370 1C380 10390 10400 10410 10420 10430 10440 
CATAGTACGGAAAAAACTATCCTACCTGTGAGCCCCG~CrAAGC,ACGTTAAAAGAAGTCA<MC(lATCATAAATGCCATAGCnUX^GIAAACTATCCACCCTCTAGCTCCACCTGAGAAG3 

10450 10460 1047C 10460 10493 10500 10510 10520 10530 1054 0 10550 10560 
TCTAAAAAATCCUUGAGGCCACAAACCATCCAAGCTGTACGCArGGOGTAGTRGACTAGCGGTTAGACX?AGACCCCTCCCTTACAAATCGCAGGAACAAT(XXiUGCCCAAUGCGAGATGA 

10570 10580 1059C 10600 0610 10620 10630 10640 10650 10660 10670 10680 
AGClGTAGTCTCGCTCGAAGGACTAGAGa'l'lAGAUGAGACCCCCCCCAAACAAAAAACACCATATTCACCCTCCCAAACACCACACATCCTnCTGTrTCCTCAGCATCATTCCAGGCACA 

10690 10700 10710 10729 
GAACGCCAGAAAATGGAATGGTGCIG fTGAATCAAC AGC 7T 07 

DENvax-3 Master Virus Seed (MVS) 
[000162] Nucleotide scqucncc of the chimeric viral genome and deduced amino acid 

sequence of the translated protein are provided herein. Most of the prM-E gene (nt-
457 to -2373, underlined) is wild-type (wt) DEN-3 16562 virus-specific; the 
remaining nucleotide scqucncc is DEN-2 PDK-53 virus-specific. The E protein of 
DEN-3 virus has two fewer amino acids than the E protein of DEN-2. Therefore, nt 
position starting fromNgoMTV is 6 nt less than the original DEN-2 PDK-53 nt 
position. All engineered substitutions differ from wt virus (DEN-3 16562 or DEN-2 
16681), as well as extra mutations (changes from engineered cDNA clone) arc 
marked. 

Substitutions Included in the Genome and Proein: 

[000163] Junction sites: 
a. MhiT (nt 451-456): engineered silent mutation, nt-453 A-to-G 
b. NgoMFV (nt 2374-2379): engineered mutations, nt-2375/2376 TG-to-CC 

(resulted in E-480 Val-to-Ala change) 

[000164] D2 PDK-53 virus backbone (change from wt D2 16681): in bold 
a. 5'-noncoding region(NCR)-57 (nt-57 C-to-T): major attenuation iocus (in red) 
b. NS1-53 Gly-to-Asp (nt-2573 G-to-A): major attenuation locus (in red) 
c. NS2A-181 Leu-to-Phe (nt-4012 C-to-T) 
d. NS3-250 Glu-to-Val (nt-5264 A-to-T): major attenuation iocus (in red) 
e. nt-5541 (NS3 gene) T-to-C silent mutation 
f. NS4A-75 Gly-to-Ala (nt-6593 G-to-C) 

* nt-8565 C-to-T silent mutation of PDK-53 is not engineered in the vaccinc virus 

[000165] Engineered mutation in DEN-3 prM-E (change from wt D3 16562) 
a. Engineered nt-552 C-to-T silent mutation: clonc marker 
b. Engineered E-345 His-to-Leu (nt-1970 A-to-T) for efficient replication in 

cultures 

[000166] Additional substitutions found in vaccine seed (0.02% nt different from 
original clone) 

a. E-223 Thr-to-Scr mutation (nt-1603 A-to-T, in bold) 
b. nt-7620 A-to-G silent mutation (in bold) 

KCH-57-V, m !P»K-53 IOCVJB («t m lfi«61tC) 
> 5'-Noncoding Region j > C 

10 20 30 40 50 60 70 80 90 100 
AGTTGTTAGTCTACGTGGACCGACAAAGACAGATTCTTTGAGGGAGCTAAGCTCAATGTAGTTCTAACAGTmTTAATTAGAGAGCAGATCTCTGATGA 

M N 
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110 120 130 140 150 160 170 180 190 200 
ATAACCAACGGAAAAAGGCGAAAAACACGCCTTTCAATATGCTGAAACGCGAGAGAAACCGCGTGTCGACTGTGCAACAGCTGACAAAGAGATTCTCACT 
NQRKKAKNTPFNMLKRERNRVSTVQQLTKRFSL 

210 220 230 240 250 260 270 280 290 300 
TGGAATGCTGCAGGGACGAGGACCATTAAAACIGTTCATGGCCCTGGTGGCGTTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATATTGAAGAGA 
GMLQGRGPLKLFMALVAFLRFLTIPPTAGILKR 

310 320 330 340 350 360 370 380 390 400 
TGGGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGGTTCAGGAAAGAGATTGGAAGGATGCTGAACATCTTGAATAGGAGACGCAGATCTG 
WGTIKKSKAINVLRGFRKEIGRMLNILNRRRRSA 

> prM Beginning of D3 16562 sequence 
410 420 430 440 450 |460 470 480 490 500 

CAGGCATGATCATTATGCTGATrCCAACAGTGATGGCGTTCCATTTAACCagggSgGATGGAGAGCCGCGCATGATTGTGGGGAAGAATGAAAGAGGAAA 
GMIIMLI PTVMAFHLT T""R'"D GE PRMIVGKNERGK 

................. I 
Engineered kitti splicing Gite (nt-453 A-to-G silent mutation) 

510 520 530 540 550 560 570 580 590 600 
ATCCCTACTTTTCAAGACAGCCTCTGGAATCAACATGTGCACACTCATAGCTATGGATCTGGGAGAGATGTGTGATGACACGGTCACTTACAAATGCCCC 
SLLFKTAQGINMCTLIAMDLGEMCDDTVTYKCP 

I 
Silent C-to-T nt mutation as clone marker 

610 620 630 640 650 660 670 680 690 700 
CACATTACCGAAGTGGAGCCTGAAGACATTGACTGCTGGTGCAACCTTACATCGACATGGGTGACTTATGGAACATGCAATCAAGCTGGAGAGCATAGAC 
HITEVEPEDIDCWCNLTSTWVTYGTCNQAGEHRR 

> M 
710 720 730 740 750 760 770 780 790 800 

GCGATAAGAGATCAGTGGCGTTAGCTCCCCATGTTGGCATGGGACTGGACACACGCACTCAAACCTGGATGTCGGCTGAAGGAGCTTGGAGACAAGTCGA 
DKRSVALAPHVGMGLDTRTQTWMSAEGAWRQVE 

810 820 830 840 850 860 870 880 890 900 
GAAGGTAGAGACATGGGCCCTTAGGCACCCAGGGTTTACCATACTAGCCCTATTTCTTGCCCATTACATAGGCACTTCCTTGACCCAGAAAGTGGTTATT 
KVETWA LRHP GFT I LAL F L A H Y I G T £ L TQKVV I 

> E 
910 920 930 940 950 960 970 980 990 1000 

TTTATACTATTAATGCTGGTTACCCCATCCATGACAATGAGATGTGTAGGAGTAGGAAACAGAGATTTTGTGGAAGGCCTATCGGGAGCTACGTGGGTTG 
F I LLMLVT B S MTMR CVGV GNRDFVEGL SGATWVD 

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 
ACGTGGTGCTCGAGCACGGTGGGTGTCTGACTACCATGGCTAAGAACAAGCCCACGCTGGACATAGAGCTTCAGAAGACCGAGGCCACCCAACTGGCGAC 
VVLKHGGCVTTMAKNKPTLDIELQKTEATQLAT 

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 
CCTAAGGAAGCTATGCATTGAGGGAAAAATTACCAACATAACAACCGACTCAAGATGTCCCACCCAAGGGGAAGCGATTTTACCTGAGGAGCAGGACCAG 
LRKLCI E G K I TNITTDSRCPTQGEAI L PEEQDQ 

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 
AACTACGTGTGTAAGCATACATACGTGGACAGAGGCTGGGGAARCGGTTGTGGTTTGTTTGGCAAGGGAAGCTTGGTGACATGCGCGAAATTTCAATGTT 
NYVCKH TYVDRGWGNGCG LF GKGSLVTCAKFQCL 

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 
TAGAATCAATAGAGGGAAAAGTGGTGCAACATGAGAACCTCAAATACACCGTCATCATCACAGTGCACACAGGAGACCAACACCAGGTGGGAAATGAAAC 
ESIEGKVVQHENLKYTVIITVHTGDQHQVGNET 

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500 
GCAGGGAGTCACGGCTGAGATAACACCCCAGGCATCAACCGCTGAAGCCATTTTACCTGAATATGGAACCCTCGGGCTAGAATGCTCACCACGGACAGGT 
QGVTAEITPQAGTAEAILPEYGTLGLECSPRTG 

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 
TTGGATTTCAATGAAATGATCTCATTGACAATGAAGAACAAAGCATGGATGGTACATAGACAATGGTTCTTTGACTTACCCCTACCATGGACATCAGGAG 
LDFNEMISLTMKNKAWMVHRQWFFDLPLPWTSGA 

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 
CTTCAGCAGAAACACCAACTTGGAACAGGAAAGRGCTTCTTGTGACATTTAAAAATGCACATGCAAAAAAGCAAGAAGTAGTTGTTCTTGGATCACAAGA 
SAETPTWNRKELLVTFKNAHAKKQEVVVLGCQE 

I 
Additional E-233 Thr-to-Ser mutation (wt D3 16562: nt-1603 A) in master and pre-master seed 

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 
GGGAGCAATGCATACAGCACTGACAGGAGCTACAGAGATCCAAACCTCAGGAGGCACAAGTATCTTTGCGGGGCACTTAAAATGTAGACTCAAGATGGAC 
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GAMHTALTGATEIQTSGGTSIFAGHLKCRLKMD 

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 
AAATTGGAACTCAAGGGGATGAGCTATGCAATGTGCTTGAGTAGCTTTGTGTTGAAGAAAGAAGTCTCCGAAACGCAGCATGGGACAATACTCATTAAGG 
KLELKGMSYAMCLS SFVL KKEVS ETQHGTI LI KV 

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
TTGAGTACAAAGGGGAAGATGCACCCTGCAAGATTCCTTTCTCCACGGAGGATGGACAAGGAAAAGCTCTCAATGGCAGACTGATCACAGCCAATCCAGT 
EYKGEDAPCKIPFSTEDGQGKALNGRLITANPV 

Engineered E-345 His-to-Leu (wt D3 16562: nt-1970-A) for efficient growth 

2010 2020 2030 2040 20S0 2060 2070 2080 2090 2100 
GGTGACCAAGAAGGAGGAGCCTGTCAACATTGAGGCTGAACCTCCTTTTGGAGAAAGTAACATAGTAATTGGAATTGGAGACAAAGCCCTGAAAATCAAC 
VTKKEE PVNI EAEP P F G E S NIVI GT GDKALKIN 

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200 
TGGTACAAGAAGGGAAGCTCGATTGGGAAGATGTTCGAGGCCACrCCCACACGTGCAAGGCGCATGGCCATCTTGGGAGACACAGCCTGGGACTTTGGAT 
HVKKGSS IGKMF EATARGARRMA I LGDTAW DFGS 

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300 
CAGTGGGTGGTGTTTTGAATTCATTAGGGAAAATGGTCCACCAAATATTTGGGAGTGCTTACACAGCCCTATTTGGTGGAGTCTCCTGGATGATGAAAAT 
VGGVLNSLGKMVHQIFGSAYTALFGGV5WMMKI 

End o£ D3 16562 sequence 
2310 2320 2330 2340 2350 2360 2370 | 238D 2390 2400 

TGGAATAGGTGTCCTCTTAACCTGGATAGGGTTGAACTCAAAAAATACTTCTATGTCATTrrCATGCATCGCGGCeSGgATTGTGACACTGTATTTGGGA 
GIGVLLTWI GLNSKNTSMS FSCIAA GI VTLYLG 

I 
Engineered splicing site, £-480 Val-to-Ala (nt-2375/2376 TQ-to-CC) 

> NS1 
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 

GTCATGGTGCAGGCCGATAGTGGTTGCGTTGTGAGCTGGAAAAACAAAGAACTGAAATGTGGCAGTGGGATTTTCATCACAGACAACGTGCACACATGGA 
VMVQADSGCVVSWKNKEL KCGSG I F ITDNVHTWT 

2510 2520 2530 2540 2550 2560 2570 2580 2590 2600 
CAGAACAATACAAGTTCCAACCAGAATCCCCTTCAAAACTAGCTTCAGCTATCCAGAAAGCCCATGAAGAGGACATTTGTGGAATCCGCTCAGTAACAAG 
EQYKFQPESPSKLASAIQKAHEESICGIRSVTR 

D? P.OK-S2 K3X~a3"fcep afctosmafcioo locus (wt. D3 ISS31s Gly, ut-2573-G) 

2610 2620 2630 2640 2650 2660 2670 2680 2690 2700 
ACTGGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCACATTCTATCAGAAAATGAGGTGAAGTTAACTATTATGACAGGAGACATCAAAGGA 
LENLMWKQITPELNHIL SENEVKLTIMTGD I KG 

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800 
ATCATGCAGGCAGGAAAACGATCTCTGCGGCCTCAGCCCACTGAGCTGAAGTATTCATGGAAAACATGGGGCAAAGCAAAAATGCTCTCTACAGAGTCTC 
IMQAGKRSLRPQPTELKYSWKTWGKAKMLSTESH 

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900 
ATAACCAGACCTTTCTCATTGATGGCCCCGAAACAGCAGAATGCCCCAACACAAATAGAGCTTGGAATTCGTTGGAAGTTGAAGACTATGGCTTTGGAGT 
NQTFLIDGPETAECPNTNRAWNSLEVEDYGFGV 

2910 2.920 2930 2940 2950 2960 2970 2980 2990 3000 
ATTCACCACCAATATATGGCTAAAATTGAAAGAAAAACAGGATGTATTCTGCGACTCAAAACTCATGTCAGCGGCCATAAAAGACAACAGAGCCGTCCAT 
FTTNIWLKLKEKQDVFCDS KLMSAAI KDWRAVH 

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 
GCCGATATGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATAGAGAAAGCCTCTTTCATTGAAGTTAAAAACTGCCACTGGCCAAAATCAC 
ADMGYW I ESALNDTWKI ERAS FI EVKNCHWPKSH 

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200 
ACACCCTCTGGAGCAATGGAGTGCTAGAAAGTGAGATGATAATTCCAAAGAATCTCGCTGGACCAGTGTCTCAACACAACTATAGACCAGGCTACCATAC 
TLWSNGVLES EMI I P K N LAG PVSQHNYRPGYHT 

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300 
ACAAATAACAGGACCATGCCATCTAGGTAAGCTTGAGATGGACTTTGATTTCTGTGATGGAACAACACTGGTAGTGACTGAGGACTGCGGAAATAGAGGA 
QITGPWHLGKLEMDFDFCDGTTVVVTEDCGNRG 

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400 
CCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCTGCCGATCTTGCACATTACCACCGCTAAGATACAGAGGTGAGGATGGGT 
PSLRTTTASGKLITEWCCRSCTLPPLRYRGEDGC 

> NS2A 
3410 3420 3430 3440 3450 3460 3470 3480 3490 3500 
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GCTGGTACGGGATGGAAATCAGACCATTGAAGGAGAAAGAAGAGAATTTGGTCAACTCCTTGGTCACAGCTGGACATGGGCAGGTCGACAACTTTTCACT 
WYGMEI RP LKEKEENLVN S LVTAGHGQVDNFSL 

3510 3520 3530 3540 3550 3560 3570 3580 3590 3600 
AGGAGTCTTGGGAATGGCATTGTTCCTGCACCAAATGCTTAGGACCCGAGTAGCAACGAAACATGCAATACTACTAGTTGCAGTTTCTTTTGTGACATTG 
GVLGMALFLEEMLRTRVGT KHAI LLVAVSFVTL 

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700 
ATCACAGGGAACATGTCCTTrAGAGACCTGGGAAGAGTGATGGTTATGGTAGGCGCCACTATGACGGATGACATAGGTATGGGCGTGACTTATCTTGCCC 
ITGNMSFRDLGRVMVMVGATMTDDIGMGVTYLAL 

3710 3720 3730 3740 3750 3760 3770 3780 3790 3800 
TACTAGCAGCCTTCAAAGTCAGACCAACTITTTGCAGCTGGACTACTCTTGAGAAAGCTGACCTCCAAGGAATTGATGATGACTACTATAGGAATTGTACT 
LAAFKVRPTFAAGLLLRKLTSKELMMTTIGIVL 

3810 3820 3830 3840 3850 3860 3870 3880 3890 3900 
CCTCTCCCAGAGCACCATACCAGAGACCATTCTTGAGTrGACTGATGCGTTAGCCTTAGGCATGATGGTCCTCAAAATGGTGAGAAATATGGAAAAGTAT 
LSQSTIPETILELTDALALGMMVLKMVRNMEKY 

3910 3920 3930 3940 3950 3960 3970 3980 3990 4000 
CAATTGGCAGTGACTATCATGGCTATCTTGTGCGTCCCAAACGCAGTGATATTACAAAACGCATGGAAAGTGAGTTGCACAATATTGGCAGTGGTGTCCG 
QLAVT I MAI L CV PN AVI LQNAWKVSCTI LAVVSV 

4010 4020 4030 4040 4050 4060 4070 4080 4090 4100 
TTTCCCCACTGTTCTTAACATCCTCACAGCAAAAAACAGATTGGATACCATTAGCATTGACGATCAAAGGTCTCAATCCAACAGCTATTTTTCTAACAAC 
SPLFLTSSQQKTDWIPLALTIKGLNPTAIFLTT 

D2 PDK-53 specific NS2A-181-Phe (wt D2 16681: Leu, nt-4012-C) 

> NS2B 
4110 4120 4130 4140 4150 4160 4170 4180 4190 4200 

CCTCTCAAGAACCAGCAAGAAAAGGAGCTGGCCATTAAATGAGGCTATCATGGCAGTCGGGATGGTGAGCATTTTAGC CAGTT CTCTC CTAAAAAATGAT 
LSRTSKKRSWPLNEAIMAVGMVS I LASSLLKND 

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300 
ATTCCCATGACAGGACCATTAGTGGCTGGAGGGCTCCTCACTGTGTGCTACGTGCTCACTGGACGATCGGCCGATTTGGAACTGGAGAGAGCAGCCGATG 
IPMTGPLVAGGLLTVCYVLTGRSADLELERAADV 

4310 4320 4330 4340 4350 4360 4370 4380 4390 4400 
TCAAATGGGAAGACCAGGCAGAGATATCAGGAAGCAGTCCAATCCTGTCAATAACAATATCAGAAGATGGTAGCATGTCGATAAAAAATGAAGAGGAAGA 
KWEDQAEISGSSPILSITISEDGSMSIKNEEEE 

4410 4420 4430 4440 4450 4460 4470 4480 4490 4500 
ACAAACACTGACCATACTCATTAGAACAGGATTGCTGGTGATCTCAGGACTTTTTCCTGTATCAATACCAATCACGGCAGCAGCATGGTACCTGTGGGAA 
QTLTIL IRTGLLVI SGL F PVS I P ITAAAWYLWE 

> NS3 
4510 4520 4530 4540 4550 4560 4570 4580 4590 4600 

GTGAAGAAACAACGGGCCGGAGTATTGTGGGATGTTCCTTCACCCCCACCCATGGGAAAGGCTGAACTGGAAGATGGAGCCTATAGAATTAAGCAAAAAG 
VKKQRAGVLWDVPSPPPMGKAELEDGAYRIKQKG 

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700 
GGATTCTTGGATATTCCCAGATCGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCATGTCACACGTGGCGCTGTTCTAATGCATAAAGG 
ILGYSQIGAGVYKEGTFHTMWHVTRGAVLMHKG 

4710 4720 4730 4740 4750 4760 4770 4780 4790 4800 
AAAGAGGATTGAACCATCATGGGCGGACGTCAAGAAAGACCTAATATCATATGGAGGAGGCTGGAAGTTAGAAGGAGAATGGAAGGAAGGAGAAGAAGTC 
KRIEPSWADVKKDLISYGGGWKLEGEWKEGEEV 

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900 
CAGGTATTGGCACTGGAGCCTGGAAAAAATCCAACACCCGTCCAAACGAAACCTGGTCTTTTCAAAACCAACGCCGGAACAATAGGTGCTGTATCTCTGG 
QVLALEPGKNPRAVQTKPGLFKTNAGTIGAVSLD 

4910 4920 4.930 4.940 4950 4.960 4970 4980 4990 5000 
ACTTTTCTCCTGGAACGTCAGGATCTCCAATTATCGACAAAAAAGGAAAAGTTGTGGGTCTTTATGGTAATGGTG1TGTTACAAGGAGTGGAGCATATGT 
FSPGTSGSPIIDKKGKVVGLYGNGVVTRSGAYV 

5010 5020 5030 5040 5050 5060 5070 5080 5090 5100 
GAGTGCTATAGCCCAGACTGAAAAAAGCATTGAAGACAACCCAGAGATCGAAGATGACATTTTCCGAAAGAGAAGACTGACCATCATGGACCTCCACCCA 
SAIAQTEKSI EDNPEIEDD I F RKRRLTI MDLHP 

5110 5120 5130 5140 5150 5160 5170 5180 5190 5200 
GGAGCGGGAAAGACGAAGAGATACCTTCCGGCCATAGTCAGAGAAGCTATAAAACGGGGTTTGAGAACATTAATCTTGGCCCCCACTAGAGTTGTGGCAG 
GAGKTKRYLPAIVREAI KRGL RTLI LAPTRVVAA 
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5210 5220 5230 5240 5250 5260 5270 5280 5290 5300 
CTGAAATGGAGGAAGCCCTTAGAGGACTTCCAATAAGATACCAGACCCCAGCCATCAGAGCTGTGCACACCGGGCGGGAGATTGTGGACCTAATGTGTCA 
EMEEALRGLPIRYQTPAI RAVHTGRE IVDLMCH 

j 
V2 PDK-53 WS3-250«V'K1 stceauatioa locus 15*51: Glu, nt-5270-A) 

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400 
TGCCACATTTACCATGAGGCTGCTATCACCAGTTAGAGTGCCAAACTACAACCTGATTATCATGGACGAAGCCCATTTCACAGACCCAGCAAGTATAGCA 
ATFTMRLLSPVRVPNYNLI IMDEAHFTDPASIA 

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500 
GCTAGAGGATACATCTCAACTCGAGTGGAGATGGGTGAGGCAGCTGGGATTTTTATGACAGCCACTCCCCCGGGAAGCAGAGACCCATTTCCTCAGAGCA 
ARGYI STRVEMGEAAGI FMTATP PGSRDPF PQSH 

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600 
ATGCACCAATCATAGATGAAGAAAGAGAAATCCCTGAACGCTCGTGGAATTCCGGACATGAATGGGTCACGGATTTTAAAGGGAAGACTGTTTGGTTCGT 
APIIDEEREIPERSWNSGHEWVTDFKGKTVWFV 

I 
D2 PDK-53 silent mutation nt-5541-C (D2 16681: T) 

5610 5620 5630 5640 5650 5660 5670 5680 5690 5700 
TCCAAGTATAAAAGCAGGAAATGATATAGCAGCTrGCCTGAGGAAAAATGGAAAGAAAGTGATACAACTCAGTAGGAAGACCTTTGATTCTGAGTATGTC 
PS1 KAGNDIAACLRKNGKKVI QLSRKTFDS EYV 

5710 5720 5730 5740 5750 5760 5770 5780 5790 5800 
AAGACTAGAACCAATGATTGGGACTTCGTGGTTACAACTGACATTTCAGAAATGGGTGCCAATTTCAAGGCTGAGAGGGTTATAGACCCCAGACGCTGCA 
KTRTNDWDFVVTTDISEMGANFKAERVIDPRRCM 

5810 5820 5830 5840 5850 5860 5870 5880 5890 5900 
TGAAACCAGTCATACTAACAGATGGTGAAGAGCGGGTGATTCTGGCAGGACCTATCCCAGTGACCCACTCTAGTGCAGCACAAAGAAGAGGGAGAATAGG 
KPVI LTDGEERVI LAG PM PVTHSSAAQRRGRI G 

5910 5920 5930 5940 5950 5960 5970 5980 5990 6000 
AAGAAATCCAAAAAATGAGAATGACCAGTACATATACATGGGGGAACCTCTGGAAAATGATGAAGACTGTGCACACTGGAAAGAAGCTAAAATGCTCCTA 
RNPKNENDQYIYMGEPLENDEDCAHWKEAKMLL 

6010 6020 6030 6040 6050 6060 6070 6080 6090 6100 
GATAACATCAACACGCCAGAAGGAATCATTCCTAGCATGTTCGAACCAGAGCGTGAAAAGGTGGATGCCATTGATGGCGAATACCGCTTGAGAGGAGAAG 
DNINTPEGI I PSMF EPERE KVDAIDGEYRLRGEA 

6110 6120 6130 6140 6150 6160 6170 6180 6190 6200 
CAAGGAAAACCTTTGTAGACTTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAGAAGGTG 
RKTFVDLMRRGDLPVWLAYRVAAEGINYADRRW 

6210 6220 6230 6240 6250 6260 6270 6280 6290 6300 
GTGTTTTGATGGAGTCAAGAACAACCAAATCCTAGAAGAAAACGTGGAAGTTGAAATCTGGACAAAAGAAGGGGAAAGGAAGAAATTGAAACCCAGATGG 
CFDGVKNNQI LEENVEVEI WTKEGERKKLKPRW 

> NS4A 
6310 6320 6330 6340 6350 6360 6370 6380 6390 6400 

TTGGATGCTAGGATCTATTCTGACCCACTGGCGCTAAAAGAATTrAAGGAATTTGCAGCCGGAAGAAAGTCrCTGACCCTGAACCTAATCACAGAAATGG 
LDARIYSDPLALKEFKEFAAGRKSLTLNLITEMG 

6410 6420 6430 6440 6450 6460 6470 6480 6490 6500 
GTAGGCTCCCAACCTTCATGACTCAGAAGGCAAGAGACGCACTGGACAACTTAGCAGTGCTGCACACGGCTGAGGCAGGTGGAAGGGCGTACAACCATGC 
RLPTFMTQKARDALDMLAVLHTAEAGGRAYNHA 

6510 6520 6530 6540 6550 6560 6570 6580 5590 6600 
TCTCAGTGAACTGCCGGAGACCCTGGAGACATTGCTTTTACTGACACTTCTGGCTACAGTCACGGGAGGGATCTTTTTATTCTTGATGAGCGCAAGGGGC 
LSELPETLETLLLLTLLATVTGGIFLFLMQARG 

D2 PDK-53 specific NS4A-75-Ala (wt D2 16681: Gly, nt-6599-G) 

6610 6620 6630 6640 6650 6660 6670 6680 6690 6700 
ATAGGGAAGATGACCCTGGGAATGTGCTGCATAATCACGGCTAGCATCCTCCTATGGTACGCACAAATACAGCCACAOTGGATAGCAGCTTCAATAATAC 
IGKMTLGMCCIITASILLWYAQIQPHWIAASIIL 

6710 6720 6730 6740 6750 6760 6770 6780 6790 6800 
TGGAGTTTTTTCTCATAGTTTTGCTTATTCCAGAACCTGAAAAACAGAGAACACCCCAAGACAACCAACTGACCTACGTTGTCATAGCCATCCTCACAGT 
EFFLIVLLIPEPEKQRTPQDNQLTYVVIAILTV 

> NS4B 
6810 6820 6830 6840 6850 6860 6870 6880 6890 6900 

GGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTAGAAAAAACGAAGAAAGATCTCGGATTGGGAAGCATTGCAACCCAGCAACCCGAGAGCAACATC 
VAATMANEMGFLEKTKKDLGLGSIATQQPESNI 

6910 6920 6930 6940 6950 6960 6970 6980 6990 7000 
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CTGGACATAGATCTACGTCCTGCATCAGCATGGACGCTGTATGCCCTGGCCACAACATTTGTTACACCAATGTTGAGACATAGCATTGAAAATTCCTCAG 
LDIDT. RPASAWTLYAVATTFVTPMLRHSIENSSV 

7010 7020 7030 7040 7050 7050 7070 70S0 7090 7100 
TGAATGTGTCCCTAACAGCTATAGCCAACCAAGCCACAGTGTTAATGGGTCTCGGGAAAGGATGGCCATTGTCAAAGATGGACATCGGAGTTCCCCTTCT 
NVSLTAIANQATVLMGLGKGWPLSKMD1GVPLL 

7110 7120 7130 7140 7150 7160 7170 7180 7190 7200 
CGCCATTGGATGCTACTCACAAGTCAACCCCATAACTCrCACAGCAGCTCTTTTCTTATTGGTAGCACATTATGCCATCATAGGGCCAGGACTCCAAGCA 
AIGCYSQVNPITLTAALFLLVAHYAIIGPGLQA 

7210 7220 7230 7240 7250 7260 7270 7280 7290 7300 
AAAGCAACCACmGAAGCTCAGAAAAGAGCAGCGGCGGGCATCATGAAAAACCCAACTGTCGATGGAATAACAGTGATTGACCTAGATCCAATACCTTATG 
KATREAQKRAAAGI MKN P TVDGI TVI DLD P I P YD 

7310 7320 7330 7340 7350 7360 7370 7380 7390 7400 
ATCCAAAGTTTGAAAAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCTGCGTGACTCAAGTATTGATGATGAGGACTACATGGGCTCTGTGTGAGGCTTT 
PKFEKQLGQVMLLVLCVTQVLMMRTTWALCEAL 

7410 7420 7430 7440 7450 7460 7470 7480 7490 7500 
AACCTTAGCTACCGGGCCCATCTCCACATTGTGGGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCGGTGTCAATGGCTAACATTTTTAGAGGG 
TLATGPI STLWEGNPGRFWNTTI AVSMANI FRG 

> NS5 
7510 7520 7530 7540 7550 7560 7570 7580 7590 7600 

AGTTACTTGGCCGGAGCTGGACTTCTCTTTTCTATTATGAAGAACACAACCAACACAAGAAGGGGAACTGGCAACATAGGAGAGACGCTTGGAGAGAAAT 
SYLAGAGLLFSIMKNTTNTRRGTGNIGETLGEKW 

7610 7620 7630 7640 7650 7660 7670 7680 7690 7700 
GGAAAAGCCGATTGAACG CGTTGGGAAAAAGTGAATTCC AGATCTACAAG AAAAGTGGAATCCAGGAAGTGGAT AGAAC CTTAGCAAAAG AAGC CATTAA 
KSRLNALGKSEFQIYKKSGI QEVDRTLAKEGI K 

I 
Additional nt-7260 A-to-G silent mutation in master and pre-master seeds 

7710 7720 7730 7740 7750 7760 7770 7780 7790 7800 
AAGAGGAGAAACGGACCATCACGCTGTGTCGCGAGGCTCAGCAAAACTGAGATGGTTCGTTGAGAGAAACATGGTCACACCAGAAGGGAAAGTAGTGGAC 
RGETDHHAVSRGSAKLRWFVERNMVTPEGKVVD 

7810 7820 7830 7840 7850 7860 7870 7880 7890 7900 
CTCGGTTGTGGCAGAGGAGGCTGGTCATACTATTGTGGAGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACCAGGACACGAAGAAC 
LGCGRGGWSYYCGGLKNVREVKGLTKGGPGHEEP 

7910 7920 7930 7940 7950 7960 7970 79B0 7990 8000 
CCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTTCAAAGTGGAGTTGACGTTTTCTTCATCCCGCCAGAAAAGTGTGACACATTATTGTGTGA 
I PMSTYGWNLVRLQSGVDVFFI PPEKCDTLLCD 

8010 8020 8030 8040 8050 8060 8070 8080 8090 8100 
CATAGGGGAGTCATCACCAAATCCCACAGTGGAAGCAGGACGAACACTCAGAGTCCTTAACTTAGTAGAAAATTGGTTGAACAACAACACTCAATTTTGC 
IGESSPNPTVEAGRTLRVIiNLVENWLNNNTQFC 

8110 8120 8130 8140 8150 8160 8170 > 8180 8190 8200 
ATAAAGGTTCTCAACCCATATATGCCCTCAGTCATAGAAAAAATGGAAGCACTACAAAGGAAATATGGAGGAGCCTTAGTGAGGAATCCACTCTCACGAA 
IKVLNPYMPSVIEKMEALQRKYGGALVRNPLSRN 

8210 8220 8230 8240 8250 8260 8270 8280 8290 8300 
ACTCCACACATGACATGTACTGGGTATCCAATGCTTCCGCCAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGATCAACAGATTTACAATGAG 
STHEMYWVSNASGNIV SSVNMI SRMLINRFTMR 

8310 8320 8330 8340 8350 8360 8370 8380 8390 8400 
ATACAAGAAAGCCACTTACGAGCCGGATGTTGACCTCGGAAGCGGAACCCGTAACATCGGGATTGAAAGTGAGATACCAAACCTAGATATAATTGGGAAA 
YKKATYEPDVDLGSGTRNI GI ESEI PNLDI IGK 

8410 8420 8430 8440 8450 8460 8470 8480 8490 B500 
AGAATAGAAAAAATAAAGCAAGAGCATGAAACATCATGGCACTATGACCAAGACCACCCATACAAAACGTGGGCATACCATGGTAGCTATGAAACAAAAC 
RIEKIKQEHETSWHYDQDHPYKTWAYHGSYETKQ 

8510 8520 8530 8540 8550 8560 8570 8580 8590 8600 
AGACTGGATCAGCATCATCCATGGTCAACGGAGTGGTCAGGCTGCTGACAAAACCTTGGGACGTCGTCCCCATGGTGACACAGATGGCAATGACAGACAC 
TGSASSMVNGVVRLLTKPWDVVPMVTQMAMTDT 

8610 8620 8630 8640 8650 8660 8670 8680 8690 8700 
GACTCCATTTGGACAACAGCGCGTTTTTAAAGAGAAAGTGGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGAAACTAATGAAAATAACAGCAGAG 
TPFGQQRVFKEKVDTRTQEPECEGTKKLMKITAE 

8710 8720 8730 8740 8750 8760 8770 8780 8790 B800 
TGGCTTTGGAAAGAATTAGGGAAGAAAAAGACACCCAGGATGTGCACCAGAGAAGAATTCACAAGAAAGGTGAGAAGCAATGCAGCCTTGGGGGCCATAT 
WLWKELGKKKTPRMCTREEFTRKVRSNAALGAIF 
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8810 8820 8830 8840 8850 8860 8870 8880 8890 8900 
TCACTGATGAGAACAAGTGGAAGTCGGCACGTGAGGCTGTTGAAGATAGTAGGTTTTGGGAGCTGGTTGACAAGGAAAGGAATCTCCATCTTGAAGGAAA 
TDEN KW KSAREAVEDS R F W E LVDKERNLHL EGK 

8910 8920 8930 8940 89S0 8950 8970 8980 8990 9000 
GTGTGAAACATGTGTGTACAACATGATGGGAAAAAGAGAGAAGAAGCTAGGGGAATTCGGCAAGGeAAAAGGCAGCAGAGCCATATGGTACATGTGGCTT 
CETCVYNMMGKREKKLG E F GKAKGSRA I WYMWL 

9010 9020 9030 9040 9050 9060 9070 9080 9090 9100 
GGAGCACGCTTCTTAGAGTTTGAAGCCCTAGGATTCTTAAATGAAGATCACTCGTTCTCCAGAGAGAACTCCCTGAGTGGAGTGGAAGGAGAAGGGCTGC 
GARFL EFEALGF LNEDHW F SREN SLSGVEGEGLH 

9110 9120 9130 9140 9150 9160 9170 9180 9190 9200 
ACAAGCTAGGTTACATTCTAAGAGACGTGAGCAAGAAAGAGGGAGGAGCAATGTATGCCGATGACACCGCAGGATGGGATACAAGAATCACACTAGAAGA 
KLGYILRDVSKKEGGAMYADDTAGWDTRITLED 

9210 9220 9230 9240 9250 9260 9270 9280 9290 9300 
CCTAAAAAATGAAGAAATGGTAACAAACCACATGGAAGGAGAACACAAGAAACTAGCCGAGGCCATTTTCAAACTAACGTACCAAAACAAGGTGGTGCGT 
LKNEEMVTNHMEGEHKKLAEAIFKLTYQNKVVR 

9310 9320 9330 9340 9350 9360 9370 9380 9390 9400 
GTGCAAAGACCAACACCAAGAGGCACAGTAATGGACATCATATCGAGAAGAGACCAAAGAGGTAGTGGACAAGTTGGCACCTATGGACTCAATACTTTCA 
VQRPTPRGTVMDIISRRDQRGSGQVGTYGLNTFT 

9410 9420 9430 9440 94 50 9460 9470 9480 9490 9500 
CCAATATGGAAGCCCAACTAATCAGACAGATGGAGGGAGAAGGAGTCTTTAAAAGCATTCAGCACCTAACAATCACAGAAGAAATCGCTGTGCAAAACTG 
NMEAQL IRQMEGEGVF KS I QHLTI TEE I AV QNW 

9510 9520 9530 9540 9550 9560 9570 9580 9590 9600 
GTTAGCAAGAGTGGGGCGCGAAAGGTTATCAAGAATGGCCATCAGTGGAGATGATTGTGTrGTCAAACCTTTAGATGACAGGTTCGCAAGCGCTTTAACA 
LARVGRERLSRMAESGDDCVVKPLDDRFASALT 

9610 9620 9630 9640 9650 9660 9670 9680 9690 9700 
GCTCTAAATGACATGGGAAAGATTAGCAAAGACATACAACAATGGGAACCTTCAAGAGGATGGAATGATTGGACACAAGTGCCCTTCTGTTCACACCATT 
ALNDMGKIRKDIQQWEPSRGWNDWTQVPFCSHHF 

9710 9720 9730 9740 9750 9760 9770 9780 9790 9800 
TCCATGAGTTAATCATGAAAGACGGTCGCGTACTCGTTGTTCCATGTAGAAACCAAGATGAACTGATTGGCAGAGCCCGAATCTCCCAAGGAGCAGGGTG 
HELIMKDGRVLVVPCRNQDELIGRARISQGAGW 

9810 9820 9830 9840 9850 9860 9870 9880 9890 9900 
GTCTTTGCGGGAGACGGCCTGTTTGGGGAAGTCTTACGCCCAAATGTGGAGCTTGATGTACTTCCACAGACGCGACCTCAGGCTGGCGGCAAATGCTATT 
SLRETACLGKSYAQMWSLMYFHRRDLRLAANAI 

9910 9920 9930 9940 9950 9960 9970 9980 9990 10000 
TGCTCGGCAGTACCATCACATTGGGTTCCAACAAGTCGAACAACCTGGTCCATACATGCTAAACATGAATGGATGACAACGGAAGACATGCTGACAGTCT 
CSAVPSHWVPTSRTTWS I HAKHEWMTTEDMLTVW 

10010 10020 10030 10040 10050 10060 10070 10080 10090 10100 
GGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACTCCAGTGGAATCATGGGAGGAAATCCCATACTTGGGGAAAAGAGAAGACCAATG 
NRVWIQENPWMEDKTPVESWEEIPYI.GKREDQW 

10110 10120 10130 10140 10150 10160 10170 10180 10190 10200 
GTGCGGCTCATTGATTGGGTTAACAAGCAGGGCCACCTGGGCAAAGAACATCCAAGCAGCAATAAATCAAGTTAGATCCCTTATAGGCAATGAAGAATAC 
CGSLIGLTSRATWAKNI QAA I NQVRSLI GNEEY 

> 3•-Noncoding Region 
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300 

ACAGATTACATGCCATCCATGAAAAGATTCAGAAGAGAAGAGGAAGAAGCAGGAGTTCTCTGGTAGAAAGCAAAACTAACATGAAACAAGGCTAGAAGTC 
TDYMPSMKRFRREE EEAGVLW * 

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400 
AGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGTGAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCATAAATGCCATAGCTTGAG 

10410 10420 10430 10440 10450 10460 10470 10480 10490 10500 
TAAACTATGCAGCCTGTAGCTCCACCTGAGAAGGTGTAAAAAATCCGGGAGGCCACAAACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGCGGTTAG 

10510 10520 10530 10540 10550 10560 10570 10580 10590 10600 
AGGAGACCCCTCCCTTACAAATCGCAGCAACAATGGGGGCCCAAGGCGAGATGAAGCTGTAGTCTCGCTGGAAGGACTAGAGGTTAGAGGAGACCCCCCC 

10610 10620 10630 10640 10650 10660 10670 10680 10690 10700 
GAAACAAAAAACAGCATATTGACGCTGGGAAAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAAAATGGAATGGTGCTG 

10710 
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TTGAATCAACAGGTTCT 

DENvax-4 Master Virus Seed (MVS) 
[000167] Nucleotide sequence of the chimeric viral genome and deduced amino acid 

sequence of the translated protein. Most of the prM-E gene (nt-457 to -2379, 
underlined) is wild-type (wt) DEN-4 1036 virus-specific; the remaining nucleotide 
sequence is DEN-2 PDK-53 virus-specific. All engineered substitutions differ from 
wt virus (DEN-3 16562 or DEN-2 16681), as well as extra mutations (changes from 
engineered cDNA clone) are marked. 

Substitutions Included in the Genome and Protein: 
[000168] Junction sites: 

a. MluT (nt 451-456): engineered silent mutation, nt-453 A-to-G 
b. NgoMIV (nt 2380-2385): engineered mutations, nt-2381/2382 TG-to-CC 

(resulted in E-482 Val-to-Ala change) 

[000169] D2 PDK-53 virus backbone (change from wt D2 16681) 
a. 5'-noncoding region(NCR)-57 (nt-57 C-to-T): major attenuation locus (in red) 
b. NS1-53 Gly-to-Asp (nt-2579 G-to-A): major attenuation locus (in red) 
c. NS2A-181 Leu-to-Phe (nt-4018 C-to-T, in bold) 
d. NS3-250 Glu-to-Val (nt-5270 A-to-T): major attenuation locus (in red) 
c. nt-5547 (NS3 gene) T-to-C silent mutation (in bold) 
f. NS4A-75 Gly-to-Ala (nt-6599 G-to-C, in bold) 

* nt-8571 C-to-T silent mutation of PDK-53 is not engineered in the vaccine virus 

[0001701 Engineered substitutions in cDNA clone 
a. Engineered C-100 Arg-to-Scr (nt-396 A-to-C): may improve viral replication 

in culture 
b. Engineered nt-1401 A-to-G silent mutation 
c. Engineered E-364 Ala-to-Val (nt-2027 C-to-T): may improve viral replication 

in culture 
d. Engineered E-447 Mct-to-Lcu (nt-2275 A-to-C): may improve viral 

replication in culture 

[000171] Additional substitutions found in vaccine seed (0.06% nt different from 
original clone) 

a. nt-225 (C gene) A-to-T silent mutation (in bold) 
b. NS2A-66 Asp-to-Gly (nt-3674 A-to-G) mutation (in bold) 
c. NS2A-99 Lys-to-Lys/Arg mix (nt-3773 A-to-A/G mix, in bold) 
d. nt-5391 C-to-T (NS3 gene) silent mutation (in bold) 
e. NS4A-21 Ala-to-Val (nt-6437 C-to-T, in bold) 
f. nt-7026 T-to-C/T mix silent mutation (in bold) 
g. nt-9750 A-to-C silent mutation (in bold) 

KC'K-5?i!XJK.-S3 &fct«nu&tl«n locus {wt DS l$€6ls Cj 
> 51-Noncoding Region 

10 20 30 40 50 60 70 
>C 

80 .90 100 
ATTAGAGAG CAGATCTCTGATGA 

M N 

110 120 130 180 190 200 
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ATAACCAACGGAAAAAGGCGAAAAACACGCCTTTCAATATGCTGAAACGCGAGAGAAACCGCnTGTCGACTGTGCAACAGCTGACAAAGAGATTCTCACT 
NQRKKAKNTPFNMLKRERNRVSTVQQLTKRFSL 

210 220 230 240 250 260 27-0 280 290 300 
TGGAATGCTGCAGGGACGAGGACCTTTAAAACTGTTCATGGCCCTGGTGGCGTTCCTTCGTTTCCTAACAATCCCACCAACAGCAGGGATATTGAAGAGA 
GMLQGRGPLKLFMALVAFLRFLTIPPTAGILKR 

I 
Additional nt-225 A-to-T silent mutation in master and pre-master seeds 

310 320 330 340 350 360 370 380 390 400 
TGGGGAACAATTAAAAAATCAAAAGCTATTAATGTTTTGAGAGGGTTCAGGAAAGAGATTGGAAGGATGCTGAACATCTTGAATAGGAGACGCAGCTCTG 
WGTIKKSKA1NVLRGFRKE I GRM LNI LN RKRSSA 

I 
Engineered c-100 Arg-to-Ser (nt 396 A-to-C) 

> prM Beginning of D4 103 6 sequence 
410 420 430 440 450 |460 470 480 490 500 

CAGGCATGATCATTATGCTGATTCCAACAGTGATGGCGTTCCATTTT^ACCjVC^CGtGATGGCGAACCCCTCATGATAGTGGCAAAACATGAAAGGGGGAG 
GMIIMIiIPTVMAFHLTTRDGEPLMIVAKHERGR 

I 
Engineered Mluj: splicing site (nt-453 A-to-G silent) 

510 520 530 540 550 560 570 580 590 600 
ACCTCTCTTGTTTAAGACAACAGAGGGGATCAACAAATGCACTCTCATTGCCATGGACTTGGGTGAAATGTGTGAGGACACTGTCACGTATAAATGCCCC 
PLLFKTTBGINKCTLIAMDLGEMCEDTVTYKCP 

610 620 630 640 6 50 660 670 680 690 700 
TTACTGGTCAATACCGAACCTGAAGACATTGATTGCTGGTGCAATCTCACGTCTACCTGGGTCATGTATGGGACATGCACCCAGAGCGGAGAACGGAGAC 
LLVNTEPEDIDCWCNLTSTWVMYGTCTQSGERRR 

> M 
710 720 730 740 750 760 770 780 790 800 

GAGAGAAGCGCTCAGTAGCTTIAACACCACATTCAGGAATGGGATTGGAAACAAGAGCTGAGACATGGATGTCATCGGAAGGGGCTTGGAAGCATGCTCA 
EKRSVALTPHSGMGLETRAETWMSSEGAWKHAQ 

810 820 830 840 850 860 870 880 890 900 
GAGAGTAGAGAGCTGGATACTCAGAAACCCAGGATTCGCGCTCTTGGCAGGATTTATGGCTTATATGATTGGGCAAACAGGAATCCAGCGAACTGTCTTC 
RVESWI LRNPGFALLAG FMAYMIGQTGI QRTVF 

> E 
910 920 930 940 950 960 970 980 990 1000 

TTTGTCCTAATGATGCTGGTCGCCCCATCCTACGGAATGCGATGCGTAGGAGTAGGAAACAGAGACTTTGTGGAAGGAGTCTCAGGTGGAGCATGGGTCG 
FVLMMLVAPSYGMRCVGVGNRDFVEGVSGGAWVD 

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 
ATCTGGTGCTAGAACATGGAGGATGCGTCACAACCATGGCCCAGGGAAAACCAACCTTGGATTTTGAACTGACTAAGACAACAGCCAAGGAAGTGGCTCT 
LVLEHGGCVTTMAQGKPTLDFELTKTTAKEVAL 

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200 
GTTAAGAACCTATTGCATTGAAGCCTCAATATCAAACATAACCACGGCAACAAGATGTCCAACGCAAGGAGAGCCTTATCTAAAAGAGGAACAAGACCAA 
LRTYCI EASISNITTATRC PTQGEPYLKEEQDQ 

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 
CAGTACATTTGCCGGAGAGATGTGGTAGACAGAGGGTGGGGCAATGGCTGTGGCTTGTTTGGAAAAGGAGGAGTTGTGACATGTGCGAAGTTTTCATGTT 
QYICRRDVVDRGNGNGCGLFGKGGVVTCAKFSCS 

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 
CGGGGAAGATAACAGGCAATTTGGTCCAAATTGAGAACCTTGAATACACAGTGGTTGTAACAGTCCACAATGGAGACACCCATGCAGTAGGAAATGACAC 
GKITGNLVQIENLEYTVVVTVHNGDTHAVGNDT 

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500 
QTCCAATCATGGAGTTACAGCCACGATAACTCCCAGCTCACCATCGGTGGAAGTCAAATTGCCGGACTATGCACAACTAACACTCGATTGTGAACCCAGG 
SNHGVTATITPRSPSVEVKLPDYGELTLDCEPR 

Silent nt-1401 A-to-G mutation in engineered clone 

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 
TCTGGAATTGACTTTAATGAGATGATTCTGATGAAAATGAAAAAGAAAACATGGCTTGTGCATAAGCAATGG'ITT.ITGGATCTACCTCTACCATGGACAG 
SG I DFNEM I L M KMKKKT W L VH K QWF LDL PL PWT A 

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700 
CAGGAGCAGACACATCAGAGGTTCACTGGAATTACAAAGAGAGAATGGTGACATTTAAGGTTCCTCATGCCAAGAGACAGGATCTGACAGTGCTGGGATC 
GADTSEVHWNYKERMVTF KV PHAKRQDVTVLGfi 

1710 1720 1730 1740 1750 1760 1770 1780 1790 1800 
TCAGGAAGCACCCATGCATTCTGCCCTCCCTCCAGCCACAGAAGTGGACTCCGGTGATGGAAATCACATGTTTGCAGGACATCTCAAGTGCAAAGTCCGT 
QEGAMHSALAGATEVDSGDGNHMFAGHLKCKVR 
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1810 1820 1830 1840 1850 1860 1870 1880 18.90 1900 
ATGGAGAAATTGAGAATCAAGGGAATGTCATACACGATGTGTTCAGGAAAGTTCTCAATTGACAAAGAGATGGCAGAAACACAGCATGGGACAACAGTGG 
MEKLRI KGMS YTMCflGKFfl I DKEMAETQHG T T V V 

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 
TGAAAGTCAAGTATGAAGGTGCTGGAGCTCCGTGTAAAGTCCCCATAGAGATAAGAGATGTGAACAAGGAAAAAGTGGTTGGGCGTATCATCTCATCCAC 
KVKYEGAGAPCKVP I E I RDVNKEKVVGRI IS ST 

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 
CCCTTTGGCTGAGAATACCAACAGTGTAACCAACATAGAGTTAGAACCCCCCTTTGGGGACAGCTACATAGTGATAGGTGTTGGAAACAGTGCATTAACA 
PLAENTNSVTNIELBPPFGDSYIVIGVGMSALT 

Engineered E-364 Ala-to-Val (nt-2027 C-to-T) to improve viral growth in culture 

2110 2120 2130 2140 2150 2160 2170 2180 2190 2200 
CTCCATTGGTTCAGGAAAGGGAGTTCCATTGGCAAGATGTTTGAGTCCACATACAGAGGTGCAAAACGAATGGCCATTCTAGGTGAAACAGCTTGGGATT 
LHWFRKGSSIGKMFESTYRGAKRMAILGETAWDF 

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300 
TTGGTTCCGTTGGTGGACTGTTCACATCATTGGGAAAGGCTGTGCACCAGGTTTTTGGAAGTGTGTATACAACCCTGTTTGGAGGAGTCTCATGGATGAT 
GSVGGLFTSLGKAVHQVFGSVYTTLFGGVSWMI 

I 
Engineered E-447 Met-to-Leu {nt-2275 A-to-C) mutation 

End of D4 1036 sequence 
2310 2320 2330 2340 2350 2360 2370 | 2390 2400 

TAGAATCCTAATTGGGTTCCTAGTGTTGTGGATTGGCACGAACrCAAGGAACACTTCAATGGCTATGACGTGCATAGCTtjcCgecjATTGTGACACTGTAT 
RILIGF LVLWIGTNSRNTS MAMTCIAAGIVTLY 

Engineered MOMS# splicing site, E-482 Val-to-Ala (nt-2381/2382 TG-to-CC) 

> NS1 
2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 

TTGGGGGTCATGGTGCAGGCCGATAGTGGTTGCGTTGTGAGCTGGAAAAACAAAGAACTGAAATGTGGCAGTGGGATTTTCATCACAGACAACGTGCACA 
LGVMVQAD SG CVVS WKN K E L KCGSGI FI TDNVHT 

2510 2520 2530 2540 2550 2560 2570 2580 2590 2600 
CATGGACAGAACAATACAAGTTCCAACCAGAATCCCC1TCAAAACTAGCTTCAGCTATCCAGAAAGCCCATGAAGAGGACATTTGTGGAATCCGCTCAGT 
WTEQYKFQPESPSKLASAIQKAHEEOICGIRSV 

i 
E>2 Pt'K-;>3 Sv.'Ji.- 53 - Asp t.«yiuation locus (wt 16681s Gly, titr-357S-G) 

2610 2620 2630 2S40 2650 2660 2670 2680 2690 2700 
AACAAGACTGGAGAATCTGATGTGGAAACAAATAACACCAGAATTGAATCACATTCTATCAGAAAATGAGGTGAAGTTAACTATTATGACAGGAGACATC 
TRLENLMWKQITPELNH I L SENEVKLTI MTGDI 

2710 2720 2730 2740 2750 2760 2770 2780 2790 2800 
AAAGGAATCATGCAGGCAGGAAAACGATCTCTGCGGCCTCAGCCCACTGAGCTGAAGTATTCATGGAAAACATGGGGCAAAGCAAAAATGCTCTCTACAG 
KGIMQAGKRSLRPQPTELKYSWKTWGKAKMLSTE 

2810 2820 2830 2840 2850 2860 2870 2880 2890 2900 
AGTCTCATAACCAGACCTTTCTCATTGATGGCCCCGAAACAGCAGAATGCCCCAACACAAATAGAGCTTGGAATTCGTTGGAAGTTGAAGACTATGGCTT 
SHNQTFLIDGPETAECPNTNRAWNfiLEVEDYGF 

2910 2920 2930 2940 2950 2960 . 2970 2980 2990 3000 
TGGAGTATTCACCACCAATATATGGCTAAAATTGAAAGAAAAACAGGATGTATTCTGCGACTCAAAACTCATGTCAGCGGCCATAAAAGACAACAGAGCC 
GVFTTNIWLKLKEKQDVFCDSKLMSAAIKDNRA 

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 
GTCCATGCCGATATGGGTTATTGGATAGAAAGTGCACTCAATGACACATGGAAGATAGAGAAAGCCTCTTTCATTGAAGTTAAAAACTGCCACTGGCCAA 
VHADMGYWIESALNDTWKIEKASFIEVKNCHWPK 

3110 3120 3130 3140 3150 3160 3170 3180 3190 3200 
AATCACACACCCTCTGGAGCAATGGAGTGCTAGAAAGTGAGATGATAATTCCAAAGAATCTCGCTGGACCAGTGTCTCAACACAACTATAGACCAGGCrA 
SHTLWSNGVLESEMIIPKNLAGPVSQHNYRPGY 

3210 3220 3230 3240 3250 3260 3270 3280 3290 3300 
CCATACACAAATAACAGGACCATGGCATCTAGGTAAGCTTGAGATGGACTTTGATTTCTGTGATGGAACAACAGTGGTAGTGACTGAGGACTGCGGAAAT 
HTQITGPWHLGKLEMDFDFCDGTTVVVTEDCGN 

3310 3320 3330 3340 3350 3360 3370 3380 3390 3400 
AGAGGACCCTCTTTGAGAACAACCACTGCCTCTGGAAAACTCATAACAGAATGGTGCTGCCGATCTTGCACATTACCACCGCTAAGATACAGAGGTGAGG 
RGPSLRTTTASGKL ITEWCCRSCTL PPLRYRGED 

> NS2A 
3410 3420 3430 3440 3450 3460 3470 3480 3490 3500 
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ATGGCrcCTGGTACGGGATGGAAATCAGACCATTGAAGGAGAAAGAAGAGAATTTGGTCAACTCCTTGGTCACAGCTGGACATGGGCAGGTCGACAACTT 
GCWYGMEIRPLKEKEENLVNSLVTAGHGQVDNF 

3510 3520 3530 3540 3550 3560 3570 3580 3590 3600 
TTCACTAGGAGTCTTGGGAATGGCATTGTTCCTGGAGGAAATGCTTAGGACCCGAGTAGGAACGAAACATGCAATACTACTAGTTGCAGTTTCTTTTGTG 
SLGVLGMALFLEEMLRTRVGTKHAILLVAVSFV 

3610 3620 3630 3640 3650 3660 3670 3680 3690 3700 
ACATTGATCACAGGGAACATGTCCTTTAGAGACCTGGGAAGAGTGATGGTTATGGTAGGCGCCACTATGACGGGTGACATAGGTATGGGCGTGACTTATC 
TLITGNMSFRDLGRVMVMVGATMTGDIGMGVTYL 

I 
Additional NS2A-66 Asp-to-Gly (nt-367 4 A-to-G mutation) in master and pre-master seeds 

3710 3720 3730 3740 3750 3760 3770 37S0 3790 3800 
TTGCCCTACTAGCAGCCTTCAAAGTCAGACCAACTTTTGCAGCTGGACTACTCTTGAGAAAGCTGACCTCCAGGGAATTGATGATGACTACTATAGGAAT 
ALLAAF KVR PTPAAGLLLR KLTSKELMMTTI GI 

I 
Additional NS2A-99 K to R/K (mix) (nt-3773 A-to-G/A) mutation in master seed 

3810 3820 3830 3840 3850 3860 3870 3880 3890 3900 
TGTACTCCTCTCCCAGAGCACCATACCAGAGACCATTCTTGAGTTGACTGATGCGTTAGCCTTAGGCATGATGGTCCTCAAAATGGTGAGAAATATGGAA 
VLLSQSTI P E T I LELTDALALGMMVLKMVRNME 

3910 3920 3930 3940 3950 3960 3970 3980 3990 4000 
AAGTATCAATTGGCAGTGACTATCATGGCTATCTTGTGCGTCCCAAACGCAGTGATATTACAAAACGCATGGAAAGTGAGTTGCACAATATTGGCAGTGG 
KYQLAVTIMAI LCVPNAVI LQNAWKVSCTI LAVV 

4010 4020 4030 4040 4050 4060 4070 4080 4090 4100 
TGTCCGTTTCCCCACrGTTCTTAACATCCTCACAGCAAAAAACAGATTGGATACCATTAGCATTGACGATCAAAGGTCTCAATCCAACAGCTATTTTTCT 
SVSPLFLTSSQQKTDWIPLALTIKGLNPTAIFL 

I 
D2 PDK-53 specific NS2A-181-Phe (wt D2 16681: Leu, nt-4018-C) 

> NS2B 
4110 4120 4130 4140 4150 4160 4170 4180 4190 4200 

AACAACCCTCTCAAGAACCAGCAAGAAAAGGAGCTGGCCATTAAATGAGGCTATCATGGCAGTCGGGATGGTGAGCATTTTAGCCAGTTCTCTCCTAAAA 
TTLSRTSKKRSWPLNEAIMAVGMVSILASSLLK 

4210 4220 4230 4240 4250 4260 4270 4280 4290 4300 
AATGATATTCCCATGACAGGACCATTAGTGGCTGGAGGGCTCCTCACTGTGTGCTACGTGCTCACTGGACGATCGGCCGATTTGGAACTGGAGAGAGCAG 
NDIPMTGPLVAGGLLTVCYVLTGRSADLELERAA 

4310 4320 4330 4340 4350 4360 4370 4380 4390 4400 
CCGATGTCAAATGGGAAGACCAGGCAGAGATATCAGGAAGCAGTCCAATCCTGTCAATAACAATATCAGAAGATGGTAGCATGTCGATAAAAAATGAAGA 
DVKWEDQAEISGSSPILSITISEDGSMSIKNEE 

4410 4420 4430 4440 4450 4460 4470 4480 4490 4500 
GGAAGAACAAACACTGACCATACTCATTAGAACAGGATTGCTGGTGATCTCAGGACTTTTTCCTGTATCAATACCAATCACGGCAGCAGCATGGTACC-rG 
EEQTLTILIRTGLLVISGL FPVSI P ITAAAWYL 

> NS3 
4510 4520 4530 4540 4550 4560 4570 4580 4590 4600 

TGGGAAGTGAAG AAACAACGGG CCGG AGT ATTGTGGG ATGTT CCTTCACCCCCACCCATGGG AAAGGCTGAACTGGAAGATGGAG C CT ATAGAATT AAGC 
WEVKKQRAGVLWDVPSP P P MG KAELEDGAYRI KQ 

4610 4620 4630 4640 4650 4660 4670 4680 4690 4700 
AAAAAGGGATTCTTGGATATTCCCAGATCGGAGCCGGAGTTTACAAAGAAGGAACATTCCATACAATGTGGCATGTCACACGTGGCGCTGTTCTAATGCA 
KGILGYSQIGAGVYKEGTFHTMWHVTRGAVLMH 

4710 4720 4730 4740 4750 4760 4770 4780 4790 4800 
TAAAGGAAAGAGGATTGAACCATCATGGGCGGACGTCAAGAAAGACCTAATATCATATGGAGGAGGCTGGAAGTTAGAAGGAGAATGGAAGGAAGGAGAA 
KGKRIE PSWADVKKDLI 5YGGGWKLEGEWKEGE 

4810 4820 4830 4840 4850 4860 4870 4880 4890 4900 
GAAGTCCAGGTATTGGCACTGGAGCCTGGAAAAAATCCAAGAGCCGTCCAAACGAAACCTGGTCTTTTCAAAACCAACGCCGGAACAATAGGTGCTGTAT 
EVQVLALE PGKN PRAVQTK PG LFKTNAGTI GAVS 

4910 4920 4930 4940 4950 4960 4970 4980 4990 5000 
CTCTGGACTTTTCTCCTGGAACGTCAGGATCTCCAATTATCGACAAAAAAGGAAAAGTTGTGGGTCTTTATGGTAATGGTGTTGTTACAAGGAGTGGAGC 
LDFSPGTSGSPIIDKKGKVVGLYGNGVVTRSGA 

5010 5020 5030 5040 5050 5060 5070 5080 5090 5100 
ATATGTGAGTGCTATAGCCCAGACTGAAAAAAGCATTGAAGACAACCCAGAGATCGAAGATGACATTTTCCGAAAGAGAAGACTGACCATCATGGACCTC 
YVSATAQTEKSI EDNPE IEDD IFRKRRLTI MDL 
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5110 5120 5130 5140 5150 5160 5170 5180 5190 5200 
CACCCAGGAGCGGGAAAGACGAAGAGATACCTTCCGGCCATAGTCAGAGAAGCTATAAAACGGGGTTTGAGAACATTAATCTTGGCCCCCACTAGAGTTG 
HPGAGKTKRYLPAIVREAIKRGLRTLILAPTRVV 

5210 5220 5230 5240 5250 5260 5270 5280 5290 5300 
TGGCAGCTGAAATGGAGGAAGCCCTTAGAGGACTTCCAATAAGATACCAGACCCCAGCCATCAGAGCTGTGCACACCGGGCGGGAGATTGTGGACCTAAT 
AAEMEEALRGL PIRYQTPAI RAVHTGREI VDLM 

! 
P2 PDK-53 NS3-25C-7*X ).oc«s <»2 XSffSls Glu, ci»-S37 0~A) 

5310 5320 5330 5340 5350 5360 5370 5380 5390 5400 
GTGTCATGCCACATTTACCATGAGGCTGCTATCACCAGTTAGAGTGCCAAACTACAACC.TGATTATCATGGACGAAGCCCATTTCACAGATCCAGCAAGT 
CHATFTMRLLSPVRVPNYNLIIMDEAHFTDPAS 

I 
Additional nt-5391 C-to-T silent mutation in mater and pre-master seeds 

5410 5420 5430 5440 5450 5460 5470 5480 5490 5500 
ATAGCAGCTAGACGATACATCTCAACTCGAGTGGAGATGGGTGACGCAGCTGGGATTTTTATGACAGCCACTCCCCCGGGAAGCAGAGACCCATTTCCTC 
IAARGYI STRVEMGEAAGI FMTATP PGSRDPF PQ 

5510 5520 5530 5540 5550 5560 5570 5580 5590 5600 
AGAGCAATGCACCAATCATAGATGAAGAAAGAGAAATCCCTGAACGCTCGTGGAATTCCGGACATGAATGGGTCACGGATTTTAAAGGGAAGACTGTTTG 
SNAPIIDEEREIPERSWNSGHEWVTDFKGKTVW 

I 
D2 PDK-53 specific silent mutation nt-5547-C (D2 16681: T) 

5610 5620 5630 5640 5650 5660 5670 5680 5690 5700 
GTTCGTTCCAAGTATAAAAGCAGGAAATGATATAGCAGCTTGCCTGAGGAAAAATGGAAAGAAAGTGATACAACTCAGTAGGAAGACCTTTGATTCTGAG 
FVPSIKAGND3AACLRKNGKKVIQLSRKTFDSE 

5710 5720 5730 5740 5750 5760 5770 5780 5790 5800 
TATGTCAAGACTAGAACCAATGATTGGGACiTCGTGGTTACAACTGACATTTCAGAAATGGGTGCCAATTTCAAGGCTGAGAGGGTTATAGACCCCAGAC 
YVKTRTNDWDFVVTTDI SE MGANFKAERVI DPRR 

5810 5820 5830 5840 5850 5860 5870 5S80 5890 5900 
GCTGCATGAAACCAGTCATACTAACAGATGGTGAAGAGCGGGTGATTCTGGCAGGACCTATGCCAGTGACCCACTCTAGTGCAGCACAAAGAAGAGGGAG 
CMKPVI LTDGEERVILAG PM PVTHSSAAQRRGR 

5910 5920 5930 5940 5950 5960 5970 5980 5990 6000 
AATAGGAAGAAATCCAAAAAATGAGAATGACCAGTACATATACATGGGGGAACCTCTGGAAAATGATGAAGACTGTGCACACTGGAAAGAAGCTAAAATG 
IGRNPKNENDQYIYMGE P L ENDEDCAHWKEAKM 

6010 6020 6030 6040 6050 6060 6070 6080 6090 6100 
CTCCTAGATAACATCAACACGCCAGAAGGAATCATTCCTAGCATGTTCGAACCAGAGCGTGAAAAGGTGGATGCCATTGATGGCGAATACCGCTTGAGAG 
LLDNINTPEGI I PSMFE PE RE KVDAIDGEYRLRG 

6110 6120 6130 6140 6150 6160 6170 6180 6190 6200 
GAGAAGCAAGGAAAACCTTTGfrAGACTTAATGAGAAGAGGAGACCTACCAGTCTGGTTGGCCTACAGAGTGGCAGCTGAAGGCATCAACTACGCAGACAG 
EARKTFVDLMRRGDLPVWLAYRVAAEGINYADR 

6210 6220 6230 6240 6250 6260 6270 6280 6290 6300 
AAGGTGGTGTTTTGATGGAGTCAAGAACAACCAAATCCTAGAAGAAAACGTGGAAGTTGAAATCTGGACAAAAGAAGGGGAAAGGAAGAAATTGAAACCC 
RWCFDGVKNNQILEENVEVEIWTKEGBRKKLKP 

> NS4A 
6310 6320 6330 6340 6350 6360 6370 6380 6390 6400 

AGATGGTTGGATGCTAGGATCTATTCTGACCCACTGGCGCTAAAAGAATTTAAGGAATTTGCAGCCGGAAGAAAGTCTCTGACCCTGAACCTAATCACAG 
RWLDARIYSDPLALKEFKEFAAGRKSLTLNLITE 

6410 6420 6430 6440 6450 6460 6470 6480 6490 6500 
AAATGGGTAGGCTCCCAACCTTCATGACTCAGAAGGTAAGAGACGCACTGGACAACTTAGCAGTGCTGCACACGGCTGAGGCAGGTGGAAGGGCGTACAA 
MGRLPTFMTQKVRDALDNLAVLHTAEAGGRAYN 

Additional NS4A-21 Ala-to-Val (nt-6437 C-to-T) mutation in mater and pre-master seeds 

6510 6520 6530 6540 6550 6560 6570 6580 6590 6600 
CCATGCTCTCAGTGAACTGCCGGAGACCCTGGAGACATTGCTTTTACTGACACTTCTGGCTACAGTCACGGGAGGGATCTTTTTATTCTTGATGAGCGCA 
HALSELPETLETLLLLTLLATVTGGIFLFLMSA 

I 
D2 PDK-53 specific NS4A-75-Ala (wt D2 16681: Gly, nt-6599-G) 

6610 6620 6630 6640 6650 6660 6670 6680 6690 6700 
AGGGGCATAGGGAAGATGACCCTGGGAATGTGCTGCATAATCACGGCTAGCATCCTCCTATGGTACGCACAAATACAGCCACACTGGATAGCAGCTTCAA 
RGIGKMTLGMCCIITASILLWYAQIQPHWIAASI 

6710 6720 6730 6740 6750 6760 6770 6780 6790 6800 
TAATACTGGAGTTTTTTC-TCATAGTTTTGCTTATTCCAGAACCTGAAAAACAGAGAACACCCCAAGACAACCAACTGACCTACGTTGTCATAGCCATCCT 
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ILEFFL I V L L I PEP EKQRT PQDNQLTYVVIAI L 

> NS4B 
6810 6820 6830 6840 6850 6860 6870 6880 6890 6900 

CACAGTGGTGGCCGCAACCATGGCAAACGAGATGGGTTTCCTAGAAAAAACGAACAAAGATCTCGGATTGGGAAGCATTGCAACCCAGCAACCCGAGACC 
TVVAATMANEMGFliEKTKKDLGLGSIATQQPES 

6910 6920 6930 6940 6950 6960 6970 6900 6990 7000 
AACATCCTGGACATAGATCTACGTCCTGCATCAGCATGGACGCTGTATGCCGTGGCCACAACATTTGTTACACCAATGTTGAGACATAGCATTGAAAATT 
NILDIDLRPASAWTLYAVATTFVTPMLRHS I ENS 

7010 7020 7030 7040 7050 7060 7070 7080 7090 7100 
CCTCAGTGAATGTGTCCCTAACAGCCATAGCCAACCAAGCCACAGTGTTAATGGGTCTCGGGAAAGGATGGCCATTGTCAAAGATGGACATCGGAGTTCC 
SVNVSLTAIANQATVLMGLGKGWPLSKMDIGVP 

I 
Additional nt-7026 T-to-C/T mix silent mutation in master and pre-master seeds 

7110 7120 7130 7140 7150 7160 7170 7180 7190 7200 
CCTrcrCGCCATTGGATGCTACTCACAAGTCAACCCCATAACTCTCACAGCAGCTCTTTTCTTATTGGTAGCACATTATGCCATCATAGGGCCAGGACTC 
LLAIGCYSQVNPITLTAAL FLLVAHYAI IGPGL 

7210 7220 7230 7240 7250 7260 7270 7280 7290 7300 
CAAGCAAAAGCAACCAGAGAAGCTCAGAAAAGAGCAGCGGCGGGCATCATGAAAAACCCAACTGTCGATGGAATAACAGTGATTGACCTAGATCCAATAC 
QAKATREAQKRAAAGIMKN PTVDGITVI DLDPI P 

7310 7320 7330 7340 7350 7360 7370 7380 7390 7400 
CTTATGATCCAAAGTTTGAAAAGCAGTTGGGACAAGTAATGCTCCTAGTCCTCTGCGTGACTCAAGTATTGATGATGAGGACTACATGGGCTCTGTGTGA 
YDPKFEKQLGQVMLLVLCVTQVLMMRTTWALCE 

7410 7420 7430 7440 7450 7460 7470 7480 7490 7500 
GGCTTTAACCTTAGCTACCGGGCCCATCTCCACATTGTGGGAAGGAAATCCAGGGAGGTTTTGGAACACTACCATTGCGGTGTCAATGGCTAACATTTTT 
ALTLATGPISTLWEGNPGR FWNTTIAVSMANI F 

> NS5 
7510 7520 7530 7540 7550 7560 7570 7580 7590 7600 

AGAGGGAGTTACTTGGCCGGAGCTGGACTTCTCTTTTCTATTATGAAGAACACAACCAACACAAGAAGGGGAACTGGCAACATAGGAGAGACGCTTGGAG 
RGSYLAGAGLLF SI MKNTTNTRRGTGNI GETLGE 

7610 7620 7630 7640 7650 7660 7670 7680 7690 7700 
AGAAATGGAAAAGCCGATTGAACGCATTGGGAAAAAGTGAATTCCAGATCTACAAGAAAAGTGGAATCCAGGAAGTGGATAGAACCTTAGCAAAAGAAGG 
KWKSRLNALGKSEFQIYKKSGIQEVDRTLAKEG 

7710 7720 7730 7740 7750 7760 7770 7780 7790 7800 
CATTAAAAGAGGAGAAACGGACCATCACGCTGTGTCGCGAGGCTCAGCAAAACTGAGATGGTTCGTTGAGAGAAACATGGTCACACCAGAAGGGAAAGTA 
IKRGETDHHAVSRGSAKLRWFVERNMVTPEGKV 

7810 7820 7830 7840 7850 7860 7870 7880 7890 7900 
GTGGACCTCGGTTGTGGCAGAGGAGGCTGGTCATACTATTGTGGAGGACTAAAGAATGTAAGAGAAGTCAAAGGCCTAACAAAAGGAGGACCAGGACACG 
VDLGCGRGGWSYYCGGLKNVREVKGLTKGGPGHE 

7910 7920 7930 7940 7950 7960 7970 7980 7990 8000 
AAGAACCCATCCCCATGTCAACATATGGGTGGAATCTAGTGCGTCTTCAAAGTGGAGTTGACGTTTTCTTCATCCCGCCAGAAAAGTGTGACACATTATT 
EPIPMSTYGWNLVRLQSGVDVFFIPPEKCDTLL 

8010 8020 8030 8040 8050 8060 8070 8080 8090 8100 
GTGTGACATAGGGGAGTCATCACCAAATCCCACAGTCGAAGCAGGACGAACACTCAGAGTCCTTAACTTACTAGAAAATTGGTTGAACAACAACACTCAA 
CDIGESSPNPTVEAGRTLRVLNLVENWLNNNTQ 

8110 8120 8130 8140 8150 8160 8170 8180 8190 8200 
TTTTGCATAAAGGTTCTCAACCCATATATGCCCTCAGTCATAGAAAAAATGGAAGCACTACAAAGGAAATATGGAGGAGCCTTAGTGAGGAATCCACTCT 
FCIKVLNPYMPSVIEKMEALQRKYGGALVRNPLS 

8210 8220 8230 8240 8250 8260 8270 8280 8290 8300 
CACGAAACTCCACACATGAGATGTACTGGGTATCCAATGCTTCCGGGAACATAGTGTCATCAGTGAACATGATTTCAAGGATGTTGA'JCAACAGATTTAC 
RNSTHE MYWVSNASGN IVS5VNMI SRMLINRFT 

8310 8320 8330 8340 8350 8360 8370 8380 8390 8400 
AATGAGATACAAGAAAGCCACTTACGAGCCGGATGTTGACCTCGGAAGCGGAACCCGTAACATCGGGATTGAAAGTGAGATACCAAACCTAGATATAATT 
MRYKKATYEPDVDLGSGTRNI GI ESEI PNLDI I 

8410 8420 8430 8440 8450 8460 8470 8480 8490 8500 
GGGAAAAGAATAGAAAAAATAAAGCAAGAGCATGAAACATCATGGCACTATGACCAAGACCACCCATACAAAACGTGGGCATACCATGGTAGCTATGAAA 
GKRIEKIKQEHETSWHYDQDHPYKTWAYHGSYET 

8510 8520 8530 8540 8550 8560 8570 8580 8590 8600 
CAAAACAGACTGGATCAGCATCATCCATGGTCAACGGAGTGGTCAGGCTGCTGACAAAACCTTGGGACGTCGTCCCCATGGTGACACAGATGGCAATGAC 
KQTGSASSMVNGVVKLLTKP WDVV PNVTQMAMT 
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8610 8620 8630 8640 8650 8660 8670 8680 8690 8700 
AGACACGACTCCATTTGGACAACAGCGCGTTTTTAAAGAGAAAGTGGACACGAGAACCCAAGAACCGAAAGAAGGCACGAAGAAACTAATGAAAATAACA 
DTTPFGQQRVFKEKVDTRTQEPKEGTKKLMKIT 

8710 8720 8730 8740 8750 8760 8770 8780 8790 8800 
GCAGAGTGGCTTTGGAAAGAATTAGGGAAGAAAAAGACACCCAGGATGTGCACCAGAGAAGAATTCACAAGAAAGGTGAGAAGCAATGCAGCCTTGGGGG 
AEWLWKELGKKKTPRMCTREEFTRKVRSNAALGA 

8810 8820 8830 8840 8850 8860 8870 8880 8890 8900 
CCATATTCACTGATGAGAACAAGTGGAAGTCGGCACGTGAGCCTGTTGAAGATAGTAGGTTTTGGGAGCTGGTTGACAAGGAAAGGAATCTCCATCTTGA 
IFTDENKWKSAREAVEDSRFWELVDKERNLHLE 

8910 8920 8930 8940 8950 8960 8970 8980 8990 9000 
AGGAAAGTGTGAAACATGTGTGTACAACATGATGGGAAAAAGAGAGAAGAAGCTAGGGGAATTCGGCAAGGCAAAAGGCAGCAGAGCCATATGGTACATG 
GKCETCVYNMMGKREKKLGEFGKAKGSRAIWYM 

9010 9020 9030 9040 9050 9060 9070 9080 9090 9100 
TGGCTTGGAGCACGCTTCTTAGAGTTTGAAGCCCTAGGATTCTTAAATGAAGATCACTGGTTCTCCAGAGAGAACTCCCTGAGTGGAGTGGAAGGAGAAG 
WLGARFLEFEALGFLNEDHWFSRENSLSGVEGEG 

9110 9120 9130 9140 9150 9160 9170 9180 9190 9200 
GGCrGCACAAGCTAGGTTACATTCTAAGAGACGTGAGCAAGAAAGAGGGAGGAGCAATGTATGCCGATGACACCGCAGGATGGGATACAAGAATCACACT 
LHKLGYILRDVSKKEGGAMYADDTAGWDTRITL 

9210 9220 9230 9240 9250 9260 9270 9280 9290 9300 
AGAAGACCTAAAAAATGAAGAAATGGTAACAAACCACATGGAAGGAGAACACAAGAAACTAGCCGAGGCCATTTTCAAACTAACGTACCAAAACAAGGTG 
EDLKNEEMVTNHMEGEHKKLAEAIFKLTYQNKV 

9310 9320 9330 9340 9350 9360 9370 9380 9390 9400 
GTGCGTGTGCAAAGACCAACACCAAGAGGCACAGTAATGGACATCATATCGAGAAGAGACCAAAGAGGTAGTGGACAAGTTGGCACCTATGGACTCAATA 
VRVQRPTPRGTVMDIISRRDQRGSGQVGTYGLNT 

9410 9420 9430 9440 9450 9460 9470 9480 9490 9500 
CTTTCACCAATATGGAAGCCCAACTAATCAGACAGATGGAGGGAGAAGGAGTCTTTAAAAGCATTCAGCACCTAACAATCACAGAAGAAATCGCTGTGCA 
FTNMEAQLIRQMEGEGVF KS IQHLTITEEIAVQ 

9510 9520 9530 9540 9550 9560 9570 9580 9590 9600 
AAACTGGTTAGCAAGAGTGGGGCGCGAAAGGTTATCAAGAATGGCCATCAGTGGAGATGATTGTGTTGTGAAACCTTTAGATGACAGGTTCGCAAGCGCT 
NWLARVGRERLSRMAISGDDCVVKPLDDRFASA 

9610 9620 9630 9640 9650 9660 9670 9680 9690 9700 
TTAACAGCTCTAAATGACATGGGAAAGATTAGGAAAGACATACAACAATGGGAACCTTCAAGAGGATGGAATGATTGGACACAAGTGCCCTTCTGTTCAC 
LTALNDMGKI RKDI QQWE P SRGWNDWTQVPFCSH 

9710 9720 9730 9740 9750 9760 9770 9780 9790 9800 
ACCATTTCCATGAGTTAATCATGAAAGACGGTCGCGTACTCGTTGTTCCCTGTAGAAACCAAGATGAACTGATTGGCAGAGCCCGAATCTCCCAAGGAGC 
HFHELIMKDGRVLVVPCRNQDELIGRARISQGA 

I 
Additional nt-9750 A-to-C silent mutation in master and pre-master seeds 

9810 9820 9830 9840 9850 9860 9870 9880 9890 9900 
AGGGTGGTCTTTGCGGGAGACGGCCTGTTTGGGGAAGTCTTACGCCCAAATGTGGAGCTTGATGTACTTCCACAGACGCGACCTCAGGCTGGCGGCAAAT 
GWSLRETACLGKSYAQMWSLMYFHRRDLRLAAN 

9910 9920 9930 9940 9950 9960 9970 9980 9990 10000 
GCTATTTGCTCGGCAGTACCATCACATTGGGTTCCAACAAGTCGAACAACCTGGTCCATACATGCTAAACATGAATGGATGACAACGGAAGACATGCTGA 
AICSAVPSHWVPTSRTTWS I HAKHEWMTTEDMLT 

10010 10020 10030 10040 10050 10060 10070 10080 10090 10100 
CAGTCTGGAACAGGGTGTGGATTCAAGAAAACCCATGGATGGAAGACAAAACTCCAGTCCAATCATGGGAGGAAATCCCATACTTGGGGAAAAGAGAAGA 
VWNRVWIQENPWMEDKTPVKSWEEIPYLGKRED 

10110 10120 10130 10140 10150 10160 10170 10180 10190 10200 
CCAATGGTGCGGCTCATTGATTGGGTTAACAAGCAGGGCCACCTGGGCAAAGAACATCCAAGCAGCAATAAATCAAGTTAGATCCCTTATAGGCAATGAA 
QWCGSL IGLTSRATWAKNI QAAINQVRSLIGNE 

> 31-Noncoding Region 
10210 10220 10230 10240 10250 10260 10270 10280 10290 10300 

GAATACACAGATTACATGCCATCCATGAAAAGATTCAGAAGAGAAGAGGAAGAAGCAGGAGTTCTGTGGTAGAAAGCAAAACTAACATGAAACAAGGCTA 
EYTDYMPSMKRFRR EEEEAGVLW* 

10310 10320 10330 10340 10350 10360 10370 10380 10390 10400 
GAAGTCAGGTCGGATTAAGCCATAGTACGGAAAAAACTATGCTACCTGTGAGCCCCGTCCAAGGACGTTAAAAGAAGTCAGGCCATCATAAATGCCATAG 
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10410 10420 10430 10440 10450 10460 10470 10480 10490 10500 
CTTGAGTAAACTATGCAGCCTGTAGCTCCACCTGAGAAGGTGTAAAAAATCCGGGAGGCCACAAACCATGGAAGCTGTACGCATGGCGTAGTGGACTAGC 

10510 10520 10530 10540 10550 10560 10570 10580 10590 10600 
GGTTAGAGGAGACCCCTCCCTTACAAATCGCAGCAACAATGGGGGCCCAAGGCGAGATGAAGCTGTAGTCTCGCTGGAAGGACTAGAGGTTAGAGGAGAC 

10610 10620 10630 10640 10650 10660 10670 10680 10690 10700 
CCCCCCGAAACAAAAAACAGCATATTGACGCTGGGAAAGACCAGAGATCCTGCTGTCTCCTCAGCATCATTCCAGGCACAGAACGCCAGAAAATGGATG 

10710 10720 
GTGCTGTTGAATCAACAGGTTCT 
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What is claimed: 

1. A nucleic acid chimcra comprising a first nucleotide sequence encoding 

nonstructural proteins from a modified live, attenuated denguc-2 virus strain 

PDK-53, and a sccond nucleotide sequence encoding at least one structural 

protein from dengue-1, wherein the live, attenuated dengue-2 virus further 

comprises at least one additional mutation that includes a mutation at nucleic 

acid position 3823 wherein amino acid position 116 of NS2A gene is a leucine 

instead of isoleucinc. 

2. The nucleic acid chimcra of claim 1, wherein the live, attenuated dcngue-2 virus 

further includes a mutation at position 4407 wherein amino acid position 92 of 

NS2B is aspartic acid instead of glutamic acid. 

3. The nucleic acid chimera of claim 1, wherein the live, attenuated dengue-2 virus 

further includes a mutation at position 7148 wherein amino acid position 108 of 

NS4B is isoleucinc instead of threonine. 

4. The nucleic acid chimcra of claim 1, wherein the live, attenuated dcngue-2 virus 

further includes a mutation in position 7311. 

5. The nucleic acid chimcra of claim 1, wherein the second nucleotide sequence 

encodes the E protein from dengue-1 which further comprises a mutation at 

position 2384 wherein amino acid position 483 of the E protein is alanine 

instead of glycine. 

6. A pharmaceutical composition comprising a nucleic acid chimcra of according 

to any one of claims 1-5, and a pharmaceutically acceptable excipient. 

7. A pharmaceutical composition comprising a polypeptide encoded by a nucleic 

acid chimera according to any one of claims 1 -5, and a pharmaceutically 

acceptable excipient. 

8. A method for inducing an immune response in a subject comprising 

administering a pharmaceutic ally acceptable amount of any of the compositions 

of claims 6 and 1, wherein the composition induces an immune response to 

dengue virus in the subject. 

9. A vector encoding a nucleic acid sequence of any one of claims 1 -5. 

10. A nucleic acid sequence comprising a nucleic acid sequence encoding a 

modified live, attenuated dcngue-2 virus strain PDK-53, wherein the live, 
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attenuated dengue-2 virus further comprises at least one additional mutation that 

includes a mutation at nucleic acid position 6481 wherein amino acid position 

36 of NS4A gene is a proline instead of alanine. 

11. The nucleic acid sequence of claim 10, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 7156 wherein amino acid position 

111 of NS4B is phenylalanine instead of leucine . 

12. The nuclcic acid sequence of claim 10, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 8803 wherein amino acid position 

412 ofNS5 is valine instead of isolcucine . 

13. The nucleic acid sequence of claim 1, wherein the live, attenuated dcnguc-2 

virus further includes a mutation at position 592 wherein amino acid position 52 

of prM is glutamic acid instead of lysine. 

14. A pharmaceutical composition comprising a nucleic acid chimera of according 

to any one of claims 10-13, and a pharmaceutically acceptable excipicnt. 

15. A pharmaceutical composition comprising a polypeptide encoded by a nuclcic 

acid sequence according to any one of claims 10-13, and a pharmaceutically 

acceptable excipicnt. 

16. A method for inducing an immune response in a subject comprising 

administering a pharmaceutically acceptable amount of any of the compositions 

of claims 14 and 15, wherein the composition induces an immune response to 

dengue virus in the subject. 

17. A vector encoding a nuclcic acid sequence of any one of claims 10-13. 

18. A nucleic acid chimera comprising a first nucleotide sequence encoding 

nonstructural proteins from a modified live, attenuated dengue-2 virus strain 

PDK-53, and a second nucleotide sequence encoding at least one structural 

protein from dengue-3, wherein the live, attenuated dcnguc-2 virus further 

comprises at least one additional mutation that includes a mutation at nucleic 

acid position 6436 wherein amino acid position 23 of N42A gene is asparagine 

instead of aspartic acid. 

19. The nucleic acid chimera of claim 16, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 7620. 
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20. The nuclcic acid chimera of claim 16, wherein the second nucleotide sequence 

encodes the E protein from denguc-3 which further comprises a mutation at 

position 1603 wherein amino acid position 223 of the E protein is serine instead 

of threonine. 

21. A pharmaceutical composition comprising a nuclcic acid chimera of according 

to any one of claims 18-20, and a pharmaceutically acceptable excipient. 

22. A pharmaceutical composition comprising a polypeptide encoded by a nuclcic 

acid chimera according to any one of claims 18-20, and a pharmaceutically 

acceptable excipicnt. 

23. A method for inducing an immune response in a subject comprising 

administering a pharmaceutically acceptable amount of any of the compositions 

of claims 21 and 22, wherein the composition induces an immune response to 

dengue virus in the subject. 

24. A vector encoding a nucleic acid sequence of any one of claims 18-20. 

25. A nucleic acid chimcra comprising a first nucleotide sequence encoding 

nonstructural proteins from a modified live, attenuated dengue-2 virus strain 

PDK-53, and a second nucleotide sequence encoding at least one structural 

protein from dengue-4, wherein the live, attenuated dengue-2 virus further 

comprises at least one additional mutation that includes a mutation at nucleic 

acid position 3674 wherein amino acid position 66 of NS2A gene is an glycinc 

instead of aspartic acid. 

26. The nuclcic acid chimera of claim 22, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 3773 wherein amino acid position 

99 of NS2A is arginine instead of lysine . 

27. The nuclcic acid chimera of claim 22, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 5391. 

28. The nucleic acid chimcra of claim 22, wherein the live, attenuated denguc-2 

virus further includes a mutation at position 6437 wherein amino acid position 

21 of NS4A is valine instead of alanine. 

29. The nucleic acid chimcra of claim 22, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 7026. 
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30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41, 

42. 

43, 

The nucleic acid chimera of claim 22, wherein the live, attenuated dcngue-2 

virus further includes a mutation at position 7538 wherein amino acid position 

238 of NS4B is phenylalanine instead of serine. 

The nucleic acid chimcra of claim 22, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 9750. 

The nuclcic acid chimera of claim 22, wherein the live, attenuated dengue-2 

virus further includes a mutation at position 225. 

A pharmaceutical composition comprising a nucleic acid chimcra of according 

to any one of claims 25-32, and a pharmaceutically acccptablc excipient. 

A pharmaceutical composition comprising a polypeptide encoded by a nucleic 

acid chimera according to any one of claims 25-32, and a pharmaceutically 

acceptable excipient. 

A method for inducing an immune response in a subject comprising 

administering a pharmaceutically acceptable amount of any of the compositions 

of claims 33 and 34, wherein the composition induces an immune response to 

dengue virus in the subject. 

A vector encoding a nucleic acid sequence of any one of claims 25-32. 

A nucleic acid sequence comprising one or more nucleic acid scqucnces identified 

by SEQ ID NOS. 1, 7, and 10. 

The nucleic acid according to claim 33, wherein the nuclcic acid chimera encodes a 

polypeptide represented by SEQ TD NOS. 2, 3, 8, 9, 11 or 12. 

An immunogenic composition comprising one or more nucleic acid sequences of 

claim 37 or polypeptides of claim 38, and a pharmaceutically acceptable carrier. 

The composition of claim 39, further comprising a live, attenuated dengue-2 virus. 

The composition of claim 40, wherein the live, attenuated dengue-2 virus is 

represented by the nuclcic acid sequence of SEQ TD NO.4 or the amino acid 

sequence of one or more of SEQ TD NOS. 5 and 6. 

The composition of claim 40, wherein the composition contains all four dengue 

virus serotypes, a tetravalent composition. 

The composition of claim 39, further comprising an immunogenic composition 

for a flavivirus selected from the group consisting of yellow fever virus, tick-
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borne encephalitis virus, Japanese encephalitis virus, West Nile virus, hepatitis C 

virus, and a combination of two or more thereof. 

44. A kit comprising at least one nuclcic acid sequence according to any of claims 1-

5, 10-13, 18-20 or 25-32; or at least one composition according to any of claims 6, 

1, 14, 15, 21, 22, 33 or 34 and a container. 

45. A live, attenuated vims comprising one or more nuclcic acid sequences according 

to any of 1-5, 10-13, 18-20 or 25-32. 

46. A nucleic acid sequence or polypeptide encoded by one or more nucleic acid 

sequences comprising the nucleic acid sequences of Table 3. 

47. A nucleic acid sequence or polypeptide encoded by one or more nucleic acid 

sequences comprising one or more of DENVax-l-A, DENVax-2-F, DENVax-3-F, 

and DENVax-4-F. 

48. A composition comprising one or more nucleic acid sequences or polypeptides 

encodcd by the nucleic acid sequences of claim 47, and a pharmaceutically 

acccptable carrier or excipicnt. 

49. The composition of claim 48, further comprising a pharmaccutically acceptable 

adjuvant. 

50. A composition comprising one or more live attenuated viruses of claim 45, and a 

pharmaceutically acceptable carricr. 

51. The composition of claim 50, wherein the composition comprises a tetravalent 

dengue virus composition capablc of inducing an immune response in a subject 

against all four dengue virus serotypes. 
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