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Outline 
• Using informatics to predict drift (strain selection) 
• Synthetic Genomics: Preparedness (NIH/NIAID) 

• Rapid Response to emerging viruses 

(BARDA/Novartis/SGVI) 



Influenza vaccines could be great if: 

• Improve strain prediction 

• -> Bioinformatics 

• Existing vaccine candidates 

on the shelf 

• Synfluenza 

• Speed production 

• Rapid response 



Vaccine Bioinformatics 

• What should go into a vaccine? 

• Track the viral evolution 

• Determine/predict vaccine candidates protection 

• Combine the information 

 



Tracking the flu over time 

Analysis of FluB in September of 2012, showing the growth of a new group of 

viruses (2) that were different from the vaccine strain group (1). 



Vaccine Informatics 

• Based on what types of flu viruses are 

circulating, and how the viruses are 

evolving, what should go into a vaccine? 

• Track the flu 

• Determine how well vaccine candidates 

might protect against the viruses in 

circulation 

• Combine the information 

 



Antigenic distancing – 

based on “distances”, try 

to “plot” everything 

Then see if you can find a 

candidate virus that 

“covers” the most. 

Predicting how well vaccines should 
work against other viruses 
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A/South Australia 

has fewer 

“outliers” 



Putting it all together 

A

B

Analysis of two vaccine candidates, the current vaccine at the time (A) and a 

alternative candidate (B) selected by algorithm as providing better predicted 

protection against circulating strains. 



Synthetic Genomics Tools 
Gibson Assembly 



Rapid in vitro recombination of ssDNA and dsDNA 



Synfluenza Project Details 

NIAID project to create ~1000 HA‟s and NA‟s 

– 12 host subtype combinations 

– Span sequence diversity (past 5 years) 

• Human – H1N1pdm, H1N1, H3N2, Influenza B 

• Avian – H5N1, H7N3, H7N7, H9N2 

• Swine – H1N1, H1N2, H3N1, H3N2 

Algorithms to maximize reuse of 

oligos/cassettes and minimize costs 

– Each molecule made from 7 (HA) or 5 (NA) 

cassettes (~350bp) 

• Each cassette is made from 8 oligos (~65 bp) 

– Designs based on GenBank sequences with 

consensus UTRs  

 

 

Oligonucleotides 

Cloned Cassettes 

Sequence &,  
assemble 

Gene Segment  
Clones 

Assemble &,  
clone 



Gibson Assembly 



Assembling a Cassette 

Oligo 1 

Oligo 2 

Oligo 3 

Oligo 4 

Oligo 5 

Oligos are 59-72 bp 

Oligo 6 

Oligo 7 

Oligo 8 

Cassettes are 335-401 bp 



Assembling a Flu Molecule 

NA (5 Cassettes) 

1374-1560 bp (ungapped) 

HA (7 Cassettes) 

1716-1885 bp (ungapped) 



Cassette Design 

Only 1 copy of each unique cassette is made for each  

Host, Subtype, Segment & Position (e.g. Avian H5N1 HA) 

1 2 3 4 5 6 7 Molecules 

Non-unique, duplicate cassettes 



Oligo Design 

Only 1 copy of each unique oligo is made for each  

Host, Subtype, Segment, Cassette, & Position 

1 2 3 4 5 6 7 8 Cassettes 

Non-unique, duplicate oligos 



Oligo Savings 



Cassette Savings 
(Initial 1000 HA & NA) 



HA’s and NA’s Constructed Via Automated 
DNA Synthesis and Assembly 
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Project Breakdown 

Host Subtype Segment Molecules 
Unique 
Cassettes Unique Oligos 

Intial 1000 
Molecules 

Intial 1000 
Unique Cassettes 

Intial 1000 
Unique Oligos 

AVIAN H5N1 HA 992 2982 5913 289 1629 4318 

AVIAN H5N1 NA 874 1848 3729 322 1287 3111 

AVIAN H7N3 HA 84 232 815 16 108 586 

AVIAN H7N3 NA 36 101 408 11 53 286 

AVIAN H7N7 HA 28 128 564 14 95 492 

AVIAN H7N7 NA 31 103 478 12 60 349 

AVIAN H9N2 HA 273 1167 3822 148 906 3427 

AVIAN H9N2 NA 160 568 2446 101 470 2297 

HUMAN FLUB HA 363 659 1158 13 85 348 

HUMAN FLUB NA 487 602 1030 64 240 567 

HUMAN H1N1 HA 829 1528 2220 92 441 947 

HUMAN H1N1 NA 849 1065 1546 63 238 549 

HUMAN H1N1PDM HA 3103 2149 2636 171 519 977 

HUMAN H1N1PDM NA 2860 1259 1557 121 297 514 

HUMAN H3N2 HA 1058 1660 2322 142 609 1181 

HUMAN H3N2 NA 1050 1330 1762 187 576 1043 

PORCINE H1N1 HA 88 378 1685 42 282 1493 

PORCINE H1N1 NA 81 255 1082 40 180 929 

PORCINE H1N2 HA 67 290 1452 36 241 1380 

PORCINE H1N2 NA 72 226 1071 37 181 1009 

PORCINE H3N1 HA 3 14 111 2 14 111 

PORCINE H3N1 NA 2 10 80 2 10 80 

PORCINE H3N2 HA 69 319 1233 41 260 1139 

PORCINE H3N2 NA 63 216 907 36 169 796 



Influenza Vaccine: The Need for  
Faster Vaccine Development  

number of delivered doses per week [cumulative, ’000] 

number of cases per week [’000] 

[cumulative, „000] 
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“World now at the start of 
2009 influenza pandemic” 

 - WHO Director-General Dr 
Margaret Chan  

Data provided courtesy of Phil Dormitzer at Novartis Vaccines & Diagnostics.  Source: source is: http://www.cdc.gov/h1n1flu/estimates_2009_h1n1.htm  and 
http://www.cdc.gov/flu/weekly/index.htm; As of Jan16, 2010 the CDC estimated that about 57 million people are infected with 2009 H1N1. weekly data on 
influenza positive tests reported to CDC by U.S. WHO/ NREVSS collaborating laboratories applied to CDC estimate to arrive at the weekly estimate for number 
of cases in the US. 
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Novartis deliveries to US, does per week 

The 2009 H1N1 pandemic confirmed everyone’s fears –close to 40% of cases 
occurred in a time when no meaningful vaccine quantities were available 

http://www.cdc.gov/h1n1flu/estimates_2009_h1n1.htm
http://www.cdc.gov/flu/weekly/index.htm


Speeding Vaccine Seeds 

• Rapidly synthesize flu gene segments (HA and NA) 

• Rescue recombinant viruses with optimized flu backbone  

Milestone 1 (Sept. 2011): Demonstrate virus rescue within  

7 days of receiving HA and NA sequence information 

 

Status – Milestone surpassed 

 We were able to confirm rescue of an H7N9 virus within 

 5 days of initiating the process 

Slide Modified from Peter Mason, Novartis  

A BARDA-funded collaboration between Novartis, Synthetic Genomics 

Vaccines Inc. (SGVI)/J. Craig Venter Institute (JCVI) 



Accelerating  Flu  Vaccine Development 

Current  
best practices 

t = 0   WHO releases influenza strain 
recommendation & biological material 

Co-infect  fertile eggs w/ 
WHO and PR-8 strains Isolate & characterize infectious  

virus particles to find the desired 
re-assortant virus . Exhaustively 
purify by multiple rounds of 
plaque purification. 

mixed population of virus particles 
containing all possible combinations 
of 8 viral genome segments 

pure culture of influenza 
vaccine seed stock 

35 days 

JCVI/Novartis/SGVI 
approach 

predict WHO 
influenza strain 
reco candidates 

reverse 
genetics 
synthesis of 
HA and NA 
segments 

synthesize 
& transfect 
constructs 

pure culture of influenza 
vaccine seed stock 

5-7 days 0 days 



            JCVI/SGI/Novartis     
         synthesized  
       A/Shanghai/2/2013  
   H7N9 Virus now being  
distributed by CDC 
   

            Potential H7N9 vaccine      
         viral seed stocks are being  
      tested 
   



Emerging Viral Genome Synthesis 

• Synthesized the H7N9 genome (Wentworth, A/Anhui/1-JCVI.1/2013) 

 

 

 

 

 

 

 

• Research and Experimental Live Attenuated AIV Production 

PB2 PB1 PA HA NP NA M NS 

• Bat influenza 

• Coronaviruses: MERS, HKU1 

• Morbillivirus 

• Rhinovirus 

• Identified unique H7N9 virus in people in late March 
• Novel subtype for humans 

• Antigenic shift -> Pandemic potential 
• Sequence of first viruses available April 1 
• 135 cases to date 



Summary 

• Synthetic genomics  -  create gene segments (BARDA/Novartis) or  
pre-existing gene segments could be used (synfluenza) 

• Rescue vaccine pre-seeds - 6:2 vaccine seeds (TIV, LAIV) 
• Pre-existing stocks ? 

• Engineered complete genomes as LAIVs? 

  DNA 
   synthesis 

     Transfection 

MDCK cell 

rg-Influenza 
Virus 

RG influenza genome 



    These projects* have been funded with federal funds from 

the National Institute of Allergy and Infectious Diseases, 

National Institutes of Health, Department of Health and 

Human Services through the Genomic Sequencing 

Centers for Infectious Diseases. 

* Vaccine Informatics funded by HHS. 

 



Synfluenza Summary 
• Purpose: 

• Develop a technical capability to generate and stockpile synthetic DNA 

encoding influenza gene segment, which could be used to produce 

virus seeds stocks. 

• Deliverable 

• Library of ~1000 sequence verified HA &  NA genes 
• Available through the Biodefense and Emerging Infections Research Resource Program (BEI) 

• Synthetic gene segment generation  

• Gibson in-vitro assembly 

• Assembly uses automated robotic systems 

• Enables construction of an extensive library of influenza genes 

• Potential to use cassettes in the future for new viruses 

• Library of clones  

• Vaccine seeds 

• Diagnostics 

• Basic Research 


