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Genomics and TIGR Highlights
• 1977 Sanger, F., Nicklen, S. & Coulson, A.R.
• 1986 Human Genome Project is launched
• July 1992 TIGR starts industrial-scale 

sequencing operation with initial focus on ESTs
• April 1994 H. influenza genome begun via 

shotgun sequencing
• May 1995 H. influenza genome finished
• 2006 

– Hundreds of genomes
– 1011 bases of DNA sequence in databases
– Multiple industrial-scale genome sequencing 

centers
• Motivated by the power and promise of genomic analysis
• Enabled by improving and affordable technologies



Capacity enabled by capillary 
sequencers:

120,000 sequences/day or 40 million 
lanes/year at 12 runs per day 
240,000 sequences/day or 80 million 
lanes/year at 24 runs per day

Capacity enabled by robots:

90,000 plasmids/day or 20 million 
plasmids/year

Template Production Lab Sequencing Lab

J. Craig Venter Joint Technology Center



• 400 nodes of 32- and 64-bit 
Intel, AMD, and Sun CPUs 
running Linux and Solaris 
with aggregate memory of 
400+ GB

• High Throughput (HTC) and 
High Performance (HPC) 
Computing capacity of 0.56 
TFLOPS

• Access to over 50 TB of 
network storage

• 720 Gbits campus LAN 
backbone with high speed 
connections to the Internet 
and Internet2 Research 
Network

• “The world is not flat; it’s 
a point” (Smarr, UCSD 
Supercomputer Center)

TIGR Computational Grid



Genomics >> Sequencing
• Sequencing per se is the easiest part; reading 

the sequence is the hard part
• Critical value added is provided by subsequent 

computational and experimental tools
– Sequence assembly into larger structures (scaffolds, 

contigs, chromosomes)
– Annotation to predict e.g., ORFs, genes, gene 

products
– Database tools for bioinformatics to predict, e.g., 

antigens, pathways, networks
– Functional genomic reagents and assays for 

experimental biology (e.g., clones, proteins, arrays)

IT TAKES A COMMUNITY TO PRACTICE 
GENOMIC ANALYSIS AND EXTRACT 

BIOLOGY FROM SEQUENCE



The “Drivers” for Genomics of Infectious 
Disease Agents

• Diagnostics
• Vaccines
• Therapeutics
• Predictive Phylogeny and Epidemiology

TRANSLATING GENOMICS RESEARCH INTO 
PRODUCTS AND APPLICATIONS REQUIRES 

CONSTANT AND ITERATIVE PULLING AND PUSHING 
BETWEEN BASIC AND APPLIED RESEARCH 

COMMUNITIES



NIAID Supported Resources at TIGR

• Microbial Sequencing Centers (TIGR + 
Broad Institute in Boston)

• Pathogen Functional Genomics Resource 
Center

• Bioinformatics Resource Centers (TIGR is 
one of 6 and BRC central)



Microbial Sequencing Center
http://www.tigr.org/msc/status.shtml

All MSC data is rapidly 
deposited in public 

databases at the NCBI



1000 flu 
genomes and 

counting



Gateway®
Cloning

DNA
Microarrays

Distribution to 
International 

Pathogen Research
Community

Protein
Expression Proteomics

Comparative
Genomics

Data and Databases

http://pfgrc.tigr.org/

Resources for the Study of Pathogens



http://www.brc-central.org/cgi-bin/brc-central/brc_central.cgi



The Pan-genome Idea and its 
Application to Vaccine 

Development



Pan-genome Idea
• What is the genomic space of a bacterial species?
• Bacterial chromosomes engage in dynamic information 

exchange with plasmids, phage and viruses
• Only ~8% of all sequenced bacteria have had >2 isolates 

sequenced

Medini et al., 2005



Streptococcus agalactiae = 
Group B Strep = GBS

• Responsible for most meningitis in
newborn infants (0 – 2 months)

• Most of  the infections occur during 
delivery

• Capsular polysaccharides elicit protective 
antibodies which, if present in the mother, 
are transferred to the baby through the 
placenta and prevent infection

• 9 capsular serotypes, 5 major serotypes
associated with disease



GBS Core and Pan Genomes

# of shared genes as 
a function of number 
of strains sequenced 
plateaus at ~ 1800

# of new genes as a 
function of number of 
strains sequenced 
plateaus at ~ 33

Genes common to all strains Genes unique in all strains



Implications for Taxonomy and 
Vaccine Development

• Classical taxonomic approaches  for 
classifying isolates rely on invariable core 
genome features such as 16s rRNA typing

• But the features we most care about such as 
virulence, serotype, and antibiotic resistance 
are encoded by the highly variable parts of 
the genome

corecore

variablevariable



Antigen combinations from core and pan-genome 
protect against 92% of tested strains

GBS strains Type GBS 80 GBS 67 GBS 322 alive/treated % protection alive/treated % protection

515 Ia 0 409 227 39/40 97 6/40 15
7357b- Ib 91 316 102 19/30 63 1/30 3
DK21 II 0 331 416 25/34 73 17/48 35
5401 II 170 618 135 35/40 87 3/37 8
3050 II 43 460 188 48/48 100 1/30 3
COH1 III 305 0 130 36/36 100 7/40 17
M781 III 65 0 224 30/40 75 4/39 10
2603 V 125 105 313 27/33 82 10/35 28

CJB111 V 370 481 63 25/28 89 4/46 9
JM9130013 VIII 597 83 143 37/39 95 5/40 12

JMU071 VIII 556 79 170 44/50 88 18/50 36
NT1169 NT 0 443 213 12/32 37 11/35 31

FACS (∆ Mean) MIX=322+80+104+67 PBS

Immunizations:
3 doses of 15 µg of each protein 
in Freund adjuvant

1 antigen is from the core genome
3 antigens are from the pan-genome



Tracking Influenza via 
Whole Genome 

Sequencing



Seg1 (PB2)
Seg2 (PB1)
Seg3 (PA)
Seg4 (HA)
Seg5 (NP)
Seg6 (NA)
Seg7 (M)
Seg8 (NS)
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1. Collect and amplify isolates
2. Extract viral RNA
3. Ship to TIGR
4. Primer design in 96-well plate format
5. Amplify by RT-PCR tiling
6. Sequence amplicons 
7. Trim sequences, assemble segments, edit 

nucleotides
8. Review for quality and submit to NCBI



~ 50 genomes/week



H3N2 Antigenic Shift Event in 2002-2003

Seg1 (PB2)
Seg2 (PB1)
Seg3 (PA)
Seg4 (HA)
Seg5 (NP)
Seg6 (NA)
Seg7 (M)
Seg8 (NS)

Seg1 (PB2)
Seg2 (PB1)
Seg3 (PA)
Seg4 (HA)
Seg5 (NP)
Seg6 (NA)
Seg7 (M)
Seg8 (NS)

H3N2 Clade B (1999-)H3N2 Clade A(2001-3)

Seg1 (PB2)
Seg2 (PB1)
Seg3 (PA)
Seg4 (HA)
Seg5 (NP)
Seg6 (NA)
Seg7 (M)
Seg8 (NS)

H3N2 dominant strain (2003-)

Major clade Minor clade

Variant that arose 
via “donation” of 
HA segment from 
minor strain was 
vaccine resistant



• Variation occurs in all gene segments 
• Multiple lineages co-circulate within a flu season
• Reassortment of variants of same subtypes 

can lead to emergence of epidemiologically 
relevant antigenic novelty

• Whole genome sequence-based sampling 
can reveal co-circulating strains before 
emergence of antigenic novelty, i.e.
sequencing is a surveillance tool

Some Conclusions
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Flu Project Collaborators are 
Numerous and Widely Distributed



Other Virus Projects at TIGR

• Avian flu whole genome sequencing
• Other RNA virus sequencing projects 

(rhinovirus, coronavirus)
• Diversity, discovery and characterization 

of novel viruses

• David Spiro, Ph.D. (dspiro@tigr.org) is 
the point of contact for further 
information about these projects



Challenges for Controlling 
Infectious Diseases

• Limited data
• Limited technologies
• Limited understanding of biology
• Moving from basic research to products 

and applications



Opportunities

• Interdisciplinary education and training to 
bring math, physics and engineering into 
biology
– New technologies
– New mathematical and computational 

frameworks for biology
• Communication between the applied and 

basic research communities is a two-way 
street
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