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GENOMICS 101 – WHAT? 

http://commons.wikimedia.org/wiki/File:HaeIII_DNA_code.gif
http://computer.howstuffworks.com/cache.htm



http://ivory.idyll.org/blog/sky-is-falling.html



ADVANCE
Whole genomes 

High speed

Low-cost

http://www.wright-house.com/wright-brothers/wrights/1903.html
http://777boeing.com/



GENOMICS 101 - SO WHAT?

Done deal. Multiple examples in high-impact 
publications.

Opportunity: 
Real-time application and intervention.

http://en.wikipedia.org/wiki/Influenza_prevention
http://www.medschool.vcu.edu/community/foundations/

Applied mainly in human genome-wide studies 
and personalized medicine.

Opportunity: 
Personalized pathogen medicine.



APPLICATIONS
Transmission:
1. HIV
2. Complex transmission – NDM-1

Therapeutics:
1. HIV-1 Co-receptor determination 

(to be published)



EPIDEMIOLOGY OF HIV IN SINGAPORE 
Number of Singapore Residents reported with HIV/AIDS

(1985 - 2012)
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MODE OF TRANSMISSION
By Risk Behavior
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HIV-INFECTED RESIDENTS BY AGE
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CHANGING EPIDEMIOLOGY
1996 1 2002-2007 2 2008-2009 3

MSM n=19 n=27 n=73
CRF01_AE 1 (5%) 11 (41%) 36 (49%)
B 8 (95%) 15 (59%) 30 (41%)
CRF51_01B - - 7 (10%)

Heterosexual n=26 n=17 n=88
CRF01_AE 23 (88%) 11 (65%) 73 (83%)
B 3 (12%) 6 (35%) 12 (14%)
CRF51_01B - - 3 (3%)

Bisexual n=10 n=5 n=17
CRF01_AE 5 (50%) 3 (60%) 6 (35%)
B 5 (50%) 2 (40%) 6 (35%)
CRF51_01B - - 5 (30%)

1. J Acquir Immune Defic Syndr 2005;38:5-13. 
2. HIV Med 2009;10:370-7.
3. AIDS Res Hum Retroviruses. 2011 Jan 14. [Epub ahead of print].



RECOMBINATION

CRF01_AE

Subtype B

Recombinant
(CRF51_01B)

Kollewin.com; free-extras.com;
Skeletaldrawing.com/ext_photos/chimera.jpg



CRF51_01B

AIDS Res Hum Retroviruses. 2012 May;28(5):527-30



Timing Of Clusters



Clinical Implication (Inter-subtype)

Subtype CRF01_AE infected 
patients experienced a 58 
cell/mm3/year greater loss of CD4 
T-cells compared to non-
CRF01_AE infected patients.

Subtype CRF01_AE infected 
patients were treated 1.8 years 
faster compared to non-CRF01_AE 
infected patients.

PLoS One. 2011 Jan 27;6(1):e15738

HR: 2.5 times more for treatment for AE



Clinical Implication 
(Inter-subtype, CRF51_01B)

Subtype CRF51_01B infected 
patients experienced a 105 
cell/mm3/year greater loss of CD4 T-
cells compared to subtype B infected 
patients.

Subtype CRF51_01B infected 
patients were treated 3 years  faster 
compared to subtype B infected 
patients.

Markedly faster treatment for CRF51_01B
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Fig. 1.  Cumulative proportion starting ART by subtype status



COMPARATIVE GENOMICS - PATHOGENESIS



MUTAGENESIS



DOES SEQUENCE HELP US TREAT PATIENTS?

Tale of two co-receptors:
R5 – can use drug
X4 – cannot use drug

Gene sequencing can tell us if HIV-1 is:
R5-using; OR
X4-using



R5-using HIV Virus Is Target For Drugs, 
Gene Therapy And Cure Strategies

NB: Does not work with X4-using virus



Comparison Of Subtype Specific Predictions 
Using Common Co-R Prediction Tools 

sensitivity (TPR) specificity (TNR)

Subtype A  (n=27, X4:2 R5:25)

geno2pheno (5FPR) 100% 100%

WebPSSM (B x4r5) 100% 100%

WebPSSM (B sinsi) 100% 100%

WebPSSM (C sinsi) 100% 72%

Subtype B (n=204, X4:2 R5:201)

geno2pheno (5FPR) 100% 85%

WebPSSM (B x4r5) 100% 98%

WebPSSM (B sinsi) 100% 96%

WebPSSM (C sinsi) 100% 4%

subtypeC (n=118, X4:0 R5:118)

geno2pheno (5FPR) NA 100

WebPSSM (B x4r5) NA 95.8

WebPSSM (B sinsi) NA 100

WebPSSM (C sinsi) NA 95.8

sensitivity (TPR) specificity (TNR)

Subtype D (n=35, X4:6 R5:29)

WebPSSM (B x4r5) 100% 48.3%

geno2pheno (5FPR) 100% 72.4%

WebPSSM (B sinsi) 100% 69%%

WebPSSM (C sinsi) 100% 0

CRF01_AE  (n=65, X4:0 R5:65)

geno2pheno (5FPR) NA 81.5%

WebPSSM (B x4r5) NA 80%

WebPSSM (B sinsi) NA 84.6%

WebPSSM (C sinsi) NA 10.8%

CRF 51_01B (n=7, X4=0 R5:7)
WebPSSM (B x4r5) NA 0

geno2pheno (5FPR) NA 0

WebPSSM (B sinsi) NA 71.4%

WebPSSM (C sinsi) NA 0

Unpublished Data Generated from 449 Sequences Extracted Los Alamos HIV Database



CONCLUSION
NGS has revolutionized transmission studies.

• Next step may be real-time interventions.

NGS is waiting to find more bedside applications.
• Clinicians should apply.





DISCUSSION OR 
QUESTIONS


