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Phylogenetic Linkage Cases 

Establishing Linkage: 
 
• The Florida Dentist – 6 patient samples were more closely related 
 to each other than unrelated controls 
• The French Surgeon 
• The French Nurse 
• Criminal cases of HIV transmission in Sweden, Australia, Belgium, 
 Denmark, Germany and Scotland 
 
Established Non-Linkage: 
 
• Baltimore Surgeon 
• UK obstetrician/gynecologist 



Molecular Forensics 

• National: 2001 Anthrax in the Mail Case – Amerithrax 
 - Lengthy FBI/DOJ investigation – Bruce Ivins 
 - Highly controversial 
 - National Academy of Sciences Review: “impossible to 
   reach any definitive conclusion about the origins of  
  the anthrax in the letters, based solely on the  
  available scientific evidence” 

 
• International: The Poison Umbrella Case 
 - Georgi Markov: Bulgarian activist, playwright & satirist 
  was working for the BBC World Service in London 





DNA Testing in the Judicial System 

• In use since the mid ‘80’s 
 
• Usually used to link perpetrators to violent crime scenes 
 
• Generally stable allowing the use of polymorphic marker 
 DNA fingerprinting  - error correcting machinery 



Dynamic evolution of HIV 

Individuals infected with HIV-1 contain a dynamically 
evolving population of related genomes  

Rambaut et al. (2004) Nature Rev. Genet.  5: 52-61 

• Viral expansion 

- Mutation rate 

- Recombination rate 

- Production of 108 to 
1010 virions per day 

 

• Lineage extinction 

- Non-replicating virions 

- Immune system 

- Drug therapy 

 



Phylogenetics in Forensics 

Viral dynamics limit use the common practice of 

matching DNA profiles 

Phylogenetic methods are ideally suited for 

determining the HIV pattern of descent in suspected 

transmission cases 

In support of the a priori hypothesis, HIV forensics can 

identify case samples to be “more closely related” 

than to unrelated samples 

In opposition of the a priori hypothesis, HIV forensics 

can show case samples to be unrelated  



HIV forensics 

State of Texas v.  
Philippe Padieu 
Padieu → 6 partners 

State of Washington v.  
Anthony E. Whitfield 

Whitfield → 5 partners 

State of Louisiana v. 
Richard J. Schmidt 

Patient → Trahan 
Metzker et al. (2002)  
PNAS  99: 14292-14297 

Scaduto et al. (2010) PNAS  
107: 21242-21247 



HIV genes: pol and env 

RT (1-221 aa)                  gp120 (c2-v5) 
 
Methods involved were: 

• Fractionation of PBMCs 
• Isolation of genomic DNA 
• PCR and cloning 
• Sanger sequencing 
• Multiple sequence alignments 



State of Louisiana v. 
Richard J. Schmidt 

Patient → Victim 



Prosecution argued successfully: 

Methods used for: 
• DNA isolation 
• PCR 
• DNA sequencing 
• Phylogenetic analysis of HIV-1 positive samples 
Met the standards of judicial evidence admissibility 

Due to: 

• Are subject to empirical testing 
• Can be assessed for error 
• Subject to peer review and publication 
• Generally accepted in the scientific community 



Case Facts 

• August 4, 1994 – a Lafayette, LA gastroenterologist created a 
 a cocktail of two blood samples; one from a man infected 
 with HIV-1 and a second from a patient infected with Hep-C, 
 then infected his former girlfriend by intramuscular injection 
• Victim had 7 sexual relationships between 1984 and 1995; all 
 tested negative for HIV 
• Victim was a nurse in the Lafayette area; no documented  
 needle sticks; one HIV + saliva splash; tested negative 
• Victim donated blood and tested negative 10/92, 5/93 & 4/94 
• Victim tested positive in January 1995 – accused the physician 
• Police raid discovered potential source blood draw record 



Testing Protocol 

1.  Data was derived from two separate labs and two independent 
  blood draws; the second lab was blinded. 
2.  Samples were tested one at a time – lab scrub between samples. 
3.  PCR amplified env and RT genes 
 - exhibit different biological functions 
 - subject to different selective pressures 
 - known to undergo different rates of evolution. 
4.  50 molecular clones from sample were sequenced to further  
 delineate env genetic diversity. 
5.  Geographic HIV-1+ controls were recruited from the Lafayette  
 metro area based on previous studies demonstrating geographic  
 subtype stratification of HIV-1 sequences 





Phylogenetic Analyses 

For the case: parsimony and minimum evolution  
 using maximum-likelihood distances  
 
Subsequently: Markov-chain Monte Carlo Bayesian Analysis 
 based on a General-Time-Reversible model of  
 sequence evolution, with g-distributed rate heterogeneity 
  among sites and a calculated proportion of invariable sites  







Phylogenetic analysis of the gp120 region using a minimum evolution criterion and maximum 

likelihood distances assuming an HKY+Γ model of evolution.  

Metzker M L et al. PNAS 2002;99:14292-14297 

©2002 by National Academy of Sciences 



Phylogenetic analysis of the RT region; details of the analysis are the same as for Fig. 1.  

Metzker M L et al. PNAS 2002;99:14292-14297 

©2002 by National Academy of Sciences 
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predicted amino acid residues 



Results 

For RT: Patient sequences were found to be paraphyletic 
 with respect to victim sequences (victim sequences 
 nested within patient sequences) by parsimony,  
 minimum evolution, and Bayesian analyses.   
 
For env gp120: Not as strong; supports a weak mono- 
 phyletic grouping. Probably due faster evolution  
 and strong immuno-selection. 
 

Defendant was found guilty of attempted second  
degree murder; Appeal rejected by the Louisiana 
Supreme Court; U.S. Supreme Court declined to the case 



The Second Set of Cases 



State of Texas v.  
Philippe Padieu 
Padieu → 6 partners 

State of Washington v.  
Anthony E. Whitfield 

Whitfield → 5 partners 



Direction of transmission  
(source → recipient)  

Providing evidence for the direction of transmission would further 
strengthen the a priori hypothesis. 

Genetic bottleneck during transmission 

• Paraphyly: Evidence for direction of transmission 

Study design: 

• identities of case subjects were blinded to investigators 

• case sample handling were separated both temporally and 
spatially to eliminate the possibility of cross contamination 

• case allegations were multiple transmissions from a single 
source 



Washington Case 

• Defendant allegedly learned of his HIV positive status 
 in April 1992; 17 partners were exposed between 1999 
 and 2004; 5 tested positive between 2002 and 2004 
• These 6 samples formed the basis of the a priori hypothesis 
 of transmission from one source to multiple recipients 

Texas Case 

• Defendant allegedly learned of his HIV positive status 
 in September 2005; 6 partners tested positive between 
 April 2006 and March 2007 
• These 7 samples formed the basis of the a priori hypothesis 
 of transmission from one source to multiple recipients 
 



Washington case: ML tree for the pol gene dataset using BLAST-selected GenBank controls.  

Scaduto D I et al. PNAS 2010;107:21242-21247 

©2010 by National Academy of Sciences 



Washington case: ML tree for the env gene dataset using BLAST-selected GenBank controls.  

Scaduto D I et al. PNAS 2010;107:21242-21247 

©2010 by National Academy of Sciences 



Texas case: pol tree 

Scaduto et al. (2010) PNAS  107: 21242-21247 

CC01 exhibited a 
paraphyletic relationship 
to all CC case sequences 

• Bayesian posterior 
probabilities (1.00) 

• ML bootstrapping 
proportions (0.98) 

Red circle represents the 
most recent common 
ancestor of sequences 
from CC01 



Texas case: env tree 

Scaduto et al. (2010) PNAS  107: 21242-21247 

CC01 exhibited a paraphyletic 
relationship to all CC case 
sequences but CC05 

• Bayesian posterior probabilities 
(1.00) 

• ML bootstrapping proportions 
(1.00) 

Red circle represents the 
most recent common 
ancestor of sequences 
from CC01 



Breaking the code 

Scaduto et al. (2010) PNAS  107: 21242-21247 

For the WA case, we inferred that sample WA04 was the 
source (i.e., index case)   

At trial, the identity of sample WA04 was revealed to 
be that of Anthony E. Whitfield 

 

For the TX case, we inferred that sample CC01 was the 
index case 

At trial, the identity of sample CC01 was revealed to 
be that of Philippe Padieu 



Texas case: env tree 

Scaduto et al. (2010) PNAS  107: 21242-21247 

CC07 exhibited a paraphyletic 
relationship to several CC01 
and all CC03 sequences 

• Bayesian posterior probabilities 
(1.00) 

• ML bootstrapping proportions 
(0.79) 



Testing for Recombination in env 

NIJ grant: 2011-DN-BX-K534 

Used a maximum likelihood method that detects 

recombination breakpoints using a hidden Markov model* 

If two trees are allowed across the sequence, it estimated 

a recombination structure like this: 

*Boussau et al. 2009. Evolutionary Bioinformatics. 5: 67-79. 



NIJ grant: 2011-DN-BX-K534 

Divergent Signals Between Halves 

1st half -  Posterior Probability: 0.00 

 

2nd – half - Posterior Probability:  1.00 



NIJ grant: 2011-DN-BX-K534 

Divergent Signals Between Halves 

Site index 

Support grouping 

Oppose grouping 
First half 

Second half 
Area of Interest 

Maps within V4 

loop of gp120 



(Reprinted cover image from [30] with permission from Elsevier) 

Schutzer SE, Budowle B, Atlas RM (2005) Biocrimes, Microbial Forensics, and the Physician. PLoS Med 2(12): e337. 
doi:10.1371/journal.pmed.0020337 
http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.0020337 

http://www.plosmedicine.org/article/info:doi/10.1371/journal.pmed.0020337


NGS in HIV forensics   
Development of the ‘pathogen toolkit’ 

Long-range PCR 

10kb

5kb
4kb
3kb

Clone analysis: EcoRI 

Large insert cloning 

NIJ grant: 2011-DN-BX-K534 



NGS in HIV forensics   
Development of the ‘pathogen toolkit’ 

Molecular 
clone 01

Fragment, add 
forward adaptor with MC01, 

reverse adaptor with CS01

Molecular 
clone 20

Fragment, add 
forward adaptor with MC20, 

reverse adaptor with CS01

…
…

…

Case sample 01

Molecular 
clone 01

Fragment, add 
forward adaptor with MC01, 

reverse adaptor with CS02

Molecular 
clone 20

Fragment, add 
forward adaptor with MC20, 

reverse adaptor with CS02

…
…

…

Case sample 02 so forth

Pool libraries, 
then clonally amplify & 

sequence by NGS technologies

NIJ grant: 2011-DN-BX-K534 



Further Cases and Uses 
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