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Introduc%on	  

•  Surnames	  are	  paternally	  inherited	  -‐>	  cosegregaUon	  
with	  Y-‐chromosome	  haplotypes	  

•  Short	  tandem	  repeats	  across	  Y	  chromosome	  	  	  	  	  	  (Y-‐
STRs)	  

•  MulUple	  gene%c	  genealogy	  companies:	  	  	  
(surname	  +	  Y-‐STR	  haplotype	  records)	  

– Ysearch	  website	  (FamilyTreeDNA)	  
– SMGF	  website	  (Sorenson	  Molecular	  Genealogy	  
FoundaUon)	  

– …	  	  



Introduc%on	  	  
•  Lunshof	  et	  al.	  (2008):	  	  

– GeneUc	  genealogy	  databases:	  Y-‐chromosome	  
haplotypes	  -‐>	  surname	  	  

–  +	  demographic	  informaUon	  -‐>	  speculaUon	  that	  full	  
idenUficaUon	  of	  parUcipants	  in	  sequencing	  projects	  is	  
possible	  

•  Gitschier	  (2009):	  	  
–  empirically	  approached	  this	  hypothesis	  by	  tesUng	  30	  
Y-‐STR	  haplotypes	  of	  CEU	  parUcipants	  in	  geneUc	  
genealogy	  databases	  

–  Results:	  potenUal	  surnames	  can	  be	  detected,	  but	  
surnames	  could	  match	  thousands	  of	  individuals	  



The	  goal	  of	  this	  research	  

•  To	  show	  how	  readily	  surname	  inference	  might	  
be	  possible	  in	  more	  general	  populaUon	  
(quanUtaUve	  assessment)	  

•  To	  show	  that	  full	  idenUUes	  of	  personal	  
genomes	  can	  be	  exposed	  via	  surname	  
inference	  from	  recreaUonal	  geneUc	  genealogy	  
databases	  followed	  by	  internet	  searches	  

•  To	  demonstrate	  end-‐to-‐end	  idenUficaUon	  of	  
individuals	  with	  only	  public	  informaUon	  



Public	  gene%c	  genealogy	  databases:	  
 Ysearch	  (www.ysearch.org)	  and	  SMGF	  (www.smgf.org)	  –	  
two	  largest	  databases	  

 Free-‐of-‐charge	  
 Built-‐in	  search	  engines	  
 Search:	  insert	  a	  combinaUon	  of	  Y-‐STR	  alleles	  -‐>	  matching	  
records	  on	  the	  bases	  of	  geneUc	  similarity	  -‐>	  	  

 retrieved	  records:	  surnames,	  informaUon	  about	  patrilineal	  
line	  (geographical	  locaUons,	  potenUal	  spelling	  variants)	  
and	  pedigrees	  

 Contain	  ~39	  000	  unique	  surname	  entries	  from	  ~135	  000	  
records	  

 The	  distribuUon	  of	  records	  per	  surname	  is	  significally	  
correlated	  (R²	  =	  0.78,	  p	  <	  1.20	  x	  10¯ˉ⁶)	  with	  surname	  
frequences	  in	  US	  



Fig. 1 Quantitative assessment of identification via surname inference.  
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Tes%ng	  probability	  of	  surname	  
inference	  1.1	  

•  Challenging	  the	  two	  databases	  with	  cohort	  of	  Y-‐STR	  haplotypes	  
(consisUng	  of	  34	  markers)	  from	  911	  individuals,	  Caucasian	  ancestry,	  
with	  521	  surnames	  (known)	  –	  compiled	  from	  YBase	  database	  

•  Haplotype	  query	  -‐>	  algorithm	  -‐>	  retrieving	  the	  database	  record	  
with	  the	  shortest	  TMRCA	  (the	  Ume	  to	  most	  recent	  common	  
ancestor)	  

•  CalculaUng	  a	  confidence	  score,	  	  
–  If	  the	  score	  passed	  a	  user-‐defined	  theshold	  -‐>	  surname	  to	  the	  

input	  haplotype,	  otherwise	  -‐>	  „unknown“	  
•  Tes%ng	  the	  algorithm	  with	  range	  of	  confidence	  thresholds:	  trade-‐

off	  between	  successful	  vs	  wrong	  recovery	  of	  surnames.	  

•  Weighted	  the	  results	  using	  a	  straUfied	  sampling	  approach	  -‐>	  the	  
expected	  distribuUon	  of	  recovered	  surnames	  as	  a	  funcUon	  of	  their	  
prevalence	  



Fig. 1 Quantitative assessment of identification via surname inference.  
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Figure	  S2:	  
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Tes%ng	  probability	  of	  surname	  
inference	  2.2	  

•  Combining	  the	  recovered	  surname	  with	  
demographic	  data	  

•  Various	  online	  public	  record	  search	  engines:	  
PeopleFinders.com,	  USA-‐people-‐search.com,…	  
–  Search	  individuals	  by	  year	  of	  birth,	  state,	  surname	  
combinaUons	  

•  Results:	  (Using	  U.S.	  Census	  data)	  
year	  of	  birth	  +	  state	  alone	  are	  weak	  idenUfies,	  but	  
combinaUon	  of	  age+	  state+	  surname	  narrowed	  
significantly	  the	  list	  of	  matched	  individuals	  
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Fig. 1 Quantitative assessment of identification via surname inference.  



Feasibility	  of	  Illumina	  sequencing	  to	  
produce	  accurate	  Y-‐STR	  haplotypes	  

•  lobSTR	  v2.0.0	  –	  algorithm	  for	  STR	  profiling	  from	  
raw	  sequencing	  reads	  

•  10	  high-‐coverage	  male	  genomes	  from	  the	  HGDP	  
(Human	  Genome	  Diversity	  Panel)	  (downloaded	  
from	  NCBI	  Short	  Read	  Archive)	  

•  -‐>	  Y-‐STR	  haplotypes	  (with	  an	  average	  number	  of	  
53	  out	  of	  the	  possible	  79	  genealogical	  markers)	  

•  Comparing	  these	  haplotypes	  (47	  markers)	  to	  
capillary	  electrophoresis	  results	  -‐>	  99%	  accuracy	  

•  Even	  at	  lower	  sequencing	  coverage	  of	  10x,	  lobSTR	  
can	  give	  informaUve	  haplotypes	  



Fig S4. lobSTR calling performance on Y-STR haplotypes from ten male 
genomes  
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The	  ability	  to	  retrieve	  gene%c	  
genealogy	  records	  with	  the	  Illumina	  

haplotypes	  

•  Genome	  of	  US	  Caucasian	  male	  (Illumina	  100-‐
pb	  reads,	  coverage	  of	  13x)	  -‐>	  profiled	  STRs	  

•  -‐>	  Ysearch	  database	  
•  Results:	  a	  search	  with	  the	  Illumina	  haplotype	  
returned	  his	  Ysearch	  entry	  as	  a	  top	  record	  



Iden%fing	  John	  West,	  Michael	  Snyder	  
and	  Craig	  Venter	  

•  Genomes	  from	  iden%fied	  individuals	  in	  NCBI	  archives	  –	  
good	  test	  cases	  for	  idenUficaUon	  via	  surname	  inference	  

•  Genomic	  data	  -‐>	  Y-‐STR	  haplotypes	  (using	  lobSTR)	  

•  Ysearch	  and	  SMGF	  databases	  
•  Results:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

West	  and	  Snyder	  did	  not	  return	  their	  surnames,	  Venter`s	  
haplotype	  returned	  a	  clear	  match	  to	  a	  „Venter“	  record	  
(33	  comparable	  markers	  and	  TMRCA	  less	  than	  8	  generat.)	  	  

•  Combining	  the	  inferred	  surname	  with	  demographic	  
profiling	  (age+	  state+	  surname)	  -‐>	  2	  matching	  records	  of	  
male	  



Fig. 2 The top five records retrieved after searching Ysearch with the 
Y-STR haplotypes of Michael Snyder, John West, and Craig Venter.  
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Conclusions	  
•  Each	  complete	  pedigree	  re-‐idenUficaUon	  took	  3	  to	  7	  hours	  

by	  single	  person	  
•  Data	  release,	  even	  of	  a	  few	  markers,	  from	  one	  person	  can	  

spread	  through	  deep	  genealogical	  Ues	  and	  lead	  to	  the	  
iden%fica%on	  of	  another	  person	  who	  might	  have	  no	  
acquaintance	  with	  the	  person	  who	  released	  his	  geneUc	  
data	  

•  This	  idenUficaUon	  technique	  enUrely	  relies	  on	  free,	  publicly	  
available	  resources	  

•  GeneUc	  genealogy	  enthusiasts	  add	  thousands	  of	  records	  to	  
these	  databases	  every	  month	  

•  Third-‐genera%on	  sequencing	  pla]orm,	  longer	  reads	  -‐>	  
higher	  coverage	  of	  Y-‐STR	  markers	  -‐>	  further	  strengthening	  
the	  ability	  to	  link	  haplotypes	  and	  surnames	  
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Conclusions	  -‐	  solu%ons	  

•  Masking	  Y-‐STR	  markers	  –	  not	  sustainable	  
•  Restric%ng	  gene%c	  genealogy	  informa%on	  –	  not	  
pracUcal	  

•  Controlled-‐access	  databases	  with	  data	  use	  
agreements	  –	  may	  mediate	  the	  exposure	  of	  
genomic	  informaUon	  to	  surname	  inference	  

•  Clear	  policies	  for	  data	  sharing,	  educa%ng	  
par%cipants	  about	  benefits	  and	  risks	  of	  geneUc	  
studies,	  and	  the	  legisla%on	  of	  proper	  usage	  of	  
gene%c	  informa%on	  



Thanks	  for	  listening!	  


