
Introduc)on	
  
23andMe,	
  with	
  over	
  180,000	
  genotyped	
  customers,	
  is	
  in	
  
a	
  unique	
  posi)on	
  to	
  accurately	
  es)mate	
  the	
  carrier	
  
frequencies	
  of	
  rare	
  pathogenic	
  muta)ons.	
  Accurate,	
  
popula)on-­‐specific	
  es)mates	
  of	
  muta)on	
  frequencies	
  
facilitate	
  effec)ve	
  and	
  efficient	
  carrier	
  screening.	
  We	
  
calculated	
  seven	
  popula)on-­‐specific	
  muta)on	
  
frequencies	
  for	
  each	
  of	
  191	
  rare,	
  autosomal	
  recessive	
  
muta)ons;	
  of	
  the	
  1337	
  popula)on-­‐specific	
  muta)on	
  
frequencies	
  calculated,	
  nine	
  are	
  par)cular	
  interest	
  and	
  
are	
  reported	
  here.	
  We	
  found	
  that	
  several	
  muta)ons	
  that	
  
were	
  thought	
  to	
  be	
  associated	
  only	
  with	
  certain	
  
popula)ons	
  are	
  also	
  present	
  in	
  addi)onal	
  popula)ons	
  at	
  
comparable	
  or	
  higher	
  frequencies.	
  

23andMe	
  Research	
  
23andMe	
  is	
  a	
  unique	
  research	
  plaLorm	
  that	
  uses	
  both	
  gene)c	
  
(from	
  customers’	
  saliva)	
  and	
  phenotypic	
  data	
  (from	
  customers’	
  
survey	
  responses)	
  to	
  make	
  new	
  scien)fic	
  discoveries.	
  	
  We	
  are	
  also	
  
commiQed	
  to	
  sharing	
  these	
  new	
  findings	
  with	
  the	
  customers	
  and	
  
with	
  the	
  broader	
  research	
  community.	
  	
  

Methods	
  
Par)cipants	
  were	
  23andMe	
  customers	
  who	
  had	
  consented	
  to	
  use	
  
of	
  their	
  data	
  for	
  research.	
  With	
  the	
  excep)on	
  of	
  about	
  13,000	
  
individuals	
  recruited	
  for	
  disease	
  studies,	
  the	
  23andMe	
  database	
  is	
  
unselected	
  for	
  any	
  par)cular	
  disease	
  or	
  condi)on.	
  

We	
  used	
  gene)cally-­‐determined	
  ancestry	
  to	
  place	
  customers	
  into	
  
one	
  of	
  eight	
  categories:	
  southern	
  European,	
  northern	
  European,	
  
La)no,	
  African	
  American,	
  South	
  Asian,	
  eastern	
  Asian,	
  Ashkenazi	
  
Jewish	
  and	
  other.	
  No	
  customer	
  was	
  included	
  in	
  more	
  than	
  one	
  
category.	
  	
  

To	
  create	
  a	
  collec)on	
  of	
  rela)vely	
  independent	
  samples,	
  we	
  
filtered	
  out	
  close	
  rela)ves.	
  	
  For	
  every	
  pair	
  of	
  rela)ves	
  more	
  closely	
  
related	
  than	
  second	
  cousins,	
  we	
  removed	
  one	
  individual.	
  The	
  
resul)ng	
  collec)on	
  of	
  study	
  par)cipants	
  totaled	
  108,300	
  
customers.	
  The	
  number	
  of	
  customers	
  falling	
  into	
  each	
  ancestry	
  
category	
  is	
  given	
  in	
  Table	
  1.	
  	
  

Table	
  1.	
  Gene)cally-­‐inferred	
  ancestry	
  of	
  the	
  23andMe	
  customers	
  
included	
  in	
  this	
  study.	
  

For	
  each	
  of	
  the	
  191	
  muta)ons	
  covered	
  in	
  23andMe’s	
  48	
  carrier	
  
status	
  reports,	
  the	
  popula)on	
  specific	
  frequencies	
  were	
  calculated.	
  
These	
  observed	
  frequencies	
  were	
  compared	
  to	
  frequencies	
  
reported	
  in	
  the	
  literature.	
  

Results	
  
For	
  muta)ons	
  predominately	
  reported	
  in	
  a	
  given	
  popula)on,	
  
customers	
  carrying	
  the	
  muta)on	
  typically	
  had	
  the	
  expected	
  
ancestry.	
  There	
  were,	
  however,	
  some	
  surprises.	
  Occasionally	
  a	
  
muta)on	
  thought	
  to	
  affect	
  people	
  of	
  one	
  ancestry	
  was	
  observed	
  in	
  
customers	
  of	
  another	
  ancestry.	
  	
  Some)mes	
  a	
  muta)on	
  frequency	
  
in	
  our	
  database	
  differed	
  from	
  the	
  frequency	
  previously	
  reported	
  
for	
  a	
  given	
  popula)on	
  (see	
  Table	
  2).	
  	
  

Discussion	
  
Using	
  the	
  power	
  of	
  a	
  large	
  database,	
  we	
  were	
  able	
  to	
  
discover	
  rare	
  pathogenic	
  muta)ons	
  in	
  unexpected	
  
popula)ons.	
  	
  

More	
  research	
  is	
  needed	
  to	
  establish	
  why	
  we	
  observed	
  
these	
  muta)ons	
  in	
  new	
  popula)ons	
  or	
  at	
  higher	
  or	
  lower	
  
than	
  reported	
  frequencies.	
  There	
  are	
  several	
  possible	
  
sources	
  for	
  these	
  discrepancies:	
  

•  Unaccounted	
  for	
  ancestry	
  from	
  the	
  popula)on	
  
where	
  the	
  muta)on	
  is	
  typically	
  found	
  

•  Differences	
  between	
  self-­‐reported	
  and	
  gene)cally-­‐
inferred	
  ancestry	
  

•  Small	
  size	
  of	
  previous	
  studies	
  
•  Differences	
  between	
  ancestry	
  of	
  23andMe	
  
customers	
  and	
  of	
  par)cipants	
  in	
  previous	
  studies	
  

We	
  will	
  further	
  inves)gate	
  some	
  of	
  these	
  possibili)es	
  
using	
  	
  (1)	
  local	
  ancestry	
  inference	
  at	
  the	
  site	
  of	
  the	
  
muta)ons	
  and	
  (2)	
  surveys	
  comparing	
  self-­‐reported	
  and	
  
gene)c-­‐based	
  ancestry.	
  	
  

Regardless	
  of	
  the	
  origin	
  of	
  these	
  new	
  occurrences,	
  the	
  
implica)on	
  for	
  carrier	
  screening	
  remains	
  the	
  same.	
  	
  
Broad	
  carrier	
  screening	
  panels,	
  rather	
  than	
  narrow	
  
popula4on-­‐specific	
  carrier	
  screening	
  panels,	
  are	
  the	
  best	
  
way	
  to	
  ensure	
  that	
  all	
  carriers	
  of	
  rare	
  pathogenic	
  
muta4ons	
  are	
  alerted	
  to	
  their	
  carrier	
  status."
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Ancestry	
  category Approximate	
  number	
  of	
  	
  
customers	
  included	
  in	
  study 

Northern	
  European 72,900 
Southern	
  European 6,000 
Ashkenazi	
  Jewish 7,200 

La)no 4,700 
African	
  American 8,400 

South	
  Asian 3,000 
Eastern	
  Asian 6,100 

Figure	
  1.	
  Summary	
  of	
  unexpected	
  
findings.	
  	
  More	
  details	
  on	
  these	
  
findings	
  are	
  given	
  in	
  Table	
  2.	
  Note	
  
that	
  the	
  eastern	
  European	
  ancestry	
  	
  
in	
  this	
  figure	
  corresponds	
  to	
  
southern	
  European	
  ancestry	
  in	
  
Table	
  2.	
  

Table	
  2.	
  	
  Muta)ons	
  and	
  frequencies	
  referred	
  to	
  in	
  Figure	
  1.	
  The	
  symbol	
  †	
  denotes	
  that	
  the	
  observed	
  frequency	
  was	
  higher	
  than	
  
previously	
  reported,	
  the	
  symbol	
  *	
  means	
  that	
  the	
  frequency	
  was	
  lower	
  than	
  previously	
  reported,	
  and	
  the	
  symbol	
  ‡	
  means	
  that	
  
this	
  is	
  the	
  first	
  observa)on	
  of	
  the	
  given	
  muta)on	
  the	
  specified	
  popula)on	
  (as	
  far	
  as	
  we	
  can	
  tell	
  from	
  the	
  literature).	
  


