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The	
  safest	
  mode	
  to	
  travel	
  



…and	
  yet	
  	
  

and	
  again…	
  

Jan	
  15,	
  2009,	
  US	
  Airways	
  Flight	
  1549	
  

…dubbed	
  “The	
  miracle	
  on	
  the	
  Hudson”	
  



Author:	
  Kelly	
  Mar/n	
  (h2p://www.tableauso9ware.com/public/gallery/when-­‐birds-­‐and-­‐planes-­‐collide)	
  	
  

Understanding	
  Birdstrike	
  Occurrence	
  Data	
  



Understanding	
  Birdstrike	
  Occurrence	
  Data	
  

Author:	
  Ellie	
  Fields	
  (h2p://www.tableauso9ware.com/public/gallery/bird-­‐strikes)	
  	
  



Dealing	
  with	
  the	
  unknowns	
  



Dealing	
  with	
  the	
  unknowns	
  



Outline	
  
DNA	
  Barcoding	
  101	
  
	
  
•  RaVonale	
  
•  What	
  is	
  DNA	
  barcoding	
  ?	
  
•  History	
  of	
  DNA	
  barcoding	
  
•  How	
  does	
  it	
  work	
  ?	
  
•  Why	
  do	
  we	
  care	
  ?	
  
•  What	
  are	
  the	
  applicaVons	
  of	
  DNA	
  barcoding?	
  

Canadian	
  Center	
  for	
  DNA	
  Barcoding	
  -­‐	
  building	
  reference	
  library	
  
	
  
•  DNA	
  Barcode	
  Factory	
  
•  InternaVonal	
  Barcode	
  of	
  Life	
  
•  New	
  fronVers	
  
	
  
Birdstrike	
  species	
  idenVficaVon	
  through	
  DNA	
  Barcoding	
  
	
  
•  Challenges	
  and	
  examples	
  
•  10	
  years	
  and	
  counVng	
  
	
  
	
  



Known biodiversity: 
1.7 million species of 
plants and animals 

Estimated biodiversity: 
10 million to 

100 million species 

DNA	
  Barcoding	
  101.	
  How	
  many	
  species	
  on	
  Earth.	
  



Our	
  Planet:	
  
Home	
  to	
  10-­‐100	
  
million	
  species	
  

Our	
  Minds:	
  
Able	
  to	
  recognize	
  
and	
  recall	
  perhaps	
  
1,000	
  species	
  



What	
  Species?	
  



What	
  Species?	
  





Maaer,	
  Cosmos,	
  Biodiversity	
  

John	
  Herschel	
   Charles	
  Darwin	
  Michael	
  Faraday	
  



Census	
  of	
  Maaer	
  1850	
  	
  



Census	
  of	
  Maaer	
  2010	
  



Census	
  of	
  the	
  Cosmos	
  1850	
  



Census	
  of	
  the	
  Cosmos	
  2010	
  



Census	
  of	
  Biodiversity	
  1840	
  



Census	
  of	
  Biodiversity	
  2003	
  



Census	
  of	
  Biodiversity	
  1840	
   Census	
  of	
  Biodiversity	
  2003	
  

1.7M	
  species	
  described	
  in	
  250	
  years	
  =	
  	
  
Many	
  centuries	
  to	
  complete	
  catalogue	
  of	
  life	
  



	
  Building	
  A	
  DNA-­‐Based	
  ID	
  System	
  For	
  All	
  Eukaryotes	
  





Sperling	
  FA,	
  Anderson	
  GS,	
  Hickey	
  DA.	
  (1994)	
  	
  

A	
  DNA-­‐based	
  approach	
  to	
  the	
  idenVficaVon	
  of	
  insect	
  species	
  used	
  for	
  postmortem	
  
interval	
  esVmaVon.	
  

J	
  Forensic	
  Sci.	
  39:	
  418-­‐427.	
  	
  

	
  

DNA	
  fragments	
  were	
  amplified	
  using	
  the	
  polymerase	
  chain	
  reac/on	
  (PCR),	
  followed	
  by	
  
direct	
  DNA	
  sequencing	
  of	
  the	
  amplifica/on	
  products.	
  Based	
  on	
  these	
  abundant	
  DNA	
  
sequence	
  differences,	
  we	
  can	
  unambiguously	
  iden/fy	
  the	
  immature	
  larval	
  stages	
  of	
  
these	
  insects.	
  	
  

These	
  DNA	
  sequence	
  differences	
  were	
  also	
  used	
  to	
  predict	
  species-­‐specific,	
  diagnos/c	
  
restric/on	
  sites	
  in	
  the	
  amplified	
  DNA,	
  and	
  these	
  predic/ons	
  were	
  verified	
  by	
  diges/on	
  
with	
  nine	
  restric/on	
  enzymes.	
  	
  

It	
  happened	
  once,	
  it	
  will	
  happen	
  again!	
  	
  

DNA	
  fingerprin/ng	
  revolu/onized	
  criminal	
  forensics,	
  DNA	
  tes/ng	
  	
  	
  



DNA	
  Barcoding	
  is	
  only	
  a	
  decade	
  old	
  



DNA	
  Barcode	
  
Short	
  sequence	
  from	
  a	
  standardized	
  genomic	
  region	
  
enabling	
  species	
  discrimina7on	
  in	
  a	
  large	
  block	
  of	
  life	
  



The	
  Mitochondrial	
  Genome	
  

Barcode	
  Region	
  for	
  Animals	
  and	
  some	
  ProVsts	
  



DNA	
  Barcoding	
  101:	
  Why	
  does	
  it	
  work?	
  

Simple	
  yet	
  powerful	
  premise:	
  	
  
geneVc	
  variaVon	
  among	
  species	
  exceeds	
  variaVon	
  
within	
  species	
  

Primer	
  specificity	
  and	
  targeted	
  gene	
  
provide	
  flexibility	
  for	
  diverse	
  
applicaVons	
  



The	
  most	
  amazing	
  DNA	
  barcoding	
  facility	
  yet…	
  

The high-throughput sequencing facility at the CCDB 
is the world’s first organization dedicated to DNA 

barcode analysis. While this unit supports a variety of  
research projects including forensic DNA barcoding 

services, iBOL remains its number one customer 
hence generating data to assemble barcode  

reference library is the primary mandate 
 of  the facility at the moment. 

 

 



Things	
  could	
  not	
  get	
  any	
  beaer?	
  They	
  did!	
  

Centre	
  for	
  Biodiversity	
  Genomics	
  (CBG),	
  	
  	
  
a	
  $14M	
  40,000	
  sq.	
  k.	
  expansion	
  to	
  the	
  research	
  infrastructure	
  

March	
  2011	
  February	
  2011	
  November	
  2010	
  

April	
  2012	
  



• 	
  Five	
  Biomek	
  Liquid	
  Handling	
  systems	
  
• 	
  Two	
  NX	
  
• 	
  Two	
  FX	
  robots	
  with	
  single	
  Cytomat	
  hotels	
  
• 	
  One	
  FX	
  robot	
  with	
  two	
  96	
  channel	
  heads,	
  two	
  cytomat	
  hotels	
  and	
  integrated	
  roboVc	
  centrifuge	
  bring	
  total	
  
extracVon	
  capacity	
  up	
  to	
  700K	
  samples	
  per	
  year	
  	
  

• 	
  Five	
  3730XL	
  DNA	
  sequencers	
  (up	
  to	
  2M	
  sequencing	
  reads	
  per	
  year)	
  
• 	
  Twenty	
  eight	
  	
  96-­‐well	
  and	
  eight	
  384-­‐well	
  Eppendorf	
  thermocyclers	
  	
  (5,700	
  samples	
  can	
  be	
  PCRed	
  concurrently)	
  
• 	
  Two	
  96-­‐well	
  real-­‐Vme	
  PCR	
  machines	
  
• 	
  Fourteen	
  -­‐80oC	
  freezers	
  storing	
  over	
  1M	
  DNA	
  extract.	
  
• 	
  Ion	
  Torrent	
  PGM	
  next	
  generaVon	
  sequencer	
  

• 	
  Over	
  2.5M	
  barcodes	
  generated	
  by	
  the	
  CCDB	
  (over	
  70%	
  of	
  	
  the	
  total	
  barcodes	
  gathered	
  globally)	
  
• 	
  Surpassed	
  800K	
  finished	
  barcodes	
  per	
  year	
  

This	
  changes	
  everything.	
  Again.	
  



DNA	
  Barcoding	
  facility	
  in	
  Guelph	
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Work	
  in	
  Progress	
  
Sequences	
  Uploaded	
  
Samples	
  sequenced	
  
Tissue	
  Submiaed	
  

AnalyVcal	
  throughput	
  at	
  the	
  CCDB	
  

1M	
  samples	
  from	
  Vssue	
  to	
  barcode	
  sequence	
  annually	
  	
  



CCDB	
  Today	
  
•  Current	
  projects	
  supported	
  by	
  the	
  CCDB	
  
•  AnalyVcal	
  capacity	
  and	
  sample	
  supply	
  Chain	
  
•  Research	
  infrastructure	
  upgrades	
  
•  Traceability	
  (user	
  alerts)	
  	
  
•  Error	
  proofing	
  
•  MTP-­‐384	
  and	
  new	
  workflows	
  
•  Reducing	
  laboratory	
  waste	
  
•  Sequence	
  autoediVng	
  

	
  



Obtaining	
  A	
  Barcode	
  Record	
  



Partnership	
  with	
  BOLD,	
  online	
  library	
  for	
  DNA	
  barcodes	
  



BOLD	
  
Records: 	
  	
  	
  	
  3.4M	
  barcodes	
  (+0.2M),	
  

	
  	
  	
  	
  4.5M	
  specimens	
  (+0.3M)	
  
	
  	
  	
  	
  3.1M	
  specimens	
  public	
  (+XM)	
  

	
  
Species:	
   	
  	
  	
  	
  350K	
  animals	
  (+24K),	
  	
  

	
  	
  	
  	
  54K	
  plants	
  (+2K),	
  	
  
	
  	
  	
  	
  16K	
  fungi	
  	
  (+3K)	
  

	
  
Cita3ons: 	
  	
  	
  	
  1051	
  BOLD	
  cita/ons	
  (Google	
  Scholar)	
  

	
  	
  	
  	
   	
   	
  	
  	
  	
  	
  
	
  
Sequencing:	
  73%	
  CCDB	
  

	
  	
  
	
  	
  

	
  

314	
  Labs	
  

GBOL	
  Labs	
  ac3va3ng	
  with	
  
13K	
  Sequences	
  from	
  3K	
  species	
  

DNA Barcode Library 





This	
  is	
  the	
  world	
  that	
  iBOL	
  and	
  CCDB	
  are	
  helping	
  to	
  build	
  

Making	
  Every	
  Species	
  Count	
  



InternaVonal	
  Barcode	
  of	
  Life,	
  ibol.org	
  



Central	
  Node	
  

Regional	
  Node	
  

NaVonal	
  Node	
  

InternaVonal	
  Barcode	
  of	
  Life	
  

5 Years 
5M Specimens 
500K Species 

Launched in September 2009 
Nearly 4M specimens acquired and 

500K Species 



CCDB	
  –	
  main	
  analyVcal	
  hub	
  for	
  iBOL	
  

Aker	
  ten	
  years	
  of	
  DNA	
  Barcoding	
  
•  50+	
  countries	
  
•  300+	
  collaborators	
  
•  20,000+	
  sample	
  containers	
  processed	
  
•  3.9M+	
  samples	
  analyzed	
  
•  3.5M+	
  sequences	
  produced	
  
	
  



640	
  CPU	
  Cores,	
  200	
  Terabytes	
  of	
  Storage	
  
1	
  Architect,	
  6	
  Programmers,	
  2	
  Project	
  Managers,	
  2	
  Bioinforma/cians	
  	
  
7	
  Data	
  Managers	
  	
  	
  	
  

BOLD,	
  online	
  library	
  for	
  DNA	
  barcodes	
  



Barcode	
  Data	
  on	
  BOLD	
  -­‐	
  2007	
  



Barcode	
  Data	
  on	
  BOLD	
  -­‐	
  2009	
  



Barcode	
  Data	
  on	
  BOLD	
  -­‐	
  2012	
  



Barcode	
  Data	
  on	
  BOLD	
  -­‐	
  2014	
  



DNA	
  Barcoding	
  and	
  Specimen	
  Vouchers	
  

Museum	
  sampling	
   Permanent	
  connecVon	
  with	
  the	
  vouchers	
  



Specimen	
  CollecVon	
  –	
  Mobile	
  Lab	
  

hap://biobus.ca	
  



•  25	
  na/onal	
  parks	
  were	
  
sampled	
  in	
  2014	
  including	
  
14	
  remote	
  parks	
  

•  All	
  45	
  na/onal	
  parks	
  have	
  
now	
  been	
  sampled	
  

•  99%	
  	
  of	
  2013	
  specimens	
  
have	
  been	
  analyzed	
  

•  Data	
  now	
  available	
  for	
  600K	
  
specimens	
  from	
  32	
  na/onal	
  
parks	
  

Sample	
  sites	
  –	
  2012	
  
Sample	
  sites	
  –	
  2013	
  
Sample	
  sites	
  –	
  2014	
  

Specimen	
  CollecVon	
  –	
  Canadian	
  NaVonal	
  Parks	
  



Barcode	
  Closure	
  for	
  Canada	
  



Towards	
  a	
  Complete	
  Barcode	
  Library	
  for	
  Canadian	
  Life 

Other	
  Plants:	
  3K	
   Vertebrates:	
  2K	
  

Vascular	
  Plants:	
  6K	
   Invertebrates:	
  70K	
  

!	
  	
  DONE!	
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North	
  America	
  

350K	
  Animal	
  Species	
  Analyzed	
  by	
  October	
  2014	
  



•  Beetles	
  of	
  Germany	
  –	
  3.5K	
  
(Hendrich	
  et	
  al.	
  in	
  press)	
  

•  Noctuoid	
  Moths	
  of	
  Canada	
  –	
  
1.5K	
  	
  (Zahiri	
  et	
  al.	
  2014)	
  

•  Beetles	
  of	
  Finland	
  –	
  1.6K	
  
(Pen/nsaari	
  et	
  al.	
  in	
  press)	
  

•  Moths	
  of	
  Austria/Finland	
  –	
  1K	
  
(Huemer	
  et	
  al.	
  in	
  review)	
  

•  Bees	
  of	
  Germany	
  –	
  600	
  
(Schmidt	
  et	
  al.	
  in	
  prep)	
  

•  Spiders	
  of	
  Canada	
  –	
  1K	
  
(Blagoev	
  et	
  al.	
  in	
  prep)	
  

ScienVfic	
  impact	
  of	
  iBOL	
  and	
  CCDB	
  work	
  



Barcode	
  coverage	
  for	
  birds	
  makes	
  idenVficaVon	
  easy	
  



Degraded	
  sample?	
  No	
  problem!	
  
	
  



Degraded	
  sample?	
  No	
  problem!	
  
	
  

	
  
ExVnct	
  Urania	
  moth	
  	
  

700yo	
  fish	
  bone	
  

	
  
Cultural	
  arVfacts	
  

Barcoding	
  type	
  specimens	
  

Dry	
  shark	
  fins	
  



No	
  morphology?	
  No	
  problem!	
  

American	
  wigeon	
  
(Anas	
  americana)	
  



No	
  morphology?	
  No	
  problem!	
  

Pied-­‐billed	
  grebe	
  (Podilymbus	
  podiceps	
  )	
  



Buteo	
  jamaicensis	
  	
  

No	
  morphology?	
  No	
  problem!	
  

Redtailed	
  hawk	
  (Buteo	
  jamaicensis)	
  



No	
  morphology?	
  No	
  problem!	
  

Barn	
  swallow	
  
	
  (Hirundo	
  rus7ca)	
  



It	
  is	
  not	
  a	
  bird!	
  And	
  it	
  is	
  not	
  from	
  BC!	
  

Mexican	
  free	
  tail	
  bat	
  (Tadaria	
  brasiliensis)	
  



Increased	
  species-­‐level	
  idenVficaVon…	
  

…beaer	
  insights	
  from	
  bird	
  strike	
  “bid	
  data”	
  



The path forward 

•  ConVnue	
  educaVng	
  key	
  stakeholders	
  about	
  benefits	
  of	
  
birdstrike	
  monitoring	
  and	
  reporVng	
  

•  Capture	
  as	
  much	
  data	
  as	
  possible	
  
•  Take	
  advantage	
  of	
  all	
  available	
  approaches	
  to	
  obtain	
  

species	
  level	
  idenVficaVon	
  
•  Employ	
  standard	
  sampling	
  kit	
  and	
  protocols	
  	
  



HEMISPHERESMAGAZINE.COM • MARCH 2014 • ILLUSTRATION BY JAMES PROVOST 59

INNOVATION     BUSINESS     GADGETRY

DNA SEQUENCING, BY iPHONE
How sure are you that the monkfi sh you picked up at the supermarket isn’t actually toxic puff er fi sh? It probably 
says monkfi sh on the label, but labels are prone to human error. Situations like this are part of the reason an 
international consortium of scientists started the International Barcode of Life (IBOL) project, which maintains 
a reference library of DNA “barcodes.” IBOL aims to create a DNA scanner a" achment for smartphones that 
can classify any plant or animal on Earth in seconds. Customs agents could use such a tool to prevent invasive 
or endangered creatures from entering their countries, outdoorsmen could determine what kinds of bugs have 
bi" en them and the FDA could keep an eye on what’s in our sushi. To start, the group will release an app by the 
end of 2014 that will allow everyone from gardeners to the FDA to send in samples to be identifi ed. Here’s how 
they’ll do it. —JACQUELINE DETWILER

1   Until a user-friendly mobile DNA 
sequencer attachment is developed (which 
could take a few years), the app will locate 
a nearby lab able to decode DNA. When a 
person fi nds a living thing she needs identifi ed, 
she can take a sample—like a hair, a stinger or 
a fl ower—request a vial through the app and 
send the sample to the suggested lab. 

2   Next, the lab compares the found item’s 
“barcode”—a short piece of sequenced 
DNA—to the 100,000-plus in the IBOL 
database. If there’s a match, the app will send 
an automatic notifi cation describing what 
it has found. This description will include a 
profi le of photos, common characteristics 
and usual habitats. 

3   There are already DNA sequencers 
small enough that they could feasibly be 
attached to smartphones, but IBOL’s next 
project will be to develop one that can 
be used by anyone, regardless of training 
or scientifi c ability. When released, it 
will perform the wet lab work onsite, 
eliminating the need for mailing vials. 

HOW IT’S DONE

1

2

3

p059_HEM0314_BrightIdeas.indd   59 05/02/2014   15:24

2015	
  2014	
  

App	
  development	
  

Kit	
  design	
  

Marke/ng	
  Campaign	
  

Kits	
  Available	
  in	
  Canada	
  &	
  USA	
  

Availability	
  to	
  Educa/onal	
  Community	
  

2016	
  

Development	
  of	
  sequencing	
  device	
  

InformaVcs	
  Division	
  –	
  LifeScanner	
  



Outreach	
  	
  

h2p://ibol.org/news-­‐and-­‐events/newsle2er/	
  
h2p://dna-­‐barcoding.blogspot.com	
  
	
  



Meet	
  the	
  CCDB	
  Team…	
  



Funding	
  Provided	
  By:	
  

hap://farm5.staVcflickr.com/4110/5029813957_44429be8fd_b.jpg	
  





Funding	
  Provided	
  By:	
  



IntroducVons	
  –	
  AdministraVve	
  Divisions	
  

University	
  of	
  Guelph	
  (College	
  of	
  Biological	
  Sciences)	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Biodiversity	
  InsVtute	
  of	
  Ontario	
  	
  
(Department	
  within	
  College	
  of	
  Biological	
  Sciences)	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Biodiversity	
  InsVtute	
  of	
  Ontario	
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February	
  02,	
  2010	
  
	
  
Satmar	
  Poultry	
  Slaughterhouse	
  Duck	
  Recall	
  
	
  
A	
  non-­‐kosher	
  duck	
  breed	
  sold	
  as	
  kosher.	
  
	
  
A9er	
  ini/ally	
  denying	
  the	
  problem,	
  last	
  week	
  
under	
  pressure	
  Kiryas	
  Joel	
  Poultry	
  issued	
  a	
  duck	
  
recall:	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  A	
  proclama/on	
  /tled	
  "No/ce"	
  in	
  "Der	
  
Bla2"	
  of	
  January	
  15,	
  2010,	
  KJ	
  Poultry	
  of	
  Monroe,	
  
N.Y.,	
  signed	
  by	
  management,	
  requests	
  the	
  return	
  
of	
  ducks	
  purchased	
  "due	
  to	
  the	
  inves/ga/on	
  
underway	
  of	
  the	
  ducks	
  delivered	
  by	
  a	
  farmer	
  that	
  
may	
  have	
  mixed	
  breeds."	
  The	
  announcement	
  
advises	
  that:	
  "Un/l	
  such	
  /me	
  that	
  a	
  clear	
  
determina/on	
  can	
  be	
  made,	
  the	
  ducks	
  are	
  not	
  to	
  
be	
  eaten	
  and	
  should	
  be	
  returned."	
  
	
  
The	
  determina/on	
  KJ	
  Poultry	
  wanted	
  has	
  now	
  
been	
  made,	
  and	
  the	
  problem,	
  such	
  that	
  it	
  is,	
  is	
  
real.	
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