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Outline of talk

* Brief overview of DNA barcoding

e Results of barcoding mite communities
associated with poultry houses

e Live demonstration of the Barcode of Life
Datasystems (BOLD)



Specimen identification

e traditional morphological identifications

Keys require expertise

ceys are often life-stage or gender specific

—extreme phenotypic variation

Above: Eupodes spp.; three species are shown



DNA barcoding (DNAB)

 Hebert et al 2003: UPC analogy

— unique product tags = short,
standard fragments of DNA

— products = species
— fast & automated

— automated biodiversity
assessment

~ (Stoeckle & Hebert 2008)
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DNAB: the basics

* nNew:
1. standardization

2. specimen
vouchering

3. curation of database

e animal life:
cytochrome c oxidase
subunit | (COIl) gene

\ ANIMAL CELL

"-‘\‘-
P =
.
> ' |

Nucleus

Mitochondrion

MITOCHONDRIAL DNA

CO1 gene used for
species identification

an

(Stoeckle & Hebert 2008)




DNAB: the basics

e relies on ‘barcode gap’
of sequence

divergence — Shecies 1
— high interspecific Q % PSS
divergence —rE Species 2
=
— low intraspecific = ;
divergence 4‘% Species 3




DNAB: the procedure

* two phases:

1. library
construction

2. identification
of unknowns



DNAB: the procedure

SYSTEMS

* two phases:

Specimen - Soil mites in association with the red poultry mite [SMRPM] &kt

1. library

IDENTIFIERS PHOTOGRAPHS

Sample 1D HUJINVACAZ
. Process ID: SMRPMO02-16
CO n St r u Ct I O n Institution Storing: Hebrew University of Jerusalem, National Collections of
Matural History
Field 1D
Museum 1D: HUJ
Collection Code: INVACA

Identification: Dermanyssus gallinae (De Geer,
1778, 1778)

Rank Species

Identifier Maria L Moraza

Identification Method:  Morphological
Identifier Institution Universidad de Navarra

Identifier Email: mimoraza@unav.es

Taxonomy Mote
Rank Current Record

HUJINVACAZ}

Arthropoda [6]
Arachnida [6] License: Mo Rights Reserved (2016)
Wesostigmata [6] License Holder: Eric Palevsky, Agricultural Research Organization, Israel

Dermanyssidae [3]

Subfamily:
Genus:

Species:
Subspecies

Voucher Status.
Tissue Descriptor.

_Adn Tags & Comments §9. Comments:@ Associated Tags: No Tags
Dermanyssus [3]

Dermanyssus gallinae [3] : venbs!

Sex. Female GEOGRAPHY
Reproduction Country: Israel

Life Stage Adult Province/State




DNAB: the procedure

STEMS Databases | Taxonomy | Identification | Workbench \ Resourc

Specimen Identification Request & Print

* two phases:

anyssus gallinae Top Hit: Arthropoda - Mesostigmata - Dermanyss

1. library
construction

Type: COl FULL DATABASE (includes records without species designation)

Tree Based Identification

2. identification .

§ 995
E 99.4
of unknowns
)
98'8‘! 12 2 kL) 45 56 67 T8 89
Ranked Matches
TOl Display option:  Top 20 «
Phylum Class Order Family Genus Species Similarity (%) Status

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published &

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published &

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gailinae 100 Published &

Arthropoda Arachnida Mesostigmata Dermaryssidae Dermanyssus galiinaa 100 Fublished &

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus. gallinae 100 Published (

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published &

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus. gallinae 100 Published (7

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus galiinae 100 Published &

T | Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published &

‘ “ Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published &

| Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published &7

) Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published (&

Arthropoda Arachnida Mesostigmata Dermaryssidae Dermanyssus gallinae 100 Published &

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus gallinae 100 Published (&

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus. gallinae 100 Published &

Arthropoda Arachnida Mesostigmata Dermanyssidae Dermanyssus galiinae 100 Published &



DNAB: applications

iy

WHEN SPECIES IDENTIFICATION MATTERS

Disease

Endangered
Species

Market Fraud

4




DNAB: empirical tests

e >>200 studies

No. of taxa

% identified

Table 1. Design details and major results from seld

barcode for identifying animal taxa

cted studies that utlised part of the cytochrome ¢ oxidase subunit 1 gene to provide a DNA

Sequence| K2P % intravs interspecific

Reference length No.of taxa % identified €Ol variation Comment

Barrst ot al. 200579 600bp [N 208 aachnid spp 100 1.4 v 164 Mean intra- and intrspecific nudsotide divergences did not
overiap exceptin the case of probable crypic spacies.

Brown et al, 2003#1 848bp 1 Lepidopteran sp. Gnetom 100 €Ol was used as a taxonomic descriplor for a new specias,

gnemon

Greensione et al. 20057 430pp [ 32 Carabidas spp. and COl used 1o identify spacias and link diferent e stages.

38 Aransas spp.

Hajibabasi of al. 200677 311-8126p il 521 Lepidopteran spp. a7.0% 17-0.48 vs 4-6 Morphologically distinct sympatric species from three
{amilies identified.

Hebert st al. 20032 658bp | 7 animal phyla ) The sfiicacy of GOl at identifying species, orders and phyls
assessed.

8 insect orders 100

200 Lepidopteran spp. 100 Lepidoptera 02518 6.64

Hebert st al. 20031 >400bp [ 2238 Annelida, Arthropoda, -88 {Overall, usually <2 vs 11.3 The efficacy of COI at identifying species from eight major
Chordata, Cridania, and several minor phyta plus a variety of arthropod
Echinadsrmata, Mollusca, classes was assessed. Onidarians showed less GO
Nematoda, Platyhelminthes, variafon batween spacies than al other taxonomic
and minor phyla groups, 84.1%vs 1.9% showing < 2% K2P between spp.
(< 0.0001).

Hebert ot al, 2004a"> B480p 10 Lepidopteran spp. 100 Ton new taxa identified. Different life siages matched for
spocies.

Hebert st al. 2004514 &48bp N 260 Avian spp. 100 A3 va 783 Four possile cryptic species identifisd

Hogg et al. 200475 7iobp [l 19 Collembola spp 100 8 vs 190 Produces high resolution in Collambola spedes. Possle
eryptic species identified.

Hu et al. 200215 < 5anpp Three of the seven species appeared © ba possible spedes
compiexes based on intraspacific COl variation.

Hu et al, 2005 =450bp 3 Progamotaenia 5pp. Variation at COl suggests that all three spedies are species

{Platyheiminthes) compiexes

Lambert et al. 20053 586bp 10 Moa spp. 100 €Ol used o identify extinct species. Possible species
‘synonymy highiighted.

Lorenz st l. 200527 TETbp 56 primates 0.011 vs - Problems with taxon specific patiams of ‘universal primer’
failure. Taxon spadific primers deveioped.

Ngamamonpirat it al. 450bp 1 Gnathastoma spinigenm - COI barcods variation did not maich the morphological

200557 {hookworm) variafion observed in 3% larval stage of this hockworm,

32 Paquin et al. 20047 *1000bp 23 Clourina spp.(Arachnida) 2100 1.08vs 712 Immature specimens identfied 10 species level. Possible
spacies synonymy identfied

Penton et al. 20047 708bp 2 Daphnia spp.(Crustaces) 100 Wentificafion of morphologically cryptic species with
overiapping distbution.

Remigio et al. 2008 672bp 70 Gastropod spp. - €Ol used 1o identify species and higher 2xonomic
relafionships. Insertion or deletions more commenin COI
in this tasonomic group.

Smith st al. 2006" 658bp 32 Dipteran spp. 100 0.17 vs 5.78 Fiftesn cryplic species found using COI

Vences st al, 200579 550-850bp 9 Manislid frog spp. 4 Ansides 5.4 {mantelid frogs) and 4.3 Found high intraspecific variability (7—18%). The use of

p (sdlamanders) (salamanders) vs 20.7 and 135 mitochondrial 168 rANA gene o supplement GOI
suggesisd

Ward et al. 20057 655bp 207 fish 100 0.3 vs0.93 Efficacy of COI atidentifying species and higher taxonomic
relafionships assessed, Possible cryptic spedes
identified

Whiteman et al. 2004 a79bp  2Lie spp (Insects) 100 Study of bird parasies with similar morphology that can ba

identified using COI.

Waugh 2007 Table 1

203 arachnid spp.

1 Lepidopteran sp. Gnetom
gnemon

32 Carabidae spp. and
39 Araneae spp.

521 Lepidopteran spp.

7 animal phyla

8 insect orders

200 Lepidopteran spp.

2238 Annelida, Arthropoda,
Chordata, Cnidaria,
Echinodermata, Mollusca,
Nematoda, Platyhelminthes,
and minor phyla

10 Lepidopteran spp.

260 Avian spp.
19 Collembola spp.

100

100

97.9%

96.4

100
100

100

100
100




DNAB: the limitations

A B C D
recently diverged \V
species (
= incomplete lineage sorting
Introgressive
hyb ridization incomplete lineage sorting (Maddison 1997)

Wolbachia infection

Wolbachia infection (Werren et al 2008)



DNAB: case study

 Soil mites in association with the
red poultry mite

1. library construction
e Collect samples
—  Belgium
—  Croatia
— France
—  lIsrael

— Poland




Case study: specimen processing

SYSTEMS




Case study: extraction

SYSTEMS




Case study: amplification

PCR Amplify

SYSTEMS




Case study: sequencing

SYSTEMS

BOLD Systems

PCR Amplify Sequence \_ )




Case study: data integration

SYSTEMS

TTCCCACF—’I‘ATG!‘«ACAACF\TAAG@TTCTGACTCCTACCCCCTTCF\TTCCTT |
V1 gan 260 1270 &0 PQDI L

sustamity

St Provnce:

RagionCourty

Sector
Euctsw:  C
Lattute
Loagmuge :
Coorn. Source
s epen ; - .
) nttp:/ /v yste -1o] x|
Phe L ‘
Barcode Identifiers A
l Barcode ID LGSM786-04 Sample ID DNA-ATBI-0786
‘ Gene COX1 GenBank Accession
Last Updated 2005-09-09 Translation Matrix : Invertebrate Mitochondrial
| Sequencing Runs
Run Date Direction Trace File PCRprimers  SeqPrimer | Sfalus
J 6:20 Reverse LGS LepFllLepRt LepR1 high qual
O 2004-12-08 12:03:33 LepFilLepR1 LepF1 high qual

veiTas | || [serrEol|

Nucleotide Sequence
Residues: 658
Comp. A: 192
Comp.G: 93
Comp. C: 107
Comp.T: 286
Ambiguous : 0

Identify Sequence Using : FullDatabase | _ Species Datsbsse’ | Ref Database:

Amino Acid Sequence
218 XTLYFIFGIWAGILGTSLSLLIRTELGNPGSLI
e

Residues :

TTIT QMELEVRAY

Illustrative Barcode
320

4 -
O OO OO OO0 A

321 a4y ol
0 0 OO0

( il | _.,LI

| Done

Web-Accessible Data and

PCR Amplify Sequence DNA Barcodes

http://cchb.ca/



Case study: delineating species

EupodidasBIN59209
Eupodidae/BIN39209
Eupodidae/BIN39209
Eupodidae/BIN39209
Eupodidae/BIN39209
Eupodidae/BIN59209

-FupndidaﬂBH‘\'iE'_'-' 09

EupodidasBIN59200
Eupodidae[BIN39209

=BTk

Eupodidae[BIN256634

Eupodidae/BIN220396
Eupodidae[BIN220396
Eupodidae[BIN220396
Eupodidae/BIN220396
Eupodidae/BIN220396
Eupodidae[BIN220396

IEupc:dil:lae BIN117972
5 EupodidaeBIN117972
Evpodidae BIN128010
Evpodidas BIN128010

6

Eupodidae BIN128010

Eupodidae BIN128010
EupodidaeBIN128010

EnpodidaeBIN128010




Case study: delineating species

EupodidasBIN59209 \
Eupodidae/BIN39209
Espodiac N9 Barcode Index Number

Eupodidae/BIN39209

1 = [EupodidaeBING9209

Eupodidae BIN59209 ( B | N ) SySte m

-Fupndidae BIN39209

EupodidasBIN59200
EnpodidacBINIS209 (Ratnasingham and Hebert 2013)

.|+ Clustering algorithm

3 Eupc::-dil:laé B]}TE;;SH o
Eupodidae[BIN220396 .
Eapodioe BN * Defines molecular
Eupodidae[BIN220396
4 ={Evpodidac[BIN220396 . .
EupodidaeBIN220396 taxonomic units
Eupodidae[BIN220396
EupodidaeBIN117972
S _IEupodil:lae BIN117972 ) Eupodidae BIN128010
%vpnﬁje ggi:ggig Eupodidae BIN128010
6 —{{E ooz Eupodidae BIN128010
Eupodidae BIN128010 Eupodidae BIN128010
Eupodidae BIN128010 »
Euplllpdidae BIN128010 Eupodidae BIN128010
Eupodidae BIN128010




Case study: delineating species

L 1':| q"l 1
jTrambidiformes![1 ] SMEPM361 -1 6HUIBVACAZ T 2 el BOLD:ADA 4TI 2 z
Mrombidifarmes[ 3] SMEPM351-16HUTINVAC ATT3 Tl BOLD: A.DA_4T‘
Trombidiformes3 55 EPRES - 16 HUTDTVACA 351 :r-= u:ﬁ
Trombidifommes (47 SMEFMISE 1 6HLUTIN.
Trombidiformes | 7] 5 MEPRTM-
Trombidiformes [ 5 M EPMEIGD
Trombidifommes {75 EFME3
ambidiformes [B]5 Eit‘?-:‘ 53
Trombidifarmes [R5
—N T rombidiformes 10}
Trombidifarmes{11] "\‘T\I"ﬂ
Tromby uui-:un-!: I 1“ 5 "-"""-f_lli:
‘DL.]""I'lIfil"IIP: [I\]:'E-".E_".\-i 48- 16 I-_' ﬁ-..—;-‘EE:.le.! BOLD:ACH3ES
Trombidiformes [ 167 SMEPMOS]-1§HUINVACA 31 Ismef BOLD-ACHS 810
Trombidifermses [ 17]) SMEPMLT-1§HUMNMVACA4 T lamel BOLD-ACHS210
Trombidiformes] 18] SMEPMOS0- 16 HUTINVACASD ;J?.LB"I._L, ACHIEIR
Tromoidifommes [0 SMEPMII - 16 HUTDIVACAI | e BOLD-AD A 3438
Imm:l::iuufn_a;[_,ll_ AAWEPMIIG-16HUTDIVACAIS e BOLTEATI A 3438
_— IImm':la:iifms [21 P SMEPMDE - 16 HUTDIVACA I e BOLTI-ATI 43438
Trombidiformas SMFOMI33- 1§ HUDNVACA T el BOLD:ADAXT IS

Mesost ety 23 P EME EMAST- I SPAP I ME] 22 Franc s BOLT-ATIA T 612
Mesestizmara [24) SMEPMAE- 1 S PAPI MET 13 FanceBOL D ATIA 1512

Mesosirmainl[15]| SMEPM22E-1 B ER IME ancelBOLDATA 1612
Mazostipmata|[ 26 SMEPMS04- 1 GRERME] 1 1 Fmnce BOLDADIA 161D
Mesostizmaty :Z"' SHEPMAT-IHBEEFIME] L3 Franc s BOLD AT
GPARIME] N FrancelBOLDATA TSI
: SEERIME]] ] FranceBOLD ATIA TS

I"-icm rla_.J fa[30] EME P60 EHPA DI ME | 3 Fonce BOLD-ACR 5179

viasostipmatal[3 1] SMEPAAN-]1 SRIGIME ] D8 Francal BOL D-ACTS1 79
B Mesostizmata [32])SMEPMIE3- 16U A-NE TN 200 Eeleium.
Nizsosh pmatal[ 3 3] SMEPMIE2-16TUA- ST 95 Bal =ium|

Mespstizmaim/[34] SMEPMI B4-16[UA-NSTH 221 Belziom|

Mesostiomatal[33] EMEPMIES- 16U A-NSTH 203 Belzim
Mesostizman [36] SMEPMI T7-16UA- N TH-2 4 BelenmBOLD-ATIALD4T
Mlesosdzmatal [37]) SMEPM I 84 1§HUIINVACA L9 | Croa iaBOL T A ATL42E
Mlazostemata[3 ] S MR BN SHUIDOACAS Izl BOLD A A CA42]
C =BT .-L-" —l

Mlesoznzmar|41]|SME

Mezosdzmara[42]SMERMO0]-1 o
Mesostpmaial[43] 3MEIM1 T1-16HU ]]]‘-."'..-AIL'M“ ]smelBDD_A.D.!Li"-H
Mizspstzmatal[44]) SMEPN 1 T7- 16 HU NV ACA DT T el BOL D AT A [ 347

Mesosnzmaa {45 ]SMEPMI 75 1HUTEWVACA] M laael BOLD-ATI A GRS

Ilecostirmatal[45] SR PMA52- 1 SCIRIUR ] MiFranceBOLD-ACMS 11D




Case study: specimen identification

pPracrocheles pemicilliger| SMEPR203-16[B0LD-ADAZ516

Ldacrocheles penicillimer ShARPRIZ04- 1§ BOLD:ATIA 2526
rMan:rua:heles merdarins SAEPAMIZ0-1§BOLD:ADALLIZS

hIarrocheles merdarins| SMEPR133-16EB0OLID-ATIAL133

!hhunchela. merdaris| SMEERI12-16B0LD:-ATIA 1133

Placrocheles merdarims|SMEPM437-16BOLD:-ADA1540

Lifacrocheles merdarin:| ShIFFLI436- 16 BOLD: ATYA 1540
hlacrocheles muscasdomesticas| SRMRPAIZO0T-1HBOLD: ABRY 20445
hlacrocheles muscasdomesticas| SRMRPAIRS0-1HBOLD: ABRY 20445

hlacrocheles muscasdomesticas| SRMRPAIR10-1HBOLD: ABY 20445
-hdacrocheles muscasdomesticas| SMEPLIMEE- 16BOLD-ABY 2066
hlacrocheles muscasdomesticas SMEPA442- 1 HBOLD: ABRY 20464
hlacrocheles muscasdomesticas SRMRPAI441-1HBOLD: ABY 20445
hlacrocheles muscasdomesticas SRMRPAIY34-1HBOLD: ABY 20445
hlacrocheles muscasdomesticas SMEPA4I3-1HBOLD: ABRY 20464
hiacrocheles pemicilliger| SHIEPLG 66-16[EBO0OLD-ATA TR
hacrocheles matrins| SLIFPRLI4353-16)BOLD-ADATZI4E
Macrochelss matring| SRIFPRI431-16BOLD-ADA T I4E
hIzcrocheles matrins| SLIFPRLI432-16]BOLD-ADATI4E
hzcrocheles matrins| SLIFPRI430-16BOLD-ADATZ4E
Macrocheles matrins| SRR PRI4I0-16BOLD-ADA T Z4E
Comodendrolaslaps reticulozus SARPLL40- 16 BOLD: ATIA 1340
Comedsandrolzalaps reticulosus| SHIFPL448- 16 BOLD-ATAL3S)
ll:mnndeudmlaelapi reticulosus| SHFEL445- 16 BOLD-ATALIS)
ICmnn:leuﬂmlaelapi reticulosus| SKFEPL444- 16 BOLD-ATALIS)
Comedandrolzalaps reticulosus| ShFPL430-16BOLD-ATALIS)
Comodendrolaslaps reticulozus SARPLLIE- 16 BOLD: ATIA 1340

Comodendralselaps reticolosus| SAMEPRI400- 16[BOLD-ACWS179
| | I l-C.:-m-:-der.i:-:-'.aELip': reticulosed SRR PR IL60-18B0OLD: ACTWS1TD




Case study: results

inter intra

e Extremely successfullll 1 I

I—?d:c-: a

MEPMITE-16

Uroobovella fimicola|SMEPM3IES-16
Urcobovella fimicola| SMEPM3E4-16
Urcobovella fimicola| SMEPM3E3-16
Urcobovella fimicola| SMEPM3E2-16
IL_lcobo\'e]la fimicola|] SMEPM452-16
Urcobovella margmata| SMEPRIF0-16

e High interspecies | L

distances & low i o

|T__rapc-:la

Uropoda ork

interspecies distances = | s
good barcode resolution :

lUroseius|SMRPM236-16

itus hyalmus|SMEPMO90-16

tus hyalmus|SMEPMOES-16

SMEPN
Gamaszodes sp. 1|SMEPMI114-16

rlGama:ocie: sp. 1[SMRPM108-16

Gamasodes sp. 1|[SMEPMI104-16

58-16

e However.........

lochirus ca

— Gamasodes spiniger] SMEPM291-16

Gamasodes spiniger| SMEPM292-16
Gamasodes spimiger| SMEPM2EE6-16
Gamasodes spiniger| SMEPM2E87-16
Gamasodes spiniger| SMEPM293-16
Gamasodes spiniger] SMEPM364-16
Gamasodes spiniger] SMEPM3IG3-16
WVulgarogam: = burchanens=is|SMEPMI126-16
WVulgarogam: = burchanens=is|SMEPMI129-16
burchanensis|SMEPKM124-16
SMEPM132-16
VMRPM138-16

Vulgarogam:

WVulgarogamas
Vulgarogamasus &
SMEPM139-16
MREPMI125-16

Vulgarogamasws burchane:

WVulgarogamasus burchanensis|*



Case study: results

Extremely successful!!l

High interspecies
distances & low
intraspecies distances =
good barcode resolution

However.........

Some cases of
species splitting

Uropoda orbicularis! SMEPM319-16BOLD:ADA2406

rIUmpL}d:{ orbiculans SMEPM316-16BOLD:ADA 2406

Uropoda orbiculans|SMEPM315-16BOLD-ADA 2406

§ L] N
Uropoda orbiculars|SM
Uropod

a orbicularis|Sh
T Lrin - e | - - - e !
Liropoda orbicularts| s

I[ -‘"|1‘f‘|-"' -
sl l-'-\. e

1 orbicularis|Sh

2888

PM314-16

BOLD:-ADAZ]104

PM161-16{BOLD:-ADAZ2194

PM313-16
PM31

BOLD-ADAZ]04

1-16/BOLD-ADA2104



Case study: building the key

WMEPM1T6-16

[ ] ) [ ) Urcobovella fimicola|SMEPM3IES-16
Urcobovella fimicola| SMEPM3E4-16
I I I I Urcobovella fimicola| SMEPRM3IE3-16

IL_lcobo\'e]la fimicola| SMEPM382-16

Uroobovella fimicola| SMEPM452-16
Urcobovella margmata| SMEPRIF0-16

- | ITl'jchc'J.ro_:-cda SMEPMOTS-16

ITlichr_\'J.ro_:'r_\da SMEPMOTI-16

* Instructors compiled a -
species list =

Uropoda ork

Uropoda

Uropoda or
[ Uroseius|SMEPM238-16
lUroseius|SMRPM236-16
itus hyalmus|SMEPMO90-16
tus hyalmus|SMEPMOES-16
SMEPN
sp. 1|SMEPMI114-16

58-16

rlGama:ocie-

e Constructed a key to the |
taxa ooty

lochirus ca

° — Gamasodes spiniger] SMEPM291-16
* Prepared slides and SEM e
Gamasodes spimiger| SMEPM2EE6-16

Gamasodes spiniger| SMEPM2E87-16
Gamasodes spiniger| SMEPM293-16

h O t O S Gamasodes spiniger]SMEPM364-16
— Famasodes spiniger|SMEPM363-16

Vulgarogam:

Vulgarogam:

Vulgarogam:

Vulgarogamasus &
Vulgarogamasws burchane:

WVulgarogamasus burchanensis|*

WVulgarogamas

= burchanensis|SMEPMI126-16
= burchanensis|SMEPMI129-16
burchanensis|SMEPKM124-16
SMEPM132-16
VMRPM138-16

SMEPMM139-16
MEFMI125-16




Case study: next steps

 Soil mites in association with
the red poultry mite

of unknowns



Case study: next steps

 Soil mites in association with
the red poultry mite

., High
j Throughput
e Seqguencing



Next
Generation
Sequencing
Methods

High
Throughput
Sequencing

Species identifications from ‘slurries’




Barcode of Life Datasystems (BOLD

YSTEMS

BARCODE OF LIFE DATA SYSTEMS

Advancing biodiversity science through DNA-based species identification.

EXPLORE THE DAT

v4.boldsystems.org

DESIGNED TO SUPPORT THE GENERATION & APPLICATION OF DNA BARCODE DATA

BOLD is a cloud-based data storage and analysis platform developed at the Centre for Biodiversity Genomics in Canada. It consists of four main modules, a data portal, an
educational portal, a registry of BINs (putative species), and a data collection and analysis workbench.

Please note that this version of BOLD is in beta and will contain bugs. Users can help address these bugs by testing the system and reporting issues to

support@boeldsystems.org. This version is very different from the prior one but has access to all the same data.
<i>

P Gl i

\

) e )

| @
V” o

DATA PORTAL EDUCATION PORTAL BIN DATABASE WORKBENCH
A data retrieval interface that allows for A custem platform for educators and A searchable database of Barcode Index A data collection and analysis
searching over 1.7M public records in students to explore barcode data and Numbers (BINs), sequence clusters that environment that supports the
BOLD using multiple search criteria contribute novel barcodes to the BOLD closely approximate species. assembly and validation of DNA
including, but not limited to, geography. database. barcodes and other sequences.

taxonomy, and depository.



BOLD: barcode repository

5,146k 474« 174« 64« 21k

Barcodes BINs Animal Species Plant Species Fungi & Other
Species

* Data sources
— CCDB (Canadian Centre for DNA Barcoding, Guelph, Canada)

— User generated

— GenBank mined

§CCDB Home | Services | Research | BOLD |
About Us | Contact Us

he—— ]

e Markers

— COlI primarily (barcode region)

— ANY and ALL!




BOLD: barcode repository

5,146k 474« 174« 64« 21k

Barcodes BINs Animal Species Plant Species Fungi & Other
Species

e Data integrity

— Active, ongoing, and real-time curation of
taxonomy and sequence data!

— Combines taxonomy, photographs, sequences,
trace files, collection/field notes



BOLD: live demo
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CN tower ‘barcoded’ with Canadian
beaver COIl for the launch of the
International Barcode of Life
Projectin Sept 2010 >




