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Phylogeny, phylogeography, population genetics,
molecular ecology, genomics




THE JAGUAR GENOME PROJECT

* Brazilian-led initiative
(PUCRS, FIOCRUZ-MG, ESALQ/USP) ?;?
+ Sorocaba zoo and several collaborator

(USA, Russia, Spain, Portugal, Ireland)

« Full sequence of the jaguar genome (84
* De novo assembly, de novo annotation, comparative analyses.
e Transcriptomes frormultiple tissues.

* Population genomics
 Exome sequencing for >100 wild jaguars fraifferent regions.
* Population structure and history, scans for selection.




>
—
7p
ad
L
>
O
O
af




Applications of DNA Barcoding In
Biodiversity Conservation

. Gathering data on components of native biodiversity;
1.1. Baseline datae(g. community composition and
dynamics, geographic distribution, trophic interactions).
1.2. Monitoring of biodiversity in impacted areas.

. Gathering data on threats to native biotas.
- .g. Invasive species, pathogens, wildlife trafficking.

. Helping to enforce actions aimed at curbing threats to
biodiversity.
- e.g. wildlife forensic analyses.

E. Eizirik, CBOL regional mtg. Brazil, 2007




Brazil

Area: 8,515,767 km2
Population: 190,732,694

M egadiver se country

- Estimated to harbor ~1.8 mi sp,
(10-17% of the world’s total)
[Lewinsohn & Prado 2005]

- Known fauna:

~9k vertebrates/(11 mammals,
1,900 birds, 732 non-avian
reptiles, 973 amphibian8,133
continental fish, 1,376 marine
fish)
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Map: wikipedia.org



Brazil: newly recognized mammal species [2013-2014]

Tapirus kabomani

Inia araguaiensis
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Trigo et al. 2013. Curr. Biol.

a) Mitochondrial DNA




a) Mitochondrial DNA b) X chromosome

¢) Y chromosome

d) Autosomal Microsatellites

Implications for DNA barcoding

Trigo et al. 2013. Curr. Biol.




Going back to a broader
perspective...

Brazilian Biomes

- High biodiversity.

- High endemism

(e.g. 50% of Atlantic forest
amphibians are endemic)

- ngh rate of habitat Map: http://meioambiente.culturamix.com/
destruction.



Atlantic Forest
destruction

~10% left
- Highly fragmented

Map: SOS Mata Atlantica



M eta-bar coding of Atlantic Forest bromeliad
tank waters
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M eta-bar coding of Atlantic Forest bromeliad
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The effort towards Large-scale DNA barcoding o
Brazilian biodiversity

Initial Proposal (2005):
Beginning of the Brazilian DNA barcoding network

- Large-scale inventory of Brazilian biodiversity

- Multi-center project designed in 2005 to boost taxonomic
research in Brazil using the DNA barcode concept as a catalyst t
Integrate field collections, museudbased biodiversity research,
genome center networks and bioinformatics advances.

- 6 museums, 14 Centers of Molecular Biodiversity, ~300 peopl




Large-scale inventorying of Brazilian biodiversiB005)
Sampling strategy

15 sites:

-10,000 samples/site: 3
- fish

- amphibians ;g 12—
- reptiles (incl. birds)
- mammals
. I 1 - Extremamente alta
- spiders - 2l ate

_ Legumansae 11 I Insuficentemente conhecida



2010 — BrBOL launched

www.brbol.org/

User login

Usemame: *

Password: *

Log in
Create new account
Request new password

BrEoL
Hlh BrazilianBOL

IBOLproject Scientists use DNA
barcodes to track ‘stagaering

diversity’ of world's oceans.
summitcountyvoice.comf2011/11/07/ne
#dnabarcoding

17 days ago © reply * retweet - favorts

BrazilianBOL Brazilian Barcode of Life
- This project is 2 Brazilian
consortium of malecular identification
of biodiversity,
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BrBOL - Brazilian Barcode of Life

& rortugués

This project is a Brazilian consoriium of molecular identification of biodiversity. Different categories will be
characterized by barcode including: sea organisms, aquatic arthropods, temrestrial invertebrates, plants, fungi,
parasites/vectors tropical diseases, fishes, amphibians, reptiles, birds and mammals from different Brazilian
reference scientific collections.

More than thirieen institutions are involved in species collection, sequencing the barcodes, processing local data
and integrate them to BOLD (Barcode of Life Data System). BOLD is a bioinformatics platform for storage,
analysis, management and publication of DNA barcoding records from organisms (Ratnasingham and Hebert,
2007).

Whar is “That DMNA sequence can be used fo identify different species,

o in the same woy a supermarket scanner uses the familiar lack

DNA bARCﬂdINQ? stripes of the UPC (Universal Produet Code) barcode o identify
your purchases. ”

[+IREAD MORE

www.brbol.org

Phase 1:
~US$ 3,000,000
2010-2014




>100 participating
groups

~500 people involved

- All major Brazilian museums

and natural history collections.

- Bioinformatics center
- Biomedical institution
- Agricutural research agency

o0

The two largest museums did
not have molecular biology
laboratories.

- Implemented in both via
funding from the BrBOL
network.

Egquatar




The Brazilian Barcode of Life Consortium has 11 projects

ﬂ[ Projects

PROJECT

D PROJECT NAME GROUP LEADER

BrEOL - Brazilian Metwork for Nolecular Identficationof . N
P11 SrE0L Eirjznun Metwork for Molecular ldentification of Claudio de Oliveira
Biodwersity

DESCRIPTION

Read more

Brazilian Barcode of Life

Barcoding Tetrapoda:

4 sub-groups
Amphibians (C. Haddad)
Reptiles (H. Zaher)
Birds (C. Miyaki)
Mammals (E. Eizirik)




DNA barcoding of Brazilian tetrapods (2010-2014)

25 participating @, French Guiana joined BrBOL
institutions

Eguaior
> 100 people involved

Participating labs
Mammals

Amphibians

4 Major Natural

history collections in
Brazil




DNA barcoding of Brazilian tetrapods

Brazilian Barcode of Life

Results: DNA Barcode (COl) library construction (2010-2015)

m Barcoded Individuals Barcoded Species

Amphibians 5,100 450
Non-avian reptiles 2,608 816
Birds 3,508 1,253
Mammals 2,122 344

Total 13,338 2,863



Geographic distribution of amphibian barcodes — BrBO
(M. Lyra, C. Haddad)

BOLDSYSTEMS

Total 5100 ind — 4750 in BOLD (~450 species)
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DNA barcoding of Atlantic Forest amphibians
(M. Lyra, C. Haddad)
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Geographic distribution of mammal DNA barcodes
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Geographic distribution of mammal DNA barcodes
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Oligoeyzomys mgripes *

DNA barcoding of speciose
and taxonomically complex
groups

Mdller et al. 2013. DNA barcoding

of sigmodontine rodents:
identifying wildlife reservoirs of
zoonoses. Plos One, 8: 1-12.
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Development of mini-barcodes for the
identification of carnivores from fecal samples

B MOLECULAR
B ECOLOGY
RESOURCES

P. B. Chaves et al. 2012. Mol. Ecol. Res.




Dietary analyses of wild cats
using DNA barcodes of prey
items

F. Tirelli, H. Figueird, T. Trigo, M. Appel

{ Akodon paranaensis JR4T1
CE009 | P. yagouaroundi| NE314

98 =" Akodon paranaensis 6963

Akedon paranaensis 6844

{ Akodon paranaensis 01VV A
Akodon paranaensis 02VV ¥,
~ Akodon azarae 06VV 1
{ CEQO6 | L. tigrinus|bLti143
Akodon azarae 07 VV B 24
o Oxy020 | Oxymycterus quaestor
e
CE089 | L. wiedii| NE227 (ol

Oxymycterus sp. LC186
Oxymycterus sp. YL30
Oxymycterus sp. MBML2062
Oxymycterus sp. YL513
CE082|L. tigrinus|bLti137
CE066|L. tigrinus|NE313
Oxymycterus nasutus Oxy001
Oxymycterus nasutus 20VV
Oxymycterus nasutus Oxy065
Oxymycterus nasutus Oxy057
9 Oxymycterus nasutus 28VV
Oxymycterus nasustus 21VV
Oxymycterus nasutus 23VV D

CE063 |L. tigrinus|bLti137
Sonretamys angouya Lc12
CEO016|L. tigrinus | bLti068
100 CEO17|L. tigrinus | bLti068
® CEO56|L. tigrinus|bLti160
CE081|L. tigrinus| bLti0OT
Sooretamys angouya 9790 E

& CEGO1|Puma yagouaroundi Ne306
L CE002|Puma yagouaroundi| Ne306

% Oligoryzomys nigripes JR426

Oligoryzomys nigripes 6884
0Oligoryzomys nigripes OPN59 F

Oligoryzomys vegetus EU095457
Oligo 3

Oligoryzomys EU095455
CE039 L. geoffroy1| bLge096
CEO21|L. tigrinus|bLti122
CEO32|L. geoffroyi| bLge008
CEO68 L. tigrinus | bLti149

|_s— CEO35|L. geoffroyil MCNUB96| 1 4

CEO25|L. tigrinus|bLtiO79
Mus musculus gi193248428
Mus musculus 9667

e CEO14|L. wiedii| bLwi062| 1
CE065|L. tigrinus|bLti137 (3
J

Rattus norvegicus AJ428514
Rattus norvegicus DQ673916
00 Rattus norvegicus DQ673917
CE059|L. tigrinus | bLtI06Y
w Rattus rattus EF186584
Rattus rattus gi225622213 H
Rattus rattus EF186585

,—Cr.wio magna RSO05
— CEO10]L. tigrinus|bLtiT49] |

Cavia magna CMO03




Dietary analyses of wild cats using DNA barcodes of preyge

© Axel Kwet

Scinax gmnulaz‘m

Scinax duarte1/[59]|Brazil.Sao Paulo
e S cinax duartei|[60]|Brazil.Sao Paulo)
Scinax caldarum|[61]Brazil Minas Gerais|
Vitreorana uranoscopal[62]|Brazil. Santa Catarina|
Secinax duartei|[63]Brazil.Sao Paulo|
Scinax caldarum![64] Brazil Minas Gerais|
Scinax caldarum![65]/Brazil Minas Gerais|
Scinax albicans|[66]Brazil.Rio de Janeirol
_:S cinax duartei/[67]/Brazil. Minas Gerais|
Scinax duartei/[68]|Brazil. Minas Gerais|
_IScinax curicica|[69]Brazil. Minas Gerais
Scinax curicical[ 70]/Brazil. Minas Gerais
Scinax curicical[71] Brazil. Minas Gerais|
Scinax curicical[72] Brazil. Minas Gerais|

_El':lcimtx cf. granulatus|[73]Brazil Rio Grande do Sul|

Scinax granulatus|[74]Brazil.Rio Grande do Sul|

Scinax fuscovarius|[75]Brazil. Rio Grande do Sul|
— e 118X 5p. [ 76] Brazil. Rio Grande do Sul|
Scinax granulatus|[77]|Brazil. Santa Catarinal

Unknown Specimen

—




Dietary analyses of wild cats using DNA barcodes of premge

© Luiz Claudio Marigo /-natar
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Akodon azarae

36 ROSBR520-12|LBCE15570|Akodon azarae|COI-5P

ROSBR350-12|A17|Akodon azarae|COI-SP
GuU938990 1A azaraeJR329
ROSBR612-12|TAIS0|Akodon azarae|COI5P
ROSBR461-12|JR328|Akodon azarae|COISP
ROSBR462-12|JR329|Akodon azarae|COI-5P

827 11b Assembly consensus sequenc
1827 Na Assembly consensus sequence
RO

e Ee eSSk odon azarae|COI-5P

83 |: ROSBRS598-12|SEQ1787 |Akodon azarae|COI5P

81—E ROSBR576-12|RQ211|Akodon lindberghi|COI-5P
ROSBR574-12|RQ200|Akodon lindberghi|]COI-5P

—— ROSBR581-12|RQ225|Akodon lindberghi|COI-5P



Wildlife Forensics

- Proof of concept studies by various university laboratories.

- DNA barcoding nowroutinely used by the Brazilian Federal
Police.

Well-publicized case: Man arrested in 2003 with 58sagacked around his body.
DNA barcoding used to identify the source species.




Wildlife Forensics

DNA Barcoding Identifies lllegal Parrot Trade

Priscila F. M. Goncalves, Adriana R. Oliveira-Marques,
Tania E. Matsumoto, and Cristina Y. Miyaki

Journal of Heredity, 2015, 560-564




DNA barcoding in Brazil - Perspectives

Good news:
1. We got started and scratched the surface

2. An unprecedented community of biodiversity scientists has
been assembled and integrated in Brazil.

3. There is capacity in the country to move forward.

Challenges ahead.:
1. Securing continuous, large-scale funding.
2. Improving governance and organizational structure.

3. Scaling up and speeding up to tackle the magnitude of the ta
and the pace of habitat loss in the country.
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