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Figure	
   R2:	
   Mitochondrial	
  
genome	
   of	
   Pterygoplichthys	
  
s p p . . 	
   A 	
   – 	
   C i r c u l a r	
  
r e p r e s e n t a 8 o n 	
   o f 	
   P .	
  
d i s j un c4vu s	
   m tDNA	
   (G i :	
  
339506171) .	
   Red	
   c i r c les	
  
i n d i c a t e	
   t h e	
   t R NA	
   n o t	
  
sequenced	
  In	
  P.	
  anisitsi	
  mtDNA	
  
a n d 	
   r e d 	
   a r r o w s 	
   t h e	
  
approximate	
   region	
   of	
   the	
  
three	
   smallest	
   gaps	
   of	
   10,	
   24	
  
and	
   31	
   nucleo8des.	
   B	
   –	
   Linear	
  
r e p r e s e n t a 8 o n	
   o f 	
   t h e	
  
annotated	
   mi tochondr ia l	
  
genome	
  of	
  P.	
  anisitsi.	
  

Figure	
  R3:	
  Distribu8on	
  of	
  cytochromes	
  P450	
  (CYP)	
  into	
  subfamilies	
  (A);	
  and	
  the	
  maximum	
  
likelihood	
  phylogene8c	
  tree	
  of	
  the	
  sequenced	
  CYP	
  (B)	
  and	
  Sulfotransferases	
  (SULT)	
  	
  genes	
  (C).	
  

Fragment table for sample 4  :  TP147 CORACAO
Name Start Time [s] End Time [s] Area % of total Area

18S 40.68 43.72 85.4 18.6
28S 47.91 49.99 72.4 15.7

TP147 CORACAO

Overall Results for sample 4  :  TP147 CORACAO

RNA Area: 459.9 

RNA Concentration: 322 ng/µl

rRNA Ratio [28s / 18s]: 0.8 

RNA Integrity Number (RIN): 8.4   (B.02.08) 
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Experiment Name: 1o lote_thiagoparente_Jun24_2014_114537AM

Experiment Type: Quantification/DNA Binding Dye/DNA/Standard Curve

Run Start: Tuesday, June 24, 2014 11:46:30 AM
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Instrument: Eco™ Real-Time PCR system
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Peak table for sample 2  :  TP156
Peak Size [bp] Conc. [ng/µl] Molarity [nmol/l] Observations

1 15 4.20 424.2 Lower Marker
2 1,500 2.10 2.1 Upper Marker

TP156

Overall Results for sample 2  :  TP156

Number of peaks found: 0 
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Molecular function
20%

Cellular components
29%

Biological processes
51%

Siluriformes
73

Danio
4445

Rattus
2676

Mus
6827

Pongo
848

Homo
9739

BA

A

B

Table 3.3.1: Number of sequenced components in the hepatic transcriptome of P. anisitsi with 
complete coding sequence (CDS), >75% of the CDS, >50% of the CDS and the total number of 
contigs for each defensome gene family.

Full length CDS >75% CDS 
coverage

>50% CDS 
coverage

Contigs

AHR & ARNT 3 3 3 9

Aldo Keto Reductase 5 5 5 5

ATP Binding Cassette (ABC) 13 19 25 91

Basic leucine zipper 3 3 5 8

Catalase 1 1 1 1

Cytochrome P450 34 35 39 82

Epoxide hidroxilase 2 2 2 2

Glucuronosyltransferase 8 8 10 15

Glutatione Peroxidase 6 6 8 11

Glutatione-S-transferase 8 10 10 10

n-acetyl-transferases 10 11 11 14

Nuclear receptor 23 32 33 54

Sulfotransferases (SULT) 47 49 49 53

Superoxide desmutase 3 3 3 3

Thioredoxins 23 25 25 27

Total 189 212 229 385

Table	
  R1:	
  

 Corydoras RJ 
 Corydoras AM 

Callichthydae 
 

 Hoplosternum litorale AM 
  Hoplosternum litorale RJ 
 Delturinae 
 Hemipsilichthys RJ 
  
 Otothryni     Hysonotus RJ 
 Parotocinclus RJ 
 Hypoptomatinae Schizolecis RJ 
 
     Otocinclus RJ 
                           Hypoptomatini   Hypoptopoma AM 
    
 Kronichthys RJ 
 Neoplecostominae Pareiorhapis garbie RJ 
 Neoplecostomus RJ 

    
  
    

 Loricariinae Loricarichthys AM 
  Loricaria AM 
Loricariidae Loricarichthys RJ 

 Rineloricaria RJ 
 Rineloricaria AM  

 Dekeyseria AM 
 Ancistrini Ancistrus RJ  
  Ancistrus AM 
    Panaque AM 
     Bariancistrus AM 
   Peckoltia AM 
   Hypancistrus AM 
   Ancistomus PA 
  
  
  
 
                                                            Hypostominae Pterygoplichthys AM 
 Pterygoplichthys RJ 
 P. anisitisii SP 
   
  
  

 
                                                                                                          Hypostomini Hypostomus affinis RJ 
           Hypostomus RJ 

                                    Hypostomus AM 
                               Hypostomus PA 

  
  

 

 Squaliforma AM Squaliforma	
  sp.	
  

Hypostomus	
  sp.	
  

Bariancistrus	
  sp.	
  

Ancistrus	
  sp.	
  

Corydoras	
  sp.	
  

Rineloricaria	
  sp.	
  

and	
  others	
  

Loricariidae	
   is	
   the	
   most	
   diverse	
   family	
   of	
   the	
   fish	
   order	
   Siluriformes1.	
   Currently,	
  
there	
   are	
   >700	
   valid	
   species	
   and	
   this	
   number	
   is	
   s8ll	
   growing	
   due	
   to	
   discovery	
   of	
  
new	
   species	
   and	
   the	
   resolu8on	
   of	
   cryp8c	
   ones1,2,3.	
   Loricariids	
   inhabit	
   a	
   wide	
  
spectrum	
  of	
   fresh	
  water	
  environments,	
  have	
  diverse	
  ecological	
  habitats	
  and	
  show	
  

high	
  endemism	
  rate4.	
  This	
  astonishing	
  taxonomic	
  and	
  ecological	
  diversity	
  must	
  rely	
  
on	
  gene8c,	
  molecular	
  and	
  biochemical	
  adapta8ons.	
  In	
  fact,	
  our	
  group	
  has	
  reported	
  
peculiar	
   adapta8ons	
   in	
   loricariids,	
  which	
  might	
   increase	
   their	
   suscep8bility	
   to	
   the	
  

toxic	
  effects	
  of	
  pollutants5,6,7.	
  Here,	
  the	
  molecular	
  biodiversity	
  of	
  Loricariidae	
  fish	
  is	
  
explored	
   using	
   Next-­‐Genera8on	
   Sequencing	
   (NGS)	
   technologies.	
   In	
   total,	
   101	
  
species	
   has	
   been	
   collected;	
   34	
   of	
   these	
   will	
   have	
   their	
   liver	
   transcriptome	
  

sequenced.	
  For	
  one	
  species,	
  Hypancistrus	
  zebra,	
  the	
  transcriptome	
  of	
  brain,	
  heart,	
  
kidney,	
  gill,	
  intes8ne	
  and	
  gonad	
  will	
  also	
  be	
  sequenced.	
  The	
  transcriptome	
  of	
  three	
  
species	
  has	
  been	
  sequenced;	
  Pterygoplichthys	
  anisitsi,	
  Ancistrus	
  spp.	
  and	
  Corydoras	
  

naBereri.	
   The	
   results	
   for	
   P.	
   anisitsi	
   are	
   shown	
   bellow.	
   Briefly,	
   34204	
   genes	
   with	
  
homologs	
   in	
   zebrafish	
   were	
   sequenced;	
   189	
   of	
   these	
   contained	
   the	
   complete	
  
coding	
   sequence	
   of	
   proteins	
   involved	
   in	
   mechanisms	
   of	
   defense	
   against	
   toxins.	
  

Great	
   expansions	
   were	
   detected	
   in	
   subfamilies	
   of	
   Cytochromes	
   P450	
   and	
  
Sulfotransferases.	
  

All	
  fish	
  were	
  deposited	
  in	
  
the	
  ichthyological	
  collec8on	
  
of	
  the	
  Museu	
  Nacional	
  do	
  
Rio	
  de	
  Janeiro,	
  MN	
  UFRJ	
  

(except	
  for	
  H.	
  zebra,	
  which	
  
is	
  at	
  INPA,	
  Manaus	
  AM).	
  	
  

(FIOCRUZ,	
  WHOI	
  and	
  Broad)	
  

Figure	
   R1:	
   Annota8on	
   of	
   the	
   liver	
   transcriptome	
  
from	
  Pterygoplichthys	
   anisitsi.	
   A	
   -­‐	
   Top	
   BLASTx	
   hit	
  
species	
   distribu8on.	
   B	
   -­‐	
   Func8onal	
   classifica8on	
  
according	
  to	
  Gene	
  Ontology	
  (GO,	
  first	
  level)	
  terms.	
  
C	
   -­‐	
   distribu8on	
   of	
   GOSlim2	
   terms	
   over	
   the	
  
assembled	
  transcripts.	
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We	
   sequenced	
   the	
   transcriptome	
   of	
   three	
   fish	
   from	
   the	
   genus	
   Ancistrus	
   (Loricariidae,	
  
Siluriformes)	
  using	
  as	
  start	
  material	
  total	
  RNA	
  isolated	
  from	
  the	
  liver.	
  The	
  transcriptome	
  data	
  
were	
   used	
   to	
   assemble	
   the	
  mitogenome	
   of	
   each	
   fish	
   with	
   92%,	
   95%	
   and	
   99%	
   of	
   the	
   full	
  
length	
  of	
  their	
  closest	
  related	
  species	
  with	
  a	
  sequenced	
  mitogenome.	
  Taken	
  the	
  sequences	
  
of	
   the	
   three	
  fish	
   together,	
   all	
   the	
  13	
  protein-­‐coding	
   genes,	
   two	
   ribosomal	
  RNAs,	
   22	
   tRNAs	
  
and	
   the	
   D-­‐loop	
   known	
   in	
   the	
   mitogenomes	
   of	
   vertebrates	
   were	
   sequenced.	
   The	
   use	
   of	
  
transcriptomic	
  data	
  also	
  allowed	
  the	
  clear	
  observa8on	
  of	
  the	
  punctua8on	
  paiern	
  of	
  mtRNA	
  
edi8ng,	
  to	
  analyze	
  the	
  transcrip8onal	
  profile	
  of	
  mtRNA,	
  and	
  to	
  detect	
  heteroplasmic	
  sites.	
  

Mitogenomes	
  assembled	
  from	
  transcriptome	
  

Barcoding	
  loricariids	
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•  Sequence	
  the	
  transcriptome	
  of	
  31	
  species	
  

•  Assemble	
  the	
  31	
  transcritomes	
  

•  Analyze	
  CYPs	
  and	
  AHR	
  genes	
  in	
  the	
  31	
  species	
  

•  Amplify	
  and	
  sequence	
  CYP1A	
  and	
  AHR	
  in	
  the	
  

others	
  sampled	
  species	
  	
  

•  Exposure	
  of	
  selected	
  species	
  to	
  chemicals	
  

•  Analyze	
  altera8ons	
  in	
  gene	
  transcrip8on	
  

Table	
  TP1:	
  Summary	
  of	
  the	
  

t r a n s c r i p t o m e	
   a n d	
  

mitogenome	
   data	
   for	
   the	
  

three	
  fish	
  (Ancistrus	
  spp.).	
  

Figure	
  TP1:	
  The	
  assembled	
  mitogenomes	
  of	
  Ancistrus	
  sp.#1	
  (A),	
  Ancistrus	
  sp.#2a	
  (B)	
  and	
  Ancistrus	
  sp.#2b	
  (C).	
  The	
  number	
  of	
  
suppor8ng	
  reads	
  along	
  the	
  sequence	
  is	
  shown	
  in	
  a	
  logarithmic	
  scale	
  and	
  below	
  the	
  schema8c	
  view	
  of	
  each	
  mitogenome.	
  

Heteroplasmic	
  sites	
  are	
  highlighted	
  with	
  a	
  different	
  color	
  on	
  the	
  graphic	
  of	
  suppor8ng	
  reads.	
  Each	
  feature	
  of	
  the	
  mitogenomes	
  is	
  
named	
  on	
  the	
  top	
  of	
  the	
  figure.	
  The	
  tRNAs	
  are	
  named	
  using	
  the	
  one-­‐leier	
  code	
  of	
  the	
  amino	
  acid	
  they	
  transport.	
  

IDENTIFICAÇÃO MOLECULAR DAS ESPÉCIES DE LORICARIIDAE (SILURIFORMES) DA
BACIA DO RIO PARAÍBA DO SUL E DRENAGENS COSTEIRAS ADJACENTES

A bacia do Para ba do Sul e os rios das baixadasí
costeiras adjacentes sua foz no Estado do Rio deà
Janeiro abrigam 3 espécies de peixes loricariídeos7
usualmente cons ideradas vá l idas, a lém de
representantes de um g nero ainda não descrito. Oê
objetivo do épresente estudo gerar uma base de dados
para identificação molecular das esp cies de peixesé
das bacias hidrogr ficas da região do Rio de Janeiro.á

MATERIAL E MÉTODO
Amostras de tecidos de Loricariidae foram obtidas da

Coleção de Tecidos de Peixes do Museu Nacional e de
novas na área de estudoamostragens . A mostrass a de
tecido etanol ou ,foram preservadas em RNAlater
A foi realizada comextração de DNA genômico
Proteinase K e precipitação salina ou pelo ométod de
fenol:clorofórmio. Um segmento de 656 nucluotídeos
( )região Folmer do gene Citocromo Oxidase I (COI) foi
amplificad por PCR e sequenciado o nas duas direções
pelo m todo Sanger para sequ nciasé gerar ê
identificadoras (DNA .barcodes)

A diferenciação genética entre as espécies (barcode
gap) e as relações filogenenéticas entre as amostras
foram avaliadas através do método de máxima
verossimilhanca, utilizando o programa MEGA6.

RESULTADOS
Foram produzidos DNA de 32 espécies debarcodes

Loricariidae. O cladograma ao lado apresenta estas 32
espécies com base numa seleção 120 seqüências
representativas (sequências adicionais estão
disponíveis para algumas espécies).

O grande comprimento dos ramos associados a
espécies comparado com o dos ramos intraespecíficos
demonstra o efeito e permite abarcode gap
identificação plenamente confiável das espécies da
região.

Os ramos com elevado valor de sãobootstrap
corroborados pela classificação vigente (a posição
conflitante dos Harttiini e de alguns Otothyrini tem
baixos valores de ).bootstrap

Dentre os resultados do estudo, destacamos os
seguintes:

- O estudo confirmou a presença de um gênero (e
espécie) ainda não descrito na região norte da área.

- O estudo revelou a presença de seis espécies ainda
não descritas.

- Não foram observadas diferenças significativas
entre as formas costeiras e a forma transmontana de
Hypostomus affinis, o que corrobora a hipótese de que
H. punctatus não é um sinônimo júnior.

- O estudo corrobora a hipótese de que Hypostomus
luetkeni H. auroguttatusé sinônimo junior de .

COLABORE COM O ESTUDO
Precisamos de tecidos de ,Parotocinclus muriaensis

Pogonopoma parahybae Pseudotothyris janeirensis.e
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Neoplecostomus microps

Neoplecostomus espiritosantensis

Pareiorhina brachyrhyncha

NEOPLECOSTOMINAE Gen.nov.

Pareiorhaphis ruschi

Kronichthys heylandi

Pareiorhina rudolphi

Pareiorhaphis garbei

Schizolecis guntheri
Otothyris travassosi
Otothyris lophophanes

Otothyris sp.n.

Hisonotus notatus

Parotocinclus planicauda

Parotocinclus maculicauda

Parotocinclus sp. n.

Parotocinclus doceanus

Ancistrus multispinis
Ancistrus sp. n. 1
Ancistrus sp. n. 2
Ancistrus brevipinnis
Hypostomus auroguttatus

Hypostomus affinis

Harttia loricariformis

Harttia carvalhoi

Hemipsilichthys gobio

Hemipsilichthys nimius

Loricariichthys castaneus

Rineloricaria sp. 2

Rineloricaria sp. 1

Rineloricaria steindachneri

Rineloricaria lima

MNLM6149NmicPAG

MNLM6150NmicPAG

MNLM6148NmicPAG

MNLM6151NmicPAC

MNLM6152NmicPAC

MNLM6279NmicPAG

MNLM5092NmicRON

MNLM6121NmicPAP

MNLM6122NmicPAP

MNLM5149-NespJUC

MNLM5151-NespJUC

MNLM5152-NespJUC

MNLM5153-NespJUC

MNLM6277NespJUC

MNLM6224PbraPAR

MNLM6225PbraPAR

MNLM5126GnovDOC

MNLM5148-GnovSMV

MNLM5117PrusPIR

MNLM5118PrusPIR

MNLM5119PrusPIR

MNLM5161KheyPAR

MNLM197KheyZUN

MNLM5164KheyPER

MNLM6230KheyIGU

MNLM6231KheyIGU

MNLM6232KheyIGU

MNLM6124PrudPAN

MNLM6123PrudPAN

MNLM6125PrudPAN

MNLM5089PgarRON

MNLM5090PgarRON

MNLM5091PgarRON-PARTIAL

MNLM2949PgarSJO

MNLM5087SgunRON

MNLM5088SgunRON

MNLM5086SgunRON

MNLM6392OtraLES

MNLM5454OlopSJO

MNLM5455OlopSJO

MNLM6261OspnSMV

MNLM6380OspnSMV

MNLM6393OspnSMV

MNLM6162HnotPAP

MNLM6163HnotPAP

MNLM6377HnotPAM

MNLM5158HnotITA

MNLM3025HnotMAC

MNLM3023HnotMAC

MNLM3024HnotMAC

MNLM5139PplaDOC

MNLM6397PplaDOC

MNLM5138PplaDOC

MNLM6399PplaDOC

MNLM5140PplaDOC

MNLM6398PplaDOC

MNLM6171PmacGUA

MNLM6172PmacGUA

MNLM6170PmacGUA

MNLM6396PspnREI

MNLM6401PspnREI

MNLM6395PspnREI

MNLM5132PdocDOC

MNLM6400PdocDOC

MNLM5133PdocDOC

MNLM5136PdocDOC

MNLM5083AmulRON

MNLM5085AmulRON

MNLM6179AmulGUA

MNLM6220AspnITA

MNLM4991AspnCUB

MNLM5324AbreSIN

MNLM6136HluePAR

MNLM6137HluePAR

MNLM6138HluePAR

MNLM4772HaffITA

MNLM6132HxxxPAG

MNLM4771HaffITA

MNLM4770HaffITA

MNLM6164HaffPAM

MNLM4637HaffGUA

MNLM4638HaffGUA

MNLM4809HaffGUA

MNLM6217HaffITA

MNLM6218HaffITA

MNLM6219HaffITA

MNLM5123HcarDOC

MNLM5125HcarDOC

MNLM5124HcarDOC

MNLM6168HlorPAM

MNLM6169HlorPAM

MNLM6167HlorPAG

MNLM6144HlorPAG

MNLM5155HlorIta

MNLM5156HlorItaPARCIAL

MNLM5157HlorItaPARCIAL

MNLM5111LcasITA

MNLM5113LcasITA

MNLM6215LcasITA

MNLM5112LcasITA

MNLM6214LcasITA

MNLM6216LcasITA

MNLM6139LcasPAR

MNLM6417Rsp2MAC

MNLM6418Rsp2MAC

MNLM6416Rsp2MAC

MNLM6246RlimPAP

MNLM6247RlimPAP

MNLM6209RlimPAI

MNLM6208RlimPAI

MNLM6223RstePAG

MNLM6248Rsp1GUA

MNLM6420Rsp1IGU

MNLM6421Rsp1IGU

MNLM6422Rsp1IGU

MNLM5167HnimPER

MNLM5168HnimPER

MNLM6156HgobPAC

MNLM6157HgobPAC

MNLM6376HgobPAC75
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Os números
indicam valores
de bootstrap de
500 replicações
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Current:	
  
•  Database	
  for	
  molecular	
  ID	
  of	
  Loricariidae	
  
•  ID	
  of	
  new	
  and	
  cryp8c	
  species	
  and	
  genera	
  
•  ID	
  of	
  new	
  genes	
  
•  Training	
  human	
  resources	
  	
  
Future:	
  
•  Enlarge	
  DB	
  for	
  molecular	
  ID	
  of	
  Loricariidae	
  
•  Evaluate	
  loricariids	
  responses	
  to	
  pollutants	
  
•  Knowledge	
  to	
  conserva8on	
  
•  Support	
  BR	
  polices	
  to	
  preserve	
  biodiversity	
  

. Ancistrus"sp."#1 Ancistrus"sp."#2a Ancistrus"sp."#2b
RNA"Integrity"Number"7"RIN 8.2 7.4 >7.00
Library"insert"size"(bp) 230)*)800 268)*792 285)*)370
Reads"after"QC 43502597 53961751 60170745
Transcripts

total 67098 63847 67883
with"BLASTX"hit 35710 31886 33953
for"mitogenome 13 12 7

mtRNA"reads"(%) 2.6 1.8 0.8
Mitogenome"coverage"(%) 99.2 92.5 94.7
Heteroplasmic"sites 44 46 41

1kb$

A$

B$

C$

12S$rRNA$ 16S$rRNA$ nd1$ nd2$ cox1$ cox2$ cox3$atp8$ atp6$ nd3$ nd4l$ nd4$ nd5$ nd6$ cob$
F$ V$ L$ I$Q$M$ W$A$N$C$Y$ S$D$ K$ G$ R$ H$S$L$ E$ T$P$
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Table M1: Summary of the three transcriptomes sequenced so far.

Reads  
PHRED > 30

Transcritps BLASTX hits against UNIPROT

Human Zebrafish

Pterygoplichthys anisitisii 59118142 66670 30354 34204

Ancistrus sp. 60170745 67883 29891 33953

Corydoras nattereri 55162726 52565 22827 26510

Table	
  M1:	
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