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Linha do tempo mostrando os avangos nos estudos em comunidades microbianas
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Escobar-Zepeda et al. 2015 Frontiers in Genetics 6(348)
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Numero de publicacdes envolvendo FMAs e estudos moleculares

Prrigdicos.
CCAPES

Numero de Periodo das
Termos de busca . . ~
artigos publicagdes
arbuscular mycorrhizal fungi 14247 1930-2016 .
arbuscular mycorrhizal fungi and molecular 1532 1990-2016 10,7%
arbuscular mycorrhizal fungi and phylogeny 349 1992-2016
) . De 1990 — 2016:

arbuscular mycorrhizal fungi and phylogeny and molecular 167 1992-2016 AME: 13704 artigos
arbuscular mycorrhizal fungi and rDNA 371 1994-2016 AMF and molecular:
arbuscular mycorrhizal fungi and mtDNA 9 2012-2016 11,1%
arbuscular mycorrhizal fungi and genome 239 1990-2016
arbuscular mycorrhizal fungi and metagenomics 17 2008-2016
arbuscular mycorrhizal fungi and transcriptome 101 2001-2016
arbuscular mycorrhizal fungi and metabolome 14 2010-2015
arbuscular mycorrhizal fungi and next generation sequencing 34 2010-2016

Atualizado em 23/09/2016
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Iniciando os estudos moleculares: o isolamento do acido nucleico

AMOSTRA

Cultivo in vitro de raiz

Cultivo armadilha Muiltiplos esporos Simples esporos

=

¥ o

Esquemas: Cdndido Barreto de Novais

http://www.caroline-angelard.com/methods-
to-cultivate-amf.php
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Para estudos de comunidades e anadlises metagendmicas

Solo rizosférico
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Foto: Pavan Kumar Agrawal, Bhavdish N Johri
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Foto: Yoshihiro Kobae



Nested PCR

Schwarzott e Schifler (2001)

dsDNA HS: 10 pg/uL a 100 ng/uL
dsDNA BR: 100 pg/uL a 1.000 ng/uL
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QUANTIDADE DE DNA

2 Glomus luteum

3 Scutellospora gilmorei

4 Gigaspora aff. margarita
5 Glomus caledonium

6 controle negativo
NANODROP

\/ @l 2 a 15.000 ng/pL

Fluorescence UV-Vis absorbance
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Filogenia dos fungos baseada nas seqiiéncias do rRNA SSU

I\ § Ascomycota

Basid-iomycom
\ N : /) Comeromycota 230 espécies de FMA s3o conhecidas
Endogone & Mortierells ' (SchiiBler and Walker,2010)
Chytridiales,

including Basidiobolus

Blastocladiates / -\
/ N\

Entomophthorales N &
B % 7
<
%0y, 4
e N
Kickxellales & 03

%
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Schiifller, A.; et al. (2001). "A new fungal phylum, the Glomeromycota: phylogeny and evolution.". Mycol. Res. 105 (12): 1413-1421.

244 espécies de FMA sao conhecidas
(SchiBler, 2013)

Mucorales
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Actina e fator de elongacgao 1-alfa

Grupo-irmao: Zigomicete (ordem Mortierellales)
Helgason et al. (2003)

gene B-tubulina

Corradi et al. (2004) Grupo-irmao: Quitridiomicete
Msiska e Morton (2009)
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Estudos filogenéticos: a busca pela regiao barcoding

CO1 para todos os animais
16S para bactérias
Genes de cloroplasto para plantas
18S para fungos

ITS1 JERRY 1754
ISI Web of Science —Jan 2013 :
Opik et al. (2013) >170 papers >70 papers >70 papers using LSU
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Estudos moleculares - Brasil

Colozzi-Filho e Cardoso (2000)
Detecc¢ao de Acaulospora em raizes de cafeeiro — PCR

1. 223 4. § 16 7 8940

ep Gy o g ) - ¢ ITS5 e ITS4

2, 3: Acaulospora longula (esporo simples)

nm

4, 5: Scutellospora gilmorei (esporo simples)

6, 7: raizes colonizadas (dil. 1:100)

560bp 4 - ke 8, 9: raizes nao colonizadas (dil. 1:100)

10: controle negativo

Al ER R



de Souza et al. (2004)

FERTBIO 2016

“RUMO AOS NOVOS DESAFIOS”

Estudos moleculares - Brasil
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Diferenciacao de isolados de Gigaspora - DGGE — 3
" =2
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,\Ll’ \};ES]-GC FML \[15.7-'(](: i~ 100 :7
L 188 Jd syl [ 255 | o [ :
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Vi-v4 Ve 100

500

12 345 67 8 9101112 131415 16 17

\ ok
- Y Y
solo 1 esporo

1: G. gigantea

2: G. gigantea o

3: G.ramisporophora

4: G. margarita

5-7: solo cultura A;

8-10: solo cultura B o ;
11 -14: simples esporos - A % —
15 e 16: simples esporos de S. heterogama- A

17: simples esporos de S. coralloidea - A. -

e 0 e g D e
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Mergulhdo et al. (2008)
Deteccao de espécies de Paraglomus e Glomus - PCR-RFLP

Estudos moleculares - Brasil

PCR- primers ITS1 e ITS4

bp M 1 2 3 4

1: Paraglomus occultum
2: Glomus mosseae

3: Glomus intraradices
4: Glomus etunicatum
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Restricdo com Mobl
bp M 1 2 3 4
2070

1500

600

100
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Estudos moleculares - Brasil

Patreze et al. (2009)

Comunidades de solo e substrato inoculado de FMAs - F-RISA
ITSI-5.8S-ITS2

sy (Primers: 2234C e 3126T)

RF4su
Risu
FN1su
RF3su
FN2su
FN3su
R4 su
RF2su
R2su
~ FN3so
FN4su
RF1su
— FN4so
R1so
FN2so
RF4s0
FN1so
R2so
R3so
R4 so
RF3so
RF1so
RF2so




Estudos moleculares - Brasil

Novais, de Sousa e Siqueira (2010)
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Deteccao de isolados em colecao e discriminagao de diferentes géneros - DGGE

Regiao V9 do 18S rDNA

Glomus e Paraglomus (multiplos esporos)

20 40 60 80 100

| DCS 11
l DCS 12 G. etunicatum
I DCS 13

| DCS 09 I_(, clarum
| l DCS 10

. DCS 31 I_P. occultum
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Fuscutata e Racocetra (simples esporos)

20 40 60 80 100

=, —

DCS 19E3
DCS 19E1

p—["! heterogama

DCS 18E3 I—R. gregaria €——

DCS 27E2

DCS 19E2

DCS 27E1

DCS 27E3

e . rubra

p—F. heterogama

p— " rubra

DCS 18E2
DCS 18E1

—R. gregaria
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Estudos moleculares - Brasil

Pagano et al. (2011)
FMAs como indicadores bioldgicos da qualidade de solos - DGGE Primers NS1 e NS4;
nested VANS1 e NS21

E1l: Anadenanthera peregrina e Eucalyptus camaldulensis.
E2: Platymenia reticulata e E. camaldulensis.

E3: Enterolobium contortisiliquum e E. grandis.

E4: Schinopsis brasiliensis e E. camaldulensis

Reserva Biolégica do Jaiba

PR: area preservada na Reserva Legal
Ca: area degradada “Carrasco”.

T1 —nativa + fertilizacdo completa(CF);

T2 —nativa + Rhizobium (R) e/ou FMA + 80% de fertilizacdo
T3 —Eucalyptus + CF;

T4 —Eucalyptus + FMA + 80% de fertilizacdo

T5 — nativa + Eucalyptus + CF,

T6 — nativa + Eucalyptus + R e/ou FMA + 80% de fertilizagao.
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Estudos moleculares - Brasil

Dois grupos distintos
Todas E2 agruparam com PR

: E2: Platymenia reticulata (nativa) e E. camaldulensis.
B —T ¢

Diversidade de FMA nos sitios

E2T4

E3T1 252
E2T1 Glomus spi
it :’—'_

E2T2
E3T2
E2Té6
E3T3
EAT3 1 o 2
PR |
E3Té6
EAT]
EATS ] |
EAT4 J
EIT2

EIT3

EITS

"]

EAT6 I
EIT6 T1 ¥T2 OT3 #T4 aT5 AT6 yU @mC
BT J— L’ac!{:rsc;ﬂhg"Zﬁ.? T3 ¢4 0T 4T6 WU
E4T2 S s

Ca

. scrobiculata

bl

0 0.2 04 0.6 08 1.0
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Estudos moleculares - Brasil

Btaszkowski et al. 2012
Descrigao de duas novas espécies: Septoglomus fuscum e S. furcatum - PCR e sequenciamento

S. furcatum associado com Cordia oncocalyx de uma Parcial SSU - AML1 e AML2
floresta seca do Ceara. Parcial LSU - LR1 e FLR2, nested - 28G1 e 28G2
ITS region - GLOM1310, Redecker(2000) e ITS4
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Estudos moleculares - Brasil

Redecker et al. (2013)
Proposta de classificagao dos FMAs baseada no consenso molecular-morfologia

GENERIC
Trisispora * TYPES THeispors —
Otoapara ¥ Ctasporn —
Dbversispara D spurca Diveaiapors
Divarsisparaceas Corymbigomuz * M Divarsisparacesa
Radockern R magaiscama Redockora —
¥ Kubiaspora -
i Jre— A lamvis - Acauosparacesa
Acsulaspors |
Saceulosparacess Sacculogpors ™ Sacculaspors Saceulssparacesa
e Facoen A o Oehl et al. (2011)
I
bispora
| seu I 1 LR ——
tellosacrs S eaisepors e |
Gigaspars & giganioa Gigaspara Gigaaparacess
intreamstospors ™ Intraamatospors — ||
P Intragrmitoagarac
Faradnnscuata ™ Paradantiscutats | s
LRI Dantiseutats —
H Dentiscutata D. nigra Ouslunica —4 Dentiscutatacesn
- Fuscutats — H
Cotraspars © gimarni Catrasgor -
— Recocalracess
Racoceta R. sormicides Racocetra
Wiseaspors —
Clarsideergiomus - |
Cisrbitloa- Clarsidesglomus . claraideum H Enthraphe-
e, Entrophospors - || sparacoss
J - Albabyphe —
Glamus G.mecrosarpun Stmglormus —
Funnetformis F massean Funnaitormis 7
Supiogia $ canstrictum Saptogiomus ||
Glomeracane . :
F Rhizaghagus R populins ¢ (Trrriyeeny
Scleracystis 5. coneminides Glomus
uncertain pasian
Ambisparacean Amtispars A fannica Ambipora | ameisparacasn
[er— Goosiphan & pyriformis Gacsiphon 4 | Gocsiphonacaan | & &
¥ Intraspara E
Archagasporscase Archanaspora A trappel — Archasosparacasa
Archanaspors
B ocoutfum
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Estudos moleculares - Brasil

Novais et al. (2014)
Variabilidade funcional de esporos em plantas de milho - PCR-RFLP

Distance Euclidean
1,44 1,28 1,12 0,96 0,80 0,64 0,48 0,32 0,16 0,

NS1 e ITS4; nested NS31 e F1Ra IR e —
_ Gi. rosea Gir 2:35b 4:48::
R manihotis Rm (KF412634.1) 293a 4.97a

A. colombiana AcS (KF412636.1) 269 4.5
0 20 40 60 80 100 S. heterogama Sh3 273a 433

Gi. margarita Gim3 2.82a 3.49

P v Hinfl  Mspl  Tagl _r:
Gi. Gim4 (KF412632.1) 2.50a 3.85
E . W DT e 4. colombiana Acl (KF412624) 4'4757'5:72‘;,\:.'3 308 389
| 1 U1 A colombiana Ac5 (KF412636.1) e e
I A. colombiana Ac3 ~ Acaulospora sp. Aca 2742 384a =
N N Y S. heterogama Sh2 N3o houve it o L 2
El IR W S. calospora Sc (KF412625) ~ i 2762 38
T oM W Gl albida Gia2 (KF412633.1) Correlagao entre A. colombiana Ac3 29la 385
I: H -l““ iﬁ Gi. margarita Gim3 S. heterogama Sh2 288 382
8 1 S. pellucida Sp1(KF412629.1) A At S, heterogama (ShS) 2723 384
I DY S Gi. margarita Gimd (KF412632.1) genero, especie ou Rdow e K271 g
S e . 7, O origem dos isolados e
'l S. cal Sc KF4I2625I 3.44 4.07;
m ? 1 %pelluczda Sp(3} (KF412628.1) S sn) um: N
am ) 1. margarita 3 C tunicatum Ced 3292 371
EE I WM S /cerogama Shd (KF412631 ) com a promogao do e e 12% 267
TR W W oD ' . colomblan A B
lombiana Ac. 4% .
— BN ¢ it (inie (REATIRE) crescimento & im0 2 330
qﬂ r A TRG/I A. spinosa Asp 222b  3.51b
_ u. l " Gi. rosea Gir Gi. albida Gia2 (KF412633.1) 2.06b  3.29b
1 ] 1 Gi. candida Gic2 (KF412622) Gi. margarita Gim2 (KF412630.1) ~ 2.05b  330b
R. gregaria Rg
R. clarus Rel (KF412637: 1976 327 =
S S M R claru R (KF412626) § pllcidaSp (KFAZGOT, 210 33> G
SR MR M R, clarus Red (KF412635.1) D o e &
PO U8 8 00 R clarus Re3 (KF412638.1) Jormotain b A
_— 1 | K clarus Rel (KF412637) aeagma b B L)
£s R. manihotis Rm (KF412634.1) — l“;'l‘:":r';ﬁ_l:;ﬂcxl (KF412624.1) :232 ;-44;;
. R. formosanum Rf Gi. candida Gicl 1.96b  3.64b
S pellucldaSpZ 1.84b  3.54b
lata Asl (KF412623.1)  235b 3.22b

L — C etunicatum Cel 099% 2.51b



p ° 2 4 16020 Centro de

!' AN w — outubro Conuencdes de
GOIANIA - GO

i Loy FERTBIO 2016 2016

Estudos moleculares - Brasil

Btaszkowski, Chwat e Géralska (2015)
Descrigcao de duas novas espécies: Acaulospora ignota e Claroideoglomus hanlinii -

PCR e sequenciamento

Parque Estadual das Dunas de Natal Jornalista “Luiz

Primers: SSUMAf—LSUmAr; nested SSUmCf—LSUmBr :
Maria Alves” - Natal-RN

2006 caracteres alinhados.

& S N

Esporos de
Acaulospora ignota

s: esporo intacto
ss: saculo esporifero
n: pescogo




Estudos moleculares - Brasil

Moreira et al. 2016
Diversidade de FMAs em raizes superficiais de Araucaria angustifolia - PCR e sequenciamento

18S rDNA (Primers NS31-AM1)

5 sitios
62 clones positivos de cada sitio;
RFLP (2 enzimas):

10 tipos de clones — 13 sequencias

Taxa de colonizagao:
31- 54% raizes acima do solo
7-48% - raizes abaixo do solo

82

100

Gigaspora sp

99

Gigaspora sp

AYS19850.1
AY919857 .1

0.7

[—

28

100

96

FERTBIO 2016
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CAMA12114
Gigaspora decipiens US6146
L GU3537T0 Gigaspora

j: AY319847 .1
AY919848 1

Acaulosporasp. JF414178 | Acaulospora
95 AYS19849 1

AYS19851 .1
Trichoderma viride AY919859 1
Aspergillus cervimus AYS319860.1
Ambispora gerdemannii AM400227

[ _100/—— Avotosss.1

16 a 20
outubro

2016

Archaeaspora

Archaegospora sp. GQ140623

i: AYS19853 .1

Glomus sp. AB555668
100 AYO19856 .1
Uncultured Glomus JQ246055

AY919852.1

a8 Glomus sp. HM440269
_E(:
Uncultured Glomus JQ246031

1DO:A‘|‘Q1QBS4.1
Rhizoctonia fragariae AY219558 .1

Glomus

Centro de
Conuencoes de
GOIANIA - GO
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METAGENOMA

Opik etl al (2013)
Diversidade molecular usando amostragem global — Sequenciamento Sanger e Plataforma 454

Primers SSU: g
NS31 e AML2
zZ
(560pb) 87
-l
96 plantas; @
25 sitios; o
204 filogrupos —
VT (taxa virtual) 3-
a_|
w_.
Aumentou de @ A 454 samples @ Cloned samples @ MaarjAM accessions e 1-10 @ 21-50 ‘ >100
308a341 VT @ 11-20 @ 51-100

I | I I I I | I I | I I I
180W 150W 120W 90W 60W  30W 0 30E 60E 90E 120E 150E 180E
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PROTEOMA

Gi/Nm
Gm/Nm

Cangahuala-Inocente et al. (2011)
Proteoma de videira inoculada com 2 espécies de AMF - eletroforese 2-D

32 Subtilisin-like protease
& Putative signal peptidase
3B 288 proteasome regulatory subunit S5A
18 TGF-beta receptor-interacting protein 1
13 Putative ATP synthase D chain
38 Ubiquitin carrier protein
14 RNA:-binding glycine rich protein
21 ATP synthase subunit beta
33 Putative cell division control protein
24 Glucose-8-phosphate 1-dehydrogenase
30 Malate dehydragenase
23 Proteasome subunit alpha type-8
1 Aspartate catbamoyltransferase 2
17 GBS 1 (fragment)
22 Fructose bisphasphate aldolase
16 Formate dehydrogenase
29 Malate dehydrogenase
5 Rl oni
27 Peroxidase precursor
37 Chapetonine 80
15 Phosphosetine aminotransferase
20 Importin alpha-like protein
25 Phospheglyceromutase
ructose bisphasphate aldolase
28 Putative pyruvate dehydrogenase E1 alpha subunit
34 Alcahol de hydrogenase- like protein
11 Putative T-complex protein 1
O Putative phosphoesterase
8 Putative RNA-binding protein
4 Anthocyanidin dioxigenase
10 1 aminocycloplopane 1-catboxylic acid oxidase

7 uion odehydroascmbate reductase

1 Ve dehyd
26 ATP synthase subumt beta
| 31 Adenosine kinase

3 :
2 [Probable cinnamyl alcohol dehydrogenase

Mr (kDa)
250 3 pl 10
150

100 S

75 = S e

‘ Ga Y 39 spots diferencialmente
. e IR .ae' ./f : acumulados entre
B il et ¥s

- ! AL G "r' Yad controle x FMAs;
» 29

R s adatn - - 25 proteinas co-

25 - Sia  a ” B .

. & iy . identificadas em
’. :'73 ; G.irregulare e G. mosseae

defesa
Biossintese de lignina
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TRANSCRIPTOMA

Recchia (2015) — tese
Expressao génica da interacao feijoeiro-FMAs sob déficit hidrico - RNAseq

Glomus clarum , Acaulospora scrobiculata e Gigaspora rosea

myc+/seca
myc+/controle
myc-/seca
myc-/controle

Laser Capture Microdissection(LCM)

71 transcritos induzidos em feijoeiro por FMA-seca

Somente 2 genes detectados
exclusivamente em células corticais
contendo arbusculos
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Analise dos transcritos dos FMAs usando o genoma de referéncia de Rhizophagus irregularis

171 transcritos diferencialmente expressos -

5 exclusivos de trat. seca
3 exclusivos de trat. controle

Dos 11 relacionados ao
crescimento e desenvolvimento,
10 foram reprimidos no estresse
por seca

atp synthase gammuo subunit
transporter particlesubunit trs31
glycogen synthase
pyrroline-5-carboxylate reductase
regulatory proteincys-3 protein
transcription factor

upf0357 protein
ubiquitin-conjugatingenzyme e2
kinase-like protein

ring finger protein 13 precursor
mating type hmg box partial
small gip-binding protein domain
Putative protein

atp-binding subfamily member 2
hypothetical protein

nucleoside diphosphate kinase
14-3-1 protein

proteasome regulatory subunit
ste like transcription foctor

605 ribosomal protein [16
mitachondrial peroxiredoxin prx1
omithine decarboxylase
ubiquitin-ronjugotingenzel d e
hypothetical protein RirG_173720
protein
ubiquitin-conjugatingenzyme
partial

405 ribosomuol protein 518
hypothetical protein

ste20 paka proteinkinasen
protein arginine n-methyltransferase 1
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31 transcritos com maior regulacao FMA controle x FMA seca:

logso FPKM + 1
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> 48,72 x

Prolina: um osmoprotetor
vegetal cujo acumulo ocorre
em resposta ao déficit
hidrico vegetal, pode
também estar envolvido no
mecanismos de resposta dos
FMAs ao déficit hidrico
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Genoma completo de FMAs

2004: obter genomas de bactérias e fungos associados a Populus (Martin et al. 2004);
tamanho estimado de 14-16,5 Mb (Hijri e Sanders, 2004)
2008: Glomus Genome Consortium (CGC) — Glomus intraradices
e diversos sequenciamentos em paralelo (WGS, fosmideos, 454) — estimativa de tamanho de genoma >150Mb

2012: transcritoma de Glomus intraradices (Tisserant et al. 2012)

2013: genoma de Rhizophagus irregularis (Tisserant et al. 2013) — Sanger, 454, lllumina e PacBio

153Mb
28,232 genes
Baixo nivel de polimorfismo (0,43 SNP por Kb)

Biotrofismo Obrigatdrio: ndo é explicado pela perda de genes do metabolismo
central, mas pela auséncia de genes que codificam enzimas que degradam a
parede celular e de genes envolvidos com sintese de toxinas ou tiamina.
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Genomas mitocondriais

Lee e Young (2009)— Rhizophagus irregularis — 70.606 bp
Pelin et al. (2012) — Gigaspora margarita - 96.998 bp

lllumina : 4 667 308 reads
454 pirosequenciamento: 266 716 reads
Inserto: 337pb - Cobertura ~52x

Nadimi et al., 2012 — Gigaspora rosea - 97.350 bp
Formey et al. (2012) - Rhizophagus irregularis — 4 isolados - 70.783 bp a 87.754 bp.

Cobertura: 46,3X

Table 1 Strains of Rhizophagus irregularis used in this study and the number of reads and contigs obtained for each strain after 454 or MiSeq sequencing

Name Origin of isolates Reads 454 (MiSeq) Contigs 454 (MiSeq)
MUCL_43204 Clarence Creek, Ontario, Canada 261 046 5928

MUCL_46239 lles-de-la-Madeleine, Quebec, Canada 381 424 7311
[MUCL_46240 Buckingham, Quebec, Canada 87 901 (5.5 x 10° 797 (1.4 x 107) |
MUCL_46241 Ripon, Quebec, Canada 249 597 3632

DAOM197198 Pont Rouge, Quebec, Canada 247 631 4360
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NUmero de reads:
4.441.150

Tamanho do genoma: ~154.000.000 pb
Cobertura: 2,1x
Bases: 298.043.356

NCBI: cobertura de genomas completos de FMAs varia de 70-80x

12.320.000.000 bases (80x)

4

flow cells : 3,29 (2x75) ou 1,64 (2x150)
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Referéncia - Mitocondria (Gigaspora margarita - JQ041882)
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Presenca de outros organismos dentro de esporos

Outros microrganismos foram encontrados

dentro dos esporos Esporo de Gigaspora margarita
(Scannerini e Bonfante, 1991) :

Endobacteria relacionada a Mollicutes

Candidatus Glomeribacter gigasporarum

—

NCBI: 4 genomas de tamanho de 1.300.000 pb a 2.300.000 pb

, o #
Desiro et al. 2003
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Ordenamento dos Contigs baseado na Referéncia Candidatus Glomeribacter gigasporarum BEG34
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283.730 bases
Cobertura de 11x
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