MapasuTbl
napasutos

KOanHa Mapusa
oTAeN reHEeTUKM HaCeKoMbIX



Larvae migrate to various
Larvae Circulation development is arrested
in intestine ”
In pregnant dogs, the larvae can
/\ be reactivated and cause:
- intestinal infection in the mother
- infection of the oﬁspmg

(by transplacental and
transmammary transmission)

Circulation -> Lungs -> Bronchial
Larvae released &
B Intesting tree -> Esophagus

Human (and othef \

paratenic hosts) In heavy infections, larvae

Adults in lumen
can be passed in feces of intestine

Dogs < 5 weeks ‘
\\ ? ©,:ﬁ' j

‘ | Eggs passed in feces |










[1Tapa3nTnam

* [loNHbIN NAPa3sUTU3IM — }KUBOTHOE UM PACTEHME MPOXOAUT CBOE
PAa3BUTUE HA NOBEPXHOCTU UM BHYTPU OPraHmM3ma gpyroro,
HepoacTBeHHOro Bnaa (ae bapw)

*4NCTO 3KOSI0TMYecKoe noHaTue (bpayH)

* BpeJOHOCHOCTb HEeMb351 UCNO0/1Ib30BATb KaK MPU3HaK
napasutmama (PuamnyeHkKo)

* [lapa3uT nepeKknaabliBaeT YaCTUYHO UM NOSHOCTbIO
B3aMMO/JENCTBUE C BHELLHEN cpeion Ha Xxo3sinHa ([Jorenb)



Ponb CMMOMOHTOB

1. MyTyanucrbl

- MTAHUE
- 3dlUNTA OT NaTONreEHOB

2. PenpoayKTuBHbIe Napa3nTbl
— aHOMaNK PenpPoayKLMM XO03ANHA
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Werren et al., 2008




[lpaKTUYeCKoe UCMO/Ib30BaHMe

— KOHTPOJ1b YNCNEHHOCTU SKOHOMMYECKU 3HAYMMDbIX
XUBOTHbIX, PaCTEHUMN

— reHeTnYyecKasa TpaHCHOoOpPMaLLMUM }KUBOTHbIX,
pacTeHuu, rpubos, bakTepumn



MaTepUHCKN Hacneayembie CUMOUOHTDI

- UrPaoT Ba*KHYIO POJiIb B NPUCNOCOBNEHHOCTH
BM/0B-X03A€EB

- «npespaaroTCA» B OpraHeiibl



Pegykunsa bakTepnanbHoOro reHoMa

naTtoreH MnK

ceobogHo MYTYanucrT, GakTepua unu MHUTOXOHOPWA KpMNToCOMa
XKHUBylan oBnuraTHeIn DpraHenna? cnop xnoponnact TMHUKOCOMbBI
GakTepun CUMBUOHT 0 TEPMMHAX anukonnacTt rmaporeHocomel
- Hykneomopd
thakynbTaTUBHbLIN
CMMBUWOHT
Y
4

BpeMA
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Gawynorarwewsa ‘yeneowopd
uuuuuuuu

CoKpalleHune pasmepa reHoOMoB CUMOUOHTOB

- yTpaTa MHOIUX reHoB, BK/ItoYana BaXKHble 418 cumbunosa



Hueyuiean oBnHraTHBI
Gaktepun  cMMMOWT  orepuuax | GOMKORMACT  rwAporeHoCOMb
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CoKpalleHune pasmepa reHoOMoB CUMOUOHTOB

- yTpaTa MHOIUX reHoB, BK/ItoYana BaXKHble 418 cumbunosa

- BbICOKWWN YPOBEHb reHeTn4YecKoro apenda
- 3pPeKT ocHoBaTENI NPU BO3HUKHOBEHUMN CMMBMNO33a
- OYTbI/IOYHOE roOP/IbILLKO NMPU KaxKaAoM penpoayKunmn Xo3amnHa
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CoKpalleHune pasmepa reHoOMoB CUMOUOHTOB

yTpaTd MHOTUX TreEHOB, BK/IKOYAA BaXHble A/1A cMmbuno3sa

BbICOKWUWN YPOBEHb reHeTUn4YecKoro apenda

- 3pPeKT ocHoBaTENI NPU BO3HUKHOBEHUMN CMMBMNO33a

- BYTbIZIOYHOE FOP/IbILLKO MPU KaxK4oM penpoayKLmm Xo3anHa
- «MOPTUTCA KA4eCcTBO reHOB»

- yBenunyeHue AT/GC
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CokpalleHue pasmepa reHomoB CUMBUOHTOB

- yTpaTa MHOIUX reHoB, BK/ItoYana BaXKHble 418 cumbunosa

- BbICOKWWN YPOBEHb reHeTn4YecKoro apenda
- 3pPeKT ocHoBaTENI NPU BO3HUKHOBEHUMN CMMBMNO33a
- OYTbI/IOYHOE roOP/IbILLKO NMPU KaxKaAoM penpoayKunmn Xo3amnHa

- «MNOPTUTCA Ka4eCTBO reHoB»
- yBenunyeHue AT/GC

- CWJIbHAA 3aBUCMMOCTb OT HeNIKOB TENI0OBOIO LLOKA U
YC10BUM cpeapbl
- donaunHr benka



PeayumpoBaHHble reHOMbI

GakTepua CHMBUOHT oTepMMHa}(‘
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duneTnyeckana NCTopma Xxo3anmHa U CMMBUOHTA
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Dale, Moran 2006
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a Weevil hosts b Sodalis-allied symbionts
_ Sitophilus oryzae [AF548139] 03
7 - _ - Sitophilus oryzae [AF548138) :lmﬂ RS
70 - "’ Pl - Sitophilus zeamais [AF548140] ——
0.81\ Sitophilus oryzae [GU196317] < - ., /_’__ — — Sitophilus oryzae [AF005235] ——
100' Sitophilus oryzae [GU196318] |«&===3 e A Sitophilus oryzae [AF548137] — | 0oh
53 ! Sitophilus oryzae [AY131099] -7 R Sitophilus zeamais [AF548142] } 61 ‘
Sitophilus zearnais [AY131100] = -; === E ——————— Sitophilus zeamais [AF548141] ——
g3 [ Sitophilus granarius [AY 131101] T e— - Sitophilus zeamais [M85269]
E[ Sitophilus granarius [DQ453486) | _______________ Sitophilus grananus [AY 126638]
Rhynchophorus palmarum [AY131121] Planococcus citri [AF476107) P—
0.2 0.01

Figure 5 Phylogenetic comparison between Sitophilus weevil hosts and their Sodalis-allied symbionts. (a) A maximum likelihood
phylogeny of six cytochrome oxidase subunit I (COI) gene sequences representing three Sitophilus species based on 467 unambiguously
aligned nucleotide sites (J1+ G, F81+G and TN93 +G models for the first, second and third codon positions, respectively).
(b) A maximum likelihood phylogeny of nine 16S rRNA gene sequences from the three Sitophilus species based on 1281 unambiguously
aligned nucleotide sites under the J1 +G model. In both trees, bootstrap values (> 50%; 100 replicates) of the maximum likelihood

analysis and posterior probabilities (> 0.50) of Bayesian analysis are shown above and below each node, respectively. Host—symhiont
relationships are indicated by dotted lines.

Toju et al., 2013



MaTepUHCKM Hacneagyemble CUMOUNOHTDI

Popn

* Arsenophonus
* Blattabacterium
* Blochmannia

* Buchnera

* Cardinium

* Carsonella

* Coxiella

* Hamiltonella

* Hodgkinia

* Ishikawaella

* Nardonella

* Portiera

* Rickettsia

* Sodalis

* Spiroplasma

* Sulcia

* Tremblaya

* Wigglesworthia
* Wolbachia

y-proteobacteria
Bacteroidetes
y-proteobacteria
y-proteobacteria
Bacteroidetes
y-proteobacteria
y-proteobacteria
y-proteobacteria
a-proteobacteria
y-proteobacteria
y-proteobacteria
y-proteobacteria
a-proteobacteria
y-proteobacteria
Mollicutes
Bacteroidetes
y-proteobacteria
y-proteobacteria

a-proteobacteria



" Bryozoa

Porifera

M 14 Minor Phyla

Echinodermata
M Cnidaria
M Annelida
B Nematoda
M Platyhelminthes
B Chordata
M Mollusca
B Arthropoda




Wolbachia -Host

Bryozoa

Porifera

M 14 Minor Phyla

Echinodermata
M Cnidaria
M Annelida
B Nematoda
M Platyhelminthes
B Chordata
M Mollusca
B Arthropoda
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T. deion

Culex pipiens N
Nasonia giraulti Hosts of
Drosophila melanogaster | Wolbchia
Nasonia vitripennis

Brugia malawi

D. inunitis

Cowdria ruminantivm

Anaplasma marginale
_I_:Ehrh'ckm eqiii

Ehrlichia platys
r— Rickettsia rickettsii
LE Rickettsia provazelkii
Rickettsia typhi

Bartonella vinsonii

_:Agrobacremuu tumefaciens

Rhizobium leguminosarum

Escherichia coli

—
0.0 Werren 2006
b
Anaplasma phagocytophilum  + Arthropods Arthropods and S_—
(supergroup A) filarial nematcdes Dipetalonema gracile
, (supergroup F) (filarial nematode)
Anaplasma platys - .
Anaplasma marginale
l— Ehrlichia chaffeensis Arthropods
— " (supergroup B) 3 ilari
Ehrlichia ruminantium ‘ p Filarial
‘ nematcdes
; (supergroup C)
- Wolbachia % Springtails

, ' 0 ¥
' (supergroup E) ) i i =~ Ctenocephalides
learick a risticii b S lis (fl Mutualism
Nearickettsia risticii _ Yérinites felis (flea) L Mutualis

(supergroup Filarial nematodes Bl Parasitism

Rickettsia prowozekit H) (supergroup D) || Unknown

Werren et al., 2008 Wolbachia: master manipulators of invertebrate biology Nature Reviews | Microbiology



Open access, freely available online PLOS

The Wolbachia Genome of Brugia malayi:

Endosymbiont Evolution within a Human
Pathogenic Nematode

Jeremy Foster', Mehul Ganatra', Ibrahim Kamal'"?, Jennifer Ware', Kira Makarova?, Natalia lvanova>"P
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Wolbachia obecneunBaeT napasnUTMYeCcKyto HemaToay KopaKTopamum



A host-parasite interaction rescues
Drosophila oogenesis defects

Diana J. Starr & Thomas W. Cline

Department of Molecular and Cell Biology, 401 Barker Hall, University of
California, Berkeley, California 94720-3204, USA
NATURE | VOL 418]| 4 JULY 2002 | www.nature.com/nature

[oHaabl 4-x AHeBHOW camKku D. melanogaster , reHotun Sx/*/SxI”. Cnesa HemH$pUMpOBaHHaA,
cnpasa nHpmnumnposaHHaa Wolbachia




PROCEEDINGS THE ROYAL ‘
OF SOCIETY

The endosymbiont Wolbachia increases insulin/IGF-like
sighalling in Drosophila
Tomoatsu lkeya, Susan Broughton, Nazif Alic, Richard Grandison and Linda Partridge

Proc. R. Soc. B published online 19 August 2009
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daGAL/IRDN — daGAL/+— InRDN/+ " Figure 1. The effect of Wolbachia infection status on weight

genotype and fecundity of IIS mutant and control female flies.



OPEN @ ACCESS Freely available online PLOS BioLoGy

The Bacterial Symbiont Wolbachia Induces
Resistance to RNA Viral Infections
in Drosophila melanogaster

Luis Teixeira*, Alvaro Ferreira, Michael Ashburner

Department of Genetics, University of Cambridge, Cambridge, United Kingdom
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B KaXKA0W TKaHW CBOW OTOOpP?

Wolbachia in salivary glands

!

T~ Wolbachia in brain, muscle,
retina: tissue degenaration

Wolbachiain the qut, &—

fat body, Malpighian tubules

Wolbachia in gonads: Wolbachia in
reproductive haemocytes: effects on
parasitism host immune system



Wolbachia VS Bnpyc 3unka

Wolb-

Wolb+

Aedes aegypti

ZIKV-infected
blood

Disseminated
. infection 10% I

80%
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CamMbin N3y4eHHbIN CUMOMO3

Tha-byxHepa

Buchnera panbHMn poacTBEHHMK
KULLEYHOM NaNOYKM

i

—

—~— bacteriocytes




MeTabonmnyeckaa KomnaemeHTauma

* CoOK pacTteHumn borat caxapamm, Ho beaeH aMUHOKMUCIOTaMM

— AMUMHOKNCNOTbI CMHTE3npyeT Buchnera

* WMN36bITOK caxapa UCNoNb3yeTca AN MypaBbeB... MapacMmbnos




Tna vi Buchnera
~200Mya
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Penykuvs GakTepuansHoro reHoma

mmmmmmmm

byxHepa

* pa3mep reHoma pasHbIX LUITAMMOB BapbupyeT

416-700 Kb

* yTpadTa MHOTUX TEHOB, BK.I'II-OLlaH BaXXHblEe O/1A

cMMmbunosa

Plants .~ Amphibians

100 Gb

Protists

Y Cartilaginous
fish Mammals

Ins;ects

10 Gbl

1GbL

A
Reptiles'
J1k

-1, Birds
Mollusks __ Bony fish

100 Mb|.

Genome size (number of base pairs per haploid genome)

1 Kbl

10 Kb

© 2012 Pearson Education, Inc



BropuyHble cMMBUOHTBI TAN

Serratia symbiotica meTabonnyeckaa KomniemeHTauums,
3alLMTa OT NATOreHoB

Hamiltonella defensa 3awuTta OT Hae3aHUKOB
Regiella insecticola 3aWwnTa OT NaTOreHoB
Rickettsiella cnHTE3 NnUrmeHTOB (adUHbI)

Bce ramma-npoTteobaKkrepum



E Plants —Amphiblans
L Gbé -/ Cartilaginous
C  Protists ﬂ Insects ﬁs|h Mammals
.o 10 Gb% \ | P i Reptllesi
Carsonella ruddii . -1 I_l i,
- ’ Moliusks __Bony fish ki

100 Mb =

~——Fungi

10 Mb-
: | _—— Bacteria

1Mb_

100 Kb;
- «——VYiruses
10 Kb

* XO3AMH: ncunnnabl (nMcTtobnowKkm)
* reHom: 160 K6
* KonumyecTtBo reHos: 182

Genome size (number of base pairs per haploid genome)

* ramma-nporeobakTepus

* buonormyeckas POJZib: CUHTE3 HE3aMEHNMbIX aMUHOKUCNIOT

* yTpaTareHoB bBMocMHTE3a AMNNUAOB, N meTabonnsama
HYK1eoTnO0B



Wigglesworthia

ramma-nporteobakTepus
X03AUH: MyXa ue-ue
HEeT reHOB CMHTE3a aMUHOKUCNOT

CUHTE3MpYyeT KOPaKTOPbI A1 X03AMHA
NIOKanun3yeTca B bakTepuoumtax
[Mepepayva 6akTEPUM BEPTUKAJIBHOE, HO HE Yepes3 ooumT

(a) Glossina (b) Bacteria
E. coli
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100 . B
100 1| G- brevipaipis-C G. brevipalpis-P |
= G. brevipalpis-F fusca group
G. longipennis

M. domestica




Blattabacterium
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Blochmannia

Xo3auH: Formica u Camponotus
ramma-npoTteobakTepusa

100 Mya (30-40 no gpyrum AaHHbIM)
bakTepMounTbI

CNHTE3 3aMEHUNUMbBIX N HE3aMEHUMDbIX aK
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IHAO0CUMOUNOHTbLI 4ONTOHOCUKOB

Nardonella: y Bcex, 125Mya

Curculioniphilus:
Curculionini

Sodalis: y otaenbHbIX BUAOB

Weevil hosts Curculioniphilus symbionts

Curculio robustus Curculio robustus P < (.001
F<0.01

—— P<0.05
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ure 2 Molecular phylogenetic analysis of Curculionini weevils. A maximum likelihood tree inferred from 2686 unambiguously
allied nucleotide sites of two mitochondrial (cytochrome oxidase subunit I (COI), 775-bp; cytochrome b, 382-bp) and three nuclear
(elongation factor 1 «, 367-bp; 285 rRNA, 737-bp; phosphoglycerate mutase, 425-bp) genes is shown. A Bayesian analysis yielded
substantially the same topology. Bootstrap values (> 50%; 100 replicates) of the maximum likelihood analysis and posterior probabilities
(> 0.50) of the Bayesian analysis are shown above and below each node, respectively. See Supplementary Table 54 for sequence
accession numbers and gupplemenldry Table S5 for substitution models. The clades A, B and C are indicated on the right side. For each
of the weevil species, host plant family and tissue type are shown in parentheses and brackets, respectively. Evolutionary history of their
host plants is inferred and mapped on the phylogeny by colored branches. Pink shades indicate association with the Curculioniphilus
symbionts.
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Figure 5 Phylogenetic comparison between Sitophilus weevil hosts and their Sodalis-allied symbionts. (a) A maximum likelihood
phylogeny of six cytochrome oxidase subunit I (COI) gene sequences representing three Sitophilus species based on 467 unambiguously
aligned nucleotide sites (J1+G, F81+G and TN93+G models for the first, second and mml codon positions, respectivel
(b) A maximum likelihood phylogeny of nine 16S rRNA gene sequences from the three Sitophilus species based on 1281 unambiguously
aligned nucleotide sites under the J1 +G model. In both trees, boots ap values (> 50%: 100 replicates) of the maximum likelihood
analysis and posterior probabilities (> 0.50) of Bayesian analysis are shown above and below each node, respectively. Host-symbiont
relationships are indicated by dotted lines.
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Fig. 2 Phylogenetic network obtained
from Arsenophonus and like organisms
(ALO) GroEL gene sequences using the
Neighbour-net method. The six major
ALO groups are presented. The arrow
denotes a novel group of ALO endos-
ymbionts, ALO-3. White circles: endos-
ALO-1  ymbionts from Hippoboscidae; black
squares: endosymbionts from Nycteribii-
Bd dae; black diamond: endosymbionts from
Streblidae; asterisks: endosymbionts from
other insect hosts. Closest ALO relatives
(Proteus mirabilis, P. penneri, Providencia
g rustigianii, P. stuartii and Photorhabdus
co/ A\ % luminescens) were used to delineate the
{ ALO clade.
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ENDOSYMBIONTS IN LOUSE FLIES AND BAT FLIES
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