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NMNO3BOHOYHbIE Mapa3nTbl

* Perissodus microlepis nuTaeTcs Yellyen pbld (fienngodarn)

10 -
) .
I —ffrﬂgk-- #if;:f;f
: T
2 g e T

‘B2 4 "Hf "HiH "l

Sample vear



NO3BOHOYHbIE NApPaA3NTDI:
Kangupa (Vandellia cirrhosa), comuk
obuTarwmm B AMa3oHKe




PoTtoBag NosnocTb
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OrpoOMHOE pa3Hoobpasne bakTepun, apxen, NPOCTENLLNX
Ponb? myTyanusm, napasutnam, KOMMEHCanm3m



* NHQeKUunoHHble 3abofieBaHnst MOXHO
paccmaTpuBaTb C No3numm cnmbnosa



Uen reHomM? (BapuaHT 1)

EepeM HaCeKoOMoe B nccriegoBaHmne
Umo moxxem Haumu?

* q1HK Hacekomoro

* mTOHK Hacekomoro

* gpyroro Hacekomoro (al, mTI")

* reHombl bakTepun

* TeHOMbI NPOCTENLLNX

* reHowmbl(bl) rpnbos R —

that break down wood

° FeHOM(bI) «eﬂbl», ID|p)/roro HaceKOMorO, ﬂHI‘ into fermentable sugars.
NMO3BOHO4YHDbIX, paCTeHl/II7I nT.M.




Ubto IHK mokem
HaWUTK y Komapa??

CITIOHbIE Xene3sbl:
Plasmodium sp., counsapus

roHaabl: Wolbachia

nuLeBapuTenbHasa cuctema:
KDOBb >KUBOMHbIX

TENO: SHMOMOoramo2eHHbIe
2pubnbi




Ubu reHbl?

* TOPW3OHTAasbHbIA NEPEHOC FEHOB OT CMMOMOHTA K
XO3INHY

* BeTa-bpyKkTO3Maa3a TYTOBOro Wwenkonpsaaa
bakTepuanbHOro NPOUCXOXAEHUS

* doyHKUMA: 3aLlumMTa OT ankorouga wenkosuubl (Daimon

et al.,2008)
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FIGURE 2. Phylogenetic analysis of fi-fructofuranasidases. Amino acid sequences of f-fructofuranosidases
were aligned by the ClustalX program, and the phylogenetic tree was constructed by the neighborjoining
methed using the MEGA3 program package (20). Bootstrap values after 1,000 replications are shown. Gen-
Bank™ or SwissProt accession numbers of sequences are shown in parentheses.



N A

rOpU3OHTarnbHbIN NEPEHOC reHOB OT CUMOUOHTA K
XO3INHY

beTa-ppykTo3magasa TyTOBOro Lenkonpsaa
bakTepuanbHOro NPOUCXOXAEHUS

dyHKUMA: 3awmTa oT ankonouaa wenkosuubl (Daimon
et al.,2008)

Zhu et al., 2011 nonHoreHoMHbIN aHanus, BbigeneHo 10
rOpuU3oHTarbHbIX NEPEHOCOB: 1 OT pacTeHus, 9 oT
bakTepumn



Ubu reHbl?

An Ancient Horizontal Gene Transfer between Mosquito and the Endosymbiotic
Bacterium Wolbachia pipientis

Megan Woolfit, Iiaki Iturbe-Ormaetxe, Elizabeth A. McGraw, and Scott L. O'Neill

School of Integrative Biology, Umiversity of Queensland, Brisbane, Queensland, Australia




[lapa3uT Bpar nnu...

1. cHMXaeT npmncnocobrieHHOCTb 0CobeN

- HO B onpederieHHbIX YCNoBUAX MOXKET MNOoBbIWAaTh
NPUCrNocobrieHHOCTb

- YHMBeEpPCarbHbIX MEXaHNU3MOB/MPUHLNMNOB
napasutusma unm mytyanmama Het (Hentschel et al.,

2000)



[lapas3uT Bpar unu...

e 1. cHMWXaeT NnpmMcnocobneHHOCTb 0Coben.

- HO B OnpeaeneHHbIX YCNOBUSIX MOXET NOBbILLATb
NPMCNocobeHHOCTb




[lapa3uT Bpar nnu...

* 1. cHMWXaeT npncnocobrieHHOCTb OCODEN.

- HO B OonpeaeneHHbIX YCIOBUAX MOXET
NoBbILWATb NPUCNOCOBSIEHHOCTb




[Tapa3nTbl cTabMNN3NPYIOT
9KOCUCTEMY

* MHTPOAYLMPOBAaHHbIE BUAbI

3eneHbln eBpONencknm kpab
Carcinus maenas



Uen reHoOM? (BapuaHT 2)

* Yybe NMoBedeHMe peannsyeTcsl, Xo3snHa
N cumMmounoHTa?
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PuwTta
Dracunculus medinensis




KOpHe20/108bIe pakKu

NcaeBa n gp. 2005



JBONMOLUA NAapa3nT-XO3AUH

NMpencrasneHns pacnpeneneHus MyTaumm Ao pa3paborku teopum
HentpanbHOM MONEKynsipHON 3BOSIIOLUN

BpeaAHble
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Heutpannam Kumypbi

BpeaHble HenTpaJibHble

f

NnoJsie3Hble



Copidosoma floridanum
NoNMMaMOpPUOHUS, pa3Hble KacTbl MOTOMCTBA

Ovipositor

@ ¥ Hemocytes
w  (blood cells)

< Wasp egg

Grbic, 2003; Gordon, Strand, 2009



OBOSIIOLINA Mapa3nT-Xo3auH

. Cymothoa exigua
. 3aMeHseT X03ANHY A3bIK




bruopasHoobpa3sne XUBOTHbIX

" Bryozoa
. Porifera

M 14 Minor Phyla

. Echinodermata

M Cnidaria

M Annelida

B Nematoda

M Platyhelminthes
M Chordata

M Mollusca

B Arthropoda




CMOUOHTBI CUMOUOHTOB

* Mixotricha paradoxa nepeBapuBaeT
Lenitono3y Ans Xo3auHa -

Mastotermes darwiniensis

* HEeT MUTOXOHAPWUN, HO eCTb a3pPObHbIe
9HAOCUMOUOHTbI

* Ha NOBEPXHOCTU CMUPOXEThI -
OBUMXKEHue




CunmbunoreHes

XroponnacT BO3HUK U3 unaHobaktepun, K. MepexkoBckmnn 1926

JIHH Maprynmc — BO3HUKHOBEHUNE SyKapMOTI/I‘-IeCKOﬁ KINETKN B
pe3yJibTaTte cumbunosa.

"On the origin of mitosing cells,"
Journal of Theoretical Biology, 1967

BO MHOIMMX UCTOYHMKAX OO0 CUX NOP 3HAYUTCS Kak rmrnoTesa, XoTS
OAaBHO ABNAETCA TEOPUEN.



Phylogenetic Tree of Life
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Penykuna GakTepuaneHOro reHoMa

naToreH UnNu1

cBoboaHO MyTYanucr, GakTepua Unu MUTOXOHOPWA  KpUNTOCOMA
XHBYLLaA obnUraTHelN OpraHenna? cnop Xxnoponnact MUKOCOMBI
GakTepun CUMOWOHT 0 TEpPMUHAX anukonnacTt rMaporeHocoMbl
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doTocnHTETUYECKAs ameba
Paulinella chromatophora

* UwmaHenna npousowuna o1 anb@a-unaHobakrepum (nnactmnabl
pacTeHun ot beta-unaHobakTepumn)

* Bospact cumbunosa 60 Mya (Nowack et al., 2008)
* [eHoM B Tpu pasa MeHbLUe CBOOOAHOXKMBYLLNX LMaHOBaKTEpUi

Slime
Entamoebae Mglds Apimals
Fungi

aulinella
atophora Plants Eucarya
Ciliates

Flagellates

Microsporidia

Diplomonads

£ , igt
. Sob il Archaea
Bacteria v Methanosargina
w iivel  Methanobacter{u Halgphiles

e gy Methanococgu:

Cyanobacter ‘

T. celer
Planctomyce \ Thermoprotgus

Pyrodicticug

Bacteroide.
Cytophaga .
Thermotoga

Aquifex
LUCA



byxHepa - Tng

The main role of
Buchnera is the
biosynthesis and
provisioning of
essential amino acids
to its aphid host.




A Small Microbial Genome: The End of
a Long Symbiotic Relationship?

S6I0MHAR  ANCTOBAGIEKS Vicente Pérez-Brocal,™* Rosario Gil,*? Silvia Ramos,* Araceli Lamelas,™* Marina Postigo,”

José Manuel Michelena,™* Frandsco ]. Silva,™** Andrés Moya,* Amparo Latorre™**

niine 14 September 2006

Carsonella ruddii — cambln ManeHbKUmn
bakTepmnanbHbI FEHOM

* 160 Kb, 182 6enok kognpyoLmx reHoB
* raMmma-npoTeobakTepus
* XMBET B bakTepuouuTax y nucrobrowlek



napasmnTbl ?

* Nanoarchaeum equitans, akcTpemMasribHbI TEPMOMU
* 490 Kb, 536 reHoB (Waters et al., 2003)
* napasuT gpyrou apxeu - Ignicoccus

lgnicoccus

0 H Hubsr, B Rschal, KO Steller,
Univ, Regensbug
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Wolbachia - Arthropoda

«...the proportion of Wolbachia-infected insecta species is estimated to be 66%...» (Hilgenboecker et al., 2008)

717, 7
Subphylum .
Crustacea
SUPPhE‘la craba, crayfish, 4
Trilobita pillbugs, waterfleas,* ¥
extinct copepods -
: : |

Subphylum Subphylum Class
Uniramia Chelicerata Xiphasura
\ horseshon crabs
Class Class Class Class
Chilopoda Diplopoda Inzecta Arachnida
- centipede Coleoptera spiders,
LCOTpions,

ticks | [}

millipede
Orthoptera
é. 7 grisshoppers

*nat all insect
orders shown

http://www.biologycorner.com/bio1/notes-arthropods.html
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Wolbachia Bbi3biBaeT penpoAyKTUBHbIE aHOManuu
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400 MAH. N.H. 100 MAH. N.H.

| i

T. deion
Culex pipiens
Nasonia givaulti

Nasonia vitripennis
Brugia malawi

D. fmmitis

Cowdria ruminantium

Anaplasma marginale
_I_:Ehrh'chm equi
Ehrlichia platys
— Rickettsia rickeitsii
LE Rickettsia prowazekii
Ricketisia typhi

Bartonella vinsonii

_:Agro bacterium tumefaciens

Rhizobium leguminosarum

Anaplasrma phagoc

Anaplasma platys

Anaplasma marginale
- Ehrlichia chaffeernsis

Ehrlichia FLrminageticem

Wolbachia

Mearickettsia risticii

Rickettsia prowazekii

Werren et al., 2008 Waolbachia: master manipulators of invertebrate biology

wiophilurr

_ “Arthropods
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. Springtails
£ ff.::pﬂfgrr:-ur:- E) % J

Escherichia coli
—
oo Werren 2006
b
Arthropods arthropods and

filarial nematodes Dipetalonema gracile
|'=.-LJ|'.IIF'F,EF"'JLJ|'.I F) (filarial nematade)

Filarial
nematodes
(supergroup C)

(supergroup A)

| = L*errGEEHF*ﬂfaae*s i
Termites felis (flea) B Mutualism
(supergroup |'I|d’|dl nematodes HI Farasitism
H) (supergroup D) | | Unknown

Drosophila melanogaster

Mature Reviews | Microbiclogy

Hosts of
Wolbclua



Open access, freely available online PIPS

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

r

Brugia malayi (filarial Nematoda) lacks a complete biosynthetic pathway for both
heme and riboflavin.

In contrast, the much reduced genome of its infecting Wolbachia strain, wBm
contained a complete suite of genes for both pathways.



OPEN a ACCESS Freely available online PLOS

Evidence for Metabolic Provisioning by a Common
Invertebrate Endosymbiont, Wolbachia pipientis, during
Periods of Nutritional Stress

Jeremy C. Brownlie”®, Bodil N. Cass, Markus Riegler™, Joris J. Witsenburg, Ihaki Iturbe-Ormaetxe,
Elizabeth A. McGraw, Scott L. O’Neill*

School of Biological Sciences, The University of Queensland, 5t. Lucia, Queensland, Australia
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Figure 4. Mean fecundity measures of female D. melanogasterreared on high iron food (FeCl;). The total number of eggs laid by a single
female was counted over a three-day period and the average calculated. Standard error bars are indicated; replicate numbers are noted within the
columns. Uninfected fernales are denoted by an open bar, Wolbachia-infected fernales by a filled bar. Female flies reared on cornmeal fly diet are
described as “Control.” Mean fecundities that are significantly different are denoted by *(p<20.05) or ** (p=<0.001; Mann-Whitney U Test).
doi:10.1371/journal.ppat.1000368.g004



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

Ovaries from 4-day-old Wolbachia-infected and unifected female D. melanogaster
SxI#/SxI*

uninfected female, sterile infected female, fertile
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PROCEEDINGS THE ROYAL
OF SOCIETY

The endosymbiont Wolbachia increases insulin/IGF-like
signalling 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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OPEN @ ACCESS Freely available online PLOS BioLoay

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 KaXkAoM TKaHn cBOW OT6OpP?

Wolbachia in salivary glands

I

Wolbachia in the gut, &

fat body, Malpighian tubules

T Wolbachia in brain, muscle,
refing: tissue daganaration

/N

Wolbachia in gonads: Wolbachia in
reproductive haemaocytes: effects on
parasitism host immune system
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Kak baktepusa pacnpocTpaHaeTca?
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