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Portiera evolution Aleyrodidae superfamily or whiteflies
[ Yole} Whiteflies endosymbionts
Whiteflies- Portiera co-evolution

Portiera gets wild: Genome instability provides
insights into the evolution of both whiteflies and
their endosymbionts

Santos-Garcia et al. 2020. Genome Biol. Evol. 12, 2107-2124.
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Portiera evolution

Aleyrodidae superfamily or whiteflies
oceo

Whiteflies endosymbionts
Whiteflies- Portiera co-evolution

Hemiptera order

< o Hemiptera order is the largest
o‘@“_» Aphidoidea group of Hemimetabolous
&5 [ L coccoidea insects (without metamorphosis).
—— Psylloidea @ Hemiptera is divided into four
o Aleyrodoidea suborders (Cryan and Urban, 2012).
Hemiptera @ They are adapted to fluid diets,
—— Coleorrhyncha mainly plant sap: specialized
Hoteroptera mouthparts and digestive system.
Auchenorryncha o Whiteflies: Aleyrodoidea

superfamily > Aleyrodidae family.
o Aleyrodoidea has two recognized subfamilies: the Aleyrodinae (ca. 140
genera) and the Aleurodicinae (ca. 20).

o Subfamilies origin was traced to the Lower Cretaceous (100-145 Mya).
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Sternorrhyncha:Aleyrodoidea

Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
Whiteflies- Portiera co-evolution
o Paleotropical origin: “the aphids of the tropical regions”.

o Adults are tiny (1-4 mm) and usually covered by wax.
o Four nymphal stages (instar):

o 15t is the only mobile form - leaf veins hunter.

o 2" and 3" are feeding stages (size increase).
o 4t or “red eye pupa” is a quiescent stage.

(warm weather)
02mm

0406 mm
081.2mm
Dara

Red eye pupae
0.60.3mm

Diego Santos-Garcia, Ph.D.
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Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
Whiteflies- Portiera co-evolution

Whiteflies endosymbionts

Bemisia tabaci MED nymph's bacteriome (Santos-Garcia 2014).

o Whiteflies always present the
P-endosymbiont Candidatus Portiera
aleyrodidarum (green).

o Portiera is devoted to the production of
essentials amino acids and
carotenoids.

o A co-primary, Hamiltonella (red) or
Arsenophonus, supplements
B-vitamins to their whitefly host (among
other possible benefits).

o Whiteflies may also harbor other
secondary endosymbionts: Wolbachia,
Rickettsia, and Cardinium (purple).
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Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
oe Whiteflies- Portiera co-evolution

Portiera, an ancient endosymbiont

o Portiera has co-diverged with whiteflies since their origin (> 150 Myr).

o Already a reduced endosymbiont with basic DNA replication,
recombination, and repair machinery.

[ core genome
i i [ Pan-genome
Sulcia muelleri = par-s
Bl Syntenic block
Different symbionts Il carotenoids
metE
[ metH

Evansia muelleri

Reduced

Portiera aleyrodidarum
\\ Symbiont

Peylionden arsonella ruddii

W Heteroptera Aphidoidea O
W Coleorrhyncha Aphidmea
Auchenorrhyncha — Different symbionts
Bl Sternorrhyncha occoidea Santos-Garcia et al. 2014.
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Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts

Whiteflies- Portiera co-evolution
Portiera, an ancient endosymbiont

o Portiera has co-diverged with whiteflies since their origin (> 150 Myr).

o Already a reduced endosymbiont with basic DNA replication,
recombination, and repair machinery.

o Portiera genomes from most whiteflies are syntenic except in
Bemisia tabaci —> genomic instability.

o Portiera from B. tabaci has lost the polymerase proofreading subunit
DnaQ —> cause of instability? (Sloan and Moran, 2013).

«i [ B. tabaci B (MEAMI) @
B. tabaci Q (MED)@-,

B. tabaci New World ™

B. afer

" Aleurochiton aceris

T. vaporariorum@

Tetraleurodes acaciae

RO —
A. dugesii

A floccissims @

Santos-Garcia et al. 2015
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Portiera evolution
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Aleyrodidae superfamily or whiteflies
flies endosymbionts
Whiteflies- Portiera co-evolution

Portiera phylogeny: 16S, 23S, rpoD, dnaK, and groEL

Aleurodicinae
—e = N7a64s
- LN649255
Ne4s236
— —0 T Vasdvidus sotiorus JHM 8683
"5 Noomaskila ancropogonis JHM 7567
= Aleyrodes singularis TelAviv
Aleyrodinae Oieyrodes proftea
o 7513
)

lus mori Kfar Sold

Aleurolobini

[ Traleurodes ricini

" ourovgianus cansansis
Aleurotrachelus trachoides
Aeurotrachelus atratus

simplex

|

tribe

ater
‘Bemisia reyesi JHM 7732

e Bomisia tabaci SSA1 SRR5109958
tabaci Asiall3 NZ_CP016327

i 5 g Pols s s 8| 5 | 5 |88 (5] 5 (558 Posterior values
SEE & | ¢ PHIREE b | R (e
i @ <090r>=038
! é g i § O <08o0r>=07
i : £
Cretaceous Paleogene Neogene. O<o07
@ 27 whitefly species (19 genera) collected from Israel, La Reunion, Canary Islands, the

public databases.
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Tracking Portiera genome instability

Aleyrodldae superfamily or whiteflies
Whiteflies endosymbionts
Whiteflies- Portiera co-evolution

A

l dnaQ: @ Present @ Absent l
Para

b

tepn

seca

@ Screening for the presence of dnaQ and different

Bemisia reyesi JHV 7732

 Bemisia tabaci Asiall3
emisia tabaci MEAM1
emisia tabaci MEDQI

 Bemisia tabaci SSAL

——— e - A

gene order configurations (ancestral or derived).

@ dnaQ was lost in the Singhiella, Aleurolobus, and
Bemisia (Aleurolobini tribe) monophyletic clade
MRCA (~70 Mya).

o Bemisia other than tabaci suffered

re-arrangements compared to tabaci.

o Singhiella and Aleurolobus do not presented
neither the ancestral or B. tabaci order.

@ To confirm the screening results: sequencing
Portiera from the most basal species in the

Bemisia clade - the fig whitefly Singhiella simplex.

@ Two Portiera with one shot: the sample contained

s SOMe individuals of Pealius mori.

«0O>» «F)r «
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Portiera evolution Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
Whiteflies- Portiera co-evolution

0O0®0000

Two new Portiera genomes: SiSi and PeMo

Portiera TeVa Portiera PeMo _ Portiera SiSi__Portiera BeTa

Host T vaporariorum _P. mori S simplex B tabaci MED-QL
Genome size (bp) 280822 277700 411975 357472
Contigs 1 1 9 1
Genes* 307 308 300 284
CDS 268 266 252 247
Pseudogenes (CDS) 1 3 1 7
Intergenic avg. length ~ 62.79 51.81 715.44 524.99
Coding Density (%) 91.46 96.60 59.56 69.60
Intergenic regions (%) 8.54 3.40 40.44 30.40
rRNA 3 3 3 3
tRNA 34 34 34 33
tmRNA 1 1 1 1
RnaseP RNA 1 1 1 1
dnaQ yes yes pseudo no
Direct repeats 1 2 23 4
Inverted repeats 0 1 17 2
Tandem repeats 10 31 3 111

dnak dna 9rpE.
Aleurodicus floccisimus

Aleurodicus dispersus ol o o o (© Number of coding genes
Trialeurodes vaporariorum ol e o o e Same DNA strand

I Inversion
Pealius mori b R ]
Singhiella simplex M vy ~ SO e YR L gLy
Bemisia tabaci Asialls Syl M NSNS RO gy R A

Bemisia tabaci MEAM1

Bemisia tabaci MED-Q1

Diego Santos-Garcia, Ph.D



Portiera evolution Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
Whiteflies- Portiera co-evolution

[e]e]e] le]ele)

Portiera gene losses history

Clustrs o Oninlogous raups (G0G3)
2, Gotodeconol anaioste
2 o Aol st
= G G massom an vemsor Species/MRCA Gene name
T S A. dispersus (AIDi) ahpC
o Lhkderwiet oo T. vaporariorum (TeVa)  rpmD, purA, ahpC, hisE, rplA

ol lirrsnrariscpHopereds 1 ok e P. mori (PeMo) clpP, clpX, IspA, rimM, rsmH
0o 04 08 = 5:Funcion Urkoown S. simplex (SiSi) rsmH, ahpC, hisA, tilS, trpF
= Nom

Presence Posterior Probability

.
— 15

A purA, lepB
glyA, hupB, metG, miaA, rnc,

- e s thtA, yagF, alaS
o c clpB, lipB
l o purA, lepB, rpmD, dapF, deaD,
S o dnaN*, dnaQ*, dnaX*, frr, holA*,
o holB*, lysA, mucD, mutL*, rsmA,
I W to0s2uss3: ruvC*, trpS, hypothetical protein
ot e/F cloP, clpX, IspA, argH, dapB,
] o era, galP, sohB, ssb*, upp
:g‘%: *DNA replication and repair.
i
n Aleurodicus floccisimus

Aleurodicus dispersus

Trialeurodes vaporariorum

Pealius mori

Singhiella simplex

Bemisia tabaci Asiall3

Bemisia tabaci MEAM1

A B C D E F

Most Recent Common Ancestors

Bemisia tabaci MED-Q1

A. dispersus
. simplex

A floccissimus,
T. vaporariorum
B. tabaci Asiall3
B. tabaci MEAM1

B. tabaci MED-Q1
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Portiera evolution Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
0000800 Whiteflies- Portiera co-evolution

The symbiont or the egg: origin of genome instability?

: . A3 N © In whiteflies, several (4-10)
‘ maternal bacteriocytes

migrate into the oocyte.

In B. tabaci, B. gigantea, and
A. olivinus a single
bacteriocyte enters the
oocyte (derived state).

Vi 19 dloewl k. o) Bt s (0 s
70 b e s et e, P

Single-bacteriocyte

inheritance decreases

Portiera’s N. compared to

w2 Multi-bacteriocyte

inheritance.

o Low N, makes selection being unable to maintain the DNA repair
and recombination machinery = origin of genome instability?

A4Or «F>» «=» «
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Portiera evolution Aleyrodidae superfamily or whiteflies
Whiteflies endosymbionts
0000080 Whiteflies- Portiera co-evolution

Take home message

@ Genome instability is rare in P-endosymbionts and could point to interesting
evolutionary events in both the symbiont and the host.

@ A massive DNA replication and repair genes loss happen in the MRCA of
the Aleurolobini tribe and is linked to Portiera genome instability.

@ Instability is not exclusive of B. tabaci species: no role on diversification.

o Single-bacteriocyte inheritance could have decreased Portiera’s N., making
purifying selection unable to maintain the DNA replication/repair machinery.

@ Instability first —> host compensatory adaptation to increase purifying
selection each generation by eliminating defective Portiera populations.

@ B. tabaci has acquired multiple bacterial genes to compensate for Portiera
losses compared to T. vaporariorum (Bao et al., 2021; Ren et al., 2020, 2021):

o Consequence of single-bacteriocyte inheritance or Portiera genome
degradation?

A4O>r «F» «E» «Z>» E|l= HAQQ
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Coxiella pathogenesis
[ JeJele]

The Coxiellaceae family
Coxiellaceae genome evolution

Pathogenesis evolution & pH homeostasis

Comparative genomics sheds new light on the
evolution of pathogenicity in Coxiella burnetii.

Santos-Garcia et al. 2022. Unpublished.

Diego Santos-Garcia, Ph.D.
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Coxiella pathogenesis The Coxiellaceae family
[o] Yole} Coxiellaceae genome evolution
Pathogenesis evolution & pH homeostasis

Coxiellaceae family: Coxiella burnetii & Q-fever

@ The Coxiellaceae family
(y-proteobacteria) is
composed of five genera
showing lifestyles ranging
from free-living to
mutualistic.

o Coxiella burnetii is an
intracellular parasite
S wman s enansmn With @ biphasic life cycle.

@ The Small Cell Variant (SCV) is a resistance form (~spore), persisting in the

environment for extended periods —> infective form.

@ SCV is activated by the acid pH of the host cell phagolysosome —> Large Cell
Variant (LCV) —> replicative and metabolically active form.

«Or «Fr <
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Coxiella pathogenesis The Coxiellaceae family
00@0 Coxiellaceae genome evolution
Pathogenesis evolution & pH homeostasis

Coxiella burnetii pathogenesis

@ The SCV is activated after the phagolysosome formation and starts to
express the virulence factor Dot/Imc T4 Secretion System (SS).

o C. burnetii uses the Dot/Imc SS to manipulate the host cell by inhibiting
apoptosis and allowing the maintenance of the Coxiella Containing Vacuole
(CCV) (~late phagolysosome - acid pH).

@ The Dot/lcm SS is essential for for C. burnetii intracellular survival.

A4Or «F>» «=» «
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Coxiella pathogenesis The Coxiellaceae family
[e]eYe] } Coxiellaceae genome evolution
Pathogenesis evolution & pH homeostasis

The good relatives: Coxiella-like endosymbionts

o C. burnetii relatives
have been found
associated with ticks.

o Coxiella-like
endosymbionts
(Coxiella-LEs or
CLEs) supply their
tick hosts with
B-vitamins scarce in
blood-based diets.

o Are Coxiella-LEs
domesticated
pathogens?

A4Or «F>» «=» «

it
i
w
N)
yel
?

Diego Santos-Garcia, Ph.D. CBGP Seminars 2022



Coxiella pathogenesis The Coxiellaceae family
Coxiellaceae genome evolution
o Pathogenesis evolution & pH homeostasis

Coxiella relatives and two new Coxiella-LEs

W Coxiella burnetii lineage Genome  Strain Host Size (Mb) CDS Pseudogenes IS types/copies %GC _Contigs
= g:ﬁfé’:""-‘fn{’a‘;fg;fl‘;fla"&e: e C burnetii  RSA493  Mammals/Amoebas 1.99 1833 207 6/32 26 1
Coxiella-LE  CRt Rhipicephalus turanicus 173 1203 337 0/0 82 1
. Coxiella.LE  CLEOmar  Ornithodoros maritimus ~ 1.83 976 608 431 a5 12
CoxiellaLE CLEDm  Dermacentor marginatus 0.9 658 15 0/0 311
Y Coxiella-LE ~ C904 Amblyomma americanum 0.66 565 3 0/0 346 1

@ CLEDm is an old endosymbiont: small

genome, low GC, no mobile elements.

i‘ @ CLEOmar is a recent endosymbiont:
- X reduced genome with pseudogenes,
mobile elements, and high GC.

- @ C. burnetii, Coxiella-LEs, and
environmental Coxiella MAGs form a

monophyletic clade.

dd h @ C. burnetii/ Coxiella-LEs clade
d d b originated from aquatic bacteria able to

kmk W s R RLsmose e il symbiotic relationships.

Main Host/Environment
Maximum Likelihood phylogenomic tree of Coxiellaceae genomes
inferred from a concatenated alignment of 143 core proteins. «O» «Fr o«
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Coxiella pathogenesis
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Coxiellaceae biosynthetic potential

M : functional gene copy : pseudogene : not present

D-Erythrose 4P
— - —

Glyceral 3P

g T @ Coxiellacea have different

biosynthetic potential
(~three groups).

Chorismate
pabA

@ Coxiellacea can

HJ%] ™ - produce riboflavin (B2)
’;.‘L‘ﬂ - 282”,,;

- . and lipoic acid.
. e Eulle. & ) _
_ - §iz- % o Coxiella representatives
T | Y produce all B vitamins.
e —_ﬁ‘j . .
- [Z: o Coxiella pre-adaptation

I S | e
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855 BRSNS GES 2228492 FEE33LEERI824E iz to mutualism wit
oty sS85 5552388 GEWEC2x 0B 65 5%
@20 LPRRE =8y > 882 WEDGuQUIRRRE =8y =] t
3 S0880 g8 XSG ! o) 88 2s 3 h h
goH 2988848 “<2" ¢z Csu4gEB0S0888 48 it €matophagous
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Coxiellaceae genome evolution
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C. burnetii RSA 493

Pathogenesis evolution & pH homeostasis

The. Coxiellaceae family
The Dot/lcm T4 Secretion System in Coxiellaceae

e e e e
o
O ot o® «
ok .l
O
- =

w" e ﬂ“ 0
@
Coxiella-LE CLEOmar maf

& o

Bk
o e S
Coxiella-LE CRt

"
e — 1=
@ 0, P )
e By R
e °
SRR SRR It 4 -
N -
< R ey o ol Ao T
506 o 7
PRl AT NN
»
Coxiella-LE CLEDM P06 el :_m’ff
Coxiella-LE CLE-AaGA

.
-
7

A
s i

10k

| Pseudogene
/SHHssgrlSHH
{tANA-

Met
1IHNA lle
tRNA-Thr

Ime/Dot CDS/pseudogene
Sha/Mrp CDS/pseudogene
CDS
@ The Dot/Imc SS is present in all Coxiellaceae except in reduced Coxiella-LEs: an
ancestral trait for host cell invasion and manipulation (Brenner et al

@ SSs losses are expected during evolution towards mutualism (Oakeson et al

2014).
Diego Santos-Garcia

., 2021)
o In C. burnetii, the Dot/lcm SS region presents signatures of pathogenic islands (PAls)
ia, Ph.D

Coxiella-LEs is losing genes related to pathogenesis

tRNAs, IS elements, DR, HT genes, and virulence factors (Hacker and Kaper, 2000)
o C. burnetii’s PAl acquired additional genes (a Sha/Mrp antiporter) while in

«Or «F»
CBGP Seminars 2022




Coxiella pathogenesis The Coxiellaceae family
Coxiellaceae genome evolution
Pathogenesis evolution & pH homeostasis

pH Homeostasis in C. burnetii

GABA L-Glu

Putrescine L-Orn

Agmatine L-Arg

(CBU_1038-40, CBU_1035d)

5|
(CBU_1435-48)
GABA

-Glu Agmatineﬁ L-Arg Putrescineﬁ -
- co, e

CO, H
odc odc
(CBU_0722) (CBU_0722)

4H
(CBU_0965-67)

Y—szcozq—y H+HCO: o
2
panD

(CBU_0139) (CBU_0422)
long- Chai"d Iong-chai: Malate Lactate Agmatlneﬁz Putrescmeﬁhomospermldme
unsaturate 4— saturate

fatty acids H'gfep CO2 Cytosol (il H,*
(L9829 ppp4+  ATP (cag 0720) (CoNE2E

P+H*
44"

fatty acids (cBubun37)
+H,0
Na*

2H*

H* K*

(CBU_1066) lipoFt) (CBU_1582-88) (CBU_1938-46) (CBU_0459)

Periplasm
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Coxiella pathogenesis The Coxiellaceae family
Coxiellaceae genome evolution
00800 Pathogenesis evolution & pH homeostasis

pH Homeostasis in Coxiellaceae

C. burnetii
potentially use
three AA ARS.

@ Coxiella-LEs are

Coxiella sp. CLEOmar
C. burnetii RSA 493

C. burnetii RSA 331

C. burnetii Cbuk

C. burnetii CbuG
Coxiella sp. CLEDm
Coxiella sp. CLE-AaGA
Coxiella sp. C904
Coxiella sp. CeAS-UFV

Coxiella sp. CLE-RmD harbored n
c. mudrowiae CRt [l
C. mudrowiae Geo A H
Coillasp. GCA. 00179542 non-acidic

CA_00179
5CA_0018024
D. massiliens
R. isopodorum
R. grylli

R. viridis

A. lusitana

A. siphonis

B. aquae

B. cookevillensis
L. pneumophila

host-derived

vacuoles and ARS
are not required
(Brenner et al.,
2021)

Il : functional gene copy/system : pseudogene ORF [lll: pseudogene : not present

o Sha/Mrp antiporter is almost exclusive to C. burnetii’s lineage.

@ Involved in alkali resistance, establishment of symbiotic interactions, and
sporulation (lto et al., 2001)

Diego Santos-Garcia, Ph.D. CBGP Seminars 2022

«0O>» «F)r «

> <« >

it
W
N
0
2




Coxiella pathogenesis The Coxiellaceae family
Coxiellaceae genome evolution

00000 Pathogenesis evolution & pH homeostasis

Take home message

o Coxiella ancestor was an environmental facultative symbiont
able to invade different hosts, thanks to the presence of the
Dot/lcm T4SS and the ability to deal with abiotic stress.

@ This ancestor splitted in two lineages, one including C. burnetii
and the other mainly tick-associated symbionts.

o All Coxiella-LEs produce B vitamins, which seems the reason for
their mutualistic symbiosis with ticks (Duron and Gottlieb, 2020).

o The potential to synthesize vitamins is required for
initiating mutualistic symbiosis in ticks.

@ The lem/Dot T4SS is part of the same pathogenic island present

in C. burnetii and Coxiella-LEs, although reduced in the last.

@ The Sha operon may be related to the SCV morphotype of C.
burnetii and their ability to resist alkaline environments found
outside the host: future research on anti Q fever strategies?

«O> «Fr <> « >
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GuardSym Viral diseases
[ Yole} Whiteflies: a supervector
Guardian Symbionts

Disentangling the multitrophic interactions of the
supervector Bemisia tabaci to potentially use its
symbiotic communities to reduce plants
viral-vectored diseases.

GuardSym MSCA-IF Grant agreement |D 885583
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GuardSym Viral diseases
oeo Whiteflies: a supervector
Guardian Symbionts

“The FAO estimates that between

Plant diseases cost the world economy

and invasive insects $70 billion (www.fao.org)

“Around , most
of them vectored by insects (Navas-Castillo et al. 2011)."

AO>r «F>» «E» <«
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GuardSym
ooe

Viral diseases

2018

Whiteflies: a supervector

Guardian Symbionts

Intensive agriculture and Global warming
Future predicted distribution of B. tabaci

o Intensive agriculture: biodiversity and beneficial
insects reduction.
o Monocultures and irrigation.
2050 C]

o Introduction of non-native crops.
oo

o Chemical abuse: fertilizers, herbicides, and
insecticides.

o Global warming: expansion of pests insects and
vectored diseases.

o Increased temperatures, changes in rainfall
patterns and desertification.

o Most phyto-viruses require a vector to infect
new plants:

o Sap sucking insects, such as whiteflies, are the
most efficient vectors.

Diego Santos-Garcia, Ph.D.
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GuardSym Viral diseases
Whiteflies: a supervector

€00 Guardian Symbionts

Whiteflies: a supervector

@ The sweet-potato whitefly
Bemisia tabaci is a tiny insect
«~  that feeds on plant sap

w e through a stylet (modified
Whole life-cycle
(v e mandible).
o Many emergent phyto-viral

diseases are linked to the
expansion of B. tabaci
s gy s ez sz ((G1lDErtson et al. 2015).

o Feeds on more than 600 plants, including crops such as:

Cassava (Malpighiales) -> Staple food in Africa.

Potato, sweet-potato, tomato, pepper, aubergine... (Solanaceae).
Pumpkin, zucchini, melon... (Cucurbitaceae).

Beans, broad beans, soybeans, alfalfa, peanuts... (Legumes).
Cauliflower, broccoli, cabbage... (Brasicaceas);

Red eye pupae
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GuardSym Viral diseases

Whiteflies: a supervector
0%o Guardian Symbionts

Whiteflies: a supervector

Navas-Castillo ] et al. 2011. Annu. Rev. Phytopathol. 49:219-248.

@ Develops resistance to pesticides.

@ Transmits more than 300 phyto-viruses:
global pandemic in tomato (TYLCV) and
cassava (CSBD and ACMV).

@ Need for Integrated Pest Management
(IPM): set of strategies and practices that

respect the environment, minimizing the
use of pesticides.

The niversity of Georgia College of Agricultural and Environmental Sciences

Pest
Management

Sheat S et al. 2019. Front, Plant Sci. 10:567. =
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Diego Santos-Garcia, Ph.D. CBGP Seminars 2022



GuardSym Viral diseases
Whiteflies: a supervector

ooe Guardian Symbionts

Mosquitoes, dengue, and population replacement (IPM)

o In Queensland
(Australia) it has been
w w possible to eliminate
dengue since 2011
using Wolbachia
(299Km?).

o Wolbachia is an
intracellular bacterium
present in >50 % of
insects.

o Wolbachia is able to invade natural mosquito populations by
manipulating their reproduction (Cytoplasmic Incompatibility or Cl).

o Wolbachia-infected mosquitoes do not transmit dengue, Zika,
chikungunya, and yellow fever viruses (Heather & O’Neill 2018).

«O> «Fr «Z» «Z>»
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GuardSym Viral diseases
Whiteflies: a supervector

©00000 Guardian Symbionts

The Guardian Symbionts (GuardSym) project focuses on
identifying naturally present
that may confer
GuardSym tries to lay the foundations for the
in which natural
populations are replaced by others unable to vector viral

diseases.

strains of Wolbachia
(or other ) are not considered Genetically
Modified Organisms - in the European Union.

AO>r «F>» «E» <«
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GuardSym

Viral diseases
0@0000

Guardian Symbionts

Whiteflies: a supervector
Symbiotic bacteria in whiteflies

o All whiteflies host various symbiotic bacteria.

o Bacteriocyte: cells specialized in harboring symbiotic bacteria.

o Portiera is essential to the insect and is always present.

Intracellular

Intercellular Portiera
Endosymbiont .
S Endosymbion: @ Cardinium
QuS  (Bactriogyte) ? Hamiltonella
&

Santos-Garcia D 2014,

Portiera

Gotieh Y et a. 2008, FASE J. 2: 25912599 <o < S <
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GuardSym

[e]e] le]ele}

GuardSym: Basic Objectives

Viral diseases
Whiteflies: a supervector
Guardian Symbionts

o Study insect-vectored viral diseases as a set of multitrophic
interactions between insects, bacteria, viruses, and plants.

o Establish the whitefly B. tabaci, one of the worst invasive species and

present in Europe, as a viral vector model.

o Unravel multitrophic interactions in two of the most widely distributed
tomato model viruses: TYLCV (Begomovirus) and ToCV (Crinivirus).
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GuardSym

Viral diseases
Whiteflies: a supervector
000800 Guardian Symbionts

GuardSym: Applied Objectives

o Identify useful symbiotic bacteria, or their combinations, for IPM strategies in
whiteflies and other sucking insects by fixing the rest of “variables” in the

[y 7y

system . ) Variable )
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\
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GuardSym Viral diseases
Whiteflies: a supervector
006080 Guardian Symbionts

Use of symbionts in other agricultural pests

Current Biology

Stable Introduction of Plant-Virus-Inhibiting
Wolbachia into Planthoppers for Rice Protection

Graphical Abstract Authors

J un-Tao Gong, Yongjun Li,
Tong-Puli, ..., Xiao-Yue Hong,
Ary A. Hoffmann, Zhiyong Xi

Correspondence

xyhong@njau.edu.cn (X.-Y.H.),
ary@unimelb.edu.au (A.A.H.),
xizy@msu.edu (Z.X.)

In Brief
Gong et al. report the first successful
transfer of a Wolbachia endosymbiont
into a pest planthopper. The
endosymbiont self-spreads into host
populations and inhibits transmission of a
rice plant virus by Nilaparvata lugens. The
findings open the way for a new approach
to limiting crop damage caused by
agricultural pests.
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@ Portiera gets wild: Genome

instability provides insights into

the evolution of both whiteflies

and their endosymbionts

o Aleyrodidae superfamily or
whiteflies

o Whiteflies endosymbionts

o Whiteflies-Portiera
co-evolution

Comparative genomics sheds new

light on the evolution of

pathogenicity in Coxiella burnetii.

Diego Santos-Garcia, Ph.D.

o

o The Coxiellaceae family
o Coxiellaceae genome evolution
o Pathogenesis evolution & pH

_homeostasis . _
Disentangling the multitrophic

interactions of the supervector
Bemisia tabaci to potentially use
its symbiotic communities to
reduce plants viral-vectored
diseases.

o Viral emergent diseases

o Whiteflies: a supervector

@ Guardian Symbionts MSCA
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Extra slides
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C. burnetii &

800

600

400

OCPs Intersections

200

Host  Tick 0
Arthropods/Vertebrates  C. burnetii RSA 493
orminodoros [l Coxiella sp. CLEOmar
Dermacentor Coxiella sp. CLEDm
Amblyomma Coxiella sp. C904
Amblyomma Coxiella sp. CeAS-UFV
Rhipicephalus Coxiella sp. CLE-RmD
Rhipicephalus C. mudrowiae CRt

Coxiella-LE OCPs

o @ The number of core OCPs is driven by the
most reduced Coxiella-LE.

@ Common orthologs are mainly involved in
fundamental cellular processes and include
several B-vitamins biosynthetic pathways.

@ Genome reduction is the main process driving
Coxiella symbionts genome evolution.
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Core M CLEOmar specific M CLEDm specific
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Extra slides
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COG categories

CDS Pseudogene

400~

-3
S
S

Specie
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CDEFGHIJKLMNOPARSTUVX CDEFGHIJKLMNOPAQRSTUVX

COG categories

Number of COG hits
n B
8 5

@ Most C. burnetii species specific OCPs have unknown functions - few pseudogenes.
@ CLEDm similar to CoAaC904 (Amblyoma), CLEOmar similar to CoMuCRt (PCA?)
@ CoMuCRt pseudogenes: largest amount of inactivations are in X category

@ CIEOmar pseudogenes: mainly R, U and X —> environmental related gene

«Or «Fr <
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Extra slides
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PAl synteny in C. burnetii

14160-002
(NZ_CP014836)

3345937

(NZ_CP014354)
3262

(NZ_CP013667)

2014-PE-15890
(CP032542)

RSA 331
(NC_010117)
RSA439
(CP018005)
RSA 493
(AE016828)
CbuG_Q212
(NC_011527)
Dugway
5J108-111
(CP000733)

CbuK_Q154
(NC_011528)
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pH homeostasis: protein buffering

Isoelectric Point Distribution of complete proteomes Isoelectric Point boxplot of complete proteomes
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° Acnd re5|stance may be conferred by basic proteins - “proton” Lufferlng

@ C. burnetii encodes large number of basic proteins (average pl ~ 8.25) compared to

other bacterial sequenced genomes (e.g. Helicobacter pylori).

@ Average pl values and distribution are not so different from other Cox:ellaceae
«O> «Fr < > o«
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Symbiotic bacteria in B. tabaci

o B. tabaci, and all whiteflies, exhibit
various symbiotic bacteria.

o Portiera and Hamiltonella/ Arsenophonus
are indispensable for B. tabaci: produce
2 ? i ;"n"f’?fm:‘:;‘ L:a;'}:rf amino acids and essential vitamins absent
O 4 e in the sap (Santos-Garcia D et al. 2018).
@ Hamiltonella reduces plant defenses
against B. tabaci (Su Q et al. 2015).

‘Pm‘ueraﬁ
@ Hamiltonella, Arsenophonus and Rickettsia facilitate the direct or
indirect transmission of different phytoviruses (Milenovic et al. 2021).

o Cardinium, Wolbachia and Rickettsia can be injected into plants and/or
directly interact with phyto-viruses (Czosnek H et al. 2017)
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Guardian Symbionts: introgression

s|;_n9|§ Double -Lr_'pl‘:_
combinations combinations combinations

@D Hamiitonella (Sicketsia

S wiocondria

@D Hamiitonella
_ @ Arsenophonus ini - woacnia
000 ooo @ Cardinium @ Miocondria ORoricrn
@D Arsenophonus O Rickettsia @ Wolbachia ﬂ:f;‘;‘:m ! @
.

) i
; ' ' 1y
:'“,;??q"“: ,”‘9".“ 2 e o
. ortiera :
8 @
[}
==

| @ Mitochondrion |
[Sraocn

-------------- ‘%I "
7L

- [

s
i
s gonome g

m \ %%x%@

-
a Miocondria

st gonome @)

Seminars 2022

Diego Santos-Garcia, Ph.D.



	Portiera gets wild: Genome instability provides insights into the evolution of both whiteflies and their endosymbionts
	Aleyrodidae superfamily or whiteflies
	Whiteflies endosymbionts
	Whiteflies-Portiera co-evolution

	Comparative genomics sheds new light on the evolution of pathogenicity in Coxiella burnetii.
	The Coxiellaceae family
	Coxiellaceae genome evolution
	Pathogenesis evolution & pH homeostasis

	Disentangling the multitrophic interactions of the supervector Bemisia tabaci to potentially use its symbiotic communities to reduce plants viral-vectored diseases.
	Viral emergent diseases
	Whiteflies: a supervector
	Guardian Symbionts MSCA

	Index
	Apéndice
	Extra slides


