Hematophagy (Bloodsucking) in animals
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Hematophagy (Bloodsucking)

Feeding on blood of another living organism

Bloodsucking Creatures:
30,000 bloodsuckers out of the

roughly 1.5 or 1.6 million species of
animals that have been described is a
very, very small number.

insects arachnids leeches * The first known hematophages (blood
(eg. mosquitoes) (eg. tick[¥# 2] feeders) were the protomosquitoes, of
15,000 blood-feeding species which there is fossil evidence from

representing at least 6
evolutionary events

220 million years ago (Schutt 2008).
N

nematode worms fish Vampire Bats

(eg. candiru[&ENZF A &) , Two Ancient Mosquito Species



Adaptations for Hematophagy

"

Blood feeders need to LNy

(i) find a host on which to feed

e ecto- or endoparasites [N FAETL A FA]

,+lacking CO, V|| \ Aedes aegypti
receptog genes | | \Gr1 + Gr2 + Gr3

* a combination of visual, olfactory, and temperature cues to find their hosts

(i) attach to the host in order to feed
Carbon Dioxide Recept

(i) access the blood of their host Sugani)’; tcl)oéldc?r Dee(fczgti%rn

e piercing/sucking or ripping/tearing

(iv) digest the blood meal

e comprised of protein and water

\\\\\ optera, Hemiptera)

% axilla

e accumulation of nitrogenous waste products

e poisonous due to iron toxicity ecto- or endoparasites piercing/sucking
(eg. lice in the hair)



Why Do Bloodsucking Animals Feast on Blood?

 Ecological niche ?

 Since those bigger animals no longer served as
viable prey, these animals evolved to favor a
mutation — bloodsucking — that still allowed
them to feast without having to catch, subdue
and Kill their food.

* Nutritional benefits ? * Nutritional disadvantage ?
 Blood is a rich source of protein, iron, and other e Obligate sanguivory requires adaptation to
essential nutrients that are necessary for the * very low levels of some nutrients (essential amino acids and the

survival and reproduction of these animals.
Blood Composition

90% * |ron concentration

55% Plasma {

10%

vitamin B complex)

* nitrogenous waste products (renal disease-like symptoms).

08-999, Erythrocytes @

45% Formed 1-2%
Elements
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Vampire snail Colubraria reticulata (Mollusca, Gastropoda)

RNA-seq of mid-oesophagous[& & HH[,
and whole body.

S G MR BREE RN ' '

Colubraria reticulata secretes chemicals that
disrupts the process of blood clotting and
wound healing.

1. Anesthetics [FREEI] Colubrariidae [ 8UEF]

Tl
The trait of feeding on blood is likely shared by the entire family.

 ShK, Turripeptide, ADA, and CAP-ShK.

=—\b

2. Anticoagulants [31£ M 7]
_ .  PS1, Meprin, and Kunitz.
Vampire snail 3. ACE [l &3k =451 ]

(Colubraria reticulata) * increase blood pressure

Modica, M.V. et al. (2015) BMC Genomics 0
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Molecular mechanisms underlying hematophagia of

East Asian Leech
(Hirudo nipponia, B Z~E1%)

Hirudinaria manillensis

) [E

Nonbloodsucking

Whitmania pigra
BRRE IR

Zheng J. et al. (2023) GigaScience.
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ATP-binding cassette (ABC)
transporter complex

Transcription factor TFIIA complex
Calcium ion binding
Peptide transport

DNA binding

GO of expanded gene families in both

c. GC content 26% 42% d.Average transcriptional level, 10g (FPKM) Oumaes! 1

Comparative genomic analysis of the 3 leech species.

91312,
+551/-473 W pigra
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H. robusta

E. andrei
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+721/-2416, 4 gambiae

+1163/-3090, scapularis
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220710703 A. queenslandica

100 0Mya

H.manillensis
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5 10 15 20
-log, (p-value)

leech species

1. ATP-binding cassette transporter complex,
2. transcription factor lIA complex,
3. calcium ion binding functions



Molecular mechanisms underlying hematophagia of leech genomes

Tissue of different body parts:
* B: Body
* G: Genital gland
* O: Oral sucker
* P: Posterior sucker

© 2 bloodsucking leeches shared similar expression patterns

Oral sucker

Jaws

Pharynx

O S L P Salivary gland
e Transcriptome dynamics during bloodsucking in H. manillensis

o DEGs responded quickly after bloodsucking and continuously
changed in the following 60 min, restored after 24 hours

East Asian Leech Male genital

(Hirudo nipponia, B Z~E1%)

Female genital

Before sucked 10 min 30 min 60 min

Ventral never

cord

Hirudinaria manillensis
DR (= 4 Intestine

Testis

Nonbloodsucking

Nephridium

Whitmania pigra
TRiRE & 1E Caudal sucker

HMHFB! HMHFB2 HMHFB3 ASFBI ASFB2 ASFB4  AI0OFB2 AIOFB3 AlOFBA4 A3J0OFB!  A30FB3 A30FB4 AGOFB! AGOFB2Z AGOFB3 HMSFB1 HMSFB2Z HMSFB3

Zheng J. et al. (2023) GigaScience 9 GO & KEEG: DEGs enriched to calcium-related regulation.



Molecular mechanisms underlying hematophagia of leech genomes

PLG « PL | Leeches avoid detection by hosts during the bloodsucking:
N/ Direct ¢ y g g

J PA] =1t-PA _ ' =B
= l o indirect action A. inhibition of blood coagulation [l [T 7 ¢ [&

Prothrombin
|
= 4

/
/ c
/ Fibrinogen § [ Enhancement

.. . B. alleviation of pain B & &
b Inhibition
ATI-10 \ ‘ f C. suppression of inflammation Il 2 fiE

AT1-9
ADP

*PG2 &= PTxA2 \

\T

of

Collagen HIRM (hirudin 7K#2%%) in H. manillensis
~Arteriole smooth muscle O increased with the time of physiological coagulation

Adventitia

C  Anti-inflammatory J} '| HM_hirudin1

Neutrophils®

IL178 IFN-v& HM hirudin2

- "“-/)\E_ﬂ
NF-KB\
/Wnt3a B-cat®t 4 IL6 & \

\ HM _hirudin3
IL10% I'l

mTOR

Sensory
nerve

payIns 3I0J3g

IKIER (hirudinyZ2 —MRZAMEET, RANEEBRHIENMANREIER, BETafr iz,

Zheng J. et al. (2023) GigaScience. 10



Molecular mechanisms underlying hematophagia of leech genomes

PLG PL 1 i I 1 .
I\ P 2« 3 Dt Leeches avoid detection by hosts during the bloodsucking:
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Zheng J. et al. (2023) GigaScience.




Molecular mechanisms underlying hematophagia of leech genomes

/A Rt e G pisstaction Leeches avoid detection by hosts during the bloodsucking:
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( : o Most TLR4 and LRP1 copies decreased quickly at the beginning
: of the bloodsucking process and increased after bloodsucking

38 MAPKS®,
5 ‘\_ 7 -___'—'/__ =

o Indicating: leeches always maintain anti-inflammatory proteins

for swift release into the prey body
Zheng J. et al. (2023) GigaScience.




Molecular mechanisms underlying hematophagia of leech genomes

R PLG  PL o— © The blood meal
| A\ e Bt bt Irect action . . . . . .
A Anticoagulant & - ANTA o A leech feeds five times its body weight in blood, up to ten times
| <1 l Indirect action sometimes.

Prothrombin
l4

=X i r
Fibrinogen l; - ROS Enhancement GLB3

L g -

>3] § p— ZN366 RHG21 PRDX6

\\ J Thvoni ; : R L — s — —— — — e —— g o R
““\ < - * ) ¢
ATI-10 / 4

Fibrin
ATI-9

NElpl PG =t 3T, \7 AM], DECO) ) ) ) ) ) ) ) H. manillensis

| / _______ [ADAMTSIS

- MMP13

Collagen - T~ W pigra
///\ Arteriole smooth muscle

Adventitia

von Willebrand Factor

— C> :> H. robusta
B Analgesic C Anti-inflammatory

~ZL NEPTD NEPT ' o 7 or 8 copies of GLB3 [[M£] & H] were tandemly arranged in the 2
1 MMELI1 — VIMELI '\Lutrophllsl

IL178 IFN-v§

bloodsucking leeches

/Wnt3a . Before
\—r) Dvl? sucked Smin 10min 30min 60min 24 h

GBS _evmomodelscattald 361,154
: / Nt (O CLB3 evm.mwxlel.scallold 261.152

Sensory / i 2 ' GLEB3 evmumudelscallold 361,152
nerve : / GLB3 _evmmodelscaffold 361,151

A \ e 1 GLB3_evm.model.scatfold_361.149

1A P ) 1 B oq U T GLB3 evm.model.scaftold 361,155

38 MAPKS, i ' ; GLBS3 evmumodelscalTold 261,150

3 GLBS3 copies displayed significant expression level changes after the
bloodsucking process
Zheng J. et al. (2023) GigaScience.
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Lost Genes Explain Vampire Bats’ Diet of Blood

Fruit eaters

B Blood feeders
Insect eaters

Cynopterus sphinx

Megaerops niphanae

Thoopterus nigrescens

Macroglossus minimus

M.sobrinus

Dobsonia viridis Pteropodidae
Rousettus leschenaultii (Old World
Eonyeteris spelaea fruit bats)
Epomophorus wahlberg

Pteropus vampyrus

P. giganteus

P. rufus

P. poliocephalus

Acerodon celebensis

Rhinolophus lepidus

R. hipposideros

R.ferrumequinum

Hipposideros pratti

H. armiger Rhinolophoidea common vampire bat

H. lankadiva
Megaderma Iyra (Desmodus rotundus, I [ %E)
M. spasma

Rhinopoma microphyllum
Glossophaga soricina
Leptonycteris nivalis
Anoura geoffroyi
Brachyphylla cavernarum
Artibeus jamaicensis
Sturnira lilium

Carollia perspicillata
Desmodus rotundus
Diaemus youngi

Diphylla ecaudata
Macrotus californicus

Fruit feeding:

eJajdodiyososayduip

Insect feeding:

greater short-nosed fruit bat
(Cynopterus sphinx, 58 R ig)

n)
=3
=
o
2
<)
3.
a
o
@

Noctilionoidea

Pteronotus parnellii
P. personatus
Mormoops megalophylla

ik o lomone white-winged vampire bat
(Diaemus youngi, HZ Il M Y=)

Thyroptera tricolor

Mystacina tuberculata

Myotis lucifugus

M. mystacinus

M. myotis

Plecotus auritus

P. rafinesquii

Pipistrellus subflavus

P. pipistrellus Vespertilionoidea
Nyctalus noctula
Eptesicus fuscus
Miniopterus magnate
M. schreibersi

M. fuligulosus
Molossus molossus
Tadarida brasiliensis
Natalus stramineus

Chinese rufous horseshoe bat
(Rhinolophus sinicus, %% L Ig)

esdjdouiyosobueyp

Pallas's long-tongued bat
(Glossophaga soricina, RIf21<E ig)

aepuaydoiully

hairy-legged vampire bat
Balantiopteryx io (Dlp hyl la eca Uda ta’ % Hﬁ I]& [ﬂl mg)

Taphozous saccolaimus Emballonuroidea
Nycteris thebaica

modified from Fig 2 of 15
Huabin Zhao. et. al. (2011) Molecular Biology and Evolution



et of Blood

Lost Genes Explain Vampire Bats’

M gene loss common vamiro bat B
W putative gene loss whito-wined vampire bat B
hairy-legged vampire bat W
7 New World fruit bats Chiroptera
11 more Yanochiroterans
10 Rhinolophoids
11 Old World fruit bats
horse M | Perissodactyla

cat m

© Vampire bats
O can't taste sweet or umami (savory) flavors

O have the receptor genes necessary for tasting bitter flavors (but less)

cheetah W
ligorm

dog

giant panda
dolphin
cow

pig B
alpaca
shrew
hedgehog
mouse

rat
kangaroo rat
guinea pig
squirrel
rabbit

pika

human
chimpanzee
gorilla
orangutan
macaque
marmoset
tarsier
mouse lemur
bushbaby
tree shrew
elephant
hyrax
tenrec
opossum
wallaby
platypus
chicken
zebra finch @

Carnivora

Cetartiodactyla

Eulipotyphla

Rodentia

Lagomorpha

Primates

| Scandentia
| Proboscidea

| Hyracoidea
| Tenrecidae

|Marsupialia

|Monotremata

| Aves

Tas1r2 [sweet taste] loss in 3 vampire bats

Hong Wei and Zhao Huabin. (2014) Proc. R. Soc. B.

intact gene A pseudogene

[J no amplification/no data

Rousettus amplex
Dobsonia inermis
Pteropus vampyrus
Pteropus alecto
Hipposideros cyclops
Rhinolophus pearsoni
Artibeus cinereus
Carollia perspicillata
Desmodus rotundus

Diaemus youngi

Diphylla ecaudata

Pteronotus parnellii
Myotis lucifugus

Mpyotis davidii

T2R1

T2R3

@

T2R7 T2R38 T2R39 T2R40 T2R42

Pteropodidae

vigydoayooradur g

Rhinolophoidea

Noctilionoidea

vidydoaiyoogue

Vespertilionoidea

Vampire bats have more bitter taste receptor (T2R) pseudogenes.

16

common vampire bat

(Desmodus rotundus, T IM4E)

white-winged vampire bat

(Diaemus youngi, H 2 K[ 1g)

hairy-legged vampire bat
(Diphylla ecaudata, EBRIK [M1E)



Lost Genes

Pteropus vampyrus
Pteropus alecto
Macroglossus sobrinus
Rousettus aegyptiacus
Eidolon dupreanum
Rhinolophus ferrumequinum
Rhinolophus sinicus
Hipposideros armiger
Myotis lucifugus
Myotis brandtii

Myotis myotis
Pipistrellus kuhlii
Eptesicus fuscus
Aeorestes cinereus
Miniopterus natalensis
Molossus molossus
Tadarida brasiliensis
Noctilio leporinus
Mormoops blainvillei
Pteronotus mesoamericanus
Artibeus jamaicensis
Carollia perspicillata
Anoura caudifer
Phyllostomus discolor
Tonatia saurophila
Desmodus rotundus
Micronycteris hirsuta

Pteropodidae

Rhinolophidae
Hipposideridae

Vespertilionidae

Molossidae
Noctilionidae

Mormoopidae

Phyllostomidae

Haplotype 1 Haplotype 2

559 scaffolds <2.7 Mb
78.6 Mb = 3.7% of assembly

417 scaffolds <6.3 Mb
64.4 Mb = 3.26% of assembly

Moritz Blumer et al. (2022) Sci. Adv.

Explain Vampire Bats’ Diet of Blood

RESEARCH ARTICLE

T ooL 10 INFER

ZOONOMIA
ORTHOLOGS FROM

G ENOME

A LIGNMENTS

TGA*-1 o, 4
REP15 Il I

Human GCA TCG CAA CAG TTG ... GTG GTC AGT GAA GCT ATA

A. jamaicensis CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATT

C. perspicillata CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATC

A. caudifer CCA TCA CAA CAG CTG ... GTG GTC AGT GGA GCT ATC

P. discolor CCA TCG CAA CAG TCG ... GTG GTC AGT GGA GCT ATC

T. saurophila CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATC

D. rotundus haplotype 1 CCA TCG TGA CAG TCG ... GCG GTC AGT -GA GCT GTC
D. rotundus haplotype 2 CCA TCG CGA CAG TCG ... GCG GTC AGT -GA GCT GTC
M. hirsuta CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATG

TCINIChRrCCI=eCCINCCIRGLIC!
TCTNTCTNCCTR="ACT CCT GG
TCT TCT CTT - ACT CCT GTG
TCT TCT CTT - ACT CCT GTG
TCT TCT CTC - ACT CCC GTG
LCTATCCACTCR=NACTIACCTATTG
TCT TCT CTT A ACT CCT GTG
TCT TCT CTT A ACT CCT GTG
TCT TCT CTT - ACT GCT GTG

Sclence
Integrating gene annotation with orthology
inference at scale

CTG CTC AGA AAT TGT CTG AGT AAG AAA
CTG CTT GGA AAC TGT CTG AGC AAG AAA
CTG CTT GGA AAC TGT CTG AGT AAG AAA
CTG CTT GGA AAC TGT CTG AGT AAG AAA
CTG CTT GGA AAC TGT CTG AGT AAG AAA
CTG CTT GGA AAC TGT CTC AGT AAG AAA
CTG CTT GGA AA- --- CTG AGT AAG AAA
CTG CTT GGA AA- --- CTG AGT AAG AAA
CTG CTT GGA AAC TGT CTG AGT AAG GAA

32 TGA
FFAR1 SLC30A8 I

K " +v1"
PPP1R3E CTSE w11

ERN2

CTRL : CYP39A1 I .

] 2 Yo7
PDE6H RNASE7 mm [

FFAR1
SLC30A8
CTRL

PPP1R3E

Gene-inactivating mutations, indicating that potential transcripts
cannot be translated into a full-length protein.

17

o 13 vampire bat-specific gene losses:

1. sweet taste receptor gene
« TAST1R2

2. bitter taste receptor genes
* TAS2R5
« TAS2R42

3. 10 genes new reported

Loss of CYP39A7 and advanced social

behavior

Loss of ERN2 and low dietary fat content

Losses of FFAR71 and SLC30A8 and reduced

Insulin secretion

Loss of REP15 and enhanced iron excretion




Lost Genes Explain Vampire Bats’ Diet of Blood

The loss of REP15

* involved in regulating cellular iron uptake

Basolateral: Blood vessel

TGA* -1 ¢l 4
REP15 Ml I

Human CCARICCRCAANCACRI TGN CTCPACINGAZNCCINATA  [FCIMTCATCC T CCITCCTICTG CTGTCTC AGA AT TG C TG ACT ARG ANA
A. jamaicensis CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATT |[TCT TCT CGT - ACT CCT GTG CTG CTT GGA AAC TGT CTG AGC ARG AAA
C. perspicillata CCARTCGICARICAGIETCINNS N CTCICTCIRCTICCAIGETIATEC |[FCTNTCTICTIR=SACTICCTICTE TG CTTICGAVARCI TGTICTG AGTIARGRARA

!! !!

* Ferric iron (Fe®*)

* Ferrous iron (Fe?*)
Transferrin

W Transferrin receptor

& Ferritin

A. caudifer CCA TCA CAA CAG CTG ... GTG GTC AGT GGA GCT ATC ECTRTCTRCITTN=SACTICCTAGTG CTG CTT GGA AAC TGT CTG AGT AAG AAA

P. discolor CCA TCG CAA CAG TCG ... GTG GTC AGT GGA GCT ATC TCTATCTECTC=YACT CCCAGTG CTG CTT GGA AAC TGT CTG AGT AAG AAA

T. saurophila CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATC TCTTCCCTC —ACT CETTTG CTG CTT GGA AAC TGT CTC AGT AAG AAA

D. rotundus haplotype 1 CCA TCG TGA CAG TCG ... GCG GTC AGT -GA GCT GTC LCTSTCTRCTTIAFACTICCTRGTG CTG CTT GGA AA- --- CTG AGT AAG AAA
D. rotundus haplotype 2 CCA TCG CGA CAG TCG ... GCG GTC AGT -GA GCT GTC LCTRTCTRCTTEAYACTICCTRGTG CTG CTT GGA AA- --- CTG AGT AAG AAA
M. hirsuta CCA TCG CAA CAG TTG ... GTG GTC AGT GGA GCT ATG T =S ACTICECTRGTG CTG CTT GGA AAC TGT CTG AGT AAG GAA

Export to
cytosol |

Gene-inactivating mutations of REP15: 1 base A insertion & 4 base lost

D. rotundus b o
(N=9) '
A //turatus
|

Sorting Indirect receptor
endosome recycling
Endocytic
recycling
Iron-laden vacuole compartment
in Desmodus rotundus

Apical: Gastrointestinal lumen

the loss of REP15 in D. rotundus enhances iron
accumulation in gastrointestinal tract cells.

M. n/grlcans | ‘ ‘ |

200 400 600
Iron concentratlon (Mg/ml) in whole blood

%
Y
%
X
°
*
-

ol
N

353

. N = 718 £ KR ARRAYR e
Vampire bats had higher blood iron levels Mechanism to reduce systemic iron levels \
D. Morton, W. A. Wimsatt. (1980) Anat. Rec. B e AR E AR

Moritz Blumer et al. (2022) Sci. Adv. 18



Adaptational contributions to sanguivory in vampire bat

Adaptations

Expansion/contraction
Split time in million years

+20/-22
20

+82/-119
56

+231/-22
E. helvum

P. vampyrus

+30/-263
P. alecto

R. aegyptiacus 6

+114/-23
M. lyra

M. gigas d

+187/-12 K
R. ferrumequinum ‘

221/-12
Sl P. parnelli

+167/-3

34| _o90
D. rotundus
+144/-103

+118/-83 )
M. lucifugus

Infrared
sensing

- :’ K ()1

i

Taste

ue

Nutritional va

Vitamins/other nutrients
Cofactors/vitamins
metabolism

PP ——
-p I:‘ |

Growth/survival
Energy metabolism

LAMTORS

Nitrogen waste
Amino-acd
metabolism

Lipids/saccharides
Carbohydrate
metabolism

FEART

Digestion

Haemolysins

Iron
Sideroohore

a2 ilal % aliaTaldl~
lll'..'.\',' nesIs

+14/-122
87

11

+80/-29 .
+69/-180 M. brandtii

10

+8/-23

M. davidii
+103/-63

E. caballus
-195
B. taurus

E. europaeus

H. sapiens

Gene expansion & contraction

Zepeda Mendoza et al. (2018) Nat. Ecol. Evol.

™ 5 r~ro r~r-11
PSMA3 FRIL/FRIH

Gastro- Urinary
ntestine apparatus

—C ¥ &

Homeostasis Immunity

o :" )
7 )
O). .
Coagulation

cctoine Bartonella Heparan/dermatan sulfate
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Adaptational contributions to sanguivory in vampire bat

Gut microbiome

R. aegyptiacus 6 . H. aegyphacus 3
H. aegyphacus_5 H. aegyphacus 9
H. aegypliacus_z R. ferrumequinum 3
A. aegyphacus_~& '
aegyptiacus_3

aegyptiacus_«

R. aegyptiacus._10 e R. ferrumequinum (insectivorous [B R & %], black),

A. ferrumequinum _1

D. rotundus (sanguivorous [ ], red),

H. ferrumequinum_2

L A A M. gigas (carnivorous [E A E%], green),
. ferrumequinum _1

AH. ferrumequinum_5

R. ferrumequinum_3 . R. aegyptiacus (frugivorous | ], blue).

R. ferrumequinum_1
R. ferrumequinum_2
RA. aegyptiacus_9 R. aegypliacus_4

A. ferrumequinum_10 R. aegyptiacus_2
A. ferrumequinum_5 ) G

a. Euclidean distance dendrogram of the microbial presence/absence

-

e/

Identifications at the species taxonomical level.

b. Euclidean distance dendrogram from the UniProt-identified abundance

functions from the normalized samples.

O This suggests that the functional profile is less influenced by phylogeny than the taxonomic profile, and that the common vampire bat
gut microbiome harbours a set of functions specialized to its extreme diet.

Zepeda Mendoza et al. (2018) Nat. Ecol. Evol. 20
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Bloodsucking in birds
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The gut microbiome of the Galapagos vampire finch

Gut microbiome

Species

G. difficilis

A G. septentrionalis

e G. acutirostris
G. fortis

e G. fuliginosa

e G. magnirostris

G. scandens

G. conirostris

C. parvulus
e C. pallida

» P. crassirostris

Ce. olivacea

Isabela

Femandina

.-V

p \‘:‘tpﬁa

Gsoptonumhseawhmans G. difficilis G. fortis

G-Mlgmosa Gmagmosrns Gscandons Goarwosfns

\,‘3/ n“ "“' \

.s‘
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Cpervums

Marchena Genovesa

Santiago .
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l

Santa Cruz
San
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Santa Fé
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Espaiiola

Overview of finch gut microbiome samples collected from the Galapagos Islands.

Michel, A.J. et al. (2018) Microbiome

Including G. septentrionalis

b = 0.002 Species

A G. septentrionalis
e G. acutirostris
G. difficilis
G. fortis
e G. fuliginosa
e G. magnirostris
G. scandens
G. conirostris
C. parvulus

® P. crassirostris
Ce. olivacea

Including G. septentrionalis

Island

A Darwin
Wolf
Espanola
Genovesa
Pinta

@ San Cristobal

@ Santa Cruz+

® Excluding G. septentrionalis p = 0.1
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The gut microbiome of vampire finch

Including G. septentrionalis
p = 0.001

Diet

e Blood
e Insect
e Plants

(Geospiza septentrionalis) clustered in

A species, B diet, C island levels.



Bloodsucking in birds
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Is there convergence of gut microbes in blood-feeding vertebrates?

Convergence in gut microbiome?

H1: no convergence

taxonomic composition of functional profile of
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RIG-I-like receptor signalling pathway
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Microbiome between haematophagous bats and birds:

* Nno associated at the amplicon sequence variants level
* weak associated at the overall community level
e axis 3 in figure [variance 5.382%]

* more strongly converge in key taxa and predicted functions

* Gene-l-like (RIG-I-like) receptor signalling pathway
[(BEREFZIME S BE]
 Sporulation [f8FH2hk]
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’.A display of preserved blood-sucking specimens



