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Integrated genomics and transcriptomics reveal
mechanisms of extreme dietary adaptation in
vampire bats

Stomach remodeling / Metabolism / lron & erythropoiesis

Liu et al. - bioRxiv - 24 July 2026

Anguo Liu | Zhang Lab | 2026/10/16

Price Sewell, Rossi & Welch 2024
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Obligate blood feeding (sanguivory) in mammals is restricted to three bat species

Mammals - Desmodontinae

ventral

Desmodus

Common vampire bat

dorsal view o Diaemus
_ _ White-winged vampire bat
Arthropods - Mosquitoes Annelids - Leeches
Dependence on blood varies by Independent feeding and Diphylla
taxon anticoagulation adaptations

Hairy-legged vampire bat

Among more than 30,000 tetrapod species, obligate
HEHES: BVEME — AEKEESSE — #NEFEE — Sk sanguivory has evolved only once and is restricted to
three species of vampire bats

Riskin & Carter 2023; Liu et al. 2026
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Previous studies explain parts of the adaptation

2011

Infrared sensing

Ganglion-specific TRPV1
splicing

Gracheva et al. - Nature

Vampire bat (D. rotundus)

2018

Host & microbiome

Host genome + gut
metagenome

Zepeda Mendoza et al. - Nat. Ecol. Evol.

b

a X Vitamins/other nutrients
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PRKD1 TAS2R3

Growth/survival Y Digestion
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M ﬂ Energy metabolism & . -z, - Haemolysins

2022

Gene loss

13 inactivated genes

Blumer et al. - Sci. Adv.

Lipids/saccharides
Carbohydrate
metabolism
FFAR1

REG4

LAMTORS5
) Nitrogen waste
§ Amino-acid
E' metabolism

Z o

ents

11552 Siderophore
e biosynthesis

Iron

. PSMA3 FRIL/FRIH
Gastro- Urinary 5
intestine apparatus L é‘ L @ °
RAB1B GUAT 8 ‘ —Ok ‘o @
S Homeostasis Immunity Coagulation
m Ectoine Bartonella Heparan/dermat.an sulfate
NPRT RNASE7 doggatation
PLAT

2024

Amino acids as fuel

Isotope tracing during
exercise

Rossi & Welch - Biol. Lett.

SLC30A8
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Do sequence and expression changes converge on physiological needs?

Three challenges of a blood-only diet

High fluid & salt load High protein; low sugar/fat High heme-iron load

Stomach expansion, absorption Amino acid catabolism Coordinated uptake, recycling

and rapid excretion and endogenous lipid synthesis and erythropoiesis
Sequence changes + Organ expression — Pathways & traits

\ J
|

2026: 3 species x de novo assembly x expression data from six organs

04



High-quality genomes establish the comparative foundation

Haplotype-resolved chromosome-level assemblies for three targeted species

3 backgound species from the same phyllostomid subfamilies
(Taxonomic coverage is key to understand which changes truly occurred in vampire bats)

A B O contigs = 5 Mb C O scaffolds = 5 Mb D TOGA status of 17682 ancestral
Desmodus O pools of contigs < 5 Mb Opools of scaffolds < 5 Mb placental mammal genes
) Artibeus jamaicensis | N ]
Sturnira hondurensis | | CITTTITI i —— |

Carollia perspicillata I [ T T TTTTITI0
Glossophaga soricina
Leptonycteris yerbabuenae
Anoura caudifer |
Phyllostomus hastatus I I ——
Phyilostomus discolor LT ] O
Tonatia saurophila | |

_|Desmodus rotundus (hap 1) T |-
Desmodus rotundus (hap 2) T {1

I
I
[
[

~ 40X coverage of PacBio HiFi reads
~60X Arima Hi-C data

l

Hifiasm in Hi-C mode + YaHS curation

T 11
Diphyila T T
! | Diaemus youngii (hap1)— T T TTTTITTIIIIIIN — T T T T T T TTTTTTIT]
||~ pizemus youngii (hap2)— T TTTITIIIIIEe = T T T T T TTTTTIITn
- e Diphylla ecaudata (hap 1) — LTINS =TT T T T T T T T T
Polish by HiFi reads . 1 Diphylla ecaudata (hap2) — T LT LTI T T T T T T TTTTIII

T

Micronycteris hirsuta ] |
l« —:Micronycterismega!oﬁs T T T T T TG — 1T T T T T T T T
Macrotus californicus ] |
QV values 69 vs. 64 for both haplotypes -E:Mormoops blainvillei |
Pteronotus mesoamericanus _LT TN |
L Noctilio leporinus ] |
r Myotis myotis T | I I A U A1
Rhinolophus ferrumequinum T TS CIT T LT O ,
60 40 20 0 0 1Gb 2Gb 0 i 1Gb ) 2Gb 0 13000 15000 17000
Mya assembly size assembly size no. of genes with an intact ORF,

missing sequence, inactivating mutations

Long contig/scaffold; High base accuracy; High gene completeness
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Sequence evolution and organ expression provide complementary evidence

15,481 1:1 orthologous genes

E_rpr . oporoee
vamping I_, — I_, I_; I_p I-.% —> 20

gene gene positive intensified relaxed up-/downregulated
loss duplication selection selection selection expression

3 ED Coone 1 oere B

TOGA aBSREL RELAX 77 RNA-seq + DESeq2
F

Desmodus (8) + Diphylla (6) P | ‘g _‘
Matched organ data for two species » -

RNA-seq| Liver Pancreas Intestine Stomach Kidney Spleen

Transcriptomic coverage

Desmodus | n=8+1 n=8+1 n=8+1 n=2+1 n=8+1 n=8+1 N=TT 6
tissue-matched transcriptomes: Diphylla| n=6  n=6  n=6  n=6  n=5  n=6
control bats | n=4 n=4 n=4 n=4 n=4 n=4

Desmodus (1)
non-vampire phyllostomid species (4)

newly-generated

biological replicates Potter et al. 2021
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Expression shifts are organ specific

Significantly up- or downregulated orthologous genes in one or both vampire bats

CYP39A1@® NADKZ@" °

®THRSP

J.’ 3&;%08 ®MET

TKFC® [ -
CTRL’ ®
M E e
CYBRDI" " m w ‘% @SUOX o !
MLN® .CDOT ®FOLH1
AGR2® .« o L8 hﬂ 2 © @LGRS AQP5 ®
® CAPN9 . MUC&AC' XS emw:om: .
3 - KHK. “o. <
TKFCe® , o I8 '“‘
.
HMBS » .
. 50 :
§ downregulation -log10 (adjusted P-value) upregulation #

No. of up- and
downregulated genes

Many of these genes showed coherent expression shifts across both species
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Integrated signals highlight stomach, metabolic and erythropoietic programs

Enrichments for
upregulated genes#
downregulated genes §

I Liver Lipid biosynthetic process

s NADP+ metabolic process
H Enrichments:for mGe”e losses ' Amino acid catabolic process
GPCR ligand binding

Glycogen metabolic process

Tissue-specific: pancreas Lipid catabolic process

Tissue-specific: colon Glucose metabolic process
Gastric neck cells

Fructose and mannose metabolism

Tissue-specific: Stomach PAncreas Response to insulin
Digestion g Type |l diabetes mellitus
Dev. lineage of pancreatic acinar cells Stomach ECM structural constituent / I

Relaxed selection : Vasculature development ==
. : Basement membrane
Impaired glucose tolerance Collagen formation
Signaling by GPCR Elastic fibre formation
Peptidase activity Sodium ion transport
Sensory perception of sweet taste ECM constituent conferring elasticity
mlntensiﬂed selection Vitamin digestion and absorption
Amino acid transport across plasma membrane Glycoprotein biosynthetit?gzigzg
Lipie3ranapart O-linked glycosylation of mucins
Metabolism of lipids Gastric acid secretion
0 132 3 4 5 6 Spleen Heme B biosynthetic process
-log,(adjusted P-value) Reg. of hemoglobin biosynthetic process

Regulation of erythrocyte differentiation y
013 5 10 20 40 50

-Iogm(adjusted P-value)

Matched functional enrichments highlight many metabolic and physiological processes
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Structural and size adaptations in the stomach

Markedly enlarged stomach

Diaemus

|
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«r . Stomach expansion is associated with more connective tissue

09



Stomach expression shifts span secretion and absorption
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A protein-rich diet does not require every digestive protease

A

Pancreas Stomach

OO0
T
Y B ] £ (=

Human Bat ancestor Diphylla

PGA

VO[O
g/g)¢
COEITCY

ofo
3 B Bl Bl
Tl 121203
w @) g By @

CTRB1

CTB2

C

CELATMNCELA1

CELA2A

e s B CELAZJICE LA2
CELA3A

e CELAS I CELAS

CPA1 CPA1

CPA2 CrA2

T|U
pils] (2
w|lni|y
48]
>

PRSS

T|TO|T
333[:1]S
AR B b &
mN_“_\ —

@]

ne

e

Diaemus Desmodus

CTR

ELA2

D B B ) =) ] =
8 | X P q B
- & i (2 I

NN eam B B 3) £ B E
AA R PR Iy s 121
A YOS 4 S = @ | &

9
<

ﬁ
0
v3)
—

o[V
A\
||
wn|w
w|] >

loss

relaxed
selection

gene

oene)

gene)
PRSS

duplications

Reduced protease diversity

PGC relaxed; CTRB2 / CTRL lost

More copies of a key enzyme

PRSS trypsin expansion

13



Trypsin expands independently and is expressed in the pancreas
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Amino acid uptake and retention match a biased substrate supply

enhanced absorption in the small intestine & kidney reabsoption
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A sugar-poor diet accompanies reduced carbohydrate programs

1 A sugar-poor diet accompanies reduced carbohydrate programs
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Iron-handling changes favor heme uptake and intracellular recycling

A normalized TPM+1 -log,,(adj. P) B Stomach / intestinal lumen C macrophages
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An integrated model of coordinated organ responses

Stomach Pancreas / intestine

Expansion - Neutral pH - Absorptive programs Trypsin specialization - Amino acid uptake

Protein / fluid & salts / heme in a blood meal

Liver / kidney Spleen / bone marrow

Substrate conversion - Nitrogen & acid—base Iron recycling - Species-specific erythropoiesis
balance
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Summary & Take-home messages

High-quality genomes of six phyllostomid bats, including new haplotype-resolved assemblies of all three
vampire bat species;

Changes in gene sequence and expression, inferred from transcriptomics data of six major organs

A comprehensive view of the 8 points of molecular adaptations underlying sanguivory in vampire bats.

* enlarged, non-acidic, absorptive stomach;

« altered gastrointestinal motility;

« trypsin-dependent protein digestion;

« upregulated amino acid catabolism;

» increased de novo synthesis of fatty acids;

» defective sugar metabolism and natural insulin deficiency;
* enhanced heme iron absorption;

« adult splenic erythropoiesis

Pathways converge; mechanisms remain testable
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Adult splenic erythropoiesis: bone contributions differ between species

D

genes differentially expressed in spleen

® genes involved in erythropoiesis
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Amino acid uptake and retention match a biased substrate supply

enhanced absorption in the small intestine & kidney reabsoption
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Amino acid catabolism is redistributed across organs and pathways
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Dietary fat digestion declines through different lineage-specific routes

Reduced fat digestion accompanies a
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Liver and kidney coordinate nitrogen and acid-base handling
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