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The One Health approach: some definitions

One Health is a multi-sectoral, interdisciplinary, and collaborative approach to
attain optimal health for animals, the environment, and humans (CDCP, 2020).

Animal health impact
improved livestock health and
productivity (minimizing stress)
with greater wildlife biodiversity

Veterinary Medicine Zoology

Biology (Ecolo
Comparative Medicine By | &)

decreased disease
transmission at wildlife/
livestock interface

Prevention
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food security plus disease
control and prevention,

and improved livelihoods
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Earth Sciences
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Human Medicine
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Human health impact
improved health and global security
(enabling people to live and thrive)

Environmental impact

greater sustainability of
natural resources and
preserved genetic diversity
Social sciences
and Humanities Agriculture

and Engineering

reduced anthropogenic effects and
preservation of ecosystem services

ALMA MATER STUDIORUM
From Barcaccia et al. (2020). Sustainability, 12(14), 5651. UNIVERSITA DI BOLOGNA



Pandemics and the One Health approach
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The COVID-19 pandemic has strongly emphasized
the importance of the One Health approach.

Coronaviruses
« Causes mild to severe diseases;
« Pass cross species barriers

What to do:

1. address the dynamics of disease emergence at
the human, animal, agriculture and environment
interface

2. Design interventions
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HOW?

A genomic approach!

Sequences for discovery

E NA .< NCBI Virus

European Nucleotide Archive
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Genomics

Genomics = Study of genomes.
Genome = Entire genetic content/information of an organism.

DNA Structure

ATCTAGCATCGATGCATGCTAG
CACGAGCTAGCTGATCAGCTGA
TGCTACTGATGCAGTCTAGCTG
AATCTAGCATCGATGCATGCTA
GCACGAGCTAGCTGATCAGCTG
ATGCTACTGATGCAGTCTAGCT

High-throughput technologies

Animal genome ~3x107 Nucleotfides = 3Gbp

Reliable sequencing 20X - 60Gbp
(Min 5X >15Gbp)



Cost of Sequencing a Human Genome [$]

100,000,000

10,000,000+

1,000,000+

100,000+

10,000

1,000+

Genomics and Big Data

2nd Commercial Next-
Generation Sequencing
Platform (Solexa, lllumina)

mm Moore's Law - predicted cost
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Data in Cloud
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File Type

bam (3,266) -
cram (75)

fastq (26,755)

illumina native (2)

sff (416)

s (19)

SRA query:
Sus scrofa
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Genomics and One Health

DNA of the animal
ATCTAGCATCGATGCATGCTAG
CACGAGCTAGCTGATCAGCT SA
TGCTACTGAT~~

- RESISTANCE
DNA of wviruses
TCGATGCATGCTAGCACGAGCT
AGCTGATCAGCTGATGCTACTG
ATGCAGTCTAGGATCG T A
CGTAGCTAG  DETECTION
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Genetic variants
conferring resistance.

- help to design
genetic improvement
strategies

Prevalence of
infections of some
Viruses.

- Establishment of a
risk evaluation system.
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Genomics, Big Data and One Health

Investigated animals

« Cattle, pigs, chickens, rabbits;
« Related wild populations.

ENA
PRas

Metadata retrieval and sample selection
 ENA database: metadata via REST API;
 QC and filtering = Reliable datasets.

9 27 43 5
503 464 437 67
35 52 15 31
13.0 9.5 5.8 1.8

1,471 datasets and >30 TB of sequencing data

(>60TB considering also raw/source data)



Genetic variability affecting coronavirus related genes in pigs

Y83F * e A *h K ) .,6"@‘\
L]
119 S8 &

& e EY
ACE2 &ﬁ & ,af d’ﬁ ® o NS ‘, A & o & )
119 606 617 770 805 & a& & iﬂ “*@v a»’ Jf@ ydx o TS
&S & *’,‘sao ‘,p" J ‘5“‘75# & FEER 5 3
‘ Gene  RefSNP  SAP v.w%e@wo FE T T LS L& FFES FIFEE IS

ACE2  rs713862336 P738L 000/0000.00 000000/ 0,00/ 0.00 0.00 0.00 0.00 0.00 0.00|0.00 0.00|0.00 0,00 0.00 [0:28] 0.00 0.000.00|0.00 0.00 NC |NC | NC NG NG| NG| NG
ACE2  rs323807708 R716H 000 000|000 0.18(000 000/ 0.00 0.00 0.00|0.00 0.00 0.00|0.47 0.000.00 0.1 0.00 0.00 0.00 0.00{0.00 NC |NC | NC|NC NG| NG NG
1 77 274 311 539 670 997 1017 ACE2  rs320684836 K702E a1 018 018 onfoce o | nc RN ve | v ne
* * * Y749H ACE2 rs696938608 AB58Y . 0.06 023 0.00 0.05/0.47 NC | NG | NG |NC | NC|NC NG
. . . . . . = i !
ACE2 rs703692808 SE57R 0.03/0.21) 0.00 0.05(0.17 N | Nc BEREEN NG | NG| NG SET5K
ACE2 rs713746699 SE57TN 0.03/0.20/ 0.00 0.05(0.47 NC | NG BB KC | NA | NG
ACE2 rs345377857 N653K 0.030.24| 0.00 .27 0. 0.09(0.17 P E L E e e | NC | NG
A309GX ACE2 321042645 EB31D 0.15/0.30 o.10 ODD -021 m c/c|Cc N C|C C
« = A309SX * x  hk s : | b AF
* I * * ACE2  1s328679136 K630E 17|02 ! 0.15 031 : 011 oun zu clclc|n|c|c|e 000
TMPRSS2 ACE2  rs334297294 1305V 000 000|000 0.00(000 0.00/0.00 0.0 0.00|0.16 0.17(0.00|0.00 0.00 0.18(0.00|0.00| 0.00 NC |NC | NC [NC | NC|NC NG 020
ACE2 - YB3F | 0.00/000047|0.10/0.00| 0.00|0.00|0.06| 0.0 |0.00 | 0.00 0.00|0.00|0.000.00 | 0.000.00 0.00 0.00 0.00{0.00|0.00|0.00 NC |NC | NC [NC | NC|NC NG
1 154 249 258 483 526
ANPEP rs322932309 1675V ‘DEIE.O.U ‘ c | c | c | c | c | clc
ANPEP  rs695736506 E359D 000 0.00(000 0.00(0.00 0.00)0.00/0.00 0.00|0.00/0.00 0.00 0.0 0.000.00|0.00|0.00 0.00 0.00 0.00{0.00|0.00|0.00 NC | NG | NC [ Ne | Ne | Ne [
ANPEP  rs331380848 P330S 000 0.09(000 0.00(0.00 0.13|0.00/003 0.12|0.00/0.00 0.03 0.00 0.07 0.03|0.00|0.00 0.00 0.19 .u.oo 0.00{0.00 clcle|c|c|c n
ANPEP  rs323965256 S164L 000 0.00(000 0.00(0.00 0.00)0.00/0.00 0.03|0.00/0.00 0.04 0.00 0.030.02|0.00|0.00 0.00 0.16 0.00{0.00|0.00|0.00 clc|e|c|c|c n
Few N ovel Vquq nis ANPEP 15334494411 P112S 000 000|0.00 0.00|0.13 0.050.00 0.07 0.06|0.00|0.00 0.00 0.00 0.10|0.04 0.00|0.00 0.00 0.00 0.00 N | nc BB Ne | nc BN N
ANPEP  rs342665405 V32A 000 0.00(000 0.00(0.00 0.00)0.00/0.00 0.00|0.00/0.00 0.00 0.0 0.00|0.00|0.00|0.00 0.00 0.00 0.00 NG NG | Ne [ ne | ne BB ne Genotype
O O DPP4 - Y749H |0.00/000]0.04|0.09/0.00| 0.00|0.00 0.00 0.0 0.00|0.00 0.00|0.00|0.000.00 0.000.00 0.00 0.00 0.00{0.00|0.00|0.00 NC |NC | NC [NC | NC|NC NG NG |Nan carrier
Fun‘ tlonal Vquq nts DPP4  rs697343146 ST04L 000 0.00(0.00|0.00(0.00 000]0.00 0.00 0.00(0.00|€.00 0.00 0.0 0.00|0.00|0.00(0.00 €.00 0.00 0.00{0.00|0.00|0.00 NC | NC | NC [ NC | NC NCE E’c.-m«
DPP4  rs697267964 1383V 000 0.00(0.00|0.00(000 000]0.00 0.00 0.00(0.00/€.00 0.00 0.0 0.00|0.00|0.00(0.00 €.00 0.00 0.00{0.00|0.00|0.00 NC | NC | NC E NG| NC | NC
. DPP4  rs325595747 T3401 000 0.00(0.00 000|000 000 0.00 0,00 0.00(0.00 0,00 0.00/0.00 0.00(0.00|0.00(0.00 onn@ 0.00{0.00|0.00|0.00 NC |NC | NC[NC | NC|NC | N
1 A ACE2 p. I 83F > r(aglol I Or S/ \RS_CO\/_Q TMPRSS2 rs789572246 P519X 000 000000 010 006 0,13/ 0.000.20]0.05 012 0.00|0.00 0.00|0.00 | 0.09|0.16 | 0.00 0.00 0.05(0.02|0.00|0.00 E[uc Nclcln ¢ we | Notin
. . TMPRSS2 rs789944785 P519T 000 0.00|000|043]000]000 0.00 0.00 0.00|0.00]0.00 0.00/0.00 0.00(0.00 000|000 0.00 0.00 0.00{0.00|0.00|0.00 ne wene nelelne | linkage
II I'I'erO( :'I-IOI I. TMPRSS2 rs341813954 CS502S 000 000 0.00 ournon 0.00/ 0,00 0.00(0.000.000.02 |0.00|0.00|0.00|0.00|0.00| 0.00 0.00 0.00{0.00|0.00|0.00 E[ IE‘NC ne el ne
TMPRSS2 rs697132526 M40OT 000 000|000 000|003 000 0.00 0.00 0.00|0.00]0.00 0.00/0.00 0.00(0.00 000|000 021 0.00 0.00{0.00|0.00|0.00 NC |NC | NC NG| NC| NG N
TMPRSSZ - A309GX ™M ™M Reference
llele not
2. DPP4 p.I383V~> close to MERS-CoV ——_— e [slslelslsfs - | meer
oun
. . . TMPRSS2 rs699066732 1258V 000 000000 000000000 0.1 0.00 m:onao 0.15 0.0 0.00|0.00|0.13[0.00 0.00 0.00 0.07(0.00|0.00|0.00 NC |NC | NC NG| NC| NG N
re e Tor—blndln do Oln. TMPRSS2 rs703753915 F1951 ooc 000000 000|000 000 0.00 0.00 0.000.00/0.00 0.00/0.00 0.00 0.00 0.10|0.00 0.00 0.14 0.00{0.00)0.00|0.00 NC | NG | NC | NG | NC | NC  NC
T T T
Autochthonous Commercial/Wild  Commercial/Wild
Bovo et al., (2021) Sci Rep, 11: 3359 Europe Europe Asia

Establishment of selection programs designed g
to increase genetic resistance to coronaviruses
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Dataset
preparation

Virus
identification

Refinement of
virus identification

Evaluation of the animal virome
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2 Evaluation of the animal VIROME: results (1)

« > 480 billion reads (1471 WGS datasefts);
» < 2% of unmapped read on each sample;
» 510 matches with viral genomes:
* many viruses could be considered contaminants,
- few (no. 38) classified as specific infecting agents
« Each sample contained 1-4 different viruses;
« Some virus identified in more than one host dataset.

Information on the

datasets/detected viruses SIIE At S0 FElE
No. of projects 9 27 43 5
No. of datasets 503 464 437 67
No. of populations 35 52 15 31
Stored data (TB) 13.0 9.5 5.8 1.8
Total n. of viruses 223 160 105 22
Number of host specific viruses 14 11 12 1
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2 Evaluation of the animal VIROME: results (1)

Avian endogenous retrovirus, EAV-HP

Virus . § 1
datasets projects datasets B -
202 34 AUl

45.9
40 18 9.1
24 13 5.5 :
Avian leukosis virus 23 9 5.4 3‘?
8 4 1.8 g
8 5 1.8
Gallid alphaherpesvirus 1 3 2 0.7
[ W [..] [..]

Useful epidemiological hints to understand
the distribution, diffusion and prevalence of

viruses infecting livestock. ——ﬁ*m
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Conclusions

Genomics Big Data have revolutionized pathogen
detection contributing to improve the safety of
production chains.

Opportunistic mining of whole genome sequencing
of animal genomes provide new information for
epidemiological approaches of potential zoonosis.

ENA NCBI Virus
W/ Sequences for discovery

European Nucleotide Archive
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