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FRAMEWORK

• The Creole populations of various species of domestic animals in 
Latin America are the result of animals that were introduced over 
the years, especially in the early stages of transatlantic trade.

• Many Creole breeds have disappeared in the last century, 
although some still survive in marginal regions.

• The REZGEN-IBA network is funded by the Ibero-American 
Program of Science and Technology for Development – CYTED 
(Ref. 123RT0139; 2023-2027).

• It is based on existing knowledge and networks, especially 
CONBIAND, derived from our previous and ongoing national and 
international projects
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THE REZGEN-IBA NETWORK 

Major aim

The use of genomic tools will make it possible 
to understand, rescue, conserve, and value 
Creole livestock populations, which are the 
result of more than 500 years of adaptation to 
the diverse environmental conditions they 
encountered in America, and which represent a 
source of wealth and food for millions of
Ibero-American citizens, especially in the most 
rural environments.
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THE REZGEN-IBA NETWORK 

 Consolidate an Ibero-American 
cooperative framework for the  
characterization, conservation, 
recognition, and valorization of the 
region’s zoogenomic heritage through 
the application of genomic tools

 Define standardized protocols across 
participating groups, including sample 
collection, phenotyping, genotyping, 
and bioinformatics data processing.
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Specific aims

 Addressing conservation and 
genomic characterization 
challenges while engaging a broad 
spectrum of groups, from those 
with substantial funding to those 
with limited financial resources.

 Promote scientific events, training 
sessions, and knowledge transfer 
initiatives.



TEAM
 A multidisciplinary team of 178 

researchers, breeders, and 
companies from 15 Ibero-American 
countries, Italy and the U.S 
collaborating on training, research, 
and knowledge transfer activities.
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ACTIVITIES 
& IMPACT

4,658 animals from 
114 cattle breeds 
distributed worldwide, 
including 1,480 
animals from 40 Creole 
breeds.

BIOBOVIS 
CONSORTIUM



GENETIC ANCESTRY OF CREOLE CATTLE

T1c mitochondrial 
lineages are rare in 
Iberia but common in 
Africa and are well 
represented in Creoles 
from Brazil and 
Colombia, lending 
support to a direct 
African influence. 

African & Iberian ancestry
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2,395 goats from 71 
breeds from diverse 
geographic origins, 
including 786 and 
441 goats from 23 
Creole and 13 African 
populations.

BIOGOAT 
CONSORTIUM

ACTIVITIES 
& IMPACT



GENETIC ANCESTRY OF CREOLE GOATS

The admixture 
estimates indicated 
that the Creole goat 
populations, including 
Brazilian breeds, had 
average ancestral 
contributions of 40%, 
26% and 34% from 
Clusters I, II and III, 
respectively.

African & Iberian ancestry
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Creole San Clemente 
Island, Criolla 
Colombiana, 

Galapagos goat 
and Criolla del 

Nordeste

Spanish Goat, 
Myotonic, Criolla del 

Ecuador, Criolla 
Paraguaya, 

Neuquina, Chilluda, 
Pampeana Colorada 

& Angora

Criolla Venezolana, 
Peruana and 

Boliviana

Criolla Cubana

I. Iberian

II. Cape Verde 
& Canary Isl.

III. Other African



1,670 samples 
belonging to 45 
populations/breeds, 
including 605 creole 
pigs from 17 
populations.

BIOPIG 
CONSORTIUM

ACTIVITIES 
& IMPACT



GENETIC DIVERSITY 
OF CREOLE PIGS

The Core Set methodologies 
highly prioritized Criollo pig 
breeds: Cr. Boliviano, Cr. 
Pacifico, Cr. Cubano and Cr. 
Guadalupe. However, 
weighing the between- and 
within-breed components 
with FST and 1-FST, 
respectively, resulted in 
higher contributions of 
Iberian breeds.

BREED 
GROUP

Phylogenetic 
Group

N He Ho
Mean 

Number of 
Alleles

Iberian
Mediterranean

Celtic
435
347

0,63
0.69

0,48
0.49

10.5
9.9

Criollo
CA
CB
CC

255
267
83

0.70
0.68
0.69

0.57
0.56
0.58

12.1
11.7
9.3

Commercial
Duroc
other

50
120

0.56
0.69

0.55
0.59

4.0
7.4

Wild boar 113 0.65 0.55 9.0

Total All 1670 0.66±0.05 0.55±0.04 9.2±3.5
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CA: Mulefoot, Pampa Rocha, Caracolero Wet, Criollo Boliviano, Criollo El Salvador, Criollo Pacifico, Caracolero Dry
CB:  Red Wattle Hog, Criollo Cubano, Pelon Mexicano, Zungo, New Mexico, Criollo Venezolano, Criollo Ecuatoriano
CC: Guinea Hog, Criollo Guadalupe, Sanpedreño

Conservation priorities



2,385 samples 
belonging to 50 horse 
breeds, including 27 
Creole populations.

BIOHORSE 
CONSORTIUM

ACTIVITIES 
& IMPACT



GENETIC ANCESTRY OF CREOLE HORSES

For the Criollo breeds, the 
estimated genetic 
contribution from other 
breeds was ~50%, 30% and 
20% for the Celtic, Iberian 
and Arab-Thoroughbred 
groups, respectively. 
Hotspots of genetic 
diversity are observed in 
populations from Colombia, 
Ecuador, Brazil, Paraguay 
and the western USA.

Iberian ancestry
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1,913 samples 
belonging to 41 
Iberian and 6 
transboundary 
commercial 
sheep breeds.

BIOVIS 
CONSORTIUM

ACTIVITIES 
& IMPACT



WE HAVE A GOOD 
KNOWLEDGE OF 
THE GENETIC 
DIVERSITY & 
POPULATION 
STRUCTURE OF 
CREOLE 
LIVESTOCK



OMICS’ APPROACHES FOR CONSERVATION

Genetic drift Gene flow & Crossbreeding
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some individuals may 
randomly produce 
more offspring (and 
genes, of course!) 

Mutation & Selection

Genetic variants introduced 
into a population can be an 
important source of genetic 
variability. 

https://evolution.berkeley.edu/sampling-error-and-evolution/

Evolution

These two generations 
of the same population 
are genetically different. 
Populations evolve 
NOT individuals!

New source of genetic variation. 
Beneficial non-synonymous 
mutations can increase 
frequency in the population – 
positive selection.



OMICS’ APPROACHES FOR CONSERVATION

High-throughput sequencing

Unprecedented high-resolution 
when studying origins and 
admixture events; selection for 
ancestral and novel variants – 
identify loci that underwent 
positive selection.

Ultimately, allow us to:

• Disclose genome-wide 
patterns of diversity 
associated with the formation 
of local breeds;

• Understand the directions and 
degree of gene flow between 
populations from different 
geographical locations;

• Investigate selection and 
animal breeding/improvement.
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Polymerase Chain 
Reaction – PCR 
PCR was invented 
in 1983 by American 
biochemist Kary Mullis at 
Cetus Corporation. Mullis 
and biochemist Michael 
Smith, who had developed 
other essential ways of 
manipulating DNA, were 
jointly awarded the Nobel 
Prize in Chemistry in 1993.

https://www.nobelprize.org/prizes/chemistry/1993/mullis/facts/



HUMAN GENOME – WORLD’S LARGEST 
COLLABORATIVE BIOLOGICAL PROJECT!     

Released in February 2001, “complete” genomes were 
produced by Celera (privately funded by Celera Genomics, 
Craig Venter, and the publicly funded Human Genome 
Project.

3 billion 
base 
pairs!

https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genome-project



OMICS’ APPROACHES

High-throughput sequencing
• The NovaSeq 6000 (Illumina) system 

(short reads) can sequence up to 48 
genomes in ~2 days with high 
coverage. Allows for multiplexing to 
maximize the number of samples per 
flow cell.

• PacBio's ability to generate long 
reads enables easier genome 
assembly and increases accuracy.

• MinION (Oxford nanopore) the only 
portable, real-time devices for 
(long) DNA and RNA sequencing.
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OMICS’ APPROACHES

Shotgun sequencing

The method involves randomly 
breaking up the genome into small 
DNA fragments that are sequenced 
individually. A computer program 
looks for overlaps in the DNA 
sequences, using them to 
reassemble the fragments in their 
correct order to reconstitute an 
organism’s genome.
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Mod. from Stoneking & Krause 2011 and Metzker 2010 Nat Rev Genethttps://www.genome.gov/genetics-glossary/Shotgun-Sequencing



OMICS’ APPROACHES

Shotgun sequencing

Paired-end 
sequencing allows 
users to sequence 
both ends of a 
fragment, thus more 
accurate read 
alignment. 
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https://www.illumina.com/science/technology/next-generation-sequencing/plan-experiments/paired-end-vs-single-read.html

Mod. from Claudio Ottoni



OMICS’ APPROACHES

Whole-genome sequencing

“Complete” genomes 
have increased, but draft 
genomes remain to be 
completed.
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https:https://gold.jgi.doe.gov/statistics



OMICS’ APPROACHES

Whole-genome sequencing

Since 2010, a huge
increase in genome
sequencing projects 
across taxa.
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https:https://gold.jgi.doe.gov/statistics



OMICS’ APPROACHES

Whole-genome sequencing

Significant decrease in 
sequencing costs.
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https://www.genome.gov/sequencingcostsdata/



OMICS' APPROACHES

Whole-genome sequencing

• Large amount of information available

• Reading quality improved

• Less time-consuming & lower costs for lab processing

• More time-consuming & increased complexity in data analysis

• Need to check sequences’ authenticity
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OMICS' APPROACHES

Several applications

• Genome sequencing: whole-genome shotgun sequencing is the 
dominant methodology

• Transcriptome sequencing (RNAseq): gene expression analysis 
with substantial advantages over microarray analysis

• Protein/DNA/RNA interaction-seq: ChIP-seq (sequence of DNA 
bound to proteins, e.g. chromatins etc.) and other methods

• Epigenetic modifications: bisulfite sequencing: 5-
methylcytosine (5mC) and 5-hydrossymethylcytosine (5hmC)
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GENOMIC CHARACTERIZATION OF ANIMAL 
GENETIC RESOURCES

FAO & ISAG practical guidelines

Advancements in the sequencing of 
genomes and related genotyping 
methods have created opportunities 
for gathering much more information 
on the molecular level than ever 
possible, at a faster rate, and for 
exponentially decreased costs. The 
technical capacity for the full 
application of genomic tools may 
represent a greater obstacle to their 
utilization than the expenses 
involved. 
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https://doi.org/10.4060/cc3079en



GENOMIC CHARACTERIZATION OF ANIMAL 
GENETIC RESOURCES

Cultivar special title

Focused on the work of Portuguese 
team of the REZGEN-IBA, provides 
an overview of the recent 
technological advancements and its 
applications for the genomic 
characterization of animal genetic 
resources.

Available online for free in English 
and Portuguese with a glossary of 
genomic terms.
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https://www.gpp.pt/images/GPP/O_que_disponibilizamos/Publicacoes/CULTIVAR_30/78/



OMICS' APPROACHES

SNPs vs whole-genome-sequencing

The reduction in the cost of 
genomic sequencing facilitates the 
development of biomarkers for 
adaptive and productive traits of 
interest, with a focus on local 
resources, allowing us to 
circumvent the bias associated 
with the use of SNPs identified in 
commercial breeds.

31



Whole-
Genome 
Sequencing

Low coverage: 1.4X-2.3X 
(2x100bp)
48 animals from 8 Iberian 
cattle breeds 
~1 million SNPs



Whole-
Genome 
Sequencing

• High genomic diversity
• Well-structured
• African influence



Whole-
Genome 
Sequencing

Significant allele sharing 
(gene flow) among Iberian 
and African taurine cattle.



Whole-
Genome 
Sequencing

Extensive male-biased 
gene flow within taurine 
and within indicine cattle.

Population structure at K = 2 determined using the female 
individuals only. The indicine contribution to African 
taurine (N’Dama) is not observed in sex chromosome X 
(bottom) compared to the autosomes (top)



• Unmapped sequence 
reads' analysis of blood 
reveals signatures of 
disease occurrence.

• Pathogen prevalence in 
cattle declines from the 
Southern to Northern 
Hemisphere.

Whole-
Genome 
Sequencing



RNA 
Sequencing

• Genes upregulated in the 
metacarpal adipose tissue of 
Yakutian cattle were 
associated with energy 
metabolism and response 
to cold temperatures.

• In Mirandesa cattle, the 
upregulated genes in 
perirenal adipose tissue 
were related to immune 
response and inflammation



SNP 
Genotyping

60 samples from 9 local 
dog breeds and 1 landrace 
population genotyped for 
~135 K SNPs



SNP GENOTYPING

Population genomics – a 1st glimpse of the diversity, levels of inbreeding, and population structure 
of local dog breeds from Brazil
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SNP GENOTYPING

Provide a context for the 
local breeds from Brazil 
within the phylogeny of 
worldwide dogs
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34 cattle samples 
belonging to Guaymi and 
Guabala breeds genotyped 
with the Affymetrix 10 K 
SNP array.

SNP 
Genotyping



ACTIVITIES & 
IMPACT

• Genomic characterization of 
the Guaymi and Guabala breeds



ACTIVITIES 
& IMPACT

The 2030 Agenda for 
Sustainable 
Development



Human genome – world’s  largest collaborative 
   biological project!     

On March 31, 2022, the Telomere-to-Telomere (T2T) 
consortium announced that had filled in the 
remaining gaps and produced the first truly complete 
human genome sequence.

~35,000 genes

2% of the DNA 
corresponds to 
coding genes

98% is “garbage”

https://www.genome.gov/about-genomics/educational-resources/fact-sheets/human-genome-project



Human genome – chromosome Y

Released in August 2023, the Y chromosome is unusually repetitive. 
Assembling sequencing data is like trying to read a long book cut into 
strips. About 30 million letters of the Y chromosome are repetitive 
sequences.

https://www.genome.gov/about-genomics/fact-sheets/Y-Chromosome-facts


ACTIVITIES & IMPACT

A collection of genome sequences from 
Creole animals of diverse well-adapted 
populations to capture the breadth of 
genomic variation across domestic 
animal species from Latin America. 
Use these data as “reference” to 
investigate selection, demographic 
processes and differentiation.

The identification of the genetic basis 
of adaptive characteristics lacks 
information at the genome and 
transcriptome levels.

Creole
Pangenome

Image credits: humanpangenome.org



Funding

CEEC 
Individual
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