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'Give me a lever …
and I shall move the world.‘

Archimedes 

…some tools are more innovative and disruptive 
than others…



Camelus dromedarius

REFERENCE GENOME



The Genome Sequence is not THE answer!

http://jcraigventersciencefoundation.com/resources/sequenced_genomes/genome_guide_index.shtml



CamDro3 is ANNOTATED
(gene positions, sequence & structure are known)



Camelus dromedarius

REFERENCE GENOME

CamDro3 sequence
is now organized into CHROMOSOMES



DE NOVO ASSEMBLY

BEFORE: Scaffold level



Further data mining?

CamDro3
is a TRESURE TROVE of information

Historical effective population size



COMPARATIVE GENOMICS



•Comparative & structural genomics

•In silico protein properties prediction

•In silico transcription factor prediction



RE-SEQUENCING & POLYMORPHISM DETECTION

NOT ONLY SNPs (Single Nucleotide Polymorphisms), 
also structural variations, including CNVs (Copy Number Variations)



RE-SEQUENCING & POLYMORPHISM DETECTION

Targeted Untargeted
Resequencing of specific

genes or regions

(also in a genome-wide
fashion, e.g. SPET)

Whole-genome (WG) 
resequencing

Randomly skimmed WG 
resequencing

(eg. RAD & DDRAD 
sequencing)



COLLABORATION AMONG 
UNIBA, VETMEDUNI, IGA: 

50K SNP LOCI FROM
>100 DROMEDARIES 
FROM 18 COUNTRIES

RE-SEQUENCING & POLYMORPHISM DETECTION

COLLABORATION AMONG 
UNIBA, VETMEDUNI,  

UFLORIDA; KFU & ILLUMINA:
14 millions SNP LOCI FROM

> 170 DROMEDARIES 
FROM 18 COUNTRIES



(MORE ADVANCED) EVOLUTIONARY & 
COMPARATIVE/STRUCTURAL GENOMICS



(MORE ADVANCED) EVOLUTIONARY & 
COMPARATIVE/STRUCTURAL GENOMICS

Comparative approach



TARGETED GENE RE-SEQUENCING

Structural organization of the casein cluster



PREDICTION OF (FUNCTIONAL) EFFECT OF POLYMORPHISMS

(a first step toward connecting genetic variation with phenotipic variation)



FROM (1st time) SNP DETECTION TO ROUTINE GENOTYPING 

ARRAYS LOW DENSITY MEDIUM DENSITY HIGH DENSITY

GBS
AMPLICON 

RESEQUENCING
RAD/DDRAD WHOLE GENOME



FROM TENS OF SEQUENCED ANIMALS TO 
HUNDREDS/THOUSANDS OF GENOTYPED ANIMALS

A total of 205,755 and 89,238 pedigreed and genotyped animals born between 1990 and
2018 were available for Holsteins and Jerseys, respectively.

Makanjuola et al., 2020



ASSISTING BREEDING AND GENETIC MANAGEMENT OF 
POPULATIONS

❑ INBREEDING ASSESSMENT

INBREEDING 
ESTIMATED VIA 
GENOMIC DATA



ASSISTING BREEDING AND GENETIC MANAGEMENT OF 
POPULATIONS

❑ INBREEDING ASSESSMENT

No positive F values in 161 animals typed at 800K SNP loci 
when considering them as a single population (preliminary results)



ASSISTING BREEDING AND GENETIC MANAGEMENT OF 
POPULATIONS

❑ PEDIGREE VERIFICATION



ASSISTING BREEDING AND GENETIC MANAGEMENT OF 
POPULATIONS

❑ PEDIGREE VERIFICATION

N LOCI PNE PNI*

12 0.54 0.22

24 0.34 0.06

48 0.15 0.007

96 0.029 0.000099

* Assuming one parent putative & the other known



FROM REMOTE EVOLUTIONARY HISTORY TO DOMESTICATION & 
POST-DOMESTICATION HISTORY



POST-DOMESTICATION HISTORY

TARGET AREAS: ALGERIA AND MOROCCO



DISENTANGLING THE GENETIC ARCHITECTURE OF “MILK” TRAITS
(complex quantitative traits)

STUDY SAMPLE TYPE
PHENOTYPE 
MEASUREMENT 
AVAILABILITY

APPROACH NOTES

POPULATION NO
SELECTION
SIGNATURES

-within pop (homozygosity)

-between pops (FST-outlier)

- among pops (HAPFLK)

POPULATION YES
•A PRIORI TARGETED 
CANDIDATE GENE 
• GWAS

FAMILY (PEDIGREE) YES QTL MAPPING



DISENTANGLING THE GENETIC ARCHITECTURE OF “MILK” TRAITS
(complex quantitative traits)

Growth traits…but not (yet) milk traits: more difficult to be collected
(monthly test-day milk records)





“OMIC” DATA INTEGRATION

The molecular basis of mammary gland development 
and epithelial differentiation

https://doi.org/10.1016/j.semcdb.2020.09.014

https://doi.org/10.1016/j.semcdb.2020.09.014


GENOMIC EVALUATION/PREDICTION



GENOMIC EVALUATION/PREDICTION

Predicted
GEBV 

estimation
accuracy



MILK TRAITS

MILK TRAIT

MILK YIELD

MILK GROSS COMPOSITION

MILK FATTY ACID PROFILES

MILK PROTEIN PROFILES

MILK SOMATIC CELL COUNT/SCORE

UDDER CONFORMATION TRAITS

OTHER (NEW) FUNCTIONAL TRAITS:
✓FERTILITY
✓HEALTH (mastitis, ketosis..)
✓ENVIRONMENTAL IMPACT (climate resilient cattle, low-methane emissions..)

✓Negative correlations!!!
✓Genetic erosion!!!



ACROSS “BREEDS” EVALUATION: INTERNATIONAL EFFORTS



OPEN CHALLENGES

❑MILK PHENOTYPING IS COMPLEX (although some techniques
are automated. Validation is needed for the dromedary
species)

❑ LOWER HEREDITABILITY THAN MEAT TRAITS (lower expected
genetic progress, not at the beginning but in the long-term)

❑ CAVEATS:

•Negative correlations with fertility and adaptive traits (learn
from past mistakes)

• Poor genetic variability in this species = poor genetic gain

• Further genetic erosion: fitness and adaptation???



STATUS STEP

YES REFERENCE GENOME ANNOTATED & CHROMOSOMES

YES RESEQUENCING VIA WGS

YES RESEQUENCING VIA GBS

YES (more expected) EVOLUTIONARY/STRUCTURAL GENOMICS

YES (more expected) COMPARATIVE GENOMICS

YES (more expected) IN SILICO FUNCTIONAL PREDICTION

YES SNP ARRAY - MEDIUM DENSITY

COMING SOON SNP ARRAY – HIGH DENSITY

YES (more expected) GENOTYPE-PHENOTYPE ASSOCIATION STUDIES

NO ROUTINE GENOTYPING

NO ROUTINE PHENOTYPING

COMING SOON SNP-BASED PATERNITY TESTS

NO MOLECULAR-ASSISTED BREEDING & SELECTION

NO MOLECULAR-BASED MILK ADULTERATION ASSAYS

WHERE WE ARE?



DO WE REALLY WANT TO TRANSFORM A SHE-CAMEL 
INTO A HIGH-PRODUCING DAIRY COW?


