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Domestication of Old World camels
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Relevant phenotypes for production 

Results of the large camelids questionnaire

Where to go from here…
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Wang et al. 2012 Nat Com

 De novo assembly of a female dromedary genome
 66-fold coverage, 2.06 GB

 annotation of 452 (98.7%) CEGs

 genome-wide heterozygosity 0.74 x 10-3

 Genome-wide divergent selection
 overall lower heterozygosity

in the domestic genome

 artificial selection during domestication

 Adaptation to desert environment
 Lineage specific accelerated evolutionary rates

 GO categories enriched genes involved in

 fat and energy metabolism

 salt metabolism

 osmoregulation and water reservation

Wu et al. 2014 Nat Com

Fitak et al. & Burger 2015 Mol Ecol Res

Elbers et al. & Burger 2019 Mol Ecol Res

Old World camels genomic

resources



Genome re-sequencing: 

searching for signals of 

selection
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Genome
Sequences

Genetic 
Variation

Admixture

Demography

Selection

‘selective sweep’

 reduced variability

 negative Tajima’s D

 higher LD



dataset
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25 Genomes

~15X coverage

Mapped to C. ferus



Genetic Variation
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Admixture/ hybridization
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Genome wide demographic history

LGM
LGP
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Detecting Selection

 Extreme HE and S2FST: C. dromedarius
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Summary – genomic 

resources

 Introgression from domestic to wild camel 

threatens the genomic integrity of Camelus ferus

 Population expansion/ hybridisation of the wild 

camel during  the last glacial maximum followed 

by a rapid decline

 Selection during domestication affects genes 

associated with neural-physiology

 “domestication syndrome”
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PHENOTYPING

Relevant phenotypes
Milk yield and content

Growth, meat, carcass

Reproduction

Wool/ fiber

Health, immunity

Beauty

Racing

Animal welfare
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No standardized phenotype 

recording

No animal ID system in place



PHENOTYPING

Large camelids

questionnaire
 Identify people working with camels

 Information about

 Animal ID system

 Trait recording

 Milk

 Meat

 Reproduction

 Wool

 Others
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Content

1. GENERAL PERFORMANCE OF THE SURVEY

2. INFORMATION ON THE RESPONDENT

3. SPECIES INCLUDED

4. ANIMAL IDENTIFICATION

5. TRAIT RECORDING

6. SELECTION PROGRAMMS

 Special thanks to Cesare for implementation in 3 

languages!
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Large camelids questonaire



Total responses
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1. GENERAL PERFORMANCE OF THE 

SURVEY

 Total responses: 264

Complete: 163

Partial: 101

In 3 different languages

 English: 133/ 81/ 52

 French: 74/ 50/ 24

 Arabic: 57/ 32/ 25
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1. GENERAL PERFORMANCE OF THE 

SURVEY



Territorial Level
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2. THE RESPONDENT
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Education Level (67.5% responded)
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2. THE RESPONDENT
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Sex (67% responded) 
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2. THE RESPONDENT
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Dromedary 80%

Bactrian camel 14%

Hybrid 6%
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3. SPECIES INCLUDED

Dromedary

Bactrian camel

Hybrid



Main breeding reasons
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3. SPECIES: 

DROMEDARY



Main breeding reasons
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3. SPECIES: 

DROMEDARY



Main breeding reasons
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3. SPECIES: BACTRIAN 

CAMEL



X
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3. SPECIES: Hybrids



ID system available?
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4. ANIMAL IDENTIFICATION

ID system mandatory?



ID system available?
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4. ANIMAL IDENTIFICATION

ID system mandatory?
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4. ANIMAL IDENTIFICATION

ID system organization
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4. ANIMAL IDENTIFICATION

ID systems
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4. ANIMAL IDENTIFICATION

Meta-data recording
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4. ANIMAL IDENTIFICATION

Molecular parentage testing
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5. TRAIT RECORDING

Milk recording
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5. TRAIT RECORDING

Milk recording

Milking type recording
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5. TRAIT RECORDING

Milk recording

Milking type recording



34

5. TRAIT RECORDING

Milk recording

Milking type recording
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5. TRAIT RECORDING

Milk quantity recording

Milking type recording
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5. TRAIT RECORDING

Average lactation length
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5. TRAIT RECORDING

Milking and suckling
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5. TRAIT RECORDING

Milking and suckling
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5. TRAIT RECORDING

Milk composition
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5. TRAIT RECORDING

Udder morphology
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5. TRAIT RECORDING

Growth traits
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5. TRAIT RECORDING

Growth traits
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5. TRAIT RECORDING

Growth traits
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5. TRAIT RECORDING

Carcass traits
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5. TRAIT RECORDING

Wool traits



46

5. TRAIT RECORDING

Racing traits
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5. TRAIT RECORDING

Beauty traits
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5. TRAIT RECORDING

Behavioural traits
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5. TRAIT RECORDING

Female reproduction traits
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5. TRAIT RECORDING

Male reproduction traits
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5. TRAIT RECORDING

Survival and longevity traits
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6. SELECTION 

PROGRAMMES

Selection programmes
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5. TRAIT RECORDING

Genomic evaluation?
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SUMMARY: camels ARE MULTI-PURPOSE 

animals
Camels ARE „MULTIPURPOSE“

a) Hybrid camel b) High-producing dairy camel

c) Dual-purpose camel d) Racing camel e) Bactrian camel
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Where to go from here

 Identify breeders for developing recording guidelines

Animal Identification

Collaboration with FAO

Evaluate newly measured phenotypes

 Initiate first GWAS study(ies)

Develop genomic tools
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ICC-GIC

International Camel Consortium for genetic 

improvement and conservation

www.ICC-GIC.weebly.com

Mission:
support at various levels the network of involved scientists 

and professionals to boost, harmonize, coordinate and 

share activities on camel genetic conservation, 

management, animal phenotypic recording and genetic 

improvement.
Riyadh, Workshop April 2015
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Where to go from here
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400 camel

whole

genomes

sequences



THANK YOU 

 Improvement of livestock 

is always an improvement 

for people

 Camels are the most 

promising livestock 

species for sustainable 

utilization

 Conservation of the last 

wild camels and of locally 

adapted diversity
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