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3Genomes & Phenotypes in Old World camels

➢ Identify major difficulties

➢ Provide suggestions for possible next steps  

So,...
Why do camelids lag behind other livestock species? 



Origin of the Old World camelids
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Camelus dromedarius

Camelus bactrianus

Camelus ferus
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on the origin of the species
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www.aramcoworld.com/en-US/Articles/November-2018/The-Magnificent-Migration
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Phylogenetic tree of New and Old World camels

Lamini

Camelini

Burger  2012
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IUCN

CRITICALLY 

ENDANGERED
< >

▪ “Camelus ferus” Przewalsky (1878) 
International Commission for 
Nomenclature (2004)

▪ morphology:  flat head (‘havtagai’)
pointier humps

▪ population reduction > 80% last 50 y

▪ 3 natural populations

Lop Nur (China)

Taklimakan Desert (China)

Great Gobi SPA – A (Mongolia)

▪ ≈ 600 Chinese wild camels

≈ 400 Mongolian wild camels

Camelus ferus
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Two-humped camel genomes

◼ Genome-wide divergent selection

Wang et al. 2012
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◼Mitochondrial genome high sequence divergence

Mohandesan et al.2017. SciRep



Wild camels are a separate species

◼ three species of Old World camels exist today

◼ divergence

Camelus dromedarius Camelus bactrianus Camelus ferus

1.2 mya

4.4 mya

Mohandesan et al. & Burger 2017. SciRep 9



◼Domestication of the Old World camelids

Camelus dromedarius

Camelus bactrianus

Camelus ferus
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Trinks et al 2012

Bactrian camel domestication

HI) Centre of domestication in „Bactria“
HII) Domestication further East

Late Bronze and Eary Iron Age samples
South-Uzbekistan, West-Siberia
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Bactrian camel domestication

wild camel domestic Bactrian

EXTINCT 
wild population

1.2 mio
time (y)

4,000-6,000

◼ domestication 4000-6000 ya

◼ maybe further to the west 
than assumed previously

◼ wild camels are related but 
not the ancestors

Vetmeduni Vienna 12
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Dromedary domestication
Panmictic dromedary population on mitochondrial level

Almathen, Charruau, Mohandesan et al PNAS 2016

◼ domestication around 3000 ya

◼ minimum of 6 maternal lineages

◼ wild dromedaries from the Southeast 
coast of the Arabian Peninsula 
contributed to the modern gene pool
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Modern dromedary share genetic diversity

Almathen, Charruau, Mohandesan et al PNAS 2016
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Early-domestic and wild dromedaries share
mitochondrial haplotypes

Almathen, Charruau, 
Mohandesan et al PNAS 2016



domestication – summary

◼ domestication of Bactrian camels 4000-6000 ya

◼wild camels are related but not the ancestors

◼ domestication of dromedaries around 3000ya

◼ six maternal lineages

◼ one place of domestication might be on Southeast coast of the 
Arabian Peninsula

16



On the origin of the species

Old World camel genome research

Relevant production phenotypes

Ongoing projects 

Results of the large camelids questionnaire

17Genomes & Phenotypes in Old World camels

LARGE CAMELIDS

PHENOTYPING



18Wang et al. 2012 Nat Com

Wu et al. 2014 Nat Com

Old World camels genomic resources

Elbers et al. 2019 Mol Ecol Res

Fitak et al.  2015 Mol Ecol Res

◼ 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

◼ 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

◼ Genome-wide divergent selection
◼ overall lower heterozygosity

in the domestic genome

◼ artificial selection during domestication
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Elbers et al.& Burger 2019 Mol Ecol

Res

Old World camels genomic resources
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Elbers et al.& Burger 2019 Mol Ecol

Res

Old World camels genomic resources



Re-sequencing projects
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25 Genomes

~15-60x coverage

Mapped to C. ferus

Fitak et al. & Burger submitted



Genomic Variation and hybridization
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Other (Re)sequencing projects
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Samantha Brooks et al 2018



Y-Chromosome haplotype network
Old World camels
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◼ Dromedary genome at chromosome level

◼ Domestic and wild Bactrian genomes at scaffold levels

◼Multiple re-sequencing projects ~180 genomes

25Genomes & Phenotypes in Old World camels

Old World camel genome research



◼ Dromedary genome at chromosome level

◼ Domestic and wild Bactrian genomes at scaffold levels

◼Multiple re-sequencing projects ~180 genomes

Why camels lag behind other livestock species…

➢~2000 cattle genomes

➢ few hundred sheep and pig genomes

➢ thousands of low and high density SNPchip data

26Genomes & Phenotypes in Old World camels

Old World camel genome research



Where to go from here
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➢ next step: 
sequencing of 400 
camel genomes 



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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PHENOTYPES

Relevant phenotypes
◼Milk yield and content

◼ Growth, meat, carcass

◼ Reproduction

◼Wool/ fiber

◼ Health, immunity

◼ Beauty

◼ Racing

◼ Animal behaviour

30Vetmeduni Vienna
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Relevant phenotypes
◼Milk yield and content
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Why camels lag behind other livestock..

➢No standardized phenotype recording
➢No animal ID system in place



On the origin of the species

Old World camel genome research

Relevant production phenotypes

Ongoing projects and initiatives (examples) 

Results of the large camelids questionnaire
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Reproduction
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• Calf birth weight primarily affected by
female camel, parity, year and month of
parturition.

• Environment has a decisive role in the
variation of length of gestation, timing
of parturition and calf birth weight.

• Semen collection and storage

• Aritificial insemination

• In vitro fertilization

• Embryo transfer



Morphology
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Morphology
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Journal of Camel Practice and Research 2016



Morphology
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Journal of Camel Practice and Research 2016
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Why camels lag behind other lifestock…

➢No standardized phenotype recording
➢No animal ID system in place
➢No estimation of breeding values
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Journal of Camel Practice and Research 2016

➢No standardized phenotype recording
➢No animal ID system in place

➢ Suggested next step: 
Development of standardized phenotyping
guidelines

➢ EAAP camelid working group
➢ ICAR sheep, goats and camelids WG
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Journal of Camel Practice and Research 2016

➢No standardized phenotype recording
➢No animal ID system in place

➢ Suggested next step: 
Development of standardized phenotyping
guidelines

➢ EAAP camelid working group
➢ ICAR sheep, goats and camelids WG
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Journal of Camel Practice and Research 2016

➢No standardized phenotype recording
➢No animal ID system in place

➢ Suggested next step: 
Development of standardized phenotyping
guidelines

➢ EAAP camelid working group
➢ ICAR sheep, goats and camelids WG

➢ Involve STAKEHOLDERS
➢ Breeding associations
➢ Local governments
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Relevant production phenotypes
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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

◼ Implementation in 3 languages!

42Vetmeduni Vienna

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
0
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1. GENERAL PERFORMANCE OF THE SURVEY



Education Level (67.5% responded)
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2. THE RESPONDENT

0
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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
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Main breeding reasons
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3. SPECIES: BACTRIAN CAMEL

Total
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3. SPECIES: Hybrids
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Camel wrestling @Selçuk, Turkey



ID system available?
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4. ANIMAL IDENTIFICATION

ID system mandatory?
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82

83

84

85

86

87

88

89

90

Yes No

Total

81

82

83

84

85

86

87

88

89

90

Yes No

Total



53

4. ANIMAL IDENTIFICATION

Total
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5. TRAIT RECORDING
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5. TRAIT RECORDING

Milk recording
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5. TRAIT RECORDING

Milking type recording

Total
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5. TRAIT RECORDING

Milking and suckling

Total

0
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5. TRAIT RECORDING

Milk recording

Milking type recording
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5. TRAIT RECORDING
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5. TRAIT RECORDING

Milk recording

Milking type recording
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5. TRAIT RECORDING

Milking and suckling
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SUMMARY: camels are MULTI-PURPOSE animals

Camels ARE „MULTIPURPOSE“

c) Dual-purpose camel d) Racing camel e) Bactrian camel
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SUMMARY: camels are MULTI-PURPOSE animals

➢ extensive management in the desert

versus

➢ semi-intensive management in peri-urban areas

➢ European market is interested in camels

➢ Keep high animal welfare standards and genetic

diversity

➢ alongside genomic improvement/ selection



Where to go from here

◼ Identify breeders for developing recording guidelines

◼ Animal Identification

◼ Collaboration with stakeholders

FAO

national governments

Breeders associations

◼ Evaluate newly measured phenotypes

◼ Initiate first GWAS study(ies)

◼ Develop further genomic tools

64Vetmeduni Vienna



Special acknowledgements

65

‘Camelid Group’

Research Institute of Wildlife Ecology

Sara Lado, Jean Elbers, Angela Doskocil

Elmira Mohandesan, Bob Fitak, Emily Ruiz 

Collaborators

E. Ciani (I), B. Faye (F), F.  Almathen (KSA), G. Konuspayeva (KZ), O. Hanotte (UK), 

B. Chuluunbat,  A. Yadamsuren (MAS),  J. Corander (F,) A. Trinks (D), H. Jianlin

(PCR,)  Y. Lei (PRC), P. Kaczensky, C. Walzer (AT), J. Peters (D), S. Vukovic (S)

Funding

Austrian Science Foundation,  Austrian Academy of Sciences, Eurasia Pacific Uninet

Organizers of 70th EAAP the first camelid session



why improving camels...

◼ Improvement of livestock is 
always an improvement for 
people

◼ Camels are one of the most 
promising livestock species 
for sustainable utilization

◼ Conservation of the last wild 
camels and of locally adapted 
diversity
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