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LARGE CAMELIDS

o
¥ Old World camel genome research

PHENOTYPING

¥ Relevant phenotypes for production
W Results of the large camelids questionnaire
® Where to go from here...
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Old World camels genomic vetmedni

B De novo assenibiy of a feinale dromedary genome

W 66-fold coverage, 2.06 GB _
: 0 Fitak et al. & Burger 2015 Mol Ecol Res
W annotation of 452 (98.7%) CEGs Elbers et al. & Burger 2019 Mol Ecol Res

m genome-wide heterozygosity 0.74 x 103

B Genome-wide divergent selection Wa\ng et al. 2012 Nat Com
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® artificial selection during domestication -

B Adaptation to desert environment Wu et al. 2014 Nat Com
W Lineage specific accelerated evolutionary I......=ms=——==x

B GO categories enriched genes involved in mrf —Eé@

= fat and energy metabolism

m salt metabolism
m osmoregulation and water reservation
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dataset

25 Genomes
~15X coverage
Mapped to C. ferus

e C. dromedarius Qg
e C. bactrianus O3

e C. ferus O 2
o1
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Admixture/ hybridization

Ancestry
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Genome wide demographic history Vienna

(&)

C. dromedarius
—— C. dromedarius
C. bactrianus

Effective Population Size (x104)

10° 10* 10° 10°

Time (Years ago)
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Detecting Selection veiienna @

B Extreme Hg and S?F<;: C. dromedarius
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Summary — genomic vetmedun:
resources

M Introgression from domestic to wild camel
threatens the genomic integrity of Camelus ferus

B Population expansion/ hybridisation of the wild
camel during the last glacial maximum followed
by a rapid decline

B Selection during domestication affects genes
associated with neural-physiology
¥ “domestication syndrome”
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PHENOTYPING

¥ Relevant phenotypes for production
W Results of the large camelids questionnaire
® Where to go from here...
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PHENOTYPING ™ vetmedhn @

Relevant phenotypes

= Milk yield and content
® Growth, meat, carcass
W Reproduction
® Wool/ fiber
W Health, immunity
W Beauty
" Racing > No standardized phenotype
® Animal welfare recording
» No animal ID system in place

Vetmeduni Vienna 12




¥ PHENOTYPING * TR @

Large camelids

qluestlonnalre
dentify people working with camels

¥ Information about
0 Animal ID system
0 Tralt recording
O Milk
O Meat
O Reproduction
O Wool
O Others
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Large camelids questonaire  Jad VWH

Content

1.
2.
3.
4.
S.
6.

B Special thanks to Cesare for implementation in 3
languages!

GENERAL PERFORMANCE OF THE SURVEY
INFORMATION ON THE RESPONDENT
SPECIES INCLUDED

ANIMAL IDENTIFICATION

TRAIT RECORDING

SELECTION PROGRAMMS
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1. GENERAL PERFORMANCE OF THE vetmedun: (&)

Total responses

B Total responses: 264
W Complete: 163
W Partial: 101

140

In 3 different languages 120 -

L] Eng“Sh 133/ 81/ 52 28 : M Partial
B French: 74/ 50/ 24 4 | I I " complete
mArabic:57/32/25 % M W W

English French Arabic
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>. THE RESPONDENT VR ¢

vienna &/

Territorial Level o

140
120
100
~ mArabic
80
— ® French
; — B m English
m Total
40
Total
20 English
0

French

NATIONAL
INTERNATIONAL

Vetmeduni Vienna
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2. THE RESPONDENT vetmeduni @

Education Level (67.5% responded)

200
180
160
140
120

100 ® UNDERGRAD
30 M GRADUATE

60

40
p j
0 - . .

Arabic French English Total




2. THE RESPONDENT vetmeduni @

Sex (67% responded)

160
140
120
100
80 H FEMALE
W MALE

60

40

Arabic French English Total
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3. SPECIES INCLUDED

Dromedary 80%

y

Bactrian camel 14% ﬂ

Hybrid 6%

® Dromedary

M Bactrian camel

® Hybrid

Vetmeduni Vienna 20
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3. SPECIES:

Main breeding reasons

18.
Please indicate the reasons for rearing animals referring exclusively to the TERRITORIAL LEVEL you selected by ticking all that apply

Responses Percent

Mk 43 72.88%

Mt 37 62.71%

Transport (pack animal): _ 21 35.59%
Tractive force for land work: _ 12 20.34%
Racing: | 19 32.2%

Wool: |y 2 3.39%

Leather: | 4 6.78%

Beauty contests: _ 10 16.95%

Family tradition: | 19 32.2%
Tourism: | 16 27.12%

If other, please specify: _ 14 23%
Total Responded to this question: 59 44.36%

Total who skipped this question: 74 55.64%

Total: 133 100%

Vetmeduni Vienna 21
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3. SPECIES: R vetmetia @

Responses Parcent

Main breeding reason:

————— 20 s6.97%
~ 2 75.86%
b e ) 5 17.24%
mutiesn g pis [ 1 3,455

e 8 27.58%,

] 2 B.49%

= 2 6.9%
L. [ 4 12.79%
| 5 17.24%

]

]

1 3.45%:

il i g ! 7 240

R’ESP‘EHHE Parcent Total Respanded bo this question: 29 50.88%

L | 43 93,75 Total who skipped this question; 28 49.12%

Total: 57 100%:
iande L —— 40 BE.33%
Transport (animal de traic): 20 41,671
Force de travail: _ a 16.67%
caurses: | 21 4275
aine: 13 27.08%
cur: 11 zzeaw
Concaurs dasthéhgue: l 1 2.08%
Tradtion famiiale: 22 4583

Autres ? [précieez): [ 4 B9
Total Respondad to this gquastion: 438 64, BE'Y
Tokal who skippad this quastion; Z6 35144
Tatal; a4 1004
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3. SPECIES: BACTRIAN

Main breeding reasons

vetmeduni @
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Please indicate the reasons for rearing animals referring exclusively to the TERRITORIAL LEVEL you selected by ticking all that apply

Milk:

Meat:

Transport (pack animal):
Tractive force for land work:
Racing:

Wool:

Leather:

Beauty contests:

Family tradition:

Tourism:

If other, please specify:

Total Responded to this question:
Total who skipped this question:
Total:

Vetmeduni Vienna

Responses

6

6

125
11338)

Percent
75%
75%
50%

12.5%
25%
50%

12.5%

0%

62.5%

62.5%
12%

6.02%

93.98%
100%
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3. SPECIES: Hybrids [l aaadi G- — TERCL-CTHE

24.
Please indicate the reasons for rearing animals referring exclusively to the TERRITORIAL LEVEL you selected by ticking all that apply

Responses Percent
Mk s 3 100%
Meat: | — 2 66.67%
Transport (pack animal): _ 1 33.33%
Tractive force for land work: 0 0%
Racing: 0 0%
Wool: 0 0%
Leather: 1 33.33%
Beauty contests: 0 0%
Family tradition: | 1 33.33%
Tourism: | 1 33.33%
If other, please specify: _ 2 66%
Total Responded to this question: 3 2.26%
Total who skipped this question: 130 97.74%
Total: 133 100%
24,
Please indicate earing animals referring exclusively to the TERRITORIAL LEVEL you selected by ticking all that apply
Response Comments
1 wrestling 24

2 Male F1 hybrid for camel wrestling
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4. ANIMAL IDENTIFICATION .. d vetmeduni g

ID system available?

25. Is an animal identification system available?

Responses Percent
Yes: 39 44.83%
I 48 55.17%
Total Responded to this question: 87 65.41%
Total who skipped this question: 46 34.59%

Total: 133 100%

ID system mandatory?
26. Is the identification system mandatory?

Responses Percent
Vs 27 81.82%
NO: [ 6 18.18%
Total Responded to this question: 33 24.81%
Total who skipped this question: 100 75.19%

Total: 133 100%

25



4. ANIMAL IDENTIFICATION ¢ Ji8 y  vetmeduni @

ID system available?

25. T b i aUAT lia Ja

Responses Percent
= 19 55.88%
Total Responded to this question: 34 59.65%
Total who skipped this question: 23 40.35%
Total: =7 100%
ID system mandatory?
26. T i) a0 Al
Responses Percent
- : 50%
. 8 50%
Total Responded to this question: 16 28.07%
Total who skipped this question: 41 71.93%
Total: 57 100%
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4. ANIMAL IDENTIFICATION

‘ vienna &/
.. |ID system organization
Which Organization is in charge of animal identification?
Responses Percent

National : | 19 61.29%
Local: | 8 25.81%
None: [ 3 9.68%

If other, please specify: . 1 3.23%
Pease Pl e mration. °
Organisation: 17 54.84%
Total Responded to this question: 31 23.31%
Total who skipped this question: 102 76.69%
Total: 133 100%
Responses Percent

=iv: . 2 11.76%

M‘_'_pl."."_‘bgj__fai: 0 0%
e, 12
Total Responded to this question: 17 29.82%
Total who skipped this question: 40 }??.E%

Total: 57 100%
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4. ANIMAL IDENTIFICATION e BN vetmeduni ¢

The iiﬂ'ficsation sytstem is achieved by the use of (tick all that apply):

Responses Percent

Ear Tag: | 18 52.94%

Tattoo: | 6 17.65%

Fire brand: | 13 38.24%

Rumen Electronic Device: . 1 2.94%

Hypodermic Electronic Device: _ 11 32.35%
If other, please specify: _ 10 29%

Total Responded to this question: 34 25.56%

Total who skipped this question: 99 74.44%
Total: 133 100%

HESPUNSES FErGent

=1 2 11.76%

wce: I 7 41.18%

s g r5 se:. | s 29.410%
sl s iy 520 ea: [ 3 17.65%
i e 5550 400 [ 2 11%

Total Responded to this question: 17 29.82%

Total who skipped this question: 40 7288%
Total: 57 100%



4. ANIMAL IDENTIFICATION I : vetmedun! )

Meta-data recording

What data is recorded at the farm level (tick all that apply)?

30.

Responses Percent

Animal birth date: | 23 74.19%

Animal father: | 19 61.29%

Animal mother: | 17 54.84%

QLEESE - e 24 77.42%

Birth type (single, twins): | 15 48.39%

Date of animal movements infou'.c 14 45.16%
the herd:

Culling date and reason: _ 16 51.61%

Date of death: | 18 58.06%
B 19 61.29%

Individual health problems: | 20 64.52%
Individual health treatments and o
drugs: 18 58.06%
Total Responded to this question: 31 23.31%
Total who skipped this question: 102 76.69%
Total: 133 100%

29




4. ANIMAL IDENTIFICATION

131.

vetmeduni /&

vienna &/

Is a molecular parentage verification system available (Please refer exclusively to the selected TERRITORIAL LEVEL you indicated)

ves: |
o |

Molecular parentage testing

32.

Which molecular parentage verification system has been implemented (tick all that apply)

STR (Short Tandem Repeats o
Microsatellites):

SNP (Single Nucleotide

Polymorphisms): I
If other, please specify: |

Total Responded to this question:
Total who skipped this question:

Total:

32
Which molecular parentage verification system has been implemented (tick all that apply)

Response Comments
1 Not applicable
2 we are going to do GBS parentage test in future.

3 Not used yet, still planning

Total Responded to this question:

Total who skipped this question:

Responses
8
23

31
102

Responses

6

10
123
133

Percent
25.81%
74.19%

23.31%
76.69%

Percent

60%

20%

30%
7.52%
92.48%
100%



5. TRAIT RECORDING

35.

Is a trait recording system available (Please refer exclusively to the TERRITORIAL LEVEL you indicated)

Yes:

No:

Total Responded to this question:
Total who skipped this question:

Total:

36. Is the milk yield trait recorded? M | I k reCO rd I n g

Yes:

No:

Total Responded to this question:
Total who skipped this question:

Total:

vetmeduni @&
vienna &/

Responses

18

63

81
52
11338)

Responses

12

7

19
114
11338)

Percent

22.22%

77.78%

60.9%
39.1%
100%

Percent

63.16%

36.84%

14.29%
85.71%
100%

31



5. TRAIT RECORDING

35.
Is a trait recording system available (Please refer exclusively to the TERRITORIAL LEVEL you indicated)

Yes:

N s,

Total Responded to this question:

Milk recording

36. Is the milk yield trait recorded?

Total Responded to this question:
Total who skipped this question:

Total:

37. Milking type

Milking type recording

Manual:

Machine:

Total Responded to this question:
Total who skipped this question:

Tatal:

Total who skipped this question:

vetmeduni @&

Responses

18

63

81

52

Responses
12
7

19
114
11338)

Responses

5

6

11
122
133

vienna &/

Percent

22.22%

77.78%
60.9%

39.1%

Percent

63.16%

36.84%

14.29%
85.71%
100%

Percent
45,45%
54,55%

B8.27%
91.73%
100%
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5. TRAIT RECORDING

Milk quantity recording

30.
Milking quantity recording method

Responses Percent
VO 7 63.64%
Weight: 5 45.45%
Flease detail the type of measuring _ 4 269,
tool (meters, jars, buckets):
Total Responded to this question: 11 8.27%
Total who skipped this question: 122 91.73%
Total: 133 100%,

as.
Milking quantity recording method

Response Comments

1 buckets

2 electronic balance

3 Via milking machine computer
4 Bucket

35




5. TRAIT RECORDING

42.

Average lactation length (days)

42,

Average lactation length

responses: |

Total Responded to this question:

Total who skipped this question:

Average lactation length (days)

Response

v 0 N O R W NP

Response Text

15-16 month

280

400

330

200

Not sure ... my department is reproductive technology ...ET and cloning
270-300

12-16 months

3day

60 days depending on the season and the vegetation cover

Total:

vetmedun &

vienna &/
Responses Percer
10 100%
10 7.52%
123 92.48Y
133 100%
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5. TRAIT RECORDING

vetmeduni @

vienna &/
a4, . . .
wanaaveen MIIKING @and suckling
Responses Percent
Milking frem calving: _ 7 70%
Milking after a suckling period: _ 3 30%
Total Responded to this question: 10 7.52%
Total who skipped this question: 123 92.48%
Total: 133 100%
45. Presence of calf during milking
Responses Percent
Present and suckling: _ 7 70%
Present and not suckling: _ 2 20%
Absent: [ 1 10%
Total Responded to this question: i0 7.52%
Total who skipped this question: 123 92.48%
Total: 133 100%
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5. TRAIT RECORDING

Milking and suckling

38
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5. TRAIT RECORDING

Milk composition

47.
Which components are recorded (please tick all that apply)?

Responszes Percent

CUESLITII = 8 88.89%

PO COnte Nt | — 9 100%
Somatic Cell Count: _ 6 66.67%

If other, please specify: | 3 33%

Total Responded to this question: ] 6.77%
Total who skipped this question: 124 93.23%
Total: 133 100%

47.
Which components are recorded (please tick all that apply)?

Response Comments

1 Lactise Content

2 lactose,ash, freez point
3 SNF and lactose

39




5. TRAIT RECORDING
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Udder morphology

48. ls optimal udder morphology (teat position and size, udder depth and attachment) recorded?

Responses Percent
Yes: 5 27.78%
N0 13 72.22%
Total Responded to this question: 18 13.53%
Total who skipped this question: 115 86.47%
Total: 133 100%

40



5. TRAIT RECORDING vetmedun )
. vienna &
50. Are growth traits recorded?
Responses Percent
v 1 61.11%
Total Responded to this question: 18 13.53%
Total who skipped this question: 115 86.47%
Total: 133 100%
50. ?salll Gl A1 e AT
Responses Percent
- 7 77.78%
Total Responded to this question: 9 15.79%
Total who skipped this question: 48 84.21%
Total: 57 100%

41



5. TRAIT RECORDING

Growth traits

vetmedun /&
vienna @

51.
Which growth traits are recorded (please tick all that apply)?

Responses Percent

7 100%

Birth weight:
Weaning weight: 4 57.14%

Weaning age: 4 57.14%

wu

Post weaning weight: 71.43%
Live weight gain: 4 57.14%
If other, please specify: 0 0%
Total Responded to this question: 7 5.26%
Total who skipped this question: 126 94.74%
Total: 133 100%
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5. TRAIT RECORDING

Which traits for the adult size are recorded (please tick all that apply)?

vetmeduni /&
vienna

Responses Percent
Chest girth: | 5 55.56%
HUMP girth: e —— 3 33.33%
Height at withers: | 6 66.67%
Body length: 8 88.89%
Fore limb length: | 4 44.44%
Chest width: | — 3 33.33%
Chest depth: | —— 3 33.33%
Fore hoof circumference: _ 4 44.44%
Head length: | 5 55.56%
Distance between eyes: _ 2 22.22%
Ear length: L 2 22.22%
Neck length: | 4 44.44%
Neck circumference: _ 2 22.22%
Tail length: | 3 33.33%
Thigh circumference: - 1 11.11%
If other, please specify: - 1 11%
Total Responded to this question: 9 6.77%
Total who skipped this question: 124 93.23%

Total: 11338) 100%
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5. TRAIT RECORDING A Y S vetmeduni ¢

Carcass traits

55. Which carcass traits are recorded?

Responses Percent
Pre-slaughter - live weight: _ 3 75%
Pre-slaughter - Othg;slgf:sgfgﬁi:? _ 1 250,
Post-slaughter - Carcass weight: _ 2 50%
Post-sIaL_Jghter_ - Carcass quality _ 1 250,
(e.g. evaluation grids or schemes)*:
Post-slaughter - Sale;télgf?uigf _ 5 50%
Post-slaughter - Meat quzgt\éc()?\.(g);:. _ 5 50%
Post-slaughter - Other trait*: 0 0%
*Please specify thg "Ot_her tra!ts" 0 0%
recorded contained in the list:
Total Responded to this question: B 3.01%
Total who skipped this question: 129 96.99%
Total: 133 100%
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5. TRAIT RECORDING

Wool traits

57. Which traits for the wool quality are recorded?

Fibre diameter:
Colour:

Staple length:

Staple strength:

If other, please specify:

Total Responded to this question:
Total who skipped this question:
Total:

vetmedun: )

vienna &/
Responses Percent
3 60%
3 60%
3 60%
2 40%
0 0%
5 3.76%
128 96.24%
133 100%
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5. TRAIT RECORDING
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Racing traits
59. Which racing traite are recorded?

Responses Percent

Placing: | ———— 3 50%
Best racing fime: | 4 66.67%
Average racing time: _ 4 66.67%
Total earnings: 1 16.67%

If other, please specify: 0 0%

Total Responded to this question: 6 4.51%
Total who skipped this question: 127 95.49%

Total: 133 100%
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5. TRAIT RECORDING

Beauty traits

61. Which beauty traits are recorded?

vetmeauni /s
SR @

L\
N

Responses Percent

Helght: 4 80%
Coat color: 4 80%
Neck: | 3 60%
Head: . 3 60%
Hum D 4 80%
VoS e . 3 60%
Ears: 3 60%
LD — 4 80%
Legs: | 3 60%
Elegance: . 4 80%
If other, please specify: _ 1 20%
Total Responded to this question: by 3.76%

Total who skipped this question: 128 96.24%

Total: 133 100%
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5. TRAIT RECORDING

Behavioural traits

65. Which behavioral traits are recorded?

Reactivity (novelty and fearfulness
tests):

Activity (curiosity tests):

Time to calm down:

If other, please specify:

Total Responded to this question:
Total who skipped this question:
Total:

65. Which behavioral traits are recorded?

Response Comments

1 calf acceptance, adaptability in the milking parlor and easy milk let down in the parlor
2 Male ans female sexual behaviors are recorded only

3 COGNITIVE TRAITS

vetmeduni @&

(e
vienna &/
Responses Percent
5 62.5%
4 50%
5 62.5%
3 37%
8 6.02%
125 93.98%
133 100%
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5. TRAIT RECORDING - vetmedun: )

Female reproduction traits

68. Please provide details about the female reproduction traits that are recorded

Responses Percent

Age at puberty: 9 75%

Pregnancy diagnosts e et u
palpation: 6 20%

Pregnancy diagnosis via laboratory

methods: > 41.67%
Pregnancy ultrasound scanning: _ 5 41.67%
Gestation length: | 10 83.33%
Prenatal losses: _ 6 50%
TWinning: 3 25%
Birth ease: | 5 41.67%
Weight at birth: | 6 50%
Congenital defects at birth: | 4 33.33%
If other, please specify: 0 0%
Total Responded to this question: 12 9.02%
Total who skipped this question: 121 90.98%
Total: 133 100%
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5. TRAIT RECORDING s b vetmedun: @&
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67. Please provide details about the male reproduction traits that are recorded
Responses Percent
Scrotum and testis traits: _ 4 30.77%
age at puberty: | 10
Sexual behavior: | 11 84.62%
Semen traits (in case of Artificial _ o
Insemination): 6 46.15%
If other, please specify: - 1 7%
Total Responded to this question: 13 9.77%
Total who skipped this question: 120 90.23%
Total: 133 100%
67. Please provide details about the male reproduction traits that are recorded
Response Comments
1 the maternal record, especially milk production potential of the parents

50
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5. TRAIT RECORDING

vienna &/
Survival and longevity traits
70. Which survival and longevity traits are recorded?

Responses Percent

Camelid survival at birth: s 6 100%
Camelid survival at weaning: _ 4 66.67%
Camelid survival post weaning: _ 2 33.33%

If other, please specify: 0 0%

Total Responded to this question: 6 4.51%

Total who skipped this question: 127 95.49%

Total: 133 100%
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6. SELECTION

71. Are theie eny afijiciel axlecticn programines?

Responses Percent
ves: 14 17.5%
wo: | 66 82.5%

72. Who runs the selection program?

Responses Percent
Responses: | e 100%
. Total Responded to this question: 12 9.02%
SeIeCtlon programmes Total who skipped this question: 121 90.98%
Total: 133 100%

72. Who runs the selection program?

Response Response Text

1 CBRS

2 Livestock and Veterinary Departments

3 Directorate General of Royal Camel Corps.
4 Other Deaprtments

5 Technical Manager

6 Sheikh and bedu trainer committee

7 African country (e.g. Somalia)

8 Specialists/ vets

9 Local Management

10 scientist from animal breeding discipline
11 Programa de seleccién por tipos de llamas.
12 The owner with the help extension experts



5. TRAIT RECORDING <, h  vetmeduni @

vienna &/

Genomic evaluation?

76. ls there a genetic evaluation of the selected traits?

Responses Percent

Yes: 5 45.45%
N 6 54.55%

T o o 1 et o |
the evaluation?: 7 63.64%

Total Responded to this question: 11 8.27%
Total who skipped this question: 122 91.73%
Total: 133 100%

76. Is there a genetic evaluation of the selected traits?

Response Comments

1 Biotechnology Laboratory

NRC

Our in house Molecular Biology and DNA lab

Not yet

Not yet, but now we are woring on genetic charecterization research

National Research Centre on Camel

~N oo B WM

Fao
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SUMMARY: camels ARE MULTI-PURPOSE

o ™

25 q Hybri camel

c) Dual-purpose camel d) Racing camel e) Bactrian camel
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PHENOTYPING

¥ Relevant phenotypes for production
W Results of the large camelids questionnaire
® Where to go from here...
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Where to go from here

7

W |dentify breeders for developing recording guidelines

B Animal Identification 3" ‘ |
¥ Collaboration with FAO |
m el
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® Evaluate newly measured phenoty a\'lﬂ[
H Initiate first GWAS study(ies) —

- .
Develop genomic tools TS YT

TRANSNATIONAI
VALUE CHAIN
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ICC-GIC

International Camel Consortium for genetic
Improvement and conservati

www.lICC-GIC.weebly.com

>

CC

% INternational
camel consortium
FOR GENETIC IMPROVEMENT & CONSERVATI

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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NEWS CENTER v Overview  Feature Articles  Press Releases  Inthe News  lllumina Images

lllumina Announces Eleventh
Agricultural Greater Good
Initiative Grant Winner

Recipient Focused on Genetics Research of Camels

400 camel
whole
genomes
seguences

58




THANK YOU @ Vet @

B Improvement of livestock
IS always an improvement
for people

B Camels are the most
promising livestock
species for sustainable
utilization

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