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History of Duck Domestication 
• Archaeology of ancient Egypt suggests that duck has been an important food source for

many centuries.

• The earliest reference to domestication of duck is found in the archaeology of the

Western Zhou Dynasty 1046-771 BC.

• In China, force-feeding of ducks is documented from the tenth century, among several

breeds they created was one named shi-chin-ya-tze, which roughly translates to "ten-

pound duck"

• By the middle ages duck was consumed in increasing amounts in Europe, Asia and North

Africa.

• Since the 1690s ducks were farmed in Aylesbury. In the 18th century selective breeding of

white common ducks led to a white domestic duck. ‘Aylesbury ducks’ were reared in

backyards in Buckinghamshire and walked the 40 miles to London to be sold as delicacies

to the wealthy.

• The Pekin duck (a descendant of the mallard) was introduced from China to the USA in the

1870s leading to the establishment of the Long Island Breed by 1886.

Hieroglyphic duck

Wine vessel in the 

form of a duck, China

Prize winning 

Aylesbury duck, 1873



The Pekin Duck in the West
• In 1872, fifteen Pekin ducks were shipped to the USA; nine survived the voyage; five were eaten on arrival in the States,

leaving just four as a founding population for breeding.

• By July 1873, the three hens had laid more than three hundred eggs

• At the same time, the Pekin duck was introduced into the UK. The Pekin was hardier and cheaper to raise than the local
Aylesbury duck. Many breeders switched to the Pekin duck or to Aylesbury-Pekin crosses.

• The success of the US Long Island Pekin duck, meant that by the 1950s it had been imported to many parts of the world
including Europe

Aylesbury
German PekinAmerican Pekin

• The Aylesbury duck is reported to have an unusually large 
keel, and a horizontal stance with its body parallel to the 
ground

• The American Pekin is large and solidly built, with a 
rectangular as seen from the side and is held at about 
40º to the horizontal

• German Pekin was bred to be more upright, and 
generally weigh less than American Pekin. German Pekins 
are show birds and lay far fewer eggs than the American 
Pekin



Types of Ducks

Mallard

Pekin

Muscovy/Barbary 
(Cairina moschata)

Indian Runner

Karkhi cambell

Aylesbury

Anas platyrhynchos

Rouen

Meat Type Egg Type
Anas platyrhynchos

Moulard/Mule 
(Muscovy x Pekin)

Alabio

S.E. Asia:

Philippines: Balut production

Liver Production
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World Production and Consumption

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

3,000,000

1980 2007

World duck production growth

China France Vietnam Thailand Myanmar
Malaysia Korea Indonesia USA Germany
UK Egypt Hungary Bangladesh Phil ippines

• 80% of ducks are produced and eaten in China
• The duck industry grew 6 fold during the last 30 years (10 fold in China) 

Asia
China – 3,300 M
South Korea – 50 M
Vietnam – 36 M
Thailand – 30 M
Malaysia – 15 M
Taiwan – Traditional
Indonesia – Developing industry
Japan – Import

Europe
• Germany – 50 M
• UK – 18 M
• Denmark – 5 M
• Holland – 5 M
• Portugal – 3 M
• Hungary – 15 M
• France < 3 M (Pekin)

China poultry

69%

31%

chicken duck

World poultry

92%

8% • Duck, broiler and traditional chicken breeds have almost equal market 
share of 1/3 each in China

• In the rest of the World, excluding China, duck makes up less than 3% 
of the total poultry consumption
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PS mating
ABxCD

GP mating
AxB CxD

Elite
A B C D

Commercial Duck



Pekin Duck Commercial Improvement
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Current Pekin Genetic Products

Parents
• Age at POL                            - 24 wks
• Lay length                             - 50 wks
• Eggs per female                   - 280 - 295
• Average hatchability           - 84%
• Dayolds per female             - 240

Commercial
• Production age - 36 to 49 days
• Process Weight - 3.0 to 3.9 kg
• Feed efficiency        - 1.75 to 2.29
• Farm losses - 3%
• Processing Rejects  - 2%

UK

France

USA

China



A Typical Poultry Breeding Programme

Growth
- Weight
- Average Daily Gain
- Feed Conversion Rate
- Meat yield 

Reproduction
- Egg number
- Fertility
- Hatchability

Health & Robustness
- Mobility
- Pododermatitis
- Liveability
- Fitness
- Carcass quality

Pedigree 
- Parent/relative records

High Selection Intensity: 1-10% selected 
Calculate genetic potential (EBVs) for multiple selection traits

• Balance performance, reproduction & health characteristics
• Balance selection intensity against inbreeding

PS mating
ABxCD

GP mating
AxB CxD

Elite
A B C D

Commercial Duck

HATCH

HATCH

HATCH

WEIGHT (g)

WEIGHT (g)

WEIGHT (g)

WEIGHT (g)
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Herdbooks
recorded 

A Rough History of Animal 
Breeding

1953:
Crick & 
Watson

1977: DNA 
sequence

1859:
Darwin 

Origin of 
Species

1865:
Mendelian 
Genetics

Theory

Practice

1700s:
Breed the best 
with the best

2004: 
Chicken 

sequence
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The same genes can be affected by 
the environment can give rise to 
different sized ducks.

Quantitative Traits: Duck weight
Individual genes affecting a trait cannot be easily identified.

= 2 = 2

Many genes controlling a single 
trait (e.g. weight) means that 
the same sized duck could be 
produced by many gene 
combinations.

Good environment Poor environment

Genetic 
Potential

Good Env Poor Env

+5/+5 +4/+4 +2/+2

+4/+4 +3/+3 0/0

+3/+3 +2/+2 -1/-1

Environment = Climate, Management, Feed quality, etc.

-2 -2

-1 +5

+5 -3

=2

-2 +2

+2 -1

+3 -2

+4 +4

-1 -2

-2 -1

Genetics = 24
Trait =18

Genetic =24
Trait = 2



Feed Conversion Ratio

Feed Intake 
Growth

Muscle 
growth

Maintenance

Growth 
Rate

Bone 
development

Fat 
deposition

Fat:muscle
proportion

Temperature 
regulation

Energy 
expenditure

Immune 
system

Digestion 
efficiency

Feed intake

Movement

Cell turn 
over

Digestive 
tract length

Gizzard size

Growth 
curve

Age at point 
of inflection

Villi surface 
area

Digestive 
enzymes

Feed 
wastage

Appetite

Behaviour

Physiology 
(beak shape)

Feed 
quality

Temperature 

Feed Hopper 
type

Temperature

Feed 
Composition

A Quantitative Trait

Phenotype = Genotype + Environment
Trait            =     Genes    + Management
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Herdbooks
recorded 

A Rough History of Animal 
Breeding

1953:
Crick & 
Watson

1977: DNA 
sequence

1980:
BLUP used for 

selective 
breeding

1980s: QTL 
mapping

2001: 
Genomic 
Selection 
proposed

1950:
BLUP proposed 
for estimated 

breeding values

2004: 
Chicken 

sequence

2012: Genomic 
Selection in 

Chicken

1859:
Darwin 

Origin of 
Species

1865:
Mendelian 
Genetics

Theory

Practice

Estimated 
Breeding 

Values

QTL: Quantitative Trait Loci - a section on DNA that 
correlates with variation in a quantitative trait

BLUP: Best Linear Unbiassed prediction  - a 
technique for estimating genetic merits
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Learning From Broilers

Subjective Gait scoring

n=6-30
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Understanding Duck Gait
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Linkage maps in Ducks



• 10 QTL for six carcass and two meat traits
• Explain 3.3 – 17.7 % variation
• QTL confidence intervals 23cM to 204cM

QTL in Ducks 

• 20 QTL for eight body weight and six 
conformation traits

• Explain 5.9 – 7.9 % variation
• QTL confidence intervals 70cM – 257cM

Cluster of QTL on CAU2 & CAU4

• Cross between high body weight and high egg number



Marker Assisted Selection (MAS)
• Selection of chromosome region using markers linked to selection traits
• Markers are not the cause, but are linked to the phenotype
• Recombination over generations breaks down the link between the markers and traits
• Relationship between marker and trait tend to be population specific: i.e. may only hold in one pure line
• Negative correlations with other traits    

Candidate gene selection
• Remove unwanted genotypes e.g. feather pigmentation

QTL mapping and breeding programmes
• Linkage maps & QTL mapping experiments usually involve diverse crosses (meat x egg)

- QTL unlikely to be segregating in pure or commercial lines
• Limitation in fully informative markers

- AFLPs present/absent, rarer SSRs are codominant
• Poor distribution of markers

- Large, uneven gaps in linkage maps
• Large confidence intervals mean recombination over generations break down the linkage between the 

trait and the markers  



A1 +Gene

A1 +Gene

A2 -Gene

A2 -Gene

40 g

20 g

40%

A1

A1 -Gene

-Gene
20 g

10%

A2

A2 -Gene

-Gene

40 g

10%

40%

36g

24g

MAS: link between Marker and Trait

The greater the distance 
between the marker and the 
gene the more the effect of 
the gene is underestimated.

Recombination

More Markers Required



Sequencing 

First generation of sequencing technology is based on the chain termination 
method developed by Sanger and Coulson in 1975 or the chemical method (chain 
degradation) invented by Maxam and Gulbert during 1976 and 1977.

Second generation of sequencing technology was born symbolized by Roche’s 
454 technology, Illumina’s Solexa, Hiseq technology, and ABI’s Solid technology.

The turn-around time of the second generation sequencing technology to 
complete a human genome project can just be one week, while that using the 
first generation sequencing technology to achieve the same goal is three years

The most widely used third generation technology is probably the single 
molecule real time (SMRT) platform from Pacific Biosciences. During SMRT runs 
DNA polymerisation occurs in arrays of microfabricated nanostructures called 
zero-mode waveguides (ZMWs), which are essentially tiny holes in a metallic film 
covering a chip.



Cost of Sequencing 



Chicken SNP arrays

20142013201220112010200920082007200620052004

6,000 
SNPs 

3,000 
SNPs

12,000 
SNPs

600,000 
SNPs

60,000 
SNPs

42,000 
SNPs

Draft 
Chicken 
genome

2.8 M SNPs 
(commercial 

broilers & layers)
Public and privately (Industry) owned 
SNP arrays for broilers and layers. 

Sequence improvements



Duck Sequence
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Chromosome

Released Nov 2018
29 autosomes
1 sex chrom (Z)
Scaffold N50 = 76.1 Mb
2,119 unplaced scaffolds

2013

Single Female Pekin Duck Sequenced

Most Recent Sequence is 50 fold improvement
(Pekin, layer & wild duck)

Moscovy Sequence of similar quality as the Pekin sequence
Cairina moschata genome from Thébault et al. 2019
28 autosomes
1 sex chrom (Z)
1,922 scaffolds not aligned to reference genome 



Polymorphic Loci 18.7 M

Quality filters (Phred score) 14.7 M

Biallelic 7.8 M

Minor Allele Frequency >0.25 2.5 M

Suitable for genotyping platform 
(no SNPs +/- 70 bp)

1.8 M

UK Pekin Lines

*Common 
Duck

Muscovy
Duck

Polymorphic Loci 23.6 M 9.2 M

Suitable for genotyping platform 
(no indels +/- 50 bp)

12.6 M 6.2 M

Suitable for genotyping platform 
(no SNPs +/- 35 bp)

8.1 M 4.5 M

Quality Filter
(unique alignment to reference 
genome)

2.2 M 2.0 M

Minor Allele Frequency >0.05 2.2 M 1.9 M

French: Common & Muscovy

SNP identification in Duck

* Grimaud Frères Sélection, Orvia Gourmaud Sélection,
Experimental lines from INRA, Mallard breed used as game bird,
Rouen duck 



Duck SNP arrays

Common duck library
343,950 SNPs

Muscovy duck library
331,241 SNPs

Both libraries
673,886 SNPs
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• 37 associations for 17 carcass traits 
• ATP11A also associated with body weight and internal organ 

weight in chickens.
• This gene may be involved in basic growth and development 

processes,

Genome Wide Association Studies in Ducks



In Humans 1.5% of the genome consists of the ≈20,000 
protein-coding sequences.
26% Introns (non coding regions within a gene sequence)
40-50% Transposable elements (Long interspersed 
nuclear elements, Short Interspersed Nuclear elements, 
defunct genomic remnants)
8%Heterochromatin – tightly packed DNA which may affect 
the transcription of genes near by.

Coding and Non coding DNA



Genomic Selection: Dairy versus Poultry

• Poultry already have short generation times
• Very large numbers of selection candidates and high selection intensities
• Selection carried out on pure lines that each feed down to make up 25% of the commercial birds
• In diary, semen is collected in large volumes and can be frozen and stored
• Poultry has no pedigree information on commercial descendants of the pure lines

Costs of genotyping:
42k SNP chip and 60k SNP chip cost US$200 per sample

600k SNP chip costs US$250 per sample
(Wolc et al. 2016)

The cost of genotyping per SNP is reducing, but the cost 
per sample is not.  

PS mating
ABxCD

GP mating
AxB CxD

Elite
A B C D

Commercial Duck



X X

X

Breeding Value Accuracy

Without phenotype data, all siblings 
are assumed to be the same. 

Assume all progeny 
are 25% similar to 
each grandparent 



X X

X

Breeding Value Accuracy

Genotype data shows different 
‘relatedness’ between siblings



Increased Accuracy in Poultry Breeding Values

Trait Improvement in 
Breeding Value 

Accuracy
Fertility 20%
Egg Production 45%
Feed intake 50%
Body Weight 50%
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Nei and Li metric
Group Average method
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• Sires and dams are “married up” in pedigree nests based on their genetic potential and relationship
• Eggs are labelled and tracked through the hatchery
• Each chick is sexed and given a unique ID that relates to its parentage

Pedigree Tracking and Recording 



!"#$%&"'"(")&#$%&*"
+"(",-#./0$1/-0*

(",-#./0$1/-0*"'"2("3&0*"
+"452",-#./0$1/-0*

4"#$%&"'"6")&#$%&*"
+""!2",-#./0$1/-0*

!2",-#./0$1/-0*"'"74"3&0*"
+"5!4",-#./0$1/-0*

("#$%&"'"!2")&#$%&*"
+""2(",-#./0$1/-0*

2(",-#./0$1/-0*"'"!2"3&0*"
+"!84(",-#./0$1/-0*

!"#$%#&'%()&$*+%)&,-#%&,".*($&/-,0*(".*-()

9&:/;<&&
3&0*

=#$%%
3&0*

>&:/?#
3&0*

@$<;&
3&0*

>$%&*"3&<"3&0 ! ( 74 2(
A&#$%&*"3&<"3&0 ( !2 !46 452
B?#.&<"-)"3&0* 2( !2 4 !
9-1&01/$%"C-#./0$1/-0* 452 !D84( 6D!E4 !2D76(

FG&"$,1?$%"0?#.&<"-)"3$/</0;*"H/%%"
.&"%&**"1G$0"1G&"3-1&01/$%"0?#.&<"
$0:"H/%%".&":&3&0:$01"-0"#$1/0;"
.&G$I/-?<J



!""#$%&'(

)*+,- ./0,-
!" #$%&'()*+
," -.$)/'/01)23&)4**5

60!7708 9770:;<(

<.=3+>.&0?(()@+/3+>



!"#$%&'()&#)*+',)-.""*&#/)

0+12&34)5$#3.$2
! !"#$%&'()*&+",
! !"#$%&'()-&$#,

678)9:&#/".);.&#3&#/<)
! .%+/&$)0+)*&+")&"#$%&'&1/%&0$
! 2,,#,,&$3)3#$#%&1)"&4#+,&%()/$")&$*+##"&$3
! 5#"&3+##)%+/16&$3
! 7#89&+#,):;<=;;)>?2)@/+6#+,

=*"#3&>4)?"*&/."")*+',(@
! !$1+#/,#")'#+%&-&%(AB/%1B/*&-&%(
! !$1+#/,#")3#$#%&1)"&4#+,&%()<C),#-#1%&0$)D0%#$%&/-)
! !@D+04#")D#+1#&4#")E#-'/+#
! !@D+04#"),D/1#)9,/3#
! FG%#$"#")+#D+0"91%&4#)"/%/
! 7#"91%&0$)&$)#++0+,
! H#%%#+)+#-/%&0$,B&D)"/%/)'0+)$#E),%+/&$,
! 2)'0+@)0')D#"&3+##),#19+&%(

8(("(()/"#"3&')*&A".(&34@
! 5+#"&1%)3#$#%&1A,#-#1%&0$)D0%#$%&/-
! 2,,#,,)B(*+&")4&309+)D0%#$%&/-
! !$'0+@)"#1&,&0$,)/*09%)"#4#-0D@#$%/-),%+/&$,
! I0$&%0+)&$*+##"&$3)"9+&$3),#-#1%&0$
! J9/+")/3/&$,%)+#D+0"91%&4#)&,,9#,)/$")
&$*+##"&$3)"#D+#,,&0$

! 2,,#,,)#G%#+$/-)3#$#%&1)+#,09+1#,

A1
A3
A8
A2
A4
A10
A6
A9
A5
A7
C1
C2
C3
C8
C5
C9
C4
C7
C6
B1
B10
B5
B3
B6
B4
B8
B9
B2
B7

510152025303540455055

IDna Genetics tool 0,1 (C) IDna 2004, 2005, 2009
Data drawn from data fi le : 
file:C:\Users\owner\Documents\Projects\16M0081_Ducks\/16M0081_data.txt
Nei and Li metric
Group Average method
29 samples,  130 alleles derived from 23 loci.
the 18th May 2016 at 15h01 

C
A
U
D
0
1
3

C
A
U
D
0
4
4

C
A
U
D
0
2
6

A
M
U
0
6
0

A
P
H
0
4

A
P
H
2
3

C
A
U
D
1
1
3

C
A
U
D
0
7
5

C
A
U
D
0
5
7

B
c
a
u
1
0

C
m
A
A
T
3
8

C
A
U
D
0
2
3

C
A
U
D
1
2
8

A
P
H
0
7

C
A
U
D
0
9
7

C
A
U
D
1
1
7

A
P
H
0
9

C
A
U
D
0
4
1

C
A
U
D
0
9
1

C
A
U
D
0
0
4

C
A
U
D
0
4
9

C
A
U
D
0
3
7

C
A
U
D
0
3
8

Most common allele

Least common allele
Missing data

:)@/-#)G)K)'#@/-#,)G)K)D#$,
L):M)10@*&$/%&0$,

K)@/-#)G):M)'#@/-#,)G):)D#$,)
L)MK)10@*&$/%&0$,



Mating dominance Networks
Mating Behaviour
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