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Comb variations



Feather variations



Egg variations



The Silkie



Traditional Chinese soup made with Silkie



Ten appearance characters in small type 

white and black Silkie chicken lines



Genome-wide SNP-trait association 

test results 

Dorshorst B, Okimoto R, Ashwell C. J Hered. 2010 May-Jun;101(3):339-50. Epub 2010 Jan 11.



Silkie traits under studies

� Hyperpigmentation � Ptilopody

� Polydactyly

� Silkieness



Biological meanings of traits

� Hyperpigmentation
� The hyperpigmentation

phenotype of the Silkie 
chicken is believed to be 
caused by an abnormal 
migration and proliferation 
of neural crest cells, the 

� Polydactyly
� The preaxial polydactyly

phenotype of the Silkie chicken 
is believed to be caused by a 
mutation within the cis-
regulatory region of a 
morphogen, causing ectopic 
expression of the morphogen in of neural crest cells, the 

multipotent precursors of 
the melanocyte, in the 
developing embryo.

� This mutation may help 
understanding the molecular 
mechanism of cell migration 
and proliferation during 
embryonic development.

expression of the morphogen in 
the Silkie limb bud resulting in 
the formation of a fifth more 
anterior digit. 

� The use of this mutation may 
be beneficial in examining the 
interaction between  
transcription factor and cis-
regulatory region.



Biological meanings of traits

� Silkieness
� The silkie feathering trait 

also referred to as hookless
is known to be directed by a 
lack of barbicel formation on 
the highly branched 
structure of the feather and 

� Ptilopody
� The Silkie breed displays 

ptilopody (Pti), a phenotype 
characterized by feathers 
present on the shank, feet, 
and toes.

� The use of this structure of the feather and 
is inherited as an autosomal
recessive trait.

� This mutation may help to 
untangle the developmental 
mechanisms and signaling 
chain in the development of 
feathers.

� The use of this 
developmental mutant may 
prove beneficial in examining 
the cellular and genetic 
mechanisms underlying 
feather origin and evolution.



Experimental schemes I

� Mapping causative genes and mutations

� Whole genome resequencing using the next 
generation sequencer.

Genotyping F2 individuals from a cross � Genotyping F2 individuals from a cross 
between the silkie chikens and Taiwanese 
native chickens (L2).

� Population association studies of mutations 
and traits using different breeds of chickens.



Experimental schemes II

� Validating causative genes and mutations

� Real-time quantitative PCR to quantify gene 
expression differences.

� In situ hybridizations to detect spatially � In situ hybridizations to detect spatially 
and/or temporally gene expression 
differences.

� Functional validations of causative genes 
and mutations using a retrovirus transgenic 
system (RCAS).



Purposes of whole genome 

resequencing

� Collecting SNPs that is efficient and cost-effective for 
the identification of genes controlling important traits.

� Identifying mutations that produce phenotypes.

� Idenrifying mutations that occurred during 
domestication.domestication.

� Identifying a large variety of structural variations (e.g., 
chromosomal rearrangement, large scale indel, copy 
number variation, etc.) generated during 
domestication.



Illustrations of paired-end mapping (PEM)

signatures

Medvedev P, Stanciu M, Brudno M.Nat Methods. 2009 Nov;6(11 Suppl):S13-20.



Sequence and comparative analysis of the chicken 

genome provide unique perspectives on vertebrate 

evolution

International Chicken Genome Sequencing Consortium. Nature. 2004 Dec 9;432(7018):695-716.



A physical map of the chicken 

genome

Wallis JW, et al. Nature. 2004 Dec 9;432(7018):761-4.



Wong GK, et al. Nature. 2004 Dec 9;432(7018):717-22.



Rubin CJ,  et al. Nature. 2010 Mar 25;464(7288):587-91. Epub 2010 Mar 10.



Our preliminary resultsOur preliminary results



Overview of the red junglefowl genome 

Sanger sequence Gallus_gallus-
2.1

Average read length 979 bp

Q20 base coverage 7.1X

Contig count 85,191 

Total length 1,047,124,295 bpTotal length 1,047,124,295 bp

Contig (> 1k bp) counts 71,608

N50 contig length: 45,280 bp

Supercontig counts 23,776

Suppercontig (> 1k bp) counts 16,707 

N50 suppercontig length: 11,125,310 bp

Total length including gaps 1,100,480,441 bp

NN…NN NN..…NN

Source: http://genome.ucsc.edu/cgi-
bin/hgTracks?hgsid=182821253&chromInfoPage=From Alang Fan



Distribution of gaps in the red 

junglefowl genome 

Silkie sequencing might refine 
current chicken genome

1. Closing gaps
2. Reducing total number of 
suppercontigsuppercontig

Close gaps Reduce the size of gaps

From Alang Fan



Preliminary assembly

Solexa de novo assembly

Total reads 125,172,455

Total bases 30G

Fold coverage ~30X

Contig number 203,449Contig number 203,449

Total length 932 626 362

Average length 4,623

N50 & N90 11,025 & 2,315

Largest contig 152,185

>500 Contig# 149,693

>500 Total len. 922,110 ,011
From Alang Fan



De novo assembly

Gallus_gallus
(Sanger 

sequencing )

Silkie
(Solexa PE 
sequenceing)

coverage 7.1X 17.5X

Contig count 85,191 203,449

Total length 1,047,124,295 bp 940,585,818 bpTotal length 1,047,124,295 bp 940,585,818 bp

Contig (L>1k ) counts 71,608 131,157

% of assembly (L>1k) NA 97.41%

N50 of contig length 45,280 bp 11,225 bp

Supercontig counts 23,776 NA

Suppercontig (L>1k ) counts 16,707 NA

In remapping process, 975,156,564 of bases have reads covered.

From Alang Fan



Remapping and calling SNP 

Mapping tool BWA

Trimmed reads 17.37 G

Coverage
region

975,156,564

Depth 17.8097

SNP homozygous heterozygous

Total 3,060,828 2,549,218

Exon region TBD TBD

Coding region TBD TBD

Depth 17.8097

From Alang Fan



SNP calling

• Remapping good PE read onto reference genome

• Comparative Silkie’s SNP 
with close related 
species.

Nature. 2010 Mar 25;464(7288):587-
91. Epub 2010 Mar 10.
Whole-genome resequencing
reveals loci under selection 
during chicken domestication.
Rubin CJ et.al.

species.

From Alang Fan



Result of SNP

chicken poolSilkie
2,049,098

5,610,046 7,453,845

3,560,948 5,404,747

5,610,046

2,549,218

heterozygous

Chicken pool: SNP calling was performed 
for each chicken breed individually, for 
selected pools of breeds, and for all 
breeds combined.

From Alang Fan



Current and future directions

� To refine the existing chicken genome.

� To provide a deep characterization of chicken 
genome sequence variation as a foundation for 
investigating the relationship between genotype and 
phenotype.phenotype.

� To inform association and functional studies.

� To test whether selection for loss-of-function 
mutations has had a prominent role in chicken 
domestication.

� To identify other signatures of domestication.
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