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Reconstruction of Metabolic Pathway for the Chicken Genome
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ABSTRACT Chicken is an important livestock as a valuable biomedical model as well as food for human, and there is a strong
rationale for improving our understanding on metabolism and physiology of this organism. The first draft of chicken genome assem-
bly was released in 2004, which enables elaboration on the linkage between genetic and metabolic traits of chicken. The objectives
of this study were thus to reconstruct metabolic pathway of the chicken genome and to construct a chicken specific pathway genome
database (PGDB). We developed a comprehensive genome database for chicken by integrating all the known annotations for chicken
genes and proteins using a pipeline written in Perl. Based on the comprehensive genome annotations, metabolic pathways of the
chicken genome were reconstructed using the PathoLogic algorithm in Pathway Tools software. We identified a total of 212 me-
tabolic pathways, 2,709 enzymes, 71 transporters, 1,698 enzymatic reactions, 8 transport reactions, and 1,360 compounds in the
current chicken genome build, Gallus gallus-2.1. Comparative metabolic analysis with the human, mouse and cattle genomes re-
vealed that core metabolic pathways are highly conserved in the chicken genome. It was indicated the quality of assembly and anno-
tations of the chicken genome need to be improved and more researches are required for improving our understanding on function
of genes and metabolic pathways of avian species. We conclude that the chicken PGDB is useful for studies on avian and chicken
metabolism and provides a platform for comparative genomic and metabolic analysis of animal biology and biomedicine.
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NCBI Gallus_gallus-2.1
reference genome
(A total of 19,679 genes)

By mapping cross-referenced
UniProt accessions

UniProt release 2010 08
(A total of 8,326 protein
accessions for the

chicken genome)

Chicken genome database with
UniProt annotations integrated

for 1,124 genes

KEGG releaseg 55.0

(A total of 925 E.C.
numbers for the
chicken genome)

By mapping cross-referenced
gene IDs

Comprehensive chicken genome
database with KEGG annotations
integrated for 2,593 genes

Reconstruction of metabolic
pathways using Pathway Tools

Fig. 1. Scheme of developing a comprehensive chicken genome database using the pipeline and metabolic reconstruction for the chicken

genome.
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Table 1. Comparison of selected organism-specific pathway ge-
nome databases (PGDB)

Database statistics Chicken Human' Mouse™ Cattle
Metabolic pathways 212 285 224 298
Enzymatic reactions 1,698 1,598 1,686 2,040
Enzymes 2,709 2,821 11,101 4,116
Compounds 1,360 1,115 1,140 1,529

Pathway holes
Number of Pathway holes 215 370 192 260

Percentage* 30% 44% 27% 26%
Pathway with No Holes 121 116 134 179
Pathways with 1 Hole 47 64 40 53
Pathways with 2 Holes 23 49 22 28
Pathways with 3 Holes 7 20 10 9
Pathways with 4 Holes 3 11 7 10
Pathways with 5 Holes 2 8 3 5
Pathways with >5 Holes 9 17 8 14
Total Pathway with Holes 91 169 90 119

*Pathway holes as percentage of total reactions in pathways.
' MouseCyc 1.36.

' HumanCyc 13.5,
tation®] =7} Aol HlE] BoAAS & 4 AtKTable 1).
k% ot A4 assembly 2 annotation] A& Eo|= I
manual curationS E3le] F5E B 5<| PGDB2| pathway
holes &l 20| a3t oz AlgHrh
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T5E Ho] tA A2E 7] Ixd
BE 9 AZ A 40 A A=) vl A sk
At AF, weol dixb A2 HwE o, S|k EX)sk=
5ol At F== 657ieH, At B3 22 10370, 66
N THFig. 2). S AR T 23Xt 5 tiAF A== 13070 9]
), H3 AH 9 A5 106702 A BE=7F 23ka, o, AL
, *33‘494 & A A== 897 = UEFTHFig. 2). ©]
Z 2] Atol= AA| AL A Re| Atolelr] Hik= 7t |
O]Ei o) 27t FEE = oAl el Aol A 71Q1g Ao
2 Hlt} Seo and Lewin(2009)2] A9} AFHe] AL 74 2 H]
wollA] vreRd bk} o] dlo|EHo] 27} FEE = 3ol

AL e oAl

2] manual curation %

go) Holst ATARE ApAolx| ke

Chicken
212)
Mouse Human
224) (285)

Fig. 2. Comparison of constructed metabolic pathways among the
chicken, mouse and human genomes. Numbers of meta-
bolic pathways, shared by chicken, HumanCyc 13.5 and
MouseCyc 1.36. The numbers in parentheses are the total

number of pathways in the corresponding databases.
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Fig. 3. Comparison of constructed metabolic pathways between
the chicken and cattle genomes. Numbers of metabolic
pathways, shared by chicken and cattle. The numbers in
parentheses are the total number of pathways in the cor-

responding databases.
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Table 2. List of the ten chicken pathways not found in the cattle metabolic reconstruction

Pathway Status

Comment

B -alanine biosynthesis V Missing in Cattle

The enzymatic reaction, 1.5.3.- was not annotated for SMOX in the
cattle database.

2-amino-3-carboxymuconate semial- L
. Missing in Cattle
dehyde degradation to glutaryl-CoA

Omitted in the cattle metabolic reconstruction because it is redundant

with ‘tryptophan degradation III (eukaryotic) mammals’.

Dolichol and dolichyl phosphate L
Missing in Cattle

Dehydrodolichyl diphospahte synthase reaction was not annotated in

the cattle genome. Nonetheless, there is no strong evidence of pre-

biosynthesis . . .
sence or absence of this pathway in chicken.
. . o It is annotated as ‘alanine biosynthesis’ pathway in the cattle database
Alanine degradation III Missing in Cattle
(redundant pathway).
. ) . L Omitted in the cattle metabolic reconstruction because it is redundant
Putrescine biosynthesis III Missing in Cattle

with ‘putrescine biosynthesis IV’

Tryptophan degradation to 2-amino- L.
. Missing in Cattle
3-carboxymuconate semialdehyde

Omitted in the cattle metabolic reconstruction because it is redundant

with ‘tryptophan degradation Il (eukaryotic) mammals’.

3 -carboline biosynthesis False-positive It is a plant pathway and not present in human, mouse, or cattle.
Cardiolipin biosynthesis II False-positive It is a bacterial pathway and not present in human, mouse, or cattle.
Methionine biosynthesis [V False-positive Methionine is not synthesized in chicken.

Oleate /3 -oxidation False-positive

It is a bacterial pathway and not present in human, mouse, or cattle.
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