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INTRODUCTION 
Several genomic regions harboring QTLs for different traits have been identified in chicken in 
a number of ongoing QTL studies performed by our group. The traits under study are related to 
growth, disease resistance and behavior. In order to be able to identify the genes controlling the 
traits under study, detailed information on the presence of genes in a QTL region as well as 
knowledge on the precise gene order is needed. Until now the number of genes for which the 
exact localization on chicken chromosomes is known is still limited (Schmid et al., 2000 ; 
Groenen et al., 2000). To increase the number genes placed on the chicken map our group has 
been involved in comparative mapping approaches. Initially comparative mapping between the 
human and chicken genome has revealed striking conservation of synteny between these two 
genomes as based on low-resolution comparative maps (Burt et al., 1999). However 
subsequent, more detailed analysis revealed that multiple inter- and intra-chromosomal 
rearrangements must have occurred to explain the differences in gene orders between human 
and chicken. Many of the syntenically homologous regions are interrupted by insertions, 
transpositions, deletions, inversions and other types of rearrangements (Carver and Stubbs, 
1997 ; Crooijmans et al., 2001). 
Currently, initiatives are undertaken aimed at obtaining the complete DNA sequence of the 
chicken genome, and obviously the ongoing studies would profit from having the complete 
chicken DNA sequence available. However before a complete and annotated genomic chicken 
sequence will be available a lot of labor needs to be done. Therefore we are concentrating on a 
number of selected, specific genomic regions of interest. The object is to try and place more 
genes on the map and to create as much BAC contigs as possible using STS content mapping 
and chromosome walking. In this way detailed knowledge on the presence of genes in a 
particular chromosomal regions is accumulated. (Crooijmans et al., 2001 ; Buitenhuis et al., 
2002 in press and Jennen et al., 2002 in press). 
The overall goal is to use the Wageningen BAC Library (Crooijmans et al., 2000) for the 
development of a BAC contig map of the complete chicken genome. Two different approaches 
are being used to obtain this goal : (1) Fingerprinting of all 50.000 BACs using HindIII 
digestion, (2) STS content mapping / chromosome walking of QTL regions on a selected 
number of (micro) chromosomes. Until now we have provided the necessary anchor points 
towards the genetic and linkage maps, by isolating BACs from markers located at 10 cM 
intervals along all chromosomes or un-assigned linkage groups.   
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MATERIAL AND METHODS 
BAC fingerprinting. BAC clones are grown for 24 hours at 37oC in 96-well plates in 1,2 ml 
YT medium plus chloramphenicol (12.5 µg/ml). BAC DNA is isolated by a Birnboim 
procedure optimized for BACs, using centrifugation of 96-well plates to make cleared lysate 
and DNA precipitation. After a final 70 % Ethanol wash the BAC DNA is dissolved 30 µl TE 
solution and stored frozen (at -20 oC) until use. DNA is digested with HindIII (20 Units) for 3 
hours at 37oC (total volume 10µl), digestion is stopped by adding 2 µl 1 % SDS and heat 
inactivation for 20 minutes at 65 oC. After adding of loading buffer the samples are loaded on a 
1 % agarose gel (Seakem LA). The agarose gel is run for 14 hours at constant temperature (14 

oC), stained with CYBR green 1 and scanned with the Biorad fluorimager FX-Pro at 488 nm. 
The gel images are analyzed within the IMAGE program and the results are used for the 
construction of contigs within the FPC program. Finally, all data concerning BAC contigs are 
stored within ChickAce, our local Acedb platform database (see for further information at 
http://www.zod.wau.nl/abg/). 
BAC STS design and end sequencing. Screening of the BAC library, BAC-end sequencing, 
STS development and sample sequencing were performed as described in detail previously 
(Crooijmans et al., 2000 ; Crooijmans et al., 2001). In brief the BAC library is screened by 
two-dimensional PCR (Crooijmans et al., 2000). BACs positive for the marker tested (i.e. 
microsatellite, gene or STS) is BAC-end sequenced and new STS markers are made on the 
obtained sequence. The STS is re-tested on the BACs belonging to the contig to check the 
orientation of the BAC end sequences. For chromosome walking STS markers extending 
outward of the group are tested again on the whole BAC library by two-dimensional PCR. 
Sequencing is performed with Big Dye Terminator (Perkin-Elmer) using M13 forward or M13 
reverse sequence primer on REAL Prep 96 plasmid kit (Qiagen) purified BAC DNA by PCR 
amplification as described by Crooijmans et al. (2000). Sequences were analyzed on 4.75 % 
Long Ranger Gel (FMC) on an automated ABI377 sequencer (Perkin-Elmer). 
 
RESULTS AND DISCUSSION 
Map integration. To get integration of the chicken linkage map, the cytogenetic map and a 
BAC contig map at first BAC clones were isolated for 334 loci that are distributed at 10 cM 
intervals along the different chromosomes and linkage groups, not assigned to a specific 
chromosome yet. These BACs provide the necessary anchor points towards the genetic and 
linkage maps. Also they will function as bridge for the BAC contig map that will be produced 
by fingerprinting. Some of these BACs were used as FISH marker for the integration of the 
linkage maps with the cytogenetic map. Currently, 26 linkage groups have been assigned to a 
specific chromosome (GGA1-GGA19, GGA23, GGA24, GGA26-GGA28, GGAZ and 
GGAW) (Schmid et al., 2000). 
BAC contig development. BAC contigs have being constructed for 6 QTL regions, using STS 
content mapping and chromosomal walking. Genes within the contigs were identified by 
sample sequencing of the BACs and by PCR with gene-specific primers. In table 1 an overview 
of the number of isolated BACs is presented as well as the genes identified in the contigs after 
sample sequencing.  
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Table 1. Summary of BACs isolated from the Wageningen BAC library 
 

Chromosome  Size  BACs STS Genes Coverage Human  
               (cM)  
GGA8 (qtel) 30 137 72 10 20 % HSA1  
GGA10  120 892 453 126 70 % HSA15  
GGA13  74 188 65 21 18 % HSA5  
GGA15  71 223 122 13 25 % HSA22  
GGA24  58 166 69 22 20 % HSA11  
GGA28  75 187 101 23 20 % HSA19  
Total Genome 4000 2638   8 %   

 
Figure 1. The BAC contig around microsatellite marker MCW0194, including the 
identified chicken genes. The contig spans 2.5Mb of chicken DNA. Gene locations in 
human in Mb according to Homo sapiens genome viewer build 22 
(www.ncbi.nlm.nih.gov). BAC clones are not drawn to scale : arrows at the end of a BAC 
clone indicate the development of an STS marker that was used for chromosome walking 
 
Comparative mapping is a powerful tool, to utilize knowledge of species with detailed mapping 
information, such as man and mouse, to improve the maps of species with less well developed 
maps like chicken. The results, summarized in table 1, show that the use of comparative 
mapping is successful to improve the chicken map. An important conclusion is that high gene 
densities are needed in comparative mapping in order not to miss inter- and intra-chromosomal 
rearrangements. The comparative mapping results between chicken BAC contigs and the 
human sequence map have identified multiple rearrangements. Generally, genomic fragments 
with conserved gene order between chicken and human are in the size range of 0.5- 5 cM (0.2-
2 Mb) (Crooijmans et al., 2001). Availability of a complete physical map e.g. by BAC contigs 
(or the complete sequence) will likely show how extensive the re-shuffling of the 
chromosomes in chicken as compared to human has been. An example of a BAC contig on 
GGA10 illustrating the points mentioned is shown in figure1. 
 
BAC contig creation by fingerprinting. Currently initiatives are undertaken in the USA, 
China and UK to sequence the genome of the chicken. The general idea is to perform whole-
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genome shotgun sequencing at 6-fold coverage and then to assemble the complete sequence by 
alignment with end-sequences of BACs in a comprehensive contig map. The development of a 
BAC contig map will be an invaluable tool in the assembly of complete sequence of the 
chicken genome. Since we have been involved in generating a detailed linkage map in chicken 
(Groenen et al., 2000 ; Schmid et al., 2000) we are currently in the process of creating BAC 
contigs for the Wageningen BAC library. An initial step has been the map integration of mostly 
anonymous markers on the genetic map as described above. This resulted in the identification 
of an array of BACs with know chromosomal locations. Now we are concentrating on making 
BAC contigs for the whole genome. All 50 000 BAC clones of the Wageningen BAC library 
are being used for fingerprinting to generate a BAC contig map of the complete chicken 
genome. HindIII digests of the BACs are run on a 1 % Agarose gel in a standardized way. Gels 
are stained with CYBR green and gel images are digitized. The current maximum processing 
capacity for the fingerprinting is 768 clones / day i.e. eight 96-well plates per day. The aim is 
to complete the BAC contig within the next few months. All information on BACs, loci and 
contigs is integrated with linkage and cytogenetic data and stored in our ChickAce database. 
After obtaining the BAC contigs it is anticipated that there will be a substantial number of 
holes between the contigs. The expected number of contigs is over 2000. BAC-end sequencing 
of the BACs at both end of contigs (and eventually all BACs) will provide the necessary 
reference points to help assemble the complete chicken genome sequence. 
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