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INTRODUCTION 
Studies of genome organization are important for understanding how genomes function and 
evolve. Highly repetitive satellite DNA has been suggested to be involved in maintaining the 
fluidity of genome constituents (Lee et al., 1997). The highly repetitive DNA sequences 
comprise approximately 15 % of the chicken (Gallus gallus domesticus) genome and reside on 
39 pairs of chromosomes (Auer et al., 1987). There are three well characterized highly repetitive 
DNA families : XhoI/EcoRI families and Centromere Nuclear Membrane (CNM) family. XhoI 
repetitive family consists of major repeating units of 0.7 Kb and 1.1 Kb, and occupies a large 
pericentric region of the W chromosome. EcoRI repetitive family repeating unit is 1.2 Kb 
distributed in two separate domains on the W chromosome (Saitoh et al., 1992). CNM family is 
the most abundant comprising 10 % of the chicken genome predominantly located on the 
microchromosomes (Kodama et al., 1987). All three repetitive DNA families share the same 
basic unit sequence structure : clusters of T (3-5) and A (3-5) separated by 6-7 GC rich sequences. 
Partially Inverted Repetitive family (PIR) is a novel highly repetitive family recently 
characterized from the chicken genome by our laboratory (Wang et al., 2002). Our previous 
study demonstrated that PIR is chicken species specific and located on the chromosome 8, 
constituting about 0.3 % of the genome. Here, we report the characterization of the repeating unit 
of this family and investigate its potential usefulness for the evaluation of genome genetic 
homozygosity in the chicken. 
 
MATERIALS AND METHODS 
Blood samples of male and female chickens (Gallus gallus domesticus) were obtained from 
South China Agricultural University. The high molecular DNA was prepared according the 
modified method as previously described by Wang et al. (2002). Chicken genomic DNA library 
was bought from Clontech. (U.S.A.). Library screening and molecular cloning procedures used 
are standard molecular laboratory protocols.  
 
RESULTS AND DISCUSSION 
Wang et al. (2002) reported a DNA fragment of 1322 bp (accession : AF124927) named PG6416. 
Because of its inverted structure, this novel repetitive family was termed as partially inverted 
repetitive family (PIR). Sequence analysis shows that the fragment (236 bp – 1112 bp) shares the 
same characteristic with XhoI/EcoRI repetitive families that A (3-5) and T (3-5) clusters are 
separated by 6-7 nucleotides. In this study, we used PG6416 as a probe to further characterize the 
repeat units of this family. When chicken genomic DNA was subjected to XbaI digestion, PIR 
showed a uniform size of 1.4 Kb profile (figure 1A). When genomic DNA was partially digested, 
a ladder structure was obtained confirming this 1.4 Kb fragment is the repeating unit of this 
family (figure 1B).  
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Figure 1. (A, B) XbaI repeating unit in chicken genome. A, Genomic DNA were 
digested with HaeIII (lane1,2) and XbaI (lane 3).  B, Partial digestion of genomic DNA 
with XbaI.

 
 
 
In addition, when we used the PG6416 to screen the chicken genomic library, a strong 
hybridization signal 1.4 Kb band was observed. This fragment was then subcloned for 
sequencing analysis. It reveals that this repeating unit is 1430 bp in length, a fragment of 86bp is 
located in inverted direction flanking the central region indicating that partial inversion is a 
typical characteristic of this family (data not shown). The central region of 814 bp is 200 bp 
longer than that of PG6416.  
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Figure 2. (A, B) Electrophoretic mobilities of 
the PIR repeating units. (A) PIR repeat units in 
PAGE and (B) PIR repeat units in agarose gel. 

Figure 4. Hybridization profiles of PIR in 
commercial Leghorn line L. M=male and 
F=female 

Figure 3. Hybridization profiles of PIR 
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Sequence analysis shows this 200 bp fragment contains the same basic DNA sequence unit than 
the XhoI/EcoRI repetitive families (data not shown). It has been reported that the tandem array of 
these micro-repeats shows unusually slow mobility in polyacrylamide gel electrophoresis and it 
is due to the DNA bending curvature for protein binding (Kodama et al., 1987). In this study, we 
confirmed that PIR repeating units also showed similar slow mobility in PAGE (figure 2 A, B), 
suggesting that PIR family may play a role for the evolution of XhoI/EcoRI repetitive families 
through crossing over between intra-chromosomal regions (Saitoh et al., 1991). 
 
Polymorphic PIR repeating units of 1200 bp, 1430 bp and 1600 bp were observed when chicken 
genomic DNAs were subjected to XbaI digestion suggesting possible fast evolution (figure 3). 
The polymorphism was further investigated in different lines of chickens. In commercial 
Leghorn chickens, PIR shows uniform size of 1430 bp (figure 4). 
 
Chinese local quality chickens, such as Yuehuang line (figure 5) and Mayu line (figure 6) are 
characterized with PIR polymorphism. It indicates that the genetic homozygosity within 
Leghorn line is much higher than within the local Chinese chickens. These results agree well 
with the reported isozyme and RAPD analyses (Zhang, 1999). 
 

 

 

 

 

 

 

 
 

Figure 6. Hybridization profiles of PIR in
Chinese local quality chicken : Mayu.
M=male and F=female 

Figure 5. Hybridization profiles of PIR in
Chinese local quality chicken : Yuehuang.
M=male and F=female 

CONCLUSION 
Our present results further support that PIR shares close relationship with XhoI/EcoRI families 
suggesting PIR participates in the evolution process. The polymorphic profiles support the 
application of PIR as an indicator to evaluate the genetic homozygosity in the chicken. 
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