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SUMMARY
DNA fingerprints (DFPs) were made for 15 individuals from a commercial broiler male line from 

Germany and 15 individuals from a Silky fowl line from China. With the obtained results as parameters, 
DFPs for 10,000 individuals were simulated stochastically. From these simulations, problems in using 
DFPs to estimate genetic variability within and between lines were evaluated: small sample size and 
scoring of a small number of bands. When using DFPs, reasonably good estimates of genetic variability 
can be obtained with 15-20 individuals per line, provided a large number of bands are scored. Estimates 
can be biased when both the sample size and the number of bands scored are small.

INTRODUCTION
DFPs are widely used to estimated genetic variability within and between populations. Within 

population variability is denoted by heterozygosity (and inbreeding) and between population variability 
by genetic distance (Nei, 1987). Both these measures are derived from allelic frequencies assuming that 
the marker loci and alleles are dearly identified. Using DFPs has a number of advantages. However, the 
statistical theory behind the use of DFPs is not well developed, and some disadvantages appear as well. 
Variables obtained directly from DNA Fingerprints are 'number of bands', 'band frequendes’ and 'band 
sharing'. Hence, the commonly used methods can not be applied directly and need an appropriate 
modification. Other important problems are due to technical and economic limitations. It is not always 
possible to screen large number of individuals and the sample size has to be reduced as much as 
possible. Moreover, it is not known which band belongs to which locus, it is not possible to visualise all 
the DNA fragments on the gel, and only a limited number of fragments are utilised for the analysis based 
on their subjective or objective evaluation. Effects of these problems on the estimates of genetic 
variability within and between populations were evaluated in this investigation using actual DFPs and 
simulated data.

MATERIALS AND METHODS
Estimates for 'number of bands', 'band frequencies' and 'band sharing' were obtained from DFPs 

of individuals from two extreme lines: a commercial broiler male line and a Silky fowl line from China. 
DFPs were made for 15 individuals of each line using the enzyme HinFI and the oligonucleotide probe 
(CAC)5. A total of 86 bands was found in each line. Using the estimates from this data, i.e. band 
frequencies, for each line DFPs of a population with 10,000 individuals were simulated stochastically. 
To study the effect of sample size, 1000 random samples of size 2, 5, 10, 15, 20, 25 or 50 were drawn 
from each simulated population and genetic variability was computed for each sample.

The similarity index (Lynch, 1991) and heterozygosity (Stephens et al., 1992) were used as 
measures of genetic variability within populations.
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Where, is the number of bands exhibited by two individuals x and y; nx is the number of bands in 
individual x and ny is the number of bands in individual y.
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Where, N is the number of individuals in the sample, pj is the frequency of jth allele, m is the total 
number of alleles over all polymorphic and monomorphic loci and L is number of loci. Assuming no 
(inbreeding) disequilibrium and m equal to number of scorable bands,
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where § is the frequency of the band corresponding to the jth allele. Hence, the average heterozygosity 
can be estimated using the band frequencies as follows,
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Genetic variability between populations was estimated using the similarity index and 
approximated genetic distance according to Lynch (1991).
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where, Dij is approximate genetic distance between population i and j sij is the similarity index between 
population i and j, sj is the similarity index in population j- and sj is the similarity index in population).

RESULTS

Obtained results from the simulation study are graphically represented in Figures l to 4. 

1. Effect of sample size

a) Genetic variability within population
The estimates of similarity index from 1000 random samples were normally distributed with the 

mean equal to the value for all 10,000 individuals from each population (0.62 for broiler and 0.83 for 
Silky). As the number of individuals in a sample increased, the range of estimates reduced symmetrically 
around the true value (Figure 1). Only small reductions in variance on the estimates was found when the 
sample size increased beyond 15 to 20 individuals. The same pattern was observed in the Silky 
population.
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Estimates of heterozygosity (Figure 2) are biased downwards for very small sample size. Again 
the patterns are almost same in both lines.
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Fig. 1 Estimates of similarity index 
(Broiler line)
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Figure 2. Estimates of heterozygosity 
(Broiler line)

b) Genetic variability between populations
Estimates of similarity index between populations (Figure 3) also indicate that an increase in 

sample size above 15 to 20 individuals will hardly increase the accuracy. Estimates of genetic distance 
(Figure 4) show little gain in accuracy beyond 20-25 individuals per sample. When sample sizes of 5-10 
individuals are used the estimates are biased upwards.
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Figure 3. Estimates of similarity index 
between the two populations

Figure 4. Estimates of genetic distance 
between the two populations

2. Effect of selection of bands
In preparation of southern blots it is likely that not all DFP bands are visualised depending 

among others on the stringency and duration of the electrophoresis. Usually bands with low molecular 
weight run of the gel. An extreme situation was considered when only first 14 o f the 86 bands (about 
25%) would be visualised. The estimates (Table 1) show a large difference in the estimates considering 
the same small size of 15 individuals. In general, the estimates of genetic variability within populations
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become biased upwards. Standard deviations of estimates increase considerably indicating the need for a 
larger sample of individuals.

Table 1. Effect of selection of bands on the estimates of genetic variability from 1000 samples
Bands Mean Minimum Maximum Std.Dev.

Similarity index Broiler line 86 0.62 0.57 0.67 0.0152
14 0.58 0.45 0.70 0.0429

Silky fowl 86 0.82 0.78 0.86 0.0112
14 0.76 0.63 0.87 0.0392

Heterozygosity Broiler line 86 0.50 0.44 0.55 0.0196
14 0.60 0.40 0.73 0.0488

Silky fowl 86 0.21 0.16 0.24 0.0119
14 0.27 0.17 0.31 0.0174

Similarity index Broiler-Silky 86 0.30 0.26 0.33 0.0112
14 0.37 0.23 0.51 0.0412

Genetic Distance Broiler-Silky 86 0.88 0.76 1.00 0.0421
14 0.59 0.30 1.03 0.1099

DISCUSSIONS
Using DNA fingerprints in poultry Kuhnlein et al. (1989) concluded that only 6 individuals are 

sufficient for the estimation of genetic distances. Results of this simulation show that these numbers 
could be too small. Further, they adapted the genotypic identity index suggested by Hedrick (1971) 
presuming band frequencies as genotypic frequencies which is not the case with DNA fingerprints.

A size of about 15-20 individuals is specially suitable for DNA Fingerprints since with this 
sample size all individuals can be accommodated on a single blot and the problem of comparison of 
different blots may be overcome to some extent. Variances on estimates of genetic variability within and 
between population only slightly increased with larger sample sizes beyond 15-20 individuals. Larger 
differences were observed when the number of scorable bands was reduced. A similar observation was 
reported by Nei (1977) suggesting that the number of individuals to be used for estimating average 
heterozygosity can be very small when a large number of loci is studied and when the average 
heterozygosity is low. Studying the sampling variance of genetic distance, Nei and Roychoudhury 
(1974) showed that a large number of loci rather than a large number of individuals is required. Final 
criteria to define appropriate sample size ought to be based on desired significance levels in hypothesis 
testing.
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