
Theor Appl Genet (1996) 92:769-776 �9 Springer-Verlag 1996 

A. Meng �9 G. Gong �9 D.  Chen �9 H. Zhang �9 S. Qi 
H. Tang �9 Z. Gao 

DNA fingerprint variability within and among parental lines and 
its correlation with performance of F 1 laying hens 

Received: 23 April 1995 / Accepted: 28 September 1995 

Abstract Genetic diversity within and among nine pure 
lines of Beijing White Leghorn chickens was determined 
by DNA fingerprinting using human ministatellite 
probes 33.6 and e-globin 3'HVR, as well as bacterio- 
phage M13. Within lines similarity coefficients ranged 
from 0.497 to 0.628, significantly higher than that within 
a sample of white chicken from a local market. Relation- 
ships among lines were established by clustering analy- 
sis based on inter-line coefficients of difference cal- 
culated from DNA fingerprints of pooled DNA. A com- 
plete dialM crossing among the nine pure lines was 
conducted. By using linear correlation analysis, it was 
found that the maximum distance between parental 
lines was positively correlated with egg number, egg 
production, survival rate and their corresponding he- 
terosis percentages within a pair of reciprocal crosses. 
Similar relationships were found where only the higher 
of the reciprocal crosses were used in the analysis. It was 
also shown that similarity coefficients within a sire line 
or dam line were positively correlated with 40-week egg 
number and its heterosis percentage and the heterosis 
percentage for 40-week egg production, but negatively 
correlated with the 40-week survival rate of the cross- 
bred populations. 

Key words Chicken �9 DNA fingerprinting �9 
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Introduction 

Crossbreeding plays an important  role in the produc- 
tion of commerical stains of poultry (Qiu and Yang 

Communicated by E. J. Eisen 

A. Meng([]) �9 S. Qi �9 H. Tang 
Department of Animal Biochemistry, College of Biology, Beijing 
Agricultural University, Haidian, Beijing 100094, China 

G. Gong �9 D. Chen �9 H. Zhang �9 Z. Gao 
Beijing Poultry Breeding Corporation, Changping, Beijing 102209, 
China 

1985). The advantage of crossbreeding is that the cross- 
breds can show heterosis for traits of economic import- 
ance and trait complementarities between parental lines. 
To find promising combinations, however, a large 
number of crosses among parental lines must be tested 
beacuse of difficulty in predicting the performance of 
crossbreds. Information on genetic diversity within and 
among parental lines may help in designing crosses as 
one could expect more heterosis from more genetically 
divergent parents (Qiu and Yang 1985). 

Traditionally, marker systems based on isozymes 
and blood proteins have been exploited for the investi- 
gation of the genetic structure of populations. However, 
these markers generally provide limited information 
beacuse of low degrees of variation. DNA fingerprinting, 
first described by Jeffreys et al. (1985), can simultaneous- 
ly detect a large number of hypervariable loci in the 
genome and make it possible to estimate the genetic 
diversity representative of the whole genome. It has been 
proven that DNA fingerprinting is a powerful tool in 
poultry for investigating genetic diversity within stocks 
and establishing relationships among stocks (Kuhnlein 
et al. 1989, 1990; Dunnington et al. 1991, 1994; Haber- 
feld et al. 1992; Siegel et al. 1992; Grunder et al. 1994). 
Therefore, DNA fingerprinting analysis may provide 
useful information for the pre-selection of populations 
to be used in crossbreeding. 

The objectives of the present experiment were to 
examine genetic diversity within and among nine pure 
lines of Beijing White Leghorn chickens using DNA 
fingerprints and to demonstrate relationships between 
the variability of DNA fingerprints of parental lines and 
the performance in some production traits of their hy- 
brids. 

Materials and methods 

Pure lines 

Nine pure lines of Beijing Leghorn chickens were established and 
maintained at Beijing Poultry Breeding Corporation (BPBC), Beij- 
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Table 1 Description of pure lines 

Line no. Origin 

1,2,9 

4 ,5 ,6 ,7  

Derived from a commercial strain imported from 
Romania in 1976. Line 1 was selected according to a 
complex selection index involving egg number, egg 
weight, body weight and age at first egg (Zhang 
1985). Line 2 was selected for high egg number for 11 
successive generations. Line 9 was initially subjected 
to inbreeding for five generations to reach an in- 
breeding coefficient of 0.46 and then selected for 
high egg number for six generations without further 
inbreeding 

Derived from a commercial strain, Shaver Starcross 
288, and selected for high egg weight since 1973 

Derived from four Babcook stocks imported from the 
United States in 1985. Line 4 was selected for high 
egg number, line 5 selected for high egg production 
rate, line 6 selected as line 1, and line 7 selected for 
high egg weight 

Derived from a commercial strain imported from the 
United States in 1979 and selected for high egg 
weight 

ing, China. The origin and characteristics of these lines are described 
in Table 1. 

Crossing 

The nine parental lines were crossed in all possible combinations, 
including matings within lines, at the BPBC in 1992. All matings, each 
involving five males, were made by artificial insemination with 5 10 
hens per male. Eggs of a given mating collected over a period of 2 
weeks were divided into two equal sets. Offspring hatched from the 
two sets were separately reared at Zudai Farm and Dongsha Farm 
(BPBC). All birds were reared under similar conditions. The total 
number of hens moved to laying cages at 19 weeks of age was 4391 at 
Zudai Farm and 4312 at Dongsha Farm. 

cluster analysis among parental lines, F was converted to a cofficient 
of difference (COD) 

COD = 1 - F. 

Measurements 

Daily egg records from the first egg to 40 weeks of age and laying 
house mortality were recorded. Egg production is defined as egg 
production per caged hen during the period, which is the average of a 
cross. The replicate crosses at the two test sites performed quite 
similarly and so the two sets of data were arithmetically averaged 
prior to other analyses. 
Percentage heterosis (%H) was estimated by 

%H = 100 (Cij - Pi~)/Pij 

where C~a was the performance of the cross between sire line i and dam 
line j, and Pij was the mid-parent value. 

Statistical analysis 

The significance of differences among means of similarity coefficients 
within lines was tested using Duncan's multiple range test at a 0.05 
level of significance (Duncan 1955). The cluster analysis, based on 
coefficients of difference (CODs) between parental lines, was per- 
formed using the maximum method described by Johnson (1967). 

The reciprocal crosses were classified into several groups accord- 
ing to the inter-line maximum distance with reference to a given 
probe. We defined the maximum distance between a pair of lines as 
the COD at which they appeared together in the same cluster of a 
hierachical clustering. The following trait values for pairs of recipro- 
cal crosses at the age of 40 weeks were averaged within groups: mean 
egg number: higher egg number, mean egg production (kg), higher egg 
production (kg), mean survival rate (%), higher survival rate (%) and 
their corresponding heterosis percentage (Table 2). The mean trait 
values are the average of a pair of reciprocal crosses, wheares for the 
higher trait values the better one between a pair of reciprocal crosses 
is used. The trait values were also averaged within crosses sharing an 
identical sire line or dam line (Table 3). Simple correlations between 
the DNA fingerprint data (inter-line maximum distance and F values 
within sire lines or dam lines) and the trait values were calculated 
(Montgomery and Peck 1982). 

DNA fingerprinting 

Twenty females and ten males were randomly chosen from each 
parental line for blood samples. Genomic DNA was isolated accord- 
ing to Meng et al. (1993). For investigating genetic diversity within a 
line, six females and six males per line were individualy fingerprinted. 
However, pooled DNA of 20 females and 10 males from each line was 
used for comparisons among lines. For each gel lane, approximately 
8 gg of HinfI-digested DNA was loaded. DNA fingerprinting probes 
used in this experiment were human minisatellites c~-globin 3 'HVR 
(Fowler et al. 1988) and 33.6 (Jeffreys et al. 1985) as well as bacteri- 
ophage M13 (Vassart et al. 1987). In addition, seven white chickens of 
unknown origin, purchased at a local market, were similarly analysed 
by probe 33.6 as a control. Electrophoresis, blotting and hybridi- 
zation were performed as described previously (Meng et al. 1993). 

For all DNA fingerprints, only distiguishable bands larger than 
3kb were scored. Pair-wise comparisons of DNA fingerprint lanes 
were done only within one gel. The similarity coefficient (F) between 
two DNA fingerprints was calculated as 

F = 2NAB/(N A + NB) 

where NAB was the number of bands shared by fingerprints A and B, 
and N A and N~ were the total numbers of bands present in finger- 
prints A and B, respectively (Wetton et al. 1987). For the purpose of 

Results and discussion 

Genetic diversity within lines 

An autoradiogram bearing DNA fingerprints of individ- 
ual chickens, produced by probe 33.6, is shown in Fig. 1 
as an example. The average number of bands greater 
than 3kb detected by probes 33.6, c~-globin YHVR and 
M13, based on fingerprints of 108 individuals, was 
28.58(0.30), 31.81(0.35), and 36.35(0.30)(standard er- 
rors of mean shown in parentheses), respectively. 

The mean similarity coefficient within lines, shown in 
Table 4, varied with the probe used. This may be be- 
cause different probes detect different loci with levels of 
variability. Regardless of the probe used, line 4 had the 
highest within-line mean similarity coefficient whereas 
lines 1, 3 amd 8 had the lowest similarity coefficient. 
With probe 33.6, mean similarity coefficients within 
lines ranged from 0.483 to 0.589 for the pure lines, 
significantly higher than that for the market chickens 
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Table 3 Mean trait values of 
crosses sharing an identical sire 
or dam line" 

a The number of crosses sharing 
an identical sire or dam line is 
eight (exclusive of one within- 
line cross). Standard errors of 
means are in parentheses 

Lines Egg number Hetrosis for Egg production Hetrosis for Survival rate Hetrosis for 
(EN) EN(%) (EP)(kg) EP(%) SR(%) SR(%) 

Sire 1 93.93(0.93) 3.48(1.52) 5.23(0.05) 4 .37(1.35)  94.04(1.03) 2.86(1.26) 
2 93.58(1.40) 1.91(1.84) 5.16(0.09) 1.53(1.92)  94.15(0.34) 0.49(0.28) 
3 94.95(0.60) -0.08(0.72) 5.34(0.05) 1 .34(0.71)  95.19(0.40) 1.70(0.53) 
4 96.06(1.79) 8.28(2.39) 5.33(0.10) 8 .12(2.40)  93.59(0.09) 4.42(1.28) 
5 94.86(2.07) 2.49(1.86) 5.24(0.12) 2 .06(1.91)  92.47(1.27) 1.14(1.17) 
6 95.59(2.39) 3.98(2.80) 5.27(0.09) 4 .51(2.28)  94.58(0.98) 3.01(1.14) 
7 95.15(1.24) 3.03(1.79) 5.37(0.07) 3 .01(1.65)  93.00(0.46) 0.56(0.96) 
8 93.57(1.98) 1.03(2.20) 5.27(0.09) 1 .46(2.06)  94.48(0.91) 3.52(1.02) 
9 97.44(1.88) 6.15(2.64) 5.33(0.09) 6 .25(2.58)  93.63(0.98) 3.23(1.23) 

Dam 1 93.98(1.98) 3.54(2.42) 5.22(0.11) 4 .11(2.26)  93.34(0.73) 2.10(0.86) 
2 95.27(1.82) 3.78(2.56) 5.33(0.09) 4 .91(2.48)  93.71(0.84) 0.19(0.73) 
3 93.31(1.60) -1.83(1.50) 5.27(0.09) 0 .07(1 .63)  94.90(0.65) 1.40(0.97) 
4 95.54(1.91) 7.52(2.28) 5.32(0.10) 7 .77(2.44)  92.16(1.36) 2.70(1.48) 
5 94.93(1.31) 2.59(1.08) 5.23(0.09) 1.78(1.20)  93.66(0.55) 2.57(0.84) 
6 96.00(1.35) 4.43(1.90) 5.23(0.05) 3 .62(1.67)  94.68(0.40) 3.11(0.54) 
7 93.13(1.69) 0.87(2.06) 5.25(0.09) 0 .71(1.98)  92.57(0.89) 0.06(0.78) 
8 94.53(1.05) 2.08(1.46) 5.38(0.07) 3 .54(1.46)  94.44(0.65) 3.49(0.89) 
9 98.45(1.82) 7.28(2.20) 5.33(0.08) 6 .11(1.87)  95.66(0.93) 5.32(1.44) 

Fig. 1 DNA fingerprints of individual chickens generated with a 
c~-globin 3'HVR probe 

(0.253). This result suggested that the genetic back- 
ground within these lines may be similar. The arithmetic 
averages of similarity coefficients given by three probes 
ranged from 0.499 to 0.628. 

By DNA fingerprinting Kuhnlein et al. (1990) ana- 
lysed seven chicken strains with inbreeding coefficients 
ranging from 0.026 to over 0.98, and obtained within- 
strain band-sharing probabilities (the same concept as 
the similarity cofficient used here) ranging from 0.44 to 
1.00. Using the calibration curve described by Kuhnlein 
et al. (1990), it can be deduced that the inbreeding 
coefficients for the lines we studied here were not high. 

Relationship between parental lines 

For ease of inter-line comparisons, a DNA mix ap- 
proach was adopted as first described by Dunnington 
et al. (1990). Table 5 shown inter-line CODs obtained 
with probes 33.6, e-globin 3'HVR and M13, respective- 
ly. Beacuse the absolute value of COD for a given 
comparison was dependent on the probes employed, 
each set of CODs obtained with a given probe was used 
to construct a hierachical clustering of nine parental 
lines (Fig. 2A-C). In Fig 2A, based on data from 
probe 33.6, the nine lines can be classified into three 
groups: lines 1, 2, 3 and 9; lines 4 and 5; lines 6,7 and 
8. In Fig 2B, based on data from probe c~-globin 
3'HVR, the nine lines can be classified into four 
groups: lines 1, 2 and 3; lines 4 and 5; lines 6,7 and 8; 
and line 9. In Fig. 2C, based on data from probe 
M13, these lines can be classified into five groups: 
lines 1 and 2; lines 4 and 5; lines 6,7 and 8; line 3; 
and line 9. It can be seen that the taxonomic results 
from different probes are similar, suggesting that 
any one of probes may be sufficient for establishing 
reliable phylogenetic relationships among the lines. 
Although lines t,2 and 9 have the same origin, line 
9 joins the cluster containing lines 1 and 2 quite late 
in all the hierachial clusterings. Line 9 was once 
subjected to five generations of inbreeding with 
mating between sibs or half-sibs, which might have 
caused it to genetically diverse from lines 1 and 2. 
Close relationships between lines 4 and 5 or among lines 
6,7 and 8 are probably associated either with their 
common genetic background at an early stage of their 
formation or with similar selection directions. 

Other authors have also demonstrated the power of 
DNA fingerprinting in estimating phylogenetic relation- 
ships of populations in various species (Kuhnlein et al. 
1989; Gilbert et al. 1990; Siegel et al. 1992; Castagnone- 
Sereno et al. 1993). Although different distance indices 
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Lines No. of pairs Similarity coefficients 

33.6 c~-globin 3' HVR M 13 Mean 

MC 21 0.253 a (0.017) 
1 30 0.506 bc (0.015) 
2 30 0.553 de (0.012) 
3 30 0.484 b (0.014) 
4 30 0.589 e (0.015) 
5 30 0.553 de (0.013) 
6 30 0.529 cd (0.013) 
7 30 0.576 e (0.011) 
8 30 0.483 b (0.016) 
9 30 0.533 ~d (0.012) 

0.544 au (0.0t3) 0.446 a (0.010) 0.499 
0.559 abe (0.013) 0.568 ~d (0.017) 0.560 
0.530 a (0.012) 0.476 ab (0.015) 0.497 
0.653 d (0.015) 0.642 e (0.015) 0.628 
0.578 bc (0.013) 0.601 d (0.015) 0.577 
0.563 ab~ (0.015) 0.573 ~ (0.012) 0.555 
O.558 abo (0.015) 0.557 c (0.015) 0.564 
0.531" (0.014) 0.486 b (0.015) 0.500 
0.587 c (0.015) 0.561 ~ (0.016) 0.560 

Lines 1-9 are pure lines maintained at the Beijing Breeding Corpor- 
ation while MC represents a population composed of seven white 
chickens purchased at a local market. The number of pairs is the 
number of pair-wise comparisons. Standard errors of the means are in 

parentheses. With regard to the same probe, similarity coefficients 
without identical superscripts differ significantly from one another 
(P < 0.05) 

Table 5 Inter-line coefficients 
of difference obtained with 
different probes 

a 3'HVR, e-globin 3'HVR 

Lines/probes 2 3 4 5 6 7 8 9 

1 33.6 0 . 1 7 3 3  0.1944 0 . 3 0 4 3  0.3690 0.3239 0.2603 0.3429 0.2676 
3'HVR a 0.1525 0 . 2 2 0 3  0 . 3 7 2 5  0 . 3 1 0 3  0 . 3 3 3 3  0.2069 0.3462 0.2453 

M13 0 .2333  0.5410 0.6190 0 . 5 3 8 5  0 . 5 9 3 8  0.4754 0.5362 0.4237 
2 33.6 0.1642 0 . 3 1 4 3  0.3714 0.3429 0.2857 0 . 3 4 3 3  0.2121 

3'HVR a 0.2414 0.3200 0.2982 0.2830 0.2632 0 . 3 3 3 3  0.2692 
M13 0.4915 0.5410 0 . 5 2 3 8  0.5806 0 . 4 2 3 7  0.4627 0.4915 

3 33.6 0.3231 0 . 3 3 3 3  0.2239 0.2174 0 . 2 1 2 1  0.1940 
3'HVR a 0.4000 0 . 3 3 3 3  0 . 2 4 5 3  0.1579 0.2549 0.3077 

M13 0.3871 0 . 2 8 1 3  0 . 3 3 3 3  0.3667 0.3536 0.4333 
4 33.6 0.2647 0.2286 0.3429 0.3134 0.2941 

3'HVR" 0.1579 0 . 3 0 6 1  0 . 3 0 6 1  0.2340 0.3478 
M13 0.1765 0.3538 0 . 3 8 7 1  0.2857 0.5161 

5 33.6 0.2285 0.2867 0.2836 0.2941 
3'HVR a 0.2857 0.2857 0.2800 0.3962 

M13 0.2239 0.2500 0.2500 0.4063 
6 33.6 0.2286 0 . 2 2 3 9  0.2647 

3'HVR a 0.2308 0.1600 0.3617 
M13 0.3333 0.2464 0.4098 

7 33.6 0.2239 0.2353 
3'HVR a 0.1538 0.2516 

M13 0.2941 0.3667 
8 33.6 0.2308 

3' HVR a 0.2444 
M13 0.3824 

a re  used  for  c o n s t r u c t i n g  p h y l o g e n e t i c  trees,  mos t ,  if n o t  
all,  o f  t h e m  are  b a s e d  on  b a n d  f requenc ies  in p o p u l a -  
t ions  b y  e v a l u a t i n g  the  D N A  f i n g e r p r i n t i n g  p a t t e r n s  of  
i nd iv idua l s .  W e  s h o w  here  t h a t  the  coeff ic ient  of  dif- 
ferences  a m o n g  p o p u l a t i o n s ,  o b t a i n e d  b y  e v a l u a t i n g  
D N A  mixes  o f  p o p u l a t i o n s ,  can  be  d i r ec t l y  used  for  
c o n s t r u c t i n g  p h y l o g e n e t i c  trees.  Th is  a p p r o a c h  is b o t h  
s imple  a n d  fast. 

C o r r e l a t i o n  b e t w e e n  in t e r - l i ne  v a r i a b i l i t y  a n d  
the  p e r f o r m a n c e  o f  F 1 hens  

T h e  c o r r e l a t i o n  coeff ic ients  b e t w e e n  in t e r - l i ne  m a x i -  
m u m  d i s t a n c e  a n d  s o m e  40 week  p r o d u c t i o n  t r a i t s  o f F  1 

hens  are  l i s ted  in T a b l e  6. W i t h  p r o b e  33.6, the  m a x i -  
m u m  d i s t a n c e  was  pos i t i ve ly  a n d  s ign i f i can t ly  co r re -  
l a t e d  wi th  h ighe r  egg n u m b e r  a n d  the  he te ros i s  for  m e a n  
su rv iva l  ra te  (P  < 0.01) as well  as the  he te ros i s  pe r cen -  
t ages  for  h ighe r  egg  n u m b e r ,  h ighe r  egg p r o d u c t i o n  a n d  
h ighe r  su rv iva l  r a t e  (P < 0.05); the  corre la t ions ;  b e t w e e n  
the  m a x i m u m  d i s t a n c e  a n d  m e a n  egg n u m b e r  a n d  its 
he t e ros i s  pe r cen t age ,  m e a n  egg p r o d u c t i o n  a n d  its he t -  
e ros i s  p e r c e n t a g e  a n d  h i g h e r  egg p r o d u c t i o n  a re  a lso  
pos i t i ve  a n d  the  c o r r e l a t i o n  coeff ic ients  a re  h igh  b u t  n o t  
s t a t i s t i ca l l y  s ign i f ican t  a t  the  0.05 level  of  p r o b a b i l i t y .  
W i t h  the  c~-globin 3 ' H V R  o r  M 1 3  p r o b e s ,  t he re  was  a 
t r e n d  for  the  m a x i m u m  d i s t a n c e  to  be  pos i t i ve ly  co r re -  
l a t e d  wi th  al l  the  t ra i t s ,  a l t h o u g h  m o s t  of  the i r  coeffi- 
c ien ts  were  n o t  s t a t i s t i ca l l y  s igni f icant .  T h u s  we con -  
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Fig.  2 A - C  Hierarchical clustering of nine pure lines of Beijing White 
Leghorn chickens. The cluster analyses, based on coefficients of 
difference (CODs) between parental  lines (Tables 5), were performed 
using the maximum method described by Johnson (1967). The COD 
at which two lines or clusters first join together is written on the figure, 
which is also defined as the maximum distance between a pair of lines. 
A probe 33.6; B probe c~-globin 3'HVR; C probe M13 

cluded that the greater the distance between two pa- 
rental lines, as estimated by DNA fingerprinting, the 
better the performance of their Ft cross with respect to 
egg number, egg production and survival rates. In other 
words, the greater the variability of DNA fingerprints 
between two parental lines, the better the performance 
of their hybrids. For example, lines 2, 4, 6 and 9 are 
classified into different clusters (see Fig. 2), and crosses 
4 x 2, 9 x 4 and 6 x 9 gave the best performance among 
the 72 inter-line crosses with respect to 40-week egg 
number and egg production as well as for heterosis for 
these two traits. 

It is noted that the correlation between maximum 
distance and a given trait was dependent on the probe 
used. An extensive pedigree analyses in humans revealed 
that only 1.2% of DNA fingerprint bands were co- 
detected by two probes (Jeffreys et al. 1991). Bruford and 
Burke (1994) also demonstrated in chickens that probes 
33.6, 33.15, a-globin 3'HVR and M13 HVR detected 
almost independent sets of loci. So, it seems that the 
probe-dependence of the correlations is essentially 
locus-dependent. 

Correlation between intra-line variability 
and the performance of Ft hens 

The correlation coefficients between the similarity coef- 
ficients within sire line or dam line and some 40-week 
production traits of F t hens are listed in Table 7. 
Regardless of the probe used, similarity coefficients 
within a sire line or dam line are positively correlated 
with egg number, heterosis for egg number and for egg 
production in the Ft generation. Crosses involving a 
line with a higher similarity coefficient produced more 
eggs and showed stronger heterosis for both egg number 
and egg production. For instance, for the best three 

Table 6 Correlation coefficients 
between inter-line maximum 
distance and performance 
of crosses a 

"The linear correlations are 
based on data listed in Table 
2. For  the definition of the mean 
trait values and the higher trait 
values see Materials and 
methods. *, P < 0.05; **, 
P < 0.01 
b A regression equation is 
developed only when the 
correlation is statistically 
significant. The COD,. in the 
equations symbolizes the 
maximum distance between a 
pair of lines 

40 week traits Correlation coefficient (Regression equation b) 

Probe 33.6 Probe c~-globin3'HVR Probe 
M13 

Mean egg number  
Heterosis for mean egg number  (%) 
Higher egg number  

Heterosis for higher egg number  (%) 

Mean egg production (kg) 
Heterosis for mean egg production(%) 
Higher egg production(kg) 

0.779 0.615 0.504 
0.791 0.373 0.315 
0.940** 0.607 0.667 
( = 87.84 + 29.93CODm) 
0.893* 0.436 0.522 
( = - 8.74 + 46.35CODm) 
0.674 0.556 0.519 
0.697 0.445 0.367 
0.714 0.278 0.618 

0.390 0.559 Heterosis for higher egg production(%) 0.810" 
( = - 4.85 + 34.54CODm) 

Mean surival rate(%) - 0.184 
Heterosis for mean survival rate(%) 0.968** 

( = - 2.85 + 16.26CODm) 
Higher survival rate(%) 0.012 
Heterosis for higher survival rate(%) 0.890* 

( = -- 2.38 + 19.45COD,~) 

0.458 0.588 
0.771" 0.596 
( = - 1.55 + ll.55CODm) 
0.592 0.670 
0.407 0.299 



Table 7 Correla t ion coefficients 
between the similarity 
coefficients within parental  
lines and the performance of  
crosses a 

a The linear correlat ions are 
based on data  listed in Tables 
3 and 4. *, P < 0.05; **, P < 0.01 
b n regression equat ion is 
developed only when the 
correlat ion is statistically 
significant. The F s or F d in the 
equat ions symbolize the 
similarity coefficient within the 
sire line or within the dam line, 
respectively 
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Parenta l  40-week traits 
lines 

Correlat ion coefficients (regression equat ions b) 

P robe  33.6 Probe  c~-globin 
3 ' H V R  

Probe  M13 

Sire 

D a m  

Egg number  0.356 
Heterosis for egg number (%)  0.638 

Egg production(kg) 0.132 
Heterosis for egg produc t ion(%)  0.483 

Survival rate(%) 

Heterosis  for survival rate(%) 
Egg number  
Heteros is  for egg number (%)  

Egg produc t ion  (kg) - 0.125 
Heterosis for egg product ion(%) 0.346 

Survival rate(%) 

Heterosis  for survival rate(%) 

-- 706* 
( =  102.2 -- 15.54Fs) 

--0.154 
0.171 
0.480 

- 0.665* 
( = 104.5 -- 19.85Fd) 
-- 0.249 

0.594 0.491 
0.896** 0.626 
( = -- 31.34 + 61.2Fs) 
0.237 0.105 
0.818"* 0471 
( = - 25.86 + 52.01Fs) 
-- 0.463 -- 0.559 

0.431 0.038 
0.470 0.439 
0.764* 0.566 
( = - 30.64 + 59.97Fd) 
0.098 0.051 
0.701'  0.421 
( = -- 22.78 + 46.57Fe) 
- 0.442 - 0.343 

0.257 0.074 

inter-line crosses (i.e., crosses 4 (c~)x 2(~), 9 x 4 and 
6 x 9, with respect to 40-week egg number and egg 
production as well as heterosis for these two traits) both 
sire lines and dam lines had a high similarity coefficient. 
However, the intra-line similarity coefficient was nega- 
tively correlated with 40-week survival rate in the F 1 
generation. At present we have no explanation for this. 
Since egg-production traits are of the greatest import- 
ance in laying hens, lines with a high similarity coeffi- 
cient should be selected as parent lines in making com- 
mercial crossbreds. 

As mentioned above, the performance of the F 1 
generation was affected by the genetic distance between 
parental lines, and so crosses between two lines with a 
high similarity coefficient did not always result in a good 
performance. For example, crosses between lines 4 and 
5, both of which had a high similarity coefficient, showed 
poor performance beacuse the two lines were closely 
related as revealed by DNA fingerprinting. 

With regard to reciprocal effects, some authors re- 
ported that a cross between two lines had strong hetero- 
sis only when the line of higher genetic homogeneity was 
used as the sire line (Kovalenko and Bondarenko 1979; 
Chen 1986). We found that correlation coefficients be- 
tween the similarity coefficients of sire lines and the 
production traits of crosses were not significantly differ- 
ent from those between the similarity coefficients of dam 
lines and the production traits of crosses (P > 0.05). It 
seems that no general rule exists for the choice of sire line 
based merely on intra-line genetic similarity, although a 
pair of reciprocal crosses may differ greatly in perform- 
ance. For example, the hetrosis percentages for 40-week 
egg number and for egg production of cross 9 x 4 were 
20.61% and 21.37%, respectively, whereas those of cross 
4 x 9 were 11.73% and 11.20%, respectively. Therefore, 
the choice of sire line between two lines should rely on 
the result of a reciprocal crossing test. 

Conclusions 

Most lines or stocks of chickens available today are 
formed by successive artificial selection for specific traits 
of economic importance. Accurate estimates of genetic 
diversity within lines or stocks and of relatedness be- 
tween lines or stocks are important both for the main- 
tenance of lines and stocks and the development of 
superior commerical cross strains. Such estimates can be 
obtained by exploiting the power of DNA fingerprint- 
ing, as demonstrated by other authors (Kuhnlein et al. 
1989, 1990; Dunnington et al. 1991, 1994; Haberfeld 
et al. 1992; Siegel et al. 1992). In the present experiment, 
we have examined genetic diversity within and among 
nine pure lines of Beijing White Leghorn chickens by 
DNA fingerprinting and our results were consistent 
with the known history of the lines. 

Modern poultry production has paid much attention 
to strain or line crosses mainly in order to take advan- 
tage of heterosis. It has been shown that both domi- 
nance and epistasis are important in hetrosis for egg- 
production traits in Leghorn strain crosses (Fairfull 
et al. 1987). Compared to related strains, genetically 
distant strain are more likely to have different fixed 
alleles at the same loci and hence their crosses should 
give a higher degree of heterosis. Furthermore, heterosis 
should be greater if both parental strains have: a higher 
degree of homozygosity. Genetic diversity estimated by 
DNA fingerprinting is to a large extent representative of 
the whole genome and may be associated with heterosis 
for some traits. Our study has demonstrated that the 
variability of DNA fingerprints within and among par- 
ental lines is correlated with some production traits of 
laying hens from line crosses. Other authors have previ- 
ously found some DNA fingerprint bands that were 
associated with specific traits in farm animals (Georges 
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et al. 1990; Dunnington et al. 1993; Plotsky et al. 1993). 
Therefore, it is likely that some minisatellites have co- 
evolved with genes controlling quantitative traits. 

Correlation coefficients between the variability of 
DNA fingerprints in parents and the performance of F 1 
laying hens obtained in our experiment might be biased 
because crosses between lines formed under identical 
selection criteria were included in the analysis. Never- 
theless, in cases where the correlation coefficients are 
statistically significant (P < 0.05) (Tables 6 and 7) the 
performance of crosses in some traits could be predicted 
based simply on DNA fingerprint variability within or 
among parental lines by developing a linear regression 
equation. For example, we obtained a regression 
equation relating mean heterosis for 40-week egg 
production of F1 hens (Hp) to the similarity cofficient 
of a sire line (Fs) with the e-globin 3'HVR probe as 
Hp = - 25.864 + 52.01Fs(P < 0.01). 
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