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ABSTRACT A study involving the use of random 
amplified polymorphic DNA (RAPD) was conducted to 
evaluate genetic polymorphism and relatedness within 
and among four chicken breeds: Araucona, Rhode Island 
Red, White Leghorn, and White Plymouth Rock, and 
two turkey populations, a long-term randombred and a 
commercial strain. A total of 60 random primers were 
used in the RAPD analyses. Forty-two of the 60 primers 
tested amplified patterns with at least one polymorphic 
fragment in one or more of the populations. Six of these 
42 primers amplified polymorphic fragments in each of 
the six strains with a within- and between-population 

INTRODUCTION 

Molecular typing methods provide an opportunity 
for a powerful and reproducible approach of estimating 
relatedness within and among strains based on DNA 
variation. Estimates of genetic relatedness and diversity 
within and among poultry populations based on DNA 
analysis using hypervariable minisatellite probes have 
previously been reported. Hillel et al. (1989) used a 
minisatellite probe (Jeffreys et al, 1985) for within-
population genetic variation analyses in layers, broilers, 
ducks, and turkeys. A comprehensive survey of related
ness between chicken populations, including jungle fowl 
(both domestic and wild), and layer and broiler strains, 
based on DNA fingerprints was described by Siegel et al. 
(1992). Kuhnlein et al. (1989) in an earlier work used 
patterns of DNA fingerprints from analyses by 
minisatellite probes to determine genetic relatedness 
among populations within White Leghorn and meat-
type strains. Though powerful, DNA fingerprinting is 
labor intensive, technically demanding, and often re
quires the use of radioisotopes. 
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average band-sharing frequency of less than one but 
above zero (P < 0.05). Differences among the six primers 
for genetic distance (D) among populations were 
significant (P < 0.05). A consensus dendogram was 
therefore developed to show the phylogenetic relation
ships among the populations. As expected, estimates of 
D between populations were lowest within species and 
highest between species. The results provide evidence of 
the applicability of RAPD to determining genetic 
relatedness within and among different poultry popula
tions and in developing reproducible markers useful in 
evaluating individual variation in chickens and turkeys. 
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Random amplified polymorphic DNA (RAPD) has 
been proposed (Williams et al, 1990) as a DNA analysis 
technique for evaluating genetic variation and related
ness within and among species. In poultry, the RAPD 
technique has been used to estimate genetic variation 
within and among inbred lines (Plotsky et al, 1995) and 
among lines selected for tibial dyschondroplasia (Ray et 
al, 1993), and to develop genome maps (Levin et al, 
1993). The primary objective of the present work was to 
use the RAPD technique to evaluate genetic diversity 
and relatedness within and among four breeds of 
chickens and two turkey populations. The evaluation of 
genetic diversity and relatedness was based on band-
sharing frequency (BSF) and genetic distance (D), 
respectively. An additional objective was to use the 
RAPD technique to evaluate phylogenetic relationships 
between the two species based on the six populations 
evaluated. The mode of inheritance of a putative 
fragment that is specific to the Rhode Island Red (RIR) 
breed was also evaluated. 

MATERIALS AND METHODS 

Chickens 

Thirty birds of each sex, from each of four breeds, RIR, 
White Plymouth Rock (WPR), Single Comb White 
Leghorn (WL), and Araucona (AR) were used in this 
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TABLE 1. The number of amplified fragments (mean ± SEM) scored1 from randomly amplified polymorphic DNA patterns of six 
primers that each amplified at least one polymorphic fragment in each of the six populations 

Primer 

OPA-04 
OPA-14 
OPB-07 
OPB-19 
OPG-03 
OPG-05 

AR 

4.0 ± 0.7 
5.4 ± 1.2 
7.1 ± 2.3 
6.4 ± 0.9 
4.2 ± 0.7 
6.4 ± 1.4 

RIR 

5.1 ± 0.6 
4.6 ± 0.5 
5.3 ± 0.7 
7.2 ± 0.8 
6.3 ± 1.2 
5.9 ± 2.1 

WL 

4.7 ± 0.7 
6.1 ± 1.1 
5.9 ± 1.7 
6.9 ± 1.2 
7.1 ± 1.7 
4.5 ± 2.2 

Population2 

• ( n ± SEN 

WPR 

fl 
• l ) 

7.1 ± 1.6 
5.3 ± 2.2 
6.3 ± 3.1 
6.1 ± 1.4 
5.3 ± 1.6 
6.2 ± 1.4 

RBC-2 

7.5 ± 1.1 
3.1 ± 1.4 
6.6 ± 1.6 
5.9 ± 0.8 
3.1 ± 0.2 
5.6 ± 1.1 

T 

6.4 ± 1.4 
6.7 ± 0.9 
5.8 ± 1.1 
6.1 ± 0.9 
4.1 ± 0.7 
4.1 ± 0.6 

1-rhe size range of the fragments scored was from 250 to 2,500 base pairs. 
2AR, RIR, WL, WPR, RBC-2 and Tc, represent Araucona, Rhode Island Red, White Leghorn, White Plymouth Rock, randombred turkeys, and 

commercial turkeys, respectively. 

study. The four breeds have distinct morphological and 
performance characteristics, including differences in egg 
and meat production (North and Bell, 1990). The breeds 
have been maintained at the Tuskegee University G. W. 
Carver Agricultural Experiment Station as closed popula
tions for more than 15 generations. To minimize inbreed
ing within the breeds, a minimum of 10 sires have each 
been mated to 4 to 6 hens in each generation. Crossbred 
progeny from matings of AR, WL, and WPR males to three 
RIR females each, were used to evaluate the mode of 
inheritance of a putative RIR fragment. 

Turkeys 

Twenty birds of each sex, from a randombred popula
tion (RBC-2) of turkeys maintained at the Ohio Agricul
tural Research and Development Center were used 
(Nestor et ah, 1969). The RBC-2 population of each 
generation was maintained by a paired mating system 
utilizing 36 parental pairs (Nestor, 1977b). Each male was 
randomly mated to a single female with the exception that 
full-sib matings were avoided. With this system of mating, 
the increase in inbreeding in each generation averaged 
about 0.4%. A previous evaluation of the level of 
inbreeding in this population revealed little evidence of 
genetic drift (Nestor, 1977a). Twenty male and 10 female 
birds from a commercial turkey (Tc) population,3 selected 
for reproductive efficiency, were included in the analysis. 

DNA Isolation 

High molecular weight DNA was isolated using a 
modification of the procedure of Bartlett et al. (1995). 
Briefly, aliquots of 50 /*L of frozen blood were rapidly 
thawed at 37 C for 10 to 15 min. To the aliquot was added 
500 ML of lysis buffer (10 mM Tris-HCl, pH 8.0, 100 mM 

3Turkeys courtesy of Nicholas Turkey Breeding Farms, Sonoma, CA • 
95476. 

4Operon Technologies, Alameda, CA 94501. 
5Applied Biosystems, Foster City, CA 94404. 
6FMC Bioproducts, Rockland, MD 04181. 

NaCl, 1 mM EDTA, pH 8.0, 0.5% SDS), and then 
Proteinase K to 10 ng/fiL. The mixture was incubated 
overnight at 37 C with gentle shaking followed by phenol-
chloroform-isoamyl alcohol extraction and ethanol 
precipitation (Sambrook et al, 1989). 

RAPD Analysis 

Sixty primers, described according to the manufac
turer's4 recommendation, from the sets OP A, OPB, and 
OPG were used. Each random primer used for polymerase 
chain reaction (PCR) typing was a 10-mer with a GC 
content of either 50, 60, or 70%. Amplification reactions 
were carried out in a final volume of 50 jiL containing: 10 
mM Tris-HCl, pH 8.3,50 mM KC1,1.5 mM MgCl2,0.001% 
gelatin; 40 ng DNA template; 45 ng random primer, 200 
tiM of each deoxyribonucleotide; and 1.5 units of 
Amplitaq DNA polymerase.5 Cycling conditions used 
were according to Plotsky et al. (1995). Twenty-five 
microliters of each PCR product was electrophoresed in a 
1.4% agarose (or 3% Nusieve6 agarose) gel and stained 
with ethidium bromide. 

Statistical Analysis 

Band Sharing Frequency. To estimate BSF between 
birds, band absence or presence within RAPD patterns 
were scored as zero or one, respectively. The similarity 
between birds based upon BSF within each population 
(Bab) w a s estimated using the formula: 

Bab = 2bab/(t»a + t>b)/ 

where ba and bb are number of bands scored for bird a and 
b, respectively; bafc is the number of bands common to 
birds a and b (Lynch, 1990). The within-population BSF (B) 
was computed as an average of Bab across all possible 
comparisons between individuals within a population. 

The BSF between individuals of different populations 
(B') corrected for within-population similarity, was com
puted according to Lynch (1990) as: 

B' = 1 + Bxy - 0.5(BX + By), 
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TABLE 2. Estimates of within-population band sharing frequency from the amplified patterns of each of six random 
primers that revealed one or more polymorphic fragments in each chicken and turkey population 

Primer 

OPA-04 
OPA-14 
OPB-07 
OPB-19 
OPG-03 
OPG-05 
Mean ± SEM 

AR 

0.78 
0.86 
0.95 
0.75 
0.89 
0.76 
0.83 ± 0.08 

RIR 

0.65 
0.71 
0.61 
0.78 
0.67 
0.77 
0.70 ± 0.07 

WL 

0.64 
0.81 
0.74 
0.88 
0.81 
0.69 
0.76 ± 0.09 

Population1 

WPR 

0.77 
0.61 
0.66 
0.70 
0.81 
0.66 
0.70 ± 0.08 

RBC-2 

0.61 
0.67 
0.72 
0.75 
0.84 
0.76 
0.73 ± 0.08 

T 

0.75 
0.72 
0.74 
0.89 
0.79 
0.75 
0.77 ± 0.06 

lAR, RIR, WL, WPR, RBC-2 and Tc, represent Araucona, Rhode Island Red, White Leghorn, White Plymouth Rock, randombred turkeys, and 
commercial turkeys, respectively. 

where Bx and By are values of B for x and y populations, 
respectively, and Bxy is the average of the band sharing 
estimates of comparisons between birds of populations x 
and y. The Student's t test was used to test that BSF 
estimates were different from zero and one (SAS Institute, 
1990). 

Genetic Distance. Between-population BSF estimates 
were used to determine genetic distance (Dxy) according 
to Lynch (1991) as follows: 

DXy = -^ [Bxy / jp$j ]• 

A consensus dendogram from D estimates of RAPD 
patterns of primers for which Bxy between populations 
was different from zero and one was constructed by the 
unweighted pair group method with arithmetic mean 
(UPGMA) using the SAHN clustering and Strict option 
and sub-option, respectively, of NTSYS-pc computer 
program (Rohlf, 1993). 

RESULTS 
Forty-two (70%) of the 60 primers used in the present 

work revealed patterns with scorable amplified frag
ments in either chickens or turkeys. Of these, only six 
primers produced amplification patterns from which 
BSF between individuals was less than one or more than 
zero (P < 0.05) within all the populations evaluated. The 
mean number of within-population scorable bands from 

these primers varied between 3 and 8 (Table 1). The 
amplified DNA fragments ranged in molecular weight 
from 250 to 2,500 bp (data not presented). Within-
population average BSF estimate was lowest between 
birds within RIR and WPR and highest within AR at 
0.70 and 0.83, respectively (Table 2). Average BSF 
between populations ranged from 0.08 to 82, between Tc 

and WL, and between RIR and WPR, respectively (Table 
3). Between-species BSF estimates were in general, lower 
than estimates between populations within the same 
species. 

Based on molecular weight, fragments amplified by 
10 of the 42 successful primers were chicken- or turkey-
specific (Figures 1A and IB). Sequencing of these 
species-specific fragments may be necessary to establish 
sequence homology of the bands between chickens and 
turkeys. Within chickens, comparisons of RAPD patterns 
between populations revealed a RIR-specific fragment of 
1,350 bp (Figure 2). The frequency of this fragment in 
the RIR population analyzed was 0.65. Inheritance of 
this fragment based on matings of AR, WL, and WPR 
males to RIR females, was Mendelian (Figure 3). Though 
there were differences between the turkey populations, 
RBC-2 and Tc/ in the amount of polymorphism revealed 
within the RAPD patterns of some primers, no 
population-specific DNA fragments were detected in 
turkeys (Figure 4). 

Estimates of D from the RAPD analyses varied from 
0.02 between AR and RIR, and between RBC-2 and Tc to 

TABLE 3. Genetic distance matrix (above diagonal) and average bandsharing frequency (below diagonal) 
between populations from the amplified patterns of each of six random primers1 that revealed 

one or more polymorphic fragments in each chicken and turkey population 

AR 
RIR 
WL 
WPR 
RBC-2 
Tc 

AR 

0.60 (0.11)3 
0.68 (0.13) 
0.59 (0.14) 
0.45 (0.16) 
0.29 (0.09) 

RIR 

0.02 

0.73 (0.08) 
0.82 (0.13) 
0.37 (0.08) 
0.33 (0.19) 

WL 

0.05 
0.04 

Population2 

0.77 (0.09) 
0.22 
0.08 

(0.03) 
(0.07) 

WPR 

0.13 
0.07 
0.07 

0.17 
0.11 

(0.05) 
(0.06) 

RBC-2 

0.28 
0.28 
0.11 
0.21 

0.65 (0.19) 

T 

0.18 
0.16 
0.07 
0.13 
0.02 

1The six random primers were OPA-04, OPB-05, OPB-07, OPB-19, OPG-05, and OPG-05. 
2AR, RIR, WL, WPR, RBC-2 and Tc, represent Araucona, Rhode Island Red, White Leghorn, White Plymouth Rock, randombred turkeys, and 

commercial turkeys, respectively. 
3Numbers in parenthesis are standard deviations of the band sharing frequency estimates averaged for the six primers. 
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T U R K E Y S | C H I C K E N S | T U R K E Y S | C H I C K E N S | ^ H B I ARAUCONA I RIR |WHITEPLYMOUTHROCK|WHITELEGHORN IRHODEISLANDRED| M 

FIGURE 1. Gel patterns of randomly amplified polymorphic DNA 
(RAPD) products of primer OPA-17 (A) and OPG-14 (B) showing 
chicken- and turkey-specific amplified fragments. The two patterns 
presented demonstrate that the number of polymorphic fragments 
amplified varied with primer. Primer OPA-17 amplified more 
polymorphic fragments in turkeys than in chickens, whereas from 
OPG-14, more polymorphic fragments were amplified in chickens. 
Lane M is a 123-bp molecular weight marker ladder. 

0.28 between AR and RBC-2 and between RIR and RBC-
2 (Table 3). The D values among the chicken and turkey 
strains were lowest between WL and both Tc and RBC-2, 
at 0.07 and 0.11, respectively. Among the chicken 
breeds, D was lowest between AR and RIR, and highest 
between AR and WPR at 0.02 and 0.13, respectively. The 
dendogram indicated closer relationships between AR 
and RIR and between WPR and WL and, as expected, 
RBC-2 was determined to be closer to Tc than to the 
chicken populations in the present work (Figure 5). 

FIGURE 2. Gel patterns of randomly amplified polymorphic DNA 
(RAPD) products of primer OPG-05 showing a putative Rhode Island 
Red (RIR) specific band (Arrow). B is negative (no template) control. M 
is a 123-bp molecular weight marker ladder. 

chickens and turkeys or to different forms of the same or 
similar gene. Sequencing of these fragments may be 
necessary to establish homology. 

The turkey genome is among the least understood of 
economically important poultry species. In a search of 
GenBank sequence database,7 only five turkey sequences 
were identified. This paucity of turkey genetic informa
tion makes studies of the level of relatedness to chickens 
and other organisms necessary. Results of such evalua
tions may indicate the extent to which comparative 
genome mapping in turkeys using information from 
chickens will be effective. The RAPD patterns of the 
primers used in the present work could be a source of 
additional DNA markers that may be used in the 
development of genome maps for chickens and turkeys. 
Molecular markers developed from RAPD analyses have 
previously been used to develop genome maps for 
zebrafish (Postlethwait et al, 1994) and honeybees (Hunt 
and Page, 1995) and a Z chromosome map of chickens 
(Levin et al, 1993). 

The within population BSF estimates may be a 
reflection of the breeding histories of the populations. 
Because of a lower reproductive efficiency, AR birds 
selected to be parents within each generation were from 
a smaller pool of individuals. A consequence of this may 
have been matings among more closely related birds 
within AR than the other chicken populations. Similarly, 

DISCUSSION 

The RAPD technique was successfully used to detect 
individual variation and estimate relatedness within and 
between populations of turkeys and chickens. Consistent 
with the current studies, the RAPD technique was 
previously used to detect individual variation in animal 
species such as chickens (Plotsky et al, 1995; Zhang et al, 
1995), dogs (Rothuizen and Wolferen, 1994), and tilapia 
(Bardakci and Skibinski, 1994). The high frequency of 
species-specific fragments may be due to the random 
primers annealing to different genomic regions in the 

7GenBank, Release 86.0, National Center for Biotechnologies 
Information, Bethesda, MD 20894. 

FIGURE 3. Gel patterns of randomly amplified polymorphic DNA 
(RAPD) products of primer OPG-05 showing segregation of a putative 
Rhode Island Red (RIR)-specific band (Arrow) in progeny of RIR males 
x White Leghorn females (WL*RIR), RIR x Araucona (AR*RIR), RIR x 
White Plymouth Rock (WPR'RIR) crosses. B is negative (no template) 
control. M is a 123-bp molecular weight marker ladder. 
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FIGURE 4. Gel patterns of randomly amplified polymorphic DNA 
(RAPD) products of primer OPA-12 in male turkeys. Tc represents 
unrelated birds from a commercial turkey population; RBC-2 
represents unrelated birds from a long-term randombred population 
of turkeys. Arrow indicates amplified fragment polymorphic in both 
RBC-2 and Tc turkey populations. B is negative (no template) control. 
M is a 123-bp molecular weight marker ladder. 

the higher BSF estimate between turkeys within the Tc 

population, relative to RBC-2, may be due to directional 
selection in the former for growth and reproductive 
efficiency. Hillel et al. (1993) also previously suggested 
that differences in intra- and interpopulation BSF may 
be due to genetic drift and the rate of mutation at the 
minisatellite loci. 

The trend in the interpopulation relatedness esti
mated by BSF between the chicken breeds, showing a 
more distant relationship of an unimproved breed to 
meat- or egg-type birds, was consistent with the report 

rAR 
i 

I 1 RIR 

I 1 WPR 

I 1 WL 

• Tc 

1 RBC2 
< , i 

5000 4.500 4.000 3.500 3.000 2.500 

GENETIC DISTANCE 

FIGURE 5. Phylogenetic tree obtained from genetic distance data 
derived from amplification patterns of five random primers in 
Araucona (AR), Rhode Island Red (RIR), White Leghorn (WL), and 
White Plymouth Rock breeds (WPR). The tree was fitted using the 
Strict option of the computer program NTSYS-pc. 

of Siegel et al. (1992). The BSF estimates between AR, an 
unimproved low performing breed, and the meat- and 
egg-type breeds were lower than comparisons between 
RIR, WL, and WPR birds. Similarly, Siegel et al. (1992) 
reported domestic and wild jungle fowl to be more 
distant from broiler- and layer-type birds based on BSF 
from pairwise comparisons of minisatellite DNA finger
prints. The average BSF estimates within and between 
populations from RAPD patterns were, however, higher 
than those reported from DNA fingerprints of minisatel
lite probe analysis of poultry by Haberfeld et al. (1991) 
and Siegel et al. (1992). In a comparison of both RAPD 
and minisatellite probe DNA fingerprinting methods of 
population analysis for polymorphism, Plotsky et al. 
(1995) reported higher BSF based upon RAPD patterns. 

The level of intra- and interpopulation differences 
detected in the current work varied with the type of 
random primer used in the RAPD analyses. As reported 
in the study comparing tilapia species and subspecies, 
differences among random primers in the estimation of 
intra- and interpopulation relationships by RAPD may 
be due to minor changes in the PCR reaction conditions 
(Hedrick, 1992; Bardakci and Skibinski, 1994). Other 
disadvantages of RAPD include dominance of detected 
markers and the difficulty of defining allelism (Lynch, 
1988). However, the ease and rapidity of RAPD make it 
attractive for routine genetic typing. 

Results of the present work confirm the applicability 
of the RAPD technique for genetic analyses in chickens. 
It provides evidence of this technique's use to evaluate 
genetic diversity and develop markers in turkeys. The 
high frequency of species-specific fragments suggests 
that the RAPD method could be used in the 
phylogenetic studies of turkeys and chickens. 

ACKNOWLEDGMENTS 

Thanks are due to S. J. Lamont, Iowa State University, 
Ames IA 50011, and T. F. Savage, Oregon State 
University, Corvallis, OR 97331-6702, for critical review 
of the manuscript; to undergraduate and graduate 
students, including Maisie E. Dawes and Paul Drum-
mond, of the Animal Genetics Lab at Tuskegee Univer
sity for technical assistance, and to Nicholas Turkey 
Breeding Farms, Sonoma, CA 95476, for blood samples. 
This research was sponsored in part by the National 
Science Foundation Research Improvement in Minority 
Institutions Program Grant Number 94-50385 and the 
US Department of Agriculture Capacity Building Grants 
Program Grant Number 93-38814-8674. 

REFERENCES 

Bardakci, F., and D.O.F. Skibinski, 1994. Application of the 
RAPD technique in tilapia fish: species and subspecies 
identification. Heredity 73:117-123. 

Bartlett, J. R., C. P. Jones, and E. J. Smith, 1996. Linkage 
analysis among endogenous viral element 1, blue eggshell 
and pea comb loci in chickens. J. Hered. 876(:in press). 

Downloaded from https://academic.oup.com/ps/article-abstract/75/5/579/1553235/Use-of-Randomly-Amplified-Polymorphic-DNA-Markers
by guest
on 16 September 2017



584 SMITH ET AL. 

Haberfeld, A., A. Cahaner, O. Yoffe, Y. Plotsky, and J. Hillel, 
1991. DNA fingerprints of farm animals generated by 
microsatellite and minisatellite DNA probes. Anim. Genet. 
22:299-305. 

Haberfeld, A., E. A. Dunnington, and P. Siegel, 1992. Genetic 
distances estimated from DNA fingerprints in crosses of 
White Plymouth Rock chickens. Anim. Genet. 23:167-173. 

Hedrick, P., 1992. Shooting the RAPDs. Nature 335:679-680. 
Hillel, J., E. A. Dunnington, A. Haberfeld, U. Lavi, A. Cahaner, 

O. Gal, Y. Plotsky, H. L. Marks, and P. B. Siegel, 1993. 
Multilocus DNA markers: Application in poultry breeding 
and genetic analyses. Pages 243-256 in: Manipulation of 
the Avian Genome. R. J. Etches and A. M. Verrinder 
Gibbins, ed. CRC Press. Boca Raton, FL. 

Hillel, J., Y. Plotsky, A. Haberfeld, U. Lavi, A. Cahaner, and A. 
J. Jeffreys, 1989. DNA fingerprints of poultry. Anim. 
Genet. 20:25-35. 

Hunt, G., and R. E. Page, 1995. Linkage map of the honey bee, 
Apis mellifera L., based on RAPD markers. Genetics 139: 
1371-1382. 

Jeffreys, A. J., V. Wilson, and S. L. Thein, 1985. Hypervariable 
"minisatellite" regions in human DNA. Nature 314:67-73. 

Kuhnlein, U., D. Dawe, D. Zadworny, and J. S. Gavora, 1989. 
DNA fingerprinting: a tool for determining genetic 
distances between strains of poultry. Theor. Appl. Genet. 
77:669-672. 

Levin, I., L. B. Crittenden, and J. B. Dodgson, 1993. Genetic 
map of the chicken Z chromosome using Random 
Amplified Polymorphic DNA (RAPD) markers. Genomics 
16:224-230. 

Lynch, M., 1988. Estimation or relatedness by DNA finger
printing. Mol. Biol. Evol. 5:584-599. 

Lynch, M., 1990. The similarity index and DNA fingerprinting. 
Mol. Biol. Evol. 7:478-484. 

Lynch, M., 1991. Analysis of population genetic structure by 
DNA fingerprinting. Pages 113-126 in: DNA Fingerprint
ing Approaches and Applications. T. Burke, G. Dolf, A. J. 
Jeffreys, and R. Wolff, ed. Birkhauser Verlag AG, Basel, 
Switzerland. 

Nestor, K. E., 1977a. The stability of two randombred control 
populations of turkeys. Poultry Sci. 56:54-57. 

Nestor, K. E., 1977b. The use of a paired mating system for the 
maintenance of experimental populations of turkeys. 
Poultry Sci. 56:60-65. 

Nestor, K. E., M. G. McCartney, and N. Bachev, 1969. Relative 
contribution of genetics and environment to turkey 
improvement. Poultry Sci. 48:1944-1949. 

North, M. O., and D. D. Bell, 1990. Commercial Chicken 
Production Manual. 4th ed. AVI Publishing Co., Van 
Nostrand, Reinhold, New York, NY. 

Plotsky, Y., M. G. Kaiser, and S. J. Lamont, 1995. Genetic 
characterization of highly inbred chicken lines by two 
DNA methods: DNA fingerprinting and polymerase chain 
reaction using arbitrary primers. Anim. Genet. 26:163-170. 

Postlethwait, J. H., S. L. Johnson, C. N. Midison, W. S. Talbot, 
M. Gates, E. W. Ballinger, D. Africa, R. Andrews, T. Carl, 
J. S. Eisen, S. Home, C. B. Kimmel, M. Hutchinson, M. 
Johnson, and A. Rodriguez, 1994. A genetic linkage map 
for the zebrafish. Science 264:699-703. 

Ray, S. A., E. J. Smith, and G. R. McDaniel, 1993. Line specific 
DNA fragments revealed by RAPD-PCR in birds diver
gently selected for Tibial Dyschondroplasia. Poultry Sci. 
(Suppl. 1) 72:10. (Abstr.) 

Rohlf, F. J., 1993. NTSYS-pc Numerical Taxonomy and 
Multivariate Analysis System, Version 1.80. Exeter Soft
ware, Setauket, NY. 

Rothuizen, J., and M. V. Wolferen, 1994. Randomly amplified 
DNA polymorphisms in dogs are reproducible and 
display Mendelian transmission. Anim. Genet. 25:13-18. 

Sambrook, J., E. F. Fritsch, and T. Maniatis, 1989. Molecular 
Cloning: A Laboratory Manual. 2nd ed. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY. 

SAS Institute, 1990. SAS/STAT® User's Guide. Version 6. 4th 
Edition. SAS Institute Inc., Cary, NC. 

Siegel, P. B., A. Haberfeld, T. K. Mukherjee, L. C. Stallard, H. 
L. Marks, N. B. Anthony, and E. A. Dunnington, 1992. 
Jungle fowl-domestic fowl relationships: a use of DNA 
fingerprinting. World's Poult. Sci. J. 48:147-155. 

Williams, J.G.K., A. R. Kubelik, K. J. Livak, J. A. Rafalski, and 
S. V. Tingey, 1990. DNA polymorphisms amplified by 
arbitrary primers are useful genetic markers. Nucleic 
Acids Res. 18:6531-6535. 

Zhang, X., G. R. McDaniel, and J. R. Giambrone, 1995. Random 
amplified polymorphic DNA comparisons among broiler 
lines selected for incidence of tibial dyschondroplasia. 
Poultry Sci. 74:1253-1258. 

Downloaded from https://academic.oup.com/ps/article-abstract/75/5/579/1553235/Use-of-Randomly-Amplified-Polymorphic-DNA-Markers
by guest
on 16 September 2017




