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was then briefly spun in a microfuge to pellet coagulated 
protein material. The supernataut then became the DNA 
stock, 2pl of this stock was used for each PCR reaction. 

Blood protein and microsatellite analysis: 

Three blood protein polymorphisms, transfetrin, vita- 
min D binding protein, and ovine plasminogen antigen were 
used in the analysis. These methods have been previously 
described (Tate et &1992). 

Three microsatellites were used in the analysis, MAP36 
(Swarbricketal., 1991),MAF45 (Swarbrick et&., 1992) and 
MAP209 (Buchanan and Crawford 1992). The method of 
microsatellite analysis is fully described in Crawford et al., 
(1991). Details of the markers are shown in Table 1. 

The Booroola pedigrees have been genotyped with a 
large number of other microsatellites as part of our search for 
a linked marker to the Booroola gene. The number of 
microsatellites used on each pedigree varied from 8 to 5 1, 
however, apart from using different primer pairs and varying 
the annealing temperature to suit the primers the same method 
was used for all microsatellites. 

TABLE 1: Details of the Genetic Markers used for pedigree auditing 

Marker number PIc* Paternity** 
of alleles exclusion 

MAP36 13 0.86 0.74 
MAF45 12 0.84 0.72 
MAF209 8 0.79 0.63 
Transferin 5 0.67 0.48 
Plasminogen Antigen 4 0.44 0.26 
Vitamin D binding protein 2 0.29 0.15 

* PIC - Polymorphism Information Content (Botstein et al., 1980) 
**paternity exclusion was estimated using the method of Jamieson 
(1965) 
This method assumes that the dam is known and has been genotyped. 

RESULTS 

Different genetic markers were used on the different 
flocks and as a result the chances of detecting errors in the 
pedigrees varied. The most extensively studied Booroola 

TABLE 2 
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pedigree has beengenotyped with a total of 51 microsatellites 
so that the chances of detecting an error in this pedigree were 
greater than 99.9%. The least studied Booroola pedigree was 
genotyped with 8 microsatellites and 2 protein markers. We 
estimated the chances of detecting an error in this pedigree to 
be 95% (see appendix). The other flocks were genotyped 
with one or more of the markers described in Table 1. 

In the half-sib Booroola pedigrees the only relationship 
we could check was between sire and offspring as the dams 
were not sampled. 

To make the flock error rates comparable we have 
expressed the error rate in two ways, either errors found per 
sire/offspring or dam/offspring relationship or, as is more 
usual, the proportion of lambs identified with errors in their 
pedigree. The second measurement is usually double the first 
as two relationships are checked for each lamb. 

The errors detected per parentage relationship, shown in 
table 2, varied from a high of 5% in the Inverdale flock to less 
than 0.4% in the progeny test flock. The chances of detecting 
an error varied depending on the markers used for genotyping. 
By correcting for this variation we were able to assign to each 
flock its likely error rate. The Inverdale flock had the highest 
rate (15% of lambs with incorrect pedigrees). The Booroola 
and stud flocks had similar rates (5% of lambs with incorrect 
pedigrees) and the lowest error rate was in the progeny .test 
flock in which less than 1% of the lambs had errors in their 
recorded parentage. 

DISCUSSION 

The Inverdale flock which had the highest error rate is 
kept on a farm near Tuatapere, Southland. The higher error 
rate probably reflects the level of intensity of the stock 
managment. This flock is lambed in much larger paddocks 
with significantly fewer shepherds per animal than the other 
flocks. It is pleasing however that the other three flocks which 
were either kept in sire groups for lambing (Booroola flock) 
or were monitored quite intensively during lambing all had 
rates of error that were markedly below the range of 7.5 to 
29.7% reported by others who used observation, immuno- 
logical or protein techniques to determine pedigree errors 
(Welch & Kilgour, 1971; Welch & Kilgour, 1972; Alexander 

Flock Number of Number of Percent Chance of Error rate Error rate 
(markers used) relationships checked errors detected errors detected error detection* per relationship per pedigree 

Booroola 291 7 2.4 z-958 2.5% N/A 
(multiple microsatellites) 

Stud 97 2 2.1 83% 2.5% 5% 
(MAF36, MAF209) 

InverdaIe 102 5 5.0 66% 7.5% 15% 
(MAF45) 

Parasite Flock A 383 1 0.35 85% 0.4% 0.8% 
(protein markers) 

Parasite Flock B 390 1 0.3 1 74% 0.4% 0.8% 
(MAF36) 

*Determined for the Booroola pedigrees by assuming the loci were independent and using the estimate of parental exclusion outlined in the appendix. 
Determined for all other flocks by comparing each si= and dam pair with all progeny of other parents. The average proportion which could be 
excluded was used to estimate the chance of error detection. 
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et al., 1983; Sabo 1980; Iovenko, 1984, Marzanov & 
Lyutskanov, 1989; Wang & Foot, 1990). 

The effect of pedigree errors on the rate of genetic 
progress under selection depends on their importance in 
determining the breeding value of the individual. At one 
extreme, if selection is based solely on an individual own 
value, pedigree mistakes have no effect. Another situation 
commonly encountered in the sheep industry is sire referenc- 
ing where all information is dependent on pedigrees. In this 
case Van Vleck (1970) showed the reduction in genetic 
progress was largely independent of the heritability of the 
trait and mainly dependent on the percentage of progeny mis- 
identified and the average number of progeny tested per sire. 
For example if 0.8 of the progeny are correctly identified then 
the reduction in genetic progress is about 10% if 20 progeny 
are tested and about 6% if 100 progeny are tested. These drop 
to 5% and 2% respectively if p=O.9. 

Presently, within flock breeding values in sheep are 
commonly estimated on a combination of the records from 
the individual and its close relatives. Long et al., (1990) 
simulated the effects of pedigree errors in a swine population 
when using best linear unbiased prediction with ancestoral or 
contemporary information. They found reduced genetic gains 

‘of 12.4% and 3.2% for traits with he&abilities of 0.13 and 
0.50 respectively when when 20% pedigree errors were 
introduced into the data. 

Efficient use of information from different types of 
relatives requires that the heritability be well estimated, but 
Van Vleck (1970a) shows that paternal half-sib heritability 
estimates are reduced by approximately l-p2 when only a 
proportion of the progeny are assigned to the correct sire. The 
use of these biased estimates is another way in which pedi- 
gree errors can impede genetic progress 

On research farms more extreme situations can occur 
when different selection lines or breeds are being grazed and 
lambed together as part of experimental comparisons. For 
example, the mis-identification and subsequent use of a ram 
between high and control fecundity selection lines could have 
dramatic impacts on the estimates of realised heritability of 
the trait. Also a single paternity error can invalidate or 
severely compromise gene mapping studies dependent on 
genetic segregation. Paternity verification is therefore an 
essential component of this work. 

The very low rate of error (0.8%) found in the progeny 
test flock grazed at Woodlands Research Station is a credit to 
the people involved. It is even more exceptional given that 
from this flock, 800 ewes with a lamb drop of 1.8 lambs born 
per ewe lambing and weaned 147 lambs per 100 ewes mated, 
were lambed and recorded by one shepherd. While the 
shepherd was highly experienced, the major factor was the 
simple stock and record management methods he used to 
minimise ewe mis-mothering and the labour required for 
recording. These procedures were based on personal obser- 
vation and experience by the shepherd and the results of 
research work on lambing behaviour in ewes. Much of this 
latter work has been summarised in clear simple language in 
Kilgour (1982) and Kilgour et al., (1982) and is essential 
reading by any person intending to record parentage at lamb- 
ing. 

Briefly, mis-mothering is primarily a function of the 
number of ewes lambing close together in both time and 
space, the “mothering” ability of the ewe and whether the ewe 
has been disturbed, lambed or removed from her lambing 
site. Problems are accentuated if the ewe has twins tid 
triplets, is lambing for the first time, and the lambing paddock 
has uneven topography. In this progeny test flock the ewes 
were set stocked during the lambing period in mobs of 20 to 
30 ewes for periods of 10 or more days on flat sheltered 1 .O 
to 1.5 ha paddocks. First parity ewes were mixed with 
experienced ewes. Lambs born to ewes lambing overnight 
were marked with spray-raddle first thing in the morning and 
the ewe and number of lambs noted in the lambing book. 
Tagging was done later after any shepherding problems were 
attended to. Care was taken not to disturb ewes from their 
lambing site for 24 hours and to assist any ewes with 
malpresentations on their site. A second lambing round was 
done in the afternoon and lambs were either tagged or marked 
at this time. While in excess of 100 of the 800 ewes could 
lamb on a single day, on average only 1 or 2 ewes would lamb 
in a particular paddock between rounds and these were 
generally widely spaced, aiding accurate recording and the 
bonding of the ewe to her lambs. 

Techniques for resolution of suspect pedigree identifi- 
cation included visual examination of the ewe for signs of 
having recently given birth and counting of umbilical cords 
in the placenta. The sheep used were a Coopworth strain that 
has been heavily selected for ease of lambing, mothering 
ability and lack of “flightiness” to shepherds. Accurate re- 
cording and checking of the information entered was also 
important in reducing ermrs and appropriate methods have 
been clearly outlined by Dalton (1982). In particular, check- 
ing ewe tag numbers mated to a particular ram, both prior to 
and after joining, was essential to detect misdrafting and 
“fence jumping”. Similarly, daily completion of both prog- 
eny and dam order lists during lambing detected duplicate or 
non-existent identifications at a time when correction was 
possible. 

The development of retrospective testing allows the 
performance of stock managers to be quantified so that 
allowances can be made if errors are detected. Although 
microsatellites are more informative than protein markers, at 
this stage in their development, it is cheaper and easier to use 
the protein markers to check pedigree records. The 3 blood 
protein markers used in this study can all be read from the one 
elecbrophoresis nm and will detect approximately 80% of the 
pedigree errors, enough to provide a good estimate of the 
accuracy of the records i.e. parentage auditing as distinct 
from verification. It would cost in the region of $10 per 
animal. 

If a very valuable animal requires its parentage informa- 
tion verified and perhaps only one parent is available, then 
genotyping with a panel of highly polymorphic microsatellites 
is the only way the information can be adequately checked. 
This testing is currently quite expensive, probably costing 
between $100 and $150 to analyse one sample with five 
microsatellites. Economies of scale should reduce this cost by 
at least 50% over the next few years. Microsatellite testing 
would only need to be undertaken after the protein markerS 
mentioned above failed to exclude the assignment. 
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Now that the technology is available research flock 
managers should seriously consider getting their pedigree 
records audited to identify potential problems and in the case 
of genetic selection flocks we would recommend that all sires 
should have their parentage information verified. 
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APPENDIX 

Single parent - offspring exclusion for the Booroola pedigrees: 

Suppose a locus has v alleles, and the the frequency of the ith allele (Ai) 
is pi. Then the progeny that can be excluded and the probability of this 
occuring are listed below. 

Parent 
Genotype Probability 

*iAi p: 

AIAj Pipi 

The exclusion probability is: 

Excluded Progeny 
Genotypes Probability 

AjAj,AjAk t1-Pi12 

Afik’Ak% (‘-P,sPj)2 
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