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In a project on biodiversity of chickens funded by the European Community, eight
laboratories collaborated to assess the genetic variation between and within 43 breeds that
have been sampled from a wide range of chicken breeds. This report is on the first phase
of the project, in which 22 microsatellite markers were used to genotype the DNA
obtained from blood pools of 50 birds from each of the 43 breeds. The heterozygote fre-
quency of the 22 markers was estimated to vary from 26% to 66% with an average of
47%. The number of alleles per locus across breeds ranged from 3 to 23 with an average of
10.1 The average heterozygote frequency across markers of the least polymorphic breed
(Padova) is 18% and of the most polymorphic breed (RJF, Red Jungle Fowl), 61%. Four
kinds of genetic distance were estimated between all pairs of breeds from which a general
picture of the biodiversity of chickens was drawn. The genetic relationship between
breeds found in this study differs surprisingly from what might have been expected and
may represent a general property of domestic species in which gene flow between breeds

has occurred continucusly through the domestication process.



The overall aim of this project is to experimentally estimate genetic variation between and
within breeds of chickens and to evaluate strategic questions related to the assessment of
biodiversity. These objectives are being tackled in a broad sample of chicken breeds using
molecular information. The specific objectives of the project are detailed by Weigend et al.

(PGS, 1999).

Markers and Breeds
Chicken lines, populations, and breeds will all be termed throughout this report as breeds.

The genotyping of DNA pools was carried out in the laboratory of Martien Groenen at
Wageningen. For this purpose, a set of 25 microsatellite markers, which are as equally distrib-
uted as possible throughout the whole chicken genome, have been tested for their ease of use
in DNA pools. For technical reasons, three microsatellite markers, ADL 0278, LEI0166, and
LEI0094, had to be excluded from further analysis in DNA pools. The information on the
remaining 22 microsatellite loci is detailed in Table 1. The use of pooled blood samples to
estimate allele frequencies were detailed by Crooijmans et al. (1996).

PCR products of different markers were pooled in such a way that each marker signal on
the ABI automated sequencers did not exceed a peak height of about 1,000 to 1,500. The frag-
ment sizes were calculated relative to the GENESCAN-350 TAMRA with the GENESCAN
fragment analysis software (Perkin Elmer, Applied Biosystems Division). Subsequently, the
GENOTYPER software (Perkin Elmer, Applied Biosystems Division) was used for auto-
mated allele calling and the generation of an output table containing the alleles for the different
loci and the peak areas for each of these alleles. Finally, these peak areas were used to
calculate the allele frequencies for all alleles of each of the loci.

Blood samples were taken from 50 birds of each of 43 breeds, and 43 DNA pools
prepared from these samples were genotyped at 22 dinucleotide (AC) microsatellite markers.
The information on these breeds is presented in Table 3 and in detail by Tixier-Boichard et al.
(PGS, 1999).

Results and Discussion

The main objectives of this phase were to use DNA pools for the assessment of genetic
variation between and within breeds. This information will be compared with the results to be
obtained from genotyping of individuals in the next stages of the project.

Assessment of genetic polymorphism

An approximate estimate for “heterozygosity,” H, was calculated for each locus and for each
breed. In calculating this estimate, Hardy-Weinberg equilibrium was assumed for the geno-



Table 1: Marker names, chromosome location and position, allele size range, number of
alleles across breeds and per breed, average, minimum and maximum heterozygote
frequencies, and frequency of polymorphic breeds for each of the 22 markers. The markers
are ordered by increasing average heterozygosity values.

Marker | Chromo. Position | Allele Number_ol;'. Hete:.;zygote Freqj
J loci size alleles frequencies polym.

breeds

Across| Per | Aver.| Min. | Max.
breeds | bree
d

MCWO8 | 4 217 263267 | 3 1.7 | 026 |0.06 | 055 | 0.64
MCW294 | Z 106 288-326 | 12 25 | 029 {004 | 074 ] 075
MCW248 | 1 20 217-227 | 4 20 | 030 |0.08 | 0.66 | 0.66
| MCw103 | 3 ] 210 268-280 | 7 28 | 035 010 | 068 | 0.89
MCW216 | FH8C78W 13w 28 137-151] 6 22 1037 [0.06 | 067 ] 0.86
Iﬁcwm E29C09W09 61 178-186 | 5 24 | 039 [0.02 | 074 | 095 |
| MCW37 |3 317 153-159 | 4 23 | 041 [0.03 | 067 0.89<I
IMcw222]3 86 219-229 | 6 26 1 042 |0.02 | 070 | 091
| MCWs1 |5 123 112-135 | 12 49 | 043 |0.02 | 0.79 | 0.95 j
§ MCW330 | E41W17 41 260-299 | 11 32 | 048 [0.03 | 0.81 | 0.89
|MCwi14 |6 96 169-195 | 13 43 | 049 |0.11 | 0.78 1.001
MCW78 |8 87 137-150 | 7 40 | 051 016 | 0.73 | 1.00
MCW295 | 4 75 92-108 | 9 3.6 | 052 017 | 080 | 093 |
MCW206 | 2 104 221-251 | 14 42 | 0.53 |0.08 | 0.77 1.001
MCWI111 ] 1 118 100-114 | 8 36 | 053 [0.13 | 0.75 | 1.00
ADL112 | E29C09W09 0 |125-137] 7 40 [ 055 [015 | 075 100 |
MCW284 | 4 167 239-285 | 21 6.8 | 057 {036 | 085 | 098 |
MCW183 | 7 79 200-326 | 16 51 | 057 002 | 082 | 0.93
MCW69 | F60E04W23 23 154-177 | 12 53 | 060 [0.18 | 0.86 1.00<I
ADL268 |1 288 106-120 | 7 44 | 061 [024 | 078 ] 095 |
LEIN92 |6 114 |248322| 23 57 | 0.61 o010 | 0.86 | 1.00 l
| MCW34 |2 230 | 220250 | 16 62 [ 066 [0.19 | 087 | 1.00
ITotal 10.1 | 3.8 | 047 011 [ 076 | 0.92 |




types of the / alleles at each locus. For locus i, H; was estimated by the following expression,
using the observed allele frequencies p;:

1) H;=1 —E(pj)z.

Subsequently, H was averaged across breeds for each of the 22 loci (Table 1) and across loci
for each of the 43 breeds (Table 3). Tables 1 and 3 are sorted according to the values of H.
Several results can be extracted from these tables.

1. Polymorphism of markers (Tables 1 and 2)

The average “heterozygosity” level (as defined using eq. 1) across all genotyped loci in these
43 sampled breeds was found to be 47%. This estimate is slightly lower than the estimate of
heterozygosity reported for broilers (53%, pooled blood), higher than for layers (27%,;
Crooijmans et al., 1996), and lower than previously reported estimates from human
populations (70%—80%; Bowcock et al., 1994) or from farm animals such as cattle (60%; de
Gortari et al., 1997), pigs (68%; Groenen et al., 1995), and fish (86%; Garcia de Leon et al.,
1995).

Across breeds, locus MCW98 has the lowest average heterozygosity (26%), with a
range of 6.5% to 55%, while MCW34 has the highest heterozygosity (66%), with a range of
18.7% to 86.5%, depending on the breed tested.

The average number of alleles at all loci across breeds is 10.1, ranging from 3 (MCW98)
to 23 (LEI192), while the average number of alleles per locus per breed is 3.8, ranging from
1.7 (MCW98) to 6.2 (MCW34).

The wide range of biodiversity in the sampled breeds and the high level of poly-
morphism of microsatellites is reflected in the fact that the least polymorphic locus,
MCW98, was found to be polymorphic in 64% of the breeds, while 8 of the 22 markers are
polymorphic in all 43 breeds.

The difference between the smallest allele (bp) and the largest allele at a locus was found
to have a wide range: from 4 bp (MCW98) to 74 (LEI192). it should be mentioned here,
however, that the definition of an allele in this report was based on the DNA of blood pools
and did not use pedigreed samples. In such cases, errors in determining alleles are not
infrequent.

Associations between the various measurements of polymorphism are presented in
Table 2, where we see that all correlation coefficients are statistically significant, except that
between the difference in allele size and the frequency of polymorphic breeds. All significant
associations in this table are expected and can be understood from the definitions of the
measurements (e.g., highly significant correlation between the difference in allele size and the
number of alleles across breeds).



Table 2: Correlation coefficients between various measurements of polymorphism and their
statistical significance (p).

Alleles across Alleles per breed Heterozygosity Freq. polym. breeds
breeds
Difference in allele size 0.92 (***) 0.63 (0.002) 0.43 (0.045) 0.29 (n.s.)
Alleles across breeds 0.84 (***) 0.62 (0_002) 048 (0_02)
Alleles per breed 0.85 (**%) 0.69 (0.03)
Heterozygosity 0.83 (***)

*** significance level lower than 0.001
n.s., non-significant association

2. Diversity Within Breeds (Table 3)

Breed 21 (Padova) seems to be the least variable, with = 18%, while breed 101 (Red Jungle
Fowl) is the most variable, with an average H over all loci of 61%. However, even within
these extreme breeds, there is great variation across loci. For instance, in the relatively
uniform breed 21, the heterozygosity level ranges from 1.6% to 62.9%, and similarly in the
variable breed 101, heterozygosity varies from 20.4% to 86.5%. Table 3 is sorted according
to the level of heterozygosity. A result worth mentioning is that at the highest levels of
heterozygosity there are breeds of category 1 (feral: 101 and 102), category 2 (traditional
unselected: 29a, 5, and 17), and commercial broiler lines (39, 50 and 40). At the upper
extreme of the table, one can see layer lines (e.g., 37 and 8) and traditional selected lines (21,
19, and 4). The finding of high heterozygosity in the broiler lines compared to the low level in
the layer lines has already been reported by Crooijmans et al. (1996). Even in the weakly
polymorphic breeds, most of the markers are polymorphic. For instance, in breeds 21, 37,
and 4, 77% of the markers are polymorphic, again reinforcing the high level of polymorphism
for the microsatellite loci.

Genetic distances between the 43 breeds

Three measures of genetic distances using data on allele frequencies and one measure based on
allele size have been calculated.

Nei’s genetic distance (Nei, 1972)
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Table 3: Gene diversity of 43 breeds, including category, heterozygote frequencies across
markers (H), frequency of polymorphic markers (P), means and standard deviations of
genetic distances (GD) between each breed and the other breeds. The four estimates are of
Nei, Reynolds, and Cavalli-Sforza distances and (811)%. The breeds are ordered according to the

average heterozygosity values.

Breeds Polymor. | Mean GD to other breeds | Std. Dev. of GD to other
breeds

No. Breed name Cat.| g P Net Reyn. Cavl. By Nei Reyn. Cavl. (3n)°
21 [Padova 3MD 018 1 77 | 0.664 | 0.440| 0.162] 28.7 |0.145 | 0.040| 0.020] 13.11
19 |Jaerhoens SNET 032 1068 1 0.638 1 0.367] 0.138] 22.9 {0.147 | 0.047] 0.021] 12.24
37 |White-cgg layer fine Y] 034 19 77 10.608 | 0.351{ 0.132] 22.1 |0.127 | 0.042] 0.017| 13.15
4 |Fayoumi MDp 036 10 77 10.665 | 0.350] 0.137] 33.0 |0.135 | 0.042] 0.018] 17.72
3401 | Line Sarcoma-Resistant | 4EX | 038 1y 95 | 0.600| 0.345] 0.126] 23.7 |0.106 | 0.045]| 0.014] 12.11
3402 [Line Sarcoma-Susceptible | 4EX | 038 10 95 | 0.610 | 0.342| 0.126] 26.3 |0.114 | 0.043] 0.015] 16.72
8 [Ligat Brown Leghom | 3MD| 038 (5 91 [(.583 | 0.330{ 0.121] 18.2 |0.144 | 0.054] 0.020] 13.33
46 )Australorp layer line ALY1 040 1691 | 0.661 ) 0.347]| 0.130] 34.2 10.148 | 0.048} 0.017] 11.25
10| Friesian fow! 3NEF 041 10 91 10.528 ] 0.301] 0.112( 16.9 |0.134 | 0.047| 0.020] 11.88
45 |Brown-egelayer line C | 4LY| 042 10 95 10.795| 0.370] 0.153| 32.4 [0.146 | 0.052]| 0.020] 17.91
12 |Houdan INEL 043 10 86 | 0.528 | 0.295] 0.112{ 24.0 |0.151 } 0.062| 0.022] 15.39
20 | Sicilienne Buttercup SNEf 044 1991 }0.577] 0.317] 0.120] 16.1 |0.123 | 0.052] 0.019] 8.26
52 [Low fmmune Responsq 4EX| 044 1091 [0.537 | 0.289] 0.109 19.6 |0.128 | 0.051 0.019] 10.17
44 |Brown-egg layer line B2 | ALY 044 1) 95 10.653 | 0.334] 0.129] 33.6 {0.118 | 0.054( 0.018] 17.97
38 [Brown-egg luyerline A | 4LY) 045 1077 10.579 | 0.300] 0.121] 40.6 |0.093 | 0.041| 0.015 20.25
43 |Browmesgluerine Bt | 4LY] 045 1086 0.626  0.313] 0.125] 23.2 [0.128 | 0.054] 0.019] 9.24
23 [Red Villafranguina 3MDP 046 1991 10.508 ] 0.282| 0.111] 17.0 0.124 | 0.054] 0.019] 10.45
6 |Westhacliche Totleger  } 3CE 046 10 95 10.513 | 0.282] 0.108] 16.4 [0.124 | 0.053] 0.019] 10.72
7 |Sundheimer 3CE 046 10 91 | 0.561 | 0.293] 0.118] 19.2 |0.108 { 0.034] 0.013 11.71
18 |Old Scand. Ref. Pop. 3MDp 046 1691 10.499( 0276/ 0.112] 22.8 {0.116 | 0.054] 0.020] 15.93
26 |Transsylvanian  Naked 3CE| 046 11 00 [0.671 ] 0.334{ 0.133| 14.0 [0.107 | 0.047] 0.015] 7.35
ST | fmmone Responsq 4EX| 047 10 95 10.651| 0.318] 0.1271 20.5 [0.145 | 0.060] 0.023] 12.16
41 | Broller dam line B BR1 048 10.86 10.579] 0.291] 0.117] 26.3 [0.126 | 0.050] 0.017] 14.70
2 [Cooehtont 3CE| @48 11 00 ]0.554( 0.288] 0.118] 19.5 [0.122 | 0.050 0.019] 12.86
16 [lcelandic landrace MNEL 049 1091 10.583 ] 0.2901 0.118] 16.3 [0.125 } 0.051] 0.020] 13.19
53 |\ontrol lmm. Responsq 4EX| €50 17 00 10.594 [ 0.293] 0.119] 26.1 {0.153 [ 0.062] 0.025] 15.78
22 (Biack Castellana 3MDE 051 10 91 10.490 | 0.260] 0.105] 14.4 0.106 | 0.045] 0.017| 8.26
13 [Marans SNET 051 10,91 1 0.613] 0.294} 0.125] 24.5 10.100 | 0.043] 0.014] 10.33
LI [Bresse more ALY 03t 1 91 10.582 | 0.284] 0.115] 13.8 Jo.111 | 0.048] 0.016| 8.70
42 | Broiler sire line B 4BR 1051 10,95 10.625| 0.293] 0.125] 20.3 {0.114 | 0.046[ 0.019] 9.23




Table 3 (cont’'d)

25 [Oravka hen 3ICE1 052 1091 |0.550]0.274 | 0.114] 17.1 |0.112 | 0.052] 0.020] 10.00
9 [Uilenbaarder 3NE| 052 11.000.656]0.305 ] 0.128] 15.1 |0.186 | 0.050] 0.019| 8.89
27 |Creendegged Partridge | 3CE | 033 |1 00 10.578|0.281 | 0.117] 17.4 |0.120 | 0.051{ 0.019] 7.55
40" | Broiler sire line A 4BR1 054 109510.559]0.270 [ 0.117] 14.7 10.107 | 0.050| 0.017{ 8.24
28 | Orlov SCEL 055 11 00}0.573]0.274 ] 0.116] 19.9 [0.140 | 0.060| 0.022| 11.91
50 [Broiler dam fine F 4BR1 056 1100]0.575]0.264|0.115] 15.1 {0.129 | 0.056] 0.021] 8.6l
102 [ Galus gallus gallus 198 11.00]0.621]0.273[0.120] 22.4 |0.114 | 0.052] 0.019] 12.10
7" [Finnish Landrade 2NEL @59 17 0010.585]0.263 | 0.114] 14.7 [0.092 | 0.046] 0.018] 6.59
5 [Bedouin 2MET 059 11 00(0.592]0.267 | 0.115] 12.4 |0.107 | 0.051| 0.019] 8.40
33 | Godello Nhx 4EX1 059 11.000.554[0.254 ] 0.111] 18.6 |0.108 | 0.050] 0.022| 11.25
39 | Broiler dam line A 4BR 1060 11 00]0.507]0.2390.101] 19.6 [0.114 | 0.053] 0.019} 7.02
29 [Vurtov crower Russia | 2EE | 061 17 00 [0.510]0.236 | 0.106] 13.3 |0.106 | 0.052| 0.019] 6.74
o1 [Gatus galls spadicens — 1| 06T |7 00[0.582]0.254 | 0.122] 13.7 [0.127 | 0.055| 0.022] 6.12

Total 0.47| 0.92/0.589| 0.301 | 0.121 | 20.9 | 0.1240.050 | 0.019 | 11.52
Categories

1 = Feral
2 = Traditional unselected: MI, Middle East; EE, Eastern Europe; NE, Northern Europe

3 = Traditional selected: MD, Mediterranean; CE, Central Europe; NE, Northern Europe
4 = Commercial selected: EX, Experimental; BR, Broilers; LY, Layers

where m refers to loci and / to alleles at a locus; that is, pymj is the frequency of the ith allele

at the mth locus in breed 1 and similarly for breed 2.

Cavalli-Sforza’s chord measure (Cavalli-Sforza & Edwards, 1967)

(3)

where m refers to loci, i refers to alleles at a locus, and a,, is the number of alleles at the mth

f{; =

m

i

m
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locus. Note that the coefficient X(a,, — 1) is equivalent here to the degrees of freedom.

Reynolds genetic distance (Reynolds, Weir & Cockerham, 1983)
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Delta-mu-square distance (Goldstein et al., 19955)

The genetic distance (8u)? is defined as the squared difference in mean allele size, which is

then averaged over loci:
(5) @y = Ly (rim—ran’ /L,

where L is the number of loci and rj, is the mean allele size at locus m in breed j (j = 1,2):
Tim = Z; 1; Pymi » Where n; is the number of repeats in the allele .

Nei’s distance (2) is appropriate if one assumes that breed divergence is the result of an
evolutionary process that involves random genetic drift and mutation of the infinite-alleles
kind. Reynolds’ distance (4) requires the breed divergence to be due to drift alone. The dis-
tance (3) is a geometric representation of the divergences and has no particular evolutionary
meaning in terms of separation times. The distance (5) was designed to be used specifically
with a stepwise mutation model appropriate for microsatellites (Slatkin, 1995; Goldstein et
al., 19954a). The assumptions here are that the population size is constant and that the muta-
tion rate is constant, the same for all loci, and independent of allele size. In addition, it has
been proved (Goldstein et al., 19955) that the expectation of (8W)? is exactly linear with time
when, on average, mutation does not change the repeat number. The constant is the product
of the overall mutation rate and the variance in mutational jump size (Zhivotovsky & Feld-
man, 1995).

The pairwise distances between each pair of the 43 breeds (903 estimates) have been
calculated for distances (2), (3), and (4) using the PHYLIP package, version 3.5¢; distance (5)
was calculated using a software written by Zhivotovsky (pers. comm.).

For each of the 43 breeds, the mean genetic distance between a given breed and all other
42 breeds has been calculated. Similarly, standard deviations of the 42 distances were
calculated for each of the 43 breeds. These means and standard deviations are given in Table 3
for each of the four measures and for each of the 43 breeds. In the following, the estimate for
Mean Distance With Other Breeds will be termed MED-WOB and the standard deviations
will be termed SDD-WOB.

Predictions a priori

Prior to examining this complicated table (Table 3) in detail, we first consider what might be
expected from these two estimates. In principle, it seems that for a given SDD-WOB, a small
value of MED-WOB would indicate a widely heterogeneous line that includes a large portion
of the genetic diversity of the tested breeds; therefore, most breeds should be genetically close
to it. One would expect that breeds of categories 1 (feral), 2 (traditional unselected lines), and
possibly 4BR (commercial broilers) would be of this type. In contrast, a large value of MED-
WOB may indicate a homogeneous line that deviates from the common denominator of the
general biodiversity of the tested breeds. One might expect to find breeds of the categories
4LY (layers) and 4EX (experimental lines) to be of this type. In fact, one would expect



similar phenomena for the estimates SDD-WOB. In other words, an outlier breed would have
large variation in its genetic distances with other breeds, whereas a common ancestor or a
highly heterogeneous breed would have genetic distances in a narrow range.

Data analysis

We examine first the associations between the ten measurements presented in Table 3. The
correlation coefficients presented in Table 4 should be noted.

The two measurements of polymorphism are negatively associated with all measures of
MED-WOB. The correlation coefficients with heterozygote frequencies are higher than those
with the frequencies of polymorphic markers. Associations between the four measures of
MED-WOB are positive and significant: that of Cavalli-Sforza with those of Nei and
Reynolds are the highest, and those of (6u)* with the other three measures, the lowest. A
similar pattern can be seen between the SDD-WOB values, but the magnitudes are lower.
Among the correlation coefficients between estimates of means and standard deviations in
Table 4, the highest is that of (8u)? (0.81) and the weakest is that of Cavalli Sforza (~0.06).

Reynolds” was —0.35.
Agreement between the first three estimators (Nei, Reynolds, and Cavalli-Sforza) was
also tested using “Mantel’s tests” (Mantel, 1967) of 100,000 permutations each; agreement

was very good. These tests were done with the assistance of a PC package ADE-4 for multi-
variate analysis developed at the University of Lyon (http://pbil.univ-lyon].fr/ADE-4).

Table 4: Correlation coefficients between the 10 measurements of table 3.

MED-WOB SDD-WOB Polymorphism

Reynolds | Cavalli | (3u)° Nei Reynolds | Cavalli | (3u)® Heter. | f-polym.
Nei 0.69 0.87 | 047 0.36 -0.37 | -0.15
MED- | Reynolds 0.89 ! 0.56 -0.35 -0.91 | -0.59
WOB |Cavalli 0.52 -0.06 -0.67 | -0.43
8y 0.81 -0.52 | -0.49
Nei 0.39 0.54 0.21 -0.36 | -0.15
SDD- |Reynolds 0.76 | -0.07 0.37 0.42
WOB | Cavalli 0.005 0.15 0.16
(8p)* -0.53 | -045
Heter. 0.74




Synthesis and conclusions

Taking into account the findings presented above and a careful analysis of Table 3, an
interesting picture can be drawn. Table 3 was sorted 8 times, according to the four measures
of MED-WOB and four measures of SDD-WOB. At each sort, the order of the breeds was
viewed in terms of the category and subcategory of the breeds that occupy the 10 locations at
the upper part of the table (low values of MED-WOB and SDD-WOB) and the 10 breeds
located at the lower part of the table. Three groupings were made: (a) categories 1 + 2 + BR
(highly polymorphic groups), (b) category 3 (standard selected), (c) categories 4LY + 4EX
(groups of low polymorphism). The distribution of 20 breeds into these three groups for
MED-WOB and SDD-WOB and for each of the four measures of genetic distance is

presented in Table 5.

In Table 5, the striking information is given in bold. For all four measures, the least
polymorphic group (layers and experimental lines) have high values of MED-WOB. This
means that the layer and the experimental lines have large genetic distances from other breeds.
Similar association for SDD-WOB is observed only for (8jt)>. For the highly polymorphic
group (feral, traditional unselected, and commercial broiler lines) only the estimates of
Reynolds and (8j) have low genetic distances from other breeds (MED-WOB). With SDD-
WOB, only for (3)° is such an association observed. Thus, in terms of measures, Reynolds
and (8)? estimates discriminate well between breeds of large genetic diversity from those of
low genetic diversity, whereas (8u)* does so for the variation of the genetic distances as well.
Having this result in mind, we can make the following suggestion: common ancestor breeds,
traditional unselected breeds, and broilers, which are highty polymorphic, have low genetic
distances with other breeds, whereas highly selected breeds (layers and experimental lines),
which are characterized by low polymorphism, behave as outliers of the average spectrum of
the tested biodiversity. These findings suggest that the approach of constructing evolutionary
trees, which assumes a unidirectional evolutionary process, is likely to give a misleading
picture of the history. It seems that the process of domestication has involved more or less

Table 5: Number of breeds for three category groupings of the 10 highest values (H) and 10
lowest values (L) of MED-WOB and SDD-WOB for the four measures of genetic distance.

Categories MED-WOB SDD-WOB
of breeds
Nei |Reynolds| Cavalli | (w’ Nei |Reynolds| Cavali | (p)
H|L]J]H|L}|]H; L{H|L H|LJH|L]JH|Lji{H| L
1+2+4BR 0 2 0 8 0 2 1 6 0 4 2 1 2 0 1 6
3 51 7 14115161313 6|3 (1as51511210121]32
4LYHEX 5§ 1 6 1 5 2 6 1 4 3 4 4 3 6 5 0

10




continuous gene flow. This would also explains why Nei’s estimate, which is considered very
good for tree construction (Takezaki & Nei, 1996), was found in our analysis not to
discriminate breeds that have abundant genetic resources from breeds that are limited in
genetic resources. Reynolds’ estimate does, and (81)* does this very well.

Finally, the information obtained from the DNA pools in this project is anticipated to
provide rough estimates for the evaluation of biodiversity in the sampled breeds of chickens.
This information has been used as a basis for choosing 20 breeds (of the 43) from which
individuals will be genotyped in the next phase of the project (rather than DNA pools). In
addition, this information has been used to choose 10 breeds for sequencing a random set of
20 non-coding DNA fragments to assess the single nucleotide polymorphism (SNP) in
chickens.

11
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Abstract

In a project on biodiversity of chickens funded by the EC, eight laboratories collaborated to assess
the genetic variation between and within 43 populations that have been sampled from a wide range
of chicken breeds. This report is on the first phase of the project, in which 22 microsatellite markers
were use to genotype the DNA obtained from blood pools of 50 birds from each of the 43
populations. The heterozygote frequency of the 22 markers was estimated to vary between 26% and
66% with an average of 47%. The number of alleles per locus across populations ranged between 3
and 23 with an average of 10.1 The average heterozygote frequency across markers of the least
polymorphic population (Padova) is 18% and of the most polymorphic population (RJF) is 61%.
Four kinds of genetic distance were estimated between all pairs of breeds from which a general
picture of the biodiversity of chickens was drawn. The genetic relationship between populations
found in this study differ surprisingly from what might have been expected and may represent
general property of domestic species in which gene flow between populations has occurred
continuously through the domestication process.

Introduction

The overall aim of this project is to experimentally estimate genetic variation between and within
breeds of chickens and to evaluate strategic questions related to the assessment of Biodiversity.
These objectives are being tackled in a broad sample of chicken breeds using molecular
information. The specific objectives of the project are detailed in Weigend et al., presented in this
Ssymposiurm.

Populations and Markers

Fifty birds were sampled from each of forty-three breeds, from which 43 DNA pools were prepared
and genotyped at 22 microsatellite markers. The information on these breeds is presented in Table 3
and in details by Tixier-Boichard et al., in this symposium.

The genotyping of DNA pools was carried out by the laboratory of Martien Groenen (partner 2) at
Wageningen. For this purpose, a set of 25 microsatellite markers, which are as equally distributed
as possible throughout the whole chicken genome, have been tested for their ease of use in DNA
pools. For technical reasons, three microsatellite markers; ADL0278, LEI0166, and LEI0094, had
to be excluded from further analysis in DNA pools. The information on the remaining 22
microsatellite loci is detailed in Table 1. The use of pooled blood samples to estimate allele
frequencies is detailed in Crooijmans et al., 1996,



