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We all have

2 parents

4 grand parents

8 great grand parents
16 great great grand parents

etc...






BUT - natural selection acts

against the detrimental

consequences of inbreeding...




It’s all about risk...

14
Photograﬁher: C. Michael Hogan
VLl
A\ \ O\

W
AU
\ "

\
)




What are the risks associated with inbreeding?
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Why does inbreeding cause these problems?

CGT-CGT-CGT- CGT TGA
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Coefficient of inbreeding (COI)

g

COl is the probability that the 2 copies of

a gene are Ildentical By Descent (IBD)

© 25% for offspring of a full sib mating or a
parent/offspring mating

©12.5% for offspring of a half sib mating

® 6.25% for offspring of 1st cousins
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Number of generations is all important

*...(using 3 generations of pedigree
only, actual COIl may be considerably
higher. When using 5 generations of
pedigree, COl = 17%)



Rate of inbreeding (AF)

20% A
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10%

Average COI

5% A

Generations / time —

rate of inbreeding (AF) = change in average COI over time (or generations)

Usually quoted as the Effective population size (Ne)
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Inbreeding/drift summary
Inbreeding unavoidable in the long term
COl describes the probability of IBD, and so risk
Rate of inbreeding the important measure for breed/population

Inbreeding and drift act on allele frequencies




Paper detailing results available:
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Figure 1: registrations by year of birth
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Trend of registrations over year of birth (1980-2014) = 21.3 per year
(with a 95% confidence interval of 13.01 to 29.59)



Table 1: sire statistics per year

puppies per sine

Wpuppies sired by most prolific sires

WEar ¥born Mdarrd Wairag
max miesdian Il Mm&an i 508 sires 15% sires 1003 sires 5% dinesg

1980 187 a5 57 21 2 1 3.28 1E E5.03 63.1 IS 25.13
1981 556 121 77 44 5 3 722 7.B3 E1 83 58.81 T4l 23932
1932 620 111 &7 36 8 1 9.25 7.53 7419 52.74 20 E4 1581
1983 E97 167 836 65 7 4 1043 10.57 El 49 58.75 3512 1951
1984 E37 145 ] 44 8 E 1008 2.1E 7373 53.88 2786 1601
1985 1003 179 9E 48 7 4 1023 553 7827 56.53 341 2064
1986 oa3 179 9o 36 G 4 963 1135 El. 64 60.55 3757 24.45
1987 1011 176 96 60 7.5 B 1053 0.6B B32 55.79 30.EG 1929
198E ga0 168 an 5B 7 3 1056 11.14 E2.42 62 I5.ED 1368
1980 13049 195 111 73 B 7 11.79 11 43 TATE 56.76 3323 12131
1940 1167 178 115 52 4 10 D El B.7E 7669 52.78 3231 022
1991 1322 183 110 i | B 7 12.0F 1177 T76.4 56.81 3411 2345
1993 1328 183 1DE 7B 9 o 12.3 128 756 55.87 I705 1289
1993 13049 178 96 0 10 o 1364 1214 7731 54.09 I1EG 0.7
1994 1368 195 109 50 10 B 1255 9.91 7836 51.83 2B.22 15.72
1995 1644 221 11E 66 9 o 1393 12.5E TI25 57.73 3206 18.49
1996 1455 192 110 102 9 B 13.23 13.94 7153 57.45 35.53 23.99
1997 1550 212 127 73 9 o 12.2 11.7 78.19 56.77 33p3 19.42
1998 1333 185 109 5B 9 1 1223 11.9 B].ES 58.21 35.11 183
1999 1305 187 113 43 9 o 1155 B.BD 7124 52.87 26.26 1594
2000 1181 161 105 51 9 o 1125 2.85 7451 51.48 2064 1702
2001 1249 180 108 54 8 1 1156 12 E2 55 60.45 I7o7 2026




Figure 2: rate of inbreeding
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Estimated effective population size= 67.9
NB - this estimate is made using the rate of inbreeding over the whole period 1980-2014
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Table 2: trends within 1980-2014

years 1980-1984 | 1985-1989 | 1990-1994 | 1995-1999 | 2000-2004 | 2005-2009 | 2010-2014
mean #registrations 619.4 1045.2 1298.8 1457.4 1278.6 1534.2 1309.8
Total #sires 214 295 317 327 343 389 357
Max #progeny 188 228 209 202 245 187 230
Mean #progeny 14.416 17.712 20.467 22.281 18.627 19.717 18.331
Median #progeny 7 9 10 10 10 10 q
Mode #progeny 1 4 10 1 1 1 1
SD #progeny 21.186 26.088 28.019 30.854 27.284 26.194 27.565
Skew #progeny 3.7632 3.9644 3.3338 2.738 3.8687 2.841 3.6907
Total #dams 492 699 693 783 731 846 765
Max #progeny a7 35 40 38 38 45 31
Mean #progeny 6.2703 74678 9.3694 9.3052 B.7442 9.0662 8.5542
Median #progeny 5 (5] a 8 8 a 8
Mode #progeny 1 6 9 9 8 1 1
SD #progeny 5.0422 5.0861 5.842 5.7055 5.7146 6.2725 5.6867
Skew #progeny 1.8215 1.5296 1.3072 1.3508 1.33 1.3705 0.90344
Rate of inbreeding 0.026309 | 0.012895 nmmm 0.001502 |  0.003463 -0.0031
Generation interval —— e ‘ CNANEN a nRs

Effective pop size 19.005 38.774 29.167 49.634 332.93 | 144.3¢% n/
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distribution of progeny per sire/dam

Figure 3

50

50

50

150 200

100

250

2

150 200

100

W-Ill

130 200 250

100

2

150 200

100

150 200

100

250

150 200 2

100

150 200 260

100

150 200 250

100

150 200 250

100

200 250

150

150 200 260

100



Broad trends and interesting examples...



The rate of inbreeding is (generally) slowing...
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...although, not in all breeds...
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Some rarer breeds are conserving diversity...
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...but others are really struggling...
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Drastic loss of genetic diversity in some breeds
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Effective and actual pop" size appear unrelated
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Possible effect of ‘sub’ populations...




S
Thank you — ant quuestlons?

General trend across breeds is an easing in the rate of inbreeding
FCR rate of inbreeding is improving...

...but popular sires are still making large genetic contributions

Dr Tom Lewis
Tom.Lewis@thekennelclub.org.uk
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