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BREEDING 

Dealing with Inbreeding (1) 

What is inbreeding and what can 
be the consequences? 

Dealing with inbreeding is part of breeding. The Friesian breed has thanks to inbreeding become what it 

is today and it will continue to develop in whatever way breeders deal with inbreeding. In three parts We 

will explain the phenomenon inbreeding and the consequences for the breeding of the Friesian horse. 

Text: Frank Houterrnan • Translation : Anneke van den l]ssel. 

We speak of inbreeding when two 
animals that are bred to each other are 
related to each other. This means that 
the pedigrees of both animals mini 
mally somewhere have one ancestor in 
common. 

In the past especially practical obsta
cles that stood in the way of distribu
tion of genetic material across large 
distances created inbreeding. Small 
local sub populations would come 
about within a breed with often within 
this sub population much mutual 
kinship . These days genetic material 
can travel to every corner of the world 
in the form of frozen semen, embryos, 
and breeding animals . But with that 
inbreeding and inbreeding issues are 
not a thing of the past. With these 
same modern techniques top animals 
can produce many offspring in a 
worldwide population. Inbreeding and 
the danger that genetic variation will 
forever become lost are a real danger. 
The connection between inbreeding 
and selection and the consequences it 
has fo r the KFPS breeding policies will 
be covered in the last part of this 
se ri es 'Dealing with Inbreeding.' 
The deg ree of kinship between two 
animals is indicated with a number 
between O and 1. which we call the 
kinship degree. The kinship degree 
between a sire and his daughter is 0.5, 
becau se half of the genes of the sire 
can be fou nd in the daughter. The 
kinship degree between sire and grand-
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daughter is 0.25 (-0 .5 x 0.5) , that 
between sire and great granddaughter 
0.125 (= 0.5 X 0.5 X 0.5) , etc. 
If there is kinship between two animals 
and they are bred this results in an 
offspring that is inbred on the common 
ancestors. The degree of inbreeding is 
indicated with the inbreeding coeffi
cient or the inbreeding percentage. The 
inbreeding coefficient is a number 
between O and I or a percentage 
between 0 and 100% and is equal to 
half of the kinship degree between the 
two parents. In order to prevent risky 
breedings with relation to hereditary 

defects the inbreeding percentage over 
the last five generations is calculated 
for the breeding of Friesians and a 
limit of 5% is used. In 'Dealing with 
Inbreeding,' part 2 we will further 
cover the pros and cons of this 
management. The inbreeding coeffi
cient is a measure for the expected 
increase of how homozygousnes 
(breeding purity) in the offspring. 

Increase in breeding purity 
What does 'the expected increase in 
breeding purity' mean? For the genes 
on the chromosomes of an individual 
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breeding compani es as so-ca ll ed 

Prod ucti o n hybrids. These hybrid s a re 
the res ult of the combination of animals 
from a line with a high degree of 

inbreeding of one breed with animals 

wi th a high degree of inbreeding from 

ano ther breed . By first inbreeding on 
the base breeds you create more and 

m o re breeding purity and genetic 

uniformity within the lines. Then the 

animals of the various inbred lines are 

paired. We call this outbreeding or 

crossing . This method of operation 

has a number of advantages : 

I . The cross product (hybrid) 

combines the genetic characteristics 
of the original lines . 

2 . The crosses are genetically very 

much uniform . They have after all 

obtained the same genes from the 

father's side and from the mother's 

side very different genes, but still all 
the same . 

3. By outbreeding in very many places 

on the chromosomes heterozygous 

gene pares come about. In practice we 
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BREEDING 
have found 1ha l for certa in character is · 

tics heterozygous geno type s work out 

much more favorably than two exac tl y 

the same genes in a ce rtain place. 

Fitness characteristics 
This applies especially to characteris · 

tics that are connected to the continu · 

ance of the species, e.g. , resistance to 

disease , lifespan, fertility, and vitality. 

We call that the fitness characteristics. 

Less heterozygousnes leads to a decline 

in fitness characteristics and more 

heterozygousnes leads to a longer 

lifespan, better fertility, and more 

resistance . That is not just the case for 

poultry but also for Friesian horses . The 

fact that the average semen quality of 

Friesian stallions is considerably less 

than, e.g., that of KWPN stallions is 
more than likely a result of inbreeding 

and the connected decrease of hetero

zygousnes . The trick is now to select 

animals and combine them such that 

the desired characteristics are maxi 

mally expressed in the offspring 

without com promi sing 1 . . I le f1tn . 
actenstlcs a ny fu rther. When t,; th,. 
mare with exce ll ent bre d a Fr ,t,.,. 

. . . e 1YP1 ca1 ., 
ac tenst 1cs 1s paired with . th,r 

a stall,a 
a lso stan ds out in breed t n lh,, 

YPe lht 
is a method to a nchor the n 1h,, 

. ~b~~ 
typical cha racteristics With b 

. . reecti . 
punty 111 the offsp ring. If th n1; 

. e s1a11 ,, 
and mare 111 qu estion both d . '" 

erivt th 
excellent breed typical cha 

1
'

1
: 

rac1eri1r 
from a mutual a ncesto r that 

1
'

1 

Passe1 
breed type then the chance at or, 

. su cce ,1 
where 1t concerns anchoring With · 

breeding purity will on ly incre 
ase. In a 

number of cases th is can howe . • Ve r, go 
together with a decrease in fitn e . 

SS In 
the offspring. Successfu l breed·, . ng ll"IH 
Friesian horses means, therefore, 10 ' 

not always choose fo r as litt le 

inbreeding as possible but to respon. 
sibly deal with inbreeding. • 

In this Phryso you will find 

Dealing With Inbreeding part 2: 

Stallion Choice and Inbreeding. 
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,hcY exi s t in pa irs. Such n 
11101 

,,,, •n exi s t of two o f the s;i
111

c •' ai r CL• 

,r''f p ' o i c), c.(l .. ;\A or two dlffere111 
. 1oz) ll f 
, ,,11 rozygotel Aa. I no sc lecuon 

' (hCIC 
.,1f · n on A or n. n population •' )aC< 

1(,,,~ p f 25'!6 genotype AA, 50'.16 
.,~ts 0 

,,,11> • pc An, and 25% genotype aa . 
11n' 

~,1
1 

he population is thus heter
0

. f oft 
~•

1 
for gene A and the other half Is 

.• ous h 
:1• ,gous. W en ovums and sperm 
,111ozl II . 

ti' formed a gene pairs are split 11~ are . 
,r · h terozygous Individuals half of 1h e 111 

, cells (sperm cells or ovums) 
11e sex 1 

. 1 the one gene A and the other •001a11 

' he other gene a. That gives the 
nalf t . . 

,ng a certain uncertainty when it offspr 
rns the materialization of the 

~~e . . 
Cteristic that 1s determined by ,11ara 
A The heterozygous individual gene · 

all breeding unpure for gene A and we c 
" acteristic A. In the case of the c,,ar 
rather/daughter combination you can 

calculate that the frequency division of 

AA, Aa, and aa in the offspring is not 

Y. , Yz, ¼ but 5/16, 6/16, 5/16. The 

increase in degree of homozygousnes 

or decrease of heterozygousnes is even 
to 2/16 divided by ½ = 0.25. The 

BREEDtNc 
r)rf sp1 '"Rot 
nano a lathcr1dau I 

n, lh erero R 11r, con1b rr , ha . 1 
coe tr1c1cr11 or O 25 , , ~n lnbrerd1 n~ 

calculated as h~)f o~:d that can al ,o br 
degree or k· -5, bein g lh 

1nsh1p b e 
daughter. This et11•een fath er and 

S)•sten d 
count for &ene A l oes no, Ju~, 
d With f aughter a ather / 

cornblnatio 
&enes When c b n but &oes for all 

0m lnin 
Inbreeding th g r,lated horses 

• erefore 1 · 
to fewer het . eads to a Shift 

erozygous 
hornozygou and more 

S &eno hrp . offspf ,, es •n the 
tng. More homo 

Pairs means th zygous gene 
at for rn 

&eneuc charact . . ore and more 
enstics g h 

longer matt . oes t at it no 
ers Whtch r h 

end up in a c . o t e two genes 
erta1n off . 

they are aft spring, because 
that b ct· er all exactly alike. We call 

ree in pu · 
h nty. For a Portion of t e genetic ch . 
. aractenstics that is defi -

nitely favorable N 
. . · 0 one. e.g., will have 

difficulty With it if th b . 
e reeding purity 

~f t~e characteristic 'no White mark-
ings increases and thu s fewer and 

fewer offspring are born With markings 
out of parents Wi thout markings. The 

same goes for a large number of ot he r 
genetic characteristics. 

Overview of concepts and technical terms 

Chromosomes: part of the cell nucleus that stores all hereditary information . 

Lin , br etd l og 

\J)t'ohc Ult , 11 rr,hr ., ,! _,: , , - -•· • • ,, 

to inoe;1w, bH•d•~,2 ps.; 1, , • ,~.1 ·•··, -
Purpoie, ol u~~ lrp,>" ~~ •bf,!•.: ' 
eppli,d lo br,ed oll~;,11,,; ,,-..,, t .. ---.. 

more ind more unJlnm, &M i i ,~ .J 

con11nue thh 10-.11 enoui h <" ef",:.J . • 

g,n",c•llr ldent1ul. I or ,,.ur-al •~s· 1. 

is \ ery h.1ndl' tr the rnuto .art not 

innu enced by gene uc d 11,r"lXu 

between the test anu;.uh u~ re; 11".i: 

rea son ra t a.nd mice lines b.Jvc btt.., 

bred that ha1 e ~ en inbl't'C! tnto uch 

other fo r so many subse'iuent gcner• 

tions that all anrmat.s '-l thln such a h.r.t 
are gene ncal l~ identical. Another 

example comes from small a.ru.mal 

sport breed ing. There 1t 1s an often 
used method. by means of repeat~ 
father/ daughter or son mother bree-d 
ings, to anchor charactC'nst1 c:s of an 
animal tha1 highh adheres to the 

breeding goal in a li ne . In this fu.sh 1C1 n 
the offspring of a repea ted IMher 
daughc er combi nation " 111 more and 
more re semble the li ne fJther. rrodu( 
lion animals in poultn f.1rmtni: 3N.' 

brought lo mJrl.et b1 spec lj il trd 

Fitness characteristics: all characteristics that are related to the contlnu 
I 

h 
lllCC O I C sp" 1es, r .a , re~ ISldll{(' lo di,~RS\' , lifespan, fertility, and vitality. 

Breeding unpare: an animal is breeding unpure for a certain charactemtlc ,r one or more gene p.ii r, that dtt t'rmrne ihr 
expression of the characteristic are heterozygou s. This leads to llem1 za11on a1 the forma 11on ol ,t~ l dl s \\llh th,rclo,., J 
bigger chance of different offspring. 

d 

Breeding pure: an animal is breeding pure for a cert ai n charactensuc 11 all gene pairs tha1 determine th~ chJrdc te11 s11 c di,· 
homozygous. It then no longer matters for the characteristic in question which St). ctll 111 11 credt~ a ne1, 1nd111dual 
Gene pair: the chromosomes can be found in pairs in the cell nuclei of an tndl\ldual. Of e1 ery pa tr one come\ from 1hc 
father and the other from the mother. The various parts of these ea rn ers of rhe ge netic material \\ e call genr , Jnd tho,e 
thus also come in pairs. 

Heterozygote: a gene pair that received two different genes from father and mother. 
Heterozygousnes: the presence of heterozygous gene pairs. 

Homozygote: A gene pair that received two of the same genes from fa ther and mother. 
Homozygousnes: the presence of homozygous gene pairs. 
Hybrids: offspring that are the product of outbreeding. 
Inbreeding: pairing of individuals that are related . 

Ph 

0 d l that indicates the relati ve increase of homozygousnes of a ce rtain Inbreeding coefficient: a number between an 
combination . f 

· d 100% that indicates the relative increase of homz~•gousnes o a certain Inbreeding percentage: a number between O an 

combination. h haracteristics in the offspring with breeding pu rity and/ or Une breeding: repeated inbreeding with the goal to anc or c 

more genetic uniformity in the offspring . 
1 

d 
. . . I are not or clearly less re ate . 

Outbreeding: combining of md1v1duals t mt . h digree of two or more individuals. 
ki h' mon ancestors m l e pe 

ns 1p: the presence of one or more com . ct · 
1 

the degree of similarity in the pedigree . D 
01 and I that m 1ca es egree of kinship: a number betwee n 
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