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Importance of “ connectedness” betveen herds for
effective across herd genetic evaluation
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Abstract “Connectedness” is an essential canponent of genetic evahations The degre of connected
ness affects he accuracy of canparing estimated breeding valies (EBV s) fran one herd or contem pora
1y goup to the other Itcan be measured hrough Connectedness Rating (CR) which is based on vari
ances and covariance anong the estmates of contempoaty group effects A camputing akoribm and a
canpu et pogran for estmating CR is available Them inmum required kvel of conneciedness depends
upon he size of the conemporaty groups the level of accumecy and the residual variance About48%;
CR is required 1o detect differences beween EBV's hat are greater han 2024 of the standaiwd deviation
in the trait for group sizes of about 100 anmals H igher levels are necessary for smaller goup sizes and
formore accurate canparisons Breeders participating in a canmon genetic evaluation progran should
herefore exchange heir superbr genetics and possbly use same canmon testng facilities for m eaningfu |
estin ates of breeding values M aintainng a good connectedness levelw illmake the genetic evalation

pogran more usefil for sekction of superior breeding anim als and achieving faster raie of genetic pro

gress
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1 The concept of connectedness

13

The tem “ connectedness” is canmonly
used in anm albreeding in relation to the genetic
evaluations and across herd canparison of est
m ated breeding values In this context connect
edness is ameasure or accuracy of across herd e
valuations It can be described as ameasure of
the relationships beween herds or contenporary
groups based on their effect on the accuracy of
comparing the genetic values of anmals fran one
herd or group to the other

In tme statistical sense a data set is comr
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nected if the difference betveen effects of every
pair of the sane fixed factor is estmable n a
m odel ofm ain effects only . In genetic evalua

especially using BLUR the herds

or contem porary groups constilute the pairs of

tion mode I

fixed factors and the differences bewveen than
need o be estinable n oxder to compare genetic
evaluations of anmals from these groups The
accuracy of differences beween individuals fran
these subclasses is affected by the degree of con
nectedness beween subclasses

The accuracy of the estinates of breeding

values commonly referred as “ repeatability” de
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pends upon heritability of the trait and the a
mount of infom ation available for the estina
such as number of records on ind ividual
and relatives It reflects the reliability of the es
tinated breeding value (EBV ) as a guide to the

tion

true breeding value Hovever it is not necessa
rib a good indicator of the accuracy of canpa
ring EBVs fran one contemporary group to the
oher The accuracy of such canparisons de
pends upon the degree of connectedness between
the contenporary groups

This concept of connectedness applies to
con tanporary groups within a herd or con tan po
rary groups fran different herds Very often
there is an interest to know if wo heds have suf
ficient degree of connectedness between hen to
include hen in a canmon genetic evaluation
progran. This is useful in ranking of ndividuals
acwoss herds and in identifying the best individu
als for selection and genetic mprovement In
this case each hexd m ay be considered as a sepa
rate contan porary group If there are several
con tanporary groups within a herd one may se
lect a particular contan porary group o represent
the herd Forexanpls if there are severalherd
year season classes within a herd the latest
herd-year season group may be considered as
representative of the herd These conteanporary
groups are henceforth referred to as herds for
sip licity
L1

Connectedness as a statistical

m ecasure

An illustration of the concept of connected
ness in genetic evaluations is given n Fig 1
Herd A and herd B are connected because of the
common sie Sire b is used in both herds
Herds B and C are also connected because of the
common sire Sire 2 Hovever hexds C and D
are not connected since there is no canmon ge-

netic link betveen hen. Therefore diffe rences
between EBVs of anmmals from herd B and C are

However EBVs of

anmals fom herds C and D can not be cam

estimable and canparable

pared with sufficient accuracy as the herds are
disconnected I fact itisnotalvays necessa
1y to have direct genetic links beween herds

The connectedness can also occur due to indirect

herds A and C
are also connected indirectly through herd B

genetic links In this exanple
because of Sires 1 and 2 This is true even if the
herds contain anm als that are not genetically re-
if the aninals fran herd C
and herd D are tested in a test station the herds
C and D woul be connected and thatway all the
fourherds A B C and D would be connected

It is mportant to note hat connectedness is a

lated For exanple

statisticalm easure related to the ability to have
estinable comparisons Sin ilar views have been
expressed by Kennedy and Trud? and Hanocq
etal”. Genetic links are not abso i tely neces
saty for connectedness to exist Nevertheless
they are mportant and useful ways of increasing

the degree of connectedness

Fig 1

Connecedness anong herds hrough canmon

genetic links

L 2 Degree of connectedness

In a genetic evaluation model it is possib le
to intioduce estm ability of differences beween
EBVs fran different heds by treating the herd
effects as random effects rather than as fixed
effects However themain issue is the accuracy
of comparisons even if the differences are esti
mable The accuracy of such comparisons is af
fected by the degree of conneciedness between
the herds even if the hed effects are treated as
randan and the differences between them are es
tmable Therefors it is mportant and useful to

refei sdhe ldegree ofcconnectedness rather than
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connectedness and disconnectedness Herds can
be connected and differences beween the EBV s
can be estmable but if he level of connected
ness is low the accuracy of the canparisonsw ill
also be low such that it is not very different fran
In fact

in a BLUP genetic evaluationm odel connected

that of canpletely disconnected herds

ness beween herds would occur through the ge
netic relationship matrix  genetic groups and
several other fixed or mandan effects'* ™. How
ever it is the degree ormagnitude of this con
nectedness that is mportant for accuracy of

acwoss herd canparisons

2 Measuranent of connectedness

2 1 Prediction error variance of

differences between EBV s

Them ethod of estimation depends upon the
main objective of he use of the estmate A
common ob jective in anm al breeding is he ae
curacy of canparing EBV s of anmals fran dif
ferent herds or contemporary groups Therefore
logically an ideal measure should be based on
the accuracy of EBV s within hewds and accuracy
of their differences acrwss herds The accuracy
of an individual EBV

prediction error variance which is the nverse el

is often measured as the

en ent of the m ixed model equations correspond
ing to the anm al The accuracy of the difference
beween EBVs of wo individuals can be esti
mated as the prediction eror variance of their
difference (PEVD) as
PEVD = Var(a; —a;) =Var(a;) -2cov(a;).
The average accuracy of differences be
ween EBVs of wo individuals from different
herdswoull then be the average prediction error
variance( PEV ) of all pair wise differences be-
ween individuals fran the different herds How-
ever computing this statistic in a laige genetic

evaluation progran would involve several pairs of

anmals beteen one he and the other and sev
eral possible pairs of herds This can be ex
tremely tme consuning therefore an easier
m ethod i required

2 2 Connectedness Rating( CR)

The EBV of an anmalw ith its own record
depends upon the deviation of its perfomance
from the estinate of the contam porary group or
herd effect and other factors inchided in the ge
netic evaluation model Therefore the PEV of
the difference beween the EBV s of wo anin als
in different herds or gioups can be separated into
wo can ponents one associated with the anin als
and heir relatves This canponent depends up-
on he prediction error variance of each EBV,
the degree of relationship beween the wo ant
mals and covariances beween anmal and herd
effects The other canponent is associated w ith
the herd effects hean selves which includes vart
ances of the estin ates of the heud effects and the
oovariance beween hen. In calculation of the

PEVD of anmmals in the wo herds

nent associated with the herd effects ranains the

the canpo

sane for each canparison while that associated
with the anm als and their relatives is different
for each canparison and tends to cancel out over
all canparisons as given in the following equa
tion
VED; = Average] PEV (a; —ay')] =
Var(h, - h;) £ Var( k) +
Var(h;) - 2cov( hy )

A's a result the average PEV over all canpart
sons tends towards the PEV of he difference be-
ween estinales of the wo herd effects There
fore the PEV of the difference beween the herd
effects can be used as ameasure of he degree of
oconnectedness betveen wo herds A smulation
study by Kennedy and Trud? suggested that this
can be used as an effective estmate form easur
ing the degree of connectedness and there was a

hich correlation (Q 995) between average PE:
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VD and VED. These variances and covariance
betw een estmaltes of herd effects can be used in
the followmg fom as Connectedness Rating to
estmate of the degree of connectedness

cov(hy)
JVar(h;) Var(h; )
Where Var (h;), Var (hj) and cov (h,-j) are

the variances and covariances of estmates of the

respective herd effects

Considered in thisway theCR seams sint
lar o a correlation between the estin ates of the
herd effects however itis quite different from a
sinp le productmoment corre lation

The estimation of CR would also involve
compufation of variances and covariances of the
herd estmates These require inverse elan ents
of m ixed m odel equations conesponding to the
herd effects It is difficult o obtain a direct in-
verse of the coefficientm atrix ofm ixed model e
quations for these specific elanents Hence the
follow ng procedure was used A ccording to the
matrix heory the product of a matrix wih its
inverse is an identity matrix This is tme for the
cefficien tm atrix (w w ) ofm ixed m odel equa
tions as well

ww (ww) '=1
Therefore
ww (ww), ' =1,

whers w w = coefficient matrix of m ixed model
equations I= identity matrix I, =a vector of the
identity matrix corresponding to contenporaty
group i (a vector with 1 for the contemporary
group and Zers ); (w/w),»_l = a vector of
verse elam ents for the i" contemporary group

In an iterative procedure for solving the
m ixed m odel equations appropriate sets of the
vector I; can be used to obtain nverse elam ents
fora v or colimn of the corresponding herd
effects of interest Each of these vectors can
then be in he fom of a block of inverse ele

ments containing variances and covariances a

mong the herds of nterest In fact the method
can be used more generally to obtain inverse ele-
ments for specific tows without a full direct in
verse

This can puting algoritm and the estinate
of C onnectedness Rating were used for about 100
herds participating in the Canadian Swine I
provement Progran for the past seven years It
reflects the breeding and ftesting pwcedures
used The CR has been very effective in conve
ying the level of connectedness to the breeders
and taking necessary steps o increase it to a

m ore desired level

2 3 Additional methods for estina
tng connectedness

There are altemative me thods for estim ating
onnecledness either considering connectedness
as a slatisticalm easure or only as ameasure of
genetic links Two methods for estim ating con
nectedness were described and compared to the
estimate of VED by Laloé et al”. These meth
odswere the squared correlation between pre
diction and twe differences of genetic values
(CD) and a connectedness index ( IC) sugges
ted by Foulley et al” which is based on relative
decrease in PEV when fixed effects are known
It is suggested that CD combines VED and ge
netic variability In thisway CD povides a can-
bination of connectedness and genetic variabil
ty The method can be useful for contwlling the
genetic variability especially when there is an
excessive use of a snall group of sires leading to
problem s of inbreeding etc However if the pri
maiy objective is o get an estim ate of the degree
of connectedness and provide infom ation to the
herds to take necessary steps to increase he lev
el of connectedness itmight be more useful to
have an estin ate like CR thatwould specifically
m easure the degree of connectedness The issue
of decrease in genetic variability is a comm on

problem in dairy cattle and now in svine due to
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the use of Al and availability of semen fran ge
netically superior individuals intemationall. It
can be dealtwith separately by providing more
infomation on the effective progeny per sire ef
fective popu lation size level of nbreed ing etc
In a study of test groups in beef cattls Ro
soetal” used fourdifferentmethods to estimate
the degree of connectedness The methods used
included average prediction error variance of the
difference beween estmated breeding values
( PEVD),
ween test group effects (VED), total number of
direct genetic links (GLT) M and Connected
ness Rating (CR). The results show that the av-
erage PEVD of each of the test groups with all
ohers could be better predicted on the basis of
CR orGLT. In the data set used for test groups
the GLT which is based on genet

also gave adequale estinates of

variance of estm ated differences be

in beef cattle
ic links only
connectedness comparable to VED and CR

3 Progran for calcubhting the
Connectedness Rating

A progran for calculating CR available on
CCSI website  www. ccsi ca /oomectedness
This pogran is based on Anm al Breeders Tool
Kit (ABTK ). The ABTK is a set of prograns
m ainly used for genetics evaluations using BLUP
approach These are a group of snall progran s
that can be used for smple operations lke ma
trix inversion matrix multiplication and for
buill ing incidence matrices etc These progran s
were originally developed for UNIX and Linux
enviorments They have been now converted i

The m

put to hese prograns is a coefficientm atrix file

oW indows program s forw ider uséd .

a file containing row numbers for herd effects
and a file contaning the hed identifications
The progran outputs inverse of a block of the co

efficient matrix and the Connectedness Ratings

for each pair of herd effects

4 Level of connectedness needed
for across herd genetic can
par isons

Very often the question iswhat level of con
nectedness is required for effective across herd
comparisons In a smplified approach hemag
nitude of connectedness required depends upon
the m agnitude of accuracy desired This can be

detem ined based on a ¢ test as follows

d
JVED (#; - ;)
Where # = valie of the Student ¢ statistic for

the desired level of significance o d = the av
erage difference beween EBV s that needs to be
detected VED( &, —h}) = variance of estimated
difference betveen herds ; and £,

The relationship beween Comnectedness
Rating and VED can be described as follows ae
cording oM athur et al'",

VED(h; = h;) = Var (h;) +Var (h;) -

2 wv (hy;) = Var (h;) +Var (h;) -

2CRy [Var(h;) Var(h,)

Hence the level of Connectedness Rating re

quired is

[ Var(h;) +Varl k) | -

CR> s
2 [Var(h;) Var(h)

A mugh approximation of the VED (7, - 1)

based on managem ent group size is

d2
A

VED(%, - I;) 26{_1 L, OBy

i ’n,nJ

W hers 0= residualvariance for the trait and

n; and n; are he number of records in the m an
agemen t groups or herds

Defined in thisway the ¢ statistic required
to detect a significant difference d at a proba

bility levela ig
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t, < d ,

CR; |
Jgg[_q_l _, CRy
n; n;

i
The required level of connectedness can be ob-

Jl’l[l/lj
tained by

1 2
or,> [ L) - 4]

n.

In thisway the level of connectedness required
depends upon the size of he herds or con tem po
rary groups (7; and n; ),
(a).

needs to be detected (d ),

level of significance
the average difference beween EBV s that
and the residual vart
ance o ..

If the herd sizes are equal (n,= n,= n):

nl d|’

The required Connectedness Rating is a function
of the sample size the level of significance and
the difference to be detected expressed as a frae
tion of the residual standard devia tion
Considering a typical situation in pig breed-
ing where the average index is standa ized to a
m ean of 100 and standard deviation is 25 index
points it might be of interest to detect the
differences greater than 5 index points i e a
bout 2004 of the standard deviation( SD). Let
us further assume that the level of significance
required is P<Q 05 and size of he contenpora
1y groups fran each of he wo herds is 100
Then the level of connectedness should be grea
ter than 48. Them agnitude of Connectedness
Rating required depending upon the sanple size
(n,= n;= n) and difference to be detected ex
pressed as percentage of the residual standard
deviation assum ing P<<Q 05 is given in Fig 2
Formore accurate comparisons where the
difference to be detected is very snall fraction of
the standard deviation of the trait a higher level
of connectedness is required This is particularly

the case when the sanple size is very small

. lor
:\ 0.9r sample size
@ 0.8F ——50
o 0.7 ——100
5 o6} ——200
§ 0.5} ——300
g 04f —%—400
f::_’, 0.3t ——500
& oz ——600
0.1r ——1700
o—_
10 9 8 7 6 5 4 3 2 1 05

difference to be detected/%

Fig 2 Required levels of Connectedness Rating for

different samp le size and desied accuracy

A practical way of looking at the desired
level of connectedness is exan ning the existing
levels of connectedness betw een different pairs of
herds and their effect on the standard error of
difference beween estim ates of EBVs The rela
tionship beween the Connectedness Ratings of
these pairs and the standard emor of difference
( square wot of VED) between the heud effects
for the herds in a large population is given in
Fig 3

1.4

1.21%

1.04

0.81

0.61

SE of difterence

0.4

0.2

0

0 2 4 6 8 101214 16 18 20 22 24 26 28 30
Connectedness Rating/%

Fig 3 Relationship between standard error( SE) of he
difference and Connectedness Ratng for liter

size

The figure shows a nonlinear relationsh ip
between he wo variables The standard error of
difference decreases as the Connectedness Rat
ing ncreases The Connectedness Rating is very
low formany pairs of herds The emor is espe
cially large when connectedness is belw 5.

Therefore  his can be considered as he mint
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mum level of connectedness required for reason
able across herd comparisons

Connectedness because it is a statistical
m easure based on the accuracy of the estin ates
of the herd effects depends on the herd size
The effect of herd size on connectedness is espe
cially large when the size is less han 50", As
the sanple size increases the level of connected
ness depends more on the genetic links raher

than the sample size

5 Recanmendations for ncreasing
the kevel of connectedness

One of the smplestways o increase con
nectedness is 1o use canmon sires acwss herds
and contanporay gwups The use of Al boars
that have progeny in well connected herds can
accelerate the rate of increase n connectedness
It is mportant to consider the number of proge
ny the nunber of herds in which hese progeny
are found and aweighted connected rating over

" Usuall about 15/ of proge

ny fran well connected sires in a hewd are e

several herds

nough to reach the mininum level of connected-
ness Onemay also use young Al boars that do
not have any progeny provided they cane fran
well connected hernds

The use of central test stations where pigs
from several herds are tested under comm on en
viomental and m anagement conditions is also a
useful way to increase connectedness especially
when there are very few genetic exchanges

It is also mportant to have sufficient size of
the contam porary groups in which he EBV s have
been calculated If a contemporary group has
less than 10 animals of the sane breed the ac
curacy of the EBVs is substantially lower In
practical circun stances it is therefore mportant

to have at least 10 pigs in each contanporary

group orhexd year season classwhich is rather a

base minmum. These 10 or more pigs should
come fran at least 3 different sires to have suffi
cient connectedness within herds and proper ae
curacy of the evaliations
In order to have a continuous stream of
we ll connected boars of sufficient genetic merit
it is necessary that breeders participating in the
progran m ake san e of their superior genetics a
vailable or fom a pool of superiorA Iboars This
type of participation allow s the structure of a na
tional breeding progran smilar to large nucleus
with the possibility of good across herd genetic
This will allow
availability of

variability and connectedness
good across hew comparisons
laige selection differentials and more genetic

progress
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