Additional File 2: Estimating heritability with pooled records
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This supplementary material aims to explain in more detail the scaling of the estimation of heritability
with pooled records of half-sibs [25,27]. For crossbreds, the heritability was calculated, per cage size,
as:
2t - 4 X g2
2 2
o5 + nXog

where n was the number of hens grouped in the cage, 4 X 62 = g2 was the additive genetic variance
for crossbreds; o2 was the residual variance for crossbreds.
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1. Explaining the multiplicative term “n” for the residuals
A phenotype (P) of animal i can be decomposed by the following formulae:
Pi=,u+ai+ei (1)

where a; is the breeding value of animal i, with a~N (0, Ac?) where A is the genetic relationship
matrix, and e; the environmental effect (or residual) with e~N(0,162) where I is the identity matrix.

For animal i born from sire j and dam k, a; = %a i+ %ak + MS; where MS; is the Mendelian sampling

(random error due to meiosis) with variance o = %0&. The heritability of the P; is:
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If the observed phenotype is a pooled average from sire j half-sibs, P*; = "=Tlpi, then:
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Where d; is the index for the dam of animal i, thus applying a sire model on pooled records:

Pi=pu+sj+e (2)
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Where Sj = Ea] and ej = ; i=1 (E Agi + MSi+ei)
Variance components estimated in model (2) are thus:
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The heritability of the trait from variance components estimated in model (2) should then computed
as:
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More information and validation with simulated situations can be found in the discussion section of
Katrijn Peeters’ Ph.D. thesis [27].



2. The calculation of heritability for pooled resilience indicator traits, that are based on
deviations

In the following subsections, the subscripts used are:

Subscript Standing for

i individual

j sire

t time

9 group

m number of records (times)

n number of individuals in the group

Other notations are:
EP;; is the eggs production of animal i at time t, EP;; = Uy + a; + e;¢
U; 1s the flock’s weekly average EP,

Dev;, = EP;; — Uy = a; + e;; 1s the deviation of animal { at time ¢,

_ 1 . .. . .
Dev; = Zzﬁl Dev;; is the average deviation for animal i,

Dev;; — Dev; = ey,

_ Xit,(Devi—Devy)? _ Yt (ei)?

Ofopi = is the variance of the deviation for animal i,
: m-1

For pooled records, let’s consider a group g of n half-sibs of sire j:

EP; = @ is the egg production calculated as pooled records for sire j at time ¢,
. 1

And: EP; = p + - (Zieg a; + Zieg eit)
. 1 1 1

Thus: EP;; = pe + Sa; + ;Zieg (E ag; + MS; + eit)a

Dev;, = EP;; — u, is the deviation for sire j at time ¢,

Dev; is the average deviation for sire j,
= _ 1lom . 1 lan (1 1 om
Dev; = ;Zt=1Devjt =374 + ;Zi=1 5 Qai + MS; ) + m &t=1 Zieg €it»
Ao+ _ Xieg Cit
Dev;, — Dev; = ===
jt J n

We note 05, ; the variance of the deviation for sire j based on pooled records



2.1. LNVAR

Let’s consider repeated observations on animals, recorded at the individual scale and as pooled records

of half-sibs groups. Traits are defined as:

LNVAR;,4

LNVAR,,,,;

LNVARpq; = In(03,,:) = ln< —

?;1(eit)2

)

LNVARpoo1; = In(05eps ;)

The relationship between individual and pooled
records can be approximated as:

1+(n—1)(%h3+c2)] -
n ] Dev,j)

LNVARyo0,,; = In (|

In ([1+(n—1)1(1%h§+c£2])]) " ln(aﬁew)

= K + LNVAR g

where (%h2 + c2) is the resemblance of half-sib
cage mates due to genetics and a possible
common cage effects (c7). hg is the heritability
of GDZev, ; (prior to the In-transformation).

This shows that LNVAR0; # LNVAR g

The trait analyzed based on pooled records
(LNVARy,e) differs from the trait analysed
based on individual records (LNVAR;;,4) with a
factor K. The magnitude of K depends upon n
(number of cage mates), the heritability of the
trait (hé) and the presence of common
environmental (group) effects (c7).

estimating h? for LNVAR;,4

estimating h® for LNVAR o,

Animal model:
LNVARna; = v + Arni + €rni
thus:
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Sire model:
LNVARyoo1,, = Hinp t+ Sivpj + €Lnpjg

As a constant, K will not contribute to variation
but to the overall mean p; yp,.
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2.2. AUTO-R

Let’s consider repeated observations on animals, recorded at the individual scale and as pooled records
of half-sibs groups. Traits are defined as:

AUTOR,,4 AUTOR,,,;
cov(ej, e; e Y. e
AUTORind,i — ( lt2 Lt+1) cov (ZlEﬁ it ' Zlegn lt+1>
Tei AUTOR,,p; i =
Y% (Devi —Devy) (Deviry, —Devy) poe var (M)
AUTORina,i = TP, (Devi;—Devy)? n
With a homogeneous residual variance g2 for
half-sibs:
1
pZieg cov(ei, eit+1)
AUTORpOOl,j = O'ez
n
_ Yieg cov(€yt, €it41)
no?
1 -
= EZ AUTOR;,q =AUTOR, 14
ieg
Meaning that calculating AUTO-R on the pool
performance of a group (mean) is identical to the
mean of the individual AUTO-R of the group.
estimating h? for AUTOR;,4 estimating h® for AUTOR
Animal model: Sire model:
AUTORna; = tac + Qaci + €aci AUTORpooljg = Hacp + Sacpj T €acpjg
thus: Given that
2 I
e Ogac : AUTOR o0 = AUTOR gy
Ogac T Oeac 42
hflc 1= ACE
oo
P UsZACp + najc;a
As explained in section 1




2.3. SKEW

Let’s consider repeated observations on animals, recorded at the individual scale and as pooled records
of half-sibs groups. Traits are defined as:

P =SKEW ;4 P* = SKEW 40
SKEWind,i . , SKEWpool‘j — SKEW (ZieflEit) —
_ m Z Dev;; — Dev; SKEW(ZiEg eit)
(m—-1)(m-2) £ O,

mo 3 - According to Eriksson (p.29, eq.20) [52] for the

=M Z (ﬁ) skewness of n independent variables
O-e
t=1 Yieg M3i
SKEW (Zieg €it) = 372
where: ( ieg ”ei)
1

M= m Where pg; = - e’

(m—-1)(m-2)

With the same residual variance for all half-sibs
in group g, (62, = o), we obtain:

SKEW(Zieg eit) — Zieg H3;

(nxo2)2z
SKEW(Zieg eit) = WL_BL
(d2)?
icgS L

Thus the relationship between individual and
polled records is:

1
SKEWpOOl,j = \/_ﬁ X SKEWlnd,l
Meaning that calculating SKEW on the pool
performance of a group (mean) is identical to the
mean of the individual SKEW of the group.

e 1. _
The multiplicative term Fisa characteristics of

skewness: due to the central limit theorem, large
n leads to a symmetric normal distribution (non-
skewed).




estimating h? for SKEW ;,,4

estimating h® for SKEW ,,,,

Animal model:

SKEWina; = Usg + Aski + €ski
thus:
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Sire model:

SKEWpooljg = Uskp + Sskpj T €skpjg

Given that SKEW,o, . = —= X SKEW,ng,

ooljg _\/ﬁ
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h2 ;=
SKpool — 2 2
SSKp + nGeSKp

As explained in section 1




