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Why metafounders are needed.
What metafounders are.
How to estimate metafounder relations.

With dairy and beef population examples.
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Why: Pedigree relations vs. Genomic relations

Mean Gy matrix element by group
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» Year classes.

e Mean genomic relations. .

e Nordic Red Dairy Cattle 075
(RDC).
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Why: Pedigree relations vs. Genomic relations

Mean Ay matrix element by group
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e Mean pedigree relations.

e Pedigree relations seem to
have similar structures as
the genomic relations.
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° Pedlgree relatlons (Ieft) are much smaller than genomic relatlons (rlght)

Why: Pedigree relations vs.
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Genomic relations

Mean Gy matrix element by group
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Why: Pedigree relations vs. Genomic relations

Mean Ay matrix element by group Mean Gy matrix element by group
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° Pedlgree relatlons (Ieft) are much smaller than genomic relatlons (rlght)

e Goal for metafounders: make this difference smaller. L kQ
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¢ |n traditional breeding value
models individuals are related
through pedigree relationship
matrix A.

???°?

e Pedigree relationships are
incomplete:
» Some parents are unknown.
» Oldest are assumed to be
unrelated.




Metafounders concepit:

e Unknown parents replaced with
“metafounder” ancestor groups.

e Metafounders are assumed to be
related through so called
Gamma matrix I'.

e T" matrix needs to be estimated
from the genomic information.

Pedigree

? 7?2 ?

Related through A

Metafounders
Related through I

Related through A




Why: T "corrected" pedigree relations (Al matrix)

e Pedigree relations can be Pedigree relations:
efficiently express_ed using A'—IDL. L—1- .
very sparse matrices. 2




e Pedigree relations can be Pedigree relations:
. : )
efficiently express_ed using A'—IDL. L—1-lp
very sparse matrices. 2

e Metafounder "corrected" I" "corrected" pedigree relations:
pedigree relations, AT . r-t ol.,
matrix, has similar very (A7) :LF[ 0 DJ br
efficient form.




Pedigree relations can be
efficiently expressed using
very sparse matrices.

Metafounder "corrected"
pedigree relations, AT
maitrix, has similar very
efficient form.

I’ matrix needs to be
invertible.

Pedigree relations:

1
A"l =IDL, L=1-_P

I" "corrected" pedigree relations:

-1 r! 0 /
A one [T 0]




e Unknown parents in pedigree are
classified to metafounder groups.

e Number of metafounder groups .
Grouping examples:

depends on:
> Variation in population. * Country of origin.
» Amount of genomic contributions. * Breed.
» Old unknown parent groups. e Sex.

® Year classes.




e Unknown parents in pedigree are
classified to metafounder groups.

e Number of metafounder groups .
Grouping examples:

depends on: a
> Variation in population. * Country of origin.
» Amount of genomic contributions. * Breed.
» Old unknown parent groups. e Sex.
e Enough metafounders to separate * Year classes.

subpopulations. . ..




Unknown parents in pedigree are
classified to metafounder groups.

Number of metafounder groups .
Grouping examples:

depends on:
> Variation in population. * Country of origin.
» Amount of genomic contributions. * Breed.
» Old unknown parent groups. e Sex.
Enough metafounders to separate * Year classes.
subpopulations. . ..

But metafounders may need to be
distinguishable.




Princical Component
Analysis of genomic data

can be used to check that:

e Breeds can be
separated.

Finnish multi-breed beef

2(x)vs.3(y)

®




Princical Component
Analysis of genomic data

can be used to check that:

e Breeds can be
separated.

Finnish multi-breed beef

4 (x) vs.5(y)




Principal Component Analysis of genomic data

Princical Component
Analysis of genomic data
can be used to check that:

e Breeds can be
separated.

e There are differences
between countries and
year classes.
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Nordic Red Dalry Cattle (RDC)

0 (3536) 4RDC SWI 0 (2426) 7 RDC DN 0 (1419)




Principal Component Analysis of genomic data

Nordic Red Dairy Cattle (RDC)

RDC FIN <2010 (3536) 4 RDC SWE <2010 (2426) 010 (1419)

Princical Component
Analysis of genomic data
can be used to check that:

e Breeds can be
separated.

e There are differences
between countries and
year classes.
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Metafounder relations estimated from pedigree e

using base population allele frequencies: QLGP

Ancestor

Grandparent

uoeuLIojul 91Wouah Jo Mol

Parent

Genotyped



Metafounder relations estimated from pedigree e

using base population allele frequencies: Q2

e Genomic information can be contributed .~
from genotyped individuals to allele
frequencies of their parents.

Grandparent
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Metafounder relations estimated from pedigree e

using base population allele frequencies: Q2

e Genomic information can be contributed
from genotyped individuals to allele
frequencies of their parents.

Grandparent

e Then from parents to grandparents and
other ancestors.

uoeuLIojul 91Wouah Jo Mol

Parent

Genotyped




Metafounder relations estimated from pedigree e

using base population allele frequencies: QEGP!

e Genomic information can be contributed
from genotyped individuals to allele
frequencies of their parents.

Ancestor

Grandparent

e Then from parents to grandparents and
other ancestors.

uonewLIojul 91Wouah Jo Mol

Parent

e Genomic contributions are channeled to
metafounders through missing parents in
the pedigree.

Genotyped




Flow of genomic information to metafounders
Mretéfrouhde'r's ‘;
e Metafounder relations can be estimated Pava Y
from smaller pedigree of genotyped and

their ancestors. .

‘ L .y Y

Grandparent

uonewLIojul 91Wouah Jo Mol

Parent
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Metafounders
Contribution to "

e Metafounder relations can be estimated QOO
from smaller pedigree of genotyped and = H
their ancestors.

e Enough missing parents and genomic
contributions for each metafounder:

Grandparent

uoeuLIojul 91Wouah Jo Mol

Parent

Genotyped



Metafounders
Contribution to "

e Metafounder relations can be estimated QOO
from smaller pedigree of genotyped and = H
their ancestors.

e Enough missing parents and genomic
contributions for each metafounder:
» No missing parents = no contributions.

Grandparent

uoeuLIojul 91Wouah Jo Mol

Parent

Genotyped



Metafounders
Contribution to

e Metafounder relations can be estimated QOO
from smaller pedigree of genotyped and = H
their ancestors.

e Enough missing parents and genomic
contributions for each metafounder:
» No missing parents = no contributions.
» Evaluation pedigree may have missing
parents even if none in T" estimation pedigree!

Grandparent

uoeuLIojul 91Wouah Jo Mol

Parent

Genotyped



Metafounders
Contribution to

e Metafounder relations can be estimated OOQ
from smaller pedigree of genotyped and T
their ancestors.

e Enough missing parents and genomic
contributions for each metafounder:
» No missing parents = no contributions.
» Evaluation pedigree may have missing
parents even if none in T" estimation pedigree!

Grandparent

uoeuLIojul 91Wouah Jo Mol

Parent

e Metafounders get genomic contributions
also from other group’s genotypes:
» Important for older metafounder groups. —




Flow of genomic information to metafounders

3500 T

T X T
X
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e Genotyped animals (blue) are mostly from last few years.

O

" Matti Taskinen, Timo Pitk&nen, Ismo Strandén March 9, 2026 © Natural Resources Lu ke
Insti

3
nstitute Finland NATURAL RESOURCES
INSTITUTE FINLAND



Flow of genomic information to metafounders

3500 T

T X T
X

3000 [~ | X Number of missing parents

O Number of genotyped
2500 g w

T

2000

T

T

1500
1000

0 ! WWM !

1900 1920 1940 1960 1980
e Genotyped animals (blue) are mostly from last few years.
e Missing parents (red) in pedigree can be quite far in past.

T
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3500 T T

3000 [~ | X Number of missing parents

O Number of genotyped
2500 g w

2000

1500

1000

500 W
0 | N MW& I

1900 1920 1940 1960 1980
e Genotyped animals (blue) are mostly from last few years.
e Missing parents (red) in pedigree can be quite far in past.
e Metafounder relations need to be estimated 30 years ago.




3500 T T

3000 [~ | X Number of missing parents

O Number of genotyped
2500 g w

2000

1500

1000

500 W
0 | N MW& I

1900 1920 1940 1960 1980
Genotyped animals (blue) are mostly from last few years.
Missing parents (red) in pedigree can be quite far in past.
Metafounder relations need to be estimated 30 years ago.
Note: Avoid pruning pedigree to certain depth.




Estimating metafounder relations:
e MiX99 companion utility: Bpop
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Estimating metafounder relations:
e MiX99 companion utility: Bpop

e Pedigree: missing parents
replaced with negative
metafounder groups.




Estimating metafounder relations:
e MiX99 companion utility: Bpop

e Pedigree: missing parents
replaced with negative
metafounder groups.

e I" matrix (or inverse): option
-gamma (-igamma).




Estimating metafounder relations:
e MiX99 companion utility: Bpop

e Pedigree: missing parents
replaced with negative
metafounder groups.

e I" matrix (or inverse): option
-gamma (-igamma).

e Or from base population
allele frequencies: option -a.

Allele frequencies F:

F=[F, F; - F,]
Calculating T' matrix from F:
' = 8xcov(F)

or
L= 2 (P-/E-)




Estimating metafounder relations from genotypes

Ensuring good coverage of
genomic contributions:

Matti Taskinen, Timo Pitkanen, Ismo Strandén
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Estimating metafounder relations from genotypes

Ensuring good coverage of
genomic contributions:

e Number of missing
parents (green).
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Ensuring good coverage of
genomic contributions:

e Number of missing
parents ( ).

e Effective genomic
contributions (red).
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diag(l), 2 hf foreign

Ensuring good coverage of O N o vt s
genomic contributions: e

2411C Nmiss parents

e Number of missing £ | Lo
parents ( ). i
e Effective genomic o
contributions (red). A Rt I

PY Stability Of 1‘\ matrix ValueS Average year of missing parents of the group
(blue).
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Estimated I matrix visualized using colors
e Nordic RDC. r

e Metafounders needed
to match old unknown
parent groups.

0.65
e 66 metafounders:
» Sires and dams.
» RDC, Finncattle, and 06
other breeds.
» 3 Nordic countries and
outside. HEt
» Year classes. ‘ O
Luke

0.55
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Estimated I" matrix shows population dynamics
Estimated I matrix (partial): r

1 RDC FIN 1995
2 RDC FIN 2000
3 RDC FIN 2005
4 RDC FIN 2010
5 RDC FIN 2015
6 RDC FIN 2020
7 RDC SWE 1995
8 RDC SHE 2000
9 RDC SWE 2005
10 RDC SWE 2010
11 RDC SWE 2015
12 RDC SWE 2020
13 RDC DNK 1995
14 RDC DNK 2000
15 RDC DNK 2005
16 RDC DNK 2010
17 RDC DNK 2015

18 RDC DNK 2020
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Estimated I" matrix shows population dynamics

Estimated I matrix (partial): r
e 6 year classes.

1 RDC FIN 1995
2 RDC FIN 2000
3 RDC FIN 2005
4 RDC FIN 2010
5 RDC FIN 2015

6 RDC FIN 2020

7 RDC SWE 1995

8 RDC SHE 2000

9 RDC SWE 2005

10 RDC SWE 2010

11 RDC SWE 2015

12 RDC SWE 2020

13 RDC DNK 1995

14 RDC DNK 2000

15 RDC DNK 2005

16 RDC DNK 2010

17 RDC DNK 2015

18 RDC DNK 2020

Matti Taskinen, Timo Pitkénen.

Luke
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Estimated I" matrix shows population dynamics
Estimated I matrix (partial):

e 6 year classes.
e FIN, SWE, and DNK:

1 RDC FIN 1995

2 RDC FIN 2000

3 RDC FIN 2005

4 RDC FIN 2010

5 RDC FIN 2015

6 RDC FIN 2020

7 RDC SWE 1995

8 RDC SHE 2000

9 RDC SWE 2005

10 RDC SWE 2010

11 RDC SWE 2015

12 RDC SWE 2020

13 RDC DNK 1995

14 RDC DNK 2000

15 RDC DNK 2005

16 RDC DNK 2010

17 RDC DNK 2015

18 RDC DNK 2020
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Estimated I" matrix shows population dynamics

Estimated I matrix (partial):
e 6 year classes.

e FIN, SWE, and DNK:

» FIN and SWE more
closely related.

Matti Taskinen, Timo Pitkénen.

no Strandén

1 RDC FIN 1995
2 RDC FIN 2000
3 RDC FIN 2005
4 RDC FIN 2010
07 5 RDC FIN 2015
6 RDC FIN 2020
7 RDC SWE 1995
8 RDC SWE 2000

9 RDC SWE 2005

0.65 10 RDC SWE 2010
11 RDC SWE 2015

12 RDC SWE 2020

057 056 056 X X 13 RDC DNK 1995

059 080 060 14 RDC DNK 2000

0.6 Y 061 061 061 15 RDC DNK 2005

062 062 16 RDC DNK 2010
17 RDC DNK 2015

18 RDC DNK 2020
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Estimated I" matrix shows population dynamics

Estimated I matrix (partial): r
e 6 year classes.

e FIN, SWE, and DNK: 07

» FIN and SWE more
closely related.

e Older DNK less related °®
to FIN/SWE.

1 RDC FIN 1995
2 RDC FIN 2000
3 RDC FIN 2005
4 RDC FIN 2010
5 RDC FIN 2015
6 RDC FIN 2020

RDC SWE 1995
8 RDC SHE 2000
9 RDC SWE 2005
10 RDC SWE 2010
11 RDC SWE 2015

12 RDC SWE 2020

13 RDC DNK 1995
14 RDC DNK 2000
0.6 15 RDC DNK 2005
16 RDC DNK 2010

17 RDC DNK 2015

18 RDC DNK 2020
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Estimated I" matrix shows population dynamics

Estimated I matrix (partial): r
e 6 year classes.

FIN, SWE, and DNK: 07

» FIN and SWE more
closely related.

Older DNK less related  °*
to FIN/SWE.

¢ Newest year classes 08
more closely related in
all 3e countries.

1 RDC FIN 1995

2 RDC FIN 2000

3 RDC FIN 2005

4 RDC FIN 2010

070 070 05

5 RDC FIN 2015

6 RDC FIN 2020

7 RDC SWE 1995

8 RDC SHE 2000

9 RDC SWE 2005

10 RDC SWE 2010

11 RDC SHE 2015

12 RDC SWE 2020

13 RDC DNK 1995

14 RDC DNK 2000

15 RDC DNK 2005

16 RDC DNK 2010

17 RDC DNK 2015

18 RDC DNK 2020

Matti Taskis

mo Pitkénen,

no Strandén Ma

NATURAL RESOURCES.
INSTITUTE FINLAND



0.1

0.08

0.06

0.04

0.02

I" "corrected" pedigree vs. genomic relations

Mean Ay matrix element by group
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° AQeraige pwedigmree relations (A, left) were much smaller

than average genomic relations (right).
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I" "corrected" pedigree vs. genomic relations

Mean Ag matrix element by group Mean Gy matrix element by group

I I: R

0.75

0.7
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e With metafounders average pedigreé relations (AT, left)
are much closer to average genomic relations (right). L kQ
UuKe
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Mean inbreeding coefficient: A" and genotypes

e Finnish multi-breed beef. 039 [ ——
e Comparing average 038 | —=tm
inbreeding coefficients: § g | o ]
» Metafounder "corrected" g W"
pedigree inbreeding (lines). 2% 50
» Genomic inbreeding (circles). go_%/ﬁ

¢ With metafounders average 034
inbreeding coefficients are 03

1970 1980 1990 2000 2010 2020

close to genomic coefficients. Mean year of year class
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