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Introduction

e Hein van Haeringen

e Veterinarian (1969)

e PhD (1974)

e Animal Health Service (1969 — 1977)

e Director Bloodtyping Unit (1977 — 1986)

e Dr. Van Haeringen Laboratorium (VHL)
(1986 — 2003)

Today’s Programme

Genetics external (outside, phenotype)
Genetics internal (inside, genotype)
Blood typing

Parentage verification

NI
DNA =

Background

Parentage verification

Genetic disorders

Single Gene Recessive Autosomal
Data

Collection

Bank

Research

e Future

From notes taken by Laurie Kasperek

Dr. Hein van Haeringen was originally destined to be a farmer
but plans changed when he attended the University of Utrecht and
graduated with a veterinarian degree in 1969. He went back for
further education and earned a PhD in 1974 in Bacteriology. He
worked in various animal health and blood typing facilities for a
time until founding the genetics laboratory that bears his name:
the Dr. Van Haeringen Laboratorium (VHL) in Wageningen, The
Netherlands.

The VHL employs over 30 scientists and researchers and a new
branch has recently been opened in Belgium. The lab services
breed registries of many types of livestock, governments, and
universities around the world. They hold the DNA data for the
KFPS and work closely with the studbook.

In 2003, Hein turned the helm of the VHL over to his son, Wim,
who continues the excellence of the lab. Hein has contributed ¢
number of articles to THE FRIESIAN, beginning in 2003 with his
first contribution on neonatal isoerythrolysis (NI). He has contin-
ued to supply NI information to FHANA., as well as information
about the possibilities of starting a genetic database for Noril;
American Friesian horses. Hein still travels the world in genetic
consultations and FHANA was very pleased to have him as ot
keynote speaker at the 2008 4 GM. The following notes were taken
during the presentation by the editor of THE FRIESIAN.

The cﬁscussion will cover the differences between the exteral
genetics and the internal genetics of o horse. External genetics is
t.he phenotype of the horse, what is seen on the outside, while the
¥mernal. genetics is the genotype. Blood typing will be discussed.
0 particular, parentage verification and NI. DNA basics Wil
be qlSCLl.SSE(j., leading to an explanation of bNA in parentage
vezlﬁcan(?n, In genetic disorders, and in the single-gene recessive
Ztl“ossczr::ioz;nd how 1h|s.p]ays arole in our horses’ genetics. Fin?lly.

on & genetic database will cover the collection of the

data, tl i ‘
I I1_e a'ctual _bankmg of the material and data. and the resgars!
that ultimately is the product of 3 database .




External Genetics (1)

o Start of the Studbook 1879
Radboud 19 was bom  Sire Unknown

ALHIYEYS

I

o Description of the breed
Selection criteria
Farm or Show?
Riding Coaches
Jumping or Dressage?

* Breeding Colour (Black??)
Height
Movement
Hair growth

External Genetics (3

Final goal

To choose the best one a
goal of that time:

No knowledge to use inte
characteristics.

Externg) Geneticg (Phenot\'pe)

S description of the eXternal geneticg of Friesia
ccording to the 1€ Start of the studbook ip 1879 w
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ns goes back to
hen a description of the breed
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sed by the studbo
1a for approved stallions
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Circuit, as g riding horse or g coach horse, or even
a$ a jumping horge oradressage horse. The phenotype is

known sire. The
ok to specify the
and for the premiums

Iso determines the best
Or on the show

also used

rs also consider the horses’ h

eight, hair
. all extern

al genetic components,

The goal is always to choose

the stated goal of the time,
the inside of the horse, the

phenotype was the only ch

the best phenotype according to
It took awhile befo

re we understood
genotype., This is fairly recent so the
aracteristic that could be used.

Equine blood oxygenates in 30 minutes. After this time the blood
in a test tube will have a clear upper layer of plasma, a white layer
composed of white blood cells, and a layer of red bloo

d cells on
the bottom. The white blood cell layer is the source of DNA for
testing.

Internal Genetics (Genotype)
Parentage verification in animals came about first in cattle after

the second World War. Researchers were able to iden.tify identical
t]eins through blood typing. For horses, blood typing beg
w

Internal Genetics

an in
¢ Understandin

S a ] { i i S ks.
g enetic arentage verification and the studboo

. 970 and was used for par

g ti nd too‘s to 1

assess Variation

It also began to be used by individual breeders for assistance in
t also : sessing the variation
Cattl leadi dealing with NI. The genotype is a tool to assessing the v
© Lattle were leading
Blood typing since 1950

in a population.
ldentical Twins

Parentage
® Horses

Blood typing since 1970

Used for parentage & Studbooks
NI - Individual breeders
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Blood Typing Horses (1)

First test in Holland 1973

» Hearke 254 was born  (Mark 232)
First test in Friesians 1975

* Lammert 260 was born (Bjinse 241)

Differences in breeds
Population studies

Variety differs per breed
* Many stallions?
» Bottle necks ?

Blood Typing Horses (2)

Developments till early 1990s
» Strong and useful tool

Prevention: Control is possible
Shocking: Someone can see my errors

Relationship with breeding characters : NO
Only two decades and then replaced by DNA

NI (1)

e Hot issue for breeders who know the
trouble

e BE HONEST

e Not first priority for studbooks

e Much information already in FHANA
e Some highlights

NI (2)

e Important factors in Friesians
e AaandQc

e Less important
e Ca, PaandUa

e When at risk:
Mare lacking these factors

+

Stallion positive

Blood Typing Horses

typed in Holland in 1973. This wag
vear that Hearke 254 (sired by Mark 232) “I,ast tliom' The first testin
Friesians was in 1975. This was the )’ear;JK‘ d'zfifm-men 260 (sireq
by Bjinse 241) was born. There are 13 o 1 ellences betweey,
breeds. For example. Dutch Warmbloods have a barger gene pog|
than Friesians. Since Friesians have lower r'1umd e(;ST?f'gene§ in
the population, the battery of tests must befc;:xten ed. lhlS. Variety
between breeds can dependona r'mmber o actors. including hoy
many stallions are in the populathn and the number and extent of

bottlenecks in the breed’s history-

Horses were first blood

Blood typing was used until the early 1990’s and' it was a strong
and useful tool. Prevention and control was possible, but the flip
side of this was that it had a shocking component - someone could

see my breeding errors!

Is there a relationship between blood groups and breeding

characteristics? NO!

Blood typing only lasted for two decades and then it was replaced
with DNA.

Neonatal Isoerythrolysis (NI)

Much has been published in THE FRIESIAN already regarding
NI, so this will be an overview. NI has become an important and
hot issue for breeders who have experienced the problem. Once
experienced, it cannot be ignored. BE HONEST. Tell the owner of
a mare of the NI risks because the buyer could lose a foal; this is
a priority of all breeders and owners. It may not be a first priorii
for the studbook, since it is a combination issue in the breedii
but every breeder needs to understand and prepare for NI.

There are two active blood groups in Friesians: Aa and Qc. L¢
important are the blood factors Ca, Pa and Ua. The Qa that is fou
in Thoroughbreds doesn’t exist in Friesians. A foal is at risk of
when a mare is lacking a factor and the stallion is positive for

The _University of California at Davis has been doing the test !

NI risk factors in the laboratory of Dr. Ann Bowliung until he

Fleath. Without her leadership the lab stopped this activity and 1t
is now housed in a local private clinic. The majority of NI testing
is h.oused at the University of Kentucky, Lexington, so that is a
logical 'pl?ce to have NI testing done. lt’is not recommended 10
spread information between 2 or 3 labs, but rather to conduct tests

all in one location wher i S
a e possible. Th - entucky is D
Kathryn Graves. ¢ contactat e ’



NI (3)

e Fairy tales
e First foal not at risk
e Introduction of foals to the mares afte

e Older mares without a previous NI hi
not develop NI

Three times ‘NO°.

NI (4)

e Comments & Remarks:

e Origin of the placenta damage
o Titer

o New developments

All positive and high titers.

De Graaf-Roelfsema et al. Vet Rec 2007 A 3
e ug 11;161(6)

Prevention
Testing all mares and stallions?
Families at risk?
Choosing partners

NI is genetics but do not call it a Disorder!

Unknown
When positive?

Genetics (1)

e Some statements
Genetics is not a fixed situation
e Changing fast or slow

e In viruses sometimes going fast

Bird flu now in human
e Not yet spreading from human to human

e Genetics changes in mammals slower
Litter size in pigs
Production and Reproduction

Genetics (2)

e Single gene effects

e One gene, direct effect

e Chestnut

e Detection relatively easy
e Complex situations

e Multiple genes interacting

e Examples
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Roelfse opment in NI has been published by DeGraaf-

, \ ma, et. al. They have found an antibody that is killing
every red cell and the reasons are not known as yet. There are
7 to 10 documented cases of this.

To prevent the birth of NI foals test all stallions and mares. Some
families can have a higher frequency of NI, so the prevention
is to choose another partner. Remember to test all donors and
replacement colostrum prior to using. NI is completely nature
- remember that NI mares DO NOT EXIST. NI is genetics but
it is not a disorder!

Genetics

Genetics is not a fixed situation; changes occur at eith.er a fast
or a slow rate. Viruses, for example, can change. rapidly and
one we’ve all heard of is the bird flu. ThlS has rap!dly changeld
to now be found in humans. Qenenc changes in mammals
are much slower. These genetic changes are otl‘en ‘sefe:l 1tn
duction and reproduction, such as the number of piglets

pr vhich has slowly increased over time.
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DNA Background (1)

® Important for animal breeding
e Parentage verification

First test in Holland 1994 GRADUS 356 was born
(Reitse 272)

Better

Number of markers to be use
markers within a breed

* Population genetics

Differences between breeds
e Marker Assisted Selection
e Detection of mutations

d depends on variety of

DNA Background (2)

® DNA is the ke
proteins

e If DNA is rearranged = MUTATION
¢ Consequence: not
proteins
e Direct result: abnormalities
¢ Do not panic!

» Not each mutation shows an effect
* Not each abnormality is unpleasant .

¢ Part of selection is based on mutations
considered as positive

y to produce amino acids and

the correct/ usual amino acids &

conclusions than blood typing: more errors detected

chromosome - DNA

e Chromosome base«.}i\IA
on long chains of D

e DNA built of 4 blocks
(A, T, Gand C)

e DNA sequence:
ATCGGTCGTAATGG

DNA Background

The slides show that the structure ofg c.hromosome is long
chains of DNA. DNA is built of 4 building blo_cks called A.
T, G, and C. These four blocks, when arranged in sequences,
f(;rm’ amino acids and proteins that comprise DNA. Specific

numbers of paired chromosomes form the karyotype of every
animal (left).

DNA is a better tool than blood typing and it has become ve

important for breeding. DNA in parentage verification w
used in Holland in 1994, the

ry
as first
year that Gradus 356 (Reitse 272)
was born. DNA uses more markers and better conclusions can
be made than with blood typing. All countries use the same set
of markers. A particular DNA marker could be used to come

up with a better horse (but the first question is “Wh
ter horse?™),

at is a bet-
Mutations can be dete
one block of the seque
acids and proteins are
an effect, lhough, and asan
Mutations

breeder didp’ on but maybe th
eder didn’t even know this fact! Mutations can indeed I
positive,

cted through DNA investigations. |
NCe 1s missing than the correct amin
missing. Not every mutation will shos

not every abnormality is unple
the time in selecti

Not all Mutationg
' enetically behaye idens: . .
tations are Normally | i ]demlca”y' i

Dominant
Many are lethg

® Abonion Or Stllibirp
0

SPreading in 0
Sex relateq Population

ore chance

0 Colourbllnd
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:‘fﬂ'\::hs = Single Copy X/Y chromosome
TOmosome

Only &
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DNA Background (4)

ne autosomal recessive
use of genetic disorders

Both parents carrier of a the same mutation
parents mostly without sympfon'§
Mendelian Inheritance Offspring:

. 25% show disorder (aﬂecteg)

. 50% are carrier of the mutation

. 25% free of the mutation

o Singlege
. MOSt frequent ca
[ ]

—— \

e
Non Genetic Factors

NOTALL ABNORMALITIES ARE GENETIC:
.

{ = Poisoning
7 Tox:lollgngdyof abnormalities depending on the age of the embryo
Mostly one farm of region
Many newboms affecled
o Infections
Virus

Mostly a specific effect
Depending on the age of embryo

History of mares with a disease
Rhinopneumonia Virus
» Reason unknown

Most frustrating ]
Research may decrease the numbers within this group

Genetic Disorders (2)

o Spreading of a single gene
o Less than 50% ever to be seen
o Depends (Abortion / stillbirth)

¢ Gender of the first mutation carrier

o Gelding end of the story
e Mare slow and not very many
e Stallion can go fast!

Genetic Disorders (3)

o Detection of a single gene

¢ Only if TWO carriers are producing a foal
26% affected foals
Six or seven generations after start of the mutation

X relateq gy

Utatq
males gine ONs tend to have a b -
=3 SInce g gjpor. :;l‘ h_d; ahig
- VI Cither the X or the
.\Mnglc!cnea 0 Yample of this is color blindness
i, SOma] e
tdisorders Mutation is not on the sex ¢
- arriers,
SYMptoms,

all that IS neede

Are due to this form. Two parents are

anc
and the parents tend to not show ot

Not al|
: abnormal:::
. m;ahues are genetic! The two slides below - Non
S iy k
and Genetic Disorders (1) - show the

Clwee — " -
0 these two tvpes of abnormalities.

Genetic Disorders (1)

® Spread over farms
o Starts with a few cases
® Exactly similar defects

. 4
N :ometumes lethal (Abortion or Stillbirth)
ot always visible at birth

Igf ;g;iii‘ig“oi 03 flngle gene disorder will be seen in less than
on what ml;’ﬂber n ktlk:uld have Fhe mutation. This depends p;mb
borm due to the mut I_e population may h.a\'e abons‘d or been sull
Fthe frstearie \f. l1lon. A_At the outset pt the mutation, the ggndﬁ
& pelding Hegb J ~pl.a}. arole. Ob\;lousl}'. if this first carmier is
28 S s entire life, it is the end of the story. If the first carrier
;; q mare, lt.\\'ill be spread but in a slow manner. However. if the
ISt carrier is a stallion, the mutation can be spread very fast.

Single gene disorders only occur when two carriers produce a foal
and }he chance of the foal being affected is 25%. The chance of
the foal being a carrier is 50%. It takes 6 to 7 generations after
the onset of a mutation for it to be seen! )

Which genetic disorders are in Friesians? DO NOT TRUST THE
LIST BELOW. The only one for sure is dwarfism.

Genetic Disorders 4)

¢ Which ones in Friesian?
e Dwarfism
Back W et al 2008 Equine Vet J
e Water head
o White hairs  Definition 1951
President Mr Anema:

White spotting: if there are any black hairs between the
white ones.

Star: no black hairs between the white hairs
Aorta rupture Inheritance?
Mega esophagus Inheritance?
Fertility Inheritance?
OCD Inheritance?



e Most probably another story.
e Technically a mutation, but not a disorder

o Not a mutation in Friesians, but a natural coat colour
variant from other breeds (decades ago)

e Parentage verification!

e First diagnostic test in Friesians 1999
Wobke 403 (Fetse 349)
Wikke 404 ( Ritse 322)

e Data Bank of laboratories such as VHL very
useful
e Many old stallions can be tested

Be honest
Once a label is always a suspect

Be careful
Not every abnormality is genetically

'/o be proven with a larger sample size befor,
a single gene rCCCSSI.\/f." ﬂ.ulosom.dL
B il yet known if it is genetic, | have
read and studied the paper ©" n]eg?—es-(;?::;liu\bvzztl(;hte Szjud'\/ Wag
located close 10 Frigsland ol “61(510m sample lreln dlo.“.'ard
predominantly Friesians. 1" acI::il cases do not. appzﬁrdnmn~
the symptoms in all the re,f?rensentation. More studie; l~0 iy
completely identical in their pre \usion can be drawn F“(?lfld
need to be conducted before any concl i ertility
issues will take a long time t0 investiga e.

Waterhead has still t

it can be stated as @ ST :
i s

rupture does exist, but 1t 1

A(‘rl a

The chestnut factor is nota new mutatlon., it !S atll]atural co_at color,

Had parentage verification been in practice in the early history o
‘ ist now.

the studbook, than chestnut would not ex

Single Gene Dominant .
In this scenerio only one coOpy of the gene 1s necessary to have gy,

affected animal, the gene coming from either parent. A recently
published work out of the University of Minnesota descn.be.s such
a one - PSSM (Polysaccharide Storage Myopa.th)./). This is also
known as Monday Morning Sickness and the Friesian is known to
have PSSM. Ninety percent of PSSM cases are due to a mutatiop
and Minnesota has a patented DNA test available. There has been 3
muscle biopsy test previously. Afflicted horses have low appetites,
reluctance to move in work, inability to often backup, poor muscle
development, etc. Most PSSM cases respond to a change in diet
that is away from high sugars since this is a sugar storage problem.
There are two types of PSSM, as the new literature points out:
the less severe type where it is inherited from one parent and the
more severe type where it is inherited from both parents. With the
DNA test, all owners can test horses and make the proper diet and
management changes before this disorder becomes a problem. In
addition, the DNA tests will allow researchers to determine the
extent of PSSM in the Friesian population.

It is important to be HONEST and to be CAREFUL. Once a
label is placed on a horse it is there forever. It needs to be true.
Remember: not every abnormality is genetic! In order to be sure
the proper data is collected, the breeder must take a photograph
gnd report only the facts of the case. Do provide all necessary
information and an official necropsy report to the studbook. Ir
return, the studbooks should make the process a positive one for
the breeders in recognition of their time and trouble.

Data Collection (1)

e Information is needed

® How? Who? When? What to do?
e Breeder first identification
e Studbook coordination

e Description prior to start of data collection



Data Collection (2)

e Breeder
« FACTS and only FACTS
Fairy tales are not important
Sire? Dam? Parentage verification!11

L

e Abortion what age?
o Stillbirth weight

e Partus normal?

e First foal of a mare?

e Gender?

e Post Mortem diagnosis

¢ Inform the Studbook

Be careful to make a stallion a suspect

Data Collection (3)

e Studbooks
e Register the facts
e SILENCE please! Once a label. .. ..

e Keep it Confidential in a small group until at
least two proven cases

e Costs?

Invite the breeders to send information

APRIE MY

S that bree
- at breeders should recorg
abecomeg partofa D
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atabank .
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® Data Collection

® Conflict of Interest B
reeder v
® Studbook knows much S s
Pedigree

Premiums
Registereq offspring

® Breeders know more
Health
Effect of treatments
Character
Fertility
Vitality

Databank (2)

e To be registered

Date of birth

First foal of the mare?

Abortion? When?

Stillbirth: When? Weight? Abnormalities if any?
Gender

Reg number + 3 generations pedigree
All diseases Who is the vet?

Fertility

Character

Reason of Death

Sold to..

® ¢ o000 00 0 0

Do NOT trust your memory! Make records per animal!

Databank (4)

e Storage
* BLOOD is preferred
10 ml EDTA
® Abnormal or dead : Ear tips
¢« Frozen
One place? or split samples?

Needs a perfect registration of samples
How long?
Costs

Databank (3)

e Which animals to include
e All abnormalities
e All stallions
e Mares? All?

ed for the databank and only 10 mlis required. 1f

Blood is prefert of the ears contain cartilage that

the animal is deceasfd‘.)nle ::;T(ing e ol SETECR G DN,
has a lot of i““m;lglzl::ﬂ;l: ﬁ-ceZiI;g- An important question to l‘wc
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decided pIasid seltlﬂ_: Ior whether samples will be dl\.'ldCd and
at one location .ations. Multiple storage locallon§ keep
or more loca lr’. sower failure or natural dlS’dhl.Cl'
the event 0 t}ll i a risk to store all samples in

be stored
stored in twWo

the samples s
f the storag
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in one O
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N to answer is who pays for what
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Another import ¢ storage tests.

- the costs ©
portions of the cos
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Databank (5)

e Ownership
e Who is the owner of the stored material

e Breeders should not be!
e Legally approved documents

Applications (1)

e Examination & Interpretation
Pedigree information in case of abnormalities
Which test? And where?
Everybody wants to know about his neighbour's
trouble
Who decides? President?
How many cases you need?
When?
Costs?
Who is the owner of the results?

Pedigrees (2)

Expanded pedigree analysis reveals
true mode of inheritance

TR T

e Identical ancestors?

Pedigrees (3)

e Yes, see arrow
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the results of research.

e Autosom

o Male
o Female
» Affected M

both parents carrier!

o If true,

. s - 4
Eed:igizgfder is autosomal recessive then both parents are indeeq
a don’t stop analyzing the pedigree if

carriers. Be careful though - ing |
you have a common ancestor in the fourth generation. Sometimes.
or more likely, often times, you need to go back to 6 or 7

senerations to find the real source of the disorder. Such a starting
o .
point of a new mutation is called a FOUNDER. In 7 generations

there are 256 parents to look at, so it can be hard to determine

which is the real founder.

The good news is that some DNA tests will be available in 5 more
years or less, such as dwarfism. The horse genome may not |
completed due to the expenses involved, but enough informati
has been found to work on these tests.

Pedigrees (4)

e But:

Also previous generations may have
other shared ancestors,

Has parentage been verified?

Every Pedigree in Friesi
ans to
the bottleneck, son iy

Be careful when stjci
cking a label to
Suspected horseg! .

RY)



— Pedigrees (9)

ship of re x 3 stallions
»search
ints of
s? The
define
t their
begin?
should
ess to
Future (1)
e Dreaming about the long term future
Sexing of semen
Selection of stallions
Now 200 starting and 5 OK?
Vitality
= Condition
= Health
leed
e if
nes,
r 7 Future (3)
ing
ons o Genetics is still ‘on the move’
e e New Mutations will occur
St ® Breeders are also ‘on the move'
be ® lIdeas about the breeding policy will change
on ® The ideal horse will always be a dream

Concluding Remarks

¢ Breeders are important
¢ Studbooks are important
* Genetics js important

3 i
What is the role of the geneticist?

Applications (2)

® Research and developments
© Carrlers of some genelic disease can be recognized
* Tests will be available one or two years?

. |mp:"rf|ant7 to know how to handle carriers (policy)
ng

Out of breeding?
Use the information to choose the partners
NO carriers x Carriers
Carriers x Non Carriers:
ne

ners
© Next generations: avoid new stallions being a carrier
° Hunting & selection based on one gene is a risk! ) f
® Maybe other positive genes are closely linked to the undesired gene!

Future (2)

® Possible and Probable
e Gaulder (2008):

Everything will be possible
but
Not all is probable

® Theoretically there will the possibility of a 100%
perfect horse
but
| think this is not probable that this will ever be
the reality

At this time the policy of the KFPS is NOT to eliminate or destroy
known carriers. This could be one management policy, but the
problem with “hunting” for one gene to eliminate is that, in doing
so, one may also eliminate desirable genes that are next to this one.
near it, or associated with it. We could lose important traits we want
to keep along with the disorders. Additional ways to control these
genes are in Applications (2). We will see more disorders; genetics
is not stagnant and neither are breeders. Breeders will always be
striving for the perfect horse, but that is not reality.

Geneticists have arole to work with the breeders and the studbooks
to assist them to be happy with their Friesians through the breeding
of healthy horses. s

Only as long as they understand
breeders and will assist
them to be

Happy with their FRIESIANS

APRIL MAY 200s
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