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Outline of Talk

• Current WHFF activities and codes.

• Handling of new information.

• Personal thoughts on where the recording of 
genetic traits may be heading.



WHFF -

 

Working Group

• Reviews the recording of Genetic Traits prevalent in the 
Holstein breed with emphasis on harmonization and 
exchange of data. 

• Genetic Traits: phenotype can be described by a limited 
number of distinct categories and is under genetic control. 



List of Genetic Traits

• Official Genetic traits for 
the Holstein breed are 
listed on the WHFF 
website for easy 
reference for all 
International Holstein 
Association and their 
respective Herdbooks. 

• When newly observed or previously unknown 
Genetic Traits are discovered, they should be 
reported to WHFF for the classification.



Standardized Labelling for Genetic Trait 
Coding

Direct Tests Indirect Tests

F Tested Free 0 Tested Free / non-carrier

C Tested Carrier / Heterozygous 1 Tested Carrier / Heterozygous / 
confirmed with pedigree info

S Tested / Homozygous 2 Tested / Homozygous / confirmed 
with pedigree info

3 Suspected Carrier / could not be 
confirmed from pedigree

4 Suspected Homozygous/ could not 
be confirmed from pedigree

Phenotypically Observed

R Recorded



Standardized Labelling for

 Direct Tests

One gene, two alleles, 
recessive inheritance

Gene:APOB Common Name: Cholesterol Deficiency

Genotype Phenotype
WHFF 
Codes

C    C Normal CDF Free
C    c Normal CDC Carrier
c    c Cholesterol Deficient CDS Homozygous



Standardized Labelling for

 
Direct Tests

One gene, two alleles, 
dominance inheritance

Gene: COPA       Common Name: Variant Red or Dominant 
Red

Genotype Phenotype
WHFF 
Codes

Designation 
in Name

D    D Red VRS RED
D    d Red VRC RED
d    d Black VRF

Red VRR* RED
*  Not genotyped, Recorded and confirmed by pedigree



One gene, four

 

alleles, recessive

 

inheritance

Gene: MC1R    Traditional Red or Recessive Red

Genotype Phenotype WHFF Codes Designation in 
Name 

ED   ED Black BKS
ED

 

EBR Black BRC   BKC
ED E+ Black RDC   BKC
ED   e Black RDC   BKC
EBR  EBR Black /

 

Red BRS
EBR  E+ Black /

 

Red BRC   RDC
EBR  e Black /

 

Red BRC   RDC
E+

 

E+ Red RDS RED
E+

 

e Red RDS RED
e    e Red RDS RED



Codes should describe the 
primary biological effect

Black versus Red

All Reds are grouped together as RDS,
ignoring their different shades, they’re red

Genotype Phenotype WHFF Codes Designation in 
Name 

E+

 

E+ Red RDS RED
E+

 

e Red RDS RED
e    e Red RDS RED

The primary biological effect is RED coat color



One gene, three

 

alleles, 
dominance

 

inheritance

Gene: POLLED       Common Name: Polled

Genotype Phenotype WHFF Codes

P*   P* Polled POS
P*   p Polled POC
p    p Horns POF

recorded Polled POR
*  Either Pf or Pc

Friesian (Pf ) and Celtic (Pc ) alleles grouped together, 
Primary biological effect: polled

 

cattle



WHFF codes: genetic information is reduced to 
its primary biological effect 

WHFF interprets the scientific results.

And then provides meaningful information
for actionable data solutions

e.g. Buying, culling, mating



Domestic publication codes: information for the 
business part of dairy genetics

Provides a quick description

Allows animals to be categorized
Carrier vs. Non-carrier



Publication codes

 
Maximum info –

 

Limited space

Genotype Phenotype WHFF Codes
Publication 

Codes
P    P Polled POS PP
P    p Polled POC PC
p    p Horns POF PF

recorded Polled POR PO

Publication code must cross reference to WHFF codes



Gene: MC1R       Common Name: Traditional Red or Recessive Red

Genotype for 
MC1R gene Phenotype

Designation in WHFF Direct Test 
Codes

Name

ED   ED Black

ED EBR Black B/R
ED E+ Black RC
ED   e Black RC
EBR  EBR Black / Red B/R
EBR  E+ Black / Red B/R RC

EBR  e Black / Red B/R RC

E+ E+ Red RED

E+ e Red RED
e    e Red RED

Convey the most meaningful information 
Reductionism

Publication Code

Not Red and it’s not a carrier
Homozygous Black

Carriers

RED

 

in the Name
Homozygous RED



Publish the most meaningful information 

Transparency without clutter

Due to limited space, 
genetic traits must be 

prioritized for publication

Physical traits: Coat Color, Horns
Carriers: Confirmed Carriers
Tested Free: Ordered Most Prevalent

to least Prevalent



Actionable Data I want to use this bull if he has 
certain characteristics and he doesn’t have others

Category Genetics Comments

Physical traits Black, Horned Traditional Holstein

Carrier Status None identified
No mating 
restrictions

Tested Free
Free of prevalent 

disorders
Can be used widely



ALL genetic codes and haplotype information is 
available upon request.

Sometimes it’s a written document

Other times it’s an on-line, searchable, database



Haplotypes

Indirect Tests

0 Tested Free / non-carrier

1 Tested Carrier / Heterozygous / 
confirmed with pedigree info

2 Tested / Homozygous / confirmed 
with pedigree info

3 Suspected Carrier / could not be 
confirmed from pedigree

4 Suspected Homozygous/ could not 
be confirmed from pedigree

GATTCACGCTTACTGTTTCACTGGAA
Causative variant is between SNPs

GATTCA

Newer mutations

Can’t tell Good haplotype

From the Bad haplotype

GATTCA



Do haplotypes simply bridge the time until the 
causative mutation is discovered?

 
OR

 
Do haplotypes represent a new class

 

of 
undesirable genetic traits?



Even when the causative variant is known, a 
definitive SNP has not been added

Causative 
Variant 
Known

Royalty 
fee

Used in SNP
chip

Brachyspina Yes Yes No
HH1 Yes No Yes
HH2 No No
HH3 Yes No No
HH4 Yes No No
HH5 Yes No No



Timing

 
Population needs time for good and bad 

alleles to segregate

 
Then purge the undesirable alleles

Announced Prominent Bulls
HH1 August 2011 Past
HH2 August 2011 Past
HH3 August 2011 Current –

 

O Man
HH4 August 2013 Current -

 

Besne Buck
HH5 August 2013 Current -

 

Shottle
HCD August 2015 Current –

 

Storm, Goldwyn
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We’re going to find more genetic traits

• Pre-genomics –

 

farmer reported

• Genomics –

 

wide scale genotyping

• Sequencing –

 

find causative variants

• Improved phenotypes –

 

actively looking
•Heifer survival data, French national observatory on genetic 
defects (ONAB)



How many inherited disorders
do we expect to find?

Using whole genome sequence data

Aim was to characterize the genetic load of 15 
European breeds using data from the 1000 bull 
genomes consortium. 

Michot et al, 2016



Michot et al, 2016

1,341 non-rare putative deleterious variants
Holstein, few are unique, most shared with other breeds

89% of variants in more than one breed

Holstein



How often?
What do we do?

What do we do?
Resulting information will be useful to avoid at-risk matings

Charlier et al. 2016 

Broken genes: The sensible approach is to manage the matings 
in such a way as to avoid the pairing of carrier animals. 

Dorian Garrick, 2013

One in two: Estimated by simulation that cattle might carry, 
on average, ∼0.5 recessive embryonic lethal mutation.

Charlier et al. 2016 

One in five animals are expected to be a carrier of a genetic 
defect causing early embryonic loss.

VanRaden and Miller, 2006



Manage haplotype carriers or

 
eliminate them?

• Provide breeders with information to maximize 
profitability in their herds through the use of superior 
genetics.

• We have very few policies restricting the use of 
superior genetics.*

• We do advise breeders to manage undesirable 
genetic conditions through a proper mating program.

*At least 19 countries have “health” laws excluding carriers of defects



Manage haplotype carriers

Holstein Association USA encourages breeders to pay 
attention to pedigrees, work to learn the status of their 
animals, be mindful of the status of service sires in 
their herd, and avoid mating carriers of individual 
haplotypes to carriers of the same haplotype. 



Breed associations need to categorize 
genetic traits
• Traditional: Traits with distinctive characteristics
Breed characteristics: Color, horns
Physical deformities: CVM, Brachyspina, CD

• Management Level
Embryonic mortality
Non-specific: Poor health, multiple pathways
Late onset: Vision loss, heart malformations

• Predicted

 

loss-of-function
De-novo mutations in elite animals



Breed associations need databases 
to be cross referenced

WHFF Codes –

 

uniform description and transfer 

Genetic testing criteria

Full on-line description and annotation

Publication Codes –

 

actionable data



For example: OMIM Donation Request

Service requires financial support



The future is not that much different than the 
past.

• What is the mode of inheritance for this trait?
• Is this genetic trait prevalent in my breed?

• What category of genetic trait is this?

How best can I get information on new genetic traits to 
the breeders?



Questions?


	Management of genetic trait information in the genomic era��T.J. Lawlor*, C. Kuehn, P. Cole,� J. Motycka, S. Harding and L. Markle�� World Holstein Friesian Federation (WHFF) Registration Working Group
	Outline of Talk
	WHFF - Working Group
	List of Genetic Traits
	Standardized Labelling for Genetic Trait Coding
	Standardized Labelling for�Direct Tests
	Standardized Labelling for�Direct Tests
	One gene, four alleles, recessive inheritance
	Diapositiva numero 9
	One gene, three alleles, �dominance inheritance
	WHFF codes: genetic information is reduced to its primary biological effect 
	Domestic publication codes: information for the business part of dairy genetics
	Publication codes�Maximum info – Limited space
	Diapositiva numero 14
	Publish the most meaningful information 
	Diapositiva numero 16
	ALL genetic codes and haplotype information is available upon request.
	Haplotypes
	Do haplotypes simply bridge the time until the causative mutation is discovered?�OR�Do haplotypes represent a new class of undesirable genetic traits?
	Even when the causative variant is known, a definitive SNP has not been added
	Timing�Population needs time for good and bad alleles to segregate�Then purge the undesirable alleles
	Diapositiva numero 22
	Diapositiva numero 23
	We’re going to find more genetic traits
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Manage haplotype carriers or�eliminate them?
	          Manage haplotype carriers
	Breed associations need to categorize genetic traits
	Diapositiva numero 31
	Diapositiva numero 32
	The future is not that much different than the past.
	Questions?

