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1. Brief review of DNA and Wagyu mutations.

2. Status of testing results to date.

3. Unexpected challenges in CL16 and F11 testing.

4. Scientific findings.
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Overview:
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What is DNA?
How Does it Affect Health?



DNA is Organized Much Like a Book
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Chapters Paragraphs

.

Sentences and Letters



We Understand Some Sentences
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We call these sentences genes



Genes are Instructions to Make Proteins
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.

Protein



Proteins are the Basic Building Blocks
Of All Tissues
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= Hair



Variation in DNA can Cause Disease
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(Like typos in a book)

.. = Change in coat color.

..        = Curly Calf Syndrome

Change in DNA Change in Phenotype
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Wagyu Inherited Disorder Testing



The Disorders
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Spherocytosis
(Band3)

• Point Mutation

Chediak-Higashi 
Syndrome

• Point Mutation

Factor XI

• Small Insertion

CL16 (Ren. Tub. 
Dysplasia)

• Large DNA Deletion



Inherited Genetic Variation Process
(Recessive Disorders)
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One Copy = Unaffected
(Carrier)

One Copy = Unaffected
(Carrier)

1 in 4 chance 
Two Copies = Affected

1 in 2 chance 
One copy = Carrier

1 in 4 chance 
No copy = Free
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Band3 (Spherocytosis):

Band 3 “Typo”

One Copy (Carriers) = No 
obvious effect. 

Two Copies (Affected) = Anemic 
possibly sickly animals, clotting 
problems, failure to thrive.

NB Photo source – Color Atlas of Bovine Congenital Defects (Ed. K.Hamana: 2006) 
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Chediak Higashi Syndrome (CHS):

“Typo”

One Copy (Carriers) = No 
obvious effect. 

Two Copies (Affected) = Poor 
immune response to bacterial 
infection, possible pale coat 
color.

CHS

NB Photo source – Color Atlas of Bovine Congenital Defects (Ed. K.Hamana: 2006) 
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The F11 Insertion

Insertion
Run on PCR Test

Normal

Mutant

One Copy (Carriers) = No obvious 
effects. 

Two Copies (Affected) = No obvious 
effects.  Possible increase in clotting 
time.

NB Photo source – Color Atlas of Bovine Congenital Defects (Ed. K.Hamana: 2006) 
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The CL16 Deletion

One Copy (Carriers) = No 
obvious effect. 

Two Copies (Affected) = Early 
mortality, perhaps from kidney 
malfunction.  Problems with 
fibrous connective tissue.

NB Photo source – Color Atlas of Bovine Congenital Defects (Ed. K.Hamana: 2006) 
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The CL16 Deletion

Deletion
Run on PCR Test

CL16Normal

Mutant
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Validation of Testing:

Free Carriers Affected NRs

0 Mutant Copies 1 Mutant Copy 2 Mutant Copies

iGenix Aus. iGenix Aus. iGenix Aus. iGenix Aus.

Band 3 32 34 1 1 0 0 3 1

CHS 34 29 2 2 0 0 0 5

F11 11 11 22 21 3 4 0 0

CL16 30 32 4 4 0 0 2 0
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Status of Testing (10/09/2010):

Sample Kits Requested : 1997

Samples Received: 782

Samples Processed : 734
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Current Status of Testing

Free Carriers Affected NRs Totals

Num. % Num. % Num. % Num. % Num.

Band 3 637 87% 22 3% 0 0 73 10% 732

CHS 601 82% 68 9% 0 0 65 9% 734

F11 316 49% 221 35% 7 1% 95 15% 639

CL16 432 74% 22 4% 0 0 132 23% 586



10/19/2010 20IP of iGenix inc. - Permission required for reproduction.

Status of Testing: Error Rates

Errors

Num. %

Band 3 2 0.31%

CHS 5 0.75%

F11 2 0.37%

CL16 4 0.88%
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Status of Testing: F11 Miscalls

Errors
Num. %

Band 3 1 0.15%

CHS 5 0.75%

F11 2 0.37%

CL16 4 0.88%

Possible F11 Miscalls

Num. %
F11 96 13.08%

NRs
Num. %

Band 3 73 10%

CHS 65 9%

F11 95 15%

CL16 132 23%



High Carrier Frequencies:
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Carriers
%

Band 3 3%
CHS 9%
F11 35%

CL16 4%

High Accuracy in Testing is Important
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Technical Challenges:
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Polymerase Chain Reaction (PCR)
How do you “see” DNA?

Until you have millions of copies.
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PCR – Gel Electrophoresis
(How do you “see” DNA?)



Genotyping the F11 Insertion
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1 in 4 chance 
Two Copies = Affected

1 in 2 chance 
One copy = Carrier

1 in 4 chance 
No copy = Free

Normal

Mutant
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Challenges – “No Results”

Normal

Mutant

No Primer Binding

No Primer Binding

100 bp

1000 bp
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Challenges – Mis-calls

Free

Carrier

Normal

Mutant

Yes Primer Binding

No Primer Binding

100 bp

1000 bp

1000 bp

100 bp
Carrier
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Additional F11 Primer Sets

Insertion

Normal

Mutant
Mutant

Normal
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Challenges in F11: The New Mutation
45 min. run time

Published Primers

New Primers

Yasu. Kimi

Yasu. Kimi

Norm.
Insert

Norm.
Insert

1000 bp

100 bp

1000 bp

100 bp
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Challenges in F11: The New Mutation
75 min. run time

Published Primers

New Primers

Yasu. Kimi

Yasu. Kimi

Norm.
Insert

Norm.
Insert

1000 bp

100 bp

1000 bp

100 bp
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Challenges in F11: The New Mutation
95 min. run time

Published Primers

New Primers

Yasu. Kimi

Yasu. Kimi

Norm.

Insert

Norm.
??????

1000 bp

100 bp

1000 bp

100 bp
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Challenges in F11: The New Mutation

Normal

Mutant

1000 bp

100 bp

1000 bp

100 bp

Yasu. Kimi

Yasu. Kimi



10/19/2010 34IP of iGenix inc. - Permission required for reproduction.

Challenges in CL16 – Balance of 
False Positives and NRs

Errors
Num. %

CL16 4 0.88%

NRs
Num. %

CL16 132 23%
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The CL16 Deletion: PCR Assay

CL16Normal

Mutant
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The CL16 Deletion: Ideal Primers

CL16

Mutant

Ideal Primer Placement
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The CL16 Deletion: Original Primers

CL16

Mutant

PCR Primers (bookends)

Overlap with high error rate
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Original Primer Set Has High False Pos.

100 bp

1000 bp

CarriersFree (faint bands?)
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More Stable Primer Set is Less Effective

100 bp

1000 bp

CarrierFree



Preliminary Strategy for Resolution:
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1) CL16 – If NR, use pedigree information.  If no pedigree 
information available, no result can be given.

2) F11 – If has middle band, consider it a Carrier.  If no middle 
band, consider it free, possibly report additional F11 copy 
– all pending board agreement of strategy. 

Timeline:  
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Scientific Findings
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F11: A New Mutation

42
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F11: To Test or Not to Test ?
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One Copy = Unaffected
(Carrier)

One Copy = Unaffected
(Carrier)

1 in 4 chance 
Two Copies = Affected

1 in 2 chance 
One copy = Carrier

1 in 4 chance 
No copy = Free
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F11: Statistical Significance
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If you flip a penny 100 times, what are the odds that it comes out 
50% heads and 50% tails?

7.9%

If you get an answer that is different from what you expect, how 
can you tell if that’s just chance or actually important? 

What are the odds that it’s pretty close to 50:50? (45:55 or 55:45)?

80.2%
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F11 Affected Animals are Rare
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Given : 316 Free animals, 221 Carriers, How many Affecteds
do we expect?

We expect  25 Affecteds

We have found 7 Affecteds

The odds of this happening by chance are < 1/10000 (X2 = 21.65)
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F11: Biological Implications
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Disorder Observed Expected Odds

Band3 0 0.17 1/1

CHS 0 1.73 1/1

CL16 0 0.28 1/1

F11 7 25 << 1/10000
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F11: Biological Implications
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1) Are there differences in leutinization of Carrier Dams?

2) Decreases in fertility of Carrier Sires?

3) Lower implantation rates, full term pregnancy, or other 
viability of Carrier and Affected embryos? 



Conclusions:
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1) This testing is still in development.
2) More R&D and discovery than known 

variables.
3) Testing of these traits is likely important for 

future management of the breed.
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PCR and Primer Binding

No Primer Attachment = No PCR Product

Some Primer Attachment = Some PCR Product
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Challenges in F11: New Discoveries 

Insertion

Normal

Mutant


