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What are SNPs?

SNPs are sites in the genome where two different
nucleotides are observed

DNA trace file

individual #1:
maternal chromosome ...aatggtatcAattaatgctt...

paternal chromosome -2atggtatc attaatgctt.

individual #2:
maternal chromosome ...aatggtatcAattaatgctt...

paternal chromosome ...aatggtatcAattaatgctt...

individual #3:
maternal chromosome -2atggtatc attaatgctt..

paternal chromosome -2atggtatc attaatgctt..




Why SNP?

Abundant (approximately 30 million in cattle)
Stable (low back-mutation rate)

Amenable to high-throughput automatic scoring
Low cost per SNP genotype

Many genotyping platforms available

Alleles easily and universally comparable



Why not SNP?

Each microsatellite marker is more powerful
(several alleles)

Each SNP can exclude few parents (2 alleles)
Several SNP needed to equal one microsatellite

30 million SNP not independent



Ways to use DNA for traceback

* DNA fingerprinting (sample matching)

- comparing genotypes between samples
* resolves disputes if samples were collected at the point of origin before a
disease outbreak occurred.

« Advantages:

. Disadvantages. =

- requires a preexisting sample



Ways to use DNA for traceback

Parentage analysis

» determining whether alleles are shared between parents and offspring
* may confirm the origin of a diseased animal if tissues from a parent are
available.

« Advantages: w%‘ﬂ

- preexisting sample of; a»:t?
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« Disadvantages:

- not all genotypes used
- requires more markers
- requires more samples



Sometimes parentage testing is the last resort
for DNA-based traceback

 Worst case scenario: only one parent available
« Washington State BSE case




SNP markers for parentage

..aatggtatca. attaatgctt.. maatggtatcazkattaatgcttm
..aatggtatca .  attaatgctt.. maatggtatcazkattaatgcttm

The offspring must
share an allele with
each parent

maatggtatCZXattaatgcttm

..aatggtatc attaatgctt..



SNP Exclusion — Sire only

Sire Progeny Frequency A

AA AT 1T 0.5 0.3/0.7 0.1/0.9
AA Exclude .06 .04 .01
AT
1T Exclude 06 04 01




SNP Exclusion — Sire & Dam

Sire Dam Progeny Frequency A
AA AT TT 0.5 0.3/0.7 0.1/0.9
AA AA X X .05 .01 .00
AT X .03 .02 .00

1T X X .03 .03 .01
AT AA X .03 .02 .00
AT 0 0 0
1T X .03 .02 .00

TT AA X X .03 .03 .01
AT X .03 .02 .00
1T X X 05 12 12




Microsatellite Exclusion

Progeny
Sire 100/ 100/ 100/ 100/ 102/ 102/ 102/ 106/ 106/ 108/ Total
100 102 106 108 102 106 108 106 108 108
100/100 ) 4 ) 4 X X X ) 4 .035
100/102 X X X .031
100/106 X X X .031
100/108 X X X .031
102/102 X X X X X X .035
102/106 X X X .031
102/108 X X X .031
106/106 X X X X X X .035
106/108 X X X .031
108/108 X X X X X X .035
Total .33
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The ideal markers are independently inherited



The ideal marker is frequent in all breeds

A collaborative effort was undertaken to assemble many beef
and dairy breeds for testing (screening) allele frequency

96 diverse sires from 19 beef
breeds (Drs. Heaton and Laegreid;
ARS, USMARC)

464 cross-bred Canadian beef cattle
containing germplasm primarily from
Angus, Charolais, Hereford, Simmental,
Galloway, and other breeds (Dr. Moore,
University of Alberta)

120 prominent sires from 4 dairy
breeds (Drs. Van Tassell and
Sonstegard; ARS, BARC)

More than 4000 candidate SNPs, mostly
from the Bovine Genome Project, were
genotyped to select those with best minor
allele frequencies (Drs. Heaton, McKay,
Moore, and Murdock; MARC and U. Alberta)
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Distribution of minor allele frequencies for 122
parentage SNPs in US and Canadian cattle

. USMARC Beef Diversity Panel V2.9

|:| BARC Dairy Panel V1.0

|:| U. Alberta Cross-Bred Beef
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The consequence of 1 SNP every 80 bp

 Wrong genotype assighed to some animals
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The consequence of 1 SNP every 80 bp
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The consequence of 1 SNP every 80 bp

GIT
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The consequence of 1 SNP every 80 bp

e G”---G-Aq

e

accurate amplification of both maternal and paternal alleles



Physical map

BTA 27, 45 cM, GenBank no. EF034084 5273 bp
* Parentage SNP .\!\\“ * “."/’
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Bovine repetitive
elements

. STS (amplicon)

Mean annotation 9.8 kb per file (1.2 Mb total) *Dr. Anjanette Johnston
GenBank Submissions Staff

1646 adjacent SNPs

259 amplicons

2004 bovine repetitive elements Dr. llene Karsch Mizrachi

258 exons :
GenBank Coordinator

183 CDSs



Public access to SNP information [ Kabfieisch

http://cgemm.louisville.edu/usmarc/MARC_web_page/traceback.html

A SNP Marker Set for DNA-based Traceback in North American
Beef and Dairy Cattle,
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Linking genotypes to tracefiles

« >350,000 genotypes
« >136,000 publicly viewable tracefiles
« >2,000,000 tracefile genotypes

TLCETE

Table 3. Selected animal genotypes for 11 SNPs in EF034084

ll ”'Ill*.ll

Animal
Breed 4910 4914 5025 4697
. T/T

Angus L ] Fi f 3/ ] C C/C GG e >
Angus £ G/G

Brahman
Brahman
Brahman
Brahman 19999819

ted for use in traceback by parentage analysis,



Genetically sound, but ...

Sample integrity
— Right sample, right label, no contamination

SNP genotyping technology

— Accuracy of genotypes, high call rates, error free sample
handling, no contamination

Selection of SNP

— Evenly spaced, intermediate frequencies, present in many
different breeds and populations

Delivery of information
— Convenient, when needed, correct

Easy, Quick, Accurate, Efficient, Economical



The DNA-Based Traceback of the
Washington State BSE Case

Announced by USDA on December 23, 2003
First recorded BSE case in the U.S. history
USMARC was asked to help. We designed

DNA experiments, decoded the results, and
wrote the report.

BRITISH COLUMBIA




The dispute

“There's some confusion about the
paperwork....”

Which of the 9 downer cattle slaughtered
that day had the BSE-infected brain?

“DNA testing by the best experts available
could compare samples from the mad
cow and its offspring or parents.”

http://lwww.cbc.ca/stories/2003/12/27/Evans271203

http://www.guardian.co.uk/bse/article/0,2763,1113783,00.html

ERATE

Dr. Brian Evans

Chief Veterinary Officer

Canadian Food Inspection Agency



USDA briefing — December 31

“...we are sending multiple samples to
two laboratories -- one in Canada
and one in the United States.”

=
=

be

USDA’s Chief Veterinarian - --- the U.S. laboratory is in Nebraska,
Dr. Ron DeHaven of APHIS .... [and] It's a USDA laboratory that
has that expertise.




The situation

APHIS had physical evidence indicating that
the index cow was born in Canada

We asked APHIS to
N gather pedigree
e records and tissue
Holstein downer

cow processed at samples from all

Moses Lake, WA The key question: available relatives

on December 9th

= ~ Was that ear tag really attached to the
= eseon  animal with the BSE brain?

December 22nd




The situation

APHIS had physical evidence indicating that
the index cow was born in Canada

We asked APHIS to

: gather pedigree
S Holstein downer DNA from = records and tissue
F‘!ﬁf&i cow processed at BSE brain samples from all

Moses Lake, WA

available relatives
ﬁg on December 9th '

Its brain tested positive

for BSE on
December 22nd

sent from Ames, |IA
to test validity of this
pedigree




January 2, 2004

Test results obtained and decoded within 40 hours
(more that 13,000 genotypes from 66 samples)

REUTERS P Ale

{ FOUNDATION
Canada says mad cow results not due till

next week

arwsary B0

| meLiny 1orcst

i B 7T WT F.§

: )

EFERGERCILS




January 6

"We now have DNA evidence that
allows us to verify with a high
degree of certainty, the [Canadian] -
birthplace of the BSE-infected cow.” "La

Dr. Ron DeHaven

Canadian officials concurred

BAATE

Dr. Brian I“Evans

http://lwww.usda.gov/INewsroom/0003.04.html






Cattle SNP-chip Collaboration

USDA-ARS U.S. Meat Animal Research Center

USDA-ARS Beltsville Agricultural Research Center (BARC)

University of Missouri

University of Alberta

Elilumina Deascan =&

lllumina® BeadScan

Illumina / Solexa

lllumina
iSelect™
assay
(60,800
bead types)
-- hope for
about
53,000
useful SNP
markers

1309952003
ARHEWREE
(0L I




Requirements for Genome Wide Association
or Selection

Markers within each block of Linkage
Disequilibrium (LD) that track the main
functional haplotypes

LD blocks of about 100 kilobases in cattle
genome achieve r? around 0.3

3 Gb /0.1 Mb = 30,000 LD blocks



Goal for the bovine SNP array

 Achieve > 30,000 SNP
« Spread evenly across genome

* Highly informative across cattle breeds
and populations



nature|methods

wiswLnatume, comn/nature methods Techmiques for life scientists and chemists

¢ tumor initiation

B High-centent TF analysis

W A yeast genome library
B Resolving RNA dynamics with NME




SNP Content on the Chip

SNPs With MAF (68%)

Reduced Representation Library 25,125
Bovine Hapmap Consortium 12,641
UA-IFASA 934
Others(US-MARC,DPI) 55
Insilico SNPs (32%)

Assembly SNPs 10,075
Inter Breed 6,200
BACend Derived 1,484
INRA, DIAS 310

Mandatory Inclusions (0.2%)
Parentage Markers 118
Selected Genes (BPI,CAPN) 5

Total 56,947



Gap Distribution of SNPs along chromosomes
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Definitions

Genome is the whole set of DNA
Genetic Markers track regions of the genome
— May be linked/explain phenotypes we observe
A SNP is a type of genetic marker
— Single Nucleotide Polymorphism

A Genotype is the form of DNA present at a specific location in the
genome.




Whole Genome Selection (WGS)

Use 1,000’s of SNP to predict EPDs
Like current marker sets but denser

Genetic differences in DNA that cause
phenotypic differences likely close to many
markers

Accounts for small and ambiguous SNP effects
on traits

Should allow WGS to account for more genetic
variation

As of now unproven but promising



Potential looks good

Simulated accuracy of genetic prediction:

Simulated

Sires
Progeny with no records

Unrelated with no records

EPD Whole Genome
72% 84%
41% 69%
0% 55%

Dr. Warren Snelling



Steps to an initial WGS:

Low cost for 1,000’s of genotypes (done)

Measure traits on 1,000’s of animals or get
EPDs on 1,000’s of animals (done)

Genotype these animals (done)

Analyze the above training data (in progress)
Genotype breeding animals (in progress)
Estimate molecular breeding values

Interpret and disseminate



Training Data

« 3,000+ head of pedigreed animals with extensive
phenotypes at USMARC genotyped using the 50K
chip:

2,000+ with individual feed intake in finishing or heifer
development phase

2,000+ with carcass data, slice shear force, and rib dissection

1300+ with age at puberty, pregnancy rate, and maternal
performance

1,100+ that will eventually have individual feed intake as
mature cows to estimate maintenance requirements

3,000+ with calving and growth traits



Preliminary SNP Associations

Birth Weight

Weaning Weight

Postweaning gain

Ribeye area

Marbling score

1 < --- Chromosomes -- --- --- -> 29 X

 Initial results look encouraging



2,000 Bull Project




2000 Bull Project

Collaborative effort between USMARC and 16 U.S. beef breed
associations that register the most cattle and have a genetic
evaluation system.

Breed associations provide semen for DNA on influential sires
USMARC runs 50K SNP chip on those 2,000 sires

USMARC estimates molecular breeding values



Objectives

Extend genetic predictions from USMARC
phenotypes to industry bulls

— EPDs for traits not typically reported (e.g. feed
efficiency) delivered to breed associations

Validate the effectiveness of WGS using EPDs
from the 2000 bulls relative to USMARC data on
common traits (e.g., weaning weight)

Improve accuracy of EPDs for common traits

Determine to what extent training data must be of
the same breed as in which WGS will be applied



Number of Sires to Sample

Angus
Hereford
Simmental
Charolais
Red Angus
Limousin
Gelbvieh
Shorthorn

400
282
234
156
154
145
135

91

Brangus
Beefmaster
Maine-Anjou
Brahman
Chiangus

Santa Gertrudis
Salers
Braunvieh

84
83
29
42
39
39
37
20



Potential pitfalls

We don’t know that the process of WGS will work
May need more than 50,000 markers

Patents might restrict use? Our results will be
accessible to all.

Need to develop complex computational methods

— 1992-2006: 1.7 million genotypes at USMARC

— 2007-2008: ~300 million genotypes expected
from chip results






