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o Population A - 2000 Holstein calves o Samples on 2013 calves collected and clinical scores

9 Population B - 800 Holstein replacement heifers obtained

@ Diagnostics for Mycoplasma, P. Multocida, M.
9 Population C - 2000 Bos taurus feedlot cattle Haemolytica, H. Somni, Bovine respiratory syncytial virus,
@ Population D - 1000 Bos taurus purebred bulls Bovine viral diarrhea virus, IBR completed

@ DNA extncted, and genotyped for 778,000 SNPs
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@ BRD (21%)

9 Nasal discharge (9%)

@ Cough (19%)

9 Total clinical score (18%)

9 Pasturella multocida (2%)

@ Mycoplasma (2%)

@ BRSV (6%)

@ Mannheimia haemolytica (8%)
@ Temperature (10%)

@ Ocular discharge/ear tilt (8%)
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o Samples on 800 heifers collected and clinical scores
obtained

@ Diagnostics for Mycoplasma, P. Multocida, M.
Haemolytica, H. Somni, bovine respiratory syncytial virus,
bovine viral diarrhea virus, IBR completed

@ DNA extracted, and 778,000 SNPs genotyped
9 Heritabilities similar for BRD Case-Control
@ BUT...p between SNP effects in CA and NM = 0!

@ BRD is a mixture of diseases and pathogens differ between
NM and CA
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 Identify Sires M e Calves
~70% of Holstem calves sire 1dentlfied
All Al Holstein bulls are genotyped with the SNP50 or HD
We can use these genotypes to:
a) Match bulls to calves
b) Predict the MBVs of sires of these calves to BRD susceptibility

Mean MBV for BRD Risk = -2. 2

Mean MBV for BRD Risk = +12.8

BRD Affected Calves

BRD Unaffected Calves

A Challenge Study
o 300 kg Angus calves challenged with Mycoplasma bovis, P.
Multocida, M. Haemolytica, Bovine viral diarrhea virus,
and Bovine respiratory syncytial virus (N=2 in 2011 and
N=4 in 2012)
9 Identify genes expressed with given pathogens via RNA-
seq of bronchia-alveolar lymph nodes

@ Characterize immunological responses
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rar
27 barcoding library

Total 27 BLN
aci
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12 Viral treatment
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11 Bacterial treatment

[{150M reads/lane)/27]
M reads/sample/lane

R N |

[(30M total reads)/
(5.5M/sample/lane)]
5 lanes need to RUN

Pooling Sequencing
for technical replicate Paired-End Read 2 X 50bp
150200 million reads/lane

llumina Hiseq 2000 llumina HiSeq 2000
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Total 5.98 million reads

Unmatched w/Bovine Mycoplasma
5,979,555 reads (99.984%)

Pathogens Cause BRD?

Total 5.98 million reads

Unmatched w/Bovine Mannheimia
5,980 )

0,483 reads (99.99

Total 5.98 million reads

Unmatched w/Bovine Pasteurella
5,980,496 reads (9 %)

76%)
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MM Analysis Using Tuxedo Suite

o of the rt develapmental
iptome

Metagenomics/Boogergenomics:
/What PathogensiCause BRD?

Total 68.12 million reads

Matched reads w/Cow genome

62.14M reads (91.2%)
Unmatched w/Cow gen
Matched ~ 5.98M readgs (;;/e)
W/UMD3.1+Y 61,748,863 total reads o
w/Cow repetitive 394,192 total reads " Co ¢
B Mg,
" By O
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Breed SNPSO _ HD #Animals __ #SNPs’ 2013 Animals” _Total Animals”
‘Angus 1,093 510 1,603 747,473 235 2,038
Charolais. 2 2 N/A 2
CharolaisxAng 450 450
Commercial Xbred 220 220
Gelbvieh 369 369 N/A 369
Hereford 361 491 852 684,458 300 1,152
Limousin 37 37 568,501 45 82
Normande 3 3
PiedxAngxSimm 236 236 N/A 236
Red Angus 155 155 694,847 3 158
SimmxAng 2,251 589 2,840 690,184 909 3,749
Wagyu 35 35 N/A 150 185
Total 3941 2,210 6,151 2,515 8,666

HImputed using Beagle
2Does not include the possibility of a data swap with TEASUG, the Canadian Feed Efficiency Consortium or USMARC animals

=5 2"&7.‘2‘2353"”'“ /s Four Data Se w 021)

o Hereford Cattle fed at Olsens (HD)

@ 847 animals in 10 contemporary groups
© F12 compesites fed at USMARC (50K)
@ 1,160 animals in 15

porary groups

@ Legacy Simmental cattle fed at Illinois (HD)

@ 1,444 animals in 202 porary groups
@ Legacy Angus fed at Circle A (HD) and Angus fed at MU
@ 1,580 animals in 102 ¢ ary groups
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Study Residual Var |Heritability

Hereford 0.41
USMARC 1.9 3.4 0.35
Simmental 1.35 3.65 0.27
Angus 4.1 7.5 0.35
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Study Residual Var | Heritability

Hereford 0.50
USMARC 84 97 0.47
Simmental 28 36 0.48
Angus 125 130 0.49
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Average Dm

Study Residual Var Herltablllty

Hereford

USMARC .07 .16 .30
Simmental .04 13 .23
Angus .06 .24 .19
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Study Residual Var | Heritability

Hereford 0.45
USMARC 0.91 0.94 0.49
Simmental 0.96 2.02 0.32
Angus 13 4.8 0.21
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ResidFeed
SNP %Var
304 2.21
292 1.60

Dry Matter Intake Mid-test Metab Wt  Gain on Test
Brd #SNP %Var chr_Mb  SNP %Var chr_Mb  SNP %Var chr_Mb
AN 261 26 304 993
AN 219 219 202 725
AN 277 184 382
AN 210 233 469
AN 638 . 44 280 15_79
AN 304 0.81 650 a2 306 0.68
AN 453 0. .31 14734

Intake

chr_tb
6_50
1822
1806
2248
30_145
215

53
2523
370
1321
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Web-based
simulation
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Cost per Raw Megabase of DNA Sequence

Moors's Law
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http://www.genome.gov/sequencingcosts/

2012
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You are a nobody
in genomics until
you sequence 20
Your own dog...
Name _|Breed Disease Coverage
Jasper _|Chinese Crested Dog Multiple 151
Oliver_[standard Poodle Polymicrogyria 152 &
Skittles _|Airedale (Cerebellar ataxia | 178 43,040,538, CFALL: 66.6-70.0 Mb H
Miranda_[Baseni Fanconi syndrome | 102 24,618,832,286  CFA3: 44.3-50.1 Mb g
Maggie _[soft Coated Wheaten Terrier [Paroxysmal dyskinesia 21 55,619,462,414) NO. 2.,
Alstair Kerry Blue Terrier X Beagle _|Cerebellar ataxia |22 65,586,248,963 NO.
Clifford_English Cocker Spaniel Iegenerative myelopathy ) 514950236 50.735,392,704 NO.
Katie |Miniature Schnauzer INeuronal ceroid ipofuscinosis 83 207,671,762 20,045,383,134 NO.
Dandy _|Labrador Retriever Laryngeal paralyss | s 304,021,990 30,104,892,558 NO.
Tansis _[Chinook IDyskinesia/epilepsy | 209 512070822 50501,256,583 NO. 05
Woody _|Pembroke Welsh Corgi Iegenerative myelopathy | w02 732,686,470 72,786,166,647 NO.
Tango _[Pembroke Welsh Corgi IDegencrative myelopath 289 701,707,108 69,713,170,786 NO.
Maddy_[Pointer Cerebellar ataxia I 681,836,620 67,717,912,370_CFAX:near centromere
Sabre__|jack Russell Terrier ataia X 00 L o
sk $3375:30i500080ap g st pscagaasy
MeGoulck Eotlensy Solasn ity §338885:558858:23888383333§83:832¢8288¢2¢:8888¢
River [Kerry Bl Terrer Muliple System Degeneration e87.612.564] y AN
Peanut_|Portuguese Podengo 684.948,160] .
Toby _[Border Collie Sensory Neuropat 682,948,160 127,936,
Jewels _|Airedale Terrier (Corneal Dystrophy 884,009,792 044,667,556
ot - Taerrasa39 TS 400 150 Miranda has a 317 bp deletion which includes the last exon (exon 14) of FANT
T Y T T e i e

l“ls 1 t 0! !unzﬁon
G o 7 Spss i | Let's Sequence Some (Angus) Bulls!

—

. Reg Name
12309327 GDAR SVF Traveler 234D
12798179 Circle A 2000 Plus
11418151 B/R New Design 036
12223258 J L B Exacto 416

i 10776479 N Bar Emulation EXT
e

Ot s 11356596 GA R Traveler 1489
Gt

11994601 TC Stockman 365
12240991 High Valley 4C6 Ambush
12309326 SVF Gdar 216 LTD

Anlis coralinensis
Tettandon nigroviris

I R = i3 i 8 L 34 8 13395344 GA R Predestined
N N FSFs C N NFSFSC |°N NFSFsC 12665222 Circle A 216LTD 6563
— e | T — -

We have sequenced each of these bulls to an
average depth of 30X and have generated
whole genome polymorphism reports...

Primers,
mers,

 Data Analysis &5 U™ Numbers of Broken Genes

. — — pm——— .
2 libraries - 1 per HiSeq 2500 lane
& 2x100 b paired-end reads
o ~32X coverage n
Py No. LOF No. Genes LOF  No. Genes LOF  No. Candidate
Mutations Homozygotes Heterozygotes LOF Genes

TrinyFilter reads: 1 694 1722 1274
o Tllumina adapter sequences 2 181 311 169
o Base quality scores 3 64 81 29
o Remove reads containi itive elements 4 26 19 4

>5 21 8 L
Error correct using MSR-CA: Total Genes 986 2141 1477
o Removes most sequencing errors

Align to UMD3.1 using NextGENe:
o High stringency/paired-end alignment algorithm
o Generate mutation report

o Capture 40 pieces info including gene annotation
o Upload to PostgreSQL relational database

5 Process ion report in db into 65
ww | categories (increases monthly):

o 2463 genes with LOF alleles! Some are assembly errors!

Candidates for embryonic or early
developmental lethals
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Description Avg per bull 1000 Genomes
Splice site +/- 2bp 5845
JTR 254893
Indels non-genic 208,239.2
Indels genic 91,742.7
Indels (inframe) that affect 1-2-3 amino acids (AA) 160.2 190-210
Indels that cause frameshifts 5245 300-350
SIOE codon usage 401.5
High quality SNP synonymous AA 11,7418 10-12,000
High quality SNP nonsynonymous AA 117292 10-11,000
High quality SNP genic region 1,422.460.6
High quality SNP 3,524.459.0
High quality homozygous SNP (differing/(6 Dominette)  2.406.798.5
High quality heterozygous SNP 5.502.478.4

Mutant!

Broken Genes

—

272 v Objectives & Updates
.

o Sequence the genomes of additional 89 registered Angus bulls
o To find as many LOF alleles as possible and remove from consideration
those that are found as homozygotes in any bull (can’t be essential for life)

o Sequencing costs have decreased from $5,500 to $4,650
o American Angus Association $50,500

o American Hereford Association $25,000

o Beefmaster Breeders United $23,250

o American Gelbvieh $23,250

o American International Charolais, American Si 1A iation,
American Maine-Anjou Association, American Wagyu Association?

o We will sequence at least 150 bulls from 6-8 breeds

o Exchange sequence data
o USDA MARC, Genome Canada and INRA projects

—
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B30T Objectives & Updates
Pty
o Develop economic selection indexes that support multi-trait
selection, inclusive of fertility

9 Develop decision support software to optimize breeding
schemes via the implementation of selection ind and mate
selection based upon sire and dam recessive lethal genotypes

o We will have MEPDs for about 18 traits including Feed Intake, Shear Force,
Fertility, Carcass, Growth, etc (From previously funded grants)

o We will also have genotypes on heifers and bulls for lethals

o Develop:

o Web-based educational training program for livestock sp
allied industries, producers, veterinarians, and students to enable successful

adoption of genomic technologies for beef cattle breeding decision-making

e

o Develop simulation exercise that demonstrates effects of MEPDs for heifer
and sire fertility on reproductive performance and profitability

o Develop innovative educational and outreach materials for the enhancement
of the Beef Cattle Community of Practice

o

| o On average a bull would carry 134 lethals!

@ ANiMAlL GENOmiCS
MIZz

o We suspect that many are not real - assembly errors!

o Our analysis pipeline is continually evolving
o Many may not be essential for life!

o We know from human studies that every human carries about 7 lethals
o Cows are going to be very similar

o We just didn’t sequence enough bulls to find homozygotes that would eliminate these genes
from consideration as being essential for life

o There still must be a LOT of broken genes floating around in the Angus population and they
really must have negative effects on SOME traits!!

o Of the 1,477 genes with predicted loss of
function alleles, 176 (16.7%) are identified in the
mouse genome informatics database data base
as possessing a lethal phenotype (2,838 mouse
genes have mouse phenotype terms which
include “lethal”) in knockout homozygotes

6/14/13
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@ Genotype 10,000 heifers

& ovior Objectives & Updates

o Develop a genotyping assay with: 1) All LOF alleles, 2) 10,000
SNPs from BovineSNP50, and 3) As many other functional
variants as we can fit
o AFFYMETRIX will build custom assay with 53,000 SNPs for ~$46

o Need 10,000 from the BovineSNP50 to impute genotypes up to 50K to allow
use of developed molecular EPD (MEPD) equations

o Likely to find 5-6,000 LOF alleles in all breeds of cattle

o Remainder will be variants that are likely to have functional effect - i.e.,
change the amino acid composition of proteins

o Mi i Sh
o Recruited from multiple breeds (primarily Angus)

Me-Select™ Repl. Heifer Program

o Any LOF allele that never turns up in homozygous form is probably lethal
o Develop MEPD:s for fertility in males and females (via embryonic loss)
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