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Animal Genomics
@ MIZZOU
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RNA sequencing

oA ble DNA 1 individual FI' 81'°Wﬂ\ and carcass data for Isolate RNAs Generate cDNA, fragment,
8,000 animals from 8 1 major beef breeds " size select, add linkers

@ Genotype 2,400 animals from 6 breeds with BovineHD
@ 2,000 Angus and Simmental x Angus legacy animals already have been genotyped
with the BovineSNP50 assay

Condition 1 Condition 2

o Analyze gene expression differences in 5 tissues from 18 low-efficiency {normal colot]| {colon tumor)
and 18 high-efficiency animals
o Skeletal muscle, liver, small intestine, anterior pituitary and hypothalamus
o Angus (12), Si 1 x Angus (12), Hereford (12)
gus (12) gus (12) @ Map to genome,
o Provides data for: transcriptome, and
o Develop of molecular estimated breeding values (MEBVs) predicted exon ¥~
A
o Genome Wide Association Analysis (QTLs) Junctions
o GeneSet Enrich Analysis (Pathway Analysi l 100s of millions of paired reads
P . 10s of billions bases of sequence
o Fir p QTL regions using SNP d d from whole genome Downstream analysis a
sequencing
T ; I I
ANiMAl GENOMICS ANIMAL GENOMICS -
@ MIZZOU 3 RNA-S @ MIZzoU j A-Se J
sl ' S s i v
° RNA-Seq Seq of 5 x 36 =180 umples complehd atMU
9@ Analysis completed by visiting postdoe Polyana Tizioto using TopHat v2.0.6:
o 19,774 genes expressed in LVR - 6,278 were lowly expressed and could not be tested for DE
o For MEH, SI, WP and SM we observed 19,734, 20,128, 20,302, and 19,128 expressed genes of
‘which 4,486, 4,751, 5,012 and 5,770 were lowly expressed
Angus sired 6 high steers ; ::.h'tf :""’Md CE." (\g/':c) o Angus and Simmental x Angus animals had DE genes primarily related to immune function
1 2011 MU commercial 12— 2 Shoulder Muscle (SM) which may indicate that they were sub-clinically ill
e 6lowsteers 3 BONe Marrow (BM)
4, Liver (LVR) o In Herefords, DE genes involved in metabolic mechanisms such as pentose and glucuronate
5. Heart (HRT) interconversions; starch and sucrose metabolism; steroid hormone biosynthesis; metabolism of
: 3 steers by P450; drug androgen and estrogen metabolism;
. . Lung (LN
Charolais 6 high une(CNe) ligand-receptor i ion; calcium signaling; and purine
sired 3 heifers /- Thymus (THY)
2 2013 UIUC  crossbred 12 - 8.Pancreas (PAN) o DE genes analyzed in Ingenuity Pathway Analysis to identify the Driver Genes
steersiand 3steers 9. Spleen (SPN) . . . X . .
= 6 low 10, Smallintestine (s1) o F;)su; 0[&:5) driver genes are located in reported QTL regions (Saatchi et al. 2014; BMC Genomics
3 heifers 13, Whole pituitary (WP) -
12, Hypothalamus (MEH) 9 Paper being written by Poly
6 highsteers  13. Adrenal gland (ADR)
Hereford 14. Kidney (KID)
3 2013 MU 12
sired steers 15. Abductor muscle (ABM)
6lowsteers 16, plasma (PLAS)
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[
Werstors X Hersord olsen @ s = Animals genotyped with the 50K or
v a0 m 800K assays Hereford 0.41 0.27 0.50 0.45
X Tone w e
X T s % .
Umousin X Umousin o » s s © NB: Most cattle are crossbreds and USMARC 035 030 047 049
K umessn e M . we need to estimate breed
O composition Simmental 0.27 0.23 0.38 0.32
Pedmantese X Srmertalangss UNACCE > m
S Angus 035 019 049 0.21
Kot e
Xtechngs  bber a
X Tanne R arch
X T u 2
T e . «
Tawte X T Roxsanen P
W x v e v »
Dry Matter Intake Mid-test Metab Wt  Gain on Test  ResidFeed Intake -
24 Animal Genomics Brd #SNP %Var chr_Mb  SNP %Var chrMb  SNP %Var chr_Mb  SNP %Var chr_Mb
23 @ mizzoU AN 261 10.39(7 23 261 14.24(723 304 1.05 993 304 2.21 650
AN 219 2.78 7.0 2193.99 7.0 292 0.78 [7.25] 292 1.60 18_22
| — E - [— AAN 277 1.75 21_13 277 1.97 21_13 184 0.41 3_82 453 1.05 18_6
. - o 265 1.94 198 233 0.38 469 267 1.01 22.48 !
340 0.71 10_44 280 638 0.72 30_145
- 246 0.65 883 253 306 0.68 21_5
Feed Efficiency and Weight 250 0.45 5.70 324 298 0.51 2104
B 268
250 55
HER 214 1.95 31_115 93 312 1954
HER 223 0.98 2251 225 1.76 1863 287 25723
5200 - . HER 316 0.97 1957 195 1.25 3_70 182 370
2 . HER 360 0.87 1955 336 1.09 7_111 370 18321
T . HER 212 0.87 2.2 247 0.78 1725 211 5_107
k] HER 203 0.70 3_73 274 0.70 8.3 267 12.77
W50 HER 287 0,69 8.0 11.0.66__8. a4 127
5 SIN 302 0.86 1552 192 3.14 14 24 295 15_82
E SIM 345 0.78 18_33 288 2.58 206 197 14_41
£ . SIN 360 0.69 28_33 321 1.72 1573 211 1085
H SIN 297 0.61 1555 109 1.71 2171 205 2527
3 SIM 340 0.51 1741 218 1.40 1850 288 18237
© SIM 196 0.45 2,49 288 0.67 1959 243 258
SIN 282 0.44 18_40 193 0.66 1425 223 285
IM_278 0,39 14 46 344 0,64 3 115 31 49
CPT 23 0.99 852 213.49 [638 25 14_43
CPT 22 0.94 13_40 252.08 639 21 5_113
CPT 13 0.76 244 16 1.41 14 24] 25 89
CPT 21 0.74 10_14 13123 635 23 fta_2s
CPT 13 0.57 635 230.84 727 18 19_3;
. . CPT 15 0.51 274 26 0.82 12,45 32 70
Genomic Coordinates (Mb) CPT 25 0.41 2438 25 0.81 20.4] 20 1565
CPT 20 0.35 1341 8 0.72 12,37 19 2222
CPT 25 0.35 385 24070 142 10 230.60 5.4
—_ ey
Breed QT Trait Breed QT Trait E Q* 4’4—/
Heretord 172 RFl SimAngus 13,43 KR 224 AniMal GEnomics - 4
me s e S 23 o mizzoU J)New Genotyping . L S
Angus 1133 MMWT SimAngus 14_7  ADG = — —] b - — — —]
Hereford 1144 ADG SimAngus 14_17 OMI
P e T T T o New $500K USDA grant to Taylor, Seabury and Neibergs
Angus 263 oml Angus 1427 REI
7 Neretord 18- wWT o Develop a custom genotyping assay (GGP-F250) with ~185K “functional variants” and ~35K to
SimAngus 15.57 OMI impute the 50K set to aid imputation and accuracy of genotyping of potential causal variants
Hereford 373 DMI Angus 1579 ADG
Herelord 375 MMWT SmAngus 15,82 RFl o Will genotype 4,500 feed efficiency animals
Angus 382 ADG Simangus 17_18_MMWT
SmAngus 310 MMWT
Angus 469 ADG
Hereford 5106 ADG Angus15_18_ MMWT -
Angus 616 ADG Hereford 1954 RFl | The more you include smaller effect
::::::; 2723 m”‘" T et T QTLs and allow 3-4 Mb separating
Hereford 6_113 RFI QTL, the more evidence you find for
Angus T Herelord 205 MMWT i i
e pleiotropic and common QTL among
SimAngus 2039 ADG breeds
Angus 2072 MMWT
2113 MmwT

Angus 813 RP SimAngus 26_14 DMI
SimAngus 897 RFI SimAngus 27 22 MMWT
Angus 8106 OMI SimAngus 27.26 ADG

Hereford 10_46 DMI Angus 2940 RF
Aogs 116 OMI Hereford X_23 MMWT
Angus 1180 RFI Hereford X_105 MMWT
Angus 1197 OMI Hereford X_113 MMWT

Angus 1291 R SimAngus X148 MMWT
SimAngus 1316 MMWT
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Breed No. Animals O C nique Total Bases Av.Raw
Reads Coverage
Rugus 09 2263951806 8,137,666488.753 2574
Hereford 18 15603,339.064 1501290942627 28.76
Limousin 12 3704169818 357264463240 1027
Charolais 14 8560329604 858471719367 2114
Simmental 1 8902705282 885.698817.042 2176
Whole Genome for Gelbvich 8 6366906096 633,479,558.830 2731
262 taurines Maine Anjou s 4,061,220,172 403,867,224,031 27.85
Romagnola 4 901544762 89.666,842.589 773
Shorthorn 2 1446405682 143.863277.001 2480
Red Angus 14 4430950144 441846880499 1088
Holstein 55 13,650,662.246 1,358,163.462,700 852
Jersey 9 1399450902 139,150.036.295 533
N'Dama L1 739233320 73483493461 2534
Brahman ) 1871667422 167,772,161,118 526
Whole Genome for Nelore 8 1,668,006,036  165,728,918,125 714
35 indicines/composites Gir 6 1,583,737,248  157,49,065,756 9.05
Beefmaster [ 10 | 8351302646 830865082100 2865
Canids 132 96911894312 8.634,051009336 2255

ANiMAlL GENOMmiCS
@ MIZZOU

J Chip Design: Diaaiﬁoursgs“ :

RNA-Seq Data for 153 animals including BRD
challenge experiment

Breed No. Animals No. Unique Reads Total bases Total Raw Coverage Av. Raw Coverage
Angus 93 27,406,410,110  1,547,182,582,741 45,072.99 484.66
Hereford 1 3,815,784,459  302,094,954,473 8,800.72 800.07
Holstein 37 1,983,658,906  98,024,059,808 2,855.67 77.18
Crossbred 12 2,307,589,296  113,800,430,204 3,315.27 276.27
Total 153 35,513,442,771  2,061,102,027,226 15,011.16 409.55

Animal Genomics
@ MIZZOU

o Run 4 of the 1000 Bulls Genome Project
o 35,431,202 variants called in 1,147 animals
a 1121 males, 24 females, 2 unknown
o 24 breeds and composites
o dbSNP Build 146
a 99,453,756 variants

o UMD3.1 annotation

ANiMAlL GENOmiCS
@ MIZZOU

J Chip Developq:eﬁ

Number :
[ 3 2 1 Chip 0] tora
AA Genomic i85 2555 205a5 17732 Gl oo 75282
AARNA o 1 3 1 10258
AR TKBulls o 76 2037 a9 18 102 10682
UTR Genomic 8019 8299 1688 645 o of 1s6a7
o 59 92 5 of 123
UTR 1kBulls o o a9 203 8 of a8
Promoter” 2 7 0 o o o 95
splice Genomic 95 343 4227 2509 o of 132
splice RNA [ 5 205 4102 3 of ams
splice 1KBulls 0 o 85 23 s 8| 395
snRNA Genomic 9 539 s 267 o of 1492
snRNA RNA o 3 20 16 o q 39
Conserved Non-Coding Elements* m wn 61 o of 30
Multi-alllic* 105 31 1 2w o of  sm
No Homozygotes Genomic 4 36 S 56 o o 144
No Homozygotes RNA o 1 2 s o o )
No Homozygotes 1KBulls 0 0 13 53 1 o &7
BRO/FE QL regions® 3734 1303 530 2134 o of 23sm
n o o 0 o 9 of 33720
TOoTAL || 19725 52749 46155 54427 33844 20333 227233

“Indicine WGS, RNA-Seq, 1K Bulls and dbSNP

2100 bp upstream of gene annotation start (5’ UTR or start codon)

3Sequence conserved in 9 ruminant genomes. SNPs have PhastCons conservation scores 20.5 and CNE length 210bp
“Coding variants but one sequenced animal had a 3 allele (possible false positive)

SHighest MAF variant within each 5 kb bin across QTL regions

Animal Genomics
@ MIZZOU

BREED NO.GENOTYPED % GENOTYPED
AN 12083 66.13
HFD 945 517
w 219 1.20
cHA 20 011
siM 274 150
BRVH 7 004
GEL 307 168
PIED 9 005
RMG 8 004 PROJECT NO. GENOTYPED % GENOTYPED
ANR 1255 687 Heifer Fertility 11,506 297"
cc 4 002 Feed Efficiency 4609 25.23%
HO 1994 10.91 Bovine Respiratory Disease 1971 10.79%
JER 9 005 HapMap/History of Cows 185 101%
GNs 7 004 18,271
NDAM 8 004
BR 14 0.08
NEL 8 004
GIR 1 0.06
CROS 1073 5.87
BEFM 3 0.02
s6T 1n 0.06
SHK 2 001
18271/22 Breeds
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Minor Allele Frequency
(N=206,652)
000% 27.83%
25.00%
2000%
15.02%
15.00%
1000%
SB6% ¢ ja 530% SA% 5.18% 5 10% S.18% 5S5% ST0%
5.00% 3.46%
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Variant Amtion

Variants with CR>90%
(N=173,609)
%000
82079
80000
70000
60000
§ so0 wss
3
2 40000
E
30000 25561
oo 18009
10000
G
M Substitution Frame Shift  In-frame  Non-Coding Splice UTR Notin Gene
Varlant Annotation
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HWE in lz%l\gus

Olfactory Receptors

* Common Haplotyp
Never Homozygous

Bovine MHC

Offactory Receptors B . N f

e lomepe)

Pregnancy Associated Glycoproteins -y

s

SLSIST Impute Genotypes

Pair of Chromosomes

[ variable positions on 50k | [ variable positions in Sequence |

| If | know EXT’s 50K genotypes |

A
Rmin s ]

[ can 1 estimate his genome sequence? |

ANiMAlL GENOmiCS
@ MIZZOU
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| Evaluate Imput%ccuncy

Accuracy by position

base position

Accuracy by position

ANimMAlL GENOmics

@ MIZZOU I/Fine Mapping MP_

* 3,362 Animals and 9.4 million SNPs
« FDR=0.1(—) ‘

&

o
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1 2 3 4 5 6 78 910 12 14 16 18 20 22 25 28
Chromosome

BIF 2016 Selection Decisions Breakout
Session

A it weight

B sirth weight
w23s2)

[ Look For Causal |

Perform these analyses for each
breed group and compare directions
of allele effects in peak signal areas

Chiomosome 7 -AC_ 0001641

* Arrestin is a master regulator of growth
+ LOC101905238 is a ncRNA (possibly
regulating ARRDC3)
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| g %Nm;;l[?)ssomlcs i co‘\‘cl:= IIEES /QWQ\ (5 www beefefficiency.org 49 =
— S S— e B— : & %, National Program for Genetic tome
o FE p ; has coll da popnlﬂion of ~10,000 3enotyped and ~ _Imorovement of Feed Ffﬁmsnr‘\.l - FAQ
phenotyped animals rep ing the major US beef breeds Number of Visits ContactUs
400
@ Shown that greenh gas production does not differ between high 350
and low eﬂ‘iciency animals per 1b of DMI - but it does per 1b of beef 300
produced e s0

@ Developed a new genotyping assay for the beef industry [
@ Shown that FE and component traits are highly heritable
@ Shown that there are large effect QTL for all traits

& Many are pleiotropic and shared among breeds

@ Last phase of current project is to use new GGP-F250 data to try and
identify causal variants

Number of visits
333

ne expression anaysis ol various issuss in

o Include these on Zoetis and GeneSeek chips 15,883 P o8 IR VTR
. Undersand genet mater e unique page views from 98 countries  .o.eqor, e nemes
@ Industry must continue to collect intake and growth phenotypes and B
collect DNA samples! e e
The Research Updated RFI Calculator
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