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Genomic Pedigree




How Related are Relatives?

© Example: Full Sibs
e Expected to share 50% of their DNA, SD 5%
e May actually share 40 to 60% of their DNA
because each animal inherits a different mixture
of chromosome segments from each parent

© Combine genotype and pedigree data to
determine exact fractions
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What Was Needed To Advance
Selection?

Expanded sequence data from bovine genome —
various breeds

Technology advances making it possible to find
large numbers of genetic markers, means to test
animals quickly and at a lower cost.

Dense marker maps, ideally equally spaced.

Expanded methodologies to estimate SNP effects
In dairy populations.




USDA-BFGL, lllumina, Al Industry

USDA-BFGL Consortium found additional SNPs In
dairy populations

lllumina Infinium BeadChip

USDA and lllumina collaborated to develop the
Bov50K SNP Assay

USDA and CDDR-AI Studs collaborated to genotype
reference populations, estimate additive SNP effects
and predict merit of future populations
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Genomic PTAsS

Genotypic data submitted to USDA-AIPL
38000+ SNPs used in genomic predictions
Parentage and sex verified

Calculated by breed, Holstein, Jersey and Brown
Swiss

Genetic evaluations summarized 3X/yr

Genomic PTAs released monthly
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Flow Chart

CDDR Al Studs, Breed Associations, NAAB-Non CDDR

!

Genotyping Labs

!

USDA-AIPL

!

Publish Official Genomic Evaluations
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Increased Accuracy In Predicting
Individual's True Genetic Merit

Accuracies Increased For All 27 Tralts
- 5 Yield Traits
- 5 Fitness Traits
- 16 Conformation traits

- Net Merit

VanRaden et al. 2009. J. Dairy Sci 92:16-24 GENETICYiSiGHS




lllumina BovSNP50 BeadChip

© Each chip is unique,

~requires positioning
software

© 12 samples can be
genotyped on each
beadchip.

© Typical call rate Is
>99%.

© 116 SNP's are
specified for
parentage.
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Dairy Cattle DNA Source Materials

Whole Blood - Chimeras
Semen — Mature Male

Hair Roots — Keratin Problems
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Dairy Cattle DNA Source Materials

Whole Blood - Chimeras
Semen — Mature Male

Hair Roots — Keratin Problems
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IScan Equipment

© Generates image files

© Later GenomeStudio
Software converts
Images Iinto genotypes
and SNP data files
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Scanning Samples

_____ © Red and Green
| Dyes, individual or
overlay

i

© Each baris a
different sample

NI

e B © Scan Status
Indicated

GENETICYiSiCHS




& GenomeStudio - Genotyping - GViManifes1Oct0BAprI0 s

[a 3 it Wi Ay
O3S &l - o

NP Graph

e > B iie) 8

BTé&-110920=-no-rs

HRS-
Haps
ETA
ARS

ETA
ETAA
LRS-

FLoasesTo O |

b Sk Talds

o i]e o m EEC. Bide

BTA-110080-ne-rs

BFGL-
apsA

Tl

EFGl

11314
SIS
EF -

DRep=TADD|  Sib=]

IR0
TOFT 1471
15721554
s imim |

84 871 8] ] 6 W -

Fibes=Fler & not SCheee.

looooooooo oo oo

AR RERERERED

i

I‘l .

£

Hmasn oS DispeSsl  Salm]

S Rad

[rans,
N-ror
SE14
3T
[ ]
Ti98
F
48

05517
05805
05850
0.5518
0,555
0.5500
05428
n.ssla

FilbermFilter is ok sctive

O, e 52
&1, DA
0. DiNE2 158

0, OEEED)
0, LSS
0, AR
0, Daei 2

OLrq4a]s T
OFFu110
LR L
0.
0. 5504715
0. reaah 0
0. el
S0
0, e O 0
0. TS
. s
0. 93RS
0. 55760
O FFSHEE
0. 992BZTS
O.95Te] 13

- - - - I-N—~N—-— --R -~ - -1




~ - — P
r"_'] e TR a1 EME

File  Edit View  Analysis  Tools  Window  Help
hado w0

SHP Graph Full Diata Table | SMP Table | Paired Sample Table

efl2]l e o |8 [FA][R]m o L [=]k] im B[4 il g FAlFEE @ F Y

ARS-BFGL-BAC-10591

ChiTest1 | Het
ful} Excess
ARS-BFGL- ... 4736993 0.5050  0.0667  0.0000  0.1250  0.8750 @ 1.0000
ARS-BFGL- ... 6339014 1.0000 0.0000 00625 0.3750  0.5625  1.0000
ARS-BFGL- ... 30073020 0.4476 -0.0759 0,0208 0.1875 0.,7917  1.0000
ARS-BFGEL- ... 4497577 0.2746  0,1092 0.0625 0.4583 0.4792  1.0000
ARS-BFGEL- ... 25140301 1.0000 0.0000 0,0000  0.0000  1.0000 @ 1.0000
ARS-BFGEL- ... 0.1563 ! 0.1458 0,8333 1.0000
ARS-BFGL-. | 14 | 15446875 | 0.0021 | -D.3074 0.5000 | 0,3125 | 0.1675 | 10000
ARS-BFGEL-... 27452258 0.2150  -0.124 i 03542  0.5417  1.0000
ARS-BFGL-... 32700054 0.0103  -0.2%67 O, 0.2708 0.1042  1.0000
ARS-BFGL-... 29520816 0.7619 -0.0303 O, 04375 0.1250 1.0000
ARS-BFGL- ... 19315327 0.2145  0.1241 ; 0.5208 0.1042  1.0000
ARS-BFGL- ... 21056606 0.8312  -0.0213 O, 0.2292  0,7500 1.0000
ARS-BFGL- ... 21682679 1.0000  0.0000 ] 0.5000  0,2500  1.0000
ARS-BFGEL- ... 25897020 0.0580  -0.1911 O, 0.3958 0,2292  1.0000
ARS-BFGEL- ... 80403647 0.2150 -0.1240 O, 0.3542 0.5417  1.0000
ARS-BFEL- ... 81191638 0.4794  -0.0707 O, 0.2708 0.0417  1.0000
ARS-BFEL-... 82371367 0.6691  -0.0427 0, 0.2917  0.0417 1.0000
om . ARS-BFGL-... 82750333 0.9861 0.0017 | 05000 0.2292  1.0000
ARS-BFGL-... 86597040 0.2892 -0.1060 O, 04375  0,35942  1.0000
ARS-BFEL-... B7724129 0.3914  -0.0857 O, 0.3125 00625  1.0000
ARS-BFGL- ... 12995313 1.0000 = 0.0000 ; 0.0000  1.0000  1.0000
ARS-BFGL- ... 22471023 0.1956  0.1294 ; 0.2292 0,7708 1.0000
ARS-BFGL- ... 133980973 0.7795  -0.0280 O, 0.3542 0,5833 1.0000
ARS-BFGEL- ... 12959937 0.2455  0.1161 . 0.2083 0,0000 1.0000
ARS-BFGEL- ... 22874490 0.2455  0.1161 . 0.2083 0.0000 1.0000
SNP Graph Alt ARS-BFGEL- ... 23387864 0.0640  0.1852 . 0.3125 0.6875  1.0000
ARS-BFGEL- ... 135081107 0.3020 0.1032 . 0.1875 0.0000  1.0000

E:S.. ||I|| * . | ||E||IEI@ /O |<z> | ARS-BFGL- .. 137028146 1,0000  0,0000 . 0.0000  1,0000 @ 1.0000
ARS-BFGEL-BAC-1 0591 ARS-BFGEL- ... 4851649 0.1139  0.1581 . 0.3958 0.0208  1.0000

ARS-BFGEL-... 17230763 0,935 -0.0077 O, 0.4565  0,1304  0.9583
ARS-BFGEL-... 53535350 00002 -0.3772 0, 0.1458  0,7917  1.0000
ARS-BFGEL-... §2935261 0.6736  0.0421 . 0.5208 0,2292  1.0000
ARS-BFGEL-... B2964066 0.1173  0.1566 . 0.2708 07292 1.0000
ARS-BFGEL-... 1521403 1.0000  0.0000 . 0.0000  1,0000 @ 1.0000

Are e A e RSOt i Rt Ao Nl FR e

&4 Freq | AB Freq | BE Freg |Call Freg

Marne Pasition

Morm Intensity (B)

U.Icu:l U.:':HJ
Marm Intensity (&)

i s R e N s e Y e e e e e e e e e Y e e e e e e e Y e e Y e}
e Qe e e e e s s s e s e e e e o o R e e e e e e Y e e e
e N e e e e s s s s s s e s e o e o R e e e e e Y e R e R e
pu R R e e e e e e e e s e e o e e e R s e e e

Rows=54001  Disp=54001 Sel=1  Filker=Filer is nok active,

Errors Table | Samples Table

B By [cfcl | o) il 24 LA (] | & |H v

Project Sample 1D Sample Name p0S Grn | pS0 Grn | p95 Grn | p0S Red | pS0 Red | pe

JELISADOOL 13012583 14JE0415
JELISADO00G7 000675 14JE0422
JELSADNOO0L 13264711 14JE0426
JEUSADOO0GY061 164 14JE0430
JEUSADOO0GY010222 14JE0431
JEUSAQO0]L 13565503 14JE0432
JEUSAQODL 13675555 14JE0437
JEUSAQODL 14067607 14JE0446
JEUSAQODL 13975253 14JE0460

15

[V e R B R ) I STV SN

U.I4c| U.Isu [ ¢
Marm Theta

Rows=43 Disp=48 Sel=0  Filker=Filter is not active,




Accelerated Genetics-

Mat marit (S)
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Application genPTAs — Full Sibs

Animal

NM Trad NM Gen

PL Trad PL Gen

Bull A
Bull B
Bull C

Bull 1
Bull 2

Bull D
Bull E
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415.5

246.5
946.5
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1.3
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1.2
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Chromosomal PTA of Net Merit for KEYSTONE POTTER (014H003597,

housa000128367894)

PTA NM$: +$37, Rel NM$: 71%
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Impact On Selection Programs

« Significantly increases the accuracy of predicting an
Individual's true genetic potential prior to performance
or progeny testing.

- Focus Is only on additive genetics.

- Has resulted in removal of ~35% of the bulls that would
have entered Al young sire progeny test programs.

 In the future, could limit or for go progeny testing.
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Two lllumina Technologies




VeraCode Universal Oligo Bead
Technology

Low-Plex Assays
1 to 384 SNPs

Custom Design
Assays

Kit beads in 8 well
strip plates




lllumina VeraCode Assay Designer

Oligo 5" Pos Length Segquence

Allele2 Primer 137 15 TAGGTCTCATGGCAT
Allelel Primer 49.1 137 15 TAGGTCTCAT

Forward Primer 0.4 s 20 AGTEECCCTC

Reverse Primer S0.6 231 21 CCACACTGRAETTETTTCCSTTT

Ambiguity Code SHNP Seguence

K [GyT]
M [AasC]




Overview

Multiplex PCR

4
EXO/SAP

4

ASPE PCR - biotin label

4

Kit beads strip well plates

<

Hybridize to capture specific

0p)

equence - VeraCode Beads

4

Streptavidin

BeadXpress Reader

) 4
GenomeStudio Software - Genotypes
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Multiplex PCR
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Each SNP - Capture Sequence
ASPE Oligo

GGCACTTCGCACGGGTTACGAA
(lumiCode or VeraCode BeadCode)

TACACAGCGACCGTACCATCGT
(lumiCode or VeraCode BeadCode)
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Universal Oligo Capture Beads

N\
N

G
Primer Extended

C
G
A

Mismatch

P Primer Not Extended

Incorporated
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~

wWild-Type variant

— —
Allele Specific Primer Extension Assays
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Summary

- Bovb0SNP BeadChip is a tool that is enhancing
selection of dairy cattle.

- Standard platform used across three dairy breeds with
data used to generate an official genetic evaluation.

* VeraCode Universial Olgo Beads provides custom
design low-plex assays for routine screening.
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