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Genomic	  Predic/on	  

•  Ranking	  candidates	  for	  selec/on	  using	  
knowledge	  of	  the	  “complete	  set	  of	  genes”	  
along	  with	  conven,onal	  pedigree	  and	  
performance	  informa,on	  
– Using	  everything	  we’ve	  got	  to	  obtain	  the	  most	  
accurate	  EPD/EBV	  (at	  as	  young	  an	  age	  as	  possible)	  

Suppose	  we	  generate	  100	  progeny	  on	  
1	  bull	  

Sire 

Progeny 
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Performance	  of	  the	  Progeny	  

Sire 

Progeny 

+30 kg 

+15 kg 

-10 kg 

+ 5 kg 

+10 kg 

+10 kg 

Offspring of one sire exhibit 
 more than ¾ diversity of  

 the entire population 

We	  Learn	  about	  Parents	  from	  Progeny	  

Sire 

Progeny 

+30 kg 

+15 kg 

-10 kg 

+ 5 kg 

+10 kg 

+10 kg Sire EBV +16-18 kg 
(EBV is “shrunk”) 

(<2x	  progeny)	  

How	  much	  we	  shrink	  depends	  upon	  the	  number	  of	  progeny	  
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EBVs	  on	  widely-‐used	  old	  sires	  are	  accurate	  

Sire 

Sire EBV +16-18 kg 

With enough progeny, 
 this is usually close to 

 the bulls true EBV/EPD 
(not surprisingly!) 

Suppose	  we	  generate	  new	  progeny	  

Sire 

Progeny 

Sire EBV +16-18 kg 

Expect	  them	  
	  to	  be	  8-‐9	  kg	  
	  heavier	  than	  
	  those	  from	  an	  
	  average	  sire	  

	  
Some	  will	  be	  more	  
	  others	  will	  be	  less	  
	  but	  we	  cant	  tell	  	  
	  which	  are	  be]er	  
	  without	  “buying”	  
	  more	  informa/on	  
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Chromosomes	  are	  a	  sequence	  of	  base	  pairs	  

Cattle usually have 30 pairs of chromosomes 
One member of each pair inherited from the sire, one from the dam 
Each chromosome has about 100 million base pairs (A, G, T or C) 
About 3 billion describe the animal 

Part of 1 pair 
of chromosomes 

Blue	  base	  pairs	  represent	  genes	  
Yellow	  represents	  the	  strand	  inherited	  from	  the	  sire	  
Orange	  represents	  the	  strand	  inherited	  from	  the	  dam	  

Errors	  in	  duplica/on	  
-‐  Most	  are	  repaired	  
-‐  Some	  will	  be	  transmi]ed	  
-‐  Some	  of	  those	  may	  influence	  performance	  

-‐  Some	  will	  be	  beneficial,	  others	  harmful	  
	  
Inspec/on	  of	  whole	  genome	  sequence	  
-‐  Demonstrate	  historical	  errors	  
-‐  And	  occasional	  new	  (de	  novo)	  muta/ons	  

A	  common	  error	  is	  the	  
	  subs/tu/on	  of	  one	  base	  pair	  

	  for	  another	  
Single	  Nucleo/de	  Polymorphism	  

(SNP)	  
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Muta/ons	  

•  Could	  cause	  complete	  loss-‐of-‐func/on	  of	  the	  
gene	  (ie	  the	  gene	  is	  “broken”)	  
– These	  can	  some/mes	  be	  catastrophic	  when	  an	  
individual	  is	  homozygous	  and	  carries	  2	  copies	  of	  
the	  broken	  gene	  

•  For	  examples	  DUMPS,	  Citrullinemia,	  BLAD,	  etc	  	  

Muta/ons	  

•  Could	  cause	  complete	  loss-‐of-‐func/on	  of	  the	  
gene	  (ie	  the	  gene	  is	  “broken”)	  

•  Could	  increase	  or	  decrease	  expression	  level	  
•  The	  variant	  might	  change	  amino	  acid	  sequence	  to	  
cause	  subtle	  changes	  to	  the	  shape	  of	  the	  protein	  
products	  making	  them	  func/on	  a	  li]le	  be]er	  or	  a	  
li]le	  worse	  
– Natural	  or	  ar/ficial	  selec/on	  will	  favour	  the	  variants	  
that	  improve	  fitness	  in	  that	  par/cular	  clima/c	  and	  
environmental	  circumstance	  
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Lep/n	  

Prokop	  et	  al,	  Pep/des,	  2012	  

Lep/n	  Receptor	  

Prokop	  et	  al,	  Pep/des,	  2012	  
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Joining	  the	  two	  

Prokop	  et	  al,	  Pep/des,	  2012	  

Lep/n	  and	  its	  Receptor	  Across	  Species	  

Prokop	  et	  al,	  Pep/des,	  2012	  

There	  are	  small	  differences	  (within	  &)	  between	  species	  in	  these	  proteins	  	  
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EBV	  is	  sum	  of	  the	  Gene	  Effects	  

Blue	  base	  pairs	  represent	  genes	  

+3 

-3 

-4 

+4 

+5 

+5 

Sum=+2 
Sum=+8 
 
EBV=10 
EPD=5 

-2 

+2 

EPD	  is	  HALF	  the	  sum	  of	  the	  gene	  effects	  

Consider	  3	  Bulls	  

+3 

-3 

-4 

+4 

+5 

+5 

-2 

+2 
+3 

-3 

+4 

+4 

-5 

-5 

-2 

-2 
+3 

+3 

-4 

-4 

+5 

-5 

+2 

+2 

EBV=10 

EBV= -6 

EBV= 2 

Below-‐average	  bulls	  will	  have	  some	  above-‐average	  alleles	  and	  vice	  versa!	  
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Illumina	  Bovine	  770k,	  50k	  (v2),	  3k	  	  

700k	  (HD)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  50k	  (Several	  versions)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3k	  (LD)	  

~800,000 copies of 
specific oligo per bead 
50k or more bead types 

BeadChip    
 eg 1,000,000 wells/stripe 

Illumina	  SNP	  Bead	  Chip	  

2um 

2um 

Silica	  glass	  beads	  
	  self-‐assemble	  into	  
	  microwells	  on	  slides	  
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Illumina	  Infinium	  SNP	  genotyping	  

SNP is labeled with fluorescent 
dye while on BeadChip 

BeadChip scanned 
For red or green 

DNA finds its complement 
on a bead (hybridization) 

Genotypes	  
reported	  

Amplifica/on	  

DNA	  
	  (eg	  hair)	  
sample	  

SNP	  Genotyping	  the	  Bulls	  

+3 

-3 

-4 

+4 

+5 

+5 

-2 

+2 
+3 

-3 

+4 

+4 

-5 

-5 

-2 

-2 

+3 

+3 

-4 

-4 

+5 

-5 

+2 

+2 

EBV=10 

EBV= -6 

EBV = 2 

“AB”	  

“BB”	  

“AA”	  

1	  of	  50,000	  loci	  (50k	  chip)	  
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Regress	  performance	  on	  SNP	  genotype	  

AA AB BB 

E
st

im
at

ed
 B

re
ed

in
g 

Va
lu

e 

 Variation due to  
 other genes 

Slope = advantage of substituting 
             an A allele with a B allele 

Linkage	  Disequilibrium	  (LD)	  

-2 

+2 
-2 

-2 
+2 

+2 

“AB”	  

“BB”	  

“AA”	  

	  L
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Prac/ce	  –	  EBV/EPD	  on	  SNP	  

Use	  SNP	  genotypes	  at	  locus	  1	  (in	  high	  LD)	  as	  surrogates	  for	  QTL	  

A1A1	   A1B1	   B1B1	  

Tr
ue

	  B
re
ed

in
g	  
Va

lu
e	  

Prac/ce	  –	  EBV/EPD	  on	  SNP	  

Use	  SNP	  genotypes	  at	  locus	  2	  (in	  low	  LD)	  as	  surrogates	  for	  QTL	  

A2A2	   A2B2	   B2B2	  

Tr
ue

	  B
re
ed

in
g	  
Va

lu
e	  

In
	  p
ra
c,
ce
	  fi
A
ng

	  a
ll	  
SN

P	  
sim
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ta
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sly
	  	  

M
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w
iss
en
,	  H
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	  a
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	  G
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da
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	  	  (
20
01
)	  
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www.23andme.com	  	  

Only	  significant,	  validated	  GWAS	  findings	  used	  in	  predic/on	  

www.23andme.com	  	  

•  Coronary	  Heart	  Disease	  

Each	  bar	  represents	  a	  different	  risk	  QTL	  allele	  
(mouseover	  shows	  the	  allele	  and	  links	  to	  the	  research	  publica,ons)	  

QTL=Quan,ta,ve	  Trait	  Locus	  

Only	  significant,	  validated	  GWAS	  findings	  used	  in	  predic/on	  
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Heritability=0.8	  
	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  Ne=100	  
	  	  like	  Holsteins	  &	  Jerseys	  
	  
	  	  	  	  	  1,000	  training	  animals	  
	  r=0.43	  20%	  gene/c	  variance	  
	  
	  	  	  	  	  3,000	  training	  animals	  	  
r=0.6	  36%	  gene/c	  variance	  

Theore/cal	  Basis	  for	  Accuracy	  

Reliable	  predic,on	  requires	  large	  training	  popula,ons	  
	  of	  genotyped	  and	  phenotyped	  individuals	  

Goddard	  &	  Hayes	  (Nature	  Reviews	  Gene/cs,	  2009)	  

Pr
ed

ic
/v
e	  
Ab

ili
ty
	  

Size	  of	  Training	  Popula/on	  

Predic/ve	  Ability	  =	  Accuracy	  (r)	  =	  correla/on	  true	  &	  predicted	  merit	  

Accuracy	  of	  Genomic	  Predic/on	  
Early Selection: Correlations (g, ĝ)

●

●

●

●

●

● ● ●

C
or

r(g
,g

ha
t)

●
● ●

●

● ● ●

●

● ● ●

●

●

●

●

●

PD PS YW AH E3 EW CO C3

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

PBLUP
C−pi
C−pi PA

Wolc	  et	  al	  9WCGALP	  

Correla/on(g,g-‐hat)	  
Early	  Selec/on	  

Layers	  

Conven/onal	  
pedigree	  

rela/onships	  

Valida/on	  in	  Offspring	  



6/21/15	  

16	  

Accuracy	  of	  Genomic	  Predic/on	  
Early Selection: Correlations (g, ĝ)
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Layers	  

Superiority	  
	  of	  predic/on	  

	  using	  
	  genomic	  rela/onships	  

Valida/on	  in	  Offspring	  

Accuracy	  of	  Genomic	  Predic/on	  
Early Selection: Correlations (g, ĝ)
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	  Mendelian	  Sampling	  
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Genome-‐Wide	  Associa/on	  Studies	  
(GWAS)	  

•  Use	  a	  historical	  popula/on	  of	  bulls	  and	  cows	  
with	  EBV	  informa/on	  that	  have	  been	  
genotyped	  with	  50k	  panels	  

•  Derive	  an	  EBV	  for	  every	  chromosome	  
fragment	  (we	  call	  this	  training),	  and	  find	  the	  
regions	  with	  biggest	  effects	  

Cut	  genome	  into	  2,700	  1Mb	  windows	   Page 1 of 1B99_AAA_bw_dyd.winQTL1
Printed: 3/1/12 12:16:28 PM Printed For: Dorian Garrick

 Window     #SNPs    %Var    Cum%Var    p>0   p>Average  map_pos    
     876       11     7.10     7.10   1.000     1.000      7_93
    1974       28     3.70    10.80   1.000     0.999      20_4  
    1480       22     1.34    12.14   0.990     0.852     13_58  
    2370       22     1.23    13.37   0.987     0.832     26_34
     692        9     0.92    14.29   0.727     0.564      6_29  
     493       25     0.89    16.09   0.806     0.610      4_75  
     532       26     0.79    16.88   0.901     0.569     4_114  
     280       23     0.65    17.53   0.947     0.446     2_121  
    1894       17     0.61    18.14   0.835     0.467     18_55  
     984       25     0.60    18.74   0.873     0.406      8_88  
    2268       29     0.59    19.33   0.894     0.405     24_38  
    1975       29     0.55    19.88   0.836     0.357      20_5  
    1321       28     0.54    20.43   0.803     0.370    11_100  
    1221       27     0.48    20.91   0.819     0.320      11_0  
    1136       24     0.45    21.83   0.764     0.293     10_20  
    1977       29     0.45    22.28   0.704     0.299      20_7  
    1531       21     0.42    22.70   0.735     0.262     14_25  
    2089       19     0.42    23.12   0.586     0.303     21_47  
     858       19     0.42    23.53   0.713     0.264      7_75  

Angus	  Birth	  Weight	  

Page 1 of 1B99_AAA_bw_dyd.winQTL1
Printed: 3/1/12 12:16:28 PM Printed For: Dorian Garrick

 Window     #SNPs    %Var    Cum%Var    p>0   p>Average  map_pos    
     876       11     7.10     7.10   1.000     1.000      7_93
    1974       28     3.70    10.80   1.000     0.999      20_4  
    1480       22     1.34    12.14   0.990     0.852     13_58  
    2370       22     1.23    13.37   0.987     0.832     26_34
     692        9     0.92    14.29   0.727     0.564      6_29  
     493       25     0.89    16.09   0.806     0.610      4_75  
     532       26     0.79    16.88   0.901     0.569     4_114  
     280       23     0.65    17.53   0.947     0.446     2_121  
    1894       17     0.61    18.14   0.835     0.467     18_55  
     984       25     0.60    18.74   0.873     0.406      8_88  
    2268       29     0.59    19.33   0.894     0.405     24_38  
    1975       29     0.55    19.88   0.836     0.357      20_5  
    1321       28     0.54    20.43   0.803     0.370    11_100  
    1221       27     0.48    20.91   0.819     0.320      11_0  
    1136       24     0.45    21.83   0.764     0.293     10_20  
    1977       29     0.45    22.28   0.704     0.299      20_7  
    1531       21     0.42    22.70   0.735     0.262     14_25  
    2089       19     0.42    23.12   0.586     0.303     21_47  
     858       19     0.42    23.53   0.713     0.264      7_75  

	  Regions	  
	  with	  

	  biggest	  
	  effects	  
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Major	  Regions	  for	  Birth	  Weight	  

Chr_mb	   Angus	   Hereford	   Limousin	   Simment
al	  

Gelbvieh	  

	  	  7_93	   7.10	   5.85	   0.02	   0.18	   0.02	  
	  	  6_38-‐39	   0.47	   8.48	   5.90	   16.3	   4.75	  
20_4	   3.70	   7.99	   0.07	   1.53	   0.03	  

14_24-‐26	   0.42	   0.01	   0.71	   3.05	   8.14	  

Genetic Variance % 

Some	  of	  these	  same	  regions	  have	  big	  effects	  on	  one	  or	  more	  of	  	  
	  weaning	  weight,	  yearling	  weight,	  marbling,	  ribeye	  area,	  calving	  ease	  

Iowa	  State	  University	  (ISU)	  

•  A	  land-‐grant	  ins/tu/on	  with	  responsibili/es	  for	  
research,	  teaching	  and	  extension	  
– Such	  ac/vi/es	  have	  been	  applied	  to	  gene/c	  
improvement	  of	  animals	  since	  1930’s	  when	  Iowa	  
State	  Professor,	  Dr	  JL	  Lush,	  wrote	  the	  first	  textbook	  
on	  animal	  breeding	  

– That	  tradi/on	  con/nues	  just	  as	  strongly	  today	  as	  we	  
research	  the	  role	  of	  genomics	  for	  improvement	  
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Summary	  

•  Genomics	  will	  increase	  accuracy	  of	  evalua/on	  
– The	  technology	  is	  star/ng	  to	  mature	  but	  works	  
be]er	  in	  some	  traits	  and	  breeds	  than	  in	  others	  

–  It	  works	  be]er	  with	  greater	  amounts	  of	  data	  
– Genomic	  predic/on	  will	  get	  more	  accurate	  than	  it	  
is	  today	  if	  we	  con/nue	  to	  undertake	  research	  

•  This	  workshop	  will	  explain	  the	  sta/s/cal	  basis	  
for	  methods	  of	  genomic	  predic/on	  and	  GWAS	  	  


