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Leaders in Genetic Analytics

= Founded in 1998

= Multi-disciplinary: computer science,
bioinformatics, statistics, genetics

DISCOVER DR = Software and analytic services
= Hundreds of literature citations
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GenomeBrowse

= Powerful visualization software for
DNA and RNA sequencing data

= Supports most standard
bioinformatics file formats

= Fast and responsive for interactive
analysis

= |[ntuitive controls

= Stream data from the cloud and
from your own remote data servers
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= Powerful environment
for annotation, filtering
and visualization of
DNAseq data

= |[ntuitive interface
* Repeatable workflows

= Optimized for clinical
applications



SNP & Variation Suite (SVS)

i svs

=3 = ]

File Tools Download  Resources  Help

Core Features

Powerful Data Management
Rich Visualizations

Robust Statistics

Flexible
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GETTING STARTED...

5 Create New Project

£ Online Tutorials

[ Download Example Projects
[ Onen Existing Project

SVS_Webtast phy

SVS_MYHB.ghn
5VS_CephTrio_MYHE_Exons.ghp
SVS_CEPHTHO_MYHS ghp
§VS_CephTrio_FakeSignal.ghe
SVS_Novartis_GWWAS. ahp
SVS_DNASeq_Training 6.0 Camplet.

ANNOUNCEMENTS

SNP & VARIATION SUITE

SUPPORT BULLETINS
SV 8.0.0 Release Candidate No
S5 7.7.8 Release Notes
SV57.7.7 Release Notes

Bug: Genatypic Covariates for i
£V5 7.7.6 Release Notes
Firewall Setlings for running Gold
NEW Blazing Fast VCF Imparter!

CONTACT SUPPORT

suppon@goldenneli.com

PH: +1.406.585.8137
+1.888.589.4629

K

LICENSE INFORMATION

version 8.0.0WinGd
Released 2013-10-11
License ID 4333
Expires Jul 14 2015

PACKAGE
Power Seat

v BYS Core

v GenomeBrowse
~ BNP Analysis

v CMVAnalysis

¥ DNA-SenAnalysis
v RNA-SeqAnalysis
v PBAT Analysis

Solden Helix

Applications

Genotype Analysis
DNA sequence analysis

CNV Analysis

RNA-seq differential

expression




Approximate Agenda

K-Fold Cross Validation with GBLUP and Bayes C/C-pi

Genomic Prediction

Meta-Analysis

Q&A
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Genomic Prediction
with Golden Helix
SNP & Variation Suite

December 16, 2014

Bryce Christensen
Director of Services

Previous Genomic Prediction Resources

Using Genomic
Prediction for Trait
Optimization

August 26, 2014

Greta Linse Peterson
Director of Product Management and Quality
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Medicine
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Posted on Apr

0Des

The SNP and Variation Sulte (SVS) software currently supports three methods for genomic prediction
Genomic Best Linear Unbiased Predictors (GBLUP), Bayes C and Bayes C-pl. We have discussed
these methods extensively in previous blogs and webcast events. Although there are extensive
appiications for these methods, they are primarily used for trait selection in agricultural genetics. Each
method can be used to create models that predict phenotypic trafts based on genotype data. The
model is trained on samples for whom phenotypic data is available, and then used to estimate the
same phenotype for samples with unknown phenotypes. But how can you determine if the model is.
really accurate?

Cross-vaiidation i a powerful method for assessing how weil a prediction model may perform in an
Independent data set. Cross-validation allows you to test the predictive potential of baseline training
data internaily without biasing the prediction. The basic process is simpie: randomly divide the data
into several equal subsets, then iteratively create and test predictive models such that each of the
subsets is withheid and used for model testing one time whiie the remaining subsets are used to train
the model. This process is known as *K-fokd cross-vaidation,” where K" Is the number of ferations
used Figure 1 is a schematic representation of 5-fold cross-validation In this example, the complete:
training set s divided into 5 random subsets, and the model training and attesting process is
repeated five times. In each feration, one subset Is used to test a prediction mode! that is trained on
the other 4 subsets. Upon compietion. the known phenolypes for the samples can be compared with
the predictions to assess model performance.

&I SNP & VARIATION SUITE

Your data.
Your analysis.
Your disc

Discover SVS

Q@ varseq

Variant annotation,

and interpretation.
Simplified.

Follow...

« Tri-Con 2015 - just 5 days away!

Q&A from our D b ic Predicti b
Posted on February

668

Our Genomic Prediction webcast in December discussed using
Bayes-C pl and Genomic Best Linear Unblased Predictors
(GBLUP) to predict phenotypic traits from genotypes in order to
identify the plants or animals with the best breeding potential
for desirable traits.

The webcast generated 2 lot of good questions as our
webcasts generally do. | decided o begin to share these Q&A
sessions with the communiy. If the questions below spark new
questions or need clarification, feel free 10 get in touch with us
at info@goldennelix com

Question: Does the program (SNP & Varation Suite (SVS)) allow fitting fixed effects in GBLUP?
Answer: The answer to that is, absolutely yes. There is an option to add additional covariates into

the model. and any numenic or binary variable or categorical variable, can be accounted for in that
manner.

&) SNP & VARIATION SUITE
Your data.
Your analysis.
Your discovery.

Discover SVS

Q@ varseq
Variant annotation,
ing,
and interpretation.
simplified.



http://goldenhelix.com/Events/recordings/genomicprediction/index.html
http://goldenhelix.com/Events/recordings/genomicprediction/index.html
http://blog.goldenhelix.com/bchristensen/cross-validation-for-genomic-prediction-in-svs/
http://blog.goldenhelix.com/bchristensen/cross-validation-for-genomic-prediction-in-svs/
http://goldenhelix.com/Events/recordings/genomicpredictionwithGHI/index.html
http://goldenhelix.com/Events/recordings/genomicpredictionwithGHI/index.html
http://blog.goldenhelix.com/crogers/qa-from-our-december-genomic-prediction-webcast/#more-3635
http://blog.goldenhelix.com/crogers/qa-from-our-december-genomic-prediction-webcast/#more-3635

Genomic Prediction Methods Available in SVS

= GBLUP
W , Fold Predicted In =El'BLll’, EIva:d\zdaI!?j.Z' C:Riildg:;cgd :=9.;'7 jl.s,FoId Predicted In =="4 = ASS u m eS al | I O C i CO ntri b u te to th e

B |, Fold Predicted In =="5"  ==f{x) = 1.0{x) + 0.0

phenotype
0] o = Bayes C
| BRE Y - Estimates effects of gene loci
P P e T together with parameters
= . -.:""-,'.. . required to define probability
B L distribution over events
] _' _".'.'.i_- T - Prior probability that any SNP will
e ~ca ML F have no effect fixed
1 = - L
N = Bayes C-pi

R - Prior probability that any SNP will
have no effect unknown and
allowed to vary
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Simulated Cattle Data

= 402 Bos taurus cattle from Bovine
HapMap project

= [[lumina 50k genotypes

= Simple oligogenic trait simulation

- 5 SNPs with independent additive
effects

- About 62% of trait explained by
simulated genetic effect

= Split into two groups:

- Model Building group — 351 samples
from 16 breeds

- Phenotype prediction group — 51
samples from 5 breeds

GOLDEN HeL:X
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Model Building Group

Santa Sheko | | Angus BeefMaster
Gertrudis 5% 5% 9
4%
7%

Brown Swiss

Romagnola %
% Ch lai
arolais
Redzﬁ/:gus 6%
Pledmontese Guernsey
6%
Norweglan Hereford
F;S/d 4%
0
N'Dama
7%
Holstein
Limousin 9
7% Jersey 15%

7%

Phenotype Prediction Group

Red Angus
8% Angus
21%

Limousin
31%

BeefMaster
20%

Hereford
20%



K-Fold Cross-Validation

= Use K-Fold Cross-Validation to
build a model that can be
applied to new genetic data to
predict a phenotype raa1 | [foaz | [ouz | [ raes | [rous ]

u Can be Used W|th GBLUP, - Training | | Training | | Training | | Training
Bayes C1 BayeS C'p| Training - Training | | Training | | Training

Training Training - Training Training
Training Training Training - Training
Training Training Training Training -

* Requires all samples have a
phenotype value

S R TR TR 2

Prediction Statistics

Complete
Data
2N 2N 2N P

= Can include covariates

GOoOLDEN HEL:X
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Cross-Validation with Multiple Iterations

-
K-Fold Cross Walidation (for Genomic Prediction)

==

Computations

Perform k-fold cross validation on GBLUP and Bayes C\C-pi
Method(s)

Genomic Best Linear Unbiased Predictors (GBLUP)
Bayes C-pi

Bayes C

Bayesian Options

Mumber of Iterations: 50000
Burn-ir: a
Thinning: a

Initial Pi 0.5
(for Bayes C this will be the fixed value)

Correct For Gender

Select Column

Chromosome that is hemizygous for males: X |

| Choose Sex Column:

Use Pre-Computed Genomic Relationship Matrix

|£ N Pre-computed genomic relationship matrix spreadsh._. | Select Sheet |

Correct for Additional Covariates

Add Columns
Remove Selected
Clear List

Impute Missing Genotypic Data As:
@ Homozygous major allele (") Numerically as average value

Stratify Folds by

| Grouping. .. Select Column

K-Fold Options

MNumber of Folds 5

Mumber of Iterations 1

MOTE: If no pre-computed genomic relationship matrix spreadsheet is selected, a
genomic relationship matrix will be computed from the genotype data and used for
this analysis.

Spreadsheet Options
Delete intermediate spreadsheets with results for each fold?

([ ox J[ cancel J[ e

GOLDEN HeL:X
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= Running K-Fold
multiple times can
provide statistics on
the ability of the
genotypes to predict
the phenotype

= Binary Phenotype:
- Sensitivity and
Specificity
= Quantitative
Phenotype:
- Correlation statistics



GBLUP 5-Fold Cross-Validation with 20 Iterations

R-Squared from GBLUP 5-Fold Cross Validation
B R-Sguared =f{x) = 0(x) +0.23491 =f{x) =00) +0.19744 =fi{x) =0(x) +0.27238
0.3

0.28

0.26

0.24

0.22

0.2

0.18

oT
T

cT
ET
T
ST
aT
LT
ar
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Predicted Phenotype

40

]
w

)
=

-
w

m FoldPredicted In =='4 W Fold Predicted In =='5'  =f{x) = 0,2595(x) + 15.1565; R~2 = 0,253

GBLUP 5-Fold X-Validation Iteration 16

W FoldPredictedIn =='1" ® FoldPredicted In =='2  m Fold Predicted In =="3'

10 15 20 25 30 s 40
Phenotype
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Applying a Prediction Model

Predict Phenotypes From Existing Results A=
Computations Correct for Additional Covariates
Predict Phenotypes using existing ASE and Fixed Effect Coefficents Add Columns
Use Reference Spreadsheet for strand correction Remove Selectad

E] [
i Reference spreadsheet Select Sheet Clear List
Computation Method(s)

i@ Centered (genotype values will be coded as 0, 1, or 2, then centered by the mean)
=~ (Recommended for GBLUP Results)

= Asis (genotype values will be 0, 1, or 2)
" (Recommended for Bayesian Results)

Impute Missing Genotypic Data As: . R
ransrorme: 3
@ Homozygous major allele () Numerically as average value

Mean | 0 |

Correct For Gender

| Choose Sex Column: Select Column

Chromosome that is hemizygous for males: |X |

Standard Deviation | 0 |

Model Values

|m Allele Substitution Effects Select Sheet
|m Fixed Effect Coefficents Select Sheet

Homozygous Markers:

@ Indude (Recommended for GBLUP Results) (©) Remove (Recommended for Bayesian Results)

(o< J[ conced J[ rep |

= Starts from a spreadsheet of = Takes from K-Fold output:
genotype data or numeric data - Allele Substitution Effects

= Recodes to numeric if necessary : ::i?ed Eftfe‘it Co?ﬁ_ide”t)s (needs the
ntercept at a minimum

= Adjusts the recoding based on

strand as needed = — Predicted phenotype value

GOLDEN HeL:X
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Prediction Results

Predicted Phenotype vs Simulated Phenotype; R*2 = 0.225

B GBreed =='Angus’ ® Breed == 'Beefiaster' ® Breed =='Hereford @ Breed == 'Limousin'

B Breed =='Red Angus'  =—f{x) =0.11191{x) + 18.1794

23

[ ra
Ll ra

Predicted Phenotypes
%]

19

18
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Meta-Analysis

rs1662051

Population OR (95% ClI) Weight%
YRI m 193 (058, 6.45) 2474320155
CHB m 419(0.87,20.09) 1541824818
u Test effect Of mar ker acCross.: CHD r 314 (0.69,14.39) 1636367031
51 m 433(175,1076)  4.466558748
- multiple published studies —— 2wusy s s
MEX ) 133(054,3.29) 4492668027
_ 1 ithi LWK i 3.95(1.48,10.54)  3.84600006
population groups within the same I e e
stu dy ASW | 128(0.35,4.68) 2249444517
IPT m £5(2.01,35.87) 182361079
GIH ——t— 1.96 (0.82, 4.66) 4899766693
= Useful when you do not have  .coocqmpemmonn b
Ztest (Z=6.93,-loz10(P) =11.38)
access to the raw data e
3.15 215 -115 -0.15 085 1.85 2.85 3.85 485 585

= Corrects for strand flips as
long as the major and minor
alleles are provided

= Weights studies based on
effective sample size

GOLDEN HeL:X
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Meta-Analysis Overview

e o e o b

Effect Direction X X X X

= Effect Data Meta-Analysis
- Compare p-values across studies

(s=jdwes o Jaquinu anay]
pue sanjea-d) nduj ejeq 12343

- Need also: # Cases & # Controls X X
- Effect Direction per Marker
- Effective number of samples # Samples per X
Marker
= [nverse-Variance Method _
Odds Ratio X X

- Compare a combination of Odds
ratios and effect sizes Odds Ratio X X

Confidence Interval
- Need also:
- Either Odds Ratio ClI, or Effect Size X X X

- Effect Standard Error

nduj paseg asueLIEA-3SISAU]

Effect Standard Error X X X

GOoOLDEN HEL:X
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Fixed Effects Model Statistics

= Weight is either square root of sample size or inverse variance

= Assumes that all studies are based on the same:

) POpUIatlon Table 1. Formulae for mela-analysis
- Phenotype
Analytical strategy
Sample size based Inverse variance based
Inputs N; - sample size for study ¢ fi- effect size estimale
P; — P-value for study i for study i
Ay - direction of elect for sej - slandard error for
study § study §
Intermediate Zi=d 1(P;/2) * sign(A)) wi=1/SE}
Slalistics wi=+/N; se= 1/ w
i
f=3fiwi/ Fwi
i i [
Overall Z-Score  Z= % Z—BSE
Overall P-value P=2d{|-7])

Taken from: Willer,C.J., Li,Y. and Abecasis,G.R. (2010) METAL.: fast and efficient
meta-analysis of genomewide association scans. Bioinformatics 26, 2190--2191. (link)

GOLDEN HeL:X
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http://csg.sph.umich.edu/abecasis/publications/pdf/Bioinformatics.vol.26-pp.2190.pdf

Random Effects Model Statistics

= Assumes:
- Studies included in the meta-analysis are a random sample of all studies
- The effects vary around an overall average effect

Statistic Description
= . Inputs w, weight for study ¢
I n C I u d eS : B: effect size estimate for study
. - . age df=N-1 N is the number of studies
- Within-study variability aka random error remedae o= ST Eo—
i ili i Q@ =Zwi(f - F)* Cochran's @
- Between-study variability aka heterogeneity e
L Q;df ifQ g Between-studies variance:
! oq Q< df
7% = max U,L‘f" Within-studies variance
Wi = 1 Random effects weight for study i
T +Wi
o= Lifowi RE weighted overall effect estimate
iw!
po L RE variance of the combined effect
Wy
e | RE standard T th bined effect
7":]77 i-w; andard error of the comi ec
Overall Z-Score B
Qverall y*-Score £ = @)
Borenstein,M.,Hedges,L. and Rothstein,H. (2007) Meta-Analysis Fixed "
Overall p-value P=1— q;.(l,:*)

effect vs. random effects. www.Veta-Analysis.com (link)

Nordmann,A.J., Kasenda,B. and Briel,M. (2012) Meta-analyses: what the
can and cannot do. Swiss Med WKkly. 142:w13518 (link)

GOLDEN HeL:X
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http://www.meta-analysis.com/
http://www.meta-analysis.com/downloads/Meta-analysis fixed effect vs random effects_orig.pdf
http://www.smw.ch/content/smw-2012-13518/

Implementation in SVS (Preview)

-
Choose Options for Study # 1 LM

Study # 1: Association Tests (Dominant Model) (Reference: Reference) [10]

| select marker name column [or other resuit abel colum] Select Column [ Opt|0ns Chosen for the flrSt
out ks or et study inform the options for

Use Sample-Size-Based Inputs *

| Select p-value column Select Column || Effective number of samples by marker, computed from: S u b S eq u e n t S t u d I eS
| Select effect direction column Select Column | Select number of cases column I—ISE|ECt Column

|| Actual number of samples by marker Select number of controls column Select Column M
' e * For first study can choose
| Select number of samples column Select Column [ | Effective number of samples overall, computed from:

|| Actual number of samples overall Number of cases | | - Effect D ata M eth O d y O r

Number of total samples | Number of controls | |

| | - Inverse-Variance Based Method
Use Inverse-Variance-Based (Effect Size) Inputs *

| Select effect size column Select Colurmn .
| Select standard error column Select Colurmn = FO r S u b S eq u e n t St u d I eS O n I y

[] Use Inverse-Variance-Based (Odds Ratio) Inputs * t h e g ro u p Of O pti O n S C h O S en
| Select odds ratio column Select Column

| Select column for the CI lower bound Select Column fo r t h e fi rSt S t u d y W i I | b e
| Select column for the CI upper bound Select Column avai I ab I e

* NOTE: Either sample-size-based inputs or inverse-variance-based inputs must be used exclusively for all studies in the meta-analysis.

Use Genomic Control for this study (Chi-Sgquared dist. with 1 degree of freedom assumed)

[ Mext> |[ cancel

GOLDEN HeL:X

Accelerating the Quest for Significance™



Meta-Analysis Output

» Fixed Effects Model
P-value

Effect Size

Standard Error

- Z

Chi-Squared

= Random Effects Model
- Same output as Fixed Effects Model

= Cochran’s Q

= |-Squared

Tau-Squared

(Optional) Genomic Control

GOLDEN HeL:X
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-log_10(RE Analysis P-Value)

—

4: 100,472.3K
1 1 n 1

4: 100,477.3K 4: 100,482.3K 4: 100,487.3K
n 1 n

4: 100,492.3K
1

4: 100,497.3K !
L 1

161229978 @ 151603476 @ * @ 4 o ® 51662051

Edited Edited Results of Meta-Analysis - With Individual P-values - Mapped Sheet 1 [162] [+] A&

104 \i7scseg 9% . 283415 ® r51?8.9924
] rs1631460 ® 152851300
8 151229979 o ® @ 51662033 .o 51662037 @
] T51760920
6 [ ]
] f51?8.9891 rs3846448 .
a 151614377
! i 154147542 rs17586163
] .
2] ° ¢ . 154609741
rs2173201 rs11499823 .
rs17028860 % ¢ 51391088 393411 @ ® 15283413 15166802 @

Individual -log_10{P-Value) per Population

Edited Edited Results of M_.. A&

104
B
6
1 rs12204978 rs1662051 rs283415  rs1789924 rs2851300
4] . . .. . - e . . - .
3846448 T - -
= * s L3 [ B 1 L .
- L 1] ‘
% T AL . a2 .~ ! s, 38
3 A . . ‘- .o
7 .
(85 1B B, 1.p i
T . oé 8 Pl O - H :

Ref_Se-q Genes 63, UCSC

ADH 1Cv1 } I I

User Annotatio_.. @l
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Summary

= K-Fold Cross Validation can be used
to build a genomic prediction model

= Prediction models can now be applied
to new data without having to worry
about merging data

= Coming soon SVS will have Meta-
Analysis methods available
= The power of SVS data manipulation, SNP &
visualization and user friendly GUIs
make these methods easier to learn VARIA I lON
and use.
- SUITE
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Questions or
more Info:

= Emall
Info@qoldenhelix.com

= Request an evaluation of
the software at
www.goldenhelix.com
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mailto:mcelroy@goldenhelix.com
http://www.goldenhelix.com/

Questions?

Use the Questions pane in
your GoToWebinar window
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