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lmport] Download Resources Window ﬁiﬁgéj' —g
Text - — L
) - b | =
Third Party [ Phenotypes [4] =
PED, TPED/BED File Edit Select DMA-Seq Genotype MNumeric RMNA-Seq Plot Scripts Help
: MOSHE cwBEL X XD? betive 41238

Golden Helix DSF - B 5 B 5 R ; c s R 3 =
Golden Helix Legacy GHD Sample Label Phenotypel Phen2 Phen3 Phen4 Phens L4
Public Data 1 | WGD0S9889-DNADO4_ANGOD0027 0 1 -0.0358 16.6761427265423 24.8389532585512

2 WGD0S98B9-DNAADZ_ANGO0000S 0 1 0.0362 23.3265398584327 21.7506925572886
Affymetrix » 3 WGD0S9889-DNAAD3_ANGO00016 0 1 0.0061 19.0803796478002 17.3037717601138
Tluming N 4 | WG0099883-DNABO3_ANGO00017 1 1 -0.0382 19.5554299755303 26.6011234866058
- 5 WGD0S9889-DNABO4_ANGO00025 1 1 -0.0334 27.6744146632411 23.4778765840422
Agilent Files 6  WGD099889-DNACO2_ANG000010 1 1 -0.0278 22.5351447306607 27.0580045608830
NimbleGen Data Summary Files 7 | WGDDSI889-DNACD3_ANGOOOD1S 0 0 0.0884 15.5430766061975 15.7245152305321

8 | WG0099883-DNACO4_ANG000026 0 0 0.0432 21.7196917403443 6.34720842916488
Family Pedigree » 9 | WG0099883-DNADO2_ANGO00011 0 1 0.0217 18.8330050810465 23.8891657707582

10 | WGD0S9E8S-DNADD3_ANGOD001S 0 1 -0.0785 20.7770585758938 16.2528640600238
Import VCFs and Variant Files 11 | WGD099B89-DNAEDT_ANGDD0004 0 1 -0.0504 18.6132833636024 25.5057310813833

12 | WGD0S9885-DNAED2_ANGD00012 0 1 0.0438 20.6256803411504 20.8261600049517 -
Import Complete Genomics Var Files ‘ [ i ] »

Phenotypes |
Import Impute2 GWAS Files b
HapMap
MACH Output
- i i i a Ot

RMA-Seq Tabularized Quantification SN P y I J g 47 5 — g

Bovine HapMap Genotypes [7]

)

File Edit Select DNA-Seq Genotype MNumeric RNA-Seq GenomeBrowse Plot Scripts Help
MOSBR Nkl B R XD ? bt 4121 2180
Unsort G 1. G 2 3 4 -
Map SamplelD Hapmap43437-BTA-101873 ARS-BFGL-NG5-16466 ARS-BFGL-NGS5-19289 ARS-BFGL-NGS-105096 |:|
GChromozome 1 1 el 1
Pozition 135098 267940 305793 353745
Top Strand [A/G] [A/G] [A/G] [A/G]
Farward Strand [A/G] [T/C] [A/G] [T/C]
Design Strand [T/cl [A/G] [T/C] [T/C]
1 WG0099889-DNADC4_ANG000027 G_Gi ccC A_A T_T
2 WG0099889-DNAADZ_ANGDOD0DB GG cCT A_A CcT
3 WG0099889-DNAADS_ANGO00016 GG cCT AA cT
4 WG0099889-DNABO3_ANGO00017 GG ccC AA TT
= WG0099889-DNABO4_ANGO00025 G_G c.C A_A T
6 WG0099889-DNACO2_ANGO00010 G_G c.C A_A T
Z WG0099889-DNACO3_ANGO00018 GG ccC A_A TT ~
4l »
Bovine HapMap Genotypes Bovine HapMap Genotypes — Sheet 2
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-Call Rate - #RHENZSNPOEIS -LD Pruning -Activate by Chromosomes
-Number of allele - #&HEN7LILER
-Alternate allele frequency - ZEZ7 LI OSEE

r 5 7 5
Genotype Filtering by Marker MEI&J LD Pruning M " Activate by Chromosomes uﬂ‘ﬂj

Chromosomes currently selected:
1,23 46 6 7,89 10, 11,12 13 14, 15 16 17 18 19 20,

(Mo variable is set as dependent.)

@ Classify alleles by allele frequency Classify alleles by reference/alternate Window Size 50 21, 22 K
(Marker map Reference” field required) Window Inaement 5 Chromosomes to be Selected:
Check Al Uncheck All
Filter Genotype Columns LD Statistic @ re2 & o
: : - - 1 2 ] 4 B [
General Statistics Filterin
. LD Thresheld 0.5 E: H¢ Ey En #An @
Drop if call rate < ~| 085 _ _
LD Computation Method @ CHM () EM 1 woEis Eie E 1
Drop if number of allsles 2 19 20 21 n [x  Bv
Ok Cancel Hel
Drop if Minor Allele Frequency (MAF) |« =+ | 0.01 [ ] [ ] [ 2
["] Drop if carrier count 10 - -

Hardy Weinberg Equilibrium (HWE) Filtering

Perform HWE filtering based on: All
[ Drop if Hardy Weinberg Equilibrium (HWE) P-Value 0.001
[ Drop if Fisher's exact test for HWE P-Value 0.001

[ Drop if signed HWE R (positive if more homozygous) 0.2

Actions
Inactivate genotype columns that meet above criteria for filtering
Output spreadsheet with marker statistics and 'Drop?' columns

Additional Output

Output dog10({Value)

Help ] [Restore QOptions '] [Save Options *
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Pruned SNP Subset [21]
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File Edit Select DMA-Seq Genobype MNumeric RMNA-Seq GenomeBrowse Plot Scripts Help
MOSHP2 N kiELvRIVE ¥ XD ? pethe 4 « 43308
nzort G 1 G 2 G 3 G 4 E
Map SamplelD Hapmap43437-BTA-101873 ARS-BFGL-NGS-16466 ARS-BFGL-NG5-105096 Hapmap34944-BES1_Contigb27_1906 L
Chramozsome 1 1 1 1
Pozition 135098 267940 353745 393248
Top Strand [A/G] [A/G] [A/G] [A/C]
Forward Strand [A/GE] [T/C] [T/C] [A/C]
Design Strand [T/C] [A/G] [T/C] [AfC]
1 W(E0099889-DNADO4_ANGODO0027 G_G cC T™T Cc_C
2 WE0099889-DNAADZ_ANGOOOOOS GG CT CT cC
3 WE0099889-DNAAD3_ANGOD0016 GG c_T CT A_C
4 WE0099889-DNABO3_ANGDOOO17 GG cC T™T CcC
5 WE00998389-DNABO4_ANGOO0025 G G cCc T cC
6 WE0099889-DNACOZ_ANGDD0010 G_G c_C T Cc_C
7 W(E0099889-DNACO3_ANGD0O0D018 GG c_C T™T CcC
8 WE0099889-DNACO4_ANGOO0026 G G cC T cCC
g WE0099889-DNADOZ_ANGODO0011 G_G c_C T cC_C
10  WG0099889-DNADO3_ANGDO0019 GG CT CT A_C
11  WG0099889-DNAEDLI_ANGOOD0O04 G G CT CT A_C
WE0099889-DNAEDZ_ANGODO012 A G cCc CT CC -
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Identity by Descent Estimation

"0
7y

Fixation Index Fst

Fixation Index Fst (by Marker)

GBLUP Genomic Relationship Matrix
Compute Kinship A Matrix from Pedigree

Filter Samples by Call Rate

LD Pruning
SNP Density

Mendelian Error Check

Inbreeding Coefficients

—_

o H T EIHEEET—ADETEIC(E. Identical by State (IBS), Identical by Descent
(IBD), GBLUP Genomic Relationship Matrixi2&, #x4 BRFENH D

£
G
0

o WG0093893-..._HOLODDOO10 —

0.2 0.4 0.6 0.8
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1

L L 1 L | I 1 I | I . |

WGO0099889-..._ANGO00021 —
WG00993889-..._BMADDDOOS —
WG00993889-..._BRMO0D0017 —
WG0099894-..._BSWO00020 —
WG0099890-..._GIR000012 —
WG0099890-..._GNS000007 —
WG0099890-..._HFDOOD012 —

WG0099893-..._HOLOOD002 —
WG0099893-..._JERO0001T —
WG0099892-..._LM5000010
WG0099890-..._NDAODOD27
WG0099891-..._NELOOOOOS
WG00993891-..._PMT000006
WG0099892-..._RGUOO0003
WG0099892-..._SGT000005
WG0099891-..._SHKO00015

TOO000WEE ™ £03YN-623855000A1 |

£0000070H +04YNA-E686E000AY ]

ETO0007N £03VNT-TEE6E00DA

SO0000ENY TOSYNI-63366000A

610000 HD ZTDYNI-6E86600DA ]

ETO000MD E0FYNI-06366008A |

OZ0000 NS £0WYNO-06855000AN |

ZT0000H30 200YN-E6855000AN |

FTO000SIAWT 603YNI-ZE36600E0A

BZO000SIAT OTDYN-Z6E55000AN |

STOO00YAN TTOYN-06855000A1 |

LTO000DMEN £0YYNO-Z6855000AN |

FZ0000¥IAE £ 00YNI-58366008M ]

ZZ0000M ST TOEYNI-+E36600E0A |

£0000004H L02WNI-06866000M

STO00004H B09YNA-05256008M

STO000T0H 900YNI-26366008 M|

LZ000CENY POTYNT-5286600DM]

o CCTERUYYIIVEIERET -4, BLURIRELT —HESNPT1 /5175 9% ERL T,
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0Z0000BIWY E0HYND-TE866000A |

810000195 FOdYNI-Z6855000AN |

ST0000MHS ZTIYNG-TEEEE00DAT
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Genotype Statistics by Marker
Genotype Filtering by Marker

Genotype Statistics by Sample
Quality Assurance and Utilities

LD Reports

Genotype Principal Component Analysis

H H

ngg-z

MLM

Create Imputation Reference Panel

Genotype Imputation with BEAGLE

PBAT Family-Based QA
PBAT Genotype Analysis

Genotype Association Tests
Haplotype Association Tests
Haplotype Block Detection
Haplotype Trend Regression
Runs of Homezygosity for GWAS

Bayesian Genomic Prediction

Compute Genomic BLUP (GBLUF)

Genetic Correlation of Twe Traits using GBLUP
K-Fold Cross Validation (for Genomic Predicticn)
Predict Phenotypes From Existing Results

Mixed Linear Model Analysis

LD Score Regression
Mixed Linear Model Analysis with Interactions

biosciences & nanosciences

=

I_ Plots from Phenotypes + Principal Components (Additive Model) - Sheet 1 against EV = 31.2575 [47]

mlﬁlg

File View Help
n“ ='1_ %-Axis Zoom

Graph Control Interface 8 x X
Graph 1
¥ [¥| User Graphs g P
v @i Graph 1 -
@[ Ev = 9.00414 FH
=
=
T -
5 -m.“ N osrummYE B p—————
=
Item | Smoothing | Color | Filters ‘ -
Symbol coloring W EV =09.00414, Breed == "Angus’ B EV =5.00414, Breed == 'BeefMaster' i
@ uniform | [l @ By Variable W EV =9.00414, Breed == 'Brahman' B EV =9.00414, Breed == 'Brown Swiss' 7 &
Breed == 'Angus’ ol 1 . i
. EBreed == 'BeefMaster’ 0.15
Breed == 'Brahman’ :
M Ereed == ‘Brown Swiss' i
. Breed == 'Charolais' L 1
) M Brecd == Gir i 0.1
Breed == 'Guernsey' B
Breed == "Hereford' <+ 4
—
B Breed == 'Holstein' g 7
I Ereed == 'lersey' Q HE
o 4
. Breed == 'Limousin’ 4
I
. Breed == 'N\'Dama’ == 1 -
w
B Ereed == 'Nellore' 1 '&?
I Breed == "Norwegian Red' - 07 i
LY
Y
I ) R T h
Data Console (=4 -0.05
Current History Notes 1
k —T— T T —T— T T —T— T T —T— —
-0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
EV = 31.2575

o T (PCA) (CLD. EFMIDIEIELZTRANDIEERIHEE,
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ARG ET IV AEI
H6ICYY TN OMRBIRIC L SRMOEMIL. BERIFEITIBAICAVSNEFE,
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« Mixed Model GWAS using a single locus (EMMAX)

- ST)9MTT AL BT TIVEIOIEET — 92 A VT, MREHRORIZMIES D,
- INFROSNPZEICRIRBLL OB EZETE I 3,

« Multi-locus mixed model GWAS (MLMM)

- ST)9MTTACLBY S TIVEIOEET 92 AWT, MREHRORIZMIET D,
- EENFIOSNPZFESH T, RIFEULOFEEZETE I D,
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Phenctype + High Quality Data - Sheet 1 [45]

/

S . e |

File Edit Select DNA-Seq Genotype MNumeric RMNA-Seq omeBrowse  Plot  Scripts  Help
Etﬂ L 1 u ii E_?; 53 @ B I_ A 4 h !'!' ot |£ x m ? Phenatype 1 (CasefContrgl‘;:- ggi:gggg
Unzort B 5 6 R 7 R 8 g G 10 G 1T -
Map SamplelD Phenotypel Phen2 Phen3 Phen4 Phens —Hapmap‘l343?-E’.TA-1018?3 T‘\RS-BFGL—NGS-IEAEE [
1 WGE0099889-DNADO4_ANGOOO027 0 1 -0.0358 16.6761427265423 24.8389532585512 G_G c_C
2 WGE0099889-DINAADZ_ANGODDODS 0 1 0.0362 23.3265398984327 21.7506929572886) G_G C_T
3 WE0099883-DNAADS_ANGOODD016 0 1 0.0061 19.0803796478002 17.3037717691138 G_G cCT
4 WGE0099889-DNABO3_ANGOD0017 1 1 -0.0382 19.9554299755303 26.6011234866098) G G ccC
5 WGE0099889-DNABO4_ANGOO0025 1 1 -0.0334 27.6744146632411 23.4778765840422 G_G c_C
6  WGE0099889-DINACOZ_ANGODDO10 1 1 -0.0278 22.5351447396607 27.0389345698839) G_G c_C
7 WE0099889-DNACO3_ANGOOD018 0 0 0.0884 15.5430766061975 15.7245152305321] G_G c.C
8  WG0099889-DNACO4_ANGODD026 0 0 0.0432 21.7196917403443 6.34720842916488 G G ccC
9 WE0099889-DNADO2_ANGOO0011 0 1 0.0217 18.8330050819465 23.8891657707582 G_G c_C
10  WGE0099883-DNADO3_ANGO00019 0 1 -0.0785 20.7770585758938 16.2528640600238 G_G C_T
11  WGE0099883-DNAEDL_ANGOODO04 0 1 -0.0504 18.6132833636024 25.5057310813833) G_G cCT
12 WGE0099883-DNAEDZ_ANGOO0012 0 1 0.0438 20.6256893411594 29.8261600049517) AG ccC
13 WG0099889-DNAED3_ANGDO0020 0 1 0.03 18.7853510513897 25.39546703860242 G_G cCT
14  WGE0D099889-DNAFD3_ANGOO0D21 0 1 -0.1487 16.0964707795 26.5363421525724 A_G C_T
15  WGE0099883-DNAGO3_ANGO00022 0 1 -0.0145 21.0490543187925 20.4968872140319 A_G cCT
16 WG0099883-DNAHO1_ANGOO0007 0 0 0.0064 20.8434901894035 27.2988004304254 G G ccC
17  WG0099889-DNAAQY_ANGOOD024 1 1 0.0281 17.5777976474953 14.4550497122448 G_G cCT
18  WGE0D099889-DNABOL_ANGOOD001 1 1 0.0113 23.63307380919384 11.7640828208919 G_G c_C
19 WGE0099883-DNABOZ ANGOO000S 1 1 -0.0649 22.0043692661169 23.478588601197 A G CCl
ad A -
Phenotype + High Cuality Data - Sheet 1
SNPIT)H4TF -4

o EMTDF -1, RIFBT —HEIEEI D,

o RIRAIT—H(F 2EOT—X /2> bO-)

BIERTES.

—_—

¥

—ADMIC, EAZ2E ( Quantitative trait )
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[5 Mixed Linear Model Analysis Ii‘éj

| MLM Parameters | Additional Outputs |

Feereszion Model(s) To Use 'U'/j ,bFﬂ*ﬂrﬁ Correct for Additional Govariates
s C Breed Add Columns
. Remove Selected
-
Multi-locus mixed mode

[T Linear regression (fixed effects only)

Mized Model GWAS

= Al i ' N, =
Use Pre-Computed Kinship Matrix (Gowv. Matriz of Random Effects) -U-/j "’@l:ll:l*i'l%#ﬁ
[ 77 1BS Distance ( (IBS2 + 05¥IBS 1) / # non-mis— | Select Sheet

WOTE: If ho pre-computed kinship matrix spreadzheet iz selected, an IBS
zpreadsheet will be computed from the genotype data and used for
thiz analysis.

Genetic Model and Imputation

Genetic model to uze: Impute missing data az:

@ Additive ) Dominant () Recesszive @ Homozyeous major allele () Numerically as average value
[7] Garrect For Hemizveous Males

Chooze Sex Column: Select Column

Chromosome that is hemizyveous for males: |

QF ” Cancel H Help

o HHNUBHETELTHVL, YT BT —42i8E T3,

o KRBT A BYIIOREBEBRBENZINTVRIHERE. ZOIERZAVT, MIECLD

AT RZAHIETBIENTE S, .
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P-values from Single-Locus Mixed Model [48]

SE)

File Edit

Select DNA-Seq Genotype Numeric

RMA-Seq GenomeBrowse Plot  Scripts  Help

famas| | 1 e ao | s All: 49,323 = 14
e B e B2 0 I [ kal'l' qe XD ? Aictive: 40323 % 14
Unzart R 1 R 2 3 R 4 R 5 =
Iap Marker P-Value -log10(P-Valug) Regression Beta Beta Standard Error Expected P L
1 Hapmap43437-BTA-101873 0.634513300818039; 0.197559269690104 0.0123242353782897 0.0259070674082485 0.635454047807311
2 ARS-BFGL-NGS5-16466 0.925025664620226 0.0338462176952145 0.00281525587295601 0.029899242560134 0.924690306753442
3 ARS-BFGL-NGES5-105096 0.987391940894995 0.0055104218188536  -0.000524998104079046 0.033203898161163 0.986953348336476
4 Hapmap34944-BES1_Contigg27_1906 0.00008078323066 0.00432936875600361  -0.000384722945111051 0.0309283813981902 0.9809528211990349
2 BTA-07251-no-rs 0.199303726822715 0.700484580258834 -0.0297222216077198 0.023122271350621 0.198943697666403
6 ARS-BFGL-MNGE5-098142 0.895135643960814 0.0481111490862626 -0.00423302864493059 0.0320967254164401 0.894846217788861
7 Hapmap53946-rs29015852 0.177090485154123 0.751804772271634 0.0348059450436607 0.0257460097201309 0.176074042535937
i SN SRS DU~ - VUG N - BN NS Wt U - O - B O - - -3 W -W B
\? 1 2 3 4 5 [ 7 8 3 10 11 12 13 14 15 16 17 18 19 20 21 22 4 26 I8 X f’/
log10(P-Value) P-Values from Single-Locus Mixed Model [... [
. -
124
10+
B_ -
E_
St z I I5IF (T >I\5> Ty MR
= - —_— \
o FHEREREDOSNPILOP-valuers /LT FIH—CTOYRL. ¥2/\WwH> 0y MRRT B,

16
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& *Plot of Column -log10{P-Value) from P-Values from Single-Locus Mixed Model [62] l == éj
File View Tools Help
s Pt -*- €« D ~ 17: 54,568,303 - 65,375,939 [E] =1 \ @ [Bes taurus (Cow), UMD3. 1 (5ep 2009) - <@
- 0 + XD 7?7
Flot Tree 8 x | - il . = ‘& |
% D
4 17: 64,671.5K 17: 64,771.5K 17: 64,871.5K 17: 64,971.5K 17: 65,071.5K 17: 65,171.5K 17: 65,271.5K »
v L_‘_‘ -logl0(P-Value) n 1 n I n I n I n I n 1 n 1 n 1
{5 -logl0(P-Value) —
LD Bovine HapMap Genotypes [7] 7 =
[y NCBI Genes 2010-02-06, CBCB P i p"r - | pant
Controls g X
Display | Style I Filter I Layout I Add |
Chromosome Shading Background [j
Feature Labels
Labels: [(Aubo Detect) = ]
Value: [-IoglO[P—\c'aIue} 2 ]
Connector: | (None) |1 = :
Smoothing: M 2 : -log10{P-Value) . ) o P-Values from Single-Locus Mixed Model [...
12] Hapmap57042-rs29016514 = « ARS-BFGL-BAC-36625 -
Y-Range: -0.619582 - 13.0114 E] =
107 BTBO0675021
5] BTB-00684828
a BTB-01998842
Somsde g x ) . ARS-BFGL-NGS-114004
[F History ol ARS-BFGL-NGS-105109 .
2 * ARS] -NGS-107! BTB-01992588
ARS-BFGLAGS-107628 . ARS-BFGL-NGS-118407
" - = ARS-BFGL-BAC-36626 - . . -
04 - - il
| NC?IGenes 2010-02-06, CBCB User Annotatio... @@
TRIAP1 +{ -
1] . '
becnces HHHH HEHBEE Herxn o HHE  earchil  IEH-Hlk pors HH H lLocs3sise | .

Zoom (17: 64,954,233, -46,667.5) 17 787.6Kbp

o HIXDHZY /L L OTEBZIETEL. BEATFE (LD) JOYMeFRRI BIENFIEE, .
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® Genomic PredictionTlE. YT CEOZEEXNR (U LABFEM) LSNPCEDT

LILRE

PNRZETHR I B,

® ST1/H4TF7-HCLBBITIVEOMERET —4ZAVT, MRBEHMRORDZHIET D,

HH |—'

n
-

[ ]
b ]

dH 2

Y
=

Genotype Statistics by Marker
Genotype Filtering by Marker

Genotype Statistics by Sample
Quality Assurance and Utilities

LD Reports
Genotype Principal Component Analysis

Create Imputation Reference Panel

Genotype Imputation with BEAGLE

PBAT Family-Based QA
PBAT Genotype Analysis

Genotype Association Tests
Haplotype Association Tests
Haplotype Block Detection
Haplotype Trend Regression
Runs of Homozygosity for GWAS

Bayesian Genomic Prediction
Compute Genomic BLUP (GBLUP)

ML

Genetic Correlation of Two Traits using GBLUP
K-Fold Cross Validation (for Genomic Prediction)
Predict Phenotypes From Existing Results

Mixed Linear Model Analysis

LD Score Regression
Mixed Linear Model Analysis with Interactions

GBLUP
. i\SN PHRIFECREZRIFUTVWSEARTE S B,
- B FERERTFOHEBIERAOMIENTIEE.

Bayes C
o B4 DSNPORIRECI(FIZIREN, FHEZXNTOIC
B3, (NOBIXETE)

Bayes C-pi
o B4 DSNPORIRBE(CKFIEIEN, FEZENTOIC
3. (NOEFZEENITD)
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biosciences & nanosciences

[ Compute Genomic BLUP (GBLUP) ? x

Computations [] correct for Additional Covariates
Estimate the variance explained by all markers.

Compute GELUP (Genomic Best Linear Unbiased Predictors) of additive genetic merits by
sample and of allele subsitution effects (ASE) by marker. If you select Gene by Environment
Interactions, a GBLUP wil be computed for every GRM.

Add Columns

Remove Selected

Clear List
REML Computation Algorithm
(®) Use EMMA (faster, works for one GRM) (") Use AIREML (works for multiple GRM's)
Impute missing genotypic data as:
(®) Homozygous major allele () Mumerically as average value
[] correct For Gender
Choose Sex Column: select Column [] correct for Gene by Environment Interactions
Chromosome that is hemizygous for males: | X Add Columns
Dosage compensation Full dosage compensation Remove Selected
Equal ¥-inked genetic variance for males and females Clear List

Mo dosage compensation

Use Pre-Computed Genomic Relationship Matrix for Gender Chromosome (AI REML only)

Pre-computed GRM spreadsheet for gender chromosome Select Sheet

MNOTE: If used, the other GRM must be pre-computed and must be for non-gender chromosomes only.

[ use Pre-Computed Genomic Relationship Matrix

Missing Phenotypes
Pre-computed genomic relationship matrix spreadsheet Select Sheet
() Predict random effects for samples with missing phenotypes

NCTE: If no pre-computed genomic relationship matrix spreadsheet is selected, a genomic (®) Drop samples with missing phenotypes
relationship matrix will be computed from the genotype data and used for this analysis.

Normalization Algorithm (Used or Assumed) for the GRM

®) overall normalization () Normalize by individual marker (GETA method)

Concal | [ i

® WMEILUT, HShUHETEL TS TIVRIBRET —5ZI8TE.

® GBLUPTI(3. IRIBERFT—9%(CL2MEIEDTIEE, 21
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Filgen

i

|

GBLUP estimates by sample
GBLUP estimates by marker

biosciences & nanosciences

=

ri"' GBLUP estimates by sample [375] lilﬂlg1
File Edit Select DNA-Seq Genotype MNumeric RNA-Seq Plot  Scripts  Help
RO I e O WL 38l XD 2 e iors
Unsort R 1 R 2 &
Map zamples Phenaotype Random effect component (4
1 FC031665 34.976676940918! 1.88429380954454
2 PI166140 31.652982711792 -2.27564571541945
3 PI166141 21.3176803588867 -3.44607915854286
4 PI171439 29.3361968994141 -1.36280051443184
3 PI171445 21.6700115203857 2.08920457445452
6 PI171446 26.8383426606626 1.72001317323489
i PI174855 25.7509765625 -2.27609581364963
8 PI174856 20.8007640838623 -3.22065670410619
g PI175177 28.1374206542969 0.0962435185891866
10  PI180051 35.8496742248535 -2,2733558858221 i
GBLUFP estimates by zamplz
L e |

-
| GBLUP estimates by marker [378]

ESREERE)

File Edit Select DNA-Seq Genotype MNumeric RNA-Seq GenomeBrowse Plot  Scripts  Help
MOSHPR N kELYRIINE X XQ? bethe. 204415 5
Unzort R 1 R 2 R 3 &
Map Marker Allele substitution effect (ASE) Absolute value of ASE Normalized Abs ASE ||

o 55715578788 0.000717439753802742 0.000717439753802742 0.0304200712205372

2 55715579193 0.00127341318804725 0.00127341318804725 0.0539938296815085

3 55715579265 0.000288658619210129 0.000288658619210129 0.0122393771856813

4 55715570942 0.000668402749402864 0.000668402749402864 0.0283408594701716

3 55715580822 0.000636836478073429 0.000636836478073429 0.0270024220377343

6 55715580828 0.00118010713258017 0.00118010713258017 0.0500375715600827

i 55715580853 0.0012137376139008 0.0012137376139008 0.0514635332062869

8 55715580861 0.000999597630157773 0.000999597630157773 0.0423838112400449

g 55715580878 0.00118782752260691 0.00118782752260691 0.0503649228299544

10 55715580885 0.00117010303146516 0.00117010303146516 0.0496133889485071

GEBLUP eztimates by marker
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Allele substitution effect vs GWAS result

= [t i8]
(] n [

EMMAX -log10(P)
on

GBLUP ASE

]

ERT—IDLER Filgeng

biosciences & nanosciences

Actual Phenotype vs
Random effect component (gEBV)

gEBV

5 10 15 20 25 30 35 40
Actual Phenotype
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U FIET )V DYERR L B Filgeng

Genotype Statistics by Marker

|

Genotype Filtering by Marker

n

Genotype Statistics by Sample
Quality Assurance and Utilities 3

LD Reports ]
Genotype Principal Component Analysis

reate Imputation Reference Panel

I

notype Imputation with BEAGLE

0
m

']
5

PBAT Family-Based QA
PBAT Genotype Analysis

»
ol ]

Genotype Association Tests
Hapletype Association Tests
Haplotype Block Detection

dH 2

&

Haplotype Trend Regression
see  Runs of Homozygosity for GWAS

Bayesian Genomic Prediction
Compute Genomic BLUP (GBLUP)
! ] i : :
K-Fold Cross Validation (for Genomic Prediction)
Predict Phenotypes From Existing Results

M Mixed Linear Model Analysis

LD Score Regression

Mixed Linear Model Analysis with Interactions

biosciences & nanosciences

K-Fold Cross Validation

. XREMEELE (Cross Validation) #HWTC, &£F% (GBLUP,
Bayes C, Bayes C-pi) O/NTA-Y>ADFHIEZITD,

- KIFRAFAFEHIZETIDETEZITI.

Predict Phenotypes From Existing Results
« K-Fold Cross ValidationTst&ULET IV ZERAL. RIRELK
HY>TNDS1 )91 TT—INSRIRELDFRIZITI.
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K-Fold Cross Validation Filgeng

biosciences & nanosciences

T =AYy bKAEICHEIL. 2055 1EZTAMzy b EDOK-1E7z L —Z>J 7y b

EU KEIDRREEZ1T D,
STRICERTY Y IINT —AE KRBT ST/ 91T7-A0m A IE,

BEHEREL T EBRORFBLT —HE, D191 T7-INSFRIENRFELT -4
DIEBMRE R EZFESDILN— MM DEN S,

KRR FRAIROET VT —FEEEF(CHDENSD,

Fold 1 Fold 2 Fold 3 Fold 4 Fold 5
—) - Training Training Training Training K o
N b7
E —) Training Test Training Training Training ‘F&
ﬂ.l' m dd
— v
E— E —) Training Training - Training Training ? £
=
8 —) Training Training Training Training 2 %—"
—) Training Training Training Training Test 2 =
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K-Fold Cross Validation Filgeng

biosciences & nanosciences

-
3 K-Fold Cross Validation (for Genomic Prediction) |2 [
Computations [ correct for Additional Covariates
Perform k-fold cross validation on GBLUP and Bayes C\C-pi Add Columns
Method(s) Remove Selected
[] Genomic Best Linear Unbiased Predictors (GBLUF) :
Clear List
D Bayes C-pi
D Bayes C
Bayesian Options
Mumber of [terations: 50000
Burn-n: 0
Thinning: 0 Impute Missing Genotypic Data As
Initial Pi 0.5 @ Homozygous major allele ) Mumerically as average value
(for Bayes C this will be the fixed value)
Computation Method @ Asls () Centered [C] stratify Folds by
[7] Correct For Gender Grouping... Select Column
Choose Sex Column: Select Column K-Fold Options
Chromasome that is hemizygous for males: |X Mumber of Falds 5
[7] Use Pre-Computed Genomic Relationship Matrix Number of Iterations 1
Pre-computed genomic relationship matrix spreadsh... | Select Sheet Spreadsheet Options
[] Delete intermediate spreadshests with results for each fold?

MCOTE: 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.

QK ] [ Cancel ] [ Help
LS

o FHIMZITIFIEDERYP. T -y bDIEIEL. $EORUEREZIETET B.
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K-Fold Cross Validation

Filgen

biosciences & nanosciences

-
= GBLUP Summary Statistics - Iteration 1 [271]

Summary Statistics

Overall

Residual Sum of Squares:
Total Sum of Squares:
R-Squared:

Root Mean Square Error:
Mean Absolute Error:

Fold 1

Residual Sum of Squares:
Total Sum of Squares:
R-Squared:

Root Mean Square Error:
Mean Absolute Error:

Fold 2

Residual Sum of Squares:
Total Sum of Squares:
R-Squared:

Root Mean Square Error:
Mean Absolute Error:

Fold 3

Residual Sum of Squares:
Total Sum of Squares:
R-Squared:

Root Mean Square Error:
Mean Absolute Error:

Fold 4

Pearson's Product-Moment Correlation Coefficient:

Pearson's Product-Moement Correlation Coefficient:

Pearson's Product-Moment Correlation Coefficient:

Pearson's Product-lfoment Correlation Coefficient:

0.2341074835
34201.2297260290
36175.0789459330
0.0545637847
5.8481817453
46377724017

0.2051165012
7062.3608779964
7706.3115669870
0.0835614656
5.9423736326
47136584177

0.2162639052
6450.7164380805
6529.2068244515
0.0120214275
5.6792237313
45306524423

0.1792826092
7538.3200571557
7597.2224313122
0.0077531459
6.1393485229
48814452473

N
wu

5
o

Actual Phenotype

N
o
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w

w
o
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Predicted phenotype
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Predict Phenotypes From

@ Predict Phenotypes From Existing Results

2 s

Computations

Computation Method(s)

i@ Asis (genotype values wil be 0, 1, or 2)
= (Recommended for Bayesian Results)

= (Recommended for GBLUP Results)
Impute Missing Genotypic Data As:
@ Homozyaous major allele
[ Correct For Gender
Choose Sex Column:
Chromosome that is hemizygous for males: | X
Homozygous Markers:

@ Indude (Recommended for GBLUP Results)

Predict Phentoypes using existing ASE and Fixed Effect Coefficents

= Centered (genotype values will be coded as 0, 1, or 2, then centered by the mean)

(1 Numerically as average value

Select Column

) Remove (Recommended for Bayesian Results)

[ Correct for Additional Covariates

|| Transformed Data
Mean 0

Standard Deviation |0

Add Columns
Remove Selected

Clear List

Maodel Values
T
E Allele Substitution Effects

=]
E Fixed Effect Coefficients

Select Sheet
Select Sheet

[ Ok ] [ Cancel

l [ Help

)

o SHEICFERIIYINT A S1)91T7-IDHZNEET D,

® K-Fold Cross ValidationhstE AEniz, PUIAREBRNRLE TR DT —I%Z2I8TEI 3.

Existing Results Filgen

biosciences & nanosciences
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Predict Phenotypes From Existing Results Filgen

[ Predicted Phenotypes [383]

= [ B ) |

File Edit

Select DMA-Seq Genobype MNumeric

EEﬂ L-l :ﬂv ii Ef,’f b_ﬁ A 4 L I_ 3"-% Iﬁ X m ? fictive: B x 1

RMNA-Seq Plot Scripts Help
All: bx 1

IIhzort

L, B S 7% B % B S

R 1
zamples Predicted Phenotypes
FC031665 20.6244073330668
PI166140 20.1980146113636
PI166141 28.4712474054864
PI171439 28.8654195175775
PI171445 29.6425051338513

Predicted Phenaotvpes

o HYIIINIULTFRISNIRIRET —INHHEN3.

biosciences & nanosciences
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HEIVWEDEL : TP RS+
TEL: 052-624-4388 (9:00~17 : 00)
FAX: 052-624-4389
E-mail: biosupport@filgen.jp
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