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iISCAN data

RESUItS for 1 array [ ] Mame Date medified Type Size
gy 202017910001 9/26/2018 1233 PM  File folder
(24 SampleS) we 202017010002 9/26/2018 12:33 PM  File folder
ad 202017910004 9/26/201812:33 PM  Filefolder
g 202017910005 0/26/2018 12233 PM  File folder
ae 202017910007 9/26/201812:33 PM  File folder
g 202017910014 G/26/2018 1233 PM  File folder
g 202017910021 9/26/2001812:33 PM  File folder
e 202017910025 0/26/201812:34 PN Filefolder
g 202017910036 9/26/2018 12234 PM  File folder
g 2020170710037 0/26/2018 12:34 PM  File folder
Sample Sheet(S) .,g 202017910042 9/26/2018 1234 PM  File folder
ae 202007910045 0/26/2018 12234 PM  File folder
('CSV or 'XIS(X)format) E_é"} SweetCherry 062818.csv FA20/2001810:25 AM Microsoft Excel C... 16 KB
E__L] SweetCherry 062818.xlsx 772072018 10:21 AM Microsoft Excel W... 20 KB

Manifest file received separately (.bpm format; describes probe content of the array)

& | RosBREED_Cherry_15k_150696174243343_A1.bpm 7720/2018 10:02 AM  BPM File 2487 KB




iISCAN data

In result folder of an array

Results for
1 sample

—

.;:-ﬂ 202017910001.sdf 6/21/2018 110 AM  5DF File 32 KB
@' 2020717910007 _qgc b 6/23/2018 1004 AM  TXT File 11 KB
=] 202017910001_RO1CO1_1_Focus_scan#1_swath#1_... 6/28/2018%:36 AM  JPEG image 214 KB
HE 202017910001_ROTCO1_1_Green.xml 6/28/2018 &:37 AM XML Rile 2 KB
Q;E 202017910001_RO1CO1_1_Red.xmi 6/28/2018 %37 AM XML File 2 KB
= 202017910001_RO1C01_1-Swath1_Grn.jpg 6/28/20189:36 AM  JPEG image 2,100 KB
= 202017910001_RO1C01_1-Swath1_Red.jpg 6/28/2018 %36 AM  JPEG image 1,583 KB
,:.-d_.i 202017910001_RO1CO1_Grn.idat 6/28/2018 %:37 AM  |DAT File 174 KB
g'ﬁj 2020779710001_R0O1CO1_Red.idat B/28/2018 %37 AM  IDAT File 174 KB
= 202017910001_R0O1C02_1_Focus_scan#1_swath#1_.. 6/23/2018%:3%AM  JPEG image 210 KB
ﬂ 202017910001_RO1C02_1_Green.xml 6/28/2018 %39 AM XML File 2 KB
ﬁ 2020717910001_R0O1COZ_1_Redxml 0/28/2018 &35 AM XML File 2 KB
= 202017910001_R01C02_1-Swath1_Grn.jpg 6/28/20183%:39 AM  JPEG image 2079 KB




Sample shee

A B G | D E F G H i) K L
1 |[Header]
2 |Investigator Name
Run |nf0 3 |Project Mame
4 |Experiment Name
5 |Date
i)
7 |*™*NOTE**
3 |The following columns are required: Sample_ID, SentrixBarcode_A, SentrixPosition_A (and _B, C etc.. if you have multiple manifests)
3 |All other columns are optional; any desired additional columns may be added here or "on the fly" during analysis
0 |Column order doesn't matter
p— i
H H 2 [[IManifests]
M an Ife st nfO = 3 A RosBREED_Cherry_15k_15069617X343343_A1
-4
5 |[Data]
B 6 |Sample_ID Samp Sample_well SentrixBarcode_A SentrixPo Gender Sample_CReplicate Parentl Parent2 Source
7 |Rainier A01 2020179310001 RO1CO1 Chipl Cherry
8 |Sandra_Rose AD2 202017910001 RO2CO1 Chipl Cherry
9 PC7144-11 A03 202017910001 RO3CO1 Chipl Cherry
N 0| 7147-9 AlD4 202017910001 RO4COL Chipl Cherry
Sam p les info — 11 |pC7309-4 A5 202017910001 ROSCOL Chipl Cherry
'2 |99F/132R4 Al6 202017910001 ROGCOL Chipl Cherry
'3 |Ambrunes AO7 202017910001 RO7COL Chipl Cherry
4 |PCB011-6 A3 202017910001 ROBCO1 Chipl Cherry
'3 |PCBO012-5 A9 202017910001 RO9COL Chipl Cherry
- S P e T TR [T DT T =




Sample sheet - sample
data

i |[Data]
i |Sample_ID Samp Sample_Well SentrixBarcode A SentrixPosition A Gender Sample CReplicate Parentl Parent2 Source
" |Rainier A01 202017910001 RO1CO1 Chipl Cherry
! 'Sandra_Rose Aoz 202017910001 RO2CO1 Chipl Cherry
bPCT144-11 A03 202017310001 RO3CO1 Chipl Cherry
I 7147-9 A4 202017910001 RO4CO1 Chipl Cherry
| |PCT7309-4 AOS 202017310001 ROSCO1 Chipl Cherry
* . .
Sample’s name Array number Often not filled in!
(matches folder
name)
Sample's original Sample's position
position in plate on array (matches

*Sometimes saved as
‘scientific number’ and
last digits can get lost
when saved as “.csv” file

SentrixBarcode_A S
2.01382E+11 R
2.01382E+11 R
2.01382E+11 R
2.01382E+11 R
2.01382E+11 R

@ v "  NNMUOSDNEE 2.01382E+11 R
' d / y DISEASE RESISTANCE > HORTICULTURAL QUALI 2'0132'5*11

filenames of sample)

«\




Sample sheet - sample
data

« Sample ID, SentrixBarcode A and SentrixPosition A
are required, other columns are optional and many
user-defined columns can be added, e.g.:

 Alternative names

 Tissue source

« Subpopulation

« Sample quality/ploidy (when known)

 Parent names must match names used under
Sample ID (if present in data set)

= - [R—
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Sample sheet -
sample ID

* Check ‘Sample ID’ of samples

« Sometimes typing errors occurred

* Many software don’t accept spaces in names

* Create new ‘Sample_ID’ column and save original Sample 1D
as ‘Sample_ID_Original’

« Remove spaces from new ‘Sample ID’ column

» Optional: Create abbreviated names for long names

« Parent and replicates names must match names used
under new Sample |ID (if present in data set)

8
i
s el

\, )"-'3 DISEASE RESISTANCE > HORTICULTURAL QUALITY




Sample sheet - sample
data

16 [Sample_ID ~ | Alternative_Name ~ | Sample_Wi = |SentrixBarcode | ~ | Sentrix ~ | Gend ~ | Sample ~ | Replicate =
353 |Rainier AOL 202017510001 RO1CO1 Chipl Sreerrrre e

354 |Rainier rep0l BOS8 201903100009 ROSCO1 Chip3 Rainier

355/ Regina BO3 202017910007 RO3C02 Chip5

356|Salmo BOS 202017910036 RO9CO2 Chip 9

357 Sandra Rose G05 201503100003 RO5C02 Chip2 ]

358 Sandra Rose rep0l AD2 202017910001 RO2CO1 Chipl Sandra Rose

358|Santina HO2 202017910025 RO2C02 Chip& y
380|5antina rep0l1 HO5 2015031000032 RO7CO2 Chip2 Santina

Will lead to 2 versions

° Rep“cates of same report
» Keep one original name
» Easy to find in files generated in next steps

* Add rep numbers for other replicates
» Refer to original name as replicate

CE > HORTICULTURAL QUALITY



Combining sample sheets

* Move all array result folders into same folder (needed to
load data)

» GenomeStudio does not allow result folders to be spread across multiple
subfolders
* Open first sample sheet and save first as new “.xIs(x)” file
(avoid loss of original sample sheet fila and loss of array
number)
« Make sure data columns match

« Paste data rows below existing data,
» Repeat until all data is included

= - [R—
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GenomesStudio
Previously made projects

. _ A

Lapcmestadio - ~IEN

Bl B3t dew  Anehse  Jeok  Bledos  Hel
Oy
;|9';I'th9e e

o

Prnjact Feiedule Miractary Law ficess -]
cple AR UM fuy .. Dby CAllersisinemdmerandsl Doce. G/001301 P4
uq,-;-. .E‘"’ . Garotyps . f‘..‘l‘i"l_ Sy 5 q]ﬂﬂ‘m
27 Al Threy Swwtppeg  CllkavEisodeseddloe.  BEYIILIHTAM
Haredi 2420 Lewchpeg  Uismsynaaecsmindslons.  AeUTER0TEM
- vaciplers v Geenore i docs e |
lsenetipeg
| File | Edit Miew  Apalysis Tools Window  Help
|_D New Project ¥ |58 Genotyping
. Cilal L ]
e I ssveProject Cirl=S e
Fomeec Al Copy Wl Save 3 O pl G (0ER Enors |y wormngs | ) o s Save Project Copy As... Crl+5hift+A
Tirne feerty  Rismage | Close Project Ctrl+Shift+C Directory -
WA BT N sething Heredity a0 Reploate ; ﬁu;smm?“’“ wvanderz
GITHERILII A INFD A e procjecs b hemnesenbeed, 5 Page Setup St - :
f | s oo (| SB | Print Preview Ctrl+Shift=V C:\Users\stijnvanderz
:é FPrint... Ctrl+P Ci\Users\stijnvanderz
Recent Project
Alt+F4




Loading

{ GenomeStudio Project Wizard - Welcome

Genotyping Project
Welcometothe Genotyping Project Wizard

llumina ‘

Welcome to the Genotyping Project Wizard, This wizard will guide you through the
steps needed to create a project for one of lllumina's genotyping assays.

This analysis module supports the GoldenGate and Infiniurn assays.  The assay will
be defined by the SNP manifest that you select for your project.

If you have a pre-existing cluster file, you can choose to import the cluster positions
from that file,

Finish

data

GenomeStudio Project Wizard - Project Location

Genotyping Project

Please specifythe name andlocationforyour project

lumina

Projects Repository

| C\Users\stijn.vanderzande\ Desktop\SMP curatien sessions\Appl v|| Browse.

Location to save project

Project Mame

(@) Create

Name project
| Cherry 6+3K |

Br@ase For Folder

i) Select from LIMS

Project will be created in:

Cancel | | <Back

Net = Finigh

B Desktop
> A Vanderzande, Stijn Carlo L
1> '™ This PC
I 4 Libraries
B 9‘ Network
B @ Control Panel
& Recycle Bin

. Cherry SNP array add-on
. Haplotyping

I+ 1 MSTraits_GDDH

» 1. platform-tools
. Test_Fb

| Make New Folder

|




Loading data
1 sample sheet file is loaded here

GenomeStudio Project Wizard - Loading Sample Intensities [

Genotyping Project
Pleasespacifythesamples youwantto load by I I u m I r"at G'Eliﬂmﬂstﬂdiﬂ Pfﬂjﬁﬂt Wizar

identifyingthe sample sheet and associated data and
manifest repositories

- Loading Sample Intensities

Genotyping Project

L]
Please specify the samples youwanttgfload b I | I ' I
@) Use sample sheet to load sample intensities padfy Soop i u I na

identifying thesample shest and assffcated data and
_manifest repositores.

() Load sample intensities by selecting directories with intensity files

Sample Sucet r .
| ChUsershstijn.vanderzande\Desktop\SNP curation sessions’Ap » || Browse... 9

Data Repository T :
| ChUsershstijn.vanderzande\Desktop\SMP curation sessions’Ap » || Browse... ]

Manifest Repository | :
indehDesktopSMNP curation sessions\Apple SMP data' 2K + 20K | | Browse.., Q9

|

Manifest location: Folder that contains all
needed manifests

Cancel <Back | | Net>

4 . All Data Fs
Data location: Folder that | 201903100002
. - 201903100003
contains all needed 201903100009
L 201903100018
SNP array folders | 202017910001

L 202017910002




Loading data

GenomeStudio Project Wizard - Cluster Positions

Genotyping Project

If you have an existing cluster file that you want to § . . .
e e s s oemieAci o de llumina | A file designating custom or
[l Impaort cluster positions from a cluster file pre'set Cluster pOSItIOI’]S can
Cluster File be loaded here instead of the
o default auto-clustering
Project Settings
Opticns Project Creation Actions

[] Pre-Calculate [#] Cluster SNPs
Pre-Calculate should anly be [ ] Calculate Sample and SMP : i

used for memaory based projects, [ ] Calculate Heritability

Cluster SNPs

This opticn will improve spead Gen Call Threshold . [0-15 :-.

but requires 4,5% more memary. _\
N

Opticnal Script File
I o -0.15 is standard

| Browse.. | 1.60 -

: -Defines area within which
T ) @ 4/1'/ individuals will get a
N | Cancl [ | <Baoc £ : ; genotype call (outside will
' be ‘no calls’)

040 760
Norm Theta



Adding additional
samples

G e s o File > Load Additional

O
‘4 Open Project Cirl+O [~
B sweri «s Samples...
Save Project Copy As... Ctrl+Shift+A
C Gose e onsineC_[ « Same process as before
[ Load Additional Samples... j
Import Cluster Positicns...
Export Cluster Positions r
Export Cluster Positions to LIMS -
Export Manifest Data... E
Create LIMS Sample Sheet... I
Update Project from LIMS
Import Phenctype Information from File...
&b Page Setup Ctrl=Shift=U
ﬂ Print Preview Ctri+Shift+¥V [
Ny Print.. Cirisp %
Recent Project s
Exit Alt=F |

1\

eo‘ /f) DISEASE RESISTANCE > HORTICULTURAL QUALITY
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GenomeStudio® Layout

GenomeStudio 2.0 - Genotyping - 6+3Kv5
Ele Edit View
DadO

SNP Graph |

Analysis

W 0§

N NREE I

CEBP

Jools  Window Help

a

Full Data Table

SNP Graph

o
s
=

305 g

Norm Theta 2

Samples Takle 4
B ek S | 7 kg0

@

Sample_
Original

Name_5 [Alternati|Germpla
hort

Rows=13559

Errors Table

Disp=13559

Sample 36
UkrGriott:

Sample 17
LargeDeepRed

Full Data Table, SNP Table,

32681733
20934207

5484
0.8150

0.402
0441

5628
0.4843

3.4612
1.2519

0.0000
NC 0.0000

0.7134
0.8181

0521

3766 0.2884

0.245

Sel=1  Filter=Filter is not active.

(2 #* et b @MY i’

I \wﬂ \w||

Samples Table

< > <
ows=384

Log

= Select All

Disp=384 S Filter=Filter is not active. Rows=11

Copy [ Save X Clear

Disp=11 Sel=0

Error Table

and Paired Sample Table

NC

0244
0659
L0315
0367
4405
L4866
5478
L4730
0246
1913
9247
7412
8903
.5249
5167
L4469
4021
2613
.3924
0.4876

0.0000
0.0000

Filter=Filter is not active,

4 box||Pre

0.430¢
1.381¢
1.605%
0.827;
1.073C
1.215¢
1.084
1.586E
02237
1.064¢
1.155¢
21077
1.5661
0.692¢
0.887¢
0.6457
0.6327
0.7780
0.948%
1.146¢
12111
0.5707
0.592(
0.614%
0.708¢
0.875%
0.0782
0.104(
0.273¢




SNP Graph

Copy Graph

Tools to select individuals
and move graph around

(—1—\ -_/r Autoscale axes

\
el o il o[

Cultivars
st
160 F

x \ Switch to Cartesian
o 120 .
£ coordinates
Border reliable § E osob
calling B — ‘g- > FL2_LFY 2
i; LE ] o
o
"2' 020

112 103

Homozygote . o) o % % 0 g “’ .
Norm Theta e [0l %
o L]
Heterozygote ,
Yo % “B" fluorescence .
D

Norm Intensity (B)




Full data table

Import (additional
columns) Column Chooser

Copy Expoft Plotting functions filter/unfilter sample columns

Bvatalhlef L ) / I | l 1

HAracueOB A MY a8 E

GenTrain
Score

Position FracA Frac € Frac G FracT Theta

1 CEP 7074...  PA.. 14629699 0.8098 0.235 0.265 0.255 0.245 AB 0.8304 | 0.5927 | 0.3864 | BB 0.8304 | 0.9867 0.7032 | BB
2 CEP_2 5871.. | PA..| 14629699 0.7893 0,783

3 CEPb 2569... | PA...| 37474346 0.9265 0.235 0.225 0.206 0.333 BB 0.9175 | 1.0000 0.8438 | BB 0.9175 | 0.9988 0.8398 | BB
4 CBPC 2877... | PA..| 3108977 0.7207 0.176 0.206 0.235 0.382 NC 0.0678 | 0.3507 | 1.5965 | AB 0.6285 | 0.4337 1.5368 | BB
c ~on- T AeTC na | P1nOonNTT n Fne n 17 n e n 2o n o7 L8 P nnece n 2472 1 Cconn AD nc2an n AN 1 TNt [=1=]

SNPs ‘—|—'
Position in
SNP Graph

Quality score Genotype Call

froe

SEASE RESISTANCE

> HORTICULTURAL QUALITY



SNP data table

:-5_'=§._, SNP Iahle-.: Paired Sample Table |
+ bl |2 # oot b @O B ([~ (NY & & i

ChiTest1 Het Minor P-C P-P-C Rep
. Ereess e FrEq s FrEq - FrEq -
CEP '. ...| 14629699 0.8328 0.002% | 0.1232 | 0.8739 | 1.0000 | 0.0645 | 0 3 3 i
CBE.2 14629699 08328 0.0211 I] no2s IJ 1232 ; 1.0000 | 0.0645 | 0 IJ 1 [T,’C] 349 EI 3 58
A A AT naT rric~ man A h ar

= ~rnL nn | Amamanac Anaarn A nAna

Ann A A n a a

How well did the SNP perform? Are parents and offspring matching?
(see later)

Was the SNP polymorphic?

YT YL I e TR

tosBREED_C y_15k 15069 3 _Al.bpm
£ calls Fno Custom Cluster GenTram Qrig Edited Cluster AAT ABT ABT BET BET AAR AAR ABR AER BER BEER
| calls Score Score Sep Mean Dev Mean Dev Mean Dev Mean Dev Mean Dev Mean Dev
0 0.5832 | 0.0346 | 0.9914 | 0.0074 | 0.4874 | 0.1000 | 0.9331 | 0.1088 | 0.7731

707423 0.9001 | 0.0706 | 0.0224 3
5871731 0.8221 | 0.0760 | 0.0224 | 0.5850 | 0.0328 | 09888 | 0.0075 | 04652 | 0.1000 | 08608 | 0.1093 | 0.7620 | 0.1000

“Array specific” data




Sample Table

 All columns of sample sheet
« Sample statistics (need to calculated)

» Linked with SNP graph ]
* Selecting in table will highlight in SNP ¢ .f.;: 4 W

o
. E
vice versa g
| Samples Table ks e .
1 2 2 BB |HHE AFA®LO )
i 43 305
£D20
o FT = E :
Norm Theta
Source Call Rate |
0.0000000 Unknoi a | Samples Table S
562 Cherry 0.0000000 Unknoi R By =%+ I F ko0 @B~
11118 Cherry | 0.0000000  [ERAEGEY
13/20 Cherry | 0.0000000  [NSRLGEE ]
6/240 Cherry 0.0000000 Unkno samplen MMM souce | index | call Rate Gender |p
7146-16 0.0000000 Unknoi :
F187-1 0.0000000 Unknao
7147-9 | [ Chery | 8 | 0.0000000
B008-10 f 9 0.0000000 Unknot - z
8008-5 Cherry 10 0.0000000 Unkno ary | 3 8641493
60112 chery 11 KNG uriro =5 S e
8011-3 Cherry | 12 Unkno Chelan Cherry | 36 0864H43  Unknown
BO011-4 Cherry 13 0.0000000 Unknot _ - l
= ompa ella erry 2 nEnown .
G9F/132R4 Cherry 14 0.0000000 Unkno v CoopsSpedal | | Cherry | 39 | 0.5204145 | Unknown | §
d SOF1S0R1A rCherrv | 15 NI | inknos Corum Cherry | 40 0.8523793  Unknown v
Crswicrha or7o rharnr a1 N |RI0R07T I nlnasen
< > T

Rows=345 Disp=349 5el=1 Filter=Filter iz not active.




Error Table

» Shows errors between replicates and parent(s)
and offspring
* Will be discussed further
* Linked to SNP graph
* Replicates: square
« Parent(s) and offspring: circle(s) and cross, respectively

|
|__ ErrorsTable .

Igsa-;:. (S At L@ NY % @@=
| . . Parentl/ Parentl/
Fr&ur _Errror Chlll EERE Child/Rep Ch['al_ll:_lme Rep Parenti/Rep Rep PIa rsnt?_ Parent2 F[’;a_lr_entz ISElP SNP Name
ndex ype | p Index pGType| oo, e ndex Ype ndex
[T P-C 110 FROOBT049 AR 34 Krupnoplodnaya BB B coLz
LI 2 F-H-L 118 FRUTZT0GT A5 238 La Iﬁ Ab J391 UEI‘IE BE g [a] el u coLz
T FEC | 221 | Glre: 33 T L] o0 Giant Bt ] T

- A [

rror | Error |Child/Re childfre | P2 Parent1f
(=4

Py
. L}
.
@. | .
E ; Parent2 Parent2 | SNP [is . *
Child/Re, Re Parent1/Re Re, Parent2 SNP Name
Ind Type | p Index [Rep p GType Indgx {Rep GTyEe Index GType | Index E L -
| 1 P-C 110 FRO08T049 AR 234 rupnaoplodnaya BB 8 coL2
(2 TPhc i rrosanoe [aa ] 258 A5 1341 venus con2
| 3 P-P-C 221 Gil-Peck AB apoleon ian BB
e i $ N
s L’ -
¢
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Checking Sample Quality

RosBREED_snp_sweet_1_01238095

- Visual inspection of SNP graphs [ | @ .
G. de e
E =t @ @ = @ . @ NBIE 46 32
: o : : i
::E 51 v 59 :E 5 39 50 scaffold_1:22248265
0 750 Ongrm Thg.t'e;o 580 1 020 %‘LgrmThth;o 780 1 WL
Some individuals are More individuals outside O @
regularly located outside main clusters x| .
main clusters *use ‘ctrl” + left mouse clicks to add E |

new individual to selection

5 2 84
1 1 1 1 1
0 0.20 0.40 0.60 0.80 1
Norm Theta

| B

/ y  DISEASE RESISTANCE > HORTICULTURAL QUALITY

S
J



Checking Sample Quality

1. Histogram function of Full Data Table

Options greyed out?!

tienamestucio Histegram
Index Name Address | Chr Position Ggll—rr?am Frac,
| 8247 scaffold 1:...) 2961... | PA...| 23165392 0.7642 0363
I aman ALY TN T B reer s N PR A
EG
1)
B ome
£
B owef
=
I el
%o
. o
¥ P
| L | i 3 L il
i) M 0L i =] il ETi) The
inlznany B
[ Samtca e ama Murer ol B Filac v
Tside nksice L] E Al Fron
Selechign  Selechipn i et z ;
= : ; X000 o 1 0 W 20 chacmatii  dex sl
Mean B ¥ 200 o -
Do ! 0 Selachon
o ¢ oF Autcacalt | e Fiter e filer

\;\ :

eelp . / y  DISEASE RESISTANCE > HORTICULTURAL QUALITY
) J




Checking Sample Quality

2. Select first individual 3. Choose “B Allele Freq” 4. Select individual again
' *Allows for scrolling through ind.
*Use ‘up’ and ‘down’ keys to scroll through ind.

Calurmes
Irdan -
Bdress
Prstio
1 GanTgn Scone 1
Frac,
fadlC
A Ly 4= A
-
|CR2TEEE 2] CRZTOE 7]
Bk Tarlanan [3] Biack Tartanan [3]
R26 (FRO4ETI0S) (4] i e Ly
| FRDSST117 5] FROGST117 [5) -
= Colurng Sl Colamns
| X Raw iz
|7 Raw b
I Scoe
= o Treta Scor=
R R
|%
Mak 1% ] = 5
. | |8 e Frea
L = I T = I T -
.Emnis_dm | Log A Rate 1 | Log 3 Fare |
dearmanes | ceanad | Goncordance v | el Concordance v | el Concomdance
Tl s [P e masks CHY Vel maks CHY Wabie
[NV Ceridence MY Corfidence CHY Corfidence




Checking Sample Quality

Histogram for R4 (FROEF1 T} [1)E Allele Freg

Sample with good quality

L]

-Three (clear) peaks

o -Barely any occurrences
- between three peaks

& of Decurrances

1
i 040

&4 (FRODTTO04} 11.E Allele Frag

Histagram for Ukrainische Griotte [45].B Allele Freq Sa m ple With poor q ua I itv

-No clear heterozygous peak

— = -Many occurrences between

three peaks
(middle section looks ~ flat)

# of Occurrences




Checking Sample Ploidy

Histogram for R4 (FROG1T004) [1].E Allele Freq

Diploid sample

-Three (clear) peaks
g oo - AA, AB, and BB
g
_.'z -‘—n—*—-al 5
) R4 (FROOTTO04) 1B Alele Freq '
Histogram for Jonagold [330] B Allele Freq Triploid Sample
-Four peaks
§ o --AAA, AAB, ABB, and BBB

0.40 0.80
Jonagold [330) B Allele Freq

JISER




Checking Sample Ploidy

« Other ploidy

Tetraploid sample

Tetraploid (4N)

i .
-Five peaks?
-Different from poor quality?
-Could be a mix of 2 samples
04 04 08l 080 i
EJOBO (105018 Allle Freg
Aneuploid sample
Aneuploids i
I ' -3 peaks + 2 small peaks?
: <4
- -Not easy to see
I ] ' ... ._.um— . |
] 14 14 0 }

. 2 L B g



Chagneé et al. (2015) method

1. Choose ‘Filter rows’ for SNP Table in GenomeStudio®

Paired Samiple -'.;.|= |
| Ired

T @ % M AF ARG L OB A T 6=

2. Apply the following filter parameters (continued on next slide):

Call Freq >0.90 Only SNP that have good call rate

Minor Freq >0.01 Only polymorphic SNPs

50% GC >0.40 Only SNPs for which most individuals were close to main cluster
GenTrain >0.65 Only SNPs with good overall clustering

ClusterSep >0.40 Only SNPs with well separated clusters

AAT Mean <£0.125 Only SNPs with AA cluster in expected position

AA T Dev <0.028  Only SNPs with 'narrow' AA cluster (no multiple clusters)

>
AB T Mean ; 82;2 Only SNPs with AB cluster in expected position

AB T Dev <0.056  Only SNPs with 'narrow' AB cluster (no multiple clusters)
AaBB TMean 20.875  Only SNPs with BB cluster in expected position

<0.028  Only SNPs with 'narrow' BB cluster (no multiple clusters)
“ = / H A oF B T | B B B

DISEASE RESISTANCE > HORTICULTURAL QUALITY




Chagneé et al. (2015) method

2a. Choose parameter

Note:

Bt temr e raeres

Columns

Index
Name

Chr
Posttion
ChiTest100
Het Excess
AR Freg
AB Freqg

£

BB FI‘BE
/ Minor Freq
Barw

Sub Columns

BB T Dev

AR R Mean

AAR Dev

AB R Mean

AB R Dev

BB R Mean

BE R Dev
Intensity threshold
Address?

Meim 11

Expression

Operatigy

2. Apply the following filter parameters (continued):
2b. Choose operation

> W

Call Freq = 55

[ Mot

[ Invert \whele Expression

Sub - Statement
Action

Adds to Active Clause

<all columns:
<any column:

<

==0id Clause

Sub Columns

BB T Dew
AA R Mean
AAR Dev

Manifest must be selected in ‘Columns’
section before subcolumns become available

S

2c. Choose value

er Tree View

2d. Add to filter criteria

2e. Add remaining criteria
“AND” clause is added automatically

2f. Click ‘OK’ when all
criteria are added




Chagneé et al. (2015) method

3. Go to Full Data Table and select ‘Column Chooser’
*Filtering of SNP Table remains for Full Data Table

4. Hide any column except Index,
Chr, Position, and sample columns

I Full Data Table ble | Paired Sampla Table Lisplay-Locked Columns Hidde
P TR A D > - Manife
T ElorragioB i xlY%|eaim e

Sample 44

Sweetheart Hide ==
R GenTrain
Index Name Address | Chr Position it Frac &4 Frac C Frac G FracT GType | Score Theta
1 CBP 7074... | PA 14629699 0.7572 0235 0.265 0.255 0.245 MNC 0.0298 @ 0.842!
2 CBP_2 5871... | PA 14629699 0.7186 0.235 0.265 0.255 0.245 AR 0.2146 | 0.795
3 CEPb 2569...  PA 37474346 0.8755 0.235 0.225 0.206 0.333 BE 0.7744  0.970.
4 CBPc 2877... | PA 3108977 0.6339 0.176 0.206 0.235 0.382 MNC 0.0751  0.088.
5 CBPc 2 4B875... | PA 3108877 0.6340 0.176 0.206 0.235 0.382 MC 0.1161 = 0.0411
6 CLF 2680... PA 15025492 0.6902 0314 0.206 0.225 0.255 MNC 0.0071 0764
7 GLF 2 6478 PA 15025492 0.6882 0314 0.206 0.225 0.255 NC 0.0182 | 0.735

6. Show B Allele Freq subcolumn

5. Hide standard subcolumns

Hidgen Bubcolumns

M14-N1-77 [RAR1

7. Press ‘OK’

[ Merton Heart [34] Y Raw
. Knans 1171 ¥ X
Digplayed Subcolumns Plsnlayed Sibcolire Y
- 7 Log R Ratio
B Allele Freg A Top Alleles
B Allele Freg Import Calls
Log Il::‘ Ratio Concordance
Top Alleles Orig Call
Import Calls CHV Value
Concordance CNV Cenfidence
Orig Call Custom GType
: CHNV Value Hide == Flus/Minus Alleles
Hide == CHV Confidence o
o Custom GType
i Flus/Minus Alleles
%= Show GType @
Score

o S Theta

% ASE RESI R

OK



Chagneé et al. (2015) method

8. Export table 9. Give a meaningful name, choose save
location, and save as “.csv’ file
!.I Full Data T _ 2d 53 ..-'.'.=_.?.:-_"_i:.5._ /
P 2 & 1o (2 2 e M;"i.aﬂﬂ

File name: { 6+9K7Full Data Table.csv

Save as type: | Data file (*.csv)

; TET : Save Cancel
a224 EEI:IEIEEII]E 1. I]I]EIEI 1 EII]I]EI 1.0000
8225 P.-'-".... 22093672 3.0000 | 0.0000 | O.000(
3226 Pa...| 22094150 1.0000 | 1.0000 | 0.764¢
8227 Pa... 22094130 0.0000 | 0.0000 | 0.000(
I ’ . I ’ . . .
10. If asked, choose ‘Yes’ to export entire table 11. Choose ‘Yes’ to view file in Excel
]
Exgbrting Data
Currently, only the selectedfows and columns will be exported, Weould Wouldbsou like to view this File?
: you prefer to Export the entfre table? ¥
oty r -4
vl #
2 = :
" . | Yes | No _ Cancel | i} Yes Mo

)-'L) DISEASE RESISTANCE > HORTICULTURAL QUALITY




Chagneé et al. (2015) method

12. Convert Chromosome numbers
to numeric system where applicable 13. Insert a new column in front of
sample columns

= 1 Iindex C :T“Ppsit.ion |Sweeth
ke A B A1 Sort Smallest to Lar
S 5 gest
e 1 lindex fone  [=] i I G ool i D E E
A T ort Largest to Smallest Tl N PT—
2l SotAtoz A S i i |<T| Position |Sweethe gb Cut
z ; rt b s
Zl SertZtoA ort by Lelor 8 14629699| 0.82058¢ E& Copy
) Sart b%fCoIor 3 B Clear Filter From "Chr" 3 14&29595“‘9__??115? LD Paste Options:
¥ : ; 1 37474346| 0.9714¢ =
! Number Filters 4 2 3108977 0.00773¢ O
T_ext_Eulters b e ,0 2 3108977 c Paste Special..,
55&3 i oL (setect Al p 71502507/ Insert
w8 A SEEE
[#] CHLOROPLAST ;_ 7 15025492| 0.85594¢ Delete
- [/| MITOCHONDRION 3 1473284| 0.37328:%
L PAY_ 1 vl 3 | Clear Contents
[ PaV 2 -] 4 3 1473284 D.33282A__ o
-1 PAV_3 vl 5
[ PAV 4 -{v] &
-] PAV_5 AT
- PAV_E 48
-HPAV T v -] CHLOROPLAST "




Chagneé et al. (2015) method

14. Apply the following formula for

the new column:
Cell value = 1,000,000,000 * ‘Chromosome

15. Replace formula by fixed values
*Copy column and paste as values

number’ + ‘position on chromosome’ 801461 o
*Choose a power of 10 that is larger than any 80146 EE] 2
L. Y. s = Dp'hr
position on chromosome 10374 - :
20021 ' Paste Jiptions:
o
: [ la23 f:r 28 12¢ lep
70150,
. - Paste Special... ¥
* X & fr | =m2rPower(109)+C2 70150:
: ! Insert Copied Cells...
30014 £
B C D : F
.Chr PE'E@E:' Sweethea Tieton.B £ 30014 Beleles:
1| 8} 146296991 =02 *POWER(10,9)+C2 . .
----- 16. Delete original chromosome and
¢ position column
sitio| = S
629699| 8014629659| 0. — 2 NEEN - :
529699 8014629693 0. il 8";‘::;‘;% B oy
'474346| 1037474346 | | 8 1462969 (%, Paste Options:
108577 2003108577| 0. ! 1 3747434 n

e e £ e ?
- =4 ]
| 2 310897 O s Li 12 2 e
I 2 3

108977| 2003108977

; 2 310897 Paste Special...
7015025492

il 7 1502548  Incert

0.
7015025432 0. i 7 1502549 peiee
3001473284| 0. i LT R ——
] 3 147328
3()014?3284 0.4 | 5' 1005249;E Format Cells...

5010052497 4 12946564 Column Width...
7 1875521  Hide
8IS e

4 BY390L wvuwr sy s e,

CE > HORTICULTURAL QUALITY




Chagneé et al. (2015) method

File should look like this: pee— B B L
-1%t column: SNP Identifier (e.g. SNP Index) praes —— s

— e A _ | 1 2014629699 0.820586 0.658852 0.935553 0.926576 0.0
-2 column: SNP position (including chromosome) 2 8014629699 0.751753 0.752404 0.970744 0.808932 0.0

-3 column — end: B-allele Freq of each individual L 3 1037474346 0.97149 0.817936 0.918174 0.964891 0.¢
; 4 2003108977 0.007736 0.63033 1 0.637792
3 512003108977 0 0.699511 1/ 0.723935
{ 7 M
17. Save as new ‘.csV’ file: File name: | 6+9K B Allele Freq.csi] -

Save as type: CSY (Comma delimited) (*.czv)

be lost if you save it as CSV (Comma delimited).

F you want to keep using that format?

Yes No Help

-ccrint ¢ is R’ E-! 6+9K SMP Table.csv
18. Copy R-script ‘bAllele Analysis.R” (Suppl.

Document 2) in same folder as newly created .csv file £ bAllele Analysis.R

19. Open R-script ‘bAllele Analysis.R” in RStudio

.;\“

eei /r y  DISEASE RESISTANCE > HORTICULTURAL QUALITY




Chagneé et al. (2015) method

20. Change file-name on line 1 into correct name of newly created .csv file

< ballele<- read.csv(file="SNP data_Triploids and deviations.csv", sep=",", stringsAsFactors=F)

ballele<- read.csv(file="6+9K B Allele Freg.csv", sep=",", stringsAsFactors=F)

21. Change name of pdf-output on line 2 into desired name < pdf ("bATTele. pdf")

pdf ("BATTETE 6+9K] pdf ")
22. Change working directory into location that has .csv file and R script
*Under ‘Session’, choose ‘Set Working Directory’, then choose ‘To Source File Location’

Plots | Session | Build Debug Profile Tools Help
r Mew Session -
Allele A Interrupt R
DUFCE O Terminate R...
d.csv sep=",", stringsAsFactors=Fr)
6+ 9K Restart R Ctrl+Shift+F10
3 e
E_|D-| Eb |_ i Set WD*"'[E_]__DWEC'E?E_ 2 To Scurce File Location J
ele|, T = =
Load Workspace... To Files Pane Location
Save Workspace As... Choose Directory... Ctri+5Shift+H




Chagneé et al. (2015) method

23. Run entire script

*Select all lines and press run =
Teleanup.R @7 bAllele Analysis.R @] bAllele Analysis.R* >
. Source on Save | /’ b4 *Run ™+ soul
ballele<- read.csv(file="6+9K Full Data Table.csv", sep=",", stringsAsFactors=F) Re—
pdf("ballele &+9K.pdf™) Run the current
par (mfrow=c(3,3)) line or selection
-for (1 in 3:ncoliballele) ) (Ctrl+Enter)

plot(ballelel,2], ballele[,i]l,type = "p", main = colnames(ballele)[i])
dev. of £

24. Open created pdf file
*It’s in the same folder as the R-script and the .csv file with the B Allele Frequencies

Poor quality Tetraploid? Aneuploid
Monark.B_Allele_Freq X2.258.B_Allele_Freq
K > g
° |8 Pepghegacsenise =1 - "
. |8@98E0s9Es0 8- tuse .| 60a uejelgtonaite
° | s=808090 jas5essnst =i 8
LT TR T ©0so00000880000800

5.0e+08 1.5e+09 5.0e+08 1.5e+09



Chagneé et al. (2015) method

Without initial filtering in SNP Table

o _| o _| o ]
:'D ::D !:‘D
] 7] T 1 T 1
o Eoe a - @ B
E = E o | E o 7
o - § 5 |
o ST T T T S M
1e+09 Ae+059 Te+059 1e+059 4e+09 Te+059 1e+09 Ae+09 Te+049
bAllele], 2] bAllele], 2] bAllele], 2]
With initial filtering in SNP Table
m_!!gg!!!o! m__!l!!cl!!l oq_!!ggEE!!
._‘D o o __|D '_-D o
e Coo f e Q
S RER RN N bl
%2—!io A s perppoRy -
1 "ﬁ 5 0 2 -—i 8 _
B = ssiiais | Biiiina SlloB Bowioe

1e+09 4e+09 Te+09 1e+059 4e+09 Te+09 1e+09 4e+059 Te+09

bAllele], 2] bAllele[, 2] bAllele], 2]




Segmental aneuploids

 Lack a large segment of a chromosome
» Large extra segment?

 Cannot be identified with methods
described above

* Will lead to many errors further on for
one chromosomal segment

e

o, MUPDNRLRUW
; )"15 DISEASE RESISTANCE > HORTICULTURAL QUALITY
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Creating input files ASSIsT

 Manual can be found under ‘.. \ASSIsT Win_v1.01\docs’

Creating 1st input file (Final report)

1. Open Report Wizard in GenomeStudio

Analysis | Tools  Window  Help

Exclude Samples By Best Run 4
S eke | Cluster All SNPs E
! Update SNP Statistics... pll Data Table | 5'F Table | Paired Sample Table |
o2 (3|3 |2 #F A€

Edit Replicates
i Edit Parental Relationships

Update Hentability/Repreducibility Errors... _
Gen

F‘\g;_}on‘.s | 2 Create Reproducibility and Heritability Report
_:i' Compute CN Metrics..,

a.s,__| Re.pu-rt Wl’zard.l..

ok

View Centrols Dashboard

View Contamination Dashboard

= SN (N

Paired Sample Editor...

Calculate Paired Sample LOH/CN..

Import Allele Calls...

Export Allele Calls...

Remove Imported Allele Calls

Create Plugin Column...

ChV Analysis...

Show CNV Region Display k

T—

2. Choose Final Report
voeaieps llumina

What type ofreport would you likebs generate?

@ Final Report i) Locus Sammary

: CiA Report ':' Locus x DMNA

3. Choose ‘redo with the best’ and
‘10th Percentile GC score’

(®) use the redo with the best:

10th Percentile GC Score v

~— make the redos unique by appending the Sentrix Barcode and Sentrix
" Position




Creating input files ASSIsT

4. Select all samples/arrays

oy * Report Wizard - Final Report Format
Chip2 eport Wizard - Final Report Forma
Chip3 Genotyping Report

Howwould youlike to format yourfinal report? I I u m I na‘
Chips
W () Matrix () 3rd Party

Standard Format Options

Displayed Fields Available Fields
5.-Set format to Standard = 1P tome A wow s smages
. e2e- op | Hide => | 4
-Include the following columns: = e o "
~TC <=anow Y Raw
GT Score, Theta, R P ety

*QOrder should be the same as figure
-Select ‘Group by SNP’ —

W Canfidanra b
Y - o by O sample @ SNP

General Options Favorite Formats

[ , . i 4’ S Cenin Default v: Total 1301664
-Select ‘Tab’ as delimiter el i | i o7V

reate map files Save Current... Size:

Samples / File

o5 =] Estimated File 49.7 MB

| =] Sizes
Cancel « Back | MNedt> | Firsh

6. Save Report : :

Output Path
" . Ch\Users\stijn.vanderzand e\ Dropbo:\SMP curation sessions w || Browse..

Report Mame

Cherry 6+9K_FinalReport




Creating input files
ASSIsT

Creating 2" input file (DNA report)

7. Open Report Wizard in GenomeStudio and choose DNA Report

tus Sumrary

(®) DMA Report () Locus x DNA
8. Choose ‘redo with the best’ and
‘10t Percentile GC score’
(®) use the redo with the best:
9. Select all samples/arrays
10th Percentile GC Score v
Chipl
®) mal;;the redos unique by appending the Sentrix Barcode and Sentrix Chip2
Position Chip3
Chipd
10. Choose Sample ID
g TTwAl D 00D IR
v} SEHEE 11. Save Report

[ ] Sample Mame Output Path

ChUsershstijnvanderzand e\ Dropb o\ SMP curation sessions

w || Browse..

. , A e - .RepurtName -
¢ )':3 NN RURINELINBEI | Cherry 6+9K_DNAReport



Input files ASSIsT

Creating 3rd input file (Pedigree file)

12. Create a three-column file:
-1t column has the individual’s name
-2 column has the female parent
-3rd column has the male parent

-Header row should be “//SamplelD [tab] Mother [tab] Father”

*Copy SamplelD and parent columns from sample sheet into Notepad++ and add the header line
*Parents do not have to be included in sample list

A B C : :
: : |/;’SampleID Mother Father

1 |f{samplelD Mother Father

Ebundance Napoleon

2 |Abundance Mapoleon

3 |corum Tt

4 |Cuvelier Cuve%ler

5 |Persian Persian

6 |Benton Stella Moreau Benton Stella Moreau

7 |Bing BlackRepublican Napoleon Bing BlackRepublican Napoleon
‘S_Blackﬁepublican Napoleon BlackTartarian BlackRepublican Napoleon BlackTartarian
9 |BlackTartarian BlackTartarian

10 |Lambert Napoleon Blackheart Lambert Napoleon Blackheart

-~

- A «~ DISEASE RESISTANCE X HORTICULTURAL QUALITY



Input files ASSIsT

Optional - Creating 4th input file (Map file)
13. Create a three-column file:
-15t column has the SNP’s name/SNP’s ID
-2"d column has the chromosome (numerical)
-3rd column has the position (physical (bp, Mbp) or genetic (cM))

-Header row should be “//SNPid [tab] Chromosome [tab] Position”

*Copy Name, Chr and Position from exported Full Data Table and convert chromosome to numeric
if needed

*Use genetic position if available
*Give fictional chromosome number to chloroplast/mitochondrial/... SNPs

M ] s LA E
T e - — - — - ]
1 |//SNPid Chromosome Position 1 I//SNPid oS e
> |CBP 8 14629699 2 CBP 8 14629699
} |CBP 2 2 14629699 3 CBP 2 & 14629699
¢ |CBPb 1 37474346 ess L SINIA0es
5 | CBPC 2 3108977 EeRee 2 3100577
& CBPc 2 2 3108977
5 |CBPc_2 2 3108977 k - )

T ol | A : ORAL QUALITY



Running ASSIsT

1. Open ASSIsT

5 | _sslpyd 1306 B33

FRER Y FYD Fale 3 KB

G | tonterpyd W30 &3 FM FYT Fule H KB
& _windlsysdoaderpyd SA0TE 633 PM FYDF KB
ya':ﬂ'.'t.irn TRAIEEIIPM Co AKR
M assiat . pog SN 0TE &3S PM PG mage 204 KH
T ASSIT Wir_wT 01, e 5 025 KE
al ASSIsT Win_w 1.0 e manifiest 5/ KR
bz pyd 5N 67T KR

ap| LIBEAYILdl V301 &33 PM Applcstion estens '3 KB

(Hrtt ]

@ onsohe Messagpes:

‘Weloeme to SMP Fdler.
Slail Loading apul Files

|

L

|

i 1z
| Frpar RiEsts
|

i

|

i

FEP D

ShFid

Sxpar

ASHIST An automalic SNP Scormmg Tool in outeross pogalations w100 i

SHF Wireer Hesults Surmary
Bl
el 18
Hun
Cxport
0.8
i
o4
0z
ﬂ_% .
i o] >4 0.6 L Lo
w D00+ B@E
Cre Pos Classification Kissing il Ham1 Hati Heed Huom Cre pival &7 Fan



Running ASSIsT

Console
H H ( ’
2. Iln console sectilon’, click on ‘Select’ next — | —
to ‘Select Input Files
Set Parameters Set

3. Click on “...” boxes to choose each file
created earlier. Once each file is chosen,
Click lo K" Select Final Report File

Select DMA Report File

Select Input Files : IEN

Select Pedigree File

Select Map File

Console Messages:

| Welcome to SNP Filter... ; :

| : : e 9 =

' Start Loading Input Files e hischinpisies =

| Editing Input files... done. .

E F| | Bs | oo kl n g DK Select Final Report File anderzande /Dropbox/SNP curation sessions/Sweet Cherry 6+9K_FinalReport. txt

i Can now proceeg dto settin g param eters. Select DNA Report File :rl.hderzandeﬁjropbofoNP curation sessions/Sweet Cherry 6+8K_DNAReport.csy ,
Select Pedigree File i.vander:ande!Dropbox!SNP curation sessions/Sweet Cherry 6+9K_Pedigree. tut |

Select Map File {stijn. vanderzande /Dropbox/SNP curation sessions/Sweet Cherry 6-+3K_Map. txt




Running ASSIsT

Console
4. In console section, click on ‘Set’ next to ‘Set A i
Pa ra meters’ Set Parameters Set
Run Analysis Run |:
Export Results Export

5. Set Parameters as follows: _CP (F1) for (large) F1 population

=] ot Parameters N < | -Germplasm in most other cases for us
Population type Fimiias - —=p Proportion of allowed missing data
0.05 -

Allowed missing data {range [0, 1])

How much can an individual’s call rate differ
Call Rate tolerance {range [0,1]) 0.1

e ————— .
p-Value (Chi-sqg) segregation distortion (range [0,1]) E.DDDDDDD‘L | fro m po p u | at lon mean
Lnerpecid enstype treshod e i - How much segregation distortion is allowed?
range [0, :

*lower means more distortion is allowed

Proportion of allowed inconsistencies between

| Frequency rare allele (range [0, 1]) 0.01 Chlld a nd pa re nts per SN P
Parents 4745 45-11 -

Maximum frequency to define an allele as rare

" s E;_;S 5 *Only when Germplasm is chosen
: 5.62
* B2 Parents (CP (F1), BCx) or grandparents (F2) of the
71471 . analyzed experimental population.
Number of chromesomes 10 —
AB sub-dusters & Null alleles off - ’ Chromosome number

*Take “extra” chromosomes into account
| CEK__| Cancel

Check for Null alleles and AB sub-clusters
*Only for CP (F1) and BC



Running ASSIsT

6. Run the analysis ==

Processing progress

[] 1%

Note:

ASSIsT may stop responding when switching to
other programs during the analysis. ASSIsT is
still working and after a few minutes, it will
show the results of the analysis

ASSisT: An automatic SNP Scoring Tool in outcross populations v.1.00 (Not Responding)

Conscole
Select Input Files [ select
Set Parameters i_ Set
Run Analysis —) | Run
Export Results Export

Console Messages:

| Welcome to SMP Filter...

| Start Loading Input Files

| Editing Input files... done.

| Files looking OK.

| Can now proceed to setting parameters.
| Editing Parameters...done.

| Parameters look OK.

{ &ll setto RUN the analysis.

This toal filters SMPs

p—




Results ASSIsT

SNP Graph similar to GenomeStudio
*non-interactive

a ASSisT: An automatic SNP ScoringMool
| File Help
Console SNP \Gfwer Results Summary
Select Input Files Select | Number of SNPs: 13558
Set Parameters set ROSBREED snp sweet 5 04486238 Number of offsprings (Outcross): 383 (0)
. g _!... B .| e AA e e BB « = Not subpop ol =
Run Analysis Run 3.0 I .6 8 NC and 00 Total number of individual in FinalReport: 383
Export Results | .Expor.t K i Number of excluded samples (Poor quality DNA): 0
Console Messages: i : 2 v ] W
Welcome to SNP Filt ' i : i i ; o
elcome to ilter... !
: : i Approved 6159 454
Start Loading Input Files | SR 17 T TS L TSN T [SS| -:I;:)ust 405 ios
Editing Input files... done. : : : HD : t :
Files looking OK. : o om e : - OneHomozygRare_HWE 1677 124
Can now proceed to setting parameters. €15 L TPRPENTEn | RPESTORS . DR T i i - OneHomozygRare_NotHWE 1507 111

- DistortedAndUnexpSegreg 1496 1.0

Discarded 7400 545 \ Summary of the
i 632 47

- Monomaorphic

Editing Parameters...done.
Parameters look OK.

All setto RUN the analysis.
RUNNING...done.

.
.
g
.
i L]
b L]

.
'g'ﬂ- :
o |
: .
]

.
% .
d

RUNNING...done. - Failed 2716 200 r‘esu|ts
RUNNING...done. - ShiftedHomo 4001 295
RUNNING...done. 1 - NullAllele-Failed 51 04
RUNNING...done.
ool I | | | |
‘0.0 02 0.4 0.6 0.8 1.0
Theta
3 ! i g =
SNPID | Fna ‘PE'L\ OO0 + ¢ @ it
Export SNP id Chr Pos Classification Missing Null Hom1 Het1 Het2 Hom2 Chi2 pVal GTPart  *
RosBREED snp_.. 4.41373e+06 Robust

RosBREED snp_... 3 4.71063e+06 Robus Thi tool Filtere SHPs 0
2 saalold S0 IREVE, . —— T 15 2 ic g1

0

Results for each SNP
Ordered by Classification, then by Chromosome and Position



Results ASSIsT

Results Summary
Humber of SHps: 13559 # of excluded samples
Humber of offsprings {Outcross): 383 (0)

Total number of individual in FinalReport 383

Humber of excluded samples (Poor quaiity DNA): 0

SHP Classification (383 individuals);
T
Approved 6150 454
- Robust 1478 1089 .
—U:e:nmmﬂafe__HWE 1677 124 =% SNPs used for further curation

-OneHomozygRare NotHWE 1507 111
- DistortedAndUnaxpSegreg 1406 1.0

Discarded 7400 54586

- Monomorphic 63i2 47 .

- Eailed 2716 200 » Discarded SNPs*
- ShiftedHomeo 4001 295

= Mullallele-Failed 51 04

*Note:

Shifted-Homo SNPs were added
back in but many required
manual adjustment of clustering




b

Export Results

1. Click on “Export” button in console section

2.-Choose the files you want (next slide)

-Choose folder to save files in

-Choose name for files

*Avoid spaces in file names

Date modified

File

Console

Seled Input Files

Set Parameters

Run Analysis

Console Messages:

Walrama tn SNP Fillar

Select
Set
Run AL .
Export
25

~—

n Export Resuits ?
Export Results as
Custom Mendel
Summiary J i et FO_DataPrepper
Custom 5 PLIMK {.ped, .ma
[v] gtype [t [+] (.pe p)
Custom SNP [] sTRUCTURE
information table (] HapMap

Output Folder

A
=
* Output File Prefix

C: /Users fstijn. vanderzande Dropbox /SMP curation sessions | ...

! Sweet Cherry 6+9K]

| [fee

A

[] Mame Type Size
@" Sweet Cherry 6+9K_FO_DataPreppertd  10/2/2018 &:43 FM TXT File 10:322 KB
@ Sweet Cherry 6+9K_gtypes.csv 10/°2/2018 @43 PM Microsoft Bxcel C... TA14 KR
E[’ Sweet Cherry 6+9K_plink_in.map 1022018 543 PM MAP File 227 KB
Sweet Cherry 6+9K_plink_in.ped 1072720018 643 PM PED File 1223 KB
E:j Sweet Cherry 6+9K_snp_info_table.csv 10/2/2018 B:43 PM Microsoft Excel C... 1,274 KB
H Sweet Cherry 6+9K_summarny.td 10/2/2018 643 PM TXT File 2KB




Lpproved 6159 435.

4

Robust 1479 10.9

OneHomozygRare HWE 1677 12.4

x o r e s u s OneHomozygRare NotHWE 1507 . §
DistortedAndUnexpSegreg 1496 11.08

Discarded 7400 54.46

Monomorphic 832 4.7

Darameter Set Failed 2716 20.0

summary Population type: Germplasm ShiftedHomo 4001 29.5
Bllowed missing data: 0.1 NullfAllele-Failed al 0.4

Summarizes Parameter settings and Call Rate tolerance: 0.1
. . p-Value ([Chi-ag) segregation distortion: le-08
Results (as shown on the right in ASSIST) vrexpected genotype threshola: 0.009
Frequency rare allele: 0.01
Nu.mbq:r cg chromosomes: 10
AE sub-clusters & Null alleles: Qff

SNP

A B G D E F G H [ ) K
D t\' ,pe Classificat Missing  Null Hom1l Hetl Het2 Hom2 Chi-Squar#1 118 13 20 5_62 6_240 714
¥] Custom g - 43011 istorteds 25 0 14 265 0 77 o= s AG AG
H 43481 [pneHome 15 0 2 288 0 76 0 AC AC AC
Gives genotype for each e A B e R R
. . . 54446 [bneHome 4 0 358 18 0 1 0 AA AA A
|nd|V|dua| and eaCh al!l!roved 56261 [PneHomc 12 0 1 8 0 360 0 GG GG GG
Q4ARR5 inaHNAmr 1 n a5A 12 n 2? n AL AN LA

SNPs are ordered according to their position | Genotype score and individuals missaligned?!

Custom SNP
information table

[ ' . Genot I
Gives results of analysis for each SNP (as shown on the bottom in ASSIsT enotypes calls

PLINK (.ped, .map)
Two files (.ped and .map) needed to run PLINK and identify unknown duplicates (see
further)

FQ_DataPrepper

Helps create FlexQTL files needed for further data curation (see next sessions)
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Known duplicates

Anaiysts |FREEON 0w IS 1. Create Reproducibility and Heritability report

4 . .
Exclude Samples By Best Run in GenomeStudio
Je% Cluster All SMP=

E Update SNP Statistics..,

Edit Replicates
Edit Parental Relaticnships
Update Heritability/Reproducibility Errors..,

|—::f Reports : H?'-f Create Reproducibility and Heritability Report.  * | 4 without Calculating Errors
A View Controls Dashboard 4 Compute CN Metrics.., ' with Calculating Errars
B4 Paired Sample Editor... ] Report Wizard..

Calculate Paired Sample LOH/CN...

Import Allele Calls..,
Export Allele Calls...
Rermove Imported Allele Calls

it PhigiA Colias.. 2. Choose name and save file
CNY Analysis..
Show CNV Region Display b Sweet Cherry 6+9K Reproducibility and Heritability Report.csv

| G5V Files (".csv)



Known duplicates

1. Open Reproducibility and Heritability report
Duplicate comparison found under ‘Duplicate Reproducibility’

Repl DMA_ Mame Rep2 DNA_MName Errors | Total Repro_Freqg
Bing Bing_rep0l 64 9476] 0.965258
Bing_rep0l Bing o4 9476 0.965258

11141) 0.99991
111413 0.99991
11150 1

144CHA

FRO70T105 FRO70T105_rep0l
FRO70T105 rep0l FRO70T105
FRO72TO74 FRO72TO74_rep0l

Name Individual

Number consistent

genotype calls Proportion inconsistent

Name Duplicate genotype calls
Number inconsistent

genotype calls




Finding unknown
duplicates

1. Copy .ped and .map file into PLINK folder R e . -

cuments » Software » PLINK 1.90 Wl

ASSIsT output [ Sweet Cherry 6+9K_plink_in.map 10/2/20186:43PM  MAP File
Sweet Cherry 6+%K_plink_in.ped 107272018 5:43 P PED File

2. Hold ‘shift” and right click in the PLINK folder to get
a. the “Open command window here” option
b. the “Open PowerShell window here” option

3 View ¥ b View >
Sort by k Sort by >
Group by k Group by >
Refresh Refresh
Customize this folder... Customize this folder...
Paste Paste
Paste shortcut Paste shortcut
Undo Copy Ctrl+Z Undo Copy Ctrl+Z

_—
l Open command window here I I Open PowerShell window here I
22 Moveto Dropbox %2 Move to Dropbox

Share with 3 Give access to
Mew 3 Mew
Properties Properties

3. (left) click on “Open command window here”/”Open PowerShell window here” to open
the respective window



Using Plink - a. command window

4. Start with “plink.exe” then add additional commands with space between each. Press

enter when all commands are given
*change “filename” to name of .ped and .map file

:sUserssstijn.-vanderzandesDocumentssSof twares~PLINK 1 .98>plink.exe —file Sueet
herry_6+7K —mnisszing—genotype — ——genome full

‘\ AQEESS;Eaigiﬁia—lggg{’urce11, Christopher Chang GHU General Public License vl Expects Same name for‘ .ped and .map file

Options in effect:
—file Sweet Cherry 6+2K

~—genome full *e.g. Sweet_Cherry_6+9K.ped and

——missing—genotype —

12248 MB RAM detected; reserving 6124 MB for r:r’lain workspace . Sweet_Cherry_6+9K.map

.ped scan complete {(for hinary autoconversionl.
Ferforming single—pass .bed write (6159 wariants. 383 peoplel. *
—file: plink-temporary.bed + plink-temporary.bhim + plink-temporary.fam H

it NO blank spaces in name
6159 variants loaded from .bim file.

383 people (B males, B femalesz, 383 ambiguous> loaded from .fam.
Ambiguous sex IDs written to plink.nosex .

sing up to 8 threads {change this with —threads>.

Before main variant filtewrz. 383 founders and B nonfounders present.
alculating allele frequencies... done

otal genotyping rate is B.768226.

6159 variants and 383 people pass filters and QC. |nput flle Characterlzatlon

ote: Mo phenotypes preszent.

Pinished writing plink genone - --file filename Define files, change filename to name of ped and map file
--no-fid when FID column is missing
--no-sex when sex column is missing
--allow-no-sex when sex column is missing, needed for some analyses
--no-pheno when phenotype column is missing
5 --missing-genotype N Define missing genotype (N) when different from 0
|Analysis

--genome full calculate IBD (IBS) for all individuals




Using Plink - b. PowerShell window

4. Start with “\plink.exe” then add additional commands with space between each. Press

enter when all commands are given
*change “filename” to name of .ped and .map file

EN Windows PowerShell
PS C:“\Users\5tijn\Desktop\SNP curation Sessions\Software\PLINK 1.90>

Aplink.exe ——file filename &

--missing-genotype -—genome fullg

EX Windows PowerShell
PS C:\Users\Stijn\Desktop\SNP curation Sessions\Software\PLINK 1.90> .\plink.exe

Expects same name for .ped and .map file
PLINK v1.90b3.42 64-bit (20 sep 2016) httpsL‘;r;:_\{“geﬁg?gﬁe;ﬁgﬁiE:géﬁ;;”!ﬁ% *e.g. Sweet_Cherry_6+9K.ped and

(C) 2005-2016 shaun Purcell, Christopher Chang
Logging to plink.log.

Options in effect: Sweet_Cherry_6+9K.map

——file 6+49%v2_plink_in
--genome full

s *NO blank spaces in name

16225 MB RAM detected; reserving 8112 MB for main workspace.

.ped scan complete (for binary autoconversion).

Performing single-pass .bed write (2849 variants,

—file: plink-temporary.bed + plink-temporary.bim - . .

written. Input file characterization
variants loaded from .bim file.

342 nannlad

name of ped and map file

348 people (0 males, 0 females, 348 ambiguous) __flle fl/ename Deflne flles, Chang Ilename i'e
Before main variant filters, 348 founders and 0 nor
Calculating allele frequencies... done.
te: 5 ytyp i .
oD calculations conplete. --allow-no-sex when sex column is missing, needed for some analyses
Finished writing plink.genome . ’

Ambiguous sex IDs written to plink.nosex .

Using up to 8 threads (change this with --threads) . . . . .
--no-fid when FID column is missing

5848 VoeTomyP N0 "348 meonic nase Filters and oc. EATOEINY when sex column is missing

PS C:\Users\Stijn\Desktop\SNP curation Sessions\So . . .
--no-pheno when phenotype column is missing
--missing-genotype N Define missing genotype (N) when different from 0

| "';Analysis

--genome full calculate IBD (IBS) for all individuals




Using Plink

. . (VI plink genome 10/3/2078 10:07 AM  GENOME File 12,151 k8|
5' Open pllnkgenome Wlth Excel B ik b NI TNT ARA  F S il 7 ¥R

6. Select first column, use “Text to Columns” to create separate columns

DATA REVIEW VIEW IMP

ections 51 Y T Clear E|

A riies T Reapply

- 'Zﬁ'l Sort Filter ‘ Text to :
FID1 ks b Advanced | columns This screen lets you set tl
1 PCRO12-1 1 in the preview below,
. PC8012-1 1 Delimiters
L FESLES 2 Original data type Tab
1 PCB8012-1 1 .
1 PC8012-1 1 Chm:usEj:"r]Efil ______ ) pe that best describes your data: |:| Semicolon E
1 PCBO12-1 1 lf. Delinfited: - Characters such as commas or tabs separate each field. \ |:| Comma .
1 PCe012-1 1 | J) Fixed width - Fields are aligned in columns with spaces between each field. Space
1 PCB8012-1 1 Dgther‘.
1 PCB8012-1 1
1 PC8012-1 1
1 DRt 2-1 1

”

7. Sort according to the “Pl_HAT” column, “Largest to Smallest

S5ort On

REVIEW Column

i |

ZAl Sort

|w || |WValues [ ||

ASE RESISTANCE > HORTICULTURAL QUALITY




Plink Results

Individual 1 Individual 2 IBS
a | b | = | L E | F | € | H | I | bl | K| E | ™M ™

FID1 D1 [~|fip2  [{lnp2 HPi Hat~|fHe [~]psT [~lppc [-|RaTiO[~]iBSO [+]iBS1 [+|iBS2 [+|HOMH(~|HETHET~
| MBigarreau_dup02 MBigarreau_dup0l 1 -1 aj 1 NA 1] 0 2805 1] 232
| Lambert Kootenaylambert 1 -1 1 1 NA 0 0 2849 0 218
| 99F/132R4 99FI131_RI 1 -1 1 1 MNA o 0 2849 o 260
N MertonBigarreau MBigarreau_dup0?2 0.9995 -1 0.999824 1 MNA 1] 1 2842 1] 234
) MertonBigarreau MBigarreau_dup0l 0.9995 -1 0.999822 1 MNA o 1 2806 o 232
L Skeena Santina_dup01 0.9985 -1 0.999473 1 MNA o 3 2842 o 197
& Santina_dup0l Santina 0.9985 -1 0.999473 1 MNA o 3 2842 o 197
5 MertonHeart MertonHeart_dup0l 0.99:4 -1 0.999422 1 MNA 1] 3 2550 1] 249
3 Hedelfingen Hedelfingendup0l 0.998 -1 0.999295 1 NA ] 4 2833 ] 261
3 StarBlush StarBlush_dup01 0.997 -1 0.99854 1 MNA 1] 5] 2824 1] 231
j | SandraRose_dup0l1 SandraRose 0.9892 -1 0.99518 1 NA ] 21 2728 ] 222
5 Vega Cvl 0.976 -1 0.991929 1 MNA 1 40 2561 1] 213
1_| FRO63T023 ] FROS5TOG4 0.8279 -1 0.939643 1 97 1 300 2201 1 97

0.97 as cutoff for duplicates I

¥
RIS,




Duplicate triploids

e Calls should be the same between

duplicates
* Are AB calls identical?
 Could be AAB or ABB . meHem-'u T”;z ; Alke:” "PIJATl'f
B allele frequency L Pl  "etedetumes l

« Should both be 0.33 or 0.66
« Correlation between identically called

|nd |V|dua|S “Zoete Aagt” vs. “BelledeFumes”
"Zoete Aagt" 1.2

g mme s poeog@eEessnes g
30: ’ R . 0.8 &
%osﬂ%é&éﬁﬁgiéﬂ?gﬁﬁﬁgﬁ 0.6 ',
Dlprespeiiendahingy o

- - 0.2

1a ? . = - 7 o ' - . . - .

nﬂn-nnhnnﬂnnmddn&in . O'

- rroseriesic DISEASE RESISTANCE < HORTICULTURAL QUALITY 5 s os o os ) L I
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Checking parent-child
relationships

1. Open ‘Reproducibility and Heritability’ report created earlier for known duplicates

A. Parent-child errors found under ‘P-C Heritability’
Only when parent in

datasey

|P-C Heritability /

Child_DNA_Name || Parent_DNA_Name # Correct | # Errors [Total IP-C Heritability Freg
Abundance Napoleon 0 0 aIN/A
: Burbank EarlyPGuigne 0 0 adiN/A
|Coe OxHeart 0 0 aAIN/A
Summit an 0 0 adIN/A

kordia Schneiders 11593 2| 11595 0.99898/7/5

: Sunburst Summit 11601 8 11608 0.9993109
Name child / / Numbgr genotype
Name Parent calls with PC error

Number genotype

caIIs W|thout PC error
B | 4

Proportion genotype




Checking parent-parent-
child relationships

1. Open ‘Reproducibility and Heritability’ report created earlier for known duplicates
B. Parent-child errors found under ‘P-P-C Heritability’

\

Name child

/

Name Parent 1

Name Parent 2

5

Number genotype

calls without PC error

0 /-;"3 DISEASE RESISTANCE  HORTICULTURAL QUALITY
J

P-P-C Heritability

Child_DNA_Name [} Parentl_DNA_Name [4 Parent2_DNA_Name |- | # Correct 'I b Errors |- [Total - |P-P-C Heritability Freq |-
| Chelan Stella Moreau 1155 12 | 11566 0.999
| Index Stella Bing 1155 12§ 11563 0.999
| Benton Stella Moreau 1154 15§ 11556 0.9987

Vic Bing Schmidt 1154 20 11562 0.9983
| Venus Hedelfingen Windsor 1147 31 11506 0.9973
| Santina Stella Summit 1120 339 11544 0.9706
|| Santina_dup01 Stella Summit 1110 350 11452 0.9694

Proportion genotype
calls with PPC error

Number genotype




Finding new P(P)C
relationships

1. Open ASSIsT’s “.gtypes” output in Excel 2. Ensure genotypic data aligns with
s ,

ndividuals’ 1D
|a;111j11g 113/20 | mawved? £/2an i P Lol £
0 d\':; Cut i
46 ES Copy f
01 'Q'E Paste Options: f
48 o {
0 [
=a Paste Special... f

ﬁ\ﬁ Smart Lookup
3. Copy and transpose data so that individuals Translate ]
are in rows and markers in columns e :
Insert ? >

& Cut '
H Copy Insert

EE Copy _ B 1 c | D E F _ = [
) . ! 1 @ Shift cells rlght

B fEsE Optioes RosBREED scaffold_1scaffold_1scaffold_1scaffold_1scaffo S fo—e
= = = = () Shift cells down

E| []Q;] [ﬂ;'f ﬁ;’ @ Ej_a i A A AA AA = et () Entire row
|13/20 Ab Ab Ab Ab GG Ab B o
| May-62 AA AR AR AR GG AR
| &6/240 AG BB BB BB GG BB

AG
AG

AG
AG

AG
AG

AG
AG

AC
Ak

= | 7146-16 AL
7147-1 GG




Finding new P(P)C
relationships

4. Bring in pedigree information for all individuals
(parents do not have to be included in data set)

o n

5. Set missing parents to

6. Use “Ind”, “Parentl” and “Parent2” as column headers

Ind | Parentl Parent2 _|R05E
|11/118 AA
13/20 AL

7. Save file as “.csv” in same folder as “Parent Check” R script (Suppl.
Document 2)




Finding new P(P)C
relationships

8. Load libraries in R

library(stringr)
lTibrary(swMmisc)

9. Define functions in R by running them

#HFuUnctions - F'!.Llrl
AdjustMv =- function(cTData) {&=3}

CheckParerr <- function(GenotypeIndPar) {=3"
CheckParParerr =- function(GenotypeIndParPar){Z=3
CheckPar =- function(GenotypesIndParPar) =

FindrParcT =- function(Indwame, Genotypes) '
CheckpParall <- function(IndToCheck, chrReport=NULL)}{Ea}
FindrPosPar =- function({IndName, GTData, treshold){Eg}

FindPosParcomb =- function(GTData, tresholdrPE=0, tresholdPPE=0) =3’
1

10. Set working directory to source file location

Session  Build Debug Profile  Tools  Help

Mew Session -

[nterrupt R

Terminate R...

Restart R Chrl+Shift+F10 [}
| ALITY

Set Working Directory E To Source File Location ‘




Finding new P(P)C
relationships

11. Define: AlleleList =- c{“A“,“E“,“{”}ﬁnu11“, T L

M-iSSGT = c:::IINcII’IIUCIII’ II__II.I

= Possible Alleles under AlleleList ——" mizsallele <-cff'n. e, "~
= S orSS does not work for null alleles

= Characters used for missing genotypes under “MissGT”

= Characters used for missing alleleles under “MissAllele”

12. Provide filename and load into R

## Load data files

GenotypeData <- as.data.frame(read.csv(fyle="Sweet_cCherry_6+9K.csv", head=T, sep=",", stringsAsFactors=F).

13. Run “FindPosParComb”
Threshold to accept PC relationship

Loaded da‘t<ile / Threshold to accept PPC relationship

> FindPosParComb(GenotypeData, tresholdPE = 70, tresholdPPE = 100)
[1] "starting step 1 of 3"
[1] "starting step 2 of 3"
o Frogress: 1 on 40

3 steps:

-Identify possible mothers for ind. with missing mothers
-Identify possible fathers for ind. with missing fathers

- -ldentify parents for ind. with both parents missing




Checking and finding grandparent-
grandchild relationships

» Excel - Suppl file 1 from van de Weg et al. (2018)
* |f offspring is ‘AB’ and
* 1 known parentis ‘AA' OR
« Two known grandparents through single parent are both ‘AA

* Then: one unknown grandparent cannot be ‘AA
« Minimize ‘AA’ calls gives indication of possible grandparent

« For any ‘AA’ in putative grandparent, second unknown
grandparent cannot be ‘AA

 Also true for ‘AB’ in individual and ‘BB’ in known
‘ parents/grandparents

van de Weg E, Di Guardo M, Jansch M, Socquet-Juglard D, Costa F, Baumgartner |, Broggini GAL, Kellerhals M, Troggio M, Laurems F, Durel CE,
Pattochi A. (2012) Epistatic fire blight resistance QTL alleles in the apple ‘Enterprise’ and selection X-6398 discovered and characterized through
pedigree-informed analysis. Molecular Breeding 38:5



van de Weg et al. (2018)
method

1. Filter individual for AB 2. Filter parent 1 for AA 3. Parent 2 should have 0 AA

[ \

v = o Individual Enterprisql PRI1661-2
iridual Enterprise
1e61-2 Mcintosh
her 1661-2
Coop-7 PRI&12-1 4
ather Coop-7
s - AB+BB 481
| HB-this_m = | - | SNPJ20Karray |~ | [=]
2] SortAtoZz
[
| Zl sortZtoA
i Sort by Color b
N2 Individua
Mother PRI101B-9
Text Filters L —
. Jo Father PRI1036
i |Search ,D: | i
- G ) -|SNP_20Karray |~ v
( ..... SNP FR n197414 RA
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FlexQTL Data Prepper

* FlexQTL Data Prepper

* Requires 3 input files
* Marker file
« Adjusted ASSIsT output file
* Pedigree file
* Adjusted ASSISsT input file
 Data file
* Generated by ASSIsT

DS B) ¥

Al /'!‘ "‘."Vlt * o 4 .
| ; / y  DISEASE RESISTANCE > HORTICULTURAL QUALITY



FlexQTL Data Prepper

Creating 1st input file (Marker file)

1. Create a three-column file:
-1st column has the SNP’s name/SNP’s ID
-2"d column has the chromosome (numerical)
-3rd column has the genetic position (cM))
-Header row should be “Markerld”, “Group”, “Position”
-Save as “.csv” file

*Start from “..._plink_in.map” ASSIsT output file
*Change header row
*Change physical position to genetic position if needed

—_ I | |Markerld Group Position
:] J 6+9Kv2_plink_in.map ! |ROSBREED_snp_tart_1_0021 1 0
) |scaffold_1:425480 1 3.62
| scaffold_1:427005 1 3.64
|scaffold_1:427260 1 3.65
' @& . . 5 |scaffold_1:429080 1 3.68
(18] 6+9Kv5_map.csv |scaffold 1:433354 1 375
L AE o - «+ |R0sCOS1201-071_snp_swee 1 4.04
: / TN | scaffold_1:459954 1 4.2



FlexQTL Data Prepper

Creating 2nd input file (Pedigree file)

2. Create a three-column file:
-1st column has the individual’s name
-2 column has the female parent
-3 column has the male parent
-Header row should be “Name”, “Parentl1”, “Parent2”
-Save as “.csv” file

*Start from ASSIsT pedigree input file
*Change header row

A B ; L
Name lParentl Parent2

! |Abundance MNapoleon

+ |BlackRepublican MNapoleon BlackTartarian

+ |EmperorFrancis

+ | Gil-Peck Napoleon Giant

» |Hedelfingen

" |Kordia Schneiders

|Lambert Napoleon Blackheart

Summit Van

Sunburst Summit
|Van EmpressEugenie BlackRepublican



FlexQTL Data Prepper

Creating 3rd input file (Data file)

3. Adjust “..._FQ_DataPrepper.txt” file format from “txt” to “.csv”

...'b ..'b —
A\ Cherry6+9Kv5_FQ_DataPrepper.tit ———— 7] Cherry6+9Kv5_FQ_DataPrepper /2
Note:
If file format extension is not visible, enable it under the “View Tab” in the file’s folder
View
&= Extra large icons & Large icons & Medium icons : l [l Group by ~ v Item check boxes
E“:’ Small icons FEE List == Details o D]']Add columns - I File name extensions
P El= o Sort
iej= Tiles = Content T by - %Size all columns to fit [ | Hidden items

4. Open “..._FQ_DataPrepper.txt” file in Excel




FlexQTL Data Prepper

5. Adjust header row so it matches genotypic data

| —r - - - -

i , = | = I I
_|SNPid _‘ Ambrune:Benton  Bing Walpurgis WhiteGoli Wind YelGlass
__'-'.caf'fnld ' oA iy AL AA AA AA I’
_RDSBREEDAA AR AR AR A A AR AA AA
_51_54448 AA AA Al AL AA AA AA AA
|s7_888812G G GG = - IAb “‘d IA b“ - : = S, GG
caffold 1G G GG 1 undanc Ambrune: Benton ing GG
TR AT A |scaffold_1AA AR AR AR i
_RDSBREEDA;& AR AR AR
_51_54448 Al Al Al Al e ? %
| s7_838812G G GG GG GG T
|scaffold_1GG GG GG GG
=l OSH up
ES gg Paste Special... ﬁ () Entire row
AA AA SO Smart Lookup () Entire column
GG GG Translate
AA AA Insert... L SEE
s an [ ]
6. Change cell Al to “ID”
s | D | b [
1D Abundanc Ambrune: Benton
ffold 1A A AR AR .
. 7. Save file
RosBREED A A AA AA

51 54448 AA AA AA
57 BBEE12G G GG GG

scaffold_1G G GG GG X HORTICULTURAL QUALITY




FlexQTL Data Prepper

8. Open FlexQTLDataPrepper.exe

H FlexOTLDataPrepper.exe

B FlexQTLDataPrepper == >
|C:\Users\Stijn\Desktop'\SNP curation Sessions'6+3Kv5_map.cav | Select marker file —b 9 . Loa d m a rke r fi Ie
|C:\Users\5tijn\Desktop'\SNP curation Sessions'\6+3Kv5_ped.csy | Select pedigres file _’ 1 0 . Loa d p e d ig re e fi I e

C:Alsers'\Sfijn'\Desktop \SNP curation Sessions\Chemyb+9Kv5 FO DataPrepper cay Mddatafie  m——p 1 1 Load d ata fi I e

Remave selected

12. Choose output

|C:\Users\Stijn\Desktnp\SNP curation Sessions | | Select output diredo_

[+ Add individuals that are not found in the pedigree file d I re CtO I"y

13. Select this option

o = 14. Press ‘Go’
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FlexQTL™ jnput files

* Three files
 Data file (.dat)
* Map file (.map)
» Parameter file (.par)
* Text-based files

“.n

» Everything after “;” will be ignored
» Easy excluding of rows in file

d o | - |

ASE RESISTANCE > HORTICULTURAL QUALITY



FlexQTL™ jnput files

 Data file (.dat file)
* No header needed (if added, start with ;")

Column 1: Population
Column 2: Individual
Column 3: Parent 1

Column 4: Parent 2
» Both parents needed (or none)
* Use dummy individuals when only one parent is available

Column 5 — X: nuisance variables
Columns X+1 —Y: Phenotypic variables

Columns Y+1 — End: Genotypic data
« Two columns per marker

@ - .y

SEASE RESISTANCE < HORTICULTURAL QUALITY



FlexQTL™ jnput files

* Map file (.map)
 Column 1: marker name
» Column 2: genetic position within LG

» Each LG starts with “group X"
« Xis LG number

* |dentical number of markers needed as in
data file

-

P /2 DISEASE RESISTANCE  HORTICULTURAL QUALTY
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FlexQTL™ jnput files

« Parameter file (.par)
* Always called “flexqgtl.par”

» Defines parameters for FlexQTL

« Some are adjusted automatically through Visual
FlexQTL (see further)

« Some can be adjusted within FlexQTL

* Need to be “correct” when running FlexQTL
independently from Visual FlexQTL

* E.g. on Linux

& 7 )/'5 DISEASE RESISTANCE  HORTICULTURAL QUALITY



FlexQTL™ jnput files

* FlexQTL Data Prepper output needs
additional adjustments
» Parents without genotype data need to be
added

» Every individual in pedigree needs a data row
for FlexQTL

* Individuals with only one known parent need
a second dummy parent

* FlexQTL only accepts no or 2 parents known

SE RESISTANCE < HORTICULTURAL QUALITY



FlexQTL™ jnput files

Adjusting FlexQTLDataPrepper file to create 1st FlexQTL input file
(data file)

1. Open “.csv” file generated by FlexQTLDataprepper
18- flexQTL.csv

2. Find individuals with only one parent known/given and add a second ‘dummy’ parent
-Use “M_[Individual’s name]” for unknown mother
-Use “F_[Individual’s name]” for unknown father
-Use “UP_[Individual’s name]” if unclear whether known parent is mother or father

| B C | D |

ohe Individual Parentl Parent2 Ro
1 Abundance Mapoleon F_Abundance A C
1 Summit Van F_Summit AL
1 Sunburst Summit F Sunburst A L

-
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FlexQTL™ jnput files

3. Open “.csv” file generated by FlexQTLDataprepper
o ﬂ_'l] flexCiTL.csv

4. Copy both parental columns (columns C and D) to a new sheet

e B C D
I | :BaseCoht Individual IParentl ?Pa.[a_a-ﬂi_:g ﬁ
2 1 Abundance :Epoleon F_Abundance A
i 1 Ambrunes ! 0 01G
f 1 BlackRepublican 'Epoleon BlackTartarian 1A
f 1 EmperorFrancis : 0 GIA
: 1 Gil-Peck INapoleon Giant 1A
5. Copy “Parent 2” column below “Parent 1” column
A

45|EE

46| Rainier

47|Rainier

48|F_Abundance

49 0

50|BlackTartarian

E'.: Remowve Duplicates

6. Remove duplicates* from combined column
*found under “data” tab in Excel

’ /f y  DISEASE RESISTANCE > HORTICULTURAL QUALITY




FlexQTL™ jnput files

7. Count how often each parent is in datafile:
use “COUNTIF” function
Range is “Individual” column (column B) of original sheet
Criteria is parent to be checked (from created column in new sheet)

L5 p—— h ; by
Ambrunes l:CI:]LINTIF{flexﬂTL!B:E,Sheetll.ﬁ.l}
BB \CE]‘LIMTIF(ranger criteria)

|BedfordProl 0
_|Benton 1
|Bertiolle 1]
|Bing 1

8. Filter for individuals not in the data file (count = 0)

L)

Ambrunes
BedfordProl
Bertiolle
Cristobalina

o o o olH]

|EmpressEugenie



FlexQTL™ jnput files

. . . Ambrunes -T|
9. Copy parents not in data file at the bottom of the data file e :
|Bertiolle : 0
A | B . C D E | | [Cristobalina I 0
)0, 1 Ulster Mapoleon Gil-Peck A A AG ! [EmpressEugenie | o
n BedfordProl B )
2] Bertiolle
3 Cristobalina
M EmpressEugenie

10. Fill in “Population” column (Column A), “Pedigree info” (Column C and D), and
Genotypic data columns (Column E onwards) of added parents

-”0” for unknown pedigree

-Make sure newly-added pedigree info is also in data set

-“- - for genotypic data

A : E . C D . E . F . G . H . [
1 Ulster MNapoleon Gil-Peck AA AG AG AG AG
1 BedfordProl
1 Bertiolle

1 gristobalina
1 gmpressEugenie

T e ;r :
’ £y DISEASE RESISTANCE > HORTICULTURAL QUALITY



FlexQTL™ jnput files

11. Add 2 columns between parentage information (Column C+D) and genotypic data
(Column E)

12. Fill 15t new column (Column E) with “1”s
*Used as dummy nuisance column

13. Fill 2" nhew column (Column F) with random numeric values
*Used as dummy phenotype column

D . E F € .
rent2 DummyMNuis DummyPheno  RosBREED sc
Abundance 1|=RANDBETWEEN(0,100) G

0 1 | RANDBETWEEN(bottom, top) ;
ickTartarian 1 BTAG G

14. Copy full data sheet into text editor (e.g. Notepad++)

15. Save file in text format

16. Change new file’s format extension from “.txt” to “.dat”

R

NN




FlexQTL™ jnput files

2nd FlexQTL input file (map file)
17. Use flexQTL.map file generated by FlexQTL Data Prepper

3rd FlexQTL input file (parameter file)

18. Save Suppl. Table 4c as text file
* “datafile”, “mapfile”, “indiC” and “nmrkrC” parameter settings will be updated
automatically when loading files into Visual FlexQTL

19. Change file extension from “.txt” to “.par”

20. Change file name to “flexqtl”
FlexQTL does not accept any other name!

-
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Installation

* Install Visual FlexQTL
* Will also install FlexQTL

* Install following packages in R
 Data.tables
* Plyr
* Lattice

0 ' 1»
§ , /ﬂ) DISEASE RESISTANCE > HORTICULTURAL QUALITY




Installation

* Tools > Settings

* General Tab
* Where is Rscript.exe on pc
* Where is flexqtl _console.exe on pc
* Where is postgtl console.exe on pc
* Where can license be founds
* Needs updating every year

Visual FlexQTL

B visual FlexQTL settings bt
B visual FlexaTL Genersl  Output
File = Tools Hel p RScript: C:/Program Files/R/R-3.4. 3/bin/Rscript.exe
Set!ings FlexQTL: aa) VisualFlexQTL fx64flexgt_console. exe
, PostQTL: 36) VisualFlexdTL fu64/postgtl_console.exe
Re-run FlexQTL FlexQTL license file: 3SMP curation Sessions/Software flexgtl.ic




Installation —- Win8 or later

 Install Visual C++ Redistributable for
Visual Studio 2012

* https://www.microsoft.com/en-
us/download/details.aspx?id=30679

Visual C++ Redistributable for Visual Studio 2012 Update 4

Daeioad Choose the download you want

File Mame

Most new pc

. e EE——— VSU wveredist x64.exe
need this one

VSL Aweredist xB6.exe

VsUd\vveredist arm.exe
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Creating project in
Visual FlexQTL™

1. Open Visual FlexQTL™ B visur Floct

2. Under “File”, choose “New Project”

- Create new project

Create new project

To create a project, select a project
name and specify the location of the
project in your file system. If you
want to create a project for an
existing map and/or data file, then
you can set these files to be
imported into your project,

File | Tools Help
Mew project...

Close project
j Exit

Open project...

Ctri+M
Ctri+0

Ctrl+0

Project name and location

>
3. Choose name for project

Project name: a4+9K

4.

Choose project directory

Project location:  C:fUsers/Stijn/Desktop/SMP curation SessionsFlexQTL

Browse..,

’/V

Project folder:  § sers/Stijn/Desktop/SMP curation Sessions/FlexQTLYg +3K

= Filled in automatically

Import data files
Farameter file:  =sktop/SHP curation SessionsFlexQTL fa+5ky 5/flexgtl.par
Map file: topfSMP curation Sessions,FlexQTL /& +3kv 5/6+9Kv 5. map

Data file: ktop/SMP curation Sessions,FlexQTL6+3kv 56 +9Ky 5.dat

sronse... == 4. Load parameter file

» 5. Load map file
6. Load data file




Creating project in
Visual FlexQTL™

1. Open Visual FlexQTL™ B visur Floct

2. Under “File”, choose “New Project”

- Create new project

Create new project

To create a project, select a project
name and specify the location of the
project in your file system. If you
want to create a project for an
existing map and/or data file, then
you can set these files to be
imported into your project,

File | Tools Help
Mew project...

Close project
j Exit

Open project...

Ctri+M
Ctri+0

Ctrl+0

Project name and location

>
3. Choose name for project

Project name: a4+9K

4.

Choose project directory

Project location:  C:fUsers/Stijn/Desktop/SMP curation SessionsFlexQTL

Browse..,

’/V

Project folder:  § sers/Stijn/Desktop/SMP curation Sessions/FlexQTLYg +3K

= Filled in automatically

Import data files
Farameter file:  =sktop/SHP curation SessionsFlexQTL fa+5ky 5/flexgtl.par
Map file: topfSMP curation Sessions,FlexQTL /& +3kv 5/6+9Kv 5. map

Data file: ktop/SMP curation Sessions,FlexQTL6+3kv 56 +9Ky 5.dat

sronse... == 4. Load parameter file

» 5. Load map file
6. Load data file




Checking parameter
settings

7. Check parameter settings under the ‘Settings’ tab

B visual FlexaTL

8. Press “Save” if any values were changed

File Tools  Heln
Cutput Settings Markers Population Segregation Indicator Pattern
F‘.E'u&rtdmng&&
Allow marker lod segregation distortion: —> Checked to allow for segregation distortion
Delete double recombinants: [] p=——=> Unchecked to keep genotypic data for

single marker double recombinations

|Create pedimap visualisation files: 2 —> “2” for an early stop; generates files for

error checking but does not do full
FlexQTL™ analysis (can take days)

.;\“

eei /r y  DISEASE RESISTANCE > HORTICULTURAL QUALITY




Running FlexQTL™

8. Run FlexQTL (Tools>Re-run FlexQTL)

B visual FlexaTL
File
Outr

Tools  Help
Settings

Re-run PostQTL

L] W

Da’

Pt S

El Running... x

Running FlexQTL. ..

MARKER SEGREGATIOMN CHECK
{0} no medifications, except Confirmed null-alleles
1 putative segregation errors for marker 226
1 putative segregation errors for marker 227
1 putative segregation errors for marker 9025
5 putative segregation errors for marker 2093

1 putative segregation errors for marker 5311
1 putative segregation errors for marker 8113
& putative segregation errors for marker 8202
3 putative segregation errors for marker 8367
WARNING: no alleles for marker 5695 W

< >

9. Once run, go to project directory and open “mconsistency.csv”

Bl Finished b4
TS SR = B
13351 117 132 2 82 57 308 9

124 134 10 75 55300 89

-

mconsistency.csv

10. Save file in “.xlIs(x)” format




Mconsistency.csv

Information found in mconsistency file (1)

CDdE_PECS‘y’mel ShortNam Description Consistensies and errors

0|. oc observed & consistent .
1l& PP [ pn——— reported by the mconsistency
2} OEA observed & deleted error & augmented | fj|e
3] priud putative null-allele & augmented
4~ prul putative ‘mll—allele_h( missing
5 - InA incomplete & missing
6/ OpE observed & putative error
7{ OE observed & deleted error
8 pnuk putative null-allele & error
9 # ME missing & error

| marker Summary of errors found in

| jpostion data set

i SUM({[#) { [ # } / sum(}/) ~

 [SuM{{[#) 1180

{ 351
[ o

|# 829

3l 484

it 15

_SUM{};’} 499




Mconsistencv.csv

Information found in mconsistency file (2)

<F}‘J:Ill\.ﬂl
sum({[#) { [ E } / SUM(Y/) ~ Summary of errors
[Hapolecn 0 o - D ° 9 0 %1 found for each individual
lF_Abunda 0 0 0 0 0 0 0 0 -

'Abundanc 0 0 0 0 0 0 0 0.

{Ambrunes 2 2 0 0 6 0 6 0|.

Observation (consistent genotype or

Summary of errors found erroneous genotype) for each individual
for each marker and marker combination

. F

ke et 5 | marker 4071 8853 8854 8855

position 100 100.0362 100.0364 .

i 5 | position 100 100.0362 100.0364 100.0365

3 | SUM({[#) i 1 0 b (Napoleon - & & & q
| 0 0 i F F_Abunda- - 7 7 5

[ 0 0 0 -

: 5 5 B 3 |Abundanc. ! - - -
} 0 0 0 P |Ambrunes. s s -

|/ 0 0 0 ) |Angela

SUM(}/) . . il Blackhear - - - - -

) ) DI: |Lambert
Lt ® . < ( , ' DB 112420
s | Stella
)9 B




Mconsistency.csv

11. Copy data from row 15 onward and all columns

13:; 9 ME missing & error
14
15 fmarker 4071 8853
16 fposition 100 100.0362
17 Sum({l#) { # / suM(y) -
15 jSuUM{{[#) 1180 1 1
19§ 351 0 0
201 0 0 0
218 829 1 1
22 1 434 ] 1]
23}/ 15 0 0
24 IsuM(}/) 499 0 0
25 15 i) 1] 1]
26 11 118 i) 1] 1] i) 1] 1] (1] ).
27§13_20 1] 0 (1] 1] 0 (1] 0 al.
28 15 62 1] 0 (1] 0 0 (1] 0 ).
2516 240 1] ] 1] i) ] 1] 1) 0.
30 [99F_131RI ] 1] 1] ] 1] 1] (1] 0|.
12. Transpose copied data in new sheet %
(@ Copy
rl2|'§| Paste Options:

[ E

Paste Special... .
Transpose (T)




Mconsistency.csv

13. Sum all errors for each marker in column C

i A i - B ; D .= E - | F i G 4 K H 4 b L J 4 B K 4 L -
arker  position suM({[#) { [ # } / sum(}/) ~ 11
;I -! NHE == - . 0
4071 100{=D10+/104K10 0 0 1 0 0 ol ol.
8853 100.0362 1 i § 0 0 ) | 0 0 0 0.
14. Add filter and filter for markers with at least 1 error | 9 | =] =~ [5]

*optional: sort full data according to number of
errors from high to low

15. Copy all data and transpose into new sheet
*original mconsistency format but only markers with
errors are kept

%l Sort Smallest to Largest
il Sort Largest to Smallest

Sort by Color

L

Mumber Filters

|Search

o] (Selffct All)
.o
Bk
_#2
¥3
@4
¥s
&6
H7

>



Mconsistency.csv

16. Freeze panes so that summary for each marker and individual is locked

17. Add filter to last summary row

Locked by o__ ]

freezing panes —

A B | CDE G H | l S —
Amarker 4071 8853
. |position 100 100.0362 1
i suM({l#) { [ # } / suMm(}/) ] 1 1
SUM({[#) 1180 1 1
1 it | 0 0
it 0 0 0
|8 829 1 1
1 0 0
/ 0 0
P

Filter added




Mconsistency.csv

18. For each marker, filter for characters that are associated with an error to find which

individuals are causing an error in column A

Error-associated characters

FEL- n_l:llllll..lul n_lIIUILI'IEIIILrlE.'IL-II'_lLIUII

= e Sl B LS H : AEL 3 2} OEA observed & deleted error & augmented
I |marker 2377 6/ OpE observed & putative error
2_|position 600.4256 7{ OE observed & deleted erraor
5 SUM({[#) { [# 1 [/ suMm{y)~ 11 81 pnukE putative null-allele & error
1 SUM({[#) 1180 3 g # ME missing & error
3 |{ 351 3
3 |l 1] 1]
i |# 829 ]
£ 484 7
o/ 15 1 . .
| suM) e Filtered for error-associated characters
1 i - - |- - - || - | 5
5| BlackRept 0 0 Lj Individuals who caused an error for this
4 Lapins 70 marker
‘3) Rainier 0
6 Regina 0 00 o0 12/ 0 12 0} *Could also be their parents (or
gf5clah o, UG 2 “ﬁ ancestors if parents have missing data)
I3 PMR-1 0 00 0 o6 1 70 . .
348 Cowiche 32 320 0O 568/ 0 56 D{ *COUId aISO be thelr OffSprlng (Very
W n non n 1 i 1/ milL

often the case)



Resolving errors

19. Check genotypic data to find what is causing the issue
*Note: sometimes imputed missing data is causing the issue
e.g. parental genotypic data is missing but grandparents are both “AA” ->

parent is imputed as “AA” however individual is “BB” ->
error reported

*Note: In case of multiple parents/ancestors with missing data that
prevented earlier pedigree checking, pedigree could still be incorrect

20. Check GenomeStudio® to:

-Ensure genotypic data matches

-Genotype clustering is correct (e.g. additional clusters or null alleles observed)
-Single individuals are assigned the correct genotype

Incorrect clustering

el COGHI_ GNP GAMBRSE_Lgs (MgY Mol <l MDMCH0TEs22T_s
E

i

234

Incorrect clustering due to
additional clusters

RusEREEDENF_ENF_CT_9842063 Lal C01 %2 MERTD_1342127_sxmal

e, el
£ ."-t 4 ' :‘
1& EE0 503

Incorrect clustering due to
null alleles

FoaebC COGKP_ENP_TO_240 70T Ly 1 0230 _Kar s MOPnsisdizs.
el

oaf
b
Frk
ik A Ea
1 -{' "
43 Ha ¥ 3 L _1
i ) —o A
E * LI
3 :- e
=E
| %
.




Resolving errors

21. Update data file (pedigree or genotypic data)
*Update map file if markers were removed from data set

22. Re-run FlexQTL™ and check mconsistency file to ensure errors are resolved

22. Repeat until no errors are reported

D_ FursILen L
Lél SUM({l#) { [ # h / sum(i/) ™
8 [SuM({[#) 0 0
g |{ 0 0
0 |[ 0 0
1|# 0 0
2 [} 0 0
3|/ 0 0
4 | SUM(Y/) 0 0
Vv 5|~ 0 0

‘

.=y DISEASE RESISTANCE < HORTICULTURAL QUALITY
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Finding double
recombinations

1. Run FlexQTL™ with latest map and data file that did not lead to any reported errors
*Parameter settings remain the same

2. Set interval for which double recombinations (DR) (Tools>Calculate>(Re-)Compute
recombination sequences)
*Default is all DR within 10 cM

Tools  Help
Settings :] Segregation Indicator Pattern

Re-run FlexQTL

Re-run PostOTL
Regenerate FlexQTL figures FIEXQTI_ UUtDUt

Regenerate PostOTL figures

Calculate ]
! Export »

(Re-1Compute mmﬁ‘tbinﬂﬁbh-;équ&nta

Input file

Threshold suspicious recombinations: 10

‘ Open project folder

- [R— s’

X HORTICULTU

v e

SEASE RESISTANCE



Finding DR

3. Export all double recombinations within defined interval (Tools>Export>Export
recombination sequences file; then select directory to save file in)

Tools  Help

Settings

Re-run FlexQTL
Re-run PostOTL
Regenerate FlexQTL figures
Regenerate PostOTL figures

Calculate

Export

Open project folder

Segregation Indicator Pattern

649K 5.dat
1
o |
Export lean files

Export recombination sequences file
Export haplotype blocks file

4. Open generated file called “DoubleRecombinations.csv”

DoubleRecombinations.csv

e
J

| g 9

5. Save as “.xlIs(x)” format

DISEASE RESISTANCE > HORTICULTURAL QUALITY



Finding DR

Information found in DoubleRecombinations file

Individual in which DR is observed

I Chromosome on which DR is observed

How suspicious/unlikely is this DR

Length of DR interval ‘

t

A 1 B | c T D | E

. E G H I ] K L Pl
1 |IndividualfChromoscfHomolog M1 M2 M3 M4 P1 P2 P3 P4 Suspicion
2 |Abundancg 1 0 8112 B202 B202 453 47.82 5341 5341 56.17 B.35) 0.073106
3 |Abundancg 1 0 3202 453 453 B255 5341 56.17 56.17 57.21 3.9 1
4 | Abundanc 1 0 509 8343 8359 B3e7 76.07 78.47 80.13 80.55 4. 45) 0.999835

Homolog on which DR is observed
0: Homolog coming from mother
1: Homolog coming from father

-M/P1: Last marker name(M)/position(P)
before 1%t recombination

-M/P2: First marker name(M)/position(P)
after 15t recombination

-M/P3:Last marker name(M)/position(P)
before 2" recombination

-M/P4: First marker name(M)/position(P)
after 2"d recombination




Finding DR

5. Sort file according to chromosome and position of DR
6. Look first for regions with many DR

7. Use ‘Segregation Indicator Pattern’ tab of Visual FlexQTL™ to visualize DR
Use drop-down menu on top-right to choose “Recombination sequences (based on
FlexQTL SIP)

Bl visual FlexaTL

Filte Tools Help
Cutput Settings Markers Population Segregation Indicator Pattern

Threshold suspidious recombinations: 10  Marker scores j
Marker scores

Recombination sequences (based on FlexQTL SIP)
Parent indicator (computed by Visual FlexQTL)
SIP (computed by Visual FlexQTL)

[ENpPIAIpU|
JuBlE
Bundsyn
0 fEBL
trrtrs

0 LilF
0 w6l

’ {/i) DISEASE RESISTANCE > HORTICULTURAL QUALITY




Investigating DR

Information found under “Segregation Indicator Pattern” tab

Indicator of grandparental origin:
-0: Allele originates from mother of parent (grandmother; yellow)

Recombination region (0-to-1
-1: Allele originates from father of parent (grandfather; blue)

or 1-to-0 switch; orange)

Parent’s name A
DR region (0-to1-to-0 or
1-to-0-to-1 switches; red)
A
Individua|'sname\§ *" E ggggcl EE S sl
= B 2R E R A E R
2 lines for each individual, [ [ | ™= | ° a - - fak - w - a IEE-
, 0415-0024 Honeycrisp 0 0 - - - BE-ll- |- |=
one for eaCh parents 0415-0024 Enterprise 0 o - - 0 - |0 a 1‘..51
homolog 0415-0025 Honeycrisp 0 si - 51 SN - (- |- &
0415-0025 Enterprise 0 50 -
0416-0008 Honeycrisp 0 DR -
0416-0008 Fuji 0 o -
0416-0009 Honeycrisp 0 e - - |- .51 - - B - |-
041 6-0009 Fuji 0 s0 - .-- -----U 0 s




Resolving DR

8. Check genotype calls with GenomeStudio®

-e.g. incorrect clustering of “AA” as “AB” ->
“AB” (actually “AA”) x “AB” -> 100% “AB” (actually 50% “AA” and 50% “AB”)
*does not lead to PPC errors
*often characterized by many DR in a single or few families
*often characterized by a single marker involved in DR

-single genotyping error in individual
*does not lead to PPC errors
*often characterized by many DR in offspring of this individual
*often characterized by a single marker involved in DR

Incorrect clustering

AzaEREECENP_SHP_ QA 20003325 Lol 00033 MAFd0_MDFMEEE1 .
Bl

L0

/5 DISEASE RES!

N\
J



Resolving DR

9.a Check for errors in map order using the “Segregation Indicator Pattern” tab

Moving marker(s) a few positions resolves DR
*Characterized by DR in a few individuals who are not necessarily related
*Characterized by DR spanning one or multiple markers
*Often characterized by a third recombination nearby
moving markers to this recombination would solve DR

Loe
0 |85k
0 0587
LEL
0 219
v

Py
—)
~
~d
o

0 961
0 S95¢
0 CLIY
0 60ck
0 9L

L1810 SciE

DR

[4 ) A T4

3rd recombination

Moving markers “201” and “4581” behind
marker “2565” would resolve these DR

*This cannot create new DR for other
individuals (next slide)



Resolving DR

9.b Adjust marker position and check if no new DR are created

9.b.1 Open “SIP_Population_X.csv” in FlexQTL project folder

*“X” is highest number found in folder
*Interpretation the same as “Segregation Indicator Pattern” tab of Visual FlexQTL™

@ 5IP_Population_b.csv

9.b.2 Use conditional formatting to color “0”/“s0” yellow and “1”/“s1” blue
*same coloring as “Segregation Indicator Pattern” tab of Visual FlexQTL™

& o =

Conditional Formatas  Cell
Formatting = Table~  Styles~

g.q Highlight Cells Rules *

E Top/Bottom Rules

ﬁ Data Bars ’
ﬁ Color Scales r

Mew Rule...

- Icon Sets L

£,
EE Clear Rules v B

- [E] Manage Rules...

Conditional Formatting Rules Manager

Show formatting rules for:  |iEGrrent Selection

R

ﬁﬂew Rule...

[ Edit Rule.., Delete Rule

aolied in order shown}  Format

Applies to

MNew Formatting Rule

= Format only cells that contain

Select a Rule Type:
= Format all cells based on their values
~ Format only top or bottom ranked values

= Format only unique or duplicate values

= Use a formula to determine which cells to format

= Format only values that are above or below average

Edit the Rule Description:

vql

Format only cells with:
Cell Value |~ || |equalto

No Format Set

Format...

Format Cells

Mumber Font EBorde

Background Colon

i No Color i
NN EEEEEN
EJL.JDEIDIJDEI

Fill Effects... More Colors...




Resolving DR

9.b Adjust marker position and check if no new DR are created

9.b.1 Open “SIP_Population_X.csv” in FlexQTL project folder

*“X” is highest number found in folder
*Interpretation the same as “Segregation Indicator Pattern” tab of Visual FlexQTL™

@ 5IP_Population_b.csv

9.b.2 Use conditional formatting to color “0”/“s0” yellow and “1”/“s1” blue
*same coloring as “Segregation Indicator Pattern” tab of Visual FlexQTL™

& o =

Conditional Formatas  Cell
Formatting = Table~  Styles~

g.q Highlight Cells Rules *

E Top/Bottom Rules

ﬁ Data Bars ’
ﬁ Color Scales r

Mew Rule...

- Icon Sets L

£,
EE Clear Rules v B

- [E] Manage Rules...

Conditional Formatting Rules Manager

Show formatting rules for:  |iEGrrent Selection

R

ﬁﬂew Rule...

[ Edit Rule.., Delete Rule

aolied in order shown}  Format

Applies to

MNew Formatting Rule

= Format only cells that contain

Select a Rule Type:
= Format all cells based on their values
~ Format only top or bottom ranked values

= Format only unique or duplicate values

= Use a formula to determine which cells to format

= Format only values that are above or below average

Edit the Rule Description:

vql

Format only cells with:
Cell Value |~ || |equalto

No Format Set

Format...

Format Cells

Mumber Font EBorde

Background Colon

i No Color i
NN EEEEEN
EJL.JDEIDIJDEI

Fill Effects... More Colors...




Resolving DR

9.b.3 Cut columns of markers to move and insert them into new position

| (B] | H 1 1 K | L M | ™ o | [ | [ K | L vl M 0 | P

marker 1964 201 4581 7850 737 6127 2565 4112 4209 B 6127 2565 201 4581 4112 421
group 1 1 1 1 1
position 0

48 i =

8____ | 5

48 N =

ag_____} -

48 L =

9.b.4 Check rest of the file (rows) to make sure this move did not create additional DR

9.b.5 Update “.dat” and “map” file to reflect the change in marker positions




Resolving DR

10. Check for phasing issues
*Often characterized by DR in almost all offspring of a single individual
*Individuals is often a founder (parents not genotyped)
*One or more offspring have a single recombination for same marker(s)
*Incorrect phasing of this individual causes errors for sibs

S iy ireILiiIrriiiaiil Marker always involved in DR
 BBBBBABRRA =T ' M - o One individual with §|ngle recom.bl-nat-lo‘n

- HRRRRRRRRRLAEERRRRER *Make genotypic data of this individual
ANRARAARRRAREE N ®

L

missing (gets imputed again in later stages)

- IIIIIIIIIIIII 7 |
- RARRARRARRER -
| ...m-m-u ; /1% Probable cause: minimizing recombination interval
SR -.- R4 BEC Incorrect phasing — short recombination interval
- =0 [OSENCSENOEN - = =7 |- . - =0 b |
EEE- W - - W I - T

1 S EEE - . . ,- Correct phasing — long recombination interval
L ::... ------ Vi o =N E ] I.;‘_ 2 = e : = o 0
- RRRRRRRRARTR H Ba




Resolving DR

11. Re-run FlexQTL™ and re-generate “DoubleRecombinations.csv” file with Visual
FlexQTL™ after resolving major DR
*Resolving DR may resolve other nearby DR

12. Repeat these steps until remaining DR are very likely true
*Unlike Mendelian-inconsistent errors, some DR can remain
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Adjusting input files

* Accurate phasing requires:

 Removal of intermediate ungenotyped
progenitors

* Well-represented ancestors (>3 offspring)
whose genotype can be imputed can remain

» Haploblock determination based on
historical recombination requires:

* All iIndividuals that need to be taken into

account to have offspring in data set
: |

iR, -

475 DISEASE RESISTANCE x HORTICULTURAL QUALITY



Adjusting input files

1. Remove any parentage information of ungenotyped intermediate progenitors
from FlexQTL™ data input file
*Ungenotyped founders (no known parents) can stay in data set
*Ungenotyped progenitors with more than 3 genotyped offspring can stay in
data set

2. Add dummy offspring to FlexQTL™ data input file for any individual whose
recombination are important for haploblock determination (e.g. breeding
selections) that don’t have any offspring in the data set

*Set genotypic data of dummy individuals to missing
*Set parents of dummy individuals to individuals who need offspring in data
set

-

CE > HORTICULTURAL QUALITY



Creating haploblocks

3. Create a new FlexQTL™ project and use following settings
* skipSampleMarkers: 0
* REDprint: 0
* Markerblock: 5
* MSegDelta: 1
e DeleteDR: 1

4. Run FlexQTL™

5. Generate haploblock delimitation with Visual FlexQTL™ (Tools>Export>Export
haplotype blocks file then select directory to save file in)

File | Tools | Help

OU  Settings b | seoregation Indicator Pattem

Re-run FlexQTL
Re-run PostOTL
Regenerate FlexCTL figures FIEXQTL DUtpl.It

Regenerate PostOTL figures

Calculate

i i E.}.(E'c"[t. Export lean files
Export recombination sequences file

|
Open project folder ‘ _
| Expert haplotype blocks file




Creating haploblocks

6. Open generated HaploBlock.map file

W D HaploBlocks.map

7. Adjust Haploblock designations as wanted
e.g. to ensure maximum size of haploblock is 1 cM

i~ (] L =

| I -
|Marker  Chromosc Position |Haploblock Assigned haploblock
) 1897 1 Ol HE-01-1 / *name can be
i 5444 1 0| HB-01-1 changed freely
. 4177 1 O HB-01-2
j 1964 1 0l HB-01-2
w ] 201 1 0| HB-01-2

e X Tl /f y  DISEASE RESISTANCE > HORTICULTURAL QUALITY
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Creating input files

1. Remove dummy offspring from FlexQTL™ data input file used for haploblock
determination

2. Create a new FlexQTL™ project and use following settings
* skipSampleMarkers: 0
* REDprint: 0
* Markerblock: 5
* MSegDelta: 1
e DeleteDR: 1

3. Run FlexQTL™




Creating input files

4. Copy needed input files in a single folder
*From latest FlexQTL™ run:
* mhaplotypes.csv
* flexqtl.par
* flexqtl.sort
*From FlexQTL™ run to determine haploblocks:
* Generated (and adjusted) haploblocks.map

5. Create a new R project in the same folder to run PediHaplotyper

E flexgtl.par
flexqgtl.sort

Ef' Haploblocks.map
ﬂ Haplotyping.R

ﬂ_”j mhaplotypes.csv
-




Running PediHaplotyper

6. In RStudio, install PediHaplotyper as a package (only needed once)

*Tools>Install Packages...
*Install from: “Package Archive” and Browse to find “PediHaplotyper_1.tar.gz”

Tools | Help

Install Packages...

Install Packages

l Install from:
\ | Package Archive File (zip: targz)

Package archive:

| Browse...

=

Install to Library:

- C:IUsers,’stij.n.var1derzand.e-.l'.[..‘rocumer‘its.‘.ﬁfwin.-library,;':'..fr [Def;': v

Install A{

/* Qf’ PediHaplotyper_1.0.tar.gz

7. Set working directory to “Source File Location”

Session  Build Debug Profile  Tools  Help

-

Mew Session

[nterrupt R

Terminate R...
Restart R Ctrl+Shift+F10

Set Working Directory 2 To Source File Location




Running PediHaplotyper

8. Run the following code

Tibrary(PediHaplotyper)

fg_haplotyping_session(sessionID 20180613_HTDet_All" | mapfileq 'Haploblocks.map”

Ll Pd

Prefix for all output files Name of haploblock definition file

> fg_haplotyping_session{sessionID="20180613_HTDet_Al1l", mapfile="Haploblocks.map")
reading datafiles ...

hb 1 = HBE-01-1: 27 initial alleles

hb 2 = HB-01-1a: 3 initial alleles

hb 3 = HBE-01-2: 25 initial alleles

e s - [T, v

writing initial H5 family haploblock alleles file ...
calculation haploblock alleles ...

hb 1 = HE-01-1: convergence = yes in 4 cycles
hb 2 = HBE-0l-1a: convergence = yes in 2 cycles
hb 3 = HB-01-2: convergence = yes in 3 cycles
hb 4 = HB-01-3: convergence = yes in 3 cycles

() IV — 1T Ll T L. LU T H":II\_": - _'r"':_'l‘ LI N B =N \__'r'\_l":_'l‘

writing all requested output files ...
haplotyping session 20180613_HTDet_all finished.
=



Output files

“orig”-flag vs “final”-flag
-“orig”: results after initial haplotype determination
-“final”: results add end of haplotype determination (use these files)

[ 20180621_HTDet_Allffinal§b_flexqtl.dat
[ 20180621_HTDet_Allffinal§b_flexqtl.m...
[ 20180621_HTDet_Allffinal§b_flexqtl.par
| 20180621_HTDet_All orighb_flexqtl.dat
[ 20180621_HTDet_Allf orighb_flexqtl.map
[ 20180621_HTDet_Alll orighb_flexqtl.par

“mrk”-flag vs “hb”-flag
-“mrk”: results at the single marker level
-“hb”: results at haplotype level (use these files)

[ 20180621_HTDet_All_finahb_flexqtl.dat
[ 20180621_HTDet_All_finalhb_flexqtl.map
[ 20180621_HTDet_All_finahb_flexqgtl.par
[ 20180621_HTDet_All_finz
[ 20180621_HTDet_All_fina
[a 20180621_HTDet_All_finz

mrk fflexqtl.dat

mrk fflexqgtl.map

mrk fflexqtl.par



Output files

-All three FlexQTL™ input files (“.dat”, “.map”, and “.par”) created for each combination

[ 20120621_HTDet_All finalhb_flexqt} dat
[ 20180621_HTDet_All finalhb_flexqtf map
[ 20120621_HTDet_All finalhb_flexqt}par

-Pedimap input file (“.ped”) created for each combination

20180621_HTDet_All_finalmrk.ped

- “[...] _hballeles.dat” gives definition of each haplotype for each haploblock

Qf' 20180621_HTDet_All_hballeles.dat .

Haploblock number and name Marker names within haploblock

wumber of m{kers in haploblock warker alleles that create haplotype

hbnr haploblock fmarkercount Lballelel[l hballelenr jacount lreq I 4177 1897 1964 7850
1 HB-01-1 4 1 1 4 2148-
1 HBE-01-1 4 2 2 1 A A
1 HBE-01-1 4 3 3 1 B B A
1 HE-01-1 4 4 4 1] A A
—

v

<4
Haplotype name and number Missing values within haplotype How o?ten haplotype occurs in data set
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Mendelian-inconsistent
errors

1. Use “[....]_finalhb” FlexQTL™ input files generated by PediHaplotyper to create a
new FlexQTL™ project

*parameter file should be renamed to “flexqgtl.par”

2. Use “mconsistency.csv” file to identify issues

3. Use “[...] _hballeles.dat” file to investigate haplotypes that cause P(P)C errors
3.a If missing data within haplotype causes inconsistency: assign correct

haplotype (if both parental haplotypes are possible, use information on flanking
markers and minimize recombinations)

|Golden|j;3| l
mchr 3 9 3 9 9
mpos 4.538 4.821 6.61 7.602 7.602 9.2
D -1 |~|vAR [a]3/HB-03-7 - HB-03-8 |~ HB-09-3 |~ HB-03-10a |- |HB-03-10 |- |HB-03-11
GoldenDel Grimes_Gc hapl 1 3 %) 2 2 4
GoldenDel F_GoldenChap2 1 4 4 2 3 5 Haplotype 6 equals haplotype 5
MNIB27 GoldenDel hap2z 1 - - 2 - - except for a missing value
Splendour GoldenDel hap1 1 3 3 2 2 4
Pinova GoldenDel hap2 1 4 q 2 3 B
PRI4-1572 GaldenDel hapl 1 4 4 2 5
HB-09-10 439 6324 3144 6325 3146
" 4 A B A B A
Y 5 B B A A B
e DISEASE RESISTAN(
) 6 B B A A I




Mendelian-inconsistent
errors

3.b If a recombination occurs within haploblock:

3.b.1 if recombination occurs within selected material: adjust haploblock
borders in “haploblock.map” file and re-determine haplotypes for
adjusted haploblocks

3.b.2 if recombination occurs in seedling: don’t adjust haploblock borders and
do not adjust haplotype (or make it missing)

M = | LJ T & MM Pl =] ML ML

1 Splendour r——
2 'mchr 1 1 1 1 1

3 | mpos 22.387 23.021 23.554 24.678 24.89 Z
4§ D A ~ VAR |4 |y/HB-01-13 ~ HB-01-13a ~ HB-01-20 ~ HB-01-21 ~ HB-01-21a ~ HB-01-22
65 | Splendour GoldenDel hapl 1 4 4 4 4 3

66  Splendour Delicious hap2 1 10 7 5 S 2

3286 | Sciros Splendour hap2 1 4 g R 8\:

\

HB-01-21 1970 4277 131 2566 6846
4 A B A A A
5 A B B A B
6 A B A A B
—

Recombination within HB



Mendelian-inconsistent
errors

3.c If a genotype calling error occurred (check with GenomeStudio®): adjust
haplotype to resemble correct genotype call

3.d If a marker order is incorrect: adjust marker order in “haploblock.map” file,
and latest data and map file for single marker level. Re-run FlexQTL™ to create
new PediHaplotyper files and rerun pedihaplotyper for affected haploblocks




Mendelian-consistent
errors

4. Once Mendelian-inconsistent errors are resolved, check for Mendelian-
consistent errors as was done for single marker level

5. Resolve Mendelian-consistent errors as was done for Mendelian-inconsistent
errors with haplotypes

6. Enjoy your high-quality genotypic data set and make lots of great discoveries!!

R

NN




