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The steps for genetic mapping:
A. Optimization of the data :
1. Filtering to remove excess heterozygosity

a. perline
b. per marker

2. Minor allele frequency (expect 0.5:0.5 for two alleles)

3. Conversion script (nucleotides to numerical genotype)
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B. Construction of a genetic linkage map

1-Binning
I

2-Grouping
|

\‘f
3-Ordering
|

4-Rippling

4

vvvvvvvvvvvvvvvvvvv

A-Optimization of the data

www.soyagen.ca




SOYA %
GEN?‘\

1. Heterozygosity filter (TASSEL):
» Enter the vcf file in TASSEL

K E—
Data Impute Filte
—
<

Open

=)
B S~ Ae

To load the data file,
push on file ( the left
corner of the window)
then open as

Open data from filesystem.
W Ceiee wvatased T 00 TASEEL It deryen o e, o, gt 1387
M= Preferences Flo Qun wown Ftw Ak bt CIW G5 Wodfiow ™
4 0 Osmotm o SuNase s Voo B ot gy pouand
Exit My — et
" L
-
-
Help
1 o o wis 112
Format | VCF B foremsemn
s 287 e
oL 306 kb
Sort et 193 sees
Pasiions o ke - 9 s ssesarn
[ 18 skwe.
iR 08556 90 HSTIERD
Ok Cancel Defaults User Manual
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» The point of heterozygosity filters is to eliminate lines and markers that have

The heterozygosity filter

an excessive amount of heterozygosity.

» There will always be some heterozygosity (biological and technical causes)
» The amount of “normal” heterozygosity depends on the type of lines (e.g. F5

vs RILs)

\
‘ Apply a Genosummary

‘ Calculate the threshold for heterozygosity
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v'The steps of the Genosummary: Data then Geno Summary

TASSEL (Traa Analysis by a550ciation, Evolution, and Linkage) 6.2.40

m Impute  Fllter Analysi
Get Taxa List
I8 Get Position List
7F Sort Taxa Alphabetically
¥ Sort Genotype File
P-4 Synonymizer
@ Intersect Join
& Union Join
>+ Merge Genotype Tables
3 Separate
® Homozygous Genotype
® Change Indels to Unknown
B SetLowDepthGenosToMissing
5 Transform Phenotype
0.1 Numerical Genotype
= ABH Genotype
B Thin Sites by Position
Cluster Genotypes
W Mask Genotype
Find Inversions
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E Create mnd Genoﬁ %

ResuSv2 GBS Workflow Help
Site Numbers. Locus Site Name Alleles MajorMinorAllels B8 {Enter physical position)
AN AP AT AN N M A M M e |
e J
; Help <
2E | e
D%
Overview g 2 .§, £ §
SRS E=
- ~
2 Site Summary SEEEE
scs9_0To¢ caaﬁa
BCH3, M <
J6_BCO1_11 Taxa Summary GACCG
J6_mcoz 11 G A <
16 W03 11 < G
16_BCO4_11 GA
16 BCOS 11 G A
0, W06 11 <
TR Ok Cancel Defaults User Manual : R
ACCG
3
cERRE
GACCG
© T
c <
e
cmcc o
C A
At cARmE
LOD_100_BC18_11362 GAcCC
L00_100_BC19_ 11363, cAamme
LOO_106 BC20_11364_ YwWis cEmccao
LOD_106_8C21_1136% I cce
LOD 106 27 11366 . L e———————
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The two Result files to export to Excel to
determine an appropriate threshold
(i.e. how much heterozygosity is “too much”)

D
Flle  Data Impute
= Oaw e Data
v B W Sequence
Pop_LOD_2016
Resdie Resule
¥ W Cenotype Sumwnary

Filter _Analysis

Results

£

Number of taxa 285
| Numbee of sites 8512

| Chromosomes. .

| GMO1! 207 sites
10 (111780 - 206 (55605442)

[ GMO2: 393 sites
207 (262439) - 599 (51643213)

| GMOS: 391 witws.
600 (381596) - 990 (457915271
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65
100 106 w22 11368 _ BT B CACGE TG

TASSEL (Troft Anlysis by aSSociation, Evalation, and Linkage) 6.2.40

GBS Workflow

Search

¥

una|

prosven
0 325 43950980
82257, 43365380

B 44 443258 50162979,

< Open
<3 Open As...

e A

W Del&g Dat>cor
- Save data to files.
A= Preferynies

EEEl EF

nopo
®Anan|
444 Bl

A

03265, 5473795/

%

I EEEEE]
T EEEEE!

43270, 584809 3
=327 5484912
03272 50485030,

Site Numbers Locus Site Name Allales MajorMinorAlinle <] (Enter physical position)

%3275 59500875
V3276 653904

*»>0>>
L

nn

Save as “Table”

a8n 2 s |
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using an inter-quartile-range (IQR) approach

x Extremes *The distribution of heterozygosity (found
A e both in lines and in markers) is plotted in the
Qutliers
o B form of a box plot
-+ 1.5x1Q
I * Extreme outliers are lines/markers whose
Mean—_ o 30 v proportion Qf heterozygosity exceeds a value
Median— = || que corresponding to >1.5 x IQR
Whisker * The critical value used to filter the dataset
1 1sxa (both for markers and lines) is that which
Outlers corresponds to 1.5 x IQR
-+ 3xlQ
Extremes * This analysis is carried out in Excel
&
SOYA RN . ) \ :
<" a-Filtering the lines that have “too much” heterozygosi
0D BT — .
|File Daa ImpuxeuAnaMis Results - C35v2 685 Workflow = 3
- D
¥ 8 Filers
Lol ¥ s v Verify if the filter was
S correctly done
-mm- ;Sm y L
vis Site Names 1
P 002006 28 ~
Pop 00,2016 SteSummary II Chromosomes...
Pop 10D 2016 TawaSemmary Filter Name  Filter
: CMOL: 207 sites:
Min Proportion of Sites Present 0.0 0(111780)-206 (55605442) !
Min Heterozygous Proportion 0.0 ReponPin
y CM02: 393 sites: =

Include Taxa

Taxa List

Taxa Names

Ok Cancel Defaults

207 (262439) - 599 (51643213) ‘

GMO3: 391 sites:
1600 (381596) - 990 (45791927)
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P Taxa Names
b= Taxa
Pan_LOO_2015_Orraimnmary

Pas LOD 2010 Aebesummary

-

Number of taca 283
Nusmber of sites 6512

Chmmasames.
GMOL 207 skes

O (1117800 - 206 (35605442)
GMO02. 393 sites
207 (262439) - 599 (51643219

CMO3: 391 sites
600 (3815961 - 990 445791927)
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TABEEL (Trait Anaiysa by a6 Sotseton, Evoltion, and Linkage 5.2.40

%-Filtering the markers that have “too much” heterozygos

bt

Workflow
Locus  Site Name  Allwies MajorMinoraAlisie [=] rer phwsical posstion)
Seareh
Rt e 2700 e 4ar0 w0 utie >
:2§£2§:=S=:;==2:2=E32§Bsﬁ:;!}: :g:":sll=2::£
2 = ('g”g iigﬂ" t"§‘§mﬁﬁn.§ @ !':?\"25': =
= sE = - S 2 FERESS =
Blclorc iR iantaraboRRlsanana niriaisinsif
L IT¥eaca T o |
oLl [ Fifter Senavie i sies IR i
TITCALET ‘
FTeaceT
FTreacar Filter Nams  Filter
TYCAcCaT q
FIFTCACGT . Site Min Count O
Site Min Allate Froq 0.0
Site Max Allele Frea 1.0 =
Min Heterozygous Proportion 0.
Site Range Filter Type  NONE )
Start Site
e Sitw
Start Che
Hare
- Stan ros
g Enad Chy
nd pos
s et s B Include Sites
| D e oemeie
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File  Data
=

Impute

Pop_LOD_2016_Finer_Fimer

GMO1: 112 sites
[0 (528379) - 111 (55605442)

CMO2: 316 sites
112 (262459 - 427 (51643213

GMOT: 343 sites
428 (3815961 - 770 (447356300

2-Filtering markers for Minor Allele Frequency

(expectation = 0.5; tolerate down to 0.3)

EEREITEIEE e

{Emter physical position)

Site Max Allels Freq

Site Kange Filter Type  NONE
Start Site O
£nd Site
Start Che

Start Fos

Ena Chr

Ena Pos
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Heterozygosity distribution before and after filtration

The excessive heterozygosity is eliminated

E i,
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AN o
" 3-Conversion script

* SNP catalogues provide the actual nucleotide present at a given locus
* Genetic mapping softwares:
* do not care about this information
* want to know which allele came from which parent
* We need to convert each genotype into a number
* For example:
* AA genotype present in parent 1 is convertedtoa 0
* GG genotype present in parent 2 is converted to a 2

* AG genotype (present in a heterozygote) is converted to 1

www.soyagen.ca
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How it works?

0 0 0
focus SNPL  'SNP2 SNP3 suvva sm»s‘@n/
' R
} ]

Parentl c c (4 T C T
Parent2 T T, T A c 6
Indivl T T T c G
Indiv2 T T T S G
Indiv3 c ) A
indiva T T c 6 G
Indivs et g vie A
2 2 2
locus SNP1  SNP2 SNP3 SNP4 SNP5 SNP6 SNP7 SNP8 'SNP9
Parent1 0 0 0 0 0 [ SR 0 0
Parent2 2 2 2 2 2 2 2 2 2
Indivl 2 2 2 2 2 2 2 2 2
Indiv2 2 2 2 2 2 2 2 2 2
Indiv3 0 0 0 0 0 o o 0 0
Indiva 2 2 2 2 2 2 2 2 2
Indivs 0 0 0 0 0 1 0 0 a

The most important thing is the origin of the allele,
not the nature of the nucleotide

www soyagen.ca 15
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Prepare the file for the conversion

TAISEL (T dewyens e AOSosiunz, Erateven, wné Lrmegni 5347 1
Duma_wvpate Fite Anakss Sesitn CEWI O3 Workflew -

el 113 wane
SN - L4 (BN

L1 e
"

112 Wi

Hapmap Diploid L] {
R ] DFS 1
n o ver 4
Plink ‘
Phylip (Sequential) B Save As* /Users/manelfallah/Desktop/Ce Browse
Phylip Gnterfeaved) | ser Manual K
! able b Format | Table B8
4 < Kmep Dipth
r < Include Taxa Annotations
[ ok Cancel Defaults User Manual

OSeummitens L Mawame M Wi ) Corer s prareare

} Save the filtered file in Hapmap
format (.hmp.txt) and in Table
format (.txt)

arsonn
100100 411 1IN

Save As* er_Soyagen/Pop_LOD2016_fiitre Browse

Format _Hapmap

www.soyagen.ca 16
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1-Open the hapmap file (.hmp.txt) in Excel

Prepare the file for the conversion

SEESSENERT

S dov cm and sy
w om P2
® am Eol
X om ECR
M am e
L. -
v st L

™ (N

ceeece

€

A om 1204 4
Mo e re

3
ccesccecE

scEEEEEEEY
EEcEEEEEE

c

i
B

EEEEFEREEE

FrEEEReEREp

;
.
L]
i
i
4

2-Copy and transpose the rs# column in a new Excel sheet, delete the rs# cell
and save as a text (.txt) file

SNP1  SNP2  SNP3

Parentl C c
Parent2 T T
Indivi T T
Indiv2 T T
Indivi € C

WWWw.soyagen.ca

SNP4

I )

SNP6  SNP7

NnNoooon
-“0onn
neoangyg
>a00>g

(Parental lines must be the first two individuals in

this file)

N
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Run the bash command line :

Run the script conversion

/

Script name

./ped2carto.py Pop_atelier.txt

File Name

A There must be a space between these

An output file with a new extension (_carto.txt) is going to be produced
(in the case illustrated, it will be called “Pop_atelier_carto.txt”)

www.soyagen.ca

SNPL
SNP2
SKP3
ShPa
SNPS

locus_name Indivl Indiv2 Indiv3 Indiva Indivs

0 0
0 0

2

] 2

0 0 1
2

R R e

0
0 0 1

Indwvé

0
0
0

0

Indiv?

| After running the script (rows = SNP loci,

| parents are eliminated and all
i genotypes are now 0, 1 or 2)

18
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When long stretches of one parental allele are interrupted by one or a few
alternate genotype calls, these are most often genotyping errors (called
“double recombinants”

These must be eliminated and there is a tool for that!
Suspected errors are replaced with missing data (coded as “-1”)

1 locus_name Indivl Indiv2 indiv3 Indiva indivs 1 locus_name Indivi Indiv Indivd Indiva Indiv
)

2 swe1 2 2 2 sne1 o 2 0 2
3 sNP2 2 2 1 SNP2 0 0 2 o 2
' sne3 o o 2 o 2 3 SNP3 o 0 2 o 2

SNPa 0 o 2 SNPa 0 0 2 > 2

6 SNPS 0 0 2 6 SNPS o o 2 o 2
7 SNPE o 0 2 7 SNP6 0 0 2 ] B
5 SNP7 0 0 2 4 NP7 0 0 2 o 2
) SNPS o ] 2 o 2 9 SNPB o 2 ] 2
11 SNP1O o 0 2 o 2 11 SNP10 ) 2 o 2

12 SNP11 o o 2 12 SNPi11 o o 2 D 2

13 SNP12 o o 2 11 SN2 0 0 2 > 2

15 SNP14 0 2 2 15 SNP14 o 2 2 2
16 SNP15 ) 2 1 2 16 SNP1S 0 2 ) ) 2

17 SNP16 o 2 1 0 2 17 SNP16 o 2 1 J 2

18 SNP17 o 2 2 o 2 18 sNe17 0 2 2 2

19 sNP18 0 2 2 o 2 19 SNP1B 0 2 2 J 2

4 o | S — - T 1
et Sheets + She. +
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B. Construction of a genetic linkage map

1- Binning: Redundant markers are markers that are identical and do not provide
additional information. The point is to remove redundant markers prior to
generating the map file.

2-Grouping: Linkage groups are assembled based on anchor info (physical position).

3-Ordering: After the groups are correctly formed, the ordering is done “by input”.

4-Rippling: After ordering, the position of each marker needs to be “fine tuned”

5-Outputting : Output the Results file.

www.soyagen.ca 20
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SN
1-Binning

a. Preparation of the bin file

Population type 8

Unit (cM) —> A
Mapping functon —————> 2, *¥
Numbers of lines ~ ——> 2815w

SNP3
Numbers of — snpa
markers SNPs

SNPS

ococoo0og

M s s
cooocole

=NPE510

This is done by:
1) Copying the list of loci (column A) =i

2) Pasting the additional copy of ‘gg;
loci at the bottom of the genotype =&

coo

table )
3) Indicating in column B the nma

appropriate chromosome number

NNNN NN

coccooe

000

MNNNNN

A No Lines list

A

3-Convert from
(-txt) to (.bin)

N

SOYA %
GEN*ﬁ?\

QTLIciMapping

www.soyagen.ca
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1-Create a new project

File Task  Figures Tools View Help

Task Start Stog Clear MAHapPi

Project L 1-file
2-create a new project - o]

Wtew Project

i

R —
Project Path:  C:UCIMWork Browse..
SN o A N ccamia o
Project 2 "i v The project create

KN Atelier_Soagen.ipj

SOYA %
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2-Load the bin file ‘

v'Open then choose the file type (here we choose bin)
v'Go to the working directory to choose the file
v'Select “Open” or “ouvrir”

www.soyagen.ca
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~“StartPage ' Pop_Atelier_carto_binfile.bin |

v'The file is loaded Warker information |
. MarkerlD h %) Cl DistortP BiniD Deleted
‘ 1 EISEE 0 i \
v " |2 SNP2 |1 1,0601 | |
-X'N Atelier_Soagen.ipj ‘ i ! {
, = lswes 4 17608 | A
3
)} Pop_Ateier_carto_binfile.bin
— g
Delete markers Anchor information Mis5Ing values Detete redundancy
Bymiszingrate (%) 1090 (2] [ consiger anchor into [ Consider missing values @ By Missing Rate (%)
By aistortion P value [0.0000 3 O By Random
If sefected, requndant markers It selacted, missing values are For non-redundancy, BiniD = 0.
Non-polymorptism, and markers  in same anchor aroup will be used, resulting in two markers at One is retained in each bin.
with higher missing rate of lower assigned 1o one BIN group If same position in map construction.
Pvalue will be deleted Forthase  not. fedundancy is the only If not sefected, non-redundant -
markers, SiniD = -1. factor conzidered in BINNING.  markers may be in ane bin

www soyagen.ca
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The result file for the binning

v' Two columns that are important: “BinlD” and “Deleted”
v BinlD:
* 0 : the marker is unique and it doesn’t belong to any linkage group

* Every number >0 indicates a group identification or BinID (markers with the same BinID

belong to the same linkage group
v Deleted: 0 the marker was not deleted (saved for the map file)
1 the marker has been deleted

_StartPage | Pop_Atelier_carto_binfile.bin |
Marker Information
MarkeriD MarkerName  Anchorinfo Mlssmq('iﬁ) ChiSquare  DistortP

SNP1 1 lo 0 0
2 SNP2 11 11,0601 0 0
3 |snP3 B |1.7668 0 0
4 SNPa 1 |2,8269 0 0
5 SNPS 1 (14134 0 0
6 SNPE 1 [1,0801 0 0
7 SNP7 1 [0.2534 0 0

www soyagen.ca
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4-Load the Map file

Anchor
v'The same steps to load the bin file but we choose map ! ::;gf;]
I S & Anchor3[196]
- == e ¥ Anchor4 [223]
3 X % Anchor5[122]
1 l'!ﬁer_Suagen ipl 4 Anchor6[191]
5@ & Anchor7[178]
i g\ Pop_Atefier_carto_binfile bin i An:h:rs[lso]
3-8 MAP . . ¥ Anchora[126]
. & Anchor10[145)
i :' 4 Anchor11[81]
=i - Anchor12(167]
. & Anchor13[159]
E :'.' 4 Anchor14[131]
A - Anchor15(167)
. Tl & Anchor16[1564]
|~ “StanPage | Pop Ateher_carts binfilebin | Pop_ Atelier_carto_binfile.map | #1 Anchor17[144]
~ Marker Information - Anchor18[199]
10 Name Anchor Group/Chr  Size(2/12)  Size(1) Size(0/10)  Size(-1)  Chi-Square Pr=ChiS & 4 Anchor19[196]
B s 1 1 [124 73 86 lo |63 0.0318 i Anchor20(146]
|2 |snP2 1 1 |125 69 86 3 |7.26 10,0285
i i — || 3| SNET 1 1 [128 s8 o8 [1 595 [0.,031
|4 | SNPg n 1 120 &7 91 5 415 10.1253
Ils  lswee |1 1 | 102 |81 ‘99 I 1213 |0.3451
I 6 |swPi0 1 1 | 100 |83 100 o 1283 |0.2432
‘ 7 _SNP'I‘ 1 1 ‘94 84 105 v0 388 ;D.1l35
www.soyagen.ca 27
SOYA ®
SEHA 5-The steps for mapping
e "
. = et e e e e T 4-Export the
8 s . © satie  Camrnentll
; 3 results
e 3-Optimize the
. 1 |2-Order the markers pk ’
(R . . marker oraer
(I in the linkage
groups
1-Create the
i - o |
linkage groups = = =
BYLOD 300 o ‘!"'m"‘ [ LOD Score
By Input v Grilaion. [] Recombinatiof Frequency
¢ Wiridiowr Site: 5 = [ Pairwise Distfnce (c)
4 8yAnchyr Only 4 QTL Mapping Input Files
Grouping
28

www.soyagen.ca
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6-The Output files

KM atelier_Soyagen_7dec.ipj
“Tag BN
®» @ Qs13023_Mac3_Corrected_RIL_Ancholnfo_lcimapping_raMne_V2 bin
o
=0 Qs13023_Mac8_C _RIL_/ _Jc ing_raffine_V2.map
@

[3) @s13023_mac8_C | RIL_, | raffine_V2.bip
[A) @s13023_Mac8_Comected_RIL_Ancholnfo_lcimapping_raffine_V2 met
[A ©s13023_Mac8_Cormeded_RIL_ )| raffine_V2 sl

www soyagen.ca

ST
7-Draw the linkage map

2] QTL IciMapping - C:\Users\MAFAL71\Desktop\Atelier_Soagen

‘ File Task Figures Toois View Help

‘ Open Save Task Stan Stop Cilear ADD EP1 EPI(Q) | Example Manual
= led 3 - > o o -

2 A5 o -

www soyagen.ca
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