Practical Session

Linkage analysis &
Homozygosity mapping
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Practical session: content of the presentation

= Introduction

= Superlink SNP Online (GUI)
* Merlin (command line)

* HomozygosityMapper
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Introduction

Linkage: mapping the location of disease-causing loci by
identifying genetic markers that are co-inherited witH a
phenotype of interest

mmmm) Types of information

Markers SNP file DAT file &
MAP file

Pedigree PED file PED file &
MODEL file

mmmm)  Algorithm + computer
=) [nterpretation of results



http://cbl-hap.cs.technion.ac.il/superlink-snp/

+ Powerful
+ User-friendly (GUI)
+/- External cloud
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Superlink SNP Online
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http://cbl-hap.cs.technion.ac.il/superlink-snp/

Superlink SNP Online: SNP file

HumanCytoSNP-12 BeadChip on HiScan instrument (lllumina)

¥

Name Chr Position  LIN_1014_121657.LogR Ratio LIN_1014 121657.B &llele Freq LIN_1014 121657.GType
rs12103 1 1247494 -0,10565 0,4831263 AB
rs4970432 1 1254136 -0,08407687 0,00136925 &4
rs167405 1 1259734 -0,02384759 0,9981409 BB
rs34860204 1 1266041 -0,06988116 1 BB
rs35424002 1 1269986 0,01927868 0,9894595 BB
cnvi23177506 1 1271687 0,09490499 0,471527 NC
cnvi23177516 1 1272187 -0,2455748 0,1008989 NC
rs307372 1 1272497 0,07114677 1 NC
rs307371 1 1273116 -0,04399384 1 BB
cnvi23177549 1 1273837 0,01389528 0,9962418 NC
rs28475450 1 1274350 -0,002288754 1 BB
rs11583882 1 1274807 -0,03383686 1 BB
rs12037363 1 1275264 -0,1528965 0,008648425 A4
rs12735892 1 1275425 -0,3370034 1 BB
rs3855955 1 1276077 -0,2520254 0,5154034 AR
rs3855956 1 1276410 -0,1058069 0,01371952 A4
cnvi23177611 1 1276937 -0,1732782 0,00446967 NC

» 300 000 genotypes/patient

Cannot directly be used in Superlink/Merlin
= conversion
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Superlink SNP Online: SNP file

Superlink SNP Online SNP file = 1 data file for whole pedigree

SNP

Chromosome Position

HOZ 3022 13809 HOZ 3022 13810 HOZ 3022 13811 HOZ 3022 13812 HOZ 3022 13813 HOZ 3022 13814

rs4442317
rs12092254
rs666B667T
rs3813204
rs4314833
rs12060422
rs9729550
rs11466681
rs34945898
rs12036216
rs3813199
rs11260562
rs7528416
rs715643
rs12093154
rs6692115
rs7524470
rs6704013
rs4018608
rs12073590
rs6689813

1

e i i i e e il e el i e T e S S S S =

1106784 A4
1113121 BB
1114668 BB
1121014 A4
1122024 BB
1129920 BB
1135242 BB
1141387 BB
1147024 BB
1153113 BB
1158277 BB
1165310 BB
1171243 A4
1172907 BB
1178925 BB
1186747 NC
1192515 A4
1197591 BB
1203938 A4
1205155 A4
1210963 A4

b
BB
BB
A
BB
BE
BB
BB
BB

EEEELEEEEEEES

FAviN
BB
BB
AB
AB
BB
AB
BB
BB
BB
BB
BB
AT
BB
BB
MNC
A
BB
AB
A,
AB

Ab,
BB
BB
AA
BB
BB
BB
BB
BB

P2EBEEBBEBEE

Ab,
BB
BB
2B
AR
BB
AB
BB
BB
BB
BB
BB
AA
BB
BB
NC
AB,
BB
AR
BB,
AR

AB
BB
BB
AR
AR
BB
AR
BB
BB
BB
BB
BB
Ab,
BB
BB
MNC
Ab,
BB
AR
Ab,
AR

Conversion via Perl/Python/...
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Superlink SNP Online: PED file
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13 14 12 21 22 29 20
23 13
2 17 18
3 17 18 |
ﬁ |'_'| ‘ 4 17 18
23 10 9 6 7 4
9 8§ 13
12 11 3
. ree 13 11 3
Slmpllfled.PED-format (notepad) e 10 1g
Column 1: id 17 0 0

Column 2: id of the father

Column 3: id of the mother

Column 4: sex (1=Male, 2=Female)

Column 3: status (O=Unknown, 1=unaffected, 2=affected)
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Superlink SNP Online: wizard

Main
Memm | The Wizard
Home
Choose Method ~ Upload Files Mapping Send to Analysis
The Wizard Progress: |
Projects
Help The quickest way to start. help
Logout
Natne your new project;
Dermato
System | |
Load Choose an input format [ Submit
DAT and PED files (standard) -
Punns g5 simplified Input (Enter data manually)
Waiting: 0

Choose input format
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Superlink SNP Online: wizard

Upload data

SNP and PED files format chosen.
Subtnit data for project Dermato:

Snp
Upload your snp ﬁle(s): Geen bestand geselecteerd. View exatnple | Download example

Pedigree
O Upload your ped file: Geen bestand geselecteerd. View example | Download example | ped file format
©® Pedigree in simplified input format;

id father mother sex status

For multiple pedigrees, each pedigree starts with a separate line of the form: pedigree: 1d

| Upload Data |

Avallable actions:
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Superlink SNP Online: wizard

Set parameters

Data reduction parameters:

Remowve uninformative markers. > e.g. homozygous

for whole family
Analysis Parameters:

Disease mutant gene frequency: :U.U2

Mode of mhentance (MOT): WARNING
O Recessive - penetrance choices | |
® Dominant - penetrance choices | 0.99,0.93 v

| Analyze | | back | ‘

|

If not fully penetrant power will drop!
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Superlink SNP Online: HMM_MultiPoint

Powerful, but computationally expensive

=» only possible for small pedigrees

Affected Un-Affected Unknown
Marker Name |Marker Position Typed Un-Typed Un-Typed Un-Typed
7 (12) |8 (&) J10 (11) J12 (8) |15 (9) |17 (10) f1 (5) |5 (7) M2 (2) |6 (4)
rs6599770 0.0000 3 5 3 7 2 7 6 8 2 7 2 2 314 718
rsd932679 2.6096 3 5 3 7 8 7 2 2 3 8
rs748979 2.6931 3 5 3 7 2 7 6 8 2 7 2 2 314 718
rs35248560 2.7095 3 5 3 7 2 7 6 8 2 7 2 2 314 718
rs 7403800 2.7696 3 5 3 7 2 7 6 8 2 7 2 2 314 718
: — Max LOD = 2 because pedigree
: is small ( 6 typed individuals)
| I =» =~ 102 times more likely that
1 the marker is linked with
Ty the disease causing
' iu? (""l mutation than it is not
14 Ly 2 linked with the mutation

L L
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Superlink SNP Online: Exact multi-point analysis

Possible for all pedigrees

Tools EVHE‘@

Tools »
Exact Analysis
Two-point analysis
Haplotyping
Approximate Analysis
Margan Im_linkage (&pproximate Multi-point analysis)
Morgan marker_drop {(approximate power calculation)
Data Reduction
Cluster markers
Filter markers
Remove erroneous markers

Zooming
Zoom on markers

dat file | ped file
{see markers)

dat file | ped file
{(see markers)

dat file | ped file
{(see markers)

[ datfile | ped file
(see markers)

chrom_05
chrom_06
chrom_07

chrom_08

Disease mutant gene frequency: iD.Dl

Mode of inheritance (MOI): WARNING
O Recessive - penetrance choices | ,
® Dominant - penetrance choices 0.99, 0.99 + |
O Custom - penetrance

[J Show Affection Status Options
Note: leave this checkbutton checked for changes to take effect.

Set parameters

Perform MultiPointAnalysis on:

® Range of markers:

From marker:

To marker:

Use non-overlapping windows
Window size: 3 (default: 3)

maximum size for single window: 1301
maximum size for multiple windows: 20

O List of markers:
Markers: |
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Superlink SNP Online: Exact multi-point analysis

3 a
0 l
1 2 3 4 5 f 7 8 9 10 11 12 13 17 18 21 22 23
All analyzed pedigrees combined 15632385 21¢
P, 51884831 3.4861
4 ' ' ' ' ' ' ' ' 152246529 19108
151040676 19170
15205224 1.9169
3+ 1 151980986 1.1959
1 157773548 1.1939
rs1179900 1.1810
2 L R | 151055403 1.5942
15285619 1.6051
I 15790605 1.6046
( R h .F 151145739 1.1064
g Lr 4 < I‘ rs1145773 1.1140
g ¢ 151884260 1.2548
9 + 1 152144363 2.0748
- o} I "{ 3 151979797 2.0962
1 + 151498252 2.0928
1 |'| W 151373376 0.9436
a2l ﬂ | ‘ 151863659 -0.940¢
/ L g rs1427123 0.941
04 4 151040155 28121
\ fH \4 $ ) 151338248 2.8130
2 1K ‘ T HT 3] 151324103 25199
,I ‘ ) s I 151548297 0.9737
1 |llI l k i i . 15491112 0.9578
3 — e ! 152493964 -0.35¢
0 20 40 60 80 100 120 140 160 5169125 1.0982
distance (cM) 152890370 1.2314
154839952 1.3081
Q57772067 3.0293

Fetch genes and discover
(e.g. via BioMart)

rs2472922

Max LOD = 2,8




Superlink SNP Online: Exact multi-point analysis
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All affected individuals should have 1 haplotype in common.
The causal haplotype? Yes, with a certain probability.
BUT...
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Linkage analysis: difficulties

* Uncertainty about the clinical status of some individuals
- exclude those individuals (but power will drop)
* Uncertain relationships (software can correct for this)
* Incomplete penetrance
 Phenocopies
- Statistically significant linkage (LOD > 3,2)
# usefulness of the analysis

l

Prioritize regions
Exclude regions (f.e. known disease causing genes)
Often followed by exome analysis

\ -
- ~
//@\
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http://csqg.sph.umich.edu/abecasis/Merlin/download/

+ Available for Linux/Win/Mac
+ Powerful
+/- Command line

letter

Merlin—rapid analysis of dense genetic maps using
sparse gene flow trees

Gongalo R. Abecasis!?, Stacey S. Cherny!, William O. Cookson! & Lon R. Cardon!

Published online: 3 December2001, DOI: 10.1038/ng786
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