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Use of high and low density marker sets in aquaculture

« Genotyping technology development has changed animal breeding

« Within-family genomic selection is a viable alternative to LD based
‘population’ GS

— 1000 SNPs should be sufficient for Atlantic salmon

* Low density (1000-3000) sets also very useful for other reasons

— SNPstagging QTLs
— Parentage assignment

— Traceability

» Genotyping options for 1000-3000 SNPs?



Various genotyping technologies...

Genotyping Platforms - Selection Guide
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Genotyping-by-sequencing approaches

/ Restriction Enzyme digestion L / Targeted amplicon-based \
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resequencing

1. Ideal for de novo SNP discovery

with no prior sequence 1. PCR primers designed to

2. Genome complexity is reduced amplify the areas of interest

by digesting the DNA with one 2. Targets known SNPs

or two restriction enzymes \ /




lon AmpliSeq™ Technology: Multiplex PCR based
genotyping by sequencing (GBS)
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Up to 24,576 primer
pairs per tube

10 ng DNA per tube lon AmpliSeq™ Library Kit



lon AmpliSeg™ Target Selection Solutions
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Cancer Panel Inherited Disease || Comprehensive Designer lon AmpliSeq ™
46 genes Panel www.ampliseq.com _
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Alm

« To validate lon Ampliseq technology as a cost-
efficient means of genotyping 1000 SNPs In
Atlantic salmon




Methods

« 1000 SNP loci were selected from published map
« 40 DNA samples selected for trial

* Primer pool created

 PCR optimised and library prep carried out

« Amplicon sequencing performed on lllumina Nextseq
500 (PE 150bp reads)

« Sequences aligned to amplicon reference sequences
with Bowtie2



Primer design for 1000+ amplicons

« Amplicon size of 100-200 bp
* Primers do not need to be right ‘on’ the SNP

* Primers need to be compatible and avoid repetitive
sequences etc.

« Target sequences and reference genome submitted to
Life Tech

— Bioinformatics pipeline does its magic
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Results

* We obtained sequence for 941 targeted SNPs with a
minimum coverage of 100x in all samples

* Alignment pipeline took less than a minute

* Average coverage per locus ranged from 551x to
8925x

« Genotype concordance between replicate samples
was 100%

* Some issues with sensitivity to template to be
resolved



Amplicon sequences and SNPs

 SNP can be anywhere in the amplicon, position is
known a priori




Homozygote G/G genotype
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Tl GY T G4 Al GJ Tl Ad Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T A4 All GJ Ad AY Tdl GJ T G4
Tl GY T G4 Al GI T Ad Gl CJ Tl Td Tdl Td CJf G4 Tl Gi T Ad All GJ Ad Ad Tdl GJ T G4
Tl G T CH Al G T A GHl Cil T4 T Tdl Tl Gl G4 Tl GY T A4 Al GJ Ad A Tdl Gi Td G4
Tl G4 T G4 Al GJ Tl A4 Gl G Tl Td Tdl Td Cif G4 Tl GJ T A4 ANl GJ Ad Ad Tdl GJ T Cd
Tl GY T G4 Al GY Tl Ad Gl CJ Tl Td Tdl Td CJf G4 Tdl GJ T A4 Al GJ Ad AY Tdl GJ T G4
Tl G4 T G4 Al GI Tl Ad Gil C Til Td Tl Td CJf C4 Tl Gi Tl Ad Al Gi Ad Ad Tl GJ T c4
Tl G4 T CH Al G T A4 GN CJ T9 T Tl Td Gl G4 T GJ T Ad Al GJ Ad A Tl G4 T4 G4
Tl GY T G4 Al GJ Tl Ad Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T Ad All GJ Ad AY Tl GJ T G4
Tl Gi T G4 Al GY Tl Ad Gl CJ Tl Td Tdl Td CJf C4 Tl Gi Tl Ad All GJ Ad Ad Tl GJ Ta ¢4
Tl G T CH Al G T A GNl Cl T4 Tl Tl Tl Gl G4 Tl GJ T Ad Al GJ Ad A Tl Gi T4 G4
Tl GY T G4 Al GJ Tl A4 Gl C Tl Td Tdl Td CJf G4 Tl GJ T A4 All GJ Ad AY Tdl GJ T G4
Tl GY T G4 Al GY Tl Ad Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T Ad All GJ Ad Ad Tl GJ T cd
Tl G T CH Al G T A GHl Cil T4 T Tl Tl Gl C4 Tl Gi T Ad Al GJ Ad A Tdl Gil T4 G4
Tl G4 T G4 Al GJ Tl A4 Gl CJ Tl Td Tdl Td Cil G4 Tl GJ T A4 Al GJ Ad Ad Tl GJ T G4
Tl GY T G4 Al GJ Tl A4 Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T Ad All GJ Ad Ad Tdl GJ T G4
Tl G4 T C4 Al Gi Tl Ad GJl C Tl Td Tdl Td CJ C4 Tl Gi Tl Ad Al GJ Ad Ad Tl GJ T ¢4
T G T8 CH Al GY TH A4 GHl CJ T T ~ Td Gl C8 Tl G T9 A4 Al G Ad A Tl GJ 1§ G4
Tl GY T G4 Al GJ Tl Ad Gil CJ Tl Td Tdl Td CJf G4 Tl GJ T A4 All GJ Ad Ad Tdl GJ T G4
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Tl GY T G4 Al GJ Tl Ad Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T A4 Al GJ Ad AY Tdl GJ T G4
Tdl GY T G4 Al GI Tl A4 Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T A4 All GJ Ad AY Tl GJ T G4
Tl G T CH Al G T A GHl Cil T4 Tl Tl Tl Gl G4 Tl Gi T A4 Al GJ Ad A Tdl Gi T4 G4
Tl GY T G4 Al GJ Tl Ad Gl CJ Tl Td Tdl Td Cif G4 Tl GJ T A4 All GJ Ad AY Tdl GJ T G4
Tl GY T G4 Al GY Tl Ad Gl CJ Tl Td Tdl Td CJf G4 Tdl GJ T Ad Al GJ Ad AY Tdl GJ T G4
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Tl G T CH Al G T A GHl Cl T4 Tl Tl Tl Gl G4 Tl GJ T Ad Al GJ A4 A Tdl Gil T4 G4
Tl Gi T G4 Al GJ Tl A4 Gl CJ Tl Td Tdl Td CJf G4 Tl GJ T Ad Al GJ Ad AY Tl GJ T G4
Tl GY T G4 Al GI Tl A4 Gl CJ Tl Td Tdl Td CJf G4 Tdl GY T Ad All GJ Ad AY Tdl GJ T ¢4
Tl Gi T C4 Al Gi Tl Ad GJl C Tl Td Tl Td CJf C4 Tl Gi Tl Ad All Gi Ad Ad Tl GJ T c4
Tl GJ T G4 Al GJ Tl A4 Gl CJ Tl Td Tl Td Cil G4 Tl GJ T A4 All GJ Ad AY Tdl GJ T G4
Tl GY T G4 Al GY Tl Ad Gl CJ Tl Td Tl Td CJf G4 Tl GJ Tl Ad All GJ Ad Ad Tdl GJ T G4
Td.G2 T G4 Al GY Tl Ad Gl CJ Tl Td Tl Td CJf C4 Tl Gi Tl Ad All GJ Ad Ad Tl GJ T ¢4
T4°GH T8 Gl Al GY T4 Ad GHl CJl Tl T Td T4 Gl C8 Tdl G TH A4 Al G Ad A Td GJ 1§ cd
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Ty Ci A GJ Al Ad Aj G Ci| CJj CJ Cy Gy Al AJ T AJ G Tu Cy CJ CY CJ GI T Ty Cy T
T. ClAIGIA Al AIGIClCJClClGIAIAITIAICJIT|CJCLCICIGIT)TICyTd
T4 Cil Al GJ AJ AJ AJ Gl Ci CJ CJ Cf G AJ Al T Al CJf T CJ Cil CJ Cy GJ T T4 C4 T4
TICIAIGIAIAIAIGICICICICIGIAIAITIAICI TuCyClCYCJGI Ty TyCy Ty
T. Cl Al GlAIAlA|GIClCJClClGIAIAITIAICJT)CJCLCYCIGIT)TICyTd
T_‘(‘..AAG.A.A‘AAG.CAC.C.C.G.A‘A‘T.A.C.T.C‘C.C,.C.G.T.T.C.TA

SNP calls are determined by
coverage of amplicon (i.e.
number of reads) aligned to

|| reference sequence 1

T. CIATGI AT AT AT GI CICI CICI GI AT AT TH AT CI T CI CA CI eI G Ty T ¢ T
Ty CJ A G Al Ad Al G Ci| CJ CJ Ci Gy Al Al T AJ G Tu Cy CJ CY CJ GI T T Cy T
T4 Ci Al Gl Al Al Al GI Ci CJ CJ CJ G Al Al T4 Al CJ T CJ ClCJCyGITyTiCyTd
Td G Ad Gl Ad Ad AJ GIl Cil Gl CJ CJ GJ Ad Al Tl Ad CJf Tl Cll Cd G CJ GJ T T Cd Td
TICIAIGIAIAIAIGICICICICIGIAIAITIAICI TuCyCJCYCJGI Ty TyCy Ty
TICIAIGIA AlAIGICICICICIGIAIAITIA CIT CJCICICIGIT,TICIT|
T4 G Aj GJ Al AJ Al G Ci CJf Cy CJ Gy AJ Ay T Al CJ Ty CJ Cij CJ Cy GI Ty T4 CJ T
Td Gl A Gl Ad A4 A4 Gl CJl Gl Cll Ol GJ Ad Al Tl AJ CJf T G4 C4 Gl Cll G Td T4 G4 Td
TICIAIGIAIAJAIGICICICICIGIAIAITIA CIT|CJCICICIGIT,TIClT|
T4 Cl Al Gl Al Al Aj GI Ci CJ CJ CJ G Al Al T Al CJ T CJ CJ CJ CyGI Ty TiCyTd
T4 Ci Al GJ Al AJ AJ Gl Ci G CJ Cf G AJ Al T Al CJf T CJ Cil CJ Cy GJ T T4 C4 T4
Td ol AY Gl Al Al Al Gl cil o cil .o ci Al AY Tl Al ol 7l .od cil i cil .l Tl T . Tl
T4 Cl Al Gl Al Al Al GI Ci CJ CJ CJ G Al Al T4 Al CJ T CJ CiCJCyGITyTiCyTd
Ta G Al GJ Al AJ Al G Ci CJf Cy CJ Gy A4 Ay T Al CJ T CJ Cij CJ Cy GI Ty T4 CJ T
T. Cl Al GlA AlA|GICiCJClClGIAIAITIA CJIT)CJCLCYCIG|T,TIClTd
TICIlAIGIA AlAIGICLClCICIGIAIAITIAI CJ T CJCLCICIGIT,TICIT|
Td Gl Ad Gi Ad Al Al GJ Ci| CJj CJ CJ GJ Ad Ad Tl Al Cii T Cy Cil Gl CJ GJl T T CJ T4
T4 Gl A Gl Ad Ad A4 Gl CJl Gl Cll CJ GJ Ad Al Tl Ad CJf T G4 Cd Gl Cll G T T4 G4 Td
TICIAIGIA AJAIGICICICICIGIAIAITIAICIT CICICICIGIT, TICT|
TIOLAI R ALALIAI @I AL LA Ol A ALA TIA CLT . CLA ClA  GIT TAA T




Heterozygote A/G genotype
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Homozygote C/C genotype

1 to 401 (401 bp)
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CJAi TJGA JCJA,;AA T4 T4 cd TJAiGJAicJ TG TJAJGAAJAiCJ TJCJAi AGIAIA TJAJGAAJ TJGJAiGJAi TJ Td cdf T4 il T4 ci ¥ d T G4 TJGAAJCJAJ
Cl Al Tl GJ Til Cd Al Al Tl T8 cil T4 Tal Ad GIl Al Cll Td Gil T4 Al G4 Al Al Cil T4 cil Al k A GAATAGATGAGATTCTCT G, i i T G T G A C A A
cll Ad 7l of 1 cil Al A 78 74 cll 7d 7 A ol A cll 1l ol 7 Al o Al A cll Tl cil Al A/G/A/A|T|A|G|A T/GIA G A T|T|C|T|C|T G, 4 | TG, T, G| A|C|A|A
CAT/GT.CCAAT T CITT.AIGACT G T AGAACTC A A/GAATAGATGAGATTCTCT G 4 Tl A T G T . G A C A A
Cll A4 T4 G4 T4 C4 AJ Ad T Td Cdl T4 TH A4 G4 Ad Cll T G T4 AN Gj Al Ad Cll T G4 Ad AIGIA/A T AIGIA T GIAIG A T/ T C.T . CIT| G ¥ d T4 G4 TH Gy Ad C4 Al A
C AT GT CAATITHC, TIAJGIAIC|TIGITIAIGJA A|ICIT C|A i AIGIAJAITIAIG AT IGIAIGIAI T, TyC T CJ| TG 3 JT/GJT . G A|C A|A
CIAITIGITUCIAJAITUTICITITIAIGIAICI T IGITIAIGIA|JAIC T C|A, AGIA/AIT AIGIA T GIAIG A T T IC.T CIT G | T G Ty G A|CLA A
CH A4 Td Gi| T C4 Ad AJ Tl T4 Cd T4 Td A4 G4 Aj il T4 GJ T4 A4 Gif Ad A C4f T4 Cd A4 Aj GJ A4 AJ T4 AJ Gi| Ad T4 GJ AJ GJ AY Ty T4 C4 T4 c4 Tl Gl T Gl A4 C4 A4 A
Cll Ad T4 Gif T4 CH AN A4 TH T4 Cdl T4 T4 A4 G A Cll Td GHl T4 AJ Gj A Ad Cll T4 cdl A4 AIGIAJA|IT|A|IGIAITIGIAIGIAIT|T|C|T Cy d Tl Gil TH G4 AY CY AY A
Cll A T4 GJ Td CJ Al Ad Tdl TJ Cil T4 Tdl AJ G Ad Cll T G T4 Al GJ Al Aj Cll Td Cd Ad Tl T Al Gil Ad All Td All G4 Al T Gl Ad Gl A Tl T4 Cd T§ cd il T T JA|TIA T |GIT G AClA A
CIA|T|G|T|CYAIAITUTICITIT|A|IGIAICITIGITIA|IG|A|AIC|T ClA AIGIAJA|T|A|GIAITIGIAIGIA|IT|T|CyT CY | T G T G A Cy| A A
CIA|IT|G|TICIAIA TUTICITIT|A|IGIA C T IGITIA|IG|A|IAIC)TClA AIGIAI/AT AIGIA T GIAIG A T T C T Cy | TUGI TIGIA|C|A|A
CUAJ TG T CyAIAITITICIT]T]A|GIAICITIGITIAIG|A|AIC)TClA AIGIAIA|T|A|GIAI TG AGIAIT|T|CIT C | T4 Gi T4 Gj A Cl Al A
CH A4 Tdl G4 Tl CY ANl AY THl TH C TH Tdl A4 GMl AY il T Gil T4 Al G4 All A4 cdl T cdl AY ] Al Gl AJ Al Td All G4 All T GIl Aj GJl Ad T4l Td cdf T{ cdl T4 d Tl G4 T4 G Al CY Al A
Cl A4 Td G Tl Cll Al Ad T TH Cdl Td Td Ad G Ad Cll T Gl T AJ G4 Al A Cll Tdl Cdl Ad AIGIAJA|T|A|GIAITIGIAIGIAIT|T|ICIT CY 4 | T4 G T G A Cy A A
CLAITIGT . CCAAT T CIT.T.A/GAC T GT AGAACTClA A/GIA/ATAGATGAGATTCTC 4 1 A TG T .GlAC A A
Cll A4 T4 G4 T4 C4 AJ A4 T Td Cdl T4 T4 A4 G4 Ad Cll T G T4 AN Gj Al Ad Cll TS CGdl Ad AIGIAIAITIAIGIAITIGIAIGIA T T CI T CY ¥ d T4 G Td Gi Al C4 Al A
cll Al 74 cJ 1l ci All Al T T4 cil .78 T4 Ad ol A cil T4 cll T Al 64 Al Ad cil T4 cdl Al { A G A A T|A/GA T G A G A T|T|C|IT | C| d i L TIG|T|G|/A|C A A
CIAITIGITUCIAJAITUTICITITIAIGIAICI T IGITIAIGIAJAIC T C|A, AlGIAIAT AIGIA T GIAIG A T T C.T Cy v d | T GI T Gy A Cy A A
CCATGTCAATTITCTIAGACTGTAGAACTC A A/GIA/AT AGATGAGAT T CTC, 4 A Tl Gl T Gl A4 C4 A4 A
CIAITIGITUCIAJAIT T ICITITIAIGIAICITIGITIAIG|IAIA C T C|Al AIGIAIA T AIGIA T.GIAIGA T T ICI T Cy 4 ; d T4 G TH Gy Al C4 Al A
Cll A T4l G4 Td CY Al Ad Tdl Td Cdl T4 Tdl AJ G Ad il T G T4 Al GJ Al Aj Cll Td Cd Ad Tdl T A/GIA/AT AGATGAGATTCTC ! . d Al Tl Aj Tl G Td G3 Al CJ Al A
CIA|T|G|T|CYAIAITUTICITIT|A|IGIAICITIGITIA|IG|A|AIC|T CA, AIGIAJA|T|A|GIAITIGIAIGIA|IT|T|CyT CY 4 \ TUGI TIGIA|C|A|A
CIA|T|G| T CIAIA TUTICITIT|A|IGIA CITIGITIA|IG|A|IAC|T ClA AIGIA/AT AIGIA T GIAGA T T C T Cy S \ TUGITIGlA|C|A|A
Cll A4 T4 Gif T4 C4 AN Ad TH T4 Cd T4 T4 A4 GMl Ad Cll TS GMl T4 Al Gj A A4 Cll T4 cdl A4 AIGIAJA|T|A|G|AITIGIAIGIAIT|T|CYT Cy ¥ d Tdl Gil Td G AJ C4 Al A
CH AJ Tdl G4 T4l CY ANl AY THl T4 C TH Tdl A4 GMl Aj il T Gl T4 Al G4 All A4 cdl T4 cdl Ad ] Al Gl AJ Al Td All G4 All T GMl Aj Gil AJ Tdl Td cdl T{ cdl T4 4 4 d T4l G4 T4 G4 Al CY Al A
CIA|T|G| T |CyAIAITUTICITIT|A|IGIAICITIGITIA|IG|A|AIC|TClA AIGIAJA|T|A|GIAITIGIAIGIAIT|T|C T CY | T4 G T G A Cy A A
CATGTCAATITCTIAGACTGTAGAACTC A A/GA/ATAGATGAGATTCTC TG T . G A C A A
CIAITIGITICIAIAIT T ICITITIAIGIAICITIGITIA GIAIA C T C|Al AlGIAJAITIAIGIAITIGIAIGIA T T CI T CY d T4 G4 T4 Gi Ad C4 Al A
CHl A T4l GJ Td CY Al Aj Tal Td CH T4 Tl AY G Ad CJl Td G T4 Al GJ All Aj Cl Td Cd A4 i Al Gl AJ All T4 All G4 Al T Gil Ad Gil AY Tl T4 Cd T4 c4 d Tl GJ T4 G3 Al CJ Al A
Cl Al Ty Gi Ty Ci AJ A Td Ty CJ T4 Ty Ad GJ Ad ClJ Ty GJ T4 Al Gi Al Ad CJ T4 CJ AY A G AT T/IAGATGAGATTCTC, ¢ 7 1 T4 G T Gy A Cyjf A A
CH A4 Td Gil T4 C4 Ad AJ Td T4 Cd T4 Td A4 G4 Aj il T4 GJ T4 A4 Gif Ad A C4 T4 cd A4 Aj G4 A4 AJ T4 AJ G| Ad T4 GJ A4 GJ A4 Td T4 Cd T4 cy 1A | Tl Gl T G A4 C4 A4 A
CIAITIGITUCIAIAIT T ICITITIAIGIAICI T IGITIAIG|AIA C T C|Al AIGIA/AT AIGA T G AGAT T.CT C| ; d T4 G TH Gy Al C4 Al A
Cll A T4 GJ Td CJ Al Aj Tdl T{ CHl T4 Tdl Aj G Ad il TJ G T4 Al GJ All Aj cdl Td Cd A4 ] A/GAATAGATGAGATTITCTC p d Ad Tl Aj Tl G T4 G3 Al CJ Al A
CIAITIGITUCIAJAITUTICITITIAIGIAICITIG|ITIAIGIAJA C T C|A, AlGIAIAIT AIGIAITIGIAIGIA T T CIT Cy | TG TUG A CLA A
CIAITIGT.CCAJA T T CIT . T.AGIAC T GIT AGAACT ClA Al Gy AJ Al T Al G Al T GJ Aj GJ Ay T T4 CJ T4 Cy | T4 GI G G AjCI A A
Cll A4 T4 Gif T4 CH Al A TH T4 Cdl T4 T4 A4 G A4 Cll Td Gl T4 AJ G4 A Ad Cll T4 cdl A4 Ad Gl Ad Al Td Al Gjj Al TS GMl A4 Gil Ad T4 T4 Cyf Td Ci (T4 G TUGjA|CHA|A
CH AJ Tdl G4 Tl CY Al AY THl TH CH Td Tdl A4 GNl AY il T Gil T4 Al G4 Al A il T cdl Ad ] Al Gil AJ Al T4 All G4 All T GMl AJ GJl Ad Tdl T4 cif A~ cdl T4 . d T4 G4 Tl G Al C Al A
CIA|T|G|T|CYyAIAITUTICITIT|A|IGIAICITIGITIA|IG|A|AIC|TClA AIGIAJA|T|A|GIAITIGIAGIAIT|T|IC T CY | T4 G T G A Cy| A A
ClAITIGI TUCHALAITI TICH T TJAIGIAICITIG|G AJGH AJA]CY TYCJ A Al GJ Aj Al Td Al G| Al Td GJ AY Gil Ad Tdl Td Cd T4 Co TIG|T|G|AC A A
Cll A4 T4 Gif T4 C4 Al A TH T4 Cd T4 T4 A4 G A4 Cll T4 GMl T4 Al G4 Al A4 Cll Td cdl A4 AIGIAJA|T|A|G|AITIGIAIGIAIT|T|C|T)CY d T4 Gil T4 G4 Al C4 Al
Cy 47 Ty GJ Ti Cd Al Al Tl Td cil T4 Tal Ad GIl Al Cll T4 Gil T4 Al G4 All Ad Cll T4 ci Ad § A GAATAGATGAGATTCTOCT 4 T G T G A C A A
ClvAq Td G Tl Cll Al Ad T TH Cdl T4 Td A4 Gl Ad Cll T Gl T4 AJ G4 A A4 Cll Td Cil Ad Al Gl Ad Al T4 Al G Al T Gl Ad Gl Ad Td T4 Cil T il T4 cd : 4 i T4 G Tl G Al Ci Al A
CH AY Td Gil T C4 Ad AJ Tl T4 Cd T4 Td A4 G4 Aj il T4 GJ T4 A4 Gif Ad A C4 T4 cd A4 Aj GJ A4 AJ T4 Ad G| Al T4 GJ A4 GJ A4 T T4 C4 T4 c4 T4 G4 4 T4 A | TH Gl THGH AdcHd T
T .G T, G AC A




Seq errors not a problem with sufficient coverage
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Conclusions and future development

* lon AmpliSeq was validated as an efficient GBS tool in Atlantic
salmon

* ‘ldeal’ SNP number for within-family genomic selection, parentage
assignment, targeted MAS, traceability.....
» Phase 2 trial underway ﬁ
— 2000 new genomewide distributed SNPs selected — =

N e e ——
A

— Will be sequenced on the ‘native’ lon Proton platform

— Multiplex level of 384 samples per PI chip, target 100x coverage

— Cost target 10 euros per sample (optimise target no.+ multiplex level)

« Future PIl and PIII chips promise further efficiency improvements

— Competition from alternative systems, eg. lllumina Truseq Amplicon, Affymetrix



Customised panels — Aguaculture species soon?

Select the genome you wish to use *
Standard @

Extended @

Custom @

lJNofima



ﬂNofima

Thanks for your attention

www.nofima.no



