


A computer scienftist turned to biology




Genotyping applications

Resistant  Susceptible

F
® distal | o o ——--- R22
‘ 026 | %%
1.28 ’;Xbar08
L7 1R
0.26 ___" R5
026 |
0.51 Y15
102 . Il;vgvso413
T .. |R21
R43
1.79
| 0.5 cM
proximall R19

Ramirez-Gonzalez, R, et al. (2014). RNA-Seq bulked segregant analysis enables the identification of
high-resolution genetic markers for breeding in hexaploid wheat. Plant Biotech. J, 12(9), 1-12.
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The problem
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Input example

SNP

1

BS00112130,5A, ACCGGGTTGGAACT [A/G] AGCTAGCGCATCCCGGGT
BS00112229, 5A, GCCACATCCATATCCTTCCATC[A/G]TGTTCACCTGGCAGCTTTTG
BS00112558, 5A, CCCGGATCCAAAATC[T/G]ctcttgccttctgaacgaaagagg

/] |

Marker id

Marker sequence
Chromosome and genome



Input example

2500012548 SA
5 8500115122 SA
6 9500134740 A
7 8500015880 %A
B B500003618 SA
9 3500005011 SA
10 2500009831 $A
11 #50001565) SA
12 8500001725 5A
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B5001121% SA cr. TOCCOGUTCACAALTTTCATAAADTTATARCOO MG TTIC
BS00212309 SA TCTTCAMATTTGCALTTCATACATCYG T GE CACA T CATATCCTY CCATCIA/G T GTT CALCTGGCAGOTTTT GOGATAAGAGALGOCTAACACTTATTSTTAG

TOCARARTCLT,

AT CICTgICtrtgand g2 A AL M IRIT I QI 2 ALET
ACAALGCA TGN CCACAG TS TAMA T L GTTTO TS TTAGCTIANG JAGTGAMATTAGAGA YCASC YOO T OUTACTTTATTATTTTATICTATAS

NAGGGGCATGATGAGALGGGAGC TAGAMGATTATGCACATICTTACACIANG JMAAGATATATT GAAMAC TGACACTATTICGCCTCATTGATGGAATCAAL

T TG A T O ARAC CTGAAGCA T AT T TCATA T CAGT TCTT CE TGO CT T CIA/ G apa gt A S Lt A st gt g ot gt age
GTGTGYGAGCTTTGSTOCCATTTTGGGYAGGICTCTGTATG YOAATY GGG /0 JMAAC T TEGCCIGOS TETG TACCACOG TG ICCATYTICAG TTGTTTTGTY
GAGACTGG TGLOCTT GUARCATGLCAGT GAGCAGG TGCCAT GOATOGAAGIA/G 2390 1i tagre g t g s S EEEt AR 7 E Clagaagang
ATTCATGCTTICATT FTTTG IO TCTC T ACCAMAA TGACCE GCAACAG TIAMG )G TGATAT TOGCCATCATAGAACCATGGATCL TCC FCOGAGGTCTTOLACL
CACTCCAC CAMGAGK OO TGAT GAGCTTACCAGCCTUAMGOACTACS TGALTT AIAGOAT GAAGOAGOGOCAGAM GACATCTAC TACATCACOOGTGAGAGCAA
GOIGAACATTTATAATAGAC GT GUGLCATTTTCGT GAA TTAGTAATAGCIA/GIGTTATTATTT AACAGT GCATGLACATAT GGGAMCATAGTACGAGTATAC
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Input example

Save As: MarkersS5a.csv &}
Tags: "
(< » ][22 = D [ Gioeskop - :) @
FAVORITES ﬁ Abpil(l(iOM > AS_Homoco n;n&AP.pp(
(&3 Oropbox assemble.out @l 20121219 _scripts ,
) Deskrop & bin » I 20121219 _scripts.zip
o v o L Calibre Library » [ 678258843.epud -
. Clash.mkyv v« 1216534110.fuli.pdf
¥ Applications @ cLc_bata » & advplots.pdf
(3 Documents Desktop » all_runs.csv
5 Pictures &3 doc » « allglobal_i..actions.pdf
SHARED (4 Documents » « atfinkelgate .jpg
@ ji-cts2 a | Downloads » u BgPg4snCl...-large.jpeg
Format: Comma Separated Values (.csv)
Description

Exports the data on the active sheet to a text file that uses commas to separate values in cells,

Learn moce about filg formats

Options.. Compatibility Report... Compatibility check recommended

__| Hide extension | New Folder | . Cancel | |
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Template sequence

SNP-1 A cgcattthgchgcgataccggcgcctthGgaatatttgcagcgaaggcgtg

SNP-1 B cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggegtg



Blast search
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Local Alignment

Template

| |
|— Chromosome 5D
| |



Local Alignment

SNP-1 A

SNP-1 B

IWGSC-5A

IWGSC-5B

IWGSC-5D

cgcatttGecgcgYgcgataccggegectKtgGgaatatttgcagecgaaggegtg
cgcatttAcgcgYgcgataccggcegectKtgAgaatatttgcagcgaaggegtg
cgcatttGegegegegataccggegectTtgGgaatatttgcagecgaaggegtg
cgcatttAcgcgcgcgataccggegectGtgGgaatatttge---gaaggegtg

c--atttGcgcgTgcgataccggegectGtgGgaatatttgcagecgaaggegtg



Selection of primer candidates

SNP-1 A

SNP-1B

IWGSC-5A

IWGSC-5B

IWGSC-5D

cgcatttGecgcgYgcgataccggegectKtgGgaatatttgcagcgaaggegtg
cgcatttAcgcgYgcgataccggcgectKtgAgaatatttgcagcgaaggegtg
cgcatttGecgegegegataccggegectTtgGgaatatttgecagegaaggegtg
cgcatttAcgcgcgcgataccggcgccthdGéaatatttgc———gaaggcgtg

c——attthgcngcgataccggcgccthdﬁbaatatttgcagcgaaggcgtg

non-homeologous



Selection of primer candidates

SNP-1 A
SNP-1 B
IWGSC-5A
IWGSC-5B

IWGSC-5D

cgcatttGecgcgYgcgataccggegectKtgGgaatatttgcagcgaaggegtg
cgcatttAcgcgYgcgataccggcgectKtgAgaatatttgcagcgaaggegtg
cgcatttGegegegegataccggegectTtgGgaatatttgecagegaaggegtg
cgcattﬁAégcgcgcgataccggcgccthgGgaatatttgc———gaaggcgtg

c——attﬁﬁﬁgchgcgataccggcgccthgGgaatatttgcagcgaaggcgtg

homeologous



Selection of primer candidates

SNP-1 A

SNP-1 B

IWGSC-5A

IWGSC-5B

IWGSC-5D

cgcatttGecgecgYgcgataccggegectKtgGgaatatttgcagcgaaggegtg
cgcatttAcgcgYgcgataccggcgectKtgAgaatatttgcagcgaaggegtg
cgcattthgcgégcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg
cgcatttAcgcdcécgataccggcgccthgGgaatatttgc——-gaaggcgtg

c——attthgcg;bcgataccggcgccthgGgaatatttgcagcgaaggcgtg

semi-specific



Selection of primer candidates

SNP-1 A

SNP-1 B

IWGSC-5A

IWGSC-5B

IWGSC-5D

MASK

cgcatttGecgecgYgcgataccggegectKtgGgaatatttgcagcgaaggegtg
cgcatttAcgcgYgcgataccggecgectKtgAgaatatttgcagcgaaggegtg
cgcattthgcgcgcgataccggcgccﬁftgGgaatatttgcagcgaaggcgtg
cgcatttAcgcgcgcgataccggcgccéG%gGgaatatttgc——-gaaggcgtg
c——attthgcngcgataccggcgccéGigGgaatatttgcagcgaaggcgtg

——————— e T R el

specific



Selection of primer candidates

SNP-1 A

SNP-1 B

IWGSC-5A

IWGSC-5B

IWGSC-5D

MASK

cgcatttGegegYgcgataccggegectKtgGgaatatttgcagecgaaggegtg

cgcatttAcgcgYgcgataccggegectKtgAgaatatttgcagecgaaggegtg

cgcatttGegegegegataccggegectTitgGgaatatttgcagcgaaggegtg

cgcatttAcgcgcgcgataccggegectGtgGgaatatttge---gaaggegtg
c--atttGecgegTgecgataccggegectGtgGgaatatttgcagecgaaggegtg
——————— e it B

P

semi-specific specific
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. B N < | A NO! Securs WWW DOlymarker ind g o ! ( +

€3 PolyMarker

Web interface

Request primers

PolyMarker is an automated bioinformatics pipefine for SNP assay development which increases the probabiity of generating homoeologue-specific assays for

polypioid species, PolyMatker gInerates h mudtile signment between the targat SNP seguence and the selecied referonce genome (from the drop off mensy

« Hexaploid wheat assemblies: T e
« IWGSC RefSeq 1.0 o 0 Vo i w5 o o DA i o, o M rs for 0 1BSCE POK G4 40 e Aot 820K
o« UK assemblies (Paragon, Cadenza, ROIDIGOUS, s s s i s mue s s s e 50 s ot o oy s
Claire)
« Tetraploid wheat G554 ] o e sewcted
« IWGSC RefSeq 1.0 (A&B genomes)
 Durum wheat cv Svevo
« UK assembly Kronos
« Secale cereale (Rye)
« Hordeum vulgare (Barley) Erangie. Cear s Reference
* Brassica napus v, [Wheat cv Chinese Sering RefSea 10 7

M A whole genome assembly has been carried out by the IWGSC in cofaboration
i BrOSSICO Ropa with the company NRGene. Using a proprietary algerthm DeNovoMAGIC with
{optional) IBuming sequencing cata a 14.5 Gb assembly was produced. Sequences have
been ordered using POPSEQ data and HI-C {chromosome conformation
capture) to generate 21 pseucomolocules representing the macrity of the

m wheat genome. Reference sequence avalable in URGE The assembly is
3 an!

Your email will only be used 1o send you updates in the status of your job and Sescribed n IWGS ) Reforence sequence available in

]
h -l--I- p . // p O |y m O rke r I n fo will be deleted upon completion \ref c o} The repeats are masked 1o avoid multiple hits in repetitive
b it Ny I\, rennne

ms 0o BBSRC

Manuy Input

Ramirez-Gonzalez, R. H., Uauy, C., & Caccamo, M. (2015). PolyMarker: A fast polyploid primer design
pipeline. Bioinformatics, 2-3. doi:10.1093/biocinformatics/btv069



Primer design for
delefions



DELETTIONS y-RADIATION LINES

» ~600 Paragon lines with radiation induced deletions

 |[dentfify lines with missing genes to test changes in
phenotype

» Low sequencing coverage (0.3x)
» Large window sizes to make up for low coverage
» Collaboration with Paul Nichlson lab.
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DELETTIONS y-RADIATION LINES
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Deletions Browser
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©2041 - 2600 Lartaes bwstuty | Yorsion: 0.2.4 | Fendoack



SNP markers to detect deletions
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Deletions primer design

SNP-1 B
IWGSC-1A
IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgecctGtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgectTtgGgaatatttgcagcgaaggegtg

c--atttGcgecgtgcgataccggegectGtgGgaatatttgcagcgaaggegtg



Deletions primer design

SNP-1 B
IWGSC-1A
IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggegectTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgectGtgAgaatatttgcagecgaaggegtg
cgcatttAcgcgtgcgataccggegectTtgGgaatatttgcagcgaaggegtg
c--atttGcgecgtgcgataccggegectGtgGgaatatttgcagcgaaggegtg

——————— a--------------------g--G--------"-"-"-"-"-"-"-"-"-"-"----



Deletions primer design

SNP-1 B

IWGSC-1A

IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgecctGtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgectTtgGgaatatttgcagcgaaggegtg

c--atttGcgecgtgcgataccggegectGtgGgaatatttgcagcgaaggegtg

——————— a--------------------g--G--------"-"-"-"-"-"-"-"-"-"-"----
X —r"T‘
A-specific

D-specific B-specific



Deletions primer design

SNP-1 B

IWGSC-1A

IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgecctGtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggecgectTtgGgaatatttgcagcgaaggegtg

c--atttGcgcgtgegatacecggegectGtgGgaatatttgcagecgaaggegtg

——————— a--------------------g--G--------"-"-"-"-"-"-"-"-"-"-"----
A A A

T Only amplifies A

A-specific and D genomes

D-specific B-specific



Amplicon primers
and regular PCR
primers



Amplicon primers

Product
|
target DNA 5’ 3’ 3’ 5’
Left primer Right primer



Amplicon primers

Region 1B
IWGSC-1A
IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagecgaaggegtg
cgcatttAcgcgtgcgataccggcGeetTtgAgaatatttgcagecgaaggegtg
cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagecgaaggegtg

c--atttGcgcgtgcgataccggeGeectGtgAgaatatttgcagecgaaggegtg



Amplicon primers

Region 1B
IWGSC-1A
IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggeGeetTtgAgaatatttgcagecgaaggegtg
cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagcgaaggegtg
c--atttGcgcgtgcgataccggeGeectGtgAgaatatttgcagecgaaggegtg

——————— a----------------A---g--g-----------—-----------



Amplicon primers

Region 1B
IWGSC-1A
IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagecgaaggegtg
cgcatttAcgcgtgcgataccggcGeetTtgAgaatatttgcagecgaaggegtg
cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagecgaaggegtg

c--atttGcgcgtgcgataccggeGeectGtgAgaatatttgcagecgaaggegtg

B-specific

D-specific B-specific A-specific



Amplicon primers

Region 1B
IWGSC-1A
IWGSC-1B

IWGSC-1D

cgcatttAcgcgCgcgataccggcgectTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggcGeetTtgAgaatatttgcagcgaaggegtg
cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagcgaaggegtg

c--atttGcgcgtgcgataccggeGeectGtgAgaatatttgcagcgaaggegtg

B-specific

D-specific B-specific A-specific



PolyMarker used for...



http://plants.ensembl.org/Triticum_aestivum

Tilling mutants in ensembl plants
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th Expon date EnsemblPlants « HMMER | BLAST EnsemblPlants + HMMER | BLAST | Moee ¥

& Share this page
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. - T Tyorr e LoGalion: SD:078,595,008-679,630/887 | Gene: Trasscsabe: , - 1riticum aestivum (IWGSC) v
P Gane Lagend W ecten coang Variant: Cadenza0742.chr3D.370537885 JNE08 4 Marker-based displays
Engembi PRnts & oroduced Variant displays "
e L e Details Det
RO M. 3 - Explore this variant Cadenza0742.c alis ©
Location: 30 379636506-379530827 & Genomic context %% Corfigure this page
Gene: |- Genes and reguation Most Severs conseque Marker Cadenza0742.chr3D.379537985
 Flanking sequence
- Genotype frequency Alisles Location chromosome 3D:379537965-379537585 [Note that for
= I~ Phenotype data Location reasons of clarity this marker is not shown on Hegion
oA<zant e S o
t Linkage disaquilbrium s
I 1337 | Prylogenetic context ynonyms TILLING: Cadenza0742 chrdD, 379537985
g«::.. I s HGVS names S Share ihis page e
L — mers
3D Protein model ; Expected Product 52
< TraesCS J002G273600. ¢ Marker/Primer ’ Bookmark this page Size:

Y  cooserare
< TraesCS 300

Ensembl Plants is produced in e : icigeagegactiGIA]
roten codivg s

coliboratiin with Gramans Right Primer: GGAAAGAGTTGGACGATCTGA
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rsserse verant
B sphioe region varlant Fr Bookmark this page i i
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B SYROMMOUS variant About Us Get help Our sister sites Follow us
B ) prime UTR wariart Ensembl Plans is produced in Original source
R rtron vanat cofgborason with Gramene About us Using ths webste Ersembdl Blog
-
Gene Logend
Proten Codng Contact us Documentason Ensembi Bactena e
B [WGSC Mgh corddence pr About this variant ' Twitior
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Krasileva, K. V, et al (2017). Uncovering hidden variation in polyploid wheat. PNAS, 114(6), E913-E921.
doi:10.1073/pnas. 1619268114



Markers in CeralsDB

208 < n A A  Www Cereanab, uk rat/Cersagerormics Cotnal v (4] t [a]

TaqMan®  DAIT Markers

* Primers for iSelect 80K chip

-  a—

* Primers for AXiom 820K Chip | s soncises

KASP primans wor designed using the offine version of PolyMarker
(M Npolymarker Igac e uk) using the mathedology described in

Search ysing torm o SNP name
“Ramirez-Gonzake RLH., Segovia V., Bed N, Ferwick P, Holdgate S, Berry S, Jack P
Caccamo Mand Uauy C. (2014) RNA-Soq bulked segrogant analysis enables the identication Putative KASP primars for ISelect SNPs
of highaesolution genetic markers for breeding in hexagiond wheat. Plant Biotechnol. J, dol
10111 1/pds. 12281°

The reference used was he IWSCOv1, using the soft masked contans in Ensembl Feedback
(hitpAplants ensemid ong/Triticum _aestvum/infodindex)
Ploasse chck hore 10 contact us about
PolyMarker was run by Ricardo H. Ramirez Gonzalez {ncardo saminez-gonzale ghtgac. oo.uk) improvements of recommendasons you
may have 10 impeove e luncsonalty of
Arty Questions or quenies reialing 1o the KASP primer design program or the performance of the the Coreals08 website
primans should be drected to Ricardo Ramirez-Gonzatez and Cristobad Uy
(cristobal vouy@ic ac uk)

Al prmers: prmers_al o Quick Search

Primars in map: primens_in_map cav Entor o BS code (og BSO0003648) or BA
code {og BADO3I34300) below 1o perform
8 uick Seanch

HBasad at the University of Bristol with support Som BBSRC

#,BBSRC

Maintained by Mark Winfeld Ulivervity of
BRISTOL

hitps:.//www.cerealsdb.uk.net/cerealgenomics/CerealsDB/KASP_primers_for_iSelect.php



Use your own reference

299 (< [ A A 1) mipsHgntut comlUsy-Labibisrby- polypiok-toois » (4 )

« PolyMarker is open sourcel

* Run from the command line: ? e - ot saon- (R Ao

Library and toois to deal with

hitps.//github.com/Uauy-Lab/bioruby-polyploid-tools/ i —— e Rt PORREREIRS
W homonecioco Regenerate gemspec for version 0.9.9 0n 21 Nov 2018 307
Releases
© 42 tag: &

* Install your own web service:
https://github.com/Uauy-Lab/pangenome-web Mo

Packages


https://github.com/Uauy-Lab/bioruby-polyploid-tools/

Future developments

» Do further optimisations on the amplicon and deletion
markers.

» Integration with the 10+ Wheat genome pangenome
 Make the amplicon and deleltion versions of polymarkers
« Other applications that the community may neede
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Resources John Innes Centre

Unlookjng_ Natwe's Di\/crgiﬁ}
« Welbsite: hitp://polymarker.info

. ?oulrc/:e code: https://qgithub.com/Uauy-Lab/bioruby-polyploid-
00lIs

« Ensembl plants: http://plants.ensembl.org/Triticum_aestivum

« Gamma radiation deletfions database: hitp://wheai-
deletion.cyverseuk.org/

Ramirez-Gonzalez, R. H., Uauy, C., & Caccamo, M. (2015).

PolyMarker: A fast polyploid primer design pipeline.
Bioinformatics, 2—3. doi:10.1093/bioinformatics/btv069
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