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A molecular marker is a molecule contained within a sample taken from an Ref) WIKIPEDIA
organism (biological markers) or other matter. ... DNA, for example, is

a molecular marker containing information about genetic disorders,

genealogy and the evolutionary history of life.

» Genetic loci or specific DNA sequences that can be easily tracked and quantified in a population and
may be associated with a particular gene or trait of interest.
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» Individuals within a population of a sexually reproducing species will have some degree of heritable

genomic variation caused by mutations, insertion/deletions (INDELS), in versions, duplications, and

translocations.

» genetic loci that may be associated with a particular gene or trait of interest.

Ref) Hayward et. al. 2015 Methods Mol. Biol.
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» RFLP: Restriction Fragment Length Polymorphism

» SSLP: Simple Sequence Length Polymorphism

» AFLP: Amplified Fragment Length Polymorphism

» RAPD: Random Amplification of Polymorphic DNA
» SSR: Simple Sequence Repeat

» SNP: Single Nucleotide Polymorphism

» ISSR: Inter Simple Sequence Repeat

> IRAP: Inter-Retrotransposon Amplified Polymorphism
» CAPS: Cleaved Amplified Polymorphism Sequence
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Quicker, cheaper
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Reduced Genome Representation through GBS

G BS () 64-base sequence tag
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Whole genome sequendng
(WGS)
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Reduced representation library (RRS)

Genotyping-by-Sequendng Multiplexed ISSR genotyping
(GBS) by sequendng (MIG-seq)
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Genotyping-by-Sequencing
(GBS) &




GBS 2M 7l

» Genotyping-by-sequencing (GBS) is a simple, highly-multiplexed system for constructing
reduced representation libraries for use with next generation sequencing technologies such as
the lllumina platforms.

» GBS enables the analysis of large numbers of single nucleotide polymorphisms (SNPs) in
studies of genetic variation.

» GBS uses restriction enzymes to reduce genome complexity and to avoid the repetitive fraction
of the genome.

> Key features of GBS compared to other approaches include:
= Reduced Sample handling
= Few PCR & purification steps
= No DNA size fractionation
= Efficient barcoding system
= Simultaneous marker discovery and genotyping
= Scales very well
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(Genotyping-by-Sequencing) NGS short read sequencin - B J N J
GBS library HIZt sequencing

, q / ) SNP calling FHCIAE 2M (GeneAlEx)
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2 Digest DN with RE P . . GTTACTGTCGTTGTAATACTCCACAATGTC by &
Z GTTACTGTCGTTGTAATACTCCACGATGTC |
ot O / —_— ] — { — . —— . . .
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GBS library #| %}

1. Plate DNA & adapter
pair

[ Y

Barcode adapter

7. Evaluate fragment sizes
= lllumina A|3 Ao XEHst

library M| %}
C. 4. Pool DNAs
Common adapter * Pooling Bead
N purlflcatlon
= GBS =42 96ea/set=E TIH
6 Cleanup
= Bead purification
P = Primers
2. Digest DNA with RE _£C=S s So, 4
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= 2cut: Pstl, MspI 22 TI3H 5. PCR
- AFOI & .
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Selective primer(AC) A&

— — — ) — —

= = —=

Restriction site
(ApeKI, PstI and Mspl)

‘ f
f

Sequencing area

(512) (4,096) (256)
NNNNNNG CWGCNNN........NNNG CWGCNNNNN
R.E. cut NNNNNNCGWC GNNN........NNNCGWC GNNNNN
ApeKT 2 Cilca s ApeK T ApeK I
Barcode adaptor Common adaptor,
Ad liqati GATCTxxxx CWGCNN......NNNG CWGAGATCG GATCTxxxXCWGCNN.......NNNGCWGAGATCG
aptor ligation CTAGAYYYYGWC  GNN......NNNCGWC TCTAGC CTAGAYYYYGWCGNN....... . NNNCGWCTCTAGC
. . ApeK T (X) ApeK T (X)
Ligation Ligation

37 ~YXCGACTCTAGCCTTCTCGCCAAGTCGTCCTTACGGCTCTGGCTAGAGCATACGGCAGAAGACGAAC-5

3’ ~TCTAGCCTTCTCGCCAAGTCGTCCTTACGGCTCTGGCTAGAGCATACGGCAGAAGACGAAC-5
PCR ampliﬁcation 5! -ACACTCTTTCCCTACACGACCCTCTTCCGATCTxxxxXCWGCNNN  NNNGOWGAGATCCGAAGAGCGGTTCAGCAGGAATGCCGAG-3'
37 ~TGTGAGAAAGGGATGTCCTGCGAGAAGECTACAYYYYGHOGNNN  NNNCGWCTCTAGCCTTCTCGCCAAGTCGTCCTTACGGCTC-5 !

5" -AATGATACGGCGACCACCGAGATCT, -3’
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Perform Titration to Minimize Adapter
Dimers Before Sequencing

NOTE: Done once with a small number of samples.
Adapter dimers constitute only 0.05% of raw sequence reads

Optimal adapter amount
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Selective primer(AC) AtE

— — — ) —

Restriction site
(ApeK I, PstI and Mspl)

‘T
‘T
f

Sequencing area

(CA) Selective primer L
N ot < = |
Barcode primer F > Igation < - Common primer L
5 3y 5 3 5’ 3’
_ ‘on ®[] ‘oH _
1 Ho- HO-
3 5’ 3 5 3 5’
-]
Ligation
Barcode Adapter Genomic DNA insert Common Adapter

5'-ACACTCTTTCCCTACACGACGCTCTTCCGATCTxxxx—3"

5" -COWGAGATCGGAAGAGCGGT TCAGCAGGAATGCCGAG-3
37 “TGTGAGAAAGGGATGTGCTGCGAGAAGGCTAGAY Yy yEHC—5

3’ “TCTAGCCTTCTCGCCAAGICGTCCTTACGGCTC-5"

5" -AATGATACGGCGACCACCGAGATCT. -3’

37 =TCTAGCCTTCTCGCCAAGTCGTCCTTACGGCTCTGECTAGAGCATACGGCAGRAGACGAAC-5

37 “YXCGACTCTAGCCTTCTCGCCAAGTCGTCCTTACGGCTCTGGCTAGAGCATACGGCAGAAGACGAAC—
57

Selective primer L

Met= S 0|80t 2to[222| S A&, BfR S Z2t0|H
S

S 30l 96-1927| Bt A= & g2 A0 0| 7ts.
> Selective primer AF& 2.2 GBS £449| EHE QI missing H|ES Z|A2t R 2ZM, SNP O ME 222 =Y = U=
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> Selective primer Z1}(=Z0f| A &)

OPEN @ ACCESS Freely available online @. PLOS ‘ ONE

mmm# of SNPs (x1,000) ====mean depth of coverage 35

o
-

Number of SNPs (x 1,000)
O = N W & 00 O N ® © O

C) 104 30
1 =/ of SNPs (x1,000) s===mean depth of coverage

An Improved Genotyping by Sequencing (GBS) Approach
Offering Increased Versatility and Efficiency of SNP
Discovery and Genotyping

Humira Sonah’, Maxime Bastien', Elmer Iquira’, Aurélie Tardivel', Gaétan Légaré?, Brian Boyle?,
Eric Normandeau®, Jérome Laroche?, Stéphane Larose®, Martine Jean’, Frangois Belzile'*

Mean depth of coverage (reads/SNP)
Mean depth of coverage (reads/SNP)

Number of SNPs (x 1,000)
S =N WA e N ®©

S
: M
> Selective primer A A) > AX =3
CHA| ' SNP Z 5=
No. 2 A Normal GBS Selective primer Read depth t
1 Total SNP{ (9570 K| &8 matrix) 468,050 629,213
2 Missing < 40% 289,964 346,139 =L A
3 Missing < 30% 250,372 296,793 SNP "'I' T t
4 MAF > 5% 56,204 107,118
5 Missing < 40% and MAF > 5% 7,895 14,801 Missing _Jlt_l- 4= ‘
6 Missing < 30% and MAF > 5% 5,489 10,100

> GBS 20| E2{2| X|Zt0] selective primerE AFE2H A2 read mapping @2 =2 EQU 2 ZM read depthE & 0|1, missing Z+E
E0|1, X|F MUL[= SNP 9| & &0|= &1




Multiplexed inter-simple sequence
repeats genotyping by sequencing
(MIG-seq analysis)
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FHEAH A (Phylogenetic
. T — [L ey |
MIG-seq =4S fict A= EH| Read mapping tree, PCA, Genetic Structure)
(. ) g I
g B N e CH2tol MEO|AM MW E PO =8 0|83H0]
« GBS 24 MHIAE= 1HE 96 ES 22 = TE/ALIS] REBA £4 THs
« gDNAE < 1ng/ue O| Ao 5= 2 10-20 pe7t 2 R3tH, PCRO| ZIHME 4 S —
HE 9] amount®t quality7t 22 R
- E| Zl gDNAE 0| 83}0f MIG-seq libraryE H|Ztst = agarose gelOl A QCE — :
a9 s W% 43 ong B .
\ J — _
G J o /
(Gen ing-by-Sequencing) . .
02’35 ﬁbr;’rys‘;ﬂ& g NGS short read sequencing SNP calling SHMCIFA B M (GeneAlEx)
4 )
WAl IRF e g ) g )
e p— T SNP Discovery: Goal i == = ‘ =
: : g s ﬁ - q
. H:“ An accurate sSer\lq:edri]sc:;?/:r::Srely on a good base r |
_ J ‘ quahly.asufﬁcnenl depth of coverage and an accurate
k EPRNe J - J
> MiG-seq 242 1ME 96712 A|EE U&= RAHEA 24 8! RECIYE 240 0f 20HE Y
> MIG-seq 20| E2{2|:= multiplexed inter-simple sequence repeat (ISSR) primerE O|- 850§ K| &S, Al L =M 742 genome-wide SNPE ME5I0] CHASH ZA40]
20| 7Hs3t
>  MIG-seq 242 GBS £410] H|oH MAUE|= = SNP OFHL| == FZ5IX| 2t gDNAL| EX|= GBS 240| 0|32 A|2E ¢ 2= O Z2 Cieto] & .
> MiG-seq 242 Sl MU=l genome-wide SNP OFHE 0|85 TEHH SAMA 24 FHECIAM 241 FIEHE JL2 OFH 71, linkage map 2, GWAS =49,
QTL mapping & CtYot 24 30| 7t
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1st ISSR primer F Anch 1st ISSR primer L
nchor
~~ *;// - —
1%t PCR b acn4 ) J acn4 |}
. . Genomic DNA
SSR region SSR region
> 2702| SSR motif LH2| BFE A[Rd 510 polymorphic SNP OFHE EfAgt
25t Common primer F 25t Indexed primer L

Anchor
T~ / —'(Hmdex
2% PCR R acn4 )i b acns T

SSR region SSR region

Genomic DNA

> PCRZ|HEC| 2l0|E 22| 5 & Sl 22| gDNA 22 quality’t H2= gDNAE U&= RHN 242 e = U2
» MIG-seq == GBS =440i| H|3H <f 1/10 §=2| SNP O} M 285 4d=.
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25t Common primer F 25t Indexed primer L

~ Anchor
/ —'(H1dex
2x} PCR R a4 i J acns

, , Genomic DNA
SSR region SSR region
No. Pri:z;eset Primer name Sequence (5' - 3') No. Prlr::eset Primer name Sequence (5' - 3')
1 PS1 4-5  ACTATG-f 4-5  CGCTCTTCCGATCTCTGACTACTACTNNTTG 1 BS1 4-5  ACT4TG-r_4-5 = TGCTCTTCCGATCTGACACTACTACTNNTTG
2 PS1 4-5  CTAATG-f 4-5  CGCTCTTCCGATCTCTGCTACTACTANNATG c | Eel eo | Cwmame-E d-o | UECTCTUCCEATCIGRMOC el o il BTE
3 PSl_4—5 TTG4AC—f_4—5 CGCTCTTCCGATCTCTGTTGTTGTTGNNGAC 3 PS1 4-5  TTGAAC-r _4-5  TGCTCTTCCGATCTGACTTGTTGTTGNNGAC
4 PS1 _4-5  GTT4CC-f 4-5  CGCTCTTCCGATCTCTGGTTGTTGTTNNTCC 4 PS1 _4-5 GTT4CC-r_4-5  TGCTCTTCCGATCTGACGTTGTTGTTNNTCC
5 PSl 4-5 GTT4TC-f 4-5 CGCTCTTCCGATCTCTGGTTGTTGTTNNTTC S PS1 4-5 GTT4TC-r_4-5 TGCTCTTCCGATCTGACGTTGTTGTTNNTTC
6 PS1 4-5 GTG4AC-f 4-5 CGCTCTTCCGATCTCTGGTGGTGGTGNNGAC 6 PS1_4-5 GTG4AC-r_4-5 TGCTCTTCCGATCTGACGTGGTGGTGNNGAC
7 PS1 4-5 GT6TC-f 4-5 CGCTCTTCCGATCTCTGGTGTGTGTGNNTTC 7 PSil_4=3 GT6TC-r_4-5 TGCTCTTCCGATCTGACGTGTGTGTGNNTTC
8 PS1_4-5 TG6AC-f_4-5 CGCTCTTCCGATCTCTGTGTGTGTGTNNGAC 8§  PSl1 4-5 TG6AC-r 4-5 TGCTCTTCCGATCTGACTGTGTGTGTNNGAC

» SSRregions CHAIC Z I2tO|HE C|X}QI SHH CHFSH SSR motifS CHAIS 2 PCR TE0| Lo{E = Q=& ZaI0|HE HM|Efgt
X[ S0 2™ SSR motif 240l NN(degenerate oligonudectide)2 & 21510 | HX} CH 2 BIMSH=H| O 22501 A2 2 =Qlgt
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Targeted sequencing
- Multiplex amplicon 24|
- Hybrid bait &4




Targeted sequencing_Multiplex amplicon ‘&4

Multiplex amplicon 2419| library H|Z}

NGS sequencing Short read mapping SNP calling
gDMNA, FFPE DMNA, or cfDNA N N <
vvvvvvvvvv SNP Discovery: Goal
1. Multiplex PCR -
N \ t tottt
= = SNP Sequencing errors
_--" S SNP M2 AJRA quality, 238 read depth,
——— + — ke (0 O1(0} 2 b AP A4 e H 22l read mapping0l S 2
- . . & J A J & J
Target Amplicons :‘}-Jr:;:.i—fj_‘iier;lrlc_
2. Background Cleaning
Applied analysis
—t 4 N\
—= = Multiplex amplicon 7 |2+ targeted A | RS2 7| M=l genome-wide SNP(2F 30040007H) OFHE CHA L=
' multiplex PCR 2HA10 2 ISH= K190t A|HAl B
« HUCHARE MO Z QIS5H=SNP A32[H0f| ZES 7|1 /US.
e e e, » T2 S8 &4 MABC genotyping, Genomic selection (GS), QL screening, High throughput genotyping
Ready libraries & J
-« T HRA DT o6 /1A1| EZ2 FMZ A5, reference Al MEL EFZI @F2| FI7IME HEE 0|80 A0 Amplicon primer ME =2 Hybrid bait
MES| MZo] €

* Multiplex amplicon '&4] : 96MiZ 7|22 2f 300 O3712| NP HEE X|=EIYE S Z45H=0H 2uHel.




Multiplex amplicon 2419| library | %}

gDNA, FFPE DNA, or cfDNA ) _
» The most advanced NGS amplicon sequencing

- Step 1 PCR technology for targeted DNA and RNA seq
1. Multiplex PCR N
+ — DNA Extraction "?I:L';fpﬁ:':f’*u‘c‘i‘?s’:;h Sequencing Data Analysis
Target Amplicons :-r f":|-:-::: ific
Products : Targeted DNA Sequencing Workflow

2. Backaground Cleaning

Dual-Indexed PCR Primers for lllumina

g — Step 2 PCR Primer Sequences

Each sample is indexed by a pair of Indexed PCR Primers for sequencing on lllumina platforms.
—— XXXXXXXX denotes the index region of the primer. Index sequences are listed below.
3. Indexing PCR i5 Indexed Primer :
AATGATACGGCGACCACCGAGATCTACACKXXXXXXXXACACTCTTTCCCTACACGACGCTCT
TCCGATC*T

- — -
Sample Barcodes
- -

i7 Indexed Primer :
CAAGCAGAAGACGGCATACGAGATXXXXXXXXGTGACTGGAGTTCAGACGTGTGCTCTTCCG

Ready libraries ATC*T

CleanPlex DNA Target Enrichment and Library Preparation Workflow



Targeted sequencing & GENOMICS

> Targeted genotyping 2}0|E2{2]| H|Z ap°d

D.NA. 1. Multiplex 2. Background 3. Indexing : ) .
Purification : Pooling Sequencing Data Analysis
PCR Cleaning PCR
and QC
L J
AgriType™ Target Enrichment and Library Preparation
3 hours of total assay time, 75 minutes of hands-on time
Library generated without AgriType™ background cleaning Library generated with AgriType™ background cleaning
PCR background
Targets buried in background - removed

of non-specific PCR products - N




MAB genotyping workflow

> ZH X2 VAR OFA > ZH A28 \AB OFA > Mi-seq 1 lane A|Ed > Raw reads trimming

M E0| CHet target primer, M EO] CHet target probe > Mi-seq nano FC and demultiplexing

set C|XtQI = X &k C|XtQl = &| & (500Mb) =2 micro » Read mapping
> 2F 30070 HEO| SNP > 2F 30070 H=O| SNP FC (1.2Gb)2 A|& A > SNP calling

OFH 2 ChAto 2 &t OFHE Mo 2 sF Xl "

1S Hie 1S He > MAB 2|58 53

> MEE 1N B > 7k

H|-8 A~ Q(2F 500T 7|&

AR Ol X &t 58 % 2-3Y HE 482 %459 = 48 %1238 TE A8

19
N
N
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=
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Targeted sequencing_Hybrid bait 4]

. . . i i Extract consensus sequence
Hybrid bait '4-419| library HIZH NGS sequencing Short read mapping seq
( ( N\
Adapter sequences —, ~— Target sequences ,\,// SNP Dlscovery’ Goal
- DNA libraries n-’ {\._ 2
xGen blocking oligo —, \ ) 1y ﬂl 'W f SPIP s:qu:nciTng errors
—_— o SNP 22 AR A quality, SETH read depth,
— — ke 10D OF2310] O} o AfA A4 — H=3t read mapping®| S8
Blocked library L ) ) L )
I e—— . xGien Hyb Probes App|ied anaIySiS
Hybridized library fragments e )
= Hybrid bait 7|2t2] targetedAI A2 target £ 21 E CHA2 2 oligo baitS: K| 2FSH hybrid A2 Als W E
T ren e A0 contigTH2 Al H S 2t
- = . NUEHAIRE 4O B QAXH 90| B 40| 2HE TIX| 1 UL,
« FR3 % =7 : Target gene sequencing, Multi-ocus sequencing, Exome sequencing , Gene discovery, High throughput
L]
: ~ D . J

51, reference Al ML BRI G0

°F 100Kb LS| EFZI &

o2 BIEoR AIFA I EASH=T| S8

F7|ME HEE 0[8510] AHH0f| Amplicon primer MIE == Hybrid bait



Hybrid bait 24 9| library X| %t

Target capture workflow

Add blocking oligos and Cot-1 DNA

Hybridize targets to capture probes

Incubate with magnetic streptavidin beads

Isolate targets with magnet

Adapter sequences — — Target sequences

Off-target sequences —,
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DNA libraries

xGen blocking oligo —
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Blocked library
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Hybridized library fragments

L]
» Streptavidin bead

e

Bead-bound target sequences

I 3=

Combine DNA with blockers
Dry down DNA @
Perform hybridization incubation

Prepare buffers

Wash streptavidin beads

Bead capture incubation

Perform post-capture washes

Perform post-capture PCR &

Post-capture PCR clean up @

* Perform during hybridization reaction

Total time:

Total time:

Total time:

Total time:

Total time:

Total time:

Total time:

Total time:

Total time:

15 minutes
Variable
4-16 hours

15 minutes*

*

15 minutes

45 minutes

30 minutes

30 minutes

30 minutes
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22407 M 7152 Whole genome sequencing(WGS) ECH= Reduced representation sequencing (RRS)
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