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Introduction

Various levels of biological hierarchy to survey biodiversity

Among species

Species Avs. B

Populations A vs. B

Among populations
within a species

Among individuals

within a population Individuals A vs. B

—>MIG-seq can be used for surveys of genetic differentiation of all these levels



Introduction

Whole genome sequence is not necessary to identify genetic differentiation

—MIG-seq is a genome wide sequencing method
using reduced representation genomic library
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MIG-seq: an effective PCR-
based method for genome-wide
single-nucleotide polymorphism
genotyping using the next-
generation sequencing platform

Yoshihisa Suyama & Yu Matsuki

Restriction-enzyme (RE)-based next-generation sequencing methods have revolutionized marker-
assisted genetic studies; however, the use of REs has limited their widespread adoption, especially
in field samples with low-quality DNA and/or small quantities of DNA. Here, we developed a
PCR-based procedure to construct reduced representation libraries without RE digestion steps,
representing de novo single-nucleotide polymorphism discovery, and its genotyping using next-
generation sequencing. Using multiplexed inter-simple sequence repeat (ISSR) primers, thousands
of genome-wide regions were amplified effectively from a wide variety of genomes, without prior
genetic information. We demonstrated: 1) Mendelian gametic segregation of the discovered variants;
2) reproducibility of genotyping by checking its applicability for individual identification; and 3)
applicability in a wide variety of species by checking standard population genetic analysis, This
approach, called multiplexed ISSR genotyping by sequencing, should be applicable to many marker-
assisted genetic studies with a wide range of DNA qualities and quantities.

‘The recent development of next-generation sequencing (NGS) technology has allowed the effective discov

ery and genotyping of large numbers of genome-wide genetic markers'. However, many marker-assisted
studies require more economical and efficient approaches, rather than the methods based on the high
marker density produced by whole-genome sequencing. To optimize the cost and the amount of available
information for these studies, several methods have been developed to construct reduced representation
libraries (RRLs), to sample single-nucleotide polymorphisms (SNPs) from genome-wide regions, and to
genotype them using NGS, Methods such as reduced representation shotgun® sequencing and restriction
site-associated DNA (RAD)* markers were later adapted for NGS-based methods by the sequencing of
RRLs" and RAD tags®. Many improved approaches have been developed in recent years, such as complex

ity reduction of polymorphic sequences®, multiplexed shotgun sequencing’, genotyping by sequencing
(GBS), 2-enzyme GBS, RAD genotyping using type IIB restriction enzymes'”, double digest RAD'', and
restriction fragment sequencing'’. These methods have become widespread and allow marker-assisted
genetic studies, such as ecological, evolutionary, phylogeographic, and genetic mapping studies, based on
tens to hundreds of thousands of SNPs in hundreds of barcoded samples at the same time. However, a
more simple, rapid and cost-efficient approach for smaller-scale studies is desired, especially in ecological
laboratories.

Tohoku University, Kawatabi Field Science Center, Graduate School of Agricultural Science, 232-3 Yomogida,
Naruko-onsen, Osaki, Miyagi 989-6711, Japan. Correspondence and requests for materials should be addressed
toY.S. (email: suyama@m.tohoku.ac.jp)

RTS | 5:16963 | DOI: 10.1038/srep16963




1. Brief introduction of MIG-seq
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1. Brief introduction of MIG-seq
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1. Brief introduction of MIG-seq
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MIG-seq: Multiplexed ISSR Genotyping by sequencing

PCR-based procedure for constructing reduced representation libraries,
involving de novo SNP discovering, and their genotyping using NGS

Anchor for the 2" PCR primers
Forward primer \‘ (A"°h°f
15t PCR: P

i ; Genome DNA PCR (L
Ay 68 (PR Genome DNA  SSR ISSR region SSR
tailed ISSR primers — [

— Reverse primer

Highly reduced representation library

wexed forward primer
— === == Index
2nd PCR: = = E E = = \ 18t PCR product
Tailed PCR with T —— ——
dual-indexed primers =~ ——mm————= _ _ —\
_— - = Index
Indexed reverse primer
Indexed library
esiissncses
00000000 °
feee Sseeeses p5 Amplified genome region (ISSR) «* p7
A q q E [ . . ]
Mix, size selection, - :: S : . : oo : e — ca 1;0-—630 B
quantification, 00000202, o : .
and NGS run Index-2read (5)  °***° Read-2 Read-1 e Index-1 read (9)
(17 dark + 80) (17 dark + 80)
Mix PCR products
into one tube

Fig. Three steps of MIG-seq procedure



Methods: Step #1
18t PCR: An effective PCR amplification of thousands of
genome-wide regions from a genome

SSR region
a < » Genome DNA
w’ § /) /
T(\
1st PCR: : “t —— —
Multiplexed PCR J \ - E

with tailed ISSR primers \

Highly reduced represetation library

Anchor for the 2" PCR primers
Forward primer \ / ,Anchor

1
Genome DNA SSR ISSR region SSR

ar
Reverse primer \

Multiple non-repetitive regions from various inter-simple-sequence repeat (ISSR) are amplified
from genomic DNA by multiplexed PCR with universal tailed-ISSR primers.




Methods: Step #1
1t PCR

Tailed ISSR primers set

Table 1. Sequences of MIG-seq primer set-1 for the 1st PCR

Name

Sequences (5'-3')

Forward primers:

(ACT),TG-f
(CTA) TG
(TTG),AC-f
(GTT),CC-f
(GTT),TC-f
(GTG),AC-f
(GT)eTC-f

(TG)eAC-f

Reverse primers:

(ACT)4TG-r
(CTA), TG-r
(TTG),AC-r
(GTT)4CC-r
(GTT),TC-r
(GTG),AC-r
(GT)eTC-r

(TG)AC-r

(Tail + anchor: CTG) + SSR + anchor
CGCTCTTCCGATCTCTGACTACTACTACTTG
CGCTCTTCCGATCTCTGCTACTACTACTATG
CGCTCTTCCGATCTCTGTTGTTGTTGTTGAC
CGCTCTTCCGATCTCTGGTTGTTGTTGTTCC
CGCTCTTCCGATCTCTGGTTGTTGTTGTTTC
CGCTCTTCCGATCTCTGGTGGTGGTGGTGAC
CGCTCTTCCGATCTCTGGTGTGTGTGTGTTC
CGCTCTTCCGATCTCTGTGTGTGTGTGTGAC
(Tail + anchor: GAC) + SSR + anchor
TGCTCTTCCGATCTGACACTACTACTACTTG
TGCTCTTCCGATCTGACCTACTACTACTATG
TGCTCTTCCGATCTGACTTGTTGTTGTTGAC
TGCTCTTCCGATCTGACGTTGTTGTTGTTCC
TGCTCTTCCGATCTGACGTTGTTGTTGTTTC
TGCTCTTCCGATCTGACGTGGTGGTGGTGAC
TGCTCTTCCGATCTGACGTGTGTGTGTGTTC
TGCTCTTCCGATCTGACTGTGTGTGTGTGAC

Underlined and boldface nucleotides denote tail and anchor sequences, respectively. The difference
between forward and reverse primer sets is only in their tail sequences.



Methods: Step #1
1t PCR

TakaRa

Multiplex PCR Assay Kit Ver. 2
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Forward primers:
(ACT),TG-f
(CTA) TG
(TTG),AC-f
(GTT),CC-f
(GTT)4TC-
(GTG),AC-f
(GT)eTC-f
(TG)sAC-f

Reverse primers:
(ACT)4TG-r
(CTA)TG-r
(TTG)4AC-r
(GTT)CC-r
(GTT)4TC-r
(GTG)4AC-r
(GT)eTC-r
(TG)eAC-r

Template DNA
[Mixture]

2x Multiplex PCR Buffer
1t PCR primers

(Tail + anchor: CTG) + SSR + anchor
CGCTCTTCCGATCTCTGACTACTACTACTTG
CGCTCTTCCGATCTCTGCTACTACTACTATG
CGCTCTTCCGATCTCTGTTGTTGTTGTTGAC
CGCTCTTCCGATCTCTGGTTGTTGTTGTTCC
CGCTCTTCCGATCTCTGGTTGTTGTTGTTTC
CGCTCTTCCGATCTCTGGTGGTGGTGGTGAC
CGCTCTTCCGATCTCTGGTGTGTGTGTGTTC
CGCTCTTCCGATCTCTGTGTGTGTGTGTGAC
(Tail + anchor: GAC) + SSR + anchor
TGCTCTTCCGATCTGACACTACTACTACTTG
TGCTCTTCCGATCTGACCTACTACTACTATG
TGCTCTTCCGATCTGACTTGTTGTTGTTGAC
TGCTCTTCCGATCTGACGTTGTTGTTGTTCC
TGCTCTTCCGATCTGACGTTGTTGTTGTTTC
TGCTCTTCCGATCTGACGTGGTGGTGGTGAC
TGCTCTTCCGATCTGACGTGTGTGTGTGTTC
TGCTCTTCCGATCTGACTGTGTGTGTGTGAC

1.0 yL

10.0 pL
3.2 uL each @20 uM

Multiplex PCR Enzyme mix 0.1 yL

Water 5.7 uL
20.0 pL
94°C 1 min
94°C ., 30 sec |
38°C 1min | 18-25 cycles
72°C Tmin |
72°C 10 min *changed from

published version

e
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Methods: Step #2
2hd PCR (Tailed PCR)

This step enables the addition of complementary sequences for the binding sites of lllumina
sequencing flow cell and index (barcode) for each sample to the 1st PCR products using
indexed primers.

\Indexed forward primer
Index
h 15t PCR product
‘ Index

Indexed reverse primer \

New version of the 2nd PCR primers

Forward AATGATACGGCGACCACCGAGATCTACAC ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTG
(index)
Reverse CAAGCAGAAGACGGCATACGAGAT GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAC

(index)



Methods: Step #2
ond PCR (Ta| led PC R) Forward AATGATACGGCGACCACCGAGATCTACAC

(index)

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTG

Reverse CAAGCAGAAGACGGCATACGAGAT GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAC

(index)

TakaRa

xxxxxxxx

: )
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dNTP mixture 0.96 pL
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Y N X 0000000 nd : “
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D@ o0
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000000000000
HO @ 00000 o000
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68°C 1 min
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Methods: Steps #3-1: Mix, Size selection, and Quantification

1t PCR

(Multiplexed Tailed PCR)

hhhhhhhh

E o I S S S GRS

2nd PCR Primer (70)

ond PCR

(Tailed PCR + Index)

29 5 33

3

14 3 12 2

1st PCR Primer (31)

—
Index 2 read

[ I
Read 1

(

\

Pool,

Size selection
(350—-800 bp)

(AMPure XP, Beckman Coulter) )

1st PCR Primer (31)

2 12 3 14
[
3 34 9 24
2nd PCR Primer (70)
O — —
Read 2 Index 1 read

Construction of the MIG-seq library



Methods: Step #3-2
NGS Run

~

MiSeq Reagent kit v3 (150 cycle, lllumina) MiSeq Sequencer (lllumina)

Amount of data from 96—192 samples of a
standard species using MiSeq

No. of raw reads: ca. 50~60 million
No. of reads/sample: ~600,000 reads

No. of SNP markers: ~5000 SNPs or more



Methods: Data analysis

Stacks

pyRAD, and so on. / / \ \
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Data analysis with Stacks (Catchen et al 2011)



Time and cost

D(I\Fl%gxtrac}_ifg . ~384 samples (or more)
quality ‘000000000000 . .
soeeceeceese (without genome info.)
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Multiplexed DNA Barcoding

A simple and economical protocol to detect sequences of ITS and several copDNA
regions (psbA-trnH, rbcL, trnLYAAintron and matK) together using one run of NGS.

Primers for multiplexed DNA barcoding

Region Primer name Sequence (5-3) Ref.

psbA-trnH psbAF_f-tail f-tail + GTTATGCATGAACGTAATGCTC 1
trnHR_r-tail r-tail + CGCGCATGGTGGATTCACAATCC

matK KIM 3F_f-tail f-tail + CGTACAGTACTTTTGTGTTTACGAG 2
KIM 1R _r-tail r-tail + ACCCAGTCCATCTGGAAATCTTGGTTC

rbcLa rbcLa_F f-tail f-tail + ATGTCACCACAAACAGAGACTAAAGC 3
rbecLa_R_r-tail  r-tail + GTAAAATCAAGTCCACCRCG

ITS1&2 ITS-ul_f-tail f-tail + GGAAGKARAAGTCGTAACAAGG 4
ITS-ud_r-tail r-tail + RGTTTCTTTTCCTCCGCTTA

trnLV4ntron  trnLUrAc_f-tail  f-tail + CGAAATCGGTAGACGCTACG 5

trnLU4Ad_r-tail  r-tail + GGGGATAGAGGGACTTGAAC

a) 1st PCR

Multiplexed PCR with
tailed specific primers

m nDNA

Anchor for the 2" PCR primers
Forward primer \‘

1 Multiplex PCR

Genome DNA  specific primer region ~ Target region

Specific primer region

gsbA-th trnLYMintron
= rbcla = i
E E__ v _ = = Reverse primer
— matK
ITS1&2
——————

Multiplexed Amplicon library

a

lllumina MiSeq Reagent Nano Kit v2 (500 cycles)
=ca. 500 USD for 384 samples
(<2 USD/sample)

~250 bp from both ends of each region

b) 2nd PCR

psbA-trnH

wexed forward primer
Index

trnLYMintron

Tailed PCR with

indexed primers ITS1&2

matK

Indexed library

\ 1st PCR product

\ Index

Indexed reverse primer \

c) NGS run :

Mix, size selection,
quantification,
and NGS run

P5 o Amplified genome regions

e

P7

- -
ca. 500-850

Read-1 Dakorde
(3 dark + 247)

Darkeyde Read-2
(3 dark + 247)

=4
Index-2 read (5)

Mix PCR products

into one tube

|
Index-1 read (9)
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MIG-seq and Multiplexed DNA barcoding

An efficient combination for the next-generation biodiversity assessment

a) 1st PCR

| —SSR
Genome DNA 1 PCR

Highly reduced representation library

Anchor for the 2 PCR primers
Forward primer\ ‘ ,Anchor

S
Genome DNA SSR ISSR region SSR

e
Reverse primer\

Multiplexed PCR with
tailed ISSR primers

b) 2nd PCR
wexed forward primer
Index
15t PCR product
N\ Index
Indexed reverse primer \

Tailed PCR with
dual-indexed primers

c) NGS run

ps Amplified genome region (ISSR) «" p7
. . - —
Mix, size selection, ca. 180-630
quantification, =3 e — (=3
and NGS run Index-2read (5)  ****Rgqaq.1 Read-2 "™ Index-1read (9)
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Take-home message

MIG-seq and Multiplexed DNA Barcoding

New tools for biodiversity assessment

Three independent genetic data based on
1) Genome-wide SNPs
2) cpDNA genes (or mtDNA, ex. CO1)

3) ITS, etc. can be easily detected

MIG-seq can cover: genus, species, population, individual
Multi-barcoding: family, genus, species,
Advantages

- Applicable to a wide range of DNA quality/quantity
- Quick (three days + one—three days)

- Simple (two PCR steps and NGS run)

- Economical (< 2000 USD / >384 samples)



MIG-seq Analysis Package N FEH h\fﬁ

Supported by grants from the Project of the NARO Bio-oriented
Technology Research Advancement Institution (Research

) & program on development of innovative technology)
Materials “5&
MIG-seq Data

RbAL 5% q “ s :)
# N
TGAAGGTAAATGTGAAGATATTGGTGAATAATGGAGTGAAAATAGGGACCA' AGGCCCAACAAACACACCAGAGAT

DNA

‘ Library Construction
v (PCR)

;é__ﬁ_i Identification
Library ==F=C 5" s==2
3§ nNesRun
>Millions of > >
Sequences ~——

MIG-seq
MIG-seq Database Species Identification System

MIG-seq Data Analysis System



Summary: Features of MIG-se A,
y q %{;&3}
Advantages e
- Applicable to a wide range of DNA quality/quantity
* Quick (three days)

- Simple (iwo PCR steps and NGS run)
- Economical (~10 US$/sample)

Disadvantages

- Inapplicable to >10000 markers
- SNPs from limited regions

Recommended studies

- Population genetics, phylogeography and phylogeny

- |dentification of clones, hybrids, breeding varieties, and
species

- Next-generation biodiversity assessment
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