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Among species

Among populations 
within a species

Among individuals
within a population

Introduction

Various levels of biological hierarchy to survey biodiversity

Species A vs. B

Populations A vs. B

Individuals A vs. B

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



Whole genome sequence is not necessary to identify genetic differentiation

→MIG-seq is a genome wide sequencing method 
using reduced representation genomic library 

Introduction



MIG-seq
Multiplexed ISSR Genotyping by sequencing

Suyama & Matsuki, 2015

Scientific Reports 5: 16963
doi: 10.1038/srep16963 

Key Technique

Improved version will be available soon.



・Quick (Three days)
・Simple (Two PCRs & NGS run)
・Low cost (<10 USD/sample)
・>1000 of SNPs
・Low quality/quantity DNA
・A wide range of species

MIG-seq

Numbers publications using MIG-seq

1. Brief introduction of MIG-seq
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DNA extraction

Library Construction 
(PCR)

Data Analysis

NGS Run

Leaf 
Materials

DNA

NGS
Library

>Millions of
Sequences

Phylogenetics

Population Genetics and Phylogeography

・Quick
(Three days)
・Simple

(PCR-based)
・Economical

(~10 USD / sample)

1. Brief introduction of MIG-seq
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Genome DNA�
1st PCR: 
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Forward primer�
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Anchor for the 2nd PCR primers�
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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

Fig. Three steps of MIG-seq procedure



Methods: Step #1
1st PCR: An effective PCR amplification of thousands of 

genome-wide regions from a genome

P5 flow cell P7 flow cell
Read 1 
sequence primer

Read 1 Read 2 Index read

Read 2/Index
sequence primer

3
58

12 2 2 12 329 33 34 6 25
65

Index

Indexed reverse primer

Common forward primer

1st PCR product

Forward primer

Reverse primer

Genome DNA

Anchor
Anchor for 2nd PCR primer

SSR SSR

1st PCR:
Multiplexed PCR
with tailed ISSR primers

2nd PCR:
Tailed PCR with common
and indexed primers

Sequence of MIG-seq library

Highly reduced represetation library

Index-tagged library

Genome DNA

Pool, size select,
quantify and sequence

SSR region

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCTG[SSR][anchor]NNNN...

CAAGCAGAAGACGGCATACGAGATXXXXXXGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAC[SSR][anchor]NNNN...

P5 flow cell

anealing site of Read 2 sequence primer

anealing site of index sequence primer

anealing site of Read 1 sequence primer

P7 flow cell index

a

b

c

d

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

Forward primer

Reverse primer

ISSR regionSSR SSR

Anchor
Anchor for the 2nd PCR primers

Genome DNA



Methods: Step #1
1st PCR

Table 1. Sequences of MIG-seq primer set-1 for the 1st PCR 
  Name Sequences (5!–3!) 
Forward primers: (Tail + anchor: CTG) + SSR + anchor 
  (ACT)4TG-f CGCTCTTCCGATCTCTGACTACTACTACTTG 
  (CTA)4TG-f CGCTCTTCCGATCTCTGCTACTACTACTATG 
  (TTG)4AC-f CGCTCTTCCGATCTCTGTTGTTGTTGTTGAC 
  (GTT)4CC-f CGCTCTTCCGATCTCTGGTTGTTGTTGTTCC 
  (GTT)4TC-f CGCTCTTCCGATCTCTGGTTGTTGTTGTTTC 
  (GTG)4AC-f CGCTCTTCCGATCTCTGGTGGTGGTGGTGAC 
  (GT)6TC-f CGCTCTTCCGATCTCTGGTGTGTGTGTGTTC 
  (TG)6AC-f CGCTCTTCCGATCTCTGTGTGTGTGTGTGAC 
Reverse primers: (Tail + anchor: GAC) + SSR + anchor 
  (ACT)4TG-r TGCTCTTCCGATCTGACACTACTACTACTTG 
  (CTA)4TG-r TGCTCTTCCGATCTGACCTACTACTACTATG 
  (TTG)4AC-r TGCTCTTCCGATCTGACTTGTTGTTGTTGAC 
  (GTT)4CC-r TGCTCTTCCGATCTGACGTTGTTGTTGTTCC 
  (GTT)4TC-r TGCTCTTCCGATCTGACGTTGTTGTTGTTTC 
  (GTG)4AC-r TGCTCTTCCGATCTGACGTGGTGGTGGTGAC 
  (GT)6TC-r TGCTCTTCCGATCTGACGTGTGTGTGTGTTC 
  (TG)6AC-r 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. 

Tailed ISSR primers set



Calophyllum inophyllum

1st

2nd

Copepod

1st

2nd

mix volume

high

low

Quercus

1st

2nd

high

low

raw reads stacks

mix volume

Methods: Step #1
1st PCR

*changed from 
published version

*



Methods: Step #2
2nd PCR (Tailed PCR)

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

Index
(9 bases)

AATGATACGGCGACCACCGAGATCTACACxxxxxACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGForward
(index)

Reverse
(index)

New version of the 2nd PCR primers
Index (5 bases)

Index

Index

Indexed forward primer

Indexed reverse primer

1st PCR product

CAAGCAGAAGACGGCATACGAGATxxxxxxxxxGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAC



Methods: Step #2
2nd PCR (Tailed PCR)



1st PCR
(Multiplexed Tailed PCR)

2nd PCR
(Tailed PCR + Index)

Pool,
Size selection
(350–800 bp)

→ →

Construction of the MIG-seq library

Methods: Steps #3-1: Mix, Size selection, and Quantification

212314

33529 3

2nd PCR Primer (70)

1st PCR Primer (31)
34 9 243

2nd PCR Primer (70)

Read 1 Read 2 Index 1 readIndex 2 read

2 12 3 14

1st PCR Primer (31)

(AMPure XP, Beckman Coulter)



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: Step #3-2
NGS Run

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



Data analysis with Stacks（Catchen et al 2011）

pyRAD, and so on.

Methods: Data analysis



Time and cost

DNA extraction
（PCR quality）

1st PCR
96–192 samples
(even more)

2nd PCR
adding index for 
each sample

Pool,
Size select, 
Quantify

Calculation is based on
run with MiSeq platform

and
MiSeq Reagent kit v3
(150 cycle, Illumina)

~384 samples (or more)
(without genome info.) 

Time： 3 days
Library construction: 1 day
NGS run: 1 day
Data analysis: 1 day

Cost：
~1,400 US$
(4~ US$/sample)
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Multiplexed DNA Barcoding
A simple and economical protocol to detect sequences of ITS and several cpDNA
regions (psbA-trnH, rbcL, trnLUAAintron and matK) together using one run of NGS.

Primers for multiplexed DNA barcoding

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

~250 bp from both ends of each region

d) Data analysis

Multiplexed PCR with 
tailed specific primers�

Multiplexed Amplicon library�

Multiplex PCR�
Forward primer�

Reverse primer�

Target region�Specific primer region�

Anchor for the 2nd PCR primers�

Genome DNA�

Tailed PCR with 
indexed primers�

Indexed library�

Index�

Index�

Indexed forward primer�

Indexed reverse primer�

1st PCR product�

Read-1  
(3 dark + 247)�

Read-2 
 (3 dark + 247)�

Index-1 read (9)�Index-2 read (5)� Dark cycle� Dark cycle�
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P7�Index�

Amplified genome regions�

ca. 500–850�

Mix PCR products  
into one tube�

Mix, size selection, 
quantification,  
and NGS run�

nDNA�
cpDNA�

Specific primer region�
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a) 1st PCR�

b) 2nd PCR�

c) NGS run�

Phylogenetics

building loci

Alignment



MIG-seq and Multiplexed DNA barcoding
An efficient combination for the next-generation biodiversity assessment

Phylogenetics Phylogeography Conservation Genetics



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)

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:    family, genus, species, population, individual
Multi-barcoding:          family, genus, species, population, individual

Take-home message

MIG-seq and Multiplexed DNA Barcoding



DNA extraction

Library Construction 
(PCR)

NGS Run

Materials

DNA

NGS
Library

>Millions of
Sequences

MIG-seq Analysis Package

ATGAAGGTAAATGTGAAGATATTGGTGAATAATGGAGTGAAAATAGGGACCATTTTAGGCCCAACAAACACACCAGAGAT

MIG-seq Data Analysis System MIG-seq Database

MIG-seq Data

MIG-seq 
Species Identification System
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Summary: Features of MIG-seq

Advantages
・Applicable to a wide range of DNA quality/quantity
・Quick (three days)
・Simple (two 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
・Identification of clones, hybrids, breeding varieties, and

species
・Next-generation biodiversity assessment
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