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SCIENTIFIC REPg}RTS

I\/I I G -Se q OPEN MIG-seq: an effective PCR-

based method for genome-wide
single-nucleotide polymorphism

(Suyama & Matsuki, 2015) e oo @NOLYpPING USING the next-

Scientific Reports 5: 16963 | ~ generation sequencing platform

Yoshihisa Suyama & Yu Matsuki

Multiplexed ISSR Genotyping by sequencing

Ru(ri:llon anymo (RE)-based next-g i i hods have lutionized k

d genetic studies; h tho use of REs hol lnmlnd 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 repr ion libraries without RE digestion steps,
representing de novo single-nucleotide polymorphism discovery, and its genotyping using next-
generation seq ing. Using multiplexed inter-simple sequence repeat (ISSR) primers, thousands
of genome-wide regions were amplified effectively from a WN’. variety of genomes, without prior

ic information, We d d: 1) Mendeli gregation of the discovered variants;
1) reproducibility of genotyping by checking its upp“ubclky fcr individual identification; ond 3)
applicability in a wide variety of species by ch lation genetic analysis. This

approach, called multiplexed ISSR genotyping by nqucndng, lhould be applicable to m-ny 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 11B 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.5. (email: suyama@m.tohoku.ac.jp)
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MIG-seq: Multiplexed ISSR Genotyping by sequencing
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Step #1: 18t PCR (%% SSRfE#EZ D PCRIZNE)
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Step #1: 15t PCR

Anchor for 2nd PCR primer

Anchor
Forward primer /

SSR
p—— |

SSR Genome DNA

Reverse primer

/

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

Name Sequences (5(—30)
Forward primers: (Tail + anchor: CTG) + SSR + anchor
(ACT),TG-f CGCTCTTCCGATCTCTGACTACTACTACTTG
(CTA),TG-f CGCTCTTCCGATCTCTGCTACTACTACTATG
(TTG),AC-f CGCTCTTCCGATCTCTGTTGTTGTTGTTGAC —‘j— RTODISSR &
(GTT),CC-f CGCTCTTCCGATCTCTGGTTGTTGTTGTTCC .
(GTT),TC-f  CGCTCTTCCGATCTCTGGTTGTTGTTGTTTC 7 v —DELS|
(GTG),AC-f CGCTCTTCCGATCTCTGGTGGTGGTGGTGAC #HASTHEDNDEHH 5
(GT)eTC-f CGCTCTTCCGATCTCTGGTGTGTGTGTGTTC 8 ~ AN
(TG)sAC-f CGCTCTTCCGATCTCTGTGTGTGTGTGTGAC ﬁ:ﬁ FEO) 7& L \%H‘H = ?bﬁ'
Reverse primers: (Tail + anchor: GAC) + SSR + anchor EJE/VT: °
(ACT),TG-r TGCTCTTCCGATCTGACACTACTACTACTTG
(CTA),TG-r TGCTCTTCCGATCTGACCTACTACTACTATG
(TTG),AC-r TGCTCTTCCGATCTGACTTGTTGTTGTTGAC
(GTT),CC-r TGCTCTTCCGATCTGACGTTGTTGTTGTTCC
(GTT),TC-r TGCTCTTCCGATCTGACGTTGTTGTTGTTTC
(GTG),AC-r  TGCTCTTCCGATCTGACGTGGTGGTGGTGAC
(GT)gTC-r TGCTCTTCCGATCTGACGTGTGTGTGTGTTC
(TG)sAC-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.
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Step #1: 15t PCR

Tailed ISSR primers set-1 & 2

Primer set-1

=, 220ty FEEST,
BEHNRY GZWNEEFIC
FSITEMNTES,

Anchor
Forward primer g

SSR
g

Anchor for 2nd PCR primer

SSR Genome DNA

Reverse primer

/

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

Name

Seguences (5(—3¢)

Primer set-2

Supplementary Table 1. Sequences of MIG-seq primer set-2 for the 1st PCR

Forward primers:
(ACT),TG-f
(CTA),TG-f
(TTG),AC-f
(GTT),CC-f
(GTT),TC-f
(GTG),AC-f
(GT)sTC-f
(TG)sAC-f

Reverse primers:
(ACT),TG-r
(CTA)TG-r
(TTG),AC-r
(GTT),CC-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

Name Sequences (5(3f)

Forward primers: (Tail + anchor: CTG) + SSR + anchor

(CTG),ACH  CGCTCTTCCGATCTCTGCTGCTGCTGCTGAC

(GCT)4,IGF  CGCTCTTCCGATCTCTGGCTGCTGCTGCTTG

(GTA), TG CGCTCTTCCGATCTCTGGTAGTAGTAGTATG

(GTT),AGH  CGCTCTTCCGATCTCTGGTTGTTGTTGTTAG

Reverse primers: (Tail + anchor: GAC) + SSR + anchor

(CTG),AC+  TGCTCTTCCGATCTGACCTGCTGCTGCTGAC

(GCT)4, TG+  TGCTCTTCCGATCTGACGCTGCTGCTGCTTG

(GTATGr  TGCTCTTCCGATCTGACGTAGTAGTAGTATG

(GTT),AGr  TGCTCTTCCGATCTGACGTTGTTGTTGTTAG




1. Brief introduction of MIG-seq

(ACT ) TG-f CGCTCTTCCGATCTCTGACTACTACTACTTG
(CTA)TG-f CGCTCTTCCGATCTCTGCTACTACTACTATG
(TTG).AC-f CGCTCTTCCGATCTCTGTTGTTGTTGTTGAC
(GTT).CC-f CGCTCTTCCGATCTCTGGTTGTTGTTGTTCC
(GTT),TC- CGCTCTTCCGATCTCTGGTTGTTGTTGTTTC
Ste #1 . 1St P‘ :R (GTG).ACH CGCTCTTCCGATCTCTGGTGGTGGTGGTGAC
u (GT)TC- CGCTCTTCCGATCTCTGGTGTGTGTGTGTTC
(TG)sAC-f CGCTCTTCCGATCTCTGTGTGTGTGTGTGAC
Reverse primers: (Tail + anchor: GAC) + SSR + anchor
(ACT)..TG-r TGCTCTTCCGATCTGACACTACTACTACTTG
(CTA)TG-r TGCTCTTCCGATCTGACCTACTACTACTATG
Ta“am (TTG)AC-r TGCTCTTCCGATCTGACTTGTTGTTGTTGAC
(GTT)]CC-r TGCTCTTCCGATCTGACGTTGTTGTTGTTCC
(GTT)TC-r TGCTCTTCCGATCTGACGTTGTTGTTGTTTC
(GTGRAC-T TGCTCTTCCGATCTGACGTGGTGGTGGTGAC
H H (GT)TC-r TGCTCTTCCGATCTGACGTGTGTGTGTGTTC
MUItlplex PCR Assay K't ver' 2 (TG)sAC-r TGCTCTTCCGATCTGACTGTGTGTGTGTGAC
Template DNA 1.0puL
1 2 3 4 5 6 7 8 § 1011 12 [Mixture]
A 00000 ;
e00000 2x Multiplex PCR Buffer 10.0 yL
tr0 00000000000 _
000000000000 1% PCR primers 3.2 uL each @20 pM
r000000006006000 Multiplex PCR Enzyme mix 0.1 pL
0O 000000000000
‘000000000000 Water S.7 L
000000000000 20.0 1L
000000000000
o .
94°C 1 min
(o]
94°C 30sec |
o .
38°C 1min | 18-25 cycles
° .
72°C Tmin |
o .
72°C 10 min

Forward primers:

(Tail + anchor: CTG) + SSR + anchor
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Step #2: 2" PCR (Tailed PCR)

Tailed PCRIZ& o T, 1st PCREMIDEIKIZS—4 2Py
ICHBEGEINEA T RABIZMINT 5,

\Indexed forward primer
Index
1 Hs

‘ Index
Indexed reverse primer \

1st PCR product

New version of the 2nd PCR primers

Forward AATGATACGGCGACCACCGAGATCTACAC ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTG
(index)
Reverse CAAGCAGAAGACGGCATACGAGAT GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAC

(index)
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Step #3-1: B4 X E#R (350-800 bp)
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Step #3-3: MiSeq Run

MiSeqzFL =15
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Step #4: T—2RHT

S oo

Stack 1 Stack 2 Stack 3 Stack X

Polymorphism

Primary }Stack 1
Reads } stack 2
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Step #1: 15t PCRD &%

* PCRF v +
(original: TaKaRa Multiplex PCR Assay Kit Ver. 2)
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(original: 0.2 uM)
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(original: 48° C)



3. FEDHR (1)
R HPCREBTIZHE T D4 EN - BRMHER

M¥: 2115878

A
=H@E (R2vY) # + U—F#
1927
BIRM
=S U TILEIOTR—HEH + ZEH

2 F 12— TPCR



3. FEDHR (1)
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1) 1StPCRO7=—Y2FERE

Step #1: 15t PCR

Profile of the 1st PCR

48° C . -
94" C 1 min.
VS. (18—-25 cycles)
94° C 30 sec.
o XX°® C 1 min.
28, 33, 38,43, 53 C 72° C 1 min.

72° C 10 min.
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Step #2: 2"d PCRMD & %454
+ PCRY 1 YL

A TYIR
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\Indexed forward primer
Index
1st PCR product
.
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Indexed reverse primer \
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*?% Common forward primer

(B | | SR, S—
1st PCR product Index
I OB B S
“/

Indexed reverse primer Q‘%\

_ Fig. Schematic diagram of MIG-seq 2" PCR
2nd PCR primers

Forward AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTCTG
(Common)
Reverse CAAGCAGAAGACGGCATACGAGAT GTGACTGGAGTTCAGACGTGCGTGCTCTTCCGATCTGAC

VUGN A T RIZLLBHTERBIZHEB INT-IRY & ITRLEL DA
: 358 * 432 reads / index



%0)1113033&215\
21TV R
(VT )I—>TaTI)

FTaFNA VT 99 RZE BB TERICHRE SN Y 5 FREL
- 1.6 = 12.5 reads / index

New version of the 2nd PCR primers

Forward  AATGATACGGCGACCACCGAGATCTACAC ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTG
(index)
Reverse CAAGCAGAAGACGGCATACGAGAT GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGAC

(index)
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100
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F* iSeql00Z ALVE=MIG-seqA#TIC &k Y 7 D EHOEMMN 51T 5N T1=SNPHK

=/MN)—F ®KJ—F

¥ HUTIILE EME ) — & % % SNP#{
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7= 8 2 835232 79,080 128729 1,222
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FYEYYSE 8 24 944908 101,985 131,681 2,338
278 8  2iF@HE 1101455 114989 184300 3,905
oy 4 1% 411815 91,207 107,897 3371
% 4 4R 047,689 202002 256736 850
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