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Current status and prospects to identify mutations responsible for
mutant phenotypes by using NGS technology

Yu Jin Jung -

Ho Jin Ryu * Yong-Gu Cho - Kwon Kyoo Kang

Received: 2 November 2016 / Revised: 4 November 2016 / Accepted: 4 November 2016

(© Korean Society for Plant Biotechnology

Abstract  Next-generation sequencing allows the identification
of mutations responsible for mutant phenotypes by whole-
genome resequencing and alignment to a reference genome.
However, when the resequenced cultivar/line displays
significant structural variation from the reference genome,
mutations in the genome regions absent in the reference
cannot be identified by simple alignment. In this review, we
report the current status and prospects in identification of
genes in mutant phenotypes, by using the methods MutMap,
MutMap-Gap, and MutMap+. These methods delineate a
candidate region harboring a mutation of interest, followed
by de novo assembly, alignment, and identification of the
mutation within genome gaps. These methods are likely to
prove useful for cloning genes that exhibit significant structural
variations, such as disease resistance genes of the nucleotide-
binding site-leucine rich repeat (NBS-LRR) class.
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Fig. 1 Identification of the hstl mutation by MutMap. SNP-index plot of the rice chromosome 6 generated by MutMap analysis,
showing a genomic region with the highest SNP-index peak harboring the candidate mutation. DNA bulked from 20 salt- tolerant
F2 progeny obtained from the cross between WT Hitomebore and hstl was used for sequencing and MutMap analysis. Blue dots
correspond to SNPs identified between hstl and Hitomebore WT genomes (Takagi et al. 2015)
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th. MutMap-Gap®H& AR Oo2ZH AA| Aw A = o]l A dominant®} semi-dominant= FEE| 2|0k =S H
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Fig. 2 MutMap-Gap fills the gap within a target genome region
delineated by MutMap using de novo assembly. (a) Using a
combination of the unmapped reads collected in the previous
step (Fig. a) and the short reads aligned to the target region
(Fig. ¢), de novo assembly is performed to reconstruct the
sequence of the target interval. The scaffolds generated by the
de novo assembly are combined with the P ‘reference sequence’
and serve as the ‘P+scaffolds’ reference sequence for alignment
purposes in the following step. (b) Short reads derived from the
bulk DNA of mutant F2 progeny are aligned to the ‘P+scaffolds’
reference. The scaffolds with single nucleotide polymorphisms
(SNPs) showing an SNP index of 1, are likely to contain the
causal nucleotide change responsible for the mutant phenotype.
Chr., chromosome (TaKagi et al. 2013)
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Fig. 3 A simplified scheme of MutMap+. (A) Seeds harvested
following EMS mutagenesis of rice at immature embryo stage
are used to establish the M1 generation, at which stage most of
the mutations incorporated by EMS are in the heterozygous
state. (B) M2 progeny obtained from a self-fertilized M1 plant
segregate for wild-type (indicated by green color) and mutant
(brown color) phenotypes. Here, we focus on the wild-type
heterozygous individuals. (C) Heterozygous M2 plant are
self-fertilized to obtain M3 progeny that segregate 3:1 for
wild-type and mutant phenotypes. Genomic DNA from 2040
M3 mutant and wild-type M3 progeny are separately bulked,
and subjected to whole-genome sequencing. The resulting short
reads are aligned to reference sequence of the cultivar used for
mutagenesis. (D) SNP-index is calculated for each SNP, and
plots relating the SNP-index and chromosome positions are
obtained for both the mutant and wild-type M3 bulks
separately. The two SNP-index plots are compared to identify
the region with SNP-index=1 that is specific to the mutant bulk.
(E) We can also evaluate D (SNP-index) plot, which is obtained
by subtracting SNP-index value of wild-type bulk from that of
mutant bulk. Genomic region harboring the causal mutation
should have positive D (SNP-index) values (Fekih et al. 2013)
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© 2 UedthFig 3D). o] tlolHE AlZtststr| ¢4,
(SNP index) (Fig. 3E)2 7] €3] z+7+o] SNP o]
bulke} ok & T 2F9] SNP indexE W} A A(SNP index) 4k
o7 FAF=Y HFEEY Amol A= ghol 0 FHe 9l
A SAdolE fust gL AT R ¢
o2 FAE 4 QIth(Fekih et al. 2013; Boetzer et al. 2011;
Clark et al. 2007; Li and Durbin 2009; Li et al. 2009). ©] <}
2ol NGS 7|&9 w2 Q) o T/ BE A9
sequencing To]El7} gt ofo] HH o n, kA7
o 7] 0] AYIE0R 7hsa 4 9l NGS platforms
o] A= 2 Qlth(Zhou et al. 2014; Lister et al. 2009). =
o Atof A= =Rt NGS platformsS ©]-&3tof 7HAI&

|

> 2 rE 0

Algk 4= Q1= GBS (genotype by sequencing), =& T+

4= %= DNA marker 7je} ofH Y-S 34 5}=
TL &4 5o o] ¢ %1 lth(Morishige et al. 2013). %]
E0o] NGS 7]&L& GWAS, restriction-site-associated DNA (RAD)
sequencing ¥ MutMap 5ol FH 514 &&= Qch(Abe
et al. 2012; Baxter et al. 2011; Elshire et al. 2011; Fekih et
al. 2013; Harper et al. 2012; Huang et al. 2010; Morishige et
al. 2013; Takagi et al. 2013b; Tian et al. 2011).
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