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The identification of the gene controlling agronomically important trait is
an important task for accelerating breeding speed. In this study, we tried to develop the next
generation sequencer (NGS) based methods “ iQTL-seq; identification of the gene in QTL controlling
the phenotypic difference between cultivars/landraces” . iQTL-seq pipeline comprises three steps; 1)

identification of the candidate genomic regions _controlling the phenotypic difference by QTL-seq.
2) local de novo assembly for the identified region by using aligned sequences plus as well as short
reads that were unmapped to the reference. 3) identification of the candidate gene located in the
assembled contigs by comparing sequence depth between the bulked samples used for QTL-seq analysis
in step 1. The developed pipeline was applied for identifying the resistance gene to rice blast
disease. The pipeline is in preparation for opening to publicly available web site.



70

40 90

(Godfray et al.
science, 2010)
DNA
DNA
DNA

MutMap

(Abe et al. Nature biotechnol, 2012; Takagi et al.
New Phytol, 2013; Fekih et al. PLos One, 2013)
MutMap

QTL-seq (Takagi et al. Plant J,

2013) QTL-seq
( Mb )
iQTL-seq
iQTL-seq
depth
MutMap QTL-seq
Re-sequencing
(SNP) bp /

iQTL-seq
depth
iQTL-seq
iQTL-seq
iQTL-s=q
iQTL-seq
QTL-seq
QTL-seq
QTL QTL-seq
20
DNA
DNA
Re-sequencing
SNP SNP-index
SNP-index
(Abe et d,
Nature biotechnol, 2012)
SNP-index
SNP-index
ASNP-index
QTL-seq
pipeline version 2
( )
Local de novo assembly
QTL-seq Re-sequencing
SNP bp /

Local de novo
assembly



Local de novo assembly

QTL-seq
de novo
assembly
perl
) de novo assembly
DISCOVAR de novo

(https://software.broadinstitute.org/software/disc
ovar/)

QTL-seq
QTL-seq
QTL-seq
Local de novo assembly
N
Local de novo assembly
QTL-seq
Local de novo assembly
HISAT2
(https://ccb.jhu.edu/software/hi sat2/index.shtml
RNA-seq
(BAM
) Stringtie
(https://ccb.jhu.edu/software/stringtie/)
depth
QTL-seq
depht
depth
depth
iQTL-sq
Nortai
(RILs) 241 20
20
DNA Resistant bulk (R-bulk)
Susceptible bulk (S-bulk)
Nortai
R-bulk Sbulk  genomic
DNA RNA-seq Nortai

48 RNA

iQTL-seq
iQTL-s=q
F3 190
20 20
DNA High-bulk
(H-bulk) Low-bulk (L-bulk)
H-bulk L-bulk  genomic
DNA RNA-seq
RNA
iQTL-s=q
iQTL-seq
6 2.4Mb-6.9Mb
Local de novo assembly
2,069 N50=5,953bp
(1
RNA-seq
Stringtie
1,279
R-bulk  S-bulk
depth 2
R-bulk
depth S-bulk depth
( 5 )
4 4
blast

Wall associated kinase (WAK) domain
AUGMIN subunit 3  zinc finger domain ABC
transporter

WAK

(Brutus et al. PNAS, 2010; Zuo et al.

Nature genetics, 2015) RT-PC
RNA-seq
Nortai

Nortai

Nortai
RNAI
Nortai
2

10



WAK

Nortai
Nortai
DNA
(NIL)
NIL 97.7%
( 4
NIL
Nortai
NIL
Nortai
NIL
NIL
DNA
3
Norai
iQTL-sq
QTL-seq
X
F3 190
( 95
F3
20 20
H-bulk L-bulk
QTL-seq QTL-seq
7 23-26.1Mb
( 6
Local de novo assembly
1,985 (N50=3,323bp)
RNA-seq
iQTL-seq
depth
EMS
TILLING
EMS

Nortai X T &®HIFN

+

F1

’ { &
4 SN piLs (F7) : 241 lines

RiLs iz W TRIBEREARVN20MEE LB
20MEHEBE L. R-% BLT S-bulks .

QTL-seqf&#T
AE S hic RERETER

EoEREHE

o
<0
o o
e
Q3
w
1

-0.

-1.0

Local de novo assembly

0
= N50 5,953 bp
=) Total_read_sum 8,679,922
3 bp
2 MAX_Length 43,537 bp
§ Contig_number 2,069 &

1. QTL-seq Local de novo
assembly
£ 2
<]
S ———
£
us]
2
V]
=]
x| = jjE==e = EETEs
3 - - = -
L0 = =
o =
2 3
-
0
(5]

2.Contigl76  WAK
RNA-seq HISAT2

gDNA

BWA



Average data

o [ Jevsos
. [ cv<os>as

o M Bl cv<os

=

]

2

Nortaif 13 WAK % 3 -1 T 4 7 Promoter ,%J
FIETF TEA LD L HIENEERERE

. i ” o “ Ferliéity ratio ‘
3. 1QTL-seq Nortal
WAK 5. F3
2
Ccv
(b)
28 (cm) 1BEE (g) & cnor
100 40 7 —

35
30
25
20
15
10

NLE— %
o,
ASNP-index

Nortai —————

coB8883388
veHFh—

2 ® = =
w2 % Es
= o
AJ A ‘
o) 5 ] Local de novo assembly
{c) N50 3,323 bp
i psd s a4 Total_read_sum 5,735,845 bp
S E) T 2 e = MAX_Length 49,246 bp
ez cnros a Contig_number 1,985 &
T T o0
g | S |
B m = 3 ) % 0 0 K 3 o
chr position (Mb) chr position (b} (@]
chro4 chri0
¢ " e sosion 01 ° oo ¢ e soson )
chr0s chri
!‘ I w % aL Twom 6. QTL-seq
s Local de novo assemly
[ veonrzuntgm [T Nortai 7\ LR
4, NIL €)
Nortai NIL
(b)
Nortai
NIL 10 | @
+ (o) TAKAGI, Hiroki
NIL
SNP
NIL SNP

97% 80616467




