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M2 & S0 2aA e e S Axt

AlA Sut BAEE B4HE 99 558 dolguos TF 2
Aol QueE

1 ¥ F3ALY 971448 AR 35

“¥H(watermelon, }%: Citrullus lanatus (Thunb.) Matsum. & Nakai)2 28 28 3¢

143t vt} ZHE(Cucurbitaceae)dl £alE 2 4olt), ol A AAZRORE A A%

S HAsta Aok 2013dolE= NGS(Next generation Sequencing)E &-83to] 425 Mbo
genome size2} 11709 chromosomeo] w3t A3 FdA7F F/FUT. FEAEZIZAE |
GA(2013 ~ 2016) ZPeA= AMASE 53 b o] B o] ~(http://vegetable.or.kr/) ¢ 7]
ZHEo NCBIYA th=E=3% 4k 2099 7] A5 2] Whole genome re-sequencing Ul ©] €] ¢}
FEb 25 AFQ 971033 ofAE b #9(rind) @b #HS(flesh)oll Al Al 71" RNA-seq Hl
OlHERYH HHE AL AHE 2= A

TR Aol Fute] FF 53} HolEH oY VMg BRE UlolEsty] 3
Bl i8] A% @ NCBI 5404 A= raw HolHE Fo] @ F£H38t0] o]Z A&A st
Atk o] HAANA FIHTw APt APAL G o] E g
9 1070 Aol gk whole genome re-sequencing Hlo|HE 3o REgkth. Hgk NCBIY
SRA(ncbi.nlm.nih.gov/sra)ell A AL #d 2= A& HAMete] Fuke] A2 -
871e] HAMAl raw RNA-seq data® FR3}SAtE 3% raw sequence Hl©
AU E o]dste] FEE A Folxepdls FI ThEEol el mpANE 9 frd A o
83 F Qe BHO Ao &&HAT

it
o

- —

A

a9 1. =38 FU8F 53 dHolguol& (A: http://168.188.15.201/vwatermelon/index.php/vege/browse) <}
ME NGS Br| Ho] 7k53 NCBI SRA (B: httpsi/www.nchinlm.nih.gov/sra)

oK

7} <=4k 107] Al %5 9] Whole genome sequence(WGS) A E 2L SNP Hlolg 9 74
(1) T4dgn 3o 9 107] AEFY sequence FE Y £4& 9 AA g
TGRS TRk 107] 8 Alsol gk raw sequenceE AHA EA A|HE o]
#3to] fastqcE 3 sequence qualityE #eldd 4= vl 1% QC(quality check) A&
Aelste] 107] A% o] reference genome? assembled size$! 353.5Mb2] 30X o] o & A
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Zdgdn Fo £ 10/ AE raw sequence 71 E F R

Accession S.equence Sequencing Phred quality Number of Read length Sequencing
file name method score sequence reads coverage (X)
Sanger /
1902_1.fastq Ilumina 1.9 Q33 40573780 151
1902 qmna 34.66
Sanger /
1902_2.fastq . Q33 40573780 151
Illumina 1.9
Sanger /
1903_1.fastq Hlumina 1.9 Q33 35219423 151
1903 Jmna_ 30.09
Sanger /
1903_2.fastq X Q33 35219423 151
Illumina 1.9
Sanger /
1906_1.fastq Hlumina 1.9 Q33 35147285 151
1906 Umna_ . 30.03
Sanger /
1906_2.fastq X Q33 35147285 151
Tllumina 1.9
Sanger /
1909_1.fastq lumina 1.9 Q33 37154905 151
1909 qmna_ 3174
Sanger /
1909_2.fastq . Q33 37154905 151
Mlumina 1.9
Sanger /
1912_1.fastq Hlumi 19 Q33 44370592 151
1912 umina 2. 3791
Sanger /
1912_2.fastq X Q33 44370592 151
Illumina 1.9
Sanger /
1913_1.fastq Hlumina 1.9 Q33 37230802 151
1913 LIS 3181
Sanger /
1913_2.fastq . Q33 37230802 151
Tllumina 1.9
Sanger /
6200_1.fastq Ilumina 1.9 Q33 67256082 101
6200 Jmna_ 3843
Sanger /
6200_2.fastq . Q33 67256082 101
Illumina 1.9
Sanger /
6201_1.fastq Tl 19 Q33 64063631 101
6201 umina 2. 3661
Sanger /
6201_2.fastq X Q33 64063631 101
Tllumina 1.9
Sanger /
6202_1.fastq lliumina 1.9 Q33 65985958 101
6202 A 317
X Sanger / .
6202_2.fastq . Q33 65985958 101
Illumina 1.9
Sanger /
6203_1.fastq llumina 1.9 Q33 90924829 101
6203 umina 2. 51.96
Sanger /
6203_2.fastq X Q33 90924829 101
Illumina 1.9

(2) 71€ &3 9 AT SNP AR AL 2 A 9 AT ¥ AR A4k

71E0 FutEF 531 tolguo] 2o 1xA o2 fHE Fuk AlFEol g Wo]l HH =
2013d &3 kel i FHA Aol FlE =39 supplementary HolHE &-83}
of Aol HALE B Aol AFE SNP AHE FAHES S &8¥ 549 reference
genome(A1 5™ 97103)2 A F=H A5y 9= Fo] B& 107 AEo ZF Ho] A&

HAao 28y A4 F£FH AEY sequenceZH-E SNP AHE A uf A3 dagE
2oxzgado] vd ARV A3 ALEEH I Qe WA A =5 iAol HA] o
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£ Qusl SNPS S A meE WA SNP P4 WA

l'?; o 1
292t Re-sequencing WAS 7jwto = st @ 2Eo SNP /e A}

= T v
#ol A1 BWA-mem %2]S %3 Read sequence data®] reference genome® & ¢] alignment

9} o] A2 RE Wo] HolE FEH9| samtools-% mpileup 7|RFO. 2 o] FojX 1 ¢t A

[¢]

Var. Calling
| | It |-[m,w]

Map to Ref (BWA) : Genotype Likelﬁhoods
& Add Read Groups : — -

Analysis-Ready SNPs
*| variants & indels

: ' Ganctype

51| MarkDuplicates i Functional
= & Sort (Picard) : Joint Genotyping A::gt;?:n

{ [ mawvarants (swes ) (ndess] |
E 1 1 Variant Evaluation
:

[ Variant Recalibration ] look good?
.nepmambfpermrrmnypz
A’
Reads @ @

[\tariums - m] troubleshoot use in project

1% 2. BWA-mem W4 7|6k AEd SNP A4t 2 k9] SNP matrix 7A€ 93 9ukd¢l ex

. 3 ATo=REY SNP Fn it
(1) 71& %1 AT A
od @Sl vk FEED olEuol s FAL % Fuke] AEW SNP ARE A7)

g g AHE NCBI SRAJA FHsAT. sld AE+= 4] Whole genome
sequencing projectoll Al A& 97103% reference® 4Fo} re-sequencing”} 3% 20459
genome re-sequencing 3 9] ftpAte] Ao HLde] A& F U o] EA A=
ol#ste], GATK7|WI e 2 53k sfo]zebels 3l 7tgste] =3 E AleE9 reference
genome?l 97103¢] tigh ®o] FRE Aiston F3 ¥
29 &t}

A%} 1 sequence FEHE H

_‘I’I_



¥ 2. 71& %% NCBI SRA ## 2071 % A E9 raw sequence 7] ¥ HAH

. Phred Numb f .
Accession . : umper o read Sequenci
SRA ID S thod lit;
name equencing metho qélcaoiey sequence reads length coverage 18%
JX-2 SRR494422 Sanger / Illumina 1.9 Q33 34493590 45 9
JXF SRR494424 Sanger / Illumina 1.9 Q33 34493590 45 9
.. - Q33 34778793 45
RZ-901 SRR494425 Sanger / Illumina 1.9 33 3ATIRI% T 18
XHBFGM SRR494426 Sanger / Illumina 1.9 Q33 26449711 45 7
Black Diamond SRR494427 Sanger / Illumina 1.9 Q33 26449711 45 7
Calhoun Gray SRR494428 Sanger / Illumina 1.9 Q33 28252539 45 7
Sugarlee SRR494429 Sanger / Illumina 1.9 Q33 28252539 45 7
Sy-904304 SRR494430 Sanger / Illumina 1.9 Q33 35086723 75 9
< . < . Q33 35086723 45
RZ-900 SRR494431 Sanger / Illumina 1.9 o33 SA183058 5 18
P1482271 SRR494432 Sanger / lllumina 1.9 Q33 34183058 45 9
PI189317 SRR494433 Sanger / [llumina 1.9 Q33 34776783 90 9
PI500301 SRR494434 Sanger / Illumina 1.9 Q33 34776783 90 9
. . Q33 34620800 45
PI595203 SRR494441 Sanger / Illumina 1.9 03 34620800 5 18
P1249010 SRR494444 Sanger / Illumina 1.9 Q33 32233478 90 8
P1248178 SRR494439 Sanger / Illumina 1.9 Q33 32233478 90 8
. < . Q33 26180760 45
P1482276 SRR494440 Sanger / Illumina 1.9 on 26130760 5 14
P1482303 SRR494443 Sanger / Illumina 1.9 Q33 27742489 45 7
., . Q33 27742489 45
PI1296341-FR SRR494446 Sanger / Illumina 1.9 o 93310419 5 14
P1482326 SRR494437 Sanger / Illumina 1.9 Q33 28840419 45 7
JLM SRR494438 Sanger / Illumina 1.9 Q33 15370989 88 4

o 79 BF A 97103 V1€ FF R T ATLZFE ] SNP AH A4

FHI AE E2 BWA - mem WAS & genome sequence read®] T4 EE 7 A
Ao thet alignmentE FaAE. 18] 3 alignment 2 3] 2] duplicate read data®] A7
2 oindel 992 HAS $3% GATK pipeline?] 3 23 ZF AEFEHEZ SNP AEE Id&
T AR =S 7} AE EE homozygousdt X WEHS AW sto] o]o] digh A AHRE S}
Uz @3 & T5E AA ARe ddstste] = Jd delA F&Ho] gle= SNP 94
AR hit E=S A F joint variant callingg 3 inpute®Z F&3AT joint
variant calling ©]% A1 #Ado] 31+ SNP & @77 9 filterings X dstR o 1 2
Wz ZFE" SNP liste]l Wi VCF files 74 AT ATz 25 FAANA 2
SNP position® A alternative allele®] o] of7]3t+= &3E H7IsH7] 938 snpEff A%
Edo]E &83 SNP annotatione 433} T}

(1) 49 +3 JAd9 ASE SNP & 2

T4 pipelines S Y dngFeol A8&E AlEE SNPE €& F AUt © JLM
& paired-end type©] ©o}d single-end typel Z glolH i8] ¢ FA % sequencing©] %3y
Hol dAl AFE3 pipelined] ¥#AE&ES T 77 oA AY HAAGoA ALHAG. JLM
S AL YA AFEE tsfiA = SNP calling ©]F homozygousdt alleleWS- filtering

st g8 g% &G AA 7EA R AFTHE sed WHOE Tl AYsALE ol &
53 A% homozygous SNPE Zt& vef dS 74 2 ﬂ]Ekﬂ SNPe] W w2 3loldt
T AR (3 3).
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¥ 3. 1 2941 €9 homozygous SNP9 A& A3

Lines Source homozsgoggé SNPs refergrlfci (éeerrllsolge a(%?/l.nﬁs)%IOS) Resggélre;gcéng
1902 CAU 160,073 45.28 SNPs/100kb 34.66
1903 CAU 141,876 40.13 SNPs/100kb 30.09
1906 CAU 178,797 50.58 SNPs/100kb 30.03
1909 CAU 122,363 34.61 SNPs/100kb 31.74
1912 CAU 205,346 58.09 SNPs/100kb 37.91
1913 CAU 186,067 52.64 SNPs/100kb 31.81
6200 CAU 245,359 69.41 SNPs/100kb 38.43
6201 CAU 196,881 55.69 SNPs/100kb 36.61
6202 CAU 197,458 55.86 SNPs/100kb 37.71
6203 CAU 170,746 48.30 SNPs/100kb 51.96
Black_Diamond NCBI SRA 115,379 32.64 SNPs/100kb 6.73
Calhoun_gray NCBI SRA 111,319 31.49 SNPs/100kb 7.19
JX-2 NCBI SRA 54,505 15.42 SNPs/100kb 8.78
JXF NCBI SRA 91,092 25.77 SNPs/100kb 8.78
PI189317 NCBI SRA 71,590 20.25 SNPs/100kb 8.85
PI248178 NCBI SRA 90,623 25.64 SNPs/100kb 8.21
P1249010 NCBI SRA 115,570 32.69 SNPs/100kb 8.21
PI296341-FR NCBI SRA 1,250,541 353.76 SNPs/100kb 14.41
PI1482271 NCBI SRA 143,331 40.55 SNPs/100kb 8.7
PI482276 NCBI SRA 1,533,140 43370 SNPs/100kb 13.33
P1482303 NCBI SRA 1,703,448 481.88 SNPs/100kb 7.06
P1482326 NCBI SRA 1,295,137 366.38 SNPs/100kb 7.34
PI500301 NCBI SRA 164,362 46.50 SNPs/100kb 8.85
P1595203 NCBI SRA 61,985 17.53 SNPs/100kb 17.63
RZ-900 NCBI SRA 118,042 33.39 SNPs/100kb 17.64
RZ-901 NCBI SRA 112,139 31.72 SNPs/100kb 17.71
Sugarlee NCBI SRA 95,931 27.14 SNPs/100kb 7.19
Sy-904304 NCBI SRA 169,563 4797 SNPs/100kb 8.93
XHBFGM NCBI SRA 96,530 27.31 SNPs/100kb 6.73

(2) Hte] =3 Hd<d9 SNP annotation

Z} Al ¥ 2 homozygous allele®t thFi= vef Y-S A48kl SNP2 $%] ARWS
=39t ol & sorting ¥ F TEIE A9 STt @1 gAEE A5 e 29
A FEk Ale ¥ W uniquedt SNPO 914 fl2EE FA3AT o] BAEE V|FEL
2 2970 AEel et joint variant callingS 3 ZAIE filteringste] #HF 40 4 +F
gekol ek SNP matrixE& 74% 4 AT 28l snpEffE S SNPo| &3 31 &%
FFEs HHE 7 AA

A) Number of effects by impact

@ Number of effects by type and region

HIGH

Low
MODERATE
MODIFIER

Type (alphabetical order]

Count

B) Number of effects by functional class

‘Percent
T

Type

Type (alphabetical arder)
downstream_gene_variant
initiator_codon_variant
intergenic_region
intren_variant
missense_variant
splice_acceptor_variant
splice_donor_variant
splice_region_variant
start_lost

stop_gained

MISSENSE
NONSENSE
SILENT

Type (alphabetical order)

Count  Percent.

a9 3. 9 297] AF9 Heol dE snpEff 4

stop_lost
stop_retained_variant
synonymous_variant
upstream_gene_variant

Count  Percent

Type (alphabetical order]
DOWNSTREAM

EXON

INTERGENIC

INTRON
SPLICE_SITE_ACCEPTOR
SPLICE_SITE_DONOR
SPLICE_SITE_REGION
UPSTREAM

Count

Percent
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2 Ao AREL A 9 T FH ST 53 dolyuo] 2~

A X2 update® Zo]™ genome browsers 2 sto] dolEMol2~ Yo thE contents
o Aswol Azd Agolr) mgk A= 2 H SNP/] ‘j”§°ﬂ ‘L}E 2IE dolEHeolx
ol wted s & JE = schemaE T3k © I
=5 A8 Fol Atk

2. ¢ute] o 54 A L 2% Sol¥ 2@ FAA Au AW A% AAA

A Fozx Mz EAH xAsAY RNA w3 Ao oS NGS(Next-generation
sequencing) WA o & Fa ozt 9lE FAo|th A= who] AR ol o] (microarray) WA O R
st TS5 oider 54 st A dd e S g8 B A %W Ao 19
Holov 49 S R raw dlolHe &8 HEAH 59 oS ZtE NGS 7|8kl RNA-seqs
&3k A7 5ot Aotk (1™ 3).

Raw reads
(.fastg format)

Aligned reads
(.bam format)

Junction-crossing

Variant calls Counts
read count (.vcf format) matrix

Treat as normal,
Poisson, or negative
binomial distribution

Quality Control
»\(PCA, clustering)
A

y
Alternative : Allele-specific Differential
( splicing ) [Fus:on events) [ expression [expression]

19 4. RNA-seq¥ input data®] 27 @& 24 HAe 7 43

Modelled
expression

Coexpression)

2 ZAgaA = FHre] A A #HHE £d ARE FHstn Y Az
supplementary data®Z4] NCBI SRA(https://www.ncbi.nlm.nih.gov/sra)oll H=Z= ¥of Q&
RNA-seq sequence data(SRP07821)& t+== 3t ow s dARA] dlo]H o st 7)j=F
2ol AHE F 49 Zoh

_14_



¥ 4. 9 AL #4d AAMA raw sequence? 71E AR

s Sequence Sequencing Phred quality Number of Read

Accession file name method score sequence reads length Property
SRR3822369_1.fastq mi;?rglzrl/g Q33 20163296 125

SRR3822369 S, / Case of control 1
SRR3822369_2.fastq mu‘r‘g{‘i‘? 19 Q33 20163296 125
SRR3822370_1.fastq Hiﬁfﬂf 1/ 9 Q33 19021925 125

SRR3822370 S / Case of control 2
SRR3822370_2.fastq mujgﬁg 9 Q33 19021925 125
SRR3822371_1.fastq Ili‘i‘ﬁﬁg 1/ 9 Q33 18852319 125

SRR3822371 S / Melatonin treated 1
SRR3822371_2.fastq muﬁﬁg 19 Q33 18852319 125
SRR3822372_1.fastq 111?1?;153 1/ 9 Q33 18244757 125

SRR3822372 S / Melatonin treated 2
SRR3822372_2.fastq niu‘;g{%g 19 Q33 18244757 125
SRR3822373_1.fastq Ili?;lign? 1/ 9 Q33 18061393 125

SRR3822373 S, a Cold treated 1
SRR3822373_2.fastq mu‘r‘gﬁg 9 Q33 18061393 125
SRR3822374_1 fastq 111?1?;151? 1/ 9 Q33 17976978 125

SRR3822374 S 7 Cold treated 2
SRR3822374_2.fastq muzrl;lﬁg 19 Q33 17976978 125
G Sanger / . NP .
SRR3822375_1 fast : 33 16422503 125

SRR3822375 ok [llumina 1.9 Q > o Melatonin and Cold

DhRooz. 2 treated 1
SRR3822375_2.fastq Hi’lﬁﬁg 1/ 9 Q33 16422503 125 reate
. PN, Sanger / N .
SRR3822376_1.fast : 33 16631311 125

SRR3822376 —lasta lllumina 1.9 Q Melatonin and Cold
. Sanger / treated 2
SRR3822376_2fastq | >a&S Q33 16631311 125

=2 =3F SRA format $¥2 fastg-dump £ %3 paired-end @29 fastq 3

2 Mg o fastqc AZEY S O]ﬁOPOﬂ z} fastq o] th3+ quality check(QC)Z
F33AY. 1 Ay BE AJE2oA no hit Z1HF9] 43 overrepresented sequence’} U
ElY} o] & fasta formato = A lste] ZF A E9] t$ contaminant sequence DBE W&t
o] Z} AMZ 9] paired-end sequence®t ¥ inputl® &83}e] Trimmomaticol] 2] 3%
sequence quality filtering % contaminant A& AAZS AA G #G o] F, 7zt A= A
o] A contaminant A do] AAE AS Llstdoh 1y QT7F €9 BE AE9 27] 1
bp7F GC contentsoll & 255 X3 om SRR3822376_2.fastq<} SRR3822369.fastq7} 27y Z
o] overrepresented sequence®2} 70 bpe] GC contents &S HATE olE 7Ast7] 9
seqtk® 258 Hol= A7|MLEe d9de Z+ MEE sequencedl A Al AEG o
overrepresented sequences Ztv AMEL Y A7IAEE WFY Y] Trimmomatice THA
ettt QC % filteringo] =¥ ZF AE fastq Ao Wl tophat AZEAE

Fake]l FNE BT A YA HAHE &8-3 reference alignment 2F-& X3 3FS T

Tophatoll ¢]%F read?] alignment’} ¢+&5 %W 2z} MZHZ bam(binary alignment map) file
F2ol Ayt wEAAA  Hed olE  DESeqillA  AlFshE FolZEple] A&
(https://bioconductor.org/packages/devel/bioc/vignettes/DESeq/inst/doc/DESeq.pdf) 3te] 2z}
122 Sul ¥ {A2 Aol mapping @ read?] 5 2FE3 fAA 2dF tabled

6& T 1~}\)\}\]:]—

ol O

¢

e )

£
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3. 78 SAESY AAA ARE &8 Indel VA AT
A E oA (male sterility)2 & Fy 2 A4 A]S 756 8t ZEo] 71 &4

shpolth o &F7/bh dwsk Wil 2] £ £4E BAN A A A AR

_4

of

g AeFetAl sl $F71 R KFIANE el Agel LW A W w§S YT 5 9
= RRE 9E F Ak
B oggelde el FAF Fube ARG AelE wol: ¥ B ABNIL

line: Near isogenic line)$! DAH3615-MS(8-4 &) DAH3615(8d 7FY)e] RNA-seq raw
sequence= - ApA| A o= ?w vpo] el S 2 ol indel W}AE F+43staxl skl
o A=Al FHAH A= U (GMS:
Genetic Male sterility)©l] ] s Aolgt 7wHo AT AE s o olE 7Hto g
sto] = AlFe AEUALN de xFFA HolE vHElE FdWel7E s Aol Tt
A= Asid (29 5).

o
]
(@)
Q
c
(@)
)
(@)
(@)
=
)
=
0,
)
—+
Q)
|
0%
>
roi
M T
>
=
>
-
)

DAH3615-MS DAH3615

:L% 5. SAELAC Halyg RolE Holes Fute F 253 A5 DAH3615-MS(SAE<U)3 DAH3615
A7) YA o] (Li et al, 2015)

7F. RNA-seq raw data2®] A &
T AEol gk AFE Pk TAFNA FH AVNALY R &8 e
NCBI42] IDE &elgh 4= 3t} (SRP058526). - &3 Ae] Ao 4 DAH3615-MS(-5
2o))9l DAH3615(A 7)ol thal 317 (flower) %2 AA|9} 3op(bud) =2 thal
mRNAd] )3k Al A o] Ilumina® HiSeq 2000 %3] 3% At NCBI] FTP A{Hvjd
A dlg 1Dl st AE2E AAsta #HHE F 47019 RNA-seqol tist SRA 3d-S #HA]
B AN A4 gz e ol Ay Ay I EHE FASAH

rr

o,

_’lé_



¥ 5. SRP058526¢ T4 RNA-seq &9 AR

: Sequence file Sequencing | Phred quality Number of
Accession name method Score sequence reads Read length Property
Sanger /
SRR2033940_1 fastq ( Q33 11834220 75-151

SRR2033940 IH“mma L9 Male fertile bud

SRR2033940_2.fastq ﬁlﬁgfga 19 / Q33 11834220 75-151
Sanger / _

S SRR2033941_Lfastq | jnger Q33 13845808 75-151 Male fertile
SRR2033941_2.fastq ﬁf‘u“rgfga 19 / Q33 13845808 75-151 flower
SRR2033942_1.fastq ﬁf‘u“rgfga 19 / Q33 12411872 75-151

SRR2033942 3 - 7 Male sterile bud
SRR2033942_2.fastq hﬁﬂigﬁ 19 Q33 12411872 75-151

) Sanger / _

— SRR2033943_1.fastd | {1umina 1.9 Q33 12489412 75-151 Male sterile

SRR2033943_2.fastq Ibiﬁ;lr%ga Lo / Q33 12489412 75-151 flower
R = We golEiE SRA WO R o]E sra-toolkit?] fastg-dump HHO]E o] &35
o] paired-end 29| fastq X oz AUt AdH FL fastqcEs E3 dolg 9
trimming 915 % AEE Z2AT 4 At 12 Quality check 23 AWFH o2 WE raw
sequence H°|E7} %7] 15bp, ¥7] 10bp7} RNA-seqs 913t golBeg] G4 AL8H
sequencing vector % adapterol] 2|3 contaminant A&l ¢l GC contents® L-Fo] &
olElon &7 dA7|MdR2 ZFE base pair quality’} AdHE RS 4 5 dAgL (2

g 6) el Trimmomatics F3 zZF 4=

adapter M= 7H538ko] A A9} F Al phred score 30 7159 quality trimmingS 3
At zEla G719 F§ BEe GC 255 AA7] A8 segtkE: Eaf 9 AL
15bp, 10bp® Al A3 o] 7% trimmomatic ZHZ IHANA HA AL FolA A
Fol AAR Ado] segtk BHH HAoA AE AAZF AFekA AW 30 bp olte] ¢
AqEds 71 Q7] wWiEo TthA S &3 2541' jJEi‘jJ < forward
reverse A o] HE AE3Z pair sequencet "P% g A4S A
2 AL Yo 284S 9 shell scriptz 2

KeN
=

P

T O]

Trimmomatic

eper base sequence content

Soquente esntont agross allbacos
100,

dPer base sequence quality

Tﬁﬂmﬁm uwuuuuLT

B

298 6. SRR2033940_1.fastq®] 13 QC A3I. A) fastqc 23 html ¥ W 2] Per base sequence content
23

Per base sequence quality

o
H

shell scriptell 7] A® Aol wE adapter g A7 % quality trimming %t
A fastqcs &3 23 QCE st o 19 69 #Zo] 453 29 quality:

O S = = [e] )= [e) o
ds FHs £ AN =AAEY =7 S cat ¥

=
=

AN
fastq ¥ . ol% 2 HEZ fastq O

_‘|7_

W E2 contaminant A1E AHEE FFslo] o=

o

o

=

o
7]

s}

SRS

B)



£ Sl ol €4 EE R FI fastq FLdS AAEAH. L

B2 4tol Trinitys &3 347443 SA4=Ud =4

Ak o] A Tl F AT 7] ¥E =AM EHI mRNAS F7IAES
T Uen o AFHERE AolE Hole Fd4 99 FolA indeltHE

o] Ze}el S 53 indel IS AYAEHA Al

Per base sequence content

A

28 7. SRR2033940_1.fastq9 2% QC B3, A) fastgc 23 html FY W Per base sequence content B)

Per base sequence quality 43}

. Indel w}FA A Ee A wpALd 24 {FHAA
Zgkelo] o8] AALE indel WA E €A 7FY ZA A de novo assembly=

T ol

& =¥ transcript A Q IDE Vo2 FAHAY (%

¥ 6. TA47FY =39 transcript 7|

i

]E

=

AL input ©o]
W2 de novo assemblyS =333}
e et

targetS. 2 A=

S

oE AR

6).

02 A& 4 indel 1A 712 AR

Marker ID Forward primer Reverse primer glrz(:%g;g gTe";lll;g (ﬁg
Male_fertility_51690_in_2_INS9 TCGTCGTATTCGTCTTCATCC | TCCTTGAATTTCTCCTCGTCC 168 | Cla016690
Male_fertility_51690_in_3_DEL3 GGATGACAAATCCATCCCCT GGTCTTGCTCGCTTCAACAC 172 | Cla016690
Male_fertility_57098_in_2_DELS8 TCTCAGGACCCAATTTGTCG TCTTGGCTTTCATCCTCGTC 102 | Cla002818
Male_fertility_69984_in_3_DEL12 GTAAGAGCAGCACCACCTGC ACCGTAGCATCAAATGGCAA 176 | Cla019051
Male_fertility_70430_in_4_DEL11 GGTGCCCTTTTCTTCCTTCA CATGCCCAAATAGCTTCCAA 207 | Cla013521
Male_fertility_72774_in_6_DEL3 ACCAGCAGTCTAGTGGGCCT GATCGGGAGAAGATTGAGCA 210 | Cla013267
Male_fertility_72841_in_1_DEL23 ATCCTGGTTCCTGGTGGAAG GGATCAGATTTAAGCAACGAAGC 151 | Cla016120
Male_fertility_74461_in_2_DEL15 GATGGCACTGTGAAGACGTG AAACCTCCCCTCCAAGACCT 145 | Cla019832
Male_fertility_74565_in_2_DEL13 GATCGGGACATTTCAAAGCA CGAACGATGGATACCCCAC 176 | Cla007102
Male_fertility_74565_in_3_DEL13 | CCTTGGTCATTTGCCGTTTA GCATTTTCCATGCTTTCACC 129 | Cla007102
Male_fertility_25230_in_2_DEL16 | ATCCAGGTTTTGTGCAGCC TGCCCCATTCTACTGATGCT 105 | Cla004685
Male_fertility_26567_in_15_INS11 | CAATGGTGCTTCCAATGCTT GTGCCTACAGCGACCAAAAC 199 | Cla020235

olZ T3 SAHEUYA AolE Hele F ZEd AT FHA AVl HHA
o= #o]lE Holi= indel 9GS targeting 3= F 127019 EAWIAE FAE = AT
wa o] BapobrSol Fure] £E FAAVF codingsE FelelA AHH o AEE A
ol7] wiitel Apds] Zp EAmpATE A AGske FEbe] B FAx 1= AdE 5 otk

_18_




¥ 7. +A4 3 indel marker? target FAXe 7| AH

Target . . .
gene ID Gene position Gene description Interpro domain
. . o naceon N A B A - IPR016024
Cla010990 Chrl1:18011988 - 18038596 Sister chromatid cohesion protein PDS5 homolog B Armadillo-type fold
Cla016690 | Chrl1:23855617 - 23867697 WD-40 repeat protein-like (Fragment) WDl o gion
Cla013267 | Chr2:30834951 - 30839882 CCR4-NOT transcription complex subunit 2 NOTS R oT5
Cla013521 | Chr2:28443462 - 28448510 Membrane transporter D1 S gar/ﬁg?&?’ffjnsp orter
Cla019832 | Chr2:26726918 - 26738658 WD repeat-containing protein 48 WD 46}’2%1%8% gion
TPR0O06403
Cla020235 Chr2:21834759 - 21841132 Heavy metal-transporting ATPase ATPase, P type,
cation/copper-transporter
Cla007102 | Chr5:15635702 - 15645819 Uridine kinase L ER000T61
TPR0O18222
; e y Nuclear transport factor 2 and RNA recognition motif ; . :
Cla019051 Chr6:24689385 - 24694714 domain-containing protein Nuclear gg}r{lsf;ggefdctor 2,
TPR003953
Fumarate
Cla002818 Chr9:14959564 - 14962079 Monooxygenase FAD-binding reductase/succinate
dehydrogenase
flavoprotein, N-terminal
TPR002304
Cla004685 Chr9:32090650 - 32097483 Methionyl-tRNA synthetase Methionyl*t]RNAI synthetase,
class la
< . O 1295 AR 1 . . IPR0O01849
Cla016120 Chr9:13854736 - 13917880 Vacuolar sorting protein Pleckstrin homology
Ao FolA g & e ¥ F31A FoA Cla0135212  sugar/inositol
transportergl ©¥ A& coding st ARt o] F A= 4 (pollen)e] W] HQ
- S N -
g g Fol #AE Jdom o] @] X Wt 3o dAdd d¥dS mteE
= T o =) [
A7 d#A Aok FEE Folzedls FE NEE indel PHAE AE TE 7 AIE
- — o
exondollA zpol S Hol= Gorts ez FAH7] wie HaHoer JfgdE vt
AEe] B AolE FET 5 At 99 B = AL AT + I
o= mA N FHAHOA indele] Y& EF FHAS] annotatione #Qlste] ot FF
[e) : = = [e) =] = =3 o =) =) )]
o WAL codingdl AE Helatt AL gl @k FE 24 5% Fd AT &
AA7E A+ didQl 2@ " #axo] e Ae=E 4l Folgtd 2 AAS
&3t indel marker®] 72 ZAY S vbA R S&AQA Abelga & 5 QT
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A2 1F, FxY7te §F 53 FHS 9
7€ AH JHoE

71 R £ 9

1. 315 (Pepper, Capsicum annuum) B8 §F FH JR AFEo] 7153 dHlolHY &4
A g oHolE e Bfg @
NCBI SRA+= AAAS Ao =HY A=dE Fdd8 g raw HolE=A 9 AAA
71k HlolH &S stuE Sdsta Had = U ‘ 5
°ox 54 AlE 9 AYEFE AiE A9 dHolHEe] 14s Za® g o
MgEel dE&gomM o]xAl A4 H #A4S 7IE & A stk NCBI SRAE=
Roche 454 GS System®, Illumina Genome Analyzer®, Applied Biosystems SOLiD
System®, Helicos Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®<} %+
2 tpeFsk NGS(Next generation sequencing) 7]WF sequencer 7159 sequencing Z23&
#3lm o]i= NCBI SRACIA 9l A4 &5S Fall AHEA7E dates ARE Adxo=w A
sto &&o] 7hsstth 18y NGS 7|Hke] dHolHE thF = 4ol

o] 7
Bd FdAe] A5 ok 2o BES A4 FAsde oPee AL
= = Q
= 1 [¢)

B
HE I5adets dioly 4 Ao ity = F3F AA9de] &3 9@ AFHE gias
S #3et7] e ov de B4 AES AV7F ofguh uEld B Ao A
NCBIo| A &go] 7}5 3 EA ZE 9 sequencing Hlo]Elo] H3dte] E &40 7 o]F F5

=
T de HelHE 74 e AA 75 4 oF AMh
_/I: )

= NCBI Resources ¥ How To (¥ Sign in to NCBI

SRA SRA |  Search |

Advanced Help

SRA

Sequence Read Archive (SRA) makes biological sequence data available to the research community to enhance reproducibility
and allow for new discoveries by comparing data sets. The SRA stores raw sequencing data and alignment information from
high-throughput sequencing platforms, including Roche 454 GS System®, lllumina Genome Analyzer®, Applied Biosystems
SOLID System®, Helicos Heliscope®, Complete Genomics®, and Pacific Biosciences SMRT®.

Getting Started Tools and Software Related Resources

How to Submit Download SRA Toolkit Submission Portal

Log.in to SRA (for updating and troubleshooting submissions) SRA Toolkit Documentation Trace Archive

Log in to Submission Portal (for submitting sequence data) SRA-BLAST dbGaP Home

SRA Documentation SRA Run Browser BioProject

Download Guide SRA Run Selector BioSample

SRA Fact Sheet (.pdf)

23 1. NCBI SRA "¢l 3 o] A (https://www.ncbi.nlm.nih.gov/sra)

2 &8 Wt FA S
EA keywordE Y#H3HA &
= A "ok AA Peppergs tdo
A el g DNA 22 RNA #
oA Rl 7hes Ao ATt A

&
juit)
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i
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O
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=
o
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2,
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z

m 2ol oof
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e
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A% Ago AYE wrvh A2 w2 sheke] Fagdo] Hv of7]A] Runinfog HesEs
st g Aol tiste] csv Mo w Aeld A¥E verEE WS F A (IHE 2).

SRA SRA v |Pepper _\E

Create alert Advanced

Access Summary « 20 per page - Send to: »  Filters: Manage {

Public (1,015) Choose Destination ’i‘

Source View results as an expanded interactive table using the RunSelector. Send results @ File Clipboard

DNA (785) Collections BLAST |

RNA (230) Run Selector I

Search results
Type .
genoiia (425) Items: 1 to 20 of 1015 p. Download 1015 items
Format
Whole genome lllumina MiSeq_sequence of Salmonella enterica subsp. .
‘Show additional filters 1. 1ILLUMINA (llumina MiSeq) run: 942,067 spots, 435 9M bases, 273 6Mb downloads | Oreate File |
Accession: SRX4790636
a3 2. keywordE PepperZ A3t AT 2749 csv X9 F2 &9
=) ST = = = [e)
i Adts A AZESR deo] Jhesty 3 WA o] oy AHS VIEow
) = =] o - = =

g4 % dE"S T8 A7AF ke 26 ve dawts 58 5 dv A9E A
SRS W 20189 109 Vo= F 379 A= ©E Bioprojectoll A 6209 7 ]
sequencing Hl°]E(Total 2.39 Th)E eld 4= At &3t g sequencing HolgHELS

3 A miRNA, transcriptome 123 genome -3
[lumina®] Hiseq Alg] =7} dlolgH o AMEH A & + A

Sequencing purpose of Capsicum annum in the NCBI SRA Utilized sequencing model for generating sequences uploaded in the NCBISRA

I | I H

mRNASEY OTHER RAD-Seq RNASeq

1Y 3. NCBI SRA9 4Z=59 Q& Pepper(Capsicum annum) sequence raw BH|°]H 2] &3 = sequence
HolEE AAd A& ¥ sequencer 71E¢ EX

c =

27} 7}%?‘} ARZ AAstL Yt o] ARE Zﬂ%é}‘ﬂ 252 B el A
B sequencing #¥S SRA X JHE tEE= Wil o]E fastq FYE
& A 9 ey A o8& 4 vt 28 al csv 3 9] BioProject & 9]
IDE NCBIS #Z& o]lF9] ZHEA (https3//WWW.ncbi.nlm.nih.gov/bioproject) A5k
Ao A sld BioProjectE X335t A& Fd 249 =&

o
fe
fe
o o Mo st

¢

5]
A& E33F= sequencing project’t oW HH o7 Ffo] HA=THE Sl = 3
o5 AFALEC] A HEHo| H&3H= sequencing HIOJEE Ad H 83 4 it
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¥ 1. SRA A4 399 BioProject €< 7|F£22 AAME =& 94

No. Title PMID Bioproject in SRA
1 De novo assembly of the pepper transcriptome (Capsicum anmium): a benchmark for in silico discovery of SNPs, SSRs and 23110314 PRINAL63071
candidate genes.
2 Development of molecular markers tightly linked to Pvr4 gene in pepper using next-generation sequencing. 25798050 PRINA262545
3 Dynamics of the chili pepper transcriptome during fruit development 24555715 PRINA235215
PRINA223222
4 Genome sequence of the hot pepper provides insights into the evolution of pungency in Capsicum species 24441736
PRINA298503
5 Geno analysis in species reveals evolution of microRNAs targeting defense genes in PRINA398663
Capsicum spp
Genomewide genotyping of a novel Mexican Chile Pepper collection illuminates the history of landrace differentiation after
6 3 g PRINA472885
Capsicum annuum L. domestication
7 New refe;ence genome sequences of hot pepper reveal the massive evolution of plant disease-resistance genes by 20089032 PRINA223222
retroduplication
8  The evolution of inf diversity in the nightshades and & | during meristem maturation 27821409 PRINA343677
o The hot pepper (Capsicum ammuum) microRNA transcriptome reveals novel and conserved targets: a foundation for Pa— i e
understanding MicroRNA functional roles in hot pepper..
10 T i analysis of ic and d leaves of geminivirus-infected pepper (Capsicum annum). 23185982 PRINA186495
11 Transcriptome profiling and molecular marker discovery in red pepper, Capsicum annuum L. TF68 21706160 PRINA 140069
12 Tra_n_scnptome Seq\}encmg and De Novo Analysis of a Cytoplasmic Male Sterile Line and Its Near-Isogenic Restorer Line in PRINA401344
Chili Pepper (Capsicum annuum L.)
PRINA186921
13 Whole-genome sequencing of cultivated and wild peppers provides insights into Capsicum domestication and specialization 24591624 PRINA193077
PRINA193078

. NCBI SRA(Sequence Read Archive)® FastQ format A3 % NGS d©lo]g A g3}
Ao Ao fo ALES ¥Eg e 7o) 2l (Pipeline) 9 T4
dutx o2 Whole genome sequencing(WGS)E §3 fdwole] 2¥ Ao A= NGS
714ke] SNP callingeS %3 Fadch. dAwrz 2l 22 sequencing 2391 fastq 3L 9]

quality check % trimming, Read alignment into reference genome, GATK pipelineS &

3l bam WY HAF H variant calling® 2 FAEH AT dA AAA A O E sequencing
XS FEsta = A2 Illumina Aol Hiseq platform© 2 DNA sample® -E

sequencing libraryE A 3F3l flowcell AFolA PCR duplicationE &3 F%3te] &3
A71E sequenced] AA 7} HEFo] 7H5e FEoR =olA Hu o] HAHAA FLS read
sequence”’} variant calling®] ©Al°|A false positive variant® W& & U= Fov 3k 5
wo =z 2o gl Hls] A F7hE X o]t optical duplicate® variant calling
processol Al A&l A AS= S mark duplicatese]gt d=d o] WAE F=
sequences reference genome®l alignmentdt A3}l sam files bam formato= 3 &
sorting 7FA] X8t o]Fo] 8stA Hri o]# e mark duplicatesi= 2| fastq format
file el read7} 74zl ID7} Zb= ARE npg o=z A W¥o] 7hssitt. 12 NCBIOA oh
2= ¥s 4 9l sequencing U2 o] H S read 1Dl wWid HHEIF FErEo] FAFEHQ
o 2 GATK o]z kel o 49 raw sequence fileo] XE3tE &3 23 duplicatesd
AA7 o]H@o}. wEbA BAFA Q1 optical duplicates®] A AW o] o fastq T ol A
sequence’} A&3& A A& read sequenceE PCR duplicates® 7FF38to] A Adt= W
215 AEete] olE Tl 2w APl GATK dho]Zeklo] A 9] MarkDuplicates
GAE thAsts dAE ST A AP theEE tdel 3o NCBI FTPA
o] A# ARZE w3 2% download scriptet theEE= A<l SRA format fileg
SRAtoolkit®] vdb-validateE -&stol thE== HAoA Aol JAA=AE &< o]+,
22 package? fastqg-dumpE &83}o] fastq format fileES <H|STE o]F  fastqc
softwares &3 F7124Q FEHFHo] QAo gt oFE gl AT e A
fastq format filel®] PCR duplicatesE #|A%t= 2= bbmap package?] Dedupe.sh -

2a8s E3 P dld FYS paired end sequenceE THA O E WP FFA S

0

Ol
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input fileg sly= FX=2 = 2 packagel 9 reformat.sh ZZ1;S o] E3lo] THA
paired end FHZ L& Fsts PSS A ole e HAHoR optical
duplicates #| 7 7]¥Fe] MarkDuplicates ©AIE ™ #8le] Variant calling 2t 9] 524

= AT 5 ok

SOURCEFORGE

Open Source Software Business Software:

[ BEMap

BBMap

BBMap short read aligner, and other bioinformatic tools.
Brought to you by:

Downloads: Last Update:

Download Get Updates

Windows BSD Mac

O 4. AEAREY BE software E scriptE AL+ SOURCEFORGE® bbmap package &
webpage(https://sourceforge.net/projects/bbmap/)

1. Download SRA file and converting fastq format

2. Remove PCR duplicates by dedup.sh in BBmap

3. FASTQC and remove adapter sequence

4. Read alignment by BWA — mem algorithm

5. Follow GATK bam motification process except for
MardDuplicate and base recalibration

6. SNP calling by Samtools/Bcftools combined
command

¥ 5. NCBI SRAY A 353 fastq oY 79k variant callinge 938 753 dol =&
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N

N aFAdolHHol~ ERES 1F FES A EF FAA HE gr 2 dHolg s
aF= Holw gzl dake] R ZE 2 A 1493 AFQle] = E o] 1541 7]o =)
ST Y, 28a 174171 S s Ao ogs b A AAAR AES THAA e
ZHEoltt, el A o] &M HAyg 1 e FuFES skl Auisal v Eg
AFE T AnjEE AR FAREA AdE AGS AL lon 2014l = A
st el Ao od] nFo A FAAT dEEol FAE et tgd FEE
ol g a3 AFE raw HOlERFYH WolAHR F& FAAe] wAF B EAw
ol VST E fEiAE ded 139 BF AFFAA 2 A5HE AR BRI Hasin
&% FAa29 A$ GO term, KEGG pathway 53 28 7]&o] +=3 F-A1x9 LvkH
545 tFe deolguo] 29 FH ddgo] Hojof 5 1159 WHo| B deF HolH o
F7HARQI ARE FoAg 4 Q)

} o nF BEF FRAA Ao
2018y 7= o
9 FHel 23 Fuistel

AF §AA sequencing FL3 A= e ALudha
Tol A Feld = JATHKIim et al, 2014, Cheng et al.,
2014). ©] A7 E contig2 B H A scaffoldE S £ 12719 m3e)
ARESS TS ARESE o] FAAA dSsidinh Y A= o Bl ol &
(http://peppergenome.snu.ackr)dll F/ME o] AA AL AFASe] o] 1Feo] HEFHA
24 ZEHa JYHH 6).

of\
o)
o
ST
_)
El
lo
Q
-
rlr

PEPPER GENOME repper Genome Platform JVS15(peppergenome_guest) | My Profile | Logout
HOME  BLAST  DOWNLOAD | User Suppart. |
Last Download  Previous Version

Download

Downlaod page

Welecome to download

Fisbiication Kim et al. Genome sequence of the hot pepper provides insights into the evolution of pungency in Capsicum species. Nat Genet.
2014 Mar;46(3):270-8. doi: 10.1038/ng.2877. Epub 2014 Jan 19,
Paper Link

Readme | = Download. |

Pepper.v.1.55.anchored.fist = Download

Pepper.v.1.55.chirl.list | £ Download |

Pepper.v.1.55.chromosome.gff3 | & Download |

Pepper.v.1.55.total.chr | = Downlosd |

Pepper.v.1.55.total.gff3 ' Download

Pepper.v.1.55.005fa | & Download. |

Pepper.v.1.55.PEP.fa ' Download |

Pepper.v.1.5.anchored list | = Downlozd |

Pepper.v.1.5.Assigned.Chr.gff3 = Download |

Pepper.v.1.5.CDS.fa | I'j Download |

Pepper.v.1.5.Chr0 list = Download

Pepper.v.1.5.contig.fa | = Download. |

Pepper.v.1.5.PEP.fa ' Download |

Pepper.v.1.5.scaffold.fa | & pownicad |

Pepper.v.1.5.total.chr.fasta = Download |

Pepper.v.1.5.total.gff3 | I'j Download |

Chinense.vi.5.fasta ' Download

33 6. Pepper genome database? T2 ZE 3 o] X
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g dolejHol e H&ET F £ B oA AFAFTY fastq FLS

&)3t7] 9l3te] reference genome®l W 1559 s @st= 59 1274
AR EF gigk AlAx~ FRE VM fasta Y B oA FH FHAAe] ARZEF G 9
g 7153 gff 3d5 mrsto]l AfAaFAbolEHlo]A7F HalE Il A skl
ok AA FAAe =271 251 Gbhell €3t F 30,242709 AR F-AA S 1 YA}

variant calling= 7

F EFT AAA 49 A58 #AA9 annotation

2 HAeko]l 3 sequence alignment ©]% variant calling2 %3 indel & SNPZ
AHES Utk o]¢} o] AbEE Wolrt FHA Aol deEvbE AMEE] fsiAe
reference genome ‘g oS8 FHAY XA RIF HQsit). 53 GWASS 749 SNPY
A A RS A Hed olu FrHA om FEsfol Sk Abgto] Y 4
A= ojw e AESHY ARE W kol wEkA aiFol A o FH Azt 5
de EFet7l flstd 15 BZF FdAY oWt AEE query® she] NCBI
non-redundant database°ll BLASTPE 33ttt 115 <+ FA ver 1550+ @A
F 34899709 HHA7E dEEo] gl BLASTP A3 o] F 2827071 f-dxfel] sl

NCBI¢] RefSeq ID7} Ho53 . g RefSeqlDE sorting st TEHEHA &E g REES
Ao F 14286712 RefSeq ID7} 15 E+ Ao thsle] Fod AS &elst 4= )
A E1r. ]T——E UNIPROT database(www.uniprot.org)2] Retrieve/ID mapping & @&l =
ate] dld Aol sl & 20 7AE Fo4F - Adv BE FHE customizedte] EF
sto] 159 FASF HolHo &€& ¢ JEE HolEHol 23 = AYS TSI

¥ 2. NCBI RefSeqIDE &3f wi/ld @3 dolEHolse Ar I

Property for gene annotation Source Web address
RefSeq ID NCBI www.nchinlm.nih.gov/refseq
PubMed ID NCBI www.ncbinlm.nih.gov/pubmed
EC number ExPASY enzyme.expasy.org
Geneontology GO www.geneontology.org
Protein interaction STRING string—db.org
Pathway KEGG www.genome.jp/kegg
Domain information Pfam pfam.xfam.org
Protein classification PANTHER www.pantherdb.org
Conserved domain NCBI www.nchi.nlm.nih.gov/cdd
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3. 1% RIL(recombinant inbred line) F <] genotype H°|EH< T4
Agtsty Yostyt Jo2EFHASETS A+ (httpi//hortbreeders.snu.ac.kr/)il'?‘Ei 2

1227019] 115 AlZoA A& whole genome resequencing ZA3E fastq ¥Y Aoz A

ok

7}, A 99 sequencing Hl°EH T ZHE
AAS o]|F= 7 AlFE 9 Sequencing HlolE &= Illumina®] Hiseq2000 7]1F o2 A2HE A
©w Paired End &4} 2 ¢ 500bp W9 insert size7} A-&%o] F+AHAT}. e
&S o] F = 12270 AlE S 2709] AlE(Perennial, Dempsey)& 7tz F@o] H-r i &g
st 1 9] 120709 AlE2 o] ww] Z3tel A gk RIL(Recombinant inbred line)©] t.
Lo 73% 1—%— ET A 155 ver (251 Gb)oll dlste] 156 X 522 sequencing ©]
[e]
7o

Hat oF 122 X 522 low-depth whole genome sequencing

¥ 3. Aedstn Fo 123 (Pepper) RIL A9 sequence B X

Number Library Strategy Bases Read coverage(X) Library Name Info

1 WGS 39.18Gb 15.61 Dempsey Parental line

2 WGS 42.01Gb 16.74 Perennial Parental line

3 WGS 2.61Gb 1.04 PDRIL_1 Recombinant Inbred line
4 WGS 3.65Gb 1.46 PDRIL_2 Recombinant Inbred line
5 WGS 2.88Gb 1.15 PDRIL_3 Recombinant Inbred line
6 WGS 2.91Gb 1.16 PDRIL_4 Recombinant Inbred line
7 WGS 2.27Gb 0.9 PDRIL_6 Recombinant Inbred line
8 WGS 3.32Gb 1.32 PDRIL_7 Recombinant Inbred line
9 WGS 3.41Gb 1.36 PDRIL_8 Recombinant Inbred line
10 WGS 3.25Gb 1.3 PDRIL_10 Recombinant Inbred line
11 WGS 6.36Gb 2.53 PDRIL_11 Recombinant Inbred line
12 WGS 2.16Gb 0.86 PDRIL_13 Recombinant Inbred line
13 WGS 2.78Gb 111 PDRIL_15 Recombinant Inbred line
14 WGS 2.99Gb 1.19 PDRIL_16 Recombinant Inbred line
15 WGS 2.59Gb 1.03 PDRIL_17 Recombinant Inbred line
16 WGS 3.02Gb 1.2 PDRIL_19 Recombinant Inbred line
17 WGS 2.32Gb 0.92 PDRIL_21 Recombinant Inbred line
18 WGS 2.56Gb 1.02 PDRIL_23 Recombinant Inbred line
19 WGS 3.53Gb 141 PDRIL_25 Recombinant Inbred line
20 WGS 2.82Gb 113 PDRIL_26 Recombinant Inbred line
21 WGS 2.72Gb 1.09 PDRIL_27 Recombinant Inbred line
22 WGS 2.56Gb 1.02 PDRIL_28 Recombinant Inbred line
23 WGS 1.67Gb 0.67 PDRIL_30 Recombinant Inbred line
24 WGS 2.15Gb 0.85 PDRIL_34 Recombinant Inbred line
25 WGS 1.24Gb 0.49 PDRIL_35 Recombinant Inbred line
26 WGS 3.32Gb 1.32 PDRIL_36 Recombinant Inbred line
27 WGS 3.74Gb 1.49 PDRIL_37 Recombinant Inbred line
28 WGS 1.85Gb 0.74 PDRIL_38 Recombinant Inbred line
29 WGS 3.35Gb 1.33 PDRIL_39 Recombinant Inbred line
30 WGS 3.29Gb 1.31 PDRIL_40 Recombinant Inbred line
31 WGS 3.12Gb 1.24 PDRIL_42 Recombinant Inbred line
32 WGS 3.9Gb 1.56 PDRIL_43 Recombinant Inbred line
33 WGS 1.96Gb 0.78 PDRIL_44 Recombinant Inbred line
34 WGS 1.79Gb 0.71 PDRIL_46 Recombinant Inbred line
35 WGS 3.37Gb 1.34 PDRIL_47 Recombinant Inbred line
36 WGS 3.71Gb 1.48 PDRIL_48 Recombinant Inbred line
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37 WGS 3.48Gh 1.39 PDRIL_49 Recombinant Inbred line
38 WGS 1.82Gb 0.73 PDRIL_50 Recombinant Inbred line
39 WGS 7.89Gb 3.14 PDRIL_52 Recombinant Inbred line
40 WGS 3.03Gb 1.21 PDRIL_53 Recombinant Inbred line
41 WGS 1.31Gb 0.52 PDRIL_56 Recombinant Inbred line
42 WGS 3.13Gb 1.25 PDRIL_58 Recombinant Inbred line
43 WGS 3.21Gb 1.28 PDRIL_59 Recombinant Inbred line
44 WGS 3.47Gb 1.38 PDRIL_62 Recombinant Inbred line
45 WGS 3.66Gb 1.46 PDRIL_63 Recombinant Inbred line
46 WGS 3.17Gb 1.26 PDRIL_64 Recombinant Inbred line
47 WGS 5.54Gb 2.21 PDRIL_66 Recombinant Inbred line
48 WGS 2.52Gb 1 PDRIL_67 Recombinant Inbred line
49 WGS 2.77Gb 1.1 PDRIL_70 Recombinant Inbred line
50 WGS 2.74Gb 1.09 PDRIL_71 Recombinant Inbred line
51 WGS 3.52Gb 14 PDRIL_74 Recombinant Inbred line
52 WGS 4.07Gb 1.62 PDRIL_76 Recombinant Inbred line
53 WGS 2.96Gb 1.18 PDRIL_77 Recombinant Inbred line
54 WGS 3.74Gb 1.49 PDRIL_78 Recombinant Inbred line
55 WGS 1.87Gb 0.75 PDRIL_80 Recombinant Inbred line
56 WGS 2.12Gb 0.84 PDRIL_82 Recombinant Inbred line
57 WGS 1.68Gb 0.67 PDRIL_83 Recombinant Inbred line
58 WGS 1.74Gh 0.69 PDRIL_84 Recombinant Inbred line
59 WGS 2.38Gb 0.95 PDRIL_86 Recombinant Inbred line
60 WGS 1.68Gb 0.67 PDRIL_87 Recombinant Inbred line
61 WGS 2.39Gb 0.95 PDRIL_88 Recombinant Inbred line
62 WGS 3.86Gb 1.54 PDRIL_91 Recombinant Inbred line
63 WGS 6.9Gb 2.75 PDRIL_92 Recombinant Inbred line
64 WGS 1.64Gb 0.66 PDRIL_93 Recombinant Inbred line
65 WGS 1.94Gb 0.77 PDRIL_95 Recombinant Inbred line
66 WGS 2Gb 0.8 PDRIL_99 Recombinant Inbred line
67 WGS 5.35Gb 213 PDRIL_100 Recombinant Inbred line
68 WGS 2.85Gb 1.14 PDRIL_101 Recombinant Inbred line
69 WGS 3.2Gb 1.27 PDRIL_103 Recombinant Inbred line
70 WGS 3.09Gb 1.23 PDRIL_104 Recombinant Inbred line
71 WGS 3.08Gb 1.23 PDRIL_105 Recombinant Inbred line
72 WGS 3.11Gb 1.24 PDRIL_107 Recombinant Inbred line
73 WGS 3.1Gb 1.23 PDRIL_109 Recombinant Inbred line
74 WGS 3.66Gb 1.46 PDRIL_112 Recombinant Inbred line
75 WGS 3.93Gb 1.57 PDRIL_113 Recombinant Inbred line
76 WGS 3.4Gb 1.35 PDRIL_114 Recombinant Inbred line
7 WGS 3.01Gb 1.2 PDRIL_116 Recombinant Inbred line
78 WGS 2.45Gh 0.98 PDRIL_120 Recombinant Inbred line
79 WGS 3.24Gb 1.29 PDRIL_122 Recombinant Inbred line
80 WGS 2.94Gb 117 PDRIL_123 Recombinant Inbred line
81 WGS 3.25Gb 1.29 PDRIL_125 Recombinant Inbred line
82 WGS 3.38Gb 1.35 PDRIL_126 Recombinant Inbred line
83 WGS 3.07Gb 1.22 PDRIL_128 Recombinant Inbred line
84 WGS 2.79Gb 111 PDRIL_130 Recombinant Inbred line
85 WGS 3.86Gb 1.54 PDRIL_133 Recombinant Inbred line
86 WGS 2.85Gb 1.14 PDRIL_134 Recombinant Inbred line
87 WGS 3.82Gb 1.52 PDRIL_135 Recombinant Inbred line
88 WGS 2.92Gb 1.16 PDRIL_136 Recombinant Inbred line
89 WGS 2.56Gb 1.02 PDRIL_137 Recombinant Inbred line
90 WGS 2.73Gb 1.09 PDRIL_139 Recombinant Inbred line
91 WGS 2.42Gb 0.96 PDRIL_141 Recombinant Inbred line
92 WGS 2.49Gb 0.99 PDRIL_143 Recombinant Inbred line
93 WGS 3.93Gb 1.56 PDRIL_144 Recombinant Inbred line
94 WGS 2.41Gb 0.96 PDRIL_148 Recombinant Inbred line
95 WGS 2.28Gb 0.91 PDRIL_149 Recombinant Inbred line
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96 WGS 3.22Gb 1.28 PDRIL_151 Recombinant Inbred line
97 WGS 4.56Gb 1.82 PDRIL_155 Recombinant Inbred line
98 WGS 2.69Gb 1.07 PDRIL_156 Recombinant Inbred line
99 WGS 2.98Gb 1.19 PDRIL_157 Recombinant Inbred line
100 WGS 3.18Gb 1.27 PDRIL_158 Recombinant Inbred line
101 WGS 2.76Gb 1.1 PDRIL_159 Recombinant Inbred line
102 WGS 2.95Gb 1.18 PDRIL_160 Recombinant Inbred line
103 WGS 3.86Gb 1.54 PDRIL_162 Recombinant Inbred line
104 WGS 2.72Gb 1.08 PDRIL_163 Recombinant Inbred line
105 WGS 3.87Gb 1.54 PDRIL_171 Recombinant Inbred line
106 WGS 4.26Gb 1.7 PDRIL_176 Recombinant Inbred line
107 WGS 3.24Gb 1.29 PDRIL_181 Recombinant Inbred line
108 WGS 3.1Gb 1.23 PDRIL_185 Recombinant Inbred line
109 WGS 2.22Gb 0.88 PDRIL_186 Recombinant Inbred line
110 WGS 2.76Gb 1.1 PDRIL_187 Recombinant Inbred line
111 WGS 2.85Gb 1.14 PDRIL_188 Recombinant Inbred line
112 WGS 3.07Gb 1.22 PDRIL_191 Recombinant Inbred line
113 WGS 3.79Gb 1.51 PDRIL_192 Recombinant Inbred line
114 WGS 2.57Gb 1.02 PDRIL_194 Recombinant Inbred line
115 WGS 3.16Gb 1.26 PDRIL_196 Recombinant Inbred line
116 WGS 2.75Gb 1.1 PDRIL_200 Recombinant Inbred line
117 WGS 3.12Gb 1.24 PDRIL_201 Recombinant Inbred line
118 WGS 4.42Gb 1.76 PDRIL_203 Recombinant Inbred line
119 WGS 2.67Gb 1.06 PDRIL_204 Recombinant Inbred line
120 WGS 3.01Gb 1.2 PDRIL_205 Recombinant Inbred line
121 WGS 2.8Gb 111 PDRIL_206 Recombinant Inbred line
122 WGS 2.81Gb 112 PDRIL_208 Recombinant Inbred line

1}. Sequencing H|©]E ¢ A A7 2 Variant calling
AL fastq Y2 fastqcE T3 sequence ol ZHE3F adapter? %, phred score
7} 300]st2 F7FAQl HHHo] B8 oFE Rl ot BE o] on iy IHE
o] &=} glo] W] filtering AA7F gle] ¥ A4l read alignmentE ILF
reference genome 1.55vere] BWA mem <185 (ver 0.7.12)S &&3le] st A%
HZ Read alignmentZ=%-E AJ4FH sam(sequence alignment map) 39S samtools A3
Edo](ver 1.3)5 %3l bamili A3k & alignment’t F3E X EmAY YIAE Vo R
sorting3F A th. ZF fastqg YL o]u] optical duplicates W21 o] o} sequence H|nHF2] O
2  duplicate’} ©o]v] A|A 7} HAormz GATK dto]xzhele]l picard tools ©]&

Els
MarkDuplicate2 A XA &1 vp2 GATK do]Zgkel A¢] Indel realignment ©AIS <
&3}l th ©]F Read groups HFF<¢! bam filed] F7lsl:E #$AS AA Fore a3
AZHE read alignment® HF AAS 48312 SNP % Indel o AES 93

variant callingS VcftoolsS o] &3Fo] 233}l t}.
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i)
ph)

A3d Fo §% 53 DB 73 9@ 79 An 5

1. ¥(Radish, Raphanus sativus)9] &% 53} DB 75 9% Z& FAA AR X
A
7}, F &d 3 reference genome assemblyd && L 93 #dH H KW download
O H9] reference genome assembly?l wonkwang(ver 1.0)2 Radish genome database
(http://www.radish-genome.org/) 258 UTEZE=3FtF. 2 reference genome? AKX 3=
gene annotations E3 =¥ protein® 7le AH d9Z4 E F 6 AFoZFH Ard
NGS dlo]Elel A ] Wold o] o] Aikel &&= ATHTHL.

Search Genome browser Functional annotation Genetic maps Expression Data resources About us
|22 HOME
Introduction What's New
(Raphanus sativus L) is a diploid (2n=18) species of the 01/0ct/2015
Brassicaceae family and a major commerdial vegetable crop for agricultura o The Radish Genome Database (RadishGD) with Rs1.0
and human nutrition. Radishes are a well-defined group of cultivated has opened!
species comprising root vegetable crops around the world that encompass 24/0ct/2017
a wide range of shapes, sizes, and colors. The Radish Genome Database e update the contents of RadishGD
(RadishGD) provides the radish community with a reference genome 10/May/2018

sequences along with diverse genomic resources to fadlitate scientific and & fix the bugs at Genetic Maps unit
agronomic studies of radish.

229 1. Radish genome database ™1 ¥ o] X] (http://www.radish-genome.org/)

. 9] predicted protein9d 7% &<l
O Wonkwang genome assemblyolA % 4651491 712] @& o] genome oA o o]
3l I coding region ¥ @7] H gwlA Mqdeo] 80| JpFaith ey o SE g
Aol ME ArTro] &go] Jhsgh AAolth ol Ad HKRY &84S Fdstr] ¢
sto] F-of dFH FAAete] @7 "1“ FAFEZE 2o 7|E 7|5 HAEE HA43 oE A
Ao BERE fr&ote WHE AT F Aok webA UniProt HolE#o] 2ol A A& et

_,_4

protein database Y 2 protein ¥ 7]% A serviceE: FHg3to] Fo|A o= 4651470
= s FYATH(HE2).

gene model®] 7|5 AXRE A4}

a3 2. UniProt9] protein database TH-ZE 9 3] o] ] (https://www.uniprot.org/downloads)
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O tE=7} 2+83% UniProt protein databaseZ makeblastdbES £3] BLASTPES ¢ 3
dolg o]~ wdS FASL Fo o3 dmEd NI 4651405 query=E FHE3H
BLASTP #A41S 3399 e-value thresholde 10°¢ 2 #-8&5¢lth. BLASTP A#+=

TiE

¢

in—house perl script 2 shell script® parsingdl®] multiple mapping caseZ A 73}
St query % subject coverageE AAFSEIL F coverage A7 10%E 9= AHS Y”Ei“”
3ttt dute]l ¥ gene ID7F B9 uniprot sequence®t TAES zt= A FEHY AES
query % subject coverage? W#EzA< AE & 7 HA9 uniprot IDE homologue & A
AelslHdeh 1 Ay Fo] oS f-71AF 23086700 thsle] 12,3767H2] UniProt IDE AZAAZ
T At G Uniprot IDo] A=l 2= 7]E} public database®] AH o A48 =3
139 22 7o 4= F429 75 9 "ol Ade Are| o] 7t 1).

E:L:l

¥ 1. Uniprot ID$} 942 % public databased] FE <¢H

Contents Database Address of web-database
RefSeq ID NCBI www.ncbi.nlm.nih.gov/refseq
PubMed ID NCBI www.ncbi.nlm.nih.gov/pubmed
EC number ExPASY enzyme.expasy.org

Gene ontology GO www.geneontology.org
Protein interaction STRING string—db.org

Pathway KEGG www.genome.jp/kegg

Domain information Pfam pfam.xfam.org

Protein classification EANTHE www.pantherdb.org
Conserved domain NCBI www.ncbi.nlm.nih.gov/cdd
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2. F 670 AT WolHoolH A
7b. 5 "] HlolH T/4& 9% sequencing HIolH & At
e

N

¥ 2. 2g9dUlda ¥ sequencing 671 A€ 7|2 FE

Number Accession ID Tgflﬁé‘gfd Total base pair CSO%%IiZg%i(nXg)
1 835 125,904,906 12,716,395,506 24.94
2 B2 198,896,772 20,088,573,972 39.39
3 YR4-1 168,290,502 16,997,340,702 33.33
4 YR31-1 189,443 916 19,133,835,516 3751
5 YR39-1 190,042,688 19,194,311,488 37.63
6 YR106-2 208,986,506 21,107,637,106 41.39

t}. Sequencing 9 °]E ¢ filtering 2 reference genome assemblyA2] alignment
O Illumina sequencing platforms 3l T/d% 7Zl&%¥ sequence A€ seeders® ftp
MHE Afrstel FEdsty AW E deres 488t 18l al fastqe softwares At
g3t 7 AEEE AAE sequence read?] coverage?l ol read?l quality BE. ¢} 2 7]

=z}
=
A Atds #FHdd g AAT(E 3, 4).

rie

O Fasqc ©|F Trimmomatic softwareE &3 2} 752 read sequencel U+ quality
filtering= F3stAtt. 18]l BWAE €839 filteringe] ¢5% cleaned read sequence

= wonkwang reference genome®] ™3t alignmentE 433} th.
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B2

Forward Reverse

19 3.5 paired end sequence? read error rate (A& 835, B2, YR4-1)

YR39-1

YR106-2

Forward Reverse

2% 4. ¥ paired end sequence®] read error rate (A% % YR31-1, YR39-1,
YR106-2)
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o F 670 Al g o] HlolH & 3% alignment Ao A g
O Alignement ©]% AAE sam HLL samtools®] view optione Z3] bam HFU=E A
statd o, 3 A3k yAoA MAPQ7F 30 ©]3+¢l mapped read™= A AT o] F
picard toolse] MarkDuplicate 7|55 &3] mapped read & PCR duplicatet= marking 2
bam 3} el A AAFHULE o]F, GATKS packageE %3] read’} mapping® region
ol indelo]l YR 91AE A 5 o] YAAHKRE FAAT v, AT 99 readE
Al alignmentE 3l HA S AXE AHS FHs9T. 2832 7 bam 39 sample
2 group AH O o= GATKS AddOrReplacementE E3 43 % A
O ol¢f & HAS AF F variant callingd] &8 bam YL HETHo7 FAEA
W bam FYo] UJERHE sequence read® mapping %AS qualimap
softwares &3l T A A5 L A|ZAsHE A5 FHER FAAT 5 AdAUT A=
el wkd®l 670 Al-s2 bam¥ <] mapping quality B7HE &3l 670 AlSlM &EHR
genome assembly 2] A A £ 2 mapped read count’} WA= S g
T ddem scaffoldd] mapping ¥ readE2 53] =2 T2 mapping count®} & A
& mapping qualityE YERSI T ol F9 genome AHAAA] YEIUE FEE A
ey = EXolgt Alg %Y, E3] reference genome Lo A YEFUE scaffoldE 9]
Fo wEAI R 28] genome assembly #A oA chromosomel & E3H% A 3k A
gt AP S FE Ald ARE AT ¢ ATH L™ 5, 6).

835

- 1
B2
- .
YR4-1
- |

Mapping Mapping
coverage quality

a9 5. AS¥ wonkwang genome assemblydl ™3 bam Hd
°] mapping rate(Z &% 835, B2, YR4-1)
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YR31-1

— |
YR39-1
— i
YR106-2
= ™
Mapping Mapping
coverage quality

1% 6.4%¥ wonkwang genome assembly®] ™3 bam Y9
mapping rate (A5 % YR31-1, YR39-1, YR106-2)

2. 7 670 AlFol g SNP calling
O PCR duplicate®] #1741 % Indel realignment’} &5 ¥ §F 670 A5 bam 3L =HH
Samtools®} BeftoolsE pipe® A& 3 W@ oS F3l variant callingS 33t} 1214 S
2 ZF AEANA FAHE raw VCF 3¥L2 vcftoolsE E3] homozygous alternative SNP
only, biallelic SNP only, minDP 5, minGQ 30, % minQ 30 2740 % IdHY HAJo., 1¥
3 in-house perl script® E38 7z} A% ol A ‘)rE]r‘Jr = filtered SNP positions F=38}aL
670 A% oA Aol 753 BE SNPe 2| AEE text A2 FA ST

O F 67 AlZoA yEeElS 4+ I+ BE SNPO g 2E9 7} A% bam o] 93k
server W AZE input FL=2A FASGT. AlEE SNP calling? #Z°] Bcftools2}
SamtoolsE A3 WHAE T3 F 671 ATolA UeEld 4 A= SNP positionso] 3t

A ¥ joint variant callingS 33} t}.

O 670 A5 9] joint calling 23+ bialleleic site only ¥ minDP 5 2102 & ZHHY

¥l o™ genome assembly A9 7z chromsome® lengtholl W} SNPeo WE=Z A4S
o}, 1 A3 ¥ wonkwang genome assembly ver 1.0°] thste] & 30,80,56070 2] SNPE
AFEEFR o™ 1000bp & 8.9571¢] SNPE zt+= Ao =2 YEyt (& 3).

[e2

Nl
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E 3. ¥ 670 A% 9 wonkwang genome assembly®] ™ SNP 4= A}
SNP density

Chromosome Assembly size (bp) SNP number (SNPs/1kb)
R1 26,309,735 278,304 10.58
R2 43,799,612 396,603 9.05
R3 29,132,933 276,409 9.49
R4 50,002,108 389,546 7.79
R5 45,943,323 403,011 8.77
R6 53,636,577 541,080 10.09
R7 27,187,321 234,740 8.63
R8 29,681,327 246,948 8.32
R9 38,354,807 313,919 8.18
Total 344,047,743 3,080,560 8.95

L EE dAY AR
7}, %9 dZ(cracking) @4

O @+t(cracking) @A AF7E 7PAFE2A &5 = Fo ddF 7HxE Adls= &
ool Fo AuiIAel A Felvp vltistes #AFol A HAstE dAdewE #8717}
U FA-Ee 47t T8 dJe2A YehE ddelt =2 e o, 5% %
o]l 7R 5& M=E wegoer ZuA = S Holw B y§ 22 Hgivt
HozAo vidEt wE o Gt w3 T B9E FHom xFHo m=2Aasgs)
Aol FFOZA Y 7HAE RA HHY 7t T3 Aot wAE R (2" 7).

¥
s ‘
;g,

a9 7. 579 42 d4 FAEY 8849 ¢ (B2, 835)

. 9 dZ(cracking) @AY FHEA

O Wol g Aol HARAL Sl A AV 8359 AEA B2 FAow BE
[e]

]

gl bi-parental mapping populations TR T Foy Fe] 28 43 genotyping S
WinQTLcart 2.5 software® A 2]sle] F9 linkage map oA A< 2o A3E QTL
S A3kt (% 4, 19 8)
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X4 7o €42 ¥Z29 du9 QTLY AR

No. of loci Loci name Linkage Year Block region Confidence LOD R2 (%) Additive Dominant
group interval (cM)
1 gCrl 1 2012 R 13.7-16.9 3.43 4.72 0.12 0.42
2 1 2013 R 14.9-27.3 347 18.11 0.25 0.20
3 1 2014 R 12.3-18.5 3.55 4.47 0.25 0.05
4 4qCr2 2 2012 121.5-126.4 3.09 2.16 —0.05 -043
5 gqCr3 2 2014 A 34.1-42.9 3.32 3.75 - 0.02 0.26
6 gCrd 4 2014 S 68.8-77.4 3.65 10.07 0.13 —0.18
7 gCr5 5 2013 M 109-113.4 4.56 177 0.34 0.02
8 4Cr6 8 2012 1 27.3-38.7 293 1.41 —-0.25 -0.22
9 4Cr7 8 2012 R 99.3-107.5 2.68 9.76 0.07 —0.89
10 4Cr8 9 2014 A 54.5-56.7 3.09 6.09 -0.03 0.28
LG1 LG2 LG4
BRPGM0092 RSS1106
5 ACHPO112 Rogeg0n L
RSS0818 4.6—|—— cnu_mBRPGM0882
27 RSS1786 RSS2760 86— cnu_mBRPGM0356
46 RSS3091 RSS0662
87 RsCW5-1 2 a cnu_mBRPGMO117
108 enu_mereamossr B ||| cnu_mBRPGM0056
122 enu_merPomises IS 1% 715 RSS2680
13.9 enu_merPemo17e 8 LIIE =52 ol 314~ At3g36
14.4 cnu_mBRPGM1539  ® e % 332 ACMP0503
15.3 ACMPO165 cnu_mBRPGMO690 Ao ——
174 RSANNT cnu_mBRPGM1433 i
225 RsCDPK ACNPOB49 f— ACMP0069
27.2 cnu_mBRPGM0618 cny_mBRPGM0376 BRMS111
281 ACMPO0400 RSS1165
cnu_mBRPGM1048
324 BEMPOT34, cnu_mBRPGMO005 ﬁg\;g)oes
336 ACMPO474 cnu_mBRPGM1371 ACMPO719 D2
359 cnu_mBRPGM1595 cnu_mBRPGM1259 e mBRPGMO128 (4 S
414 RSS0893 cnu_mBRPGM1376 cnu mBRPGMO075
512 cnu_mBRPGM1429 cnu_mBRPGM0197 ACNIP0277
542 At1ge1 ACMF%ERZSGM — At2g7
65.0 ACMP0663 B RSS0033
673 cnu_mBRPGM1334 cnu_mBRPGM1278 Q&Mﬂggewm
739 ACMPOS58 ACNIPOS76 1003~ Y= ACWPO185
792 ACMPOO71 BRMS201 ioea ACNR0267
C““—’“BSRQEGW 178 114.6~]_|~ cnu_mBRPGM1305
118.0~J_|~ ACMP0427
O . 1188—1=R- KBrS003010-05
cnu_mBRPGM1055 I8 1197/~ KBrS003010-08
cnu_mBRPGM0008 W & 123/0 I\ AcMPoITS
¥zt cou_mERPGMO160 128477\ cnu_mBRPGMO714
s 130,371\ RSS2439
i 13537/~ enu_mBRPGM0966
Atlgis 140.27 4N\ ACMP0603
i 1438 cnu_mBRPGM1208
cnu_mBRPGM0183
cnu_mBRPGMO0145
- 161.6——T— At4g31
169.2—t— ACMP0802
LG5 LG8 LG9
00 Atdgss 0. At2g60 0.0—)— RSS3090
8.0~J_|~ cnu_mBRPGM1034
10 RSS1032 154 A\ RSS0198 10.2 [— ACMP0222
16.6~\|_|/~ cnu_mBRPGM0352 1281~ . mBRPGMO545
|-~ cnu_mBRPGMO0043 203~ cnu_mBRPGM070 =
fito282 . [~ / cnu_mBRPGM1038
cnu_mBRPGM1448 A12g34
cnu_mBRPGM0383 At2g41 a BRPGM0896
cnu_mBRPGM1228 ACMP0264 2 383 Znu_mBRPGw 105
RSS3702 ACMP0856 ct nu_m
| | 437 cnu_mBRPGM1192
cnu_mBRPGM1579 4101 RSS0660 465 RF19
nia_m032a 496 )41 & RPGM
RSS2678 54.3§—/ RSS2207 APl S eRRaMI250
- Rsso715 57.2-\—~ RS52841 4 e =d
Na12-A07 59 0~J—{~ RS52981 DO Acuponis g
T~ cnu_mBRPGM1542 61.2— [~ At2g47 613 cnu_mBRPGMO579
642 [~ ACMPO174 697~ |~ cnu_mBRPGMO187 S R R N ane
68.1-]_|- ACMP0845 725~/ un8 e e
24T~ 74.5 RSS1261 69.3 ACMP0079
J54 Ropooee 69.9 ACMP0212
808 746 cnu_mBRPGM0219
R 818 RES2164 840 RSS3638
836 RSS0486
cnu_mBRPGM0202 885 RSS1117
RSS2308
101.5 RGA200X3 2
SLTer?ERPGMoﬂzsm]I% S 1053—— cnu_mBRPGM0247
e G 1094 cnu_mBRPGMOS66
RSS2455
elat 17.3 RSS3168
RN ACMP0240
ACMPO767 | X3
cnu_mBRPGMO702
RSS0477 B A2
ACMP0186
™\~ cnu_mBRPGM1361 W A3
W A4
B At
79 1 Be @z 49 A
g 8. linkage map & Z iUl

QTLY A Z+s}

-3

6_



3} DB9 &R E 74

71E9] AMrsFTESHoly ]’\(http//16818815201/Vege/)/] Ao wdEe] %
o AT waay] 9% Wwo ZAZo swalelthhttp,/168.188.15.201 vradish). A7
genome browserS 7|Wto =z 3k A ?4E9] 3 A AAE F=519 Y sl genome
browserE %3a %9 wonkwang genome assembly(ver 1.0) A9 d=¥ RE fH4x9 ¢
2 AR WG]/ /awmE Jde 8o 71538 gene model® 4% intron ¥ exone] $1X

wgk Aol sttt (2Ld 9, L9 10).

Vegetable HOME Genome Browse BLAST BT logout

ome » Genome Srovse
Chromasome | R1 (26.31n5) v | Browse Size : | 1800 v | Search Gene Search || Reset

| - T - |

Chromasome vie

e
Gene information CRL : 0..239179)
i 1
Fil i m"‘”\f"'\ R | ATV S S B TP N o T T I i A e R N, Am’.\l R
" 21473
wene [ b 1 b 4 »da 4 4 a4 > aammmn = B ardd 4 -
ws B L3 L] L] H Bid M Ll li4 LLL LR L) (L L LR (AR R I ] i
Position View Start : 75,210 View End : 78,577 Veiw range : 3,367 Gene Name : Rs035320
77777777777777777777
R
o
e L4 - - » B B
N
Gene ID Rs035320. Dovm Seauen

a8 9. F9

Gene ID
Scaffold(Chromasome)
Location e

CD5 SEQUENCE
(1827)

Protein SEQUENCE
(608)

Amino acid count A 42, C2, D23, E24, F 10, G 28, H10, [ 17, K31, L 58, M 17, N 29, P 3
GE content 48.15%

2% 10. Genome browserE %3 8 ¥ F 9 gene model Rs0353202]
71E AR ¢ AN
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& 3% FAA AN ERE 74

+
vy
=
>
wm
—
N
olr
ot
2
il
oft

O dolEMol~ EAE Aol web BLAST tool HAlaho] ALEA7l mad A7)
Wz Ay gsol fHAze] HA AAES Fdstt. =89 A 3= genome browser

PZo] JHEHE AR AFHoR AAHY olE E AFAIF B3 sequence] A
Z floJg o] ~7} B3 oAl Fo e W

= 8
SAA A} g SFo] TFE s Gud U d2AS =AY 1D,

O ol g o

vs“ -

Yegetable HOME Genome Browse BLAST 22| A logout

Home > Blast Serach

BLAST Search
Choose program to use and databaze to search:

Program | blastn !_' Database | Draft (Chromosome) v.1.0 ¥

Enter sequence below in FASTA format

Set subsequence: From | | Tal

| Clear sequence H Seafcn'|

The query sequence is filtered for low complexity regions by default.

Filter l# Low complexity Mask for lockup table only

Expect | 10 ¥ | Matrix BLOSUME2 ¥ | Ferform ungapped alignment
Query Genetic Codes (blastx only) | Standard (1) v
Database Genetic Codes (tblast[nx] only) _.St:'.mdarc.l. '_('”'_' v '_

Frame shift penalty for blastx | No OOF ¥
Other advanced options:

| Alignment view | Pairwise ]

Descriptions | 100 v | Atignments;:ié v'=i1010r schema | No color schema ¥ |

| Clear sequence H Search |

Comments and suggestions ta:< blast-help@ncbi. nlm. nih.gov >

Last modified: Jan 11, 2002

¥ 11. 59 §F 53} teleHo] 29 HAE BLAST search tool
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5. |3 NGS dHolH &

F§ 54 Aado]l FAR F WMol W

7}. NovaSeq 6000 platform= 83 8|3 NGS do|H9 dHOE
O =3 w3 FHTWAA 2

ol

¥ 5.

A =9

deolEd wWlF 2670 AT AR

A5 sequencing depth”7} &
AL A F83 AEe =S
=0l W3 paired-end

21 9] short read sequencing datas

=

WA ATHE 5).

Alsel HolH ?jEﬂO]E EL

mAog 7149l sequencingS =3 &

2671 Al

# Accession ID Species Description Institute/univeristy Notice
1 csrl88-2 Brassica rapa ssp. pekinensis A ) = T st New
2 csrl187-3 Brassica rapa ssp. pekinensis ofo] x| ujj 3= =& ojst New
3 csrl84-5 Brassica rapa ssp. pekinensis LIRS TEISA New
4 csrl81-2 Brassica rapa ssp. pekinensis BHF FTENEA New
5 csrl78-2 Brassica rapa ssp. pekinensis 95 FEISA New
6 csrl185-1 Brassica rapa ssp. pekinensis WA =53 o New
7 csrl83-2 Brassica rapa ssp. pekinensis AHg A FENEA New
8 csr169-2 Brassica rapa ssp. pekinensis A =R Zaea New
9 csrl86-5 Brassica rapa ssp. pekinensis 3} vl 3= =& gigt New
10 csrl180-2 Brassica rapa ssp. pekinensis AE 3% FEANEA New
11 csrl67-2 Brassica rapa ssp. pekinensis 4 (F1) Zaoea New
12 csr190-2 Brassica rapa ssp. pekinensis AT A ) Lo fE) New
13 csr168-2 Brassica rapa ssp. pekinensis =5 (F1) ZFaoea New
14 csrl79 Brassica rapa ssp. pekinensis E54 FTENEA New
15 csrl158-2 Brassica rapa ssp. pekinensis ;J[Lﬁ: :2;’% #';’hm Wik MU 6 Zaoea Update
16 csrl75 Brassica rapa ssp. pekinensis Al Fofu} X EA| TEXNEAH New
17 csrbl-5 Brassica rapa ssp. pekinensis 75072518 / W& o) &k Update
18 csr159-4 Brassica rapa ssp. pekinensis O #OD E oo sk Update
19 csrl24-2 Brassica rapa ssp. pekinensis AN RS ek Update
20 csrl28-2 Brassica rapa ssp. pekinensis $1424-S8 ZFaoea Update
21 csrl77-2 Brassica rapa ssp. pekinensis 60 FEAEA Update
22 csrlll Brassica rapa ssp. pekinensis HKE—+SF1 o ek Update
23 csr030 Brassica rapa ssp. pekinensis 09-FK18(t & 7}2h) Zyo) el Update
24 csrl18-5 Brassica rapa ssp. pekinensis =4 Zaea Update
25 csr032-5 Brassica rapa ssp. pekinensis 09-FK24(7 £23%) R Update
26 csrl76-2 Brassica rapa ssp. pekinensis w247 2% FENEA New
O AT AT wPow skl WF Fhwel FA ABL 15640A 17342 F75
onf AA 17370 AT T wWF F1A =27] wiH] 30X o] S = sequencing©] ©]Fo|xl A

Fe 12077 Hgon
6, 19 12, A7 delE e
o 7} 743
Bol &

o O
s

—

T SIS

tﬂp:].7}‘ H/\)\}\T;]-
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£ 6. HlF A9 NGS HolH o drle|lE Zd}

Category 2019 2020
Chinese - 42 43
Chinese northern 10 14
Chinese shandong 1 4
Chinese southern 5 6
Japanese breeding 6 12
Korean breeding 72 74
Korean landrace 5 5
Non-pekinensis 15 15
Total 156 173
+
w© 2
70
50
+1

30

ap 43

40
30

+4
20 4

10 +3
10 B
1

. —

7 74
+6
+‘E i 15 15
[ | |

s B el
mE N

Chinsse - Chinese northern  Chinese shandeng Chinese southermn Japanese breeding Korean breeding  Korsan landiace  Non-pekinensis
2019 m2020
29 12 AF o8 AeoEd HE wE U el 2EFA BE W3

. A9 NGS HolHE &8% w3 =3 Wo] FR A&

O 4ddEel & 1737) ABoz o Folzl Hwke] A77t F7hE Hold MEZYEH
dolge] A%< thal Raste] 7]Ee] SNP A&

dlolg o] Ah&2 ool 53 volZeidlS & Fdsden Asd WMol AE

A Heol A Aol 7hed RE

filtering 2tS A ySFATHE 7).

o;-(]o

J

¥ 7. Filteringd] @2 FA & SNP /l4¢ A3}

SNPo| t3}le] joint variant calling

Step Process Number of SNPs in the population
1 Joint variant calling 8,235,625
2 Multi-allelic position filtering 7,860,835
3 Tassel 5.0 (MAF, Missing rate, Heterozygosity) 2,514,850
4 LD pruning 49,433

Qo] BAo0] sbsg A SNP )

FE zk= Tassel 5.00] o3 e A}
=

w5 FEF A (ver 3.0) ZolAe] Wole] E== %8 oF Zr

il

A3 L3 fHolEE WysAnt

¥ o]
¥ o]
3k

2 54

2§ 5]



£ 8 HF FE] EFEFAA(ver 3.0) FollAe AEE SNP

W o

LY

1o 9=

Size of Genome assembly

# (B. rapa annotation ver 8.0) Number of identified SNPs Density (SNPs/1kb)
AO01 29,595,527 266,056 8.99
AO02 31,442,979 276,227 8.79
A03 38,154,160 322,666 8.46
A04 21,928,416 188,976 8.62
A05 28,493,056 234,658 8.24
A06 29,167,992 272,410 9.34
AQ7 28,928,902 239,437 8.28
AO08 22,981,702 190,969 8.31
A09 45,156,810 354,253 7.84
A10 20,725,698 169,198 8.16
Total 296,575,242 2,514,850 8.48
O Tassel 50 ZE®g A3 LD pruning 2¥#° SNP =& +stil ol& w5
%e] repeat LAY WIEe} FHA ’\] ztsts Fdstde W, & E1 wale] #A gl
SNP o] e 107 AzwEAA FASH Lo n repeate] Wl EobA =
o B FAAE A5 FAelA —E SNPe] ®w7} vHA yeyton o= 3W ARRFE
ek ol A BEgstA =ewri(2E 13).
AD1 | A0z |
b (B i [ 'I"_r"i'.‘1|'-|._b,-"1\'|'_‘-."" A "‘I'w"') WL T A 'r A T Vi) W '["" "Wty |
5' nw*»“ bR '.m“‘,“?ﬁ: ,'1'}.?'\'-‘“»’-‘. ) Wﬁ"w 4y c,“i“.” r’_.r','f‘j *"wlw-m-_-f{ |
0 |
AD3 [ AD4
104 I | - L how |
i b il .' I
9 A I"‘ AN .T.l,ﬁfif'jif'j‘f?_ il :
o4 |
A0S ] A0B |
_ ’ : Group
e i o Y L .- ..,. \1. | S
5+ ""“‘:":l‘;:«rkw ,‘P’ nj;*?(:—‘i .r’x-‘ f’]’\lh“l : :::::50
04 ]
AT | Aog
o Al (S Ry ] |_.,'I\h o, e A '
5 oy J.-:'Tll\.w\"r Hmm Pﬁ‘ﬂ"’*f‘m‘ :«M- " T\T‘T-ﬂ\ Ir dv: ‘;l“f,’”f”f’m"h’m’w :
04 ! S - - i
A | A0
101 Pl (LTt '.'I Lkl a' g T :
s T (| e ,T;‘r“*’“ ‘“’.ﬂ'wwf«- |
% & 1tooobooo 20000000 30,000,000 30000000 B 10.000.000 20,000,000 30,000,000 40.000.000

Log2 transformed values {50k window size)

FAAY 107] ZA2EFANA 9 +3Ee SNP 2%

O Tassel 505 &83o] AEW SNPEXHE distance matrixs AH&E38t1l o] 2 883}
MDS plots 743 23 wjFo] &7 3 &F A7l weh gl Alssc] S AHAY
HeE AL Fod 4 AT (ad 14).
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a9 14 MF FPBe FAE

AT 28 2€Hd A

O PopLDdecayE 83t nj+

FS TASE AEe =9
linkage disequilibrium(LD)<S A]Z}3}ste] HlvfF T4 2 27 =Y
5 v A A5 £o=2 LD decay’t =2 A Y= AL st
) fEdEel o PYEA UL we YuASs B £79 LDS
A3 = AATHLH 15).

\
H‘ bl T T
\",\. WA YT B v " i "
“W'.\-
Wity

...... e
A Mg e s s Ye——

Distancedbp)

a9 15 913 £33 Yy 2aFd 2 LD decay
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O StRautoE Z-&3ato] w5 @ o] £35S dSside W Jd2 A 270(K=2)9] &
F2 ol AM(F, WEE) K=614 W% FA el thkd 719e] MRS wgshs 2
o epgek2d 16)

4 ™

¥ 173 aceessions (Updated result)
1200
1000
ﬁ 200
& eoc
4G4
200
g
1 Z 3 L 5 & 7 g g 10
L Postulated number of subgroups in the population Y.
ad 16. WiF FRGE o] FE 1737 ATe] o)FE 2EF A
O 17tk SNPhylo® @43ke] 1737) A5 Wol Ang F83 AFEE FYANS

W FwA NF7 UEue 2aFdA Ao Fdd S48 QR e 1Fol
AEE Ae B 5 AT (29 17).

High-heterozygosity

Different geographic origins
{Japanese breeding lines)

9 17, AFE= el vlEiek F=A] wiE7E oF5= dade Alelel]l ARl Al =9 AFSe] A

O ATl <« b2 e clade’t Vet AlFES] 25 AE 7
heterozygosity & Hl1Lgt A3} Al5f A& <] heterozygosity 7} ol -
= 9T F AATHZE 18). ol FEHUT A FH4E W L
X}7P—’|:‘:'(selfmg) 9 wkg=A vl 7} 8} (haploid doubling) & &3] §4o] HJAo At =< A
Y A, AEY §4 2 FA Aol oot get =2 FE9 heterozygositys HEFU

4°i BRIt} o]} o] heterozygosity7} & kol E Hol= A& EC] stue Ido=

A

A

Aol H9le o AW W A% FelsEy BY dd R A4 2 9L WA £ ¢
KR
=
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0

Year

B3 2019
B8 2020

Heterozygosity(%)

- = momems &

. —

2019 2020

147 Introduced Year 26

accessions accessions

a9 18 w5 Y 71E AT 2 At AlS9 heterozygosity Hlal

1. NCBI SRAE #8&3 2E9 resequencing Hl°JE =& % 7}&F

O NCBI SRAAA w\3(Brassica rapa), (Raphanus sativus), i15(Capsicum annuum),
a8l 3 58N Citrullus lanatus) 47) &) et 525 NGS HolHE 88317 ¢35
A FysArt. Bdad g dolHe #HAS 2watr] $8te] keywordE DNA,
[lumina, Paired-end, fastq Y42 d-Aste] AMS Fadstgom, AN AH}E csv FU=Z
Fro2 R ofF T 3US BioProject B2 A AR 4] #Eol tiste] F
1,01970 9] resequencing Hlo]E]7} &4 753k AL st HTHE 9).
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¥ 9. SRAZXRH 349 4/] FZE 9 resequencing Yl o] H

# Species

BioProject

Description

Number of
SRA files

1  Brassica rapa

2 Brassica rapa

3 Brassica rapa

5  Brassica rapa

6  Brassica rapa

7  Brassica rapa

8  Brassica rapa

9  Brassica rapa

10 Brassica rapa

11 Brassica rapa

12 Brassica rapa

PRJNA546028

PRJNA542546

PRJNA564416

PRJNA533728

PRJNA486260

PRJNA428769

PRJNAS385301

PRJNAS385249

PRJNA281682

PRJNA174067
PRJNA273786

Whole-genome sequencing of Chinese cabbage inbred line CT001, a line widely
used in traditional or molecular breeding, was conducted. Also, the spontaneous
mutation rate of inbred line was estimated using resequencing ddtd

High-density mapping of QTL for the main flower stalk length was performed
based on the deep resequencing of parental lines and specific locus—amplified
fragment sequencing (SLAF-Seq) of individual recombination inbred lines. The
results of this study provide an important platform for gene/QTL mapping and
marker-assisted selection (MAS) breeding for bolting-resistant Chinese cabbage

Genome-wide indentification of SNPs in Chinese cabbage

Genome divergence in Brassica rapa subspecies revealed by whole genome
analysis
on doubled-haploid line of Korean Ganghwa turnip

Chinese cabbage is the most consumed leafy crop in east Asian countries.
Continuous low temperatures induce premature bolting, which severely decreases
yield and edibleness; therefore limiting the planting season and geographic
distribution of the Chinese cabbage. In the past 40 years, spring Chinese
cabbage with strong winterness has been selected to meet the temporal-spatial
demand of Chinese cabbage. Here, we focused our study on the following
questions to elucidate the evolutionary and selective history of Chinese cabbage:
(1) which type of Chinese cabbage served as the progenitor and (2) where was
the geographic origin of spring Chinese cabbage, and (3) what is the genetic
basis during spring Chinese cabbage selection.

Brassica napus is a worldwide multiuse crop, especially as a very important
edible oil resource. It is an allopolyploid species naturally hybridized from
Brassica rapa (AA=20) and Brassica oleracea (CC=19) about 7,500 years ago.
Now, it mainly has three groups: B. napus subsp. oleifera, B. napus subsp.
rapitera and B. napus subsp. pabularia. To study its origin and diversification,
we use high-throughput RNA-seq and GSS methods sequenced hundreds of B.
napus and its two parental species.

The #174-12-26 line is a BC3F2 lineage, hybrid introgressed line derived from a
crossing of commercial cultivar Brassica oleracea var. Reiho No. 1 and
commercial cultivar Brassica rapa L. pekinensis var. CR Kanki that was then
repeatedly backcrossed to parental B. rapa cultivar. These sequenced reads were
used to verify the IntroMap software’s ability to detect introgressed genomic
regions from a recurrent parental line, in this case B. oleracea genomic regions
introgressed into a B. rapa genomic background,

To further elucidate the mechanisms behind heterosis in Chinese cabbage, we
re-sequenced the parental inbred lines (S11, R09) of the commercial F1 hybrid
cultivar of Chinese cabbage, "W77", that exhibits increased yield as compared to
its parental lines.

Brassica rapa includes some of the most important vegetables worldwide as well
as oilseed crops. The complete annotated genome sequence confirmed its
paleohexaploid origins and provides opportunities for exploring the detailed
process of polyploid genome evolution. We generated a genome-wide DNA
methylation profile for B. rapa using a modified reduced representation bisulfite
sequencing (RRBS) method. This sampling represented 2.24% of all CG loci (2.5
x 105), 2.16% CHG (2.7 x 105) and 1.68% CHH loci (1.05 x 105). It was found
that genic regions of single copy genes had significantly hlgher rnethylatlon
compared to those of two or three copy genes. Differences in degree of genic
DNA methylation were observed in a hierarchical relationship corresponding to
the relative age of the three ancestral subgenomes, primarily accounted by
single-copy genes. RNA-seq analysis revealed that overall the level of
transcription was negatively correlated with mean gene methylation content
depending on copy number or association with the different subgenomes. These
results provide new insights into the role epigenetic variation plays in polyploid
genome evolution, and suggest an alternative mechanism for duplicate gene loss.

Non-heading Chinese cabbage.

Genomic sequencing for two cultivars of Brassica rapa subspecies turnip crops,
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"Tsuda’ and 'Yurugi Akamaru’. To identify the mutations between turnip and
Chinese cabbage.

Radlsh (Raphanus sativus 1.) has a long history of domestlcatlon and its origin
is controversial. High—depth resequencing analysis of 17 accessions revealed that
Asian cultivated types are closely related to wild Asian species but distinct from
European cultivated types, supporting the notion that Asian cultivars were

13 Raphanus PRJEB10925 domesticated from wild Asian species. SNP comparison between Asian genotypes 45
h sativus - coupled with expression profiling identified domestication-related gene candidates *
across the genome, many of which were related to root architecture, cell wall,
and sugar metabolism. Overall, this study provides novel insight into evolution of
the mesohexaploid genomes of the tribe Brassiceae and the selection of genes
during domestication.
To date, studies about repetitive elements of radish, especially the satellite
14 Raphanus PRINA278500 repeats, are still limited. To better understand genome structure of radish, we 1
sativus undertook a study to evaluate the proportion of repefitive elements and their
distribution in a Chinese radish inbred line.
Casicum )
15 PRJNA223222  Pepper Genome Sequencing 9
annuum
Casicum Resequencing of Capsicum annuum 'Perennial’, 'Dempsey’, and recombinant
16 annuum PRJNA298503 inbred lines (RILs) 122
Casicum Comparative study of domesticated pepper and its progenitor genome reveal
17 PRJNA186921  signature of artificial selection. C. annuum var. annuum L. and C. annuum var. 25
annuum glabriusculum
.. Potyvirus resistance 4 (Pvr4) locus in pepper confers resistance to three
18 Casicum PRINA262545 pathotypes of Potato Virus Y (PVY) and to pepper mottle virus (PepMoV). We 9
annuum describe the use of next generation sequencing technology to generate molecular
markers tightly linked to Pvr4.
. i We resequenced genomes of watermelon accessions representing all seven extant
19 Citrullus PRJNAS527790 species in the Citrullus genus to perform phylogenomic and population genomic 937
) lanatus e analyses, as well as genome-wide association studies (GWAS) for important o
fruit quality traits.
Fruit characteristics of dessert watermelon have been formed largely by human
selection. Here we report an improved watermelon reference genome and a
comprehensive genome variation map generated by resequencing 415 wild and
cultivated accessions representing all extant species in the Citrullus genus.
Genome-wide associate studies identified a number of loci associated with fruit
quality traits. Population genomic analyses reveal the evolutionary history of
Citrullus, suggesting a close relationship between C. Janatus and
Citrullus mucosospermus, while independent evolution in C. amarus. Our findings indicate
20 PRJNA532463  that in watermelon different fruit size loci have been under selection during 1
lanatus evolution, domestication and improvement. A non-bitter allele arose in the
progenitor of dessert watermelon has been under selection during domestication
and largely fixed in C. lanatus cultivars. Selection of flesh sweetness has been
started in the progenitor of C. Jlanatus and continued during modern breeding
through genes controlling raffinose catabolism and sugar transport from
cytoplasm to vacuole. Fruit flesh coloration and sugar accumulation might have
co—evolved through shared genetic components including the sugar transporter
gene, CITST2.
Citrullus . . .
21 Janat PRJNA532308 Fine mapping a dwarf gene in watermelon 4
anatus
Citrullus R X i
22 Janat PRJNA576063 Bsa analysis of yellow rind (WT4) and green rind (WM102) of watermelon 2
anatus
Citrullus . .
23 lanat PRJNAB51784  watermelons with yellow and green rind 2
anatus
Citrullus Genetic mapping using SNPs, which were generated from susceptible and
24 PRJNA476464  resistant watermelon lines and their progeny, to find out a causal region enabling 2
lanatus anthracnose resistance in watermelon.
Citrullus .
25 No info - 24
Janatus
Total 1019
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st EAP L] 7IHke)] = AR HE S FUs7] A8 RNA-seqe]l 2] ARSIl Tt o]
+ 24 B AZUelA Hdste mRNAE 574 FstilA FE3tal ol sequencings 9%
library 2 TA3Fe] thdkal 7159 sequencer® 53 g mRNAS] AMES elojyrb= #pAgo|t)
ol#gl Halo g FAE AV|AHEE de novo assemblyE 3] WHEo{R transcript sequence S
54 Tl i8] oln] &elR reference genome “32] gene coding <ol alignment¥ o] F7Ad
DAFS AEstal 5 3415 Mdste=t F2 o] §drh

RNA-seq®] 7|s= ZAHAl= 54 ﬂﬂf“ 74eE A Zoll el e #A kel 4k
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Hol= AFTe] FHdA B s vlustr] 98] AR A97F nk olef o] M= g
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135 02 5 A% 7hl A8 FHAE coding 3= G Y(exon)oll Wol7b o] M= thE FAHS
Frieshs S 7H8E & Atk 220 RNA-seq o2 Aol 17142 9] de novo assemblyE &
3 7+ AlEdA] A== transcripte] A7IAES AHEE 7 low o]E XE vluskA HWH A
AZHE T sequence HIIHER F AlES 7T T T exon &9 Wol& A¥stal o]&
TAAZ BHE ke S BT g A ok

7}. Raw sequence data$] A=A g
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W7 transcript - 8. rapa gene 10 relation

\ /

M transcript — M7 transcript - 8. rapa gene 1D
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= 27 S8 599
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Distribution of indexed lines for yellowing trait
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Filtering treatment steps Number of filtered SNPs
Primary putative Snps 5,541,255
Bi-allelic only by vcftools 5,361,078
Missing rate under 10%, MAF threshold 0.01, 1.148.339
hardy-weinberg thres hold 0.001 by PLINK T
Chromosome variants only by sed command 1,107,951
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ARE ZAF oo

giste] 3t snpEff 239 SNPE XA X9} A5ste] GAPIT
Ftoll snpEffol] 23k SNP9 ]9 2AJo] transcripte] HAle] m &= g = SNPe}
Febol 1A A e AET ¢ Ut o]¢f 2 AAE VIvre® #™ pipelines T
|-&3Fe] manhattan plotell A YERE A9l 10071e] SNP 914 o gk
annotatione X &sF o™ F 9= 1 T A9 20709 WE Adijolch
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¥ 2. =3} 33A associated SNP A9 207019 annotation 27

Rank SNP Annotation Associated gene ID A. thaliana Gene
position orthologue symbol
1 A09:53269044 intron_variant BraA09006311 AT2G13680.1 CALSS
2 A05:16221208 upstream_gene_variant BraA05001490 AT3G21610.1 N/A
3 A04:21381458 upstream_gene_variant BraA04002954 AT2G41560.1 ACA4
4 A05:13916918 downstream_gene_variant BraA05001386 AT4G28550.1 N/A
5 A05:13916836 missense_variant BraA05001385 AT3G20720.2 N/A
6 A09:53269034 intron_variant BraA09006811 AT2G13680.1 CALSS
7 A09:53271202 intron_variant BraA09006811 AT2G13680.1 CALS5
8 A09:13954466 upstream_gene_variant BraA09002628 N/A N/A
9 A04:14229817 intron_variant BraA04001818 AT2G24645.1 N/A
10 A03:2190804 upstream_gene_variant BraA03000495 N/A N/A
11 A05:28502285 upstream_gene_variant BraA05003098 N/A N/A
12 A09:10724467 upstream_gene_variant BraA09002038 N/A N/A
13 A05:17597267 intergenic_region BraA05001633-BraA05001634 N/A N/A
14 A07:22267065 downstream_gene_variant BraA07003059 AT1G70740.1 N/A
15 A09:53269060 intron_variant BraA09006811 AT2G13680.1 CALSS
16 A05:1733386 intergenic_region BraA05000054-BraA05000055 N/A N/A
17 A04:14235476 synonymous_variant BraA04001818 AT2G24645.1 N/A
18 A05:13916834 missense_variant BraA05001385 AT3G20720.2 N/A
19 A03:2190800 upstream_gene_variant BraA03000495 N/A N/A
20 A01:2099779 missense_variant BraA01000413 AT4G34390.1 XLG2
3 AE B3F % AYAYE Avlste FE AR AES A% AAA 719 PPI Y EH A dF

W= ATE dAsteE FEEA, gy 9994 o8 71A 2ol7b 9th (for nutritional

]
Fom AW =3k o]d xpo] 9o oW 7% A

value, appearance, taste, color and texture). G
B ATE 54 BH

2ol 7} EA) e} :L%OJ B. rapa®l leafol k= differentially
expressed -AAE2] % Ty Axze] 7Ee

s A X}iﬂfﬂ
AARH 7] Wz, F = iy &
A 2dE = A H]E%ﬂ% %@3}% Aol HE a8t

2 Aol A= RAN-seqE &3 W5 & AN Uebd fFaxpd dd s ot
RNA F=2 A% AEs HH—Zr(Brassjca rapa ssp. pekinensis) Chiifu 401-42A15 & AFA1A

A 2t AH ] 70Col mstel o] ATE £ 21T, FUFE 70%, FA(F 1
2 S 8AIRE) 2319 Wikl M 453 AFAIZ AAE Aol A4 stal 103 A A
AE JHAA AT g B Ul MRS AR AA AT o] T FHd A7) A9

g 24 BA o9

=]
t}, common or specific

Kl

SMA QS AT ogor HAAEAL, AT oA g7 E}Ea g2 A Hol= 49 <
S AT Wgoew AAEYT) llumina Hiseq 2000 Z=HZES AFE3o] B. rapad] Al 7FA ©
Al (seeding, rosette and inner leaves)E UWEIH T RNA A&ES FHlsta AlAA ok

[lumina Al#A A3 Az} 142M 709 read sequence’} 3 3$HE o]
100bpelth. a1EFd EgH o]% 13242 WH9 ¢17] (8460 %)7F ©lolE AMEoe| ol 1
2 oS ZFxE AR vl ® ZEE @ 9717 F715 o] 105,190,000 719w EH T (3 3).

i
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£ 3. AEd 23

File name Sample Raw reads Trrierggéed Nﬁgg:d Un;g:gged Ma;glt)éng
TNI3IZRA974 10 O leaf 22928264 21328680 15,994,012 5,334,677 7499 %
TNI312R4974 2.fq ~ inner leaf — 9ogpg964 21328689 16,064,209 5,264,480 7532 %
TNI3I2RAITT_Lfa  (q leaf 23995399 22243406 17,964,791 4,278,615 80.76 %
TNI1312R4977_2.fq  rosette leaf 923995399 22243406 18,040,484 4,202,922 8110 %
TNIBI2RA9T81f0  voung leaf 24478869 22638293 18527449 4,110,844 8184 %
TNI312R4978_2.fq ~ Young leaf 24478869 22638293 18,598,360 4,039,933 8215 %

Total 142,805,064 132,420,776 105,189,305 27,231,471 79.36 %

o

ol T3 dojxl %27 5ol DEGE 2y, # 48 fFAAVEYIE T3] 27 59
Z protein-protein interaction WEHIAE sAHAT (28 7). oJ¥ FHA7F JUde=z @
< QIHAAS zZr=A Z27) fE, 7F2F 24S TP, =5l degrees A¥ H YT
functional partners 7} B&T5 sH =9 gEo] ATt o|AE UESA oA Fagh ¢
o] Eo] 9)&S 9mEt} inner leaf sub networkell A& Bra021202, Bra022179, Bra031134,
Bra028865, Bra005755, Bra009569, Bra000150, Bra005012, Bra017051 °©]#& »==7} degree 80
ol s Ztar Y o]FdA The P5CS1(Bra000150, Bra005012, Bra017051) gene is
conserved in human, chimpanzee, Rhesus monkey, dog, cow, mouse, rat, chicken, zebrafish,
fruit fly, mosquito, C. elegans, rice, and frog. @< Fo HEHO Qe FHALTE T3
AR ouetr] wZoll, degree’t E2 FAAEC] HEYA FeolA Fag A A=
S gold 4 glArt. =3 outer leaf sub networkol A& Bra020569, Bra021202, Bra022179,
Bra022988, Bra040227, Bra018167, Bra003055, Bra038281, Bra000150, Bra005012, Bra017051,
Bra006947, Bra009742, Bra012402, Bra019161, Bra030621¢] 110 ©]/2] degreeE %t AS &
olgit}. o]F oA/l ORGI(structural molecule activity, protein kinase activity, kinase activity),
MPK3(thFst ~Eg 29 wkg-3 #do] 9l5), P5CS1, BT3% o] E3 = At A= 2t =
A degree’t E=2 FAAEC] WS T8 4TS o= AYS AT F AU

ol HIEH A SAES dotir] 98, +x4, 7Ie4d 5S4 HuEAdr. 1 23, &
S(inner leaf)oll A= olAtiatEd o] A A Addd Z2A2~ A2 2 s A ZEA~
=, "2Zo] <(outer leah = 23} #dH WA= 2 317]F % (floral organ identity),
theFgh oAbl gk Wb TR ALV BE s SS ST w3 o5y #HEH
Axke] MESIAE F5F024 oW FHA7F FA A vtolemtAINAIE 2. A& 4
Abd A5 WS st wiF Ao - el FAA HAGEe] WstE HEYA S
Holl o 5T N, o7l A WMol ME e AESHA oWEE dwisted ol &d

S e narh

10r
f

]

o
AN
—l> L
%0 MO
K
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238 7. WY FUILN, RLN)9 tEZFA ABEYENR. (A) 34T #€E RLN AB YEY=
(Bra036335, Bra018502, Bra017898, Bra027837, Bra031769, Bra013579, Bra018501, Bra019406,
Bra029505, Bra034466, Bra038378, Bra030621, Bra012238, Bra016459, Bra025832, Bra024536). (B)
thekslk o) b thdk Syt ¥HEE RLNO AE U EY = (Bra006947, Bra009742, Bra012402,
Bra027837, Bra031769, Bra011792 % Bra017856) (C) M2 WEZ Wl T2 93 2
#4373 #EH ILN (Bra000150, Bra005012, Bra017051, Bra003919, Bra010263, Bra011236, Bra024032,
Bra000637, Bra010611, Bra011784). (D) =5el%l A3 742 #d5 LN AE HEHA
(Bra008612, Bra023573).
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E 4 UYg AEYEHTY ==9 3 GO term £4

Tissue GO_ID Descriptions g:g% Bg Ratio P-value
GO:0000103  sulfate assimilation 10/192 25/30914  1.19E-14
GO:0019752 carboxylic acid metabolic process 8/192 14/30914 1.96E-13
GO:0019344 cysteine biosynthetic process 9/192 37/30914  2.68E-11
GO:0016126  sterol biosynthetic process 9/192 61/30914 2.39E-09
GO:0045454  cell redox homeostasis 11/192 241/30914 3.57E-06
GO:1902074 response to salt 4/192 20/30914  4.74E-05
GO:0009970  cellular response to sulfate starvation 4/192 21/30914 5.38E-05
GO:0042545 cell wall modification 7/192 123/30914 7.89E-05
GO:0045490 pectin catabolic process 7/192 159/30914  0.000343059
GO:0048232 male gamete generation 3/192 15/30914  0.000525767
GO:0006662 glycerol ether metabolic process 4/192 40/30914 0.000556336
GO:0006096 glycolytic process 6/192 124/30914  0.000598019

Rosette  (G0:0048443 stamen development 4/192 42/30914 0.000605592

leaf GO:0010439 regulation of glucosinolate biosynthetic 3/192 17/30914  0.000661808
GO:0042542  process 5/192 100/30914  0.001676895
GO:0006298 response to hydrogen peroxide 3/192 24/30914 0.001695803
GO:0010093 mismatch repair 3/192 24/30914  0.001695803
GO:0006995  specification of floral organ identity 3/192 28/30914  0.002636515
GO:0034599  cellular response to nitrogen starvation 4/192 69/30914 0.003335515
GO:0016036 cellular response to oxidative stress 5/192 123/30914  0.003617992
GO:0010188 cellular response to phosphate starvation 2/192 12/30914  0.007923337
GO:0048497 response to microbial phytotoxin 2/192 18/30914 0.016404537
GO:0048441 maintenance of floral organ identity 2/192 23/30914  0.023760983
GO:0048507 petal development 2/192 25/30914  0.027529975
GO:0010218 meristem development 3/192 81/30914 0.036010043

response to far red light
GO:0019752 carboxylic acid metabolic process 8/103 14/30914  1.19E-15
GO:0035556 intracellular signal transduction 13/103  313/30914 3.80E-10
GO:0018105  peptidyl-serine phosphorylation 7/103 132/30914 1.81E-06
GO:0009835  fruit ripening 3/103 24/30914  0.000315415
GO:1900056 negative regulation of leaf senescence 3/103 28/30914 0.000484535
GO:0010540 basipetal auxin transport 3/103 32/30914 0.000624344
GO:0009739 response to gibberellin 5/103 175/30914  0.001074765
GO:0009693  ethylene biosynthetic process 3/103 40/30914 0.001098958
GO:0006542 glutamine biosynthetic process 2/103 11/30914  0.001682583
GO:0006970 response to osmotic stress 5/103 207/30914  0.00182307

Inner GO:0050665 hydrogen peroxide biosynthetic process 2/103 19/30914  0.004639545

leaf GO:0009611 response to wounding 6/103 399/30914  0.005141078
GO:0045893  positive regulation of 6/103 400/30914  0.005141078
GO:0010468  transcription, DNA-templated 4/103 171/30914  0.005834067
GO:0009854 regulation of gene expression 2/103 25/30914  0.0068626
GO:0010582 oxidative photosynthetic carbon pathway 2/103 35/30914 0.012294685
GO:0051260 floral meristem determinacy 2/103 35/30914 0.012294685
G0O:0045892 protein homooligomerization 4/103 260/30914  0.022241248
GO:0048364 negative regulation of transcription, 4/103 296/30914  0.032593417
G0O:0010228 DNA-templated root development 3/103 170/30914  0.035648215

vegetative to reproductive phase transition

of meristem
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4. i3 25 (Clubroot disease) B2 RNA-seq Fl°|E|E #-83 InDel marker®] 71
201010 o] ¥ = NGS(Next Generation Sequencing)®] R8s} % uH|ge] Arto g Qld] Al theF
g AEs tdesE WHAdd 22 8 3dES frzre] wd el gls 9
RNA-seq©] LQ_E] AHE-E 11 ol B3 E4 A 3 7R|o] ol Hol:= T Zdd AE9
RNA &d de A = otk ¥nk olye} RNA-seqe &3l 42 fastq fileS 7Fa-3te] 7+ 7
Foll A W3 ’3} transeript®] &7 Qe AT o]2 A& wlwd 5= 9k RNA-seqe] 7]%
A= 54 AE 7 AEelA Y A fdxp dd ] AbEEvte] ofy e} RIL(Recombinant
Inbred Line) 2> NIL¥ o] 4 wjdo] Zx|vt 54 FHo|A| Zol& Hole= AlEzte] 4

2 e vlasty] 9 AR EE A97E Ak ok ol AR A FEe] §44 vl A

(genetic background)S &34 4F & o] Aolst F

eSS

Zho] dB FHAE coding 3= G (exon)ol] Wol7) 9ol ME thE ZIHE F

A 4= Ak ek de novo assembly &

53 THEoR S AlE 9] transcript sequence

AFel 59 reference genome Aol o =% %67\}9} jzsle] Adolst xdP S Hol= 7 < A
o] transcript A gelA A2 AolE Kol JI9S S F Qo olF coding P Fe] WHol
295k 4= Qe AR &8 = o B Y ] A= Al 34 194 avlgh ZpAA o

oz}l e o ¥

de novo assembly=

o gole 3u

e el A
TPty 2+ ATd
reference genome gl 01]%% G429} alignment & T A%

, primer3 4~

a
o

F AS(MS, M7)9] transcriptomes ko

W] 5l=  transcripte] A9

o A 5bp

E 5. #lF B Z W transcriptome 7|¥eZ A& F indel vFA Y 7R FH

a8 A7
o1g] G719 Aol

go] that Tefolw AZHAT (F

9

I8}

ol

. . Product Target

Marker ID Forward primer Reverse primer size(bp) gen eg D
M7_sequence_44717_in_2_DELS8 GTGCTTTCTCTGTTCGTCGG GTTTCCCCACGACTTTCCAT 218 Bra009753
M7_sequence_45488_in_2_INS6 TTGATGTTTTCACGGCTTCC TTTGACGACCGTTCTTTTGC 160 Bra002255
M7_sequence_49137_in_1_INS6 ATCAACCACCTCCTGGCTCT CACCATCACCCTTCTTGCAT 176 Bra005404
M7_sequence_49743_in_2_INS3 TATGGGAAGCCAGTTGCTGA CTGACTTGATTTCGCCTTCG 118 Bra002464
M7_sequence_51428 in_2_INS5 GAACCGCATTTAAGGCCATC TAGTGGCAATCCCTCACCAA 184 Bra006122
M7_sequence_51502_in_2_DEL10 GGAGAGAGTGAGCGAGAGCA ACGGGGATGATAAGCTGGAC 117 Bra011941
M7_sequence_51889_in_2_INS8 ATGAGAGACACCCTGAGCGA AGTAACATGCAACCAAGCGG 102 Bra020603
M7_sequence_51896_in_2_INS8 GTCTGCGTTTGCTTGAGGAC TGACGCAAAACCTGTTCGTA 169 Bra020603
M7_sequence_51928_in_2_ _DELI15 AGCCACTTCGTGTGTTGCTC GTCCTTGTCCCAGCCAGATT 134 Bra032281
M?7_sequence_52517_in_2_DEL3 TGAGGTTTGAGATGGGAGGA GTCATCTGCTGCCTTGGAAA 115 Bra028676
M7_sequence_55863_in_2_INS6 GACCCTGGTGGAAGCCTTTA CATCGGTTGAGTCACCATCA 176 Bra030388
M7_sequence_56526_in_1_DEL3 GCTGTGAAGGTTGCTGATCC TTGCTGCTTACTTCCGGTTG 186 Bra003493
M7_sequence_57356_in_1_DEL3 AGAGGGTGAGGCCAGTGTCT GACATTGATTCGGCTGGCTA 122 Bra038025
MT7_sequence_57406_in_3_DEL6 CCTGGAAGAGAAAACGGAGG TTCATCTCAATGGCTCCACA 161 Bra011773
M7_sequence_58286_in_2_DEL5 CGCCATCGTCAACAAGAACT ATACCCGAGCAAAGCCACAT 103 Bra008967
M7_sequence_58397_in_1_DEL15 TCGGACATAGTAGCGGGATG CAAAGCAGGCATGAATCTCC 153 Bra012672
M7_sequence_58873_in_1_INS3 CGGAGTCACGAAGATAGCCA GAAATCCATCACTGACCCCA 175 Bra001129
M7_sequence_59551_in_1_INS3 AAACCGTCGCAAGCTACTCA CACAGGTTTCGGCACATTTC 129 Bra028373
M7_sequence_60008_in_2_DEL13 ACGGTGATGGTCACTATGGG TTGGTTTTGTGGCCGTTAAG 187 Bra016584
M7_sequence_60038_in_2_DEL7 GCAGACACCTCCCAAGAACA TCCAAACGTGAATAGATCCCA 102 Bra012617
M7_sequence_60038_in_3_INS5 CCTGAGAGTGCCAAAGGGAT GAACGTATGCCACAGACCCA 140 Bra012617
M7_sequence_60147_in_1_DEL6 CGTGGGATTTTCTCTCGTGT TGCTGAAATTGTTGGGTGTG 123 Bra035212
M7_sequence_60682_in_3_DEL10 GCATCTCCAACACCGATCAC CCACCATATCACCAGAACCG 251 Bra037237
M7_sequence_61825_in_1_DEL23 CGAGCAAAACCCTAGCTTCA GCTTGCCGTCTGACCTCTT 140 Bra030754
M7_sequence_68988_in_2_INS12 CCGGAACCACTTTGAGAAGA GAGCCTGGTCCGTTGATACA 211 Bra028702
M7_sequence_69797_in_8_INS12 TGTCACAGATTGGTGCAAGG GCAGTCTCCTCTCGTTTCCC 126 Bra011912
M7_sequence_7191_in_1_DEL6 ACGATCCTACCCCTCCTCCT TGTTACGGTTAGCCAATGCG 117 Bra021840
M7_sequence_69836_in_1_INS6 CGTGGATCTCCTCCTCCTCT GCTTCAACATCATTGCCCTC 178 Bra024005
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M7_sequence_69925_in_1_INS12 GTTGTGTGTTTCAAATGGCTGA GACAGGTTGGATGGCGTTTA 179 Bra004576
M7_sequence_69931_in_1_INS12 GGATGTCACTCTCCTCATCTTCA GACAGGTTGGATGGCGTTTA 146 Bra004576
M7_sequence_70008_in_2_INS3 TGCGTCAGTCACAGGAATTG TCCAAGGTAAGCTCATACGCA 237 Bra009342
M7_sequence_70066_in_1_DEL3 GATCAAGTGGAACACAGGGG CAGGTTCATGGGTTTCTTCTG 162 Bra006635
M7_sequence_70325_in_4_DEL3 TCTCAATCGAAAGGGGATCA TCGAATCAGCTACGCTCCTC 176 Bra032908
M7_sequence_8707_in_1_DEL9 TCTGAAAAGCATAGCCGTGG TGTATGGGAGTGGAAAGGGG 246 Bra037145
M7_sequence_71421_in_3_DEL5 CCCATTAACATGCGTCTTCG CATAGCATCATAGGCCCGGT 101 Bra013533
M7_sequence_72396_in_1_DEL6 GTGCTTGGCTGAGTCTGGAG CCTCCTTACAATCTTTCTTCCCC 155 Bra021733
M7_sequence_73096_in_1_INS3 GATGACCTCGCCGATAACAA ACTCGCGTTCGATAGCTTCA 193 Bra021148
M7_sequence_73649_in_3_DEL13 AGACGGTGTTGAGGTGCAAG TTTTGACAGCGAAGGAGGAA 171 Bra000679
M7_sequence_75223_in_2_INS6 TTCAGAGATCCCCTCCTCGT TTATCCTCCGACGAACCCTT 153 Bra010390
M?7_sequence_76005_in_1_INS3 CAGTAACAACGGAGGGAGCA CCAATGGCTTCTTTAACCCG 176 Bra013255
M7_sequence_76223_in_2_DEL18 GATGGTGGAGATGGGTGTGT TGGCTGGCTTCTTTCTCTTG 151 Bra022384
M7_sequence_78702_in_1_INS3 AACTTTTGCCGAGCTTGTGA AAAGCGTTCACCGTTTGGTT 156 Bra019432
M?7_sequence_79658_in_1_DEL6 TGCTAACGTGGTGGTGAAGTC AACGACCTTTGAGCCGTACA 190 Bra004498
M7_sequence_10413_in_1_DEL3 TAACATCCTCCTCGGACACG TCGCATTTGGAAGTTGGTCT 159 Bra012141
M7_sequence_80742_in_2_DEL9 TTCAGATGCAGGAAGCCCTA TTCATCTCCTGAACGCCAAC 172 Bra038285
M7_sequence_82857_in_3_DEL5 TGCCTCTGTTCATATCTTGCG TACTCAGCTCCAAGCCCAGA 120 Bra011168
M7_sequence_83406_in_1_DEL27 GGATTCCACGAATTTCAGTTCT TGTTGTGACTTGTGAGGCAA 180 Bra040549
M7_sequence_83406_in_2_INS10 GGAGTTGCATAATTCTTGGGG AGGTGAAGAAGCACACATTGG 186 Bra040549
M7_sequence_83817_in_1_INS6 TCAGATTGATGTCAGCGTGC CCAACGGATTCACCATCATC 181 Bra036718
M?7_sequence_83824_in_2_INS14 TGTTTCCCAATTCATCCGAG AGGCTCCCAAAGCAAGAAAA 197 Bra003929
M7_sequence_84590_in_3_INS10 TGCAGAAGGGAATGAAGAGG TTACTCAGAAGCAGCGAGGC 146 Bra030581
M7_sequence_86041_in_4_DEL4 CGGGAAGAAGACCGAGAAAC GCAAACAGAAAATGAACTTGCC 235 Bra016536
M7_sequence_86418_in_5_INS6 GCAGGGGTGTTGATGTCACT AGTAGGCTCAGGCTTGGGTG 218 Bra032913
M?7_sequence_87265_in_7_INS7 GTGCAAGGGAGGCTTTGTTT AGCAAACTTAAATGCTCCACCA 168 Bra027158
M7_sequence_87494_in_1_INS12 CATCCTCCTCAACAACTCGC AACTTGATCCACAGCCTCCC 165 Bra038956
M7_sequence_90126_in_1_DEL3 TTGCTGGATAGGAAACGTGG TTGCCTTTGTCCTTCCTCTG 175 Bra004946

M7_sequence_2756_in_1_INS6 GTGGAAGCTGAGATGAAGCG TCCTCCCCAGAGATATTCAGC 143 Bra032393
MT7_sequence_91177_in_1_DEL5 TCTGCGATTGCTTCTTCGAT GTACTTGGCCCCACCATTTC 115 Bra014964
M?7_sequence_91331_in_2_INS6 GTTGTTGTGCTCAGATCGGG CTCCAAAATGCTCTCGGGTT 218 Bra009444
M7_sequence_91489_in_1_INS15 CGGCAATGTGCTAATGTCCT TGCATAACTTTTCCCTTAGCTCC 248 Bra008816
M7_sequence_93461_in_2_DEL9 TCAGCAAATCACTGGAGCAA CAGCAGGAAGAGCAGTGGAT 200 Bra006677
M7_sequence_94122_in_2_INS3 TTCAGGAAGTGGCGAAGAAG GCCTCATCATCACAGAACCC 222 Bra016505
M7_sequence_96454_in_3_INS9 CCAAGGAGATTAGGCGCTTC CATGGCCCTTTGTTGTTCAC 134 Bra012753
M7_sequence_96950_in_2_INS5 ACTCGAATCACCCTCTCCGT CTTCCACGGCTTGTTCTCTG 227 Bra016358
M7_sequence_11862_in_2_INS12 TAGAAATGAGCGAGCTTCGG GGGCTTGTTCCTGCTCTTCT 105 Bra022749
M7_sequence_98562_in_1_INS6 GAAGGGAAAAGCAACCAAGG GAACCAGCTTCACCGTCCTA 172 Bra000549
M7_sequence_98562_in_2_DEL3 CTTTGCTGGTATCATGCGCT GCGTTCTTCCATCTCTTCCC 135 Bra000549
M7_sequence_99275_in_2_DEL16 TCAAAACCTCAAGCTCGCAT GGCTGCCTCGCTTCTCTTAT 113 Bra002286
M7_sequence_100065_in_2_DEL7 GAAGAACTTGTGGGTGTGCC TCCAAAGCGTGTAACAATCTCA 154 Bra007342
M7_sequence_100068_in_2_DEL7 GATCTTCCAAAGGCTGCACA TCCAAAGCGTGTAACAATCTCA 193 Bra007342
M7_sequence_101025_in_2_DEL9 AGGTGATGGTTGGATTCACG CATTGTTCATCAGCACCAGC 111 Bra025123
M7_sequence_12161_in_3_INS16 GAAGCTGGAAACTTGGCTCA CGATCTGCAACTTCGCATAAA 148 Bra006922
M7_sequence_101309_in_2_DELS5 TTGTTCGTCCTTGGCTCAGT CCACTTTGACATCTTTCCGTG 188 Bra005794
M7_sequence_101309_in_3_DEL3 AGGCTTGACTTGCATTGTCG TGATGTGTCAACAATTTCCCTG 103 Bra005794
M7_sequence_110222_in_1_DEL6 CGTGCTTCAAGGGATTCAAC ATGCTGTCTCTTCGGTGGTG 109 Bra024277
M7_sequence_110422_in_2_DEL3 AGACGCTTTCGTCGCAGTTA AGACAGAGGAGGAGGAGGCTT 140 Bra039436
M7_sequence_110998_in_2_INS3 TGCTCCATTGTTGATTGCTG CTGAAACGCCCATGACAAAT 160 Bra001163
M7_sequence_111086_in_3_INS12 CCACTCTCCGAGTACCACCA TGCAGAGGCAGAAGCAGAAT 176 Bra015875
M7_sequence_111086_in_4_INS4 TTCCTCTCCGCTTCTGGAGT ACAGCAACAGCCAAGCTACC 233 Bra015875
M?7_sequence_12877_in_2_DEL7 TCCCTCATCCGTCATTCAAC TCACTCGCTTTACCCTCCAA 150 Bra037502
M7_sequence_111423_in_2_DEL3 AGGCAATGCGTCTCTTTGTG CTGCCAAACCTCCATTCTCA 189 Bra039439
M7_sequence_111423_in_3_DELS CGCATGGTTTCTTCTTCCAA CAGAGAACTAACGCGAATCATAAGT 107 Bra039439
M7_sequence_111907_in_2_INS9 CAATCCAGTCCTTCAACCGA GAAGATTCCCCTCCGCAATA 137 Bra040446
M7_sequence_111916_in_1_DELS5 CTCAAAGCAGGGTGGGATTT GAGGCTGGAAATAAGGGTGC 200 Bra040446
M7_sequence_112164_in_1_INS3 TTGGTGAAATCGTGAAGGATG ATTTCCGCTAGTTCCTCCCA 139 Bra020309
M7_sequence_114519_in_2_INS8 GTTCCGACAGTGTTTTGGGA GATCGCCATGTATGAATCCG 191 Bra004135
M7_sequence_116274_in_1_INS3 GGCAGCAAAAGATCAAACCA TGATGATCCCGGCTAGAAGA 101 Bra000304
M7_sequence_13763_in_2_DEL15 AAGGAACCCAAACCAGCATT GCGAAGATTGTTGTTGCTGA 158 Bra007061

MT7_sequence_2869_in_1_INS6 ACGGAGAAGAGGTACGGCTC CACGTATGACCAAAATGCCC 201 Bra019593
M7_sequence_14819_in_1_DEL7 AGGAAGACTCTGGTCAGGGC GGCTAATCGTCTGTACGCCA 120 Bra003663
M7_sequence_16420_in_1_DEL12 GGAGCATAACCTCTCCGTCC GGGGAGAAAGGTGACTCGAT 114 Bra040667
M7_sequence_16500_in_2_DEL3 GCGAGTCGAGACAAAGCATC CAGCTCTGATTTGGATGGGA 180 Bra018735
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M7_sequence_16501_in_2_INS6 AATGAAGAGGAGGCAGCACA TTTGGGCAGCAAGAGTGGT 133 Bra018735
M7_sequence_22990_in_1_DEL3 CAGGAGCTGAGGAGGTGTTG CCCTCCCTGAAACTGAGTCC 188 Bra029250
M7_sequence_24528_in_4_INS12 TAAGGACTGCCCTCTATGCG CATGGAAACATCAGCGTAAATC 184 Bra003180
M7_sequence_25445_in_1_DELI15 CACCCTGATGGAGACGATGT TGTCTTGAGTTCAGCTTATTGGC 119 Bra015141
M7_sequence_25512_in_3_INS8 CAAACCCTTGGCTCAGAAGA TGAATGCAACCATCCTCACA 117 Bra026721
M7_sequence_26948_in_13_INS3 CTTTTGCTCGGCATGAAGAA TGACCTCTTGACAACTGCCC 100 Bra038282
M7_sequence_28969_in_1_INS3 ATGGCTGTGATTGGTATCGC CACCACCCAACTGAGCAAAT 160 Bra008386
M7_sequence_29054_in_1_DEL6 GCAAACAGGCGAATGAAGAG CAAAACAACCTTCTCCAGCG 185 Bra014790
M7_sequence_29785_in_3_DEL3 AGGCTTCGAGGAGTTCATGC CTGGATGATTCGCCTCTCCT 123 Bra009452
M7_sequence_29785_in_4_INS9 CGTTGCCTCGGAGAATAATG TCCATCCATCCACGAACAAT 186 Bra009452
M7_sequence_29785_in_5_INS9 CCTGATCTTGGAGACGGTGA GCCACTCCCCTCTACGGTTA 142 Bra009452
M7_sequence_30116_in_23_DEL3 CAGTGATGTGCAGTTGTGGG GAATCGCAAGGGTTGAAGTG 243 Bra010248
M7_sequence_33700_in_2_DEL9 TGTTCCTGAATACCAAGCGG AATCGCCAATATCGCTGAAG 152 Bra033646
M7_sequence_33882_in_22_INS6 TGCAAGTTTGACCATCCTCC AGTCGTGTCAGTCGCTCCAC 102 Bra034744
M?7_sequence_35393_in_1_DEL3 GAAAATGAAACTCACGGCCA CGGAATCAGAGAGAGCAACG 173 Bra003229
M7_sequence_40787_in_1_INS17 TTGCCTTGTGTTATGGAGGC GGTTGTCCCACTGTCCAAAA 235 Bra029989
M7_sequence_43418_in_1_INS9 CCTCCAACGACGAATCTCAA AGGGAAGAAAACAGACCCGA 197 Bra031783
M7_sequence_43897_in_1_INS8 ACAAGACTGGCTTCCGATGA TGTAATTTGGCGGGAAACTG 173 Bra006057
M7_sequence_43899_in_1_DEL3 GAACGCCAAATCAATGAGGA GCCACGTTTTCAGCAAGAGA 177 Bra006057
5. #lFe AT W8 §1X]o] wE DEG £4 R 23 o3, 384 AH v EHI AT
= A o] S Rlell web @, Bt A 2 Aol gET d & 5o R &
A3 @A e wa, P Sadsag Aol 59 o] Wl A7 @Y de 224
of AX Az} &ute] =AY $Ele $F dye AFE T3 od A mE A4l
| oz J|QFTHE AuE AU B 2 2Fe] FEAA Fe 5oy

7b Wi F 27 384, Sold {AR A
o8] %7 7Fe] DEG(differentially expressed gene) & A= FHZ ZF (reference
tissue)s o9 A AEst=rtol] wel 2 Ao greFstdth. 7FE, Bra038535 - ARe]
A 57 A A g Axst, ofbelS ETOE SHH 2 XA A wg {Fo%
FX 2 DEGRE rF€rh Wb R, Bra002316<2 571 Z# oA wdlo] 7} mouf ojgds
oo g st Ao DEGE AEE A X3ttt oA 274 So]xog wg Fa
g FAAZE dxael webs DEGE A E A Sshe A97F dAgt mebs 2 oAl

Sold FAAE FE WWOR ¥ 24 09 JuiH BAF FolE BAHE 7
H,

A
A o
Z2], RNA-seqVd7}e] A2 Rdds 7Nt vhga) o] st

(1) A2 2@F 79y FHA 54
A, BE 24 FEH oz THEE A tissue commonly expressed gene)= 27|
s, el EE 244 =2 HdFS 7HAH Al A A}ol(variance)’t A2

Aoz ddsdla, o=

V|Eo® AU 1

1) MZE2HE FE3 RNAZE Ilumina TruSeq RNA Sample Preparation Kit v2 (Illumina, San Diego, CA)S %
3 cDNA libraryE TA3%A Y. KAPA library quantification kit (Kapa biosystems KK4854)Z library
quantificatione F33F4 32, Hiseq2000 (Illumina, San Diego, CA)& &3] RNA-seq 3 (142.81 million total
raw reads) @At SolexaQAZS 3 A7|AY AKX FEHIZP 1L, BowtieE &3] reference assemblyS <245 3

o},
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Ay HE S

o

Ao

=

= AL Fol

R4

I3l o

oy

p

om wAHE FA4E

UL

&
o
=2

Z}-
=

[e1 Xe)
ok

log2®2 W3kek zlo] 8 o]lAto]W variance’} 0.5¥€ W]l functional trait(BP:
Biological Process, MP: Molecular Function, CC: Cellular Component)”} 7}
TR 6). ol @] 7I+E EolW MPY CC7l A9 veERA
$-gl= 858179 ¥
single-organism processel]l ¥ ¥
GO:0044763).

#7%)
o). 4
o] Zoll 4

250 FoA ®eo] Fely 2 tHGO:0044699,
& 7]HFo 2 Tissue specific expressed geneol A= & JAFE 8%

ZNeow Ade Ay zAWER ZFzE 1268(flower), 1233(root), 314(inner leaf), 453(outer
leaf), 522(young leaf)7il¢] x5 733t

(2) 338 39 54 #7}

B Ao = F4d% EA(genetic properties)S 2ol ® 7] €38le], BRADOA A 23}

genetic markerE 7|Hto 2 F&H R &5 gty 1 A root 24 5ol {FHAE

=
T
=

oA ZFFZA=d o E(glucosinolate) ¥ 2171, FEA]o}d (anthocyanin) #H# 471, SAl

(auxin) ##H 147 FAAE AP (E 7), outer leaf E0]F FHAEA] resistance2}

#AE 571 FA2H(Bra014241, Bra013134, Bra037139, Bra019273, Bra027779)& <138t}

Tk 7} 22 SolAd fdAEo]l 10714 wiF A A (chromosome)oll TFatAl i E 5 o

Aers AR 8).

% 6. GO Term ¥4 23
GO term description FDR

GO:0015979 BP photosynthesis 551E-23
G0O:0046686 BP response to cadmium ion 1.49E-15
GO:0009735 BP response to cytokinin 1.96E-13
G0O:0009409 BP response to cold 3.52E-13
GO:0006096 BP glycolytic process 517E-10
G0O:0009416 BP response to light stimulus 2.86E-09
GO:0042742 BP defense response to bacterium 451E-08
GO:0009658 BP chloroplast organization 1.11E-07
GO:0009651 BP response to salt stress 5.09E-07
G0O:0006412 BP translation 1.21E-05
G0O:0009624 BP response to nematode 5.05E-05
GO:0006357 BP regulation of transcription from RNA polymerase II promoter 8. 72E-05
G0O:0009408 BP response to heat 0.000137
GO:0009845 BP seed germination 0.000154
GO:0009414 BP response to water deprivation 0.000188
GO:0016567 BP protein ubiquitination 0.000177
GO:0030154 BP cell differentiation 0.000498
G0O:0040008 BP regulation of growth 0.001264
GO:0007623 BP circadian rhythm 0.001457
GO:0006633 BP fatty acid biosynthetic process 0.001642
GO:0009611 BP response to wounding 0.003182
GO:0009617 BP response to bacterium 0.003527
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GO:0009737 BP response to abscisic acid 0.00343
GO:0005507 MF copper ion binding 3.85E-08
GO:0003729 MF mRNA binding 1.28E-07
GO:0016887 MF ATPase activity 5.72E-07
G0:0003924 MF GTPase activity 3.71E-06
. RNA polymerase II transcription factor activity, sequence—-specific B
GO:0000981 MF DNA  binding 3.83E-05
GO:0001135 MF ‘ltrreaclr;lsl;:giir?éion factor activity, RNA polymerase II transcription factor 4.96E-05
GO:0003735 MF structural constituent of ribosome 3.06E-05
GO:0004674 MF protein serine/threonine kinase activity 0.000285
GO:0051082 MF unfolded protein binding 0.00059
GO:0042802 MF identical protein binding 0.003527
GO:0004842 MF ubiquitin—protein transferase activity 0.005193

¥ 7. root 23 ¢ genetic marker FE o

Reference of gene Glucosinolate Anthocyanin Auxin
information related group related group related group
Bra009245 Bra001820 Bra015374
Bra005949 Bra029211 Bra000160
Bra013000 Bra029212 Bra032876
Bra035954 Bra036040 Bra019060
Bra015939 Bra036997
Bra029434 Bra026365
Bra000760 Bra030074
Bra018524 Bra040812
. Bra021947 Bra010338
Brassica rapa
Bra030246 Bra015694
genelD
Bra032010 Bra004515
(From reference
Bra015935 Bra003044
ver 1.2)
Bra008132 Bra039264
Bra015938 Bra009856
Bra015936
Bra003817
Bra027623
Bra025668
Bra011822
Bra010645
Bra017872
¥ 8 27 B4 FAAEY v+ A (chromosome)E X
Tissue A1 AQ2 AD3 ADA AQS A6 AQ7 ADS A09 A10 Total | Average | S.D
Old leaf | 36 a4 67 32 38 43 51 25 77 27 440 44| 1687
Inner leaf | 22| 20| 38 23 30 35 3 31 46 30 306 30.6| 7.86
Young leaf | 46 47 79 32 a1 57 61 29 63 35 510 51 16.01
Flower | 129 124 189 94 113 98 134 97 179 B2 1239 1239] 3585
Root 121 116 167 ag 105 116 135 94 180 78 1200 120 3292
Common 798 775 1239 567 825 887 837 639 1210 593 8370 837| 231.03
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Y. WiF 23 54, Fold & UEYA A
B ztel e PPIN(Protein - protein interaction newtork)2} 4 A wdl dolgHE %5531,
Hj =2 2l Bolx HE Yada(c)E d=Esle dHoz ol ST EHA(@S W

E H =
Az dolE(b)s &8 A4 = vk 28 1 #Adel i dAs A
).

@\ @’\d Z:\’ @V 6
Q NG NG
i@“’i&g’ < i&@% i&g’ /

Gene 1 . . . . . —> Tissue common gene

Gene 2 . —> Tissue 2 specific gene
Gene 3 . —> Tissue 1 specific gene
Gene 4 . —> Tissue 5 specific gene

Gene 5 . . . . . —> Tissue common gene

Gene N . —> Tissue 3 specific gene
. over expression
under expression
a) Integrated network b) Gene expression data

//////////

) 5 tissue-specific subnetworks

a9 8 FE UENZY AT BH

NI

o] HAAE 7IHto 2 STRING2 Ho|gHol~Es

9] Alo]lzE HAo Al % (confidence) Fkol wheh
21
1

ut

txsto] MEQAE 543 UES
A 1low(0.15), medium(0.4), high(0.7),
highest(0.9)2 Y¥ =dl, 19 77155 o) $- o= v E ztet fEle o) o
Toll A AFEE 7ol weEt 0.60.® AFASHATH A 579 A A FEAoE Ty
He B U ESAsE 280,766709 BAaE AFAAEAL, 2 2A4E AMBUES A 4128
2290, 276, 380, 35470 HAZ A3 AT

a9 8= HiFe gl ) A9 Eol¥ HE YEHYIE HoFy. o] 1H2 Cytoscape
3.3.000 4 ZAEFAL. o 7] A, AZAA Z(degree)= T o] AFH AAFH Y ==
=9 M (e A2 ) E 2 degree’t 7HE =S RS ALY HAas W
A gelo 2 FAF AT degree’t M- =2 == JH == & ¢ Qed o] fA
b5 7Nt R tFdt 7lEo] oY HAaE dAEo s o B‘H"*%L T ATk 4719
#4235 LRR(Leucine rich repeat)-RLKS} #ddE AJS Fe gt (PFAM ID:

PF08263, PF13855). o5 g #d %2z W tii-&o A¥EoA E'j}?dfdv}ﬂ zZ e A
At

2) 9ol gwd A5 e JESIE A7) g8, $lE STRING 105 HolgHo] A8 ol &gl RE A= O
oAl 17hA] 2] 45 71AH, 19 7}77}T HALFE =2 NIPES 2= gaz Fd,

_65_



a) = b)

g d 9

a9 9. We] B A 249 Sold BE YEYZ

at7] $18te] GOEAds 3 A= [% 5l A

2} O |
- = = 1L
Aol B4 @ gusts o FAs9rh Eiower) £ Hol4 WES AL

o
5, Wel(oot) 24 Sold HEZE Axy pad J%H Bdo 9

S Fegrk =3 WG (inner leaf) %% Eo]F UEYAE AE thal @8 7%, 9 9 (outer
leaf) 2] 5ol HES A= 9F 274 2 o digt Wol(defense)o| #HHE 715, oA ¢

=
= 1= i
(young leaf) %74 Eo]% W EYA+E 9= (chloroplast) 9t ##E o] &L e}

3) GO +=4(GO Annotation)2 32 & dWde] 545 Yehdl=d AFE-H th(http://geneontology.org/). GO
AL AR 9 iR 24 EFE Y% §83 3otk GO 7154 (functional) 412 GO Ho]Ef o] 2~
ol A At} PFES hypergeometric testE 8] 533t



E9 24 B4 AB YEAZY 04 75 B4

Tissue | GO ID Description Genes FDR
0022414 reproductive process 121 1.29E-11
. 0000003 reproduction 121 1.64E-11
= 0048437 floral organ development 31 5.83E-10
flower | 0048438 floral whorl development 24 1.52E-7
0048444 pollen tube development 22 1.11E-6
0048868 pollen tube growth 17 5.82E-6
0044036 cell wall macromolecule metabolic process 31 1.69E-12
0071554 cell wall organization or biogenesis 74 2.26E-12
- 0042546 cell wall biogenesis 34 4.74E-12
-,—E] 0071555 cell wall organization 49 8.90E-12
root 0009733 carbohydrate derivative transport 9 0.0012
0071365 response to auxin 32 0.0013
0009734 nucleotide-sugar transport 6 0.0024
1901264 nitrogen compound transport 25 0.0097
ol 0090304 nucleic acid metabolic process 72 1.32E-5
A 0046483 heterocycle metabolic process 79 5.42E-5
inner 0006725 cellular aromatic compound metabolic process 79 1.90E-4
leaf 1901360 organic cyclic compound metabolic process 79 3.95E-4
0034641 cellular nitrogen compound metabolic process 92 4.81E-4
1901700 response to oxygen-—containing compound 64 5.87E-12
o]y 0010200 response to chitin 18 7.28E-11
t 0010033 response to organic substance 71 6.28E-10
outer 0050896 response to stimulus 157 9.30E-10
leaf 0009719 response to endogenous stimulus 64 1.04E-9
0010243 response to organonitrogen compound 19 1.28E-9
0051188 cofactor biosynthetic process 12 0.0023
o] Y 2l | 0009411 response to UV 8 0.0039
0044281 small molecule metabolic process 49 0.0042
young | 0010224 response to UV-B 6 0.0063
leaf 0009658 chloroplast organization 16 0.0097
0052696 flavonoid glucuronidation 7 0.0130
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g B U EAIY A 54 4

2 FAREY] A 5EAS FAE7] fdstel MEYA vk A x (average

distance, diameter, degree, density, clustering coefficient)S ©]-&3 4 vl 8= U E
A= A =72 Cytoscapeel WAl ¥ o] 2+ NetworkAnalyzerg ©]-&

=9l E4 (http://med.bioinf. mpi-inf. mpg.de/netanalyzer/help/2.7/) < F&q3ta, WEYA
E

= d
2 Ho AR dolet 2 vgd UESA geng e FxE Akt 2= Al
TR HES Ao o3 5SS AAtstdar, oo tigk &% FAAet 22 5ol #4
2 2F3EY] Aol E WAL FF FAAE 232 5old fHAte] HlE UEYA F
Aol f1A kAl the AME S FRlE A, FAl e FAAEYN 9 B dFd #AE
P o= AR S FRle it (L' 10, 11, 12)

Geoig B Co—rwn garen Trinis-dprelie geai
P value < 2.6e-32
H
. 0 — -
Oy Wil onon, g« 2 2618 A
=
& o™
g
e i = w
i L] T &
add'}!:- & J’I 4
& [ o !
= & At
L=
£ i
. 20
e o @ _I_
& =
1] i i
T

ST (s TrsSimearaiic Qenes T
Caoup Conmemin genes Is5UeSpecihc Qenes

29 10, BE YEYI] 4d E4 B4 Ax (1)
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Random (T1) Random (T2)

= =
g 2 § 2
g = % g o i
('S w
305 3.15 325 30 31 32 33 34 35
Average distance Average distance
Random (T3) Random (T4)
3- =
E & a
[re w
29 31 3.3 35 29 3.0 31 32 33 34 35
Average distance Average distance
Random (T5) Random (Common)
> o
§ F »
g (-] (-] '
(™S [T
30 31 32 33 24 3.00 310 3.20
Average distance Ayerage distance

a9 11, FE UESIY A3F 54 24 2% (2)

im

T T T T T T
T1 T2 T3 T4 T5 Commeon

10 12
I I

Shortest distances
4 Shortest@istances 8
|

2
I

g 12. 571 %F EolF, FF3FH UEYAY shortest
distanceel] ©j3 A3
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2 oAeAE 28 Sold, ¥4 AnvES A Ji A Bxg ik o))
A T1E), T208e), T3, T4, Ts(elRe)e 72+ 248 542 Commone %
€4 22 545 uYehdth Tlo sigs s 32 2o 1007Hg1ruj 100/ A7 7+ 7
# UEYA Az 3220m7 M)olm, oo 1007 SHA 7+ FF vEJA A=
1000 AjFZEske] Aol aef ) Ex=olvh. I A3 ¥F4 k==5 Alole ALt
olo] F vt Alolo Ag Rt w9 7HgthE AL ol

Tﬂrb AL omstar, w3 Az s Ads o] 443 %-E(interaction)©
E YEYIE »25 78 ) X9 dzdEo gtis AL mar)
ol UEAANN FHdAFl Ertt 7H7k2 A characteristic path length

52
:L
a rlr
paU)
tlo O,
[

ii gelst7] flgk Aottt 7t 0}?} = ]1’4"& TAE oulatH. x4 5ol
79} common® A7t Agolgs fAA & 5 CEOE AR Hr o] %9
J~(ave. number of neighbors)E H®HW 85(ﬂower), 6.6(root), 3.6(inner), 3.2(outer),
2.7(young tissue)ZA4 HIESIZS] A7|7} 45 ] B2 o9 7 &S &gt
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=
e |

A 5= -4 AH(tissue commonly expressed gene)E 2H7] ¢

S S xR HEA B Ao AW Zo|(variance)7} A S gk

= BE XA
U+ TEE BAS FAL A0R BRI, R /EoT FANAG. FA4 0
S log2= WSS gho] 8 o] dolm, AW WdF HAIF 05 ol3tE Zbe FdA 25

4] functional trait (BP: Biological Process, MP: Molecular Function , CC: Cellular
Component)7} 7Hd 2 A5 = 2& gelgn. BdF AA 7S5 05 ooz Eold
g59 82 ool Fo& MPY CC7F A WetA] &8ttt 22 So]4 {FHAE52S
g Ao EAGF log2fke] 8 oldolH tE FAHdAME= 2 olsel FHAER A8
DAY 3% 2 227 S0l FHAES 7|vto g STRING HolEHo]A~E %3}
A-5old HENAE AT HENAY Atol=x= F=9 Al =(confidence) #holl whzf
A 1low(0.15), medium(0.4), high(0.7), highest(0.9)2 Y¥ =4, 1o 7745 of$- Al
e s Zen e old Aol AEd Vsl Wt 0602 A ST

J{m

y

EN

O vEYA 4 =<l Cytoscapeol WA= o] 9= NetworkAnalyzers ©]-83he] 5712
A % 22 FE UESAY A4 58S A8 AT 0431 S
7 té S Ao Ag sk o] (degree), 7N LE} 14 YEH =
| $1X18l+= AX (closeness centrality) 128]3 UEHZE FASE @ A% 1] I
7A¥] (average distance between nodes)E AAtet Tt ofee] 18 1& l"@r
A3 Sk ol tigk Aotk (1| 13).

m
o
2
=
m
:\2

jubd o Y
—‘o
AU
r1r

m& r

e

HEH=

e ool ox N

Gene 2 . —> Tissue 2 specific gene
Gene 3 —> Tissue 1 specific gene
Gene 4 —> Tissue 5 specific gene
Gene 5 . . . . . —> Tissue common gene
|
|

.| —> Tissue 3 specific gene

Q Gene N
. over CXPYESSIOH
under expression
a) Integrated network b) Gene expression data

EEEENE]

) 5 tissue-specific subnetworks

39 13 B YEHIY A7F TH
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7. NEAGAZ/FAA VEPIE E€8H0=2 THE + 3
O HjF x4 FEH, 5ol4 FHa 54
71 AT o8] 27 7+ DEG (differentially expressed gene) W& A4+ Hx %37
(reference tissue)S B A AEst=7tol] wey 7 A7 ogstAth. 7Fd, Bra038535
Axpe] AFE 57 A oA vl A xSt oJdSlS R o ® A Ao A uig
3 X & DEGE tFdth Wri 2, Bra0023162 570 Z#]oll A o]
% XA oA DEGE A=A o) ol#A x4
Fo% FHAAIE gzt wEbA DEGE A A Kb F 97 SA s

e

7S N

24 5ol FHAE e WHoR F x4

& A7 W He e, RNA-seqo] A4 dd &y =48 ddgF AXE 7

Z s H23). AHfH o 7= 8581709 FEA
gkt}. o] &) A single-organism processel]l THEE FHAEC] Fo|FA

THGO:0044699, GO:0044763). B3, U3 7S 3 AE= Z+7F 1268(flower),

a9

O 8 Y=y 24 54 FHAAEe Fd4 54 (genetic properties)S &otR 7] 9
3to, BRADOIA Al 33+ genetic markerE 7|¥Fo 2 T4 ofHE At 1 A} root
z2Z Eolx FAAE FoA SFIA=mdolE(glucosinolate) FH 217, <SFEA]old
(anthocyanin) ¥# 47], SAl(auxin) @& 1470 F4A= &2ld a1 outer leaf E0]% #F4
A=A resistance®t #HAH 57 FHAAE EJAPG I 7} 22 ol f{HzE] 10

Aol w5 o A Al (chromosome)oll thsHAl FE o] la& AT

O W5 24 ¥3%4, 5ol4 & HEHNL &4

& 48zl STRING HoJEHo] Aol ohM Tt fdx gAE
olgste] &% B =4 5ol FE HEAES ARG (Y 2 gh
AR WHEE FE UEHAE 280766710 HAaw AEHEANA, 7 22 R
E QA= 4128, 2290, 276, 380, 354719 HAa®E AFAAEHAT (27 12).
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I9 14, WjF9 94 7] 239 Soly EE vEH=

O ¥ e x7 5ol om dad vl 7HA FE HEYAES HoEu(1d 20. a)x b
o W4, D94, edd o x34). o] 192 Cytoscape 3.3.0914 A= A3l default layoutS =,
stylee sunple 12 2E A A7) A, dAH E(degree) = F =0 AH AdZAHY Y= =8
o g (B AAAY ) E ZE o] Ay F root MIEYANA degree’t 7 =L 4719
1252 LRR(Leucine rich repeat)-RLK®} ##d 3<dS  FQIdtH(PFAM ID: PF08263,
PF13855). o] &2 e +4 =4 o dife] AxeA dadcta & deA gl

=2 e =

O HF UEAY 7o 54 4

gE vEAAY] e SA4S 2487 st GOwA e w3 Axs [# 9l Aessith
ARHor 7t e x4 BolHoz wrdd {7 ]’(USSUG specific expressed gene)E°] %] €]
E4e & duiste Aoz glFddth. E(flower) 27 5olA HEYA: st 2 AA#HA 7%,
B (root) 224 Sol# UHEAE Ax9 #Hed 7]‘—5‘34 o] dus FAAUT. B3 W (inner
leaf) 2] Sold WEYAE AE A ##A 75, 2 9(outer leal) 2] Eol¥ UEHIE JF
g7 2 o tigk Woj(defense)o] #FHHA 75, oA U(young leal) 2 Eol¥ VEYIA= 5
A (chloroplast) 2} B o] Ves sl A
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£ 10. 2% 5049 ¥8 YEHAY A4 75 B4

Tissue GO ID Description Genes FDR

0022414 reproductive process 121 1.29E-11

0000003 reproduction 121 1.64E-11

ES 0048437 floral organ development 31 5.83E-10

flower 0048438 floral whorl development 24 1.52E-7

0048444 pollen tube development 22 1.11E-6

0048368 pollen tube growth 17 5.82E-6

0044036 cell wall macromolecule metabolic process 31 1.69E-12

0071554 cell wall organization or biogenesis 74 2.26E-12

0042546 cell wall biogenesis 34 474E-12

B 0071555  cell wall organization 49 8.90E-12

root 0009733 carbohydrate derivative transport 9 0.0012

0071365 response to auxin 32 0.0013

0009734 nucleotide-sugar transport 6 0.0024

1901264 nitrogen compound transport 25 0.0097

0090304 nucleic acid metabolic process 72 1.32E-5

4 0046483  heterocycle metabolic process 79 5.42E-5

inner 0006725 cellular aromatic compound metabolic process 79 1.90E-4

leaf 1901360 organic cyclic compound metabolic process 79 3.95E-4

0034641 cellular nitrogen compound metabolic process 92 481E-4

1901700 response to oxygen—containing compound 64 5.87E-12

BE 0010200 response to chitin 18 7.28E-11

outer 0010033 response to organic substance 71 6.28E-10

leaf 0050896 response to stimulus 157 9.30E-10

0009719 response to endogenous stimulus 64 1.04E-9

0010243 response to organonitrogen compound 19 1.28E-9

0051188 cofactor biosynthetic process 12 0.0023

o] el Q) 0009411 response to UV 8 0.0039

ot?nﬁ 0044281 small molecule metabolic process 49 0.0042

Yiafe 0010224 response to UV-B 6 0.0063

0009658 chloroplast organization 16 0.0097

0052696 flavonoid glucuronidation 7 0.0130

0 %4 FF % 2H Hold YEAAY A4H 54 B4
MEAD 944 B4 BAGE EGAE FYE Guase ANy 94 #Ag W
wol sheld otk $EE 24 B L 24 Sox uEgad 944 542 AN
s9a, ol% 24 ¥E UEGAY 24 Sold KA 1§ Aol wwaith FE
FAAE 24 Bold fAAd ws VEAZY FARA AA; drk AL ol
gﬂ 1O

(a9 13w, SAC 0E fA4ER o we 97 wAE 2a drks A
-22E-16)% FAs (17 200).

m
Common-& %’*—E&@ A 545 uebdth [19™ 15c]ol A Tloﬂ
10070k 10070 A=A 7+ Ht WEY T A= 3.22(83F A)olaz, %]9494 1007
BT YMEYA AYE 1000 AFZ=ste] AAbgH(Eo e z) Fx ol 1

=5 Abele] Ag7F o] F == Abolo] AgET v Mgt S S o
S == 3 AFEAC] =te RS ousta, E=I AR IWsHA dAEo] st
(interaction)¢] Bthe= ZS ofugt) £ F& WEYAE =285 7F vl$ U5
Qoi AUt AL it T g2 X xE H o2 J42(ave. number of nelghbors)%

W 85(F), 6.6(F]), 36(HA), 32(81%), 27(1d o =A)2A UEYAY A7|7F &

o B o) 7 s Sl

PO
oo
l
f

_74_



Frequency

Frequency

Frequency

Group El Common genes Tissue-specific genes b) p < O 01

: m —— .
6000 Wilcoxon, p < 2.2e-16 ?’, _ i !
; g ' =
® T 9 !
¢ 4000 : g g
8 ! g < i .
[ = 1 i
2 w0 H H
2000 3 24 1 i
o | ———
0 : .
. " T T
Common genes Tissue-specific genes X .
Group Commongenes  Tissue-specific genes
Random (T1) Random (T2)
o o
0 o 0
N N
o o
o H _ o -
N N
3 - M g3-
- o -
] =)
3 g8s-
= T -
o | o |
wn wn
o - o -
r T T T T T 1 r T T T T T 1
29 300 31 32 33 34 35 29 300 31 32 33 34 35
Average distance between nodes Average distance between nodes
Random (T3) Random (T4)
o o
w - wn
N N
o | o
o -
N N
] >
3 o3
- o -
=
. | . | mmh
- R =
o | o |
wn n
o o -
r T T T T T 1 r T T T T T 1
219 30 31 32 33 34 35 29 30 3 32 33 34 35
Average distance between nodes Average distance between nodes
Random (T5) Random (Common)
o o
wn - wn
N N
o o
o S 4
~N o~
2 g3
- 5 -
g o
8 4 o O+
=4 T -
o | o |
wn wn
o - o -
r T T T T T 1 r T T T T T 1
291 3 31 B2 33 34 35 29 30 31 32 33 34 35

Average distance between nodes
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B AlEHCAS T AIAEARY T3 S B4 AEASA = A% 0
AR3As I4 A= 73

to 5w
i

O GRNelA 574 x4 A a9l WEYAE AT A= + 7HA F79 3

Ho= < AR A BeAES ek T F GRNH
EA ZZo| A A AEel Bz EZo|th. AA, 3 GRN dolEH = ARM(Abraidopsis
Transcriptional Regulatory Map)ol A th-&2= H ). Al Brassica Y ES o= <al 3l
GRNo] glAIwk of 714, & He] S5 EnfE 7HAp gujer e dF 2 {7]4 ¢
AZ ARE o8 F Au o F A thaliana= WMF FE XS HAEFel &ol=
A Eolth. AlttrE, ATRMo] 2 AlF =9 HAA iA] A =& 71zl H A dHolE A Eo]
o} weba, SElE AlEA FAME-ZE E1IE-10 2 A48 W9 0.075)S 7|t = BLASTP
X2 M 20 93] BE B rapa 7R IDE A taliana +73A A IDE ®H3go Lo $
g Mg 2 A4 FAH2AE B rapa®l GRNOZ #2189l 1, GRNo&= 725719 e}
137971 ¢ a7k E-kE o] 9l

N

O VEHA 4o AHgd A& ARZ wFe] vl A& Chifu 401-425 AH-8-3
At A% 2AL 21T, 66% %, ¥ 16A1 7 H8AI7Ee] 7oz 279 g o w AEs)
Aok A WA 1FL 457 *ﬁ%%}&’ii 02 3 1FS 147 B ASEe] ArEAde A
E7bA] 7181tk Innere Ao H R oA R-E 4] 1S AHESEAATE rosette 9
280 HoFoA SHA He oS AREaSlTh

HS

O RNA sequencing Illumina HiSeq 2000 platform? ©]83}312™, seedling, reosette <,
inner & ARE-33IT) ChiiffuE 7|22 mapping rate 79.36%< 243k

O FANMODZE ©]&3gt UES A motifs 21

HESA RExZo AHE GRNY A7 93 9= o 783 dAog. ESA B
axZ s Adelr] 918 FANMOD (FAst Network MOtif Detection)”} &3 GRNeol| AF-&= T}
p % <005 2 7Z Ag> 27F A" JlFow AdEgar 100,000 742 ¢le] UEYATE BA
Hoh 729 UEYA BAAEES Aal 4 = gk @43 2 54 (A3 FE BESHEA
A& ohA] uijAd skt

O Functional annotation of DEGs
R #17]1#] 'clusterProfiler' & AF&3ste] 2 2Z&2% (GO) WF7F w42 JFolA &
AXoz I} FAEH=A A3E AASIIT p- 2 %7] htpergeometric HHZAEZS &8
dojx o™ FDR HAo] A&F ALt

O ODE modeling and simulation analysis

MATLAB (2013a ¥ #; TheMathWorks, Inc, Natcik, MA, USA)9] %t odedbE Ab-&3)
of M2 WANS SFAt. A7A kax, kay, k= X, Y, Z ()9 €3} & 5 UE
Aok 98w B ke (ke 2 k)T X X 2 V)Y &5 8-8S YEdY Y Z 2 2)
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O Identification of active subnetworks for the inner and rosette leaves

71 GRNOlA 54 %219 &4 st9] HESAE A7-4dsted Aoz 7tss &
FAA 24 A5 eSS xTEE B3 GRNIY EA A A DA B2 £ 714 HH
7F Hasit. AWAlE, 53 GRN Eﬂ olElo| A1 ¢] Arabidopsis Transcriptional Regulatory
Map (ATRM)¢] 7 H o]t} ‘?i AME= ApEAoE By @ FHAA AAA £4E 7ve R
J

inner & 2 rosette YolA AR AR o)

T

oo sracro
o0izn AHGRR0 3T1Get040

29 16, W 2 9% 99 SYA 24 o9 V=g

O ZA 319 UlE =0l A Brassica IDE= TAIR IDZ 3ty At} ILRNY RLRNo| E3t
Aot w==(H=)ol A AA =aA " Jao zkzk RN AW 18] 32 RLRNoI A vk

E] ST,

FE dA oFs dEYAAdA AEE FAARGHADE vERAT 21878 /A AHE357 1)
% 10270 FAAH12470 #8)7F FE A shel HESA A SR =4d |29 1]
go] A wrHo 4 == Hd FEIT (C1716).

O A2, M2 u& F4dx 1d9 st A F4S ug o=z yie ZAE QoM &
AR FAAE gl tEA 13 "é@%t W (EAE)S of" ol Fdx wd
Z 2 Alolo A absolute log2 fold-change 11.0(fold-change > 2¢} -2)¢] 7]Fo =2 Z
o dHeolgE dE st ZAsATE A7IA= 7]%01 =<5 DEGZF o AA A" H3]
ot oweba, Ao st &4 ke ESAAE A o Feokd Aot udd
DEG A® 7]=(fold-change > 1.0(1.2¥{, 14w})S A &3t 2 A3 W3 9= 99

DEG+= Z+2t 646071 (5,0437], 4,151) ¢k 6,72971(5,3047, 4,284)7} <+<1 % At}
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O vhATto R, 7 ol i B a9 VEAAT Husts) g e g FHS A
g, /1E WEQA Ga0A e F Y §147 RF DEG AEd 3 9l
ow, 3 % e §ARe gt 84 a9 dEgae] zadan. 1 ¥ s 244
FAA GA A} B Aol YRFAOR FelHols] R Y 2 AF FHL

A2 salgict 1 243 169701197 2 107) ==¢9F 2317015070 2 133) 7FAx8 2 A4
¥ ILRN¥} RLRN<S 77} A4 = dar, 1617011970 2 10270))<F 22870 (1697 2
14671) 7H&ArEl 2 44 = Sl

0

O

O A=A o= oun e o9l MEHAE I5P=AE o H2ES 7] A8, 22 T
o ZAE oA DEGS & HEIIHA 10000719 729 DEG AEE &
T2 A4 FAEeAe AV]E AT 8+ 2AEE ILRNY RLRNo] #Y DEG AE
of FdFe ns) EN F AE FAHLAE I oE As DAY 2). FAFCE
= 7182 JEY=A 20470 DEGSF 20870 DEG FolA Z+zb 1697 ==¢} 1517 =27}
ILRNO = A=}, o] A= &4 st9 UESA 5o ded 73S 4834 o
HEo DEGZF &4 59 UEYI =z ¥IEHJYSS Yepdrh o Re Ta $gr)
W73 DEG7} GRNolA A& AHsA 435 daiso] vt < 9

mE

= A" ILRN# RLRNo| W59 2AE gle] M= o od 445 vepd 4 v
42 W o Ao (-1

(A) Randomly generated active subnetworks (B) Randomly generated active subnetworks
while preserving the number of DEGs in the inner leaf while preserving the number of DEGs in the rosette leaf

Observed 0.020 Observed

0 50 100 150 0 50 100 150
Size of active subnetworks Size of active subnetworks

a3 17. 992 AE3 DEG HMES 71302 &4 39 UEYzY =27 B2 77
WZ(A) 2 9]=(B) 99 DEG 8 HESHA 292 AgsE 10,00071¢] DEG Al E=Z 5
B 9d& ZA4 dEYAL =7] EEo|tl "Observed'= WH(A) 2 9]7(B) Ao &4 39
HES A A7]E YERdTH

O HESA RHHE = HEYAA Wt w3 spe] gz sgdor Hodn. HE
A3 REBEE BASH st A7 9803)E e ul Ego] "o HES A REEZ F
FFL(Feed Forward Loop) 7%+ F 719 48 A} a2 FAHT, o] daE & 2l
TEo® zHEI FFLE Al /19 "=(1370)2 A
d¥d 3+ FFLY d4¥#A4 ¢le FFLE vs

7
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O RLRN¥ ILRN9 3wt Y E
o] ILRNo| A]
AT 18). Z+ %3
FAH dBACHY Y

Al
2l

lﬂ HE|Z BA A, 7 714 F39 d#4 3lE FFL

S5 T A 7HA £33 I3 gle FFLol RLRNolA w55 28 &
W g4 ke UEYZ g §3% FFLs solA Z+zt 714 o)

Z(I1) FFLs ¥ /H& A93 tga(2dy 18 =), 44t a5 A

subnetwork

Network motif types

Network motif IDs

Network motif
topologies

Active
(log2)

10
1.2
14
10
12
14

ILRN

RLRN

DEG cut-off

of /2% £34 mde TS E9

8.08 (P<0.0001)
6.46 (P<0.0001)
5.75 (P=0.0001)
ns
ns

ns

Tz E
1T

45 A

Identified network motifs (Z-score (p value))
Coherent FFLs

ATATA

846 (P<0.0001)
3.70 (P=0.001)
3.24 (p=0.003)
331 (pP=0.003)
2.85 (P=0.006)
2.94 (P=0.0053)

ns

ns

ns
4.00 (P=0.0009)
4.50 (P=0.0004)
4.49 (p=0.0005)

Incoherent FFLs

Ja\

3.46 (P=0.003)
3.07 (P=0.004)
ns
9.09 (P<0.0001)
4.81 (p=0.0001)
5.14 (P=0.0001)

3

VAN

ns

ns

ns
3.94 (P=0.003)
5.40 (P=0.0001)
5.22 (p=0.001)

13 18. Network motif analysis of ILRN and RLRN. 7} WE9=Z ZEH ths), Z
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, 91714 Nreal<

ol

EECIEE!
o4 bt

-

2= incoherent FFLo| & uk&
A HJAH2H 19B).

4= EEZ(Nreal - Nrand) / standard deviation®] 2]&] d+=d

2 YEYIA #HE5H UEYA RE X 5 YERH, Nrand®t Sdrand= 7tz @ 3}

d EYAA Yehve Hd 2 325 AxE vEdY 4 Pt AA b E

dElst HEAdA HENA RHEZ ¢ @el #35¥ 35 107 3

'ns’t 'not marent’ S L}ERITH
O Edg FA% & F 71X gE F389 A= (noise-free on-step stimulus, noisy on- and
off-step stimulus)S &gt} 2]+ coherent FFLoO] A+
W (1d 17A)S HAAZE F dve As Hd g vl

Bl t& dad JE(1d 19A)7 F5 Asd 4838 & ke s



(A) 12

Input
4| === Conerent FFL
+++ %= Incoherent FFL K } i
E}. 0.g| =*= Sinple reguiation J l/ i
3 e
g 0.6 :_l,l 4
ool 3 7 . “
| X
£ 4
= w3
S o2r 3 J
174 /
xd -
CoherentFFL Incoherent FFL Slmpleregu!atlon
-0.2 1 1 1 1 1 L
0 5 10 15 20 25 30 35 40 45 50
Time
(B) 12 T T T T T T
Input
4| == === Coherent FFL a
* = Incoherent FFL
=== Simpl lati
E_ 08 imple regulation i
3
5 06 4
[}
N
5 04 N
£
[} i
2 0.2
0

0.2 | I I | I 1 1 ( |
0 45

o
&
=1
=y
o
nN
S
N
&
w
S
8
N
=3
3

% 19. coherent FFL3} incoherent FFLo] i3 <3 =deo AEH)A A,
noise-free on-step(A) % noisy on- and off-step(B) A= st &8 =9 whg 214,
Coherent FFL, incoherent FFL % 7F¢tal JfA1o] wdo] 3k Al E#o]lAS F33h (A)oA
=9 oA )7k e 3 R obyjdAE A9yt £9 S92 Hdige] 12 ¥+

sFE At

O 9 ILRN¥} RLRN< 7Z}7Z} Coherent FFL¥} incoherent FFLS S5d A o2 7FA] 3 Q+=
7F? A 2d EYAY] A% MAUSS Wle A AESA F83 FA ]
AEE s a2 B oo o8 24849 F e BH Al&=do] ofyn, tial #FH
2 7ve] %A ﬂﬁ]o}] os) AujE = T2 Alzdo]ly] uwiFo] wes dubdow Wy =
FrAAE YAsteE AR & ZAdA Ssste MEYAE Adsts Ao ¥ Fasith
R O = = ATRMoM AL wiF 7 A 734 " T
WA Th coherent feedforward loopsi= inner oA 73]
feedforward loopsi resette QoA A3 FEaA FHH Aot
EfAd EERX 5A4& st dAHIAT o] AEL2
& & gk

ZAE d2 oY 7HA FAA 2EH2E HAHHor W=t g ZAE o
e o Wstol A Aopdr] Sl AelA, EAA, AEA s 484 AAHS FEe
T Qlofof k(i 9). FWIFAE X 113 Zo] RIAE &+ S
wekE Sdistetr] 9% ASAAelv. fele B3 2AE o ugd s ZE
(Cold acclimation, 3 10)°] #-§ Z=Z A
FFLZ 19 2219 dig 453 3= 714
AR 5 ok AAHe® FFL U ES A RE B AFE w3 3¢ o]
T

of Al 7lsd BAT wde] v AEA

rulo

_80_



X 10. GO term enrichment analyses for the genes in the FFL network motifs.

Active - Gene Background
subnetwork GO ID Description ratio ratio FDR
ILRN GO:0009628 Response to abiotic stimulus 97/167 312/709 0.009457
GO:0009416  Response to light stimulus 58/167 161/709 0.009457
GO:0009314 Response to radiation 58/167 162/709 0.009457
. Anthocyanin—containing compound
GO:0009718 biosynthetic process 14/167 24/709 0.038841
GO:0009409 Response to cold 39/167 103/709 0.044157
GO:0046283 Anthocyanin-containing  compound  14/167 31/709 0.05651
metabolic process :
GO:0009266 Response to temperature stimulus 47/167 134/709 0.05651
. Regulation of multicellular organismal
GO:2000026 development 39/167 106/709 0.05651
. Regulation of multicellular organismal
GO:0051239 Process 39/167 107/709 0.063053
GO:0009813 Flavonoid biosynthetic process 20/167 45/709 0.080424
GO:0046148 Pigment biosynthetic process 19/167 42/709 0.080424
RLRN GO:0009266 Response to temperature stimulus 47/150 134/709 0.01354
GO:0009628 Response to abiotic stimulus 88/150 312/709 0.01354
GO:0010035 Response to inorganic substance 46/150 141/709 0.052684
GO:0009409 Response to cold 36/150 103/709 0.052684
GO:0009414 Response to water deprivation 30/150 81/709 0.052684
GO:0009415 Response to water 30/150 82/709 0.056709
O 2t &4 st9l UEYIOIA 27to) YEYI RELE S Yt SAAHE H=stel GO &
55 PAS Y BRE 2HS PR FH(BP) 2524 (Ontology)S 7| O SEQIc
AR vlg vE vlg2 2 UEQ S WEHO Wi JAA oA 545 GO IDE 7H {AAH]
dlg1t 7]A GRNQ| & {AA FoA 242 E4st GO IDE 7H fAX] vl&& UEepdTh 7
Zash oAl 7ie] GO ofolg7F A= I THE10)
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AS5E AMi: FEY #8& FAdAH EA0AY HE3)

1. 71 2318 w59 oggg F2 #-d 23979 SNP 77 A3dE AF wiF T HCore
collection)®] Ho] AX AiF L w2l XM
2 AN FENEZRAEY] AY o|dFH w5 FHEA B vt ddS e Rst
GWAS(Genome-wide Association Study) A& 913 7|k F5317] S8l A AmolA
A3 w3 (Brassica rapa) AR 1977, Y-(Raphanus sativus) 27, 3 7AAH Brassica nigra) 2710l
tjsl Whole genome resequencing(WGS)= F8staiom 20110l 37l¢ w59 35 34 1.2
version?} BA] AMEZFSHE A FAES ZEste] 7+ 3] AlEel digk SNP JHEE A
ok 23y 20161 HiFe] E 5 A 2.0 versiono] FHEIe™ A 5WdZF WGS data®H-E
SNPE AAksh= 4 Z=ad] Bl dpo]xgile] o] &Egk whgh A3ts 753tk wepA o
A, A A TS wjF] SNP BAHEAS Al AMTEse EHE 2 B FAAE 28
sto] AEA o ZA SNPe| Ak 9l o] e =& w5 He] SNP matrixs 7449 2
f870] A7|=E ATk

H

7} vl ¥F #44A 2.0 version /&

2011 = A FesATE F3 wFY T FAATE FAEALH genome assembly©ll
illumina®] paired end typed =efelHelgl7t &t a8y o= dA genome
assemblyell @2] 2:o]iL 9l pacbio readel B3] o] S AolE 7AW FA 454
Wl (cv. chiifu) 24 =719 ¢F 60%%te Wttt tHi-E¢] assembled contig 3
scaffold’b A& codingst= Gl F= HFol HAT whH 20160 3ol TIHE
Wl ¥+ 44 20 ver [6]2 pacbio readS &g35to] 7|EH T} do|7t IAH contig 2
scaffoldE A3l o] d version® genome assemblyo] Z&¥ illumina read® base
corrections F~8 3} th 3 assembled scaffold “dell 41 2] gene prediction B3t ThA] =
gulo] 7ze] BE fAA] 7)ol oF 100 Mb A% Z7hE GAA A 70530 &7
A7F F7bR dS5H A (F D

O

¥ 1. w3 EF FAAY versiono] @& v

Version Total assembled length Number of S_caffolds Total predicted
scaffolds containing genes genes

ver 1.2 283.8 (Mb) 40,367 284 41,173

ver 2.0 389.2 (Mb) 86,986 398 48,826

o15h o] A el Ak A S R S A L GWASS G
Z] %

a}

=
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¥ 2. 13 X5 F-AA 9 version upgraded] W& chromosome® assemble chromosomed] Zo] &

AFE FA% 59 W

Total assembled Total assembled Length Gene number
Chromosome . .

length (ver 1.2) length (ver2.0) difference difference
A09 37,123,981 54,546,398 +17.42 Mb +1480
A06 26,273,242 39,861,403 +13.59 Mb +1008
A03 31,716,688 36,455,009 +4.74 Mb +918
A05 23,941,934 36,115,060 +12.17 Mb +832
A01 28,608,137 33,885,992 +5.28 Mb +666
AQ2 27,848 129 30,435,970 +2.59 Mb +366
A07 22,587,824 29,764,480 +7.18 Mb +931
A08 21,596,550 27,726,665 +6.13 Mb +784
A04 18,967,243 23,467,635 +4.5 Mb +524
Al10 17,595,035 18,561,454 +0.97 Mb +254

1}. Re-sequenced genome fastq 3ol A= g

AEHEZ genome sequencings 3% Al fastq I
check(QC)¢} trimminge] 3 & A oW o] z =
Aot wabA fastg FLWHE 971D Aol A adapter F-& vector /\10571%9— H] -7 A
Aqd 2 phred score’} 2o} calling error EH&Eo] & A7 DS A A3 =5
de] QCe fastqes &3 AHM A AR html LS FAPESE @ A GC
contents, sequence error rate, ~L2] 3L overrepresented sequence®} &> Al 7FA] Alglol U
sko] filtering®] 23S WA @ (29 1),

Base Quality score codlng. method By seqtk
check and conversion
Removing adaptor §equences or By Trimmomatic
low sequence quality sequence

Trimming first 15 sequences showing
fluctuation in the base sequence content

¢

o
M
1
=
>

By seqtk

Remaining reads containing both forward
and reverse sequence over given condition

)

Final Quality check and moving next step By Fastqc

29 1. Genome sequence fastq Y9 quality trimming 24 2z ML

By Trimmomatic

NGS 7+ =9 x7]d F+AE fastqg 3€ 9 9 sequence quality”’} Phred score”} Q64

2 2t} sequence quality filtering ©] 2] 34 <2Ad BWA - mem?©l
93t read alignment®] 4% Q3322 FWHE sequence S A2 37 wjio] Q4=
Q3307 HA3tsl= #glo] & Q3dt} sequence quality coding®l W sto] <dm¥w ZF A%
W2 overrepresented sequenceS A E]3til ©]E contaminant sequence® F3}o] fastq
GAe A AATE FYE Trimmomatic® E3 Phred score 30 7159 sequence

quality trimming¥ 7 433t Trimmomaticol] 2]3F filtering ©] % read sequence
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weke] Aol glolE e A A do] dol GC contents AolA 2F5S BHY & A=
ol seqtkE Fall AAFH. Tde] A7 o]F AR read sequencei= read AHA|7F AHAH
A 30 bp olst® 1 ZHol7b Fol& 4 7] W&ol Trimmomatics &3 F7F A3 st
2 dol7} 30bpE wHESEal forward®t reverse read’}t AF Hol U+ paired readvHS
T olet e A AAHE A fastqeE Fd FEHE ZAE AFAs EAVE 9
S A & GAQ referencedl et read alignmentES F8&A Hl (¥ 2).

ASCII_BASE=33 Illumina, Ion Torrent, PacBio and Sanger

P error ASCII Q P error ASCII Q P error ASCII Q P error ASCII
1.00000 33 11 0.07943 49 22 0.00631 55 7 33 0.00050 66 B
0.79433 34 12 0.06310 45 - 23 0.00501 56 8 34 0.00040 67
0.630%6 35 13 0.05012 48 24 0.003%8 57 9 35 0.00032 68

0.50119 36
0.39811 37
0.31623 38
0.25119 39
0.19953 40
0.15849% 41
0.12589 42
0.10000 43

14 0.03981 47
15 0.03162 48
16 0.02512 49
17  0.01995 50
18 0.01585 51
19 0.01259 52
20 0.01000 53
21 0.00794 54

25 0.00316 58 36 0.00025 69
26 0.00251 59 ; 37 0.00020 70
27 0.00200 60 38 0.00016 i
28 0.00158 61 39 0.00013 72
29 0.00126 62 40 0.00010 73
30 0.00100 63 41 0.00008 74
31 0.00079 64 42 0.000086 75
32 0.00063 65

W -JoWd Wk =o o

+ F= e =g D e 3=

O Wb N O

Py il A~
HagmmamMoe O

[

ASCII BASE=64 0ld Illumina
Q P error ASCII Q P_error ASCII Q P _error ASCII Q P error ASCII

0 1.00000 64 @ 11 0.07943 75 K 22 0.00631 86 V 33 0.00050 97 a
1, 0.79433 65 A 12 0.06310 76 L 23 0.00501 87 W 34 0.00040 298 b
2 0.63096 66 B 13 0.05012 o 24 0.0039%98 88 X 35 0.00032 99. ¢
3 0.50119 67 C 14 0.03981 78 N 25 0.00316 89 Y 36 0.00025 100 d
4 '09.39811 68 D 15 0.03162 18 0O 26 0.00251 90 Z 37 0.00020 101 e
5 0.31623 69 E 16 0.02512 80 P 27 0.00200 2 b 1G4 ¢ 38 0.00016 102 £
6 0.25119 70 F 17 0.01995 g1 Q 28 0.00158 92 '\ 39 0.00013 103 g
700109953 71 G 18 0.01585 82 R 29 0.00126 93 ] 40 0.00010 104 b
8 0.15849 72 H 19 0.0125%° 83 S 30 0.00100 0455 41 0.00008 105 i
9 0.12589 T3 I 20 0.01000 84 T 31 0.00079 95 42 0.00006 106 j
10 0.10000 74 J 21 0.00794 85 U 32 0.00063 96 °

1% 2. Sequencing platformell ™ phred score coding *82419] Z}o|(http://www.driveb.com/usearch/manual/quality_scorehtrrl) oA
E1c]

o W3 EF F3AA 2.0 verd] thd read alignment
Zy AlE ol EH?E A A ¥ read sequencer= BWAE %3] reference genome®| mapping %
o™ mapping A= sequence alignment map(SAM) 2ol FHd& AT o=
picard-tool®l] 2]&] <& AXke] B2 A3k duplicated read 55 2 3dtal o] & data pooldl
A AASY, S read sequence%:— GATKo 93] A% read sequence’®?] nucleotide
77k & B W F9 Alat = Aol tixske] SNP9 Indelol thdk HlolH & A4
%o} beftooldll 2]8] variant calling format(VCF) @202 A Hch dojzx VCF 3U&
st skl el 54 ZlEo] Heoli= SNP¢ Indeldl Wiah 5 A 4o AAE A%
Zk7] Wil o] & veftoolS A& SNPo| tfgk VCF ¢} Indeldl Widt VCF2 #8343

at
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2. 71€ ZE A9 SNP matrix 749 EAH 32

o]d wAlolA e wjF B Fuke] AFEd thit = L A4S genome sequence Hlo]E] S]]
3k SNP A4 Hh2le o] K E W84 07 varant callingdll AFEE 3L 9= GATK do]Zz}el
= =3 ok o, 2 AxfelA FE ALHek= SNP A A2 3 ARESEIE read
alignment &122]Z5¢1 BWA - aln € BWA - memC. & A83k A3} vjF9 updated T+ 4
A& referencezA] E{igk Zlo] 7Pg & Jddoltt 1 o]%9] TAIR] mark duplicate, indel
realignment ~12] 3l variant calling & ©]FoX|i= A= o] 9] w3} F Ut}

olde] Hte] SNP matrixs 74 w, 7 Ale®E SNP ARE 238t A+ vef FUE
GATK®] CombineVariant 7155 ©]&3to] s 78 AleEe WHolHRE su=
vef 9SS wEQTE ey o] A9 3 AlEolA SolaA HfsHE SNP position®] S
CombineVariant®] 232 ttE AlEE2] SNP AH7} o] positiono] a4 missing valuesS 2zt
A "ot 1 A3} o]e]dF missing valueE Zbi= position®] YERG olf= A F AR &
et AR AA Eold SNPE 7Fx 1L A9 3 X0l align® read sequence’} $1oA
missing valueZ YEIUA & AL £ F Juh 7 HAZE | 21X align® read sequence
7} reference$t FU3dte] o] AE9] variant callingol| A variant®A YERA] e AL Ayzbst
T 9tk o] F}AHME EE missing valueE reference?| allele® | 3lel= Z oz A 2lshe]
SNP2] missing valueZt $1& matrixg THEJAITE $& 227120 GWASHIA false positived]
7FsAdol =& SNPE o Atk #A1dS WEskoh (29 3).

K Notice
1/1 -> homo {alternative)

ACL:12 A01:8 A03:124

Before

Integration A05:126

A03:124 A03:124

0/1 -> heterozygous altele

AO5:126 AD5:126 A07:234 0/0-» homo (reference)

AOQL:8

AQL:12
After
Integration  A03:124
By GATK
ACh:126

AO7:234

29 3. GATK CombineVariant ¥4 & % 5% VCF ¥ 749 #AH. 535 VCF 34749
/.(missing value)7} YE= A2 <l Ffefo] Er}E3i)

Fedt 71E9] SNP Aabgale] wds sdsty] dle SNPE FHS = ZF §-3A4 e
positionel]l tialA FJE AlE AAel diste] FAlel SNPE callingsh= W2le] &9 g Ao]
A 7] =] ATt

"}, Joint variant calling® =4
sty ZHE FJA9S o]F= AEEY WsY re-sequencings Festal o] ot
Ae o FAA el 2 ol dig ol o RE
Ak (2" 4).

reference alignment 235 7}X| 1L

£ AgoRyE AFdt WAL Hs



Variant Calling
To 1 ke

variant fitration (5 a subject worthy o depend an the purpose of your study and qualily and depth of the data used 10

23 4. Samtools manual webpage(http://www.htslib.org/workflow/#mapping_to_variant)
Aol 7]€ 9 multiple sample2 ¥ 9] variant calling %4 2 &z}

f
=

samtools®] mpileup 7153} beftools®] call 7152 #5522 B4 AW A 52 E A
A glolizg2 AASHH E49 bam Y (AFH read data’} reference alignment ¢
W APEFYE FHAA Y A ®o] f1A e diste] AleE Wol AHE FAl
= 7 Aok AYe a&3tE fste] wiF 7 AlEd A @ SNP position®] ZEEE
gatar TEE A H 2 g A2EE WHESY. 183 samtools¥} beftools
Aol A uniquedt XA thsf A"t joint variant

Chromosome(A01 ~ Al10) W5 =2 F&3to] 2

=
=
24 zastd 5 Stk

2

N2

g

°] piped process®l w3}
callings T35 3t oH

e =4 AH WM W¥E A

B}, SNP matrix®] AZFHA FFS 93 filtering A &
Hj = ebo]l tiske] joint variant calling= $3 SNP matrixE 743 o]F 24 AM871s3t
2B = SNPYhs w7171 918 244 Axbr Zesitt filtering®] ¢4 FF 7 419 A
o]= ¢J&l multiple allelic positione 12} SNP matrixoll 4] A7 3} bi-allelic position?hS Zt= vef
files WHEt) ©]o]A SNP position®] 4 qualitys X4317] 93] SNP positione] QUAL 309]
A} 1831 3k SNP positionel] 3k 2= A% SNPQ| genotyping quality(GQ)e] Hito] 30 7]
9 = filteringS 33t} ©]% PLINK softwares &3] MAF(minimum allele frequency) 715+
o] 0.05, missing rate 10%°]W Hardy-weinberg threshold 0.001 272 ZF filteringS -3

st (29 5).
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Workflow of SNP calling from collected germplasms

1 Creating list of putative SNP positions in
the B. rapa population

3

2 Joint variant calling by samtool/bcftool
pipeline

A

3 SNP filtering

A, Bi-allelic position only

B. Quai > 30, Average(GQ} »>30

C. Thredhold of Hardy-Weinberg test 0.001
D. missing rate < 10%

E. MAF >= Q.05

23 5. Multiple sample®] joint variant calling ¥ F =] 13 SNP matrix?] #Z 2H€HY FA M&

2. 9% -G SNP 94X i3 annotation 2] 2
snpEff:= AFvl(Gava) 7I¥te® A H ZaE gdlow AT Al AEo EF
FTAA Aol dS5E FHAe 9A ARE 7oz ¢ s
Aol e AAe FE udel i 9% 2 wol

(L)

A
A
intergenic region)S F&3dt= ZE g o|t} snpEffo] 93 input data® AF8¥ ZE Ho

o ABW Wol P4 /FE vof filed] Wol WA
w2 B el A AEgs
A

2]
= <l ¢ 2
E AAAHeR gelst F ot g HAE FAoF AFEHE Hd
J P <]
1o

S DR L
o
=

n-ate] W g9E ol a8S =3 Aoz Foldd 4 Q) dx FEN=ZZA

Eo A tFE 5t Ax e T wiFe U ¥ F44 ARE FREa oS snpEff

ol A 1A1S A% Adejoltt. =% 315 (pepper)
S

(E
L
do
2
lo
jab)
=}
=}
©)
S
Q)
.
Qo
=]
o
A 4y
o?é
o
ol
N
do
(%

9} F(radish)E tiito= dx
SNP annotationS 93+ A AE 4 A & o|t},

3 F8 FZEY EF FAAY 3 dA H FH7H

e g Predicted ]
Crop Scientific name . Journal and released date Institute
genome size
Chinese cabbage | Brassica rapa 529 Mb Nature Genetics; 2011.09. MBGP
. . Theoretical and Applied
Radish Raphanus sativus 573 Mb . RDA
Genetics; 2015.02
Watermelon Citrullus lanatus 425 Mb Nature Genetics; 2012.12. IWGI
Pepper Capsicum annuum 2700 Mb Nature Genetics; 2014.01 SNU
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3. W3 GWAS 2AAA Y] BustE g viF EF FHA 719 R A4k

aAl, wF ET FAAY AVIAG ERke] ohd A Al S thekgh 400 gk R
7F A FE updateZF HAA T o] A 3] read sequence®] genome assemblyoll A A scaffold”?t
1070€] chromosome .2 &35 %] -2 ZFslolt}, 3% ordering®] ¢E ¥ scaffoldE9] Alolddl EA|
sk gape 1 9AC Bete @7IME AEE updatestil, TFEHA B2 vhEE Hold]
scaffold®] $1x1E FAafjopnt wiF=o] A FA HHE Hygtoz ntgdst=s FF A HRE
AAREE 4= gltt o] 2 93k 7)uk A EA] Bionano genomics®] Irys platforms &-83ke] chiifu Al
ol ti3te] optical mappingS G TH (T1H 6).

A B Assembly pipeline

developed with Ernest Lam (BioNano)

scripts available at: i5k-KINBRE script share at GitHub: Irys-scaffolding
https://qgithub.com/iSK-KINBRE-script-share/Irys-scaffoldin

1% 6. Bionano Irys platform; A) Irys Instrument (IN-011-01), B) Irys output data® ¥4 ulo] =z}l

Irysi= NGS(Next generation sequencing)®] A<l @A7|A gl Ailo] ofd EH A|gta 1o
2L E AT Al e R AEHE WA 9] sequencing AXHE A4S Iryse] read size
AAl NGS 2ol A 714 71 4ol9] readE A4tsh= PacBio®] read sizes A 3]st A4k
Sk read’do] ATas A9 HEHE 7o 2 AL read] assemblyE Fa5te] 719 PacBio
Hh2lof] H]3] assembled contig size’} B2 &E scaffoldE 74T 4= Uk 2} o] Wl A
St g4 fIAINRS ¢HFE optical mapYhE AJAFSHZ] wimo] =] NGS wWloz S
scaffold®] sequence 2] At &4 9A|9] IES optical map 9 pattern o] NGS
scaffold®] ordering¥} scaffold®] assemblyS F=aafjofdt st} B 2o = g3 wjF F+ 73
A9 updateE H-EZ wjF9] ¥ AlS chiifull W3 optical mappingS 5733513t}

rlr

-

(o5

7}. Optical molecule? +A4

Optical mapping= 93 F+ 719 A= 2 Ag TA2BspQl, BssSDE W oz g st
a1 ZF Algk g 40 wE optical molecules /38t 1 A3}, BspQI2} BssSIel tjshe]
Zy7y 177437, 133475702 readE TASIR oW o5 7zt 44064Mb, 27,936Mb2]

reado] W3+ label density+:= 7.4/100kb,
D=2 A Aol X7} labeling® Ao =

genome sizeol| “-&-ttl e Zb Atga
10.5/100kb= BspQI7} BssSIo] Hl&] ¢ %2 %
YERSTHGE 4).

~m&
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E 4 A2 g2 F AFELE 7|vte 2 FA43H Optical readd] 712 AR

Quantity Mol. N50 | Number of | Avg. Label Density

Enzyme (Mb) (Kb) molecules (per 100 Kb)
BspQI 44,064.0 2449 177,437 7.4
BssSI 27,936.6 198.4 133,475 10.5

1}, Optical read®] assembly 23}
Az & F ATEABspQL BssSHZFE Aoj7 optical readE read AHA] el A3k
4 A AHE VHto R o] read?] assemblyE vt =3 Ay ¥ 53 2o

E 5 AR UE F AFIEALE 7o E 7449 Optical readd] 712 AR

Number of Consensus Consensus Effective
Enzyme Consensus Genome Maps Genome Maps coverage of
Genome Maps Size (Mb) N50 (Mb) assembly
BspQI 723 410.575 0.905 93.691
BssSI 994 326.061 0.348 78.574

Read assembly A3}, BspQI 7]4¥F readi= 410.575 Mb2] genome sizeZE zt:= 72371 ¢
scaffoldE 773t 2™ BssSI 7] Hk read?] A$ Fd oz 2 326.061 Mb =712 994
e scaffoldE TAd3stA Tk 3k N50 x5 vt -9 BspQIe]l N50¢] BssSI®] 1A
of Hla) ¢ 38 e FXE Bk a9 wF EF @A 20 VersionC’] assemble
genome size’} 389.2 Mbz <&z w3 F2A 2719 °F 80%E tFAIT F 86,98671 2]
scaffold® o] F 7 AS #Aotg S uf E 2P| A& optical scaffolde= H—r X 4
Aol Aolrrt o 20Mb 4 RF ofyg}t o] & 723709 scaffold® &St Th o=
o] optical scaffold® ©E NGS sequence®t AEsle] NM=ZE X g
u o] Al B¢ 723709 scaffold® o] Fo| ¥iF FF AVIMEE & 7 UTh
71 9] chiifud] linkage map AHE & & F7} Argo Al
& AFEE 72370 B ¥ A& 9 scaffold®2 7T 7 e

—

L HIE BFE FAEAY QHlolEd thE I SNP 4HE W29 Az "8y
AWk ol A AZE] A9 1 Aol Fx7F 20fAolY oY FAEL wujEg AdolA Fo] -3
28HS YA st GRS Addete] 5 AL 2 dufein o)9f 22 s §43%7] ¢4
M REA] AAAEZ S double haplodizationo]t sFAltel AX] inbreeding= &3l 4% AlEe +4
TEE Fo F A A BE FAIY 408 sdatA vheo] 4Eo=EA9 F4 ddis &

A

Bty a2y AaFES I givkgrt A7HE SR (self-compatiblity). -6/ (male sterility), ©]
& ol (heterostylism) 12|31 AAEAH 9} 22 A7FrA(selfing)e] &S Adlstes AESH AAE A
Y glo] #Hst2(cleistogamy)S 3= 23 A& (Poaceae)} 2] Al 14 ¢&2& oS3sa
FAAZI= Aol oy, Hsh %ﬂ | ZFA7F 234 Al A9 polyploidy event®}  retrotransposon
59 #gso=z I FxRUe A T""‘o] FEAERE o]Fo]x] glo] sequencing ©]%F de novo
assembly®] A5 Fste] scaffold A=} AIE chromosome T2 =o]= o] 7|&
Ao o]t} o]l FE3Hr| 93] 7114 illumina®] paired end sequencing 2.t} © 71 Zo]9] read=
T3k Pachio ¥ FHAAY Agdasr A4 9AE w5 I FFSE patterningsh= Bionano®
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optical mapping(Irys) 7]&°] =% 7]£2 de novo assembly®d 3FHAE do] vy A3k
chromosome sequence® WHso] Urkal = Aol & {44 sequencing EZZAES FAo|t} HjF
w3k 20119 MBGPo 93] A WHA reference genomeo] &71¥ o]z 201619+ Pacbio 7]%&0] =%
H 20 vere] F/ME A 2018 @+ Bionano Irys7F =9 ¥ 3.0 vero] &/iE o] 215t A2 RF| E
A XA scaffolds A3 TS JNAE reference genome©] F/NESATE o]9} o]
reference genome®] A& o7 AHolE HoEH UL ATs SNP AHE A7) 9= SNP 14
2% YJulo]EX = reference genome?] WMol gr3=of ZgAE dg o] Qi) weEkA HiFE 7]Eo
2 AA7A FNE reference genome®] 5435 A= vlastal AjEA 7'EE reference genome Z -
H @A B A wF 9 sequencing 23S A838te] SNP /S AlFedstiy gk 2]
of X&) FAA A FHFE SNP loci®] ol &S WA= 208 AAsta 8159 &3 wah SNP
A

] o
matrixE 7443t 7} matrix®] 54 H7lste] &4 el

e

=z

N

G SEE

7b @3 wF EEFAAY AL o)
Hl 5= 2011 o] = AA7A| F Al Hell AA FIN reference genome?] ® 2] o] E} 118
w0} gt} oW sequencing platforms ©]-§8}% =7kl whe} reference genome®] B7Ho] T
WAoo L2442 Mllumina ©] 9 A% 7|&0] shby =9lwojgi},

e Molecular Plant Cebress

Brassica rapa Genome 2.0; A Reference Upgrade
through Sequence Re-assembly and Gene Improved Brassica rapa reference genome
Re-annotation by single-molecule sequencing and
chromosome conformation capture
technologies

(2011, MBGP) (2016, Wang et al) (2018, Zhang et al)

a8 7. TANFAYE @Y 83 reference genome FH ¢ =&

oo} 7o AMEL 7|&e 7|Ee] WA Y 1] o7l 571 read sequenceS EH = Aol o] W
oJ#x] 9o o= 3 Pachio 7142 7% kilo base pair ¥912] sequence readS & = AAATF A7|A
dol AgLrt Muminal 176 Hlsf o} 7]&e] A4k Iumina sequence data
corrections &F= WA S 2 Mlumina W4o] ©A8HA] 53t contige] Zo] 571} Pachio’| #
o]+ sequence?] AFAS Ao H YR WO R reference genomes e Itk 1Yt Pachio
sequencing REORE AAatze] A dAWHoR Uit 5G9 TAE W syl o
Bionano IrysE &3l A5 ZAe] Algtasd 91X 5 patterningdlal o719l Pacbio 71¥F] contigE t-8-A1A
HARTE 4L 714" No02] scaffold 2 pseudomolecules A5 5 A SATh 78 &l 270E HI-C
sequencing< chromosome 745 $13F scaffold®] ordering WA 0.2 Aetwo] FAJo] &5H scaffoldES W
& 9 AE AR &8kl 2olal vk viFe] ¢ 2011 3 WA reference genomeo] E7HE ©]
g, AlEA 7ol T gl §lSlo] AEH o E WS YUolE AASIAL B vlE) dddt o]

No0 721¢] 70 2 chromosome “doll S84 23k scaffold®] 4+ Al 27 ol TS AFsHth

N i
18 ol
ol
ol

= 8
it @
= 8
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E 5. i3 reference genome?] W] W& genome property? H| i

Genome status Ver 1.3 Ver 2.0 Ver 3.0
Al 26.790Mbp 33.80Mbp  20.6Mbp

A2 26.040Mbp  3044Mbp  31.44Mbp

Al3 31.77Mbp  36.46Mbp  38.15Mbp

Al 1927Mbp  2347Mbp  21.93Mbp

A3 253Mbp  36.12Mbp 28 40Mbp

AlS 25.21Mbp  39.86Mbp  29.17Mbp

AD7 25.880Mbp 20.76Mbp 2893Mbp

ADS 20830Mbp  27.73Mbp  22.98Mbp

A9 38.880Mbp  34550Mbp  43.16Mbp

AlD 1641Mbp 1836Mbp  20.73Mbp
Scaffolds 27.58Mbp 60.50Mbp  56.56Mbp
Total genome size 284 86Mbp 391.41Mbp 353.14Mbp
No. of Scaffolds 40,357 86,342 1,003
Scaffold proportionin the genome 9.68% 15.48% 16.02%
MNo. of Identified genes 41020 48826 45083
Published year 2011 2016 2018

Gene number variation followed by update
of B. rapa reference genome

e \fEf 1.5  g—ifErd O - Ver 3.0

I% 2. vl reference genome WA W& ZZ2RF A9 4= FAA 9 W

2 A A= 859 reference genome 2.0 vere] &7l ©]% o]& 7|RES. 2 g SNP calling %
AREAS etk 28y 20184 ¥l reference genome 3.0 BlH 9 37 o]F A F7hx] F/HH
reference genome©®| 7= EAS vjusk A3(# x, 19H x), reference genome 2.0 ver®] th&
Hdol Hlal] tha o]d Al s HAth AAl Wi reference M 2.0 WA 159 303 thE
T AlEollA 4& sequencing R AHAEE &3 AR Qdl 99 2 ARE HEUE Jo=E

Alg g} =l 27102 v reference WA

—{ﬂ

7 AE 20 A EE mummer softwares £33
A

]_
o1& A3} reference genome 159 3.0 =2 F79 AME FAEE Ho|X| T reference genome 2.0
< U8 MY vuste s o a25% d2 A7 el WA Yels AL g91E 4 diTh
(199, 10)



29 10. vl3 reference genome 159 2.09 22X

4 49X % "

A

At 22 w59 reference genome 543 tigh AubAQl EAS u2etd S uf wjFe] FAAT
of g AFgHo] 99 reference genome 158 =& HYFAS 7}Aw chromosome length %
scaffold ordering ¥A1& A9 H& 3123 reference genome 3.0°0.2 A4S F35t= Zlo] 7]

£ Zutk JEYL AT ANRE AL AL Aol AnHh

Y. 8% 8939 Whole genome sequence B|°]E|¢] reference genome 3.0 BlZd w3
alignment 3 232 H7}
Hl$ =1 20170 Al F Pekinensisoll @38k 1757 AlsS oz dto] 153 vfo]zalql
< &3 WlF reference M 3.0° alignment ¥ bam file HFS FsIATE. AP bam file>
Qualimap softwareE &3l sequence filtering % bam file HHIAANA FA¥ read sequence’}
reference genome 3.0 WAS depth F5EE o] HE9 breadthS Hol:= AE A3 tH1H

11).
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30.00%

Proportion of covered reference
genome supported by minimum 5

Putative coverage against B.rapa Reference ver 3.0 (353.14 Mb) (X)

a9 11. ¥i3 1757) Al%2 &7] sequencing coverage ThH| alignment ©]|¥ reference genome® 5 depth ©]*%
Avl = sequence H| &9 AT T,

A ARgE 17571 Ale 11719 dElE 2421S A9 sA reference genomedl Wial Hit 3 T
5X %9 coverages HQIth ol#e AFES 753 do|zeols AXWH FolX referenced 5
depth ©]’do.2 W= mapped region®] A A|52 50% o]siQl Ao Z YEpRth gk %7]
sequencing coverage T=°] 10X ©]/Ql A% A2l sequencing quality®l ™z} 5X ©]4 mapped
region®] reference genome A9 H|&L FHd 70%= Yepl oy mjg- 2 EAS et oF %

5

|

o~

7] sequencing coverage’l 20XE ‘W= 7d-F-wro] QPFA SR 50% o3| reference e
depth ooz AW Aoz yepyt) ¥k ol A5 read sequence’} 753k 3bo] )9l
S AAEA e AL FFoR {FHo| HiE JME gRleh A3 %7] sequence coverage 71O
60% <6165 + 446 %)2] read’} variant calling 24 FolA ZEHH o] 24 40% 9] read

tlo]El & variant calling®] 38¥ Aoz Yelyt

a9 12. A%2E %7] sequencing coverage WH] &% mapped sequence coverage® H] I

Aol variant callings H8l 753 gpo]=Zelele] 74 adapter sequence R low-phred score
sequence®] A7 o] opuje} 1A} HEw] oA paired end®] ¥ sequence’t HF- FAIE pairite]
alignmentel] ¥H3%1a alignment ©]%o| % F paired end sequence’} 1000bp ©JW19] insert sizeS Hojopst
variant callling®l] &-8-5317] wltoll Ads] 9438k 9] filtering conditione ®H.JItkal s 4= 9l 18}
low-sequence depth 9159 sequence Hl°o]EJol|A] false positive variant®] WS FHA3l8l7] 93 2X%7]
wiell ool tigk 215 estr7)7]E offith whebA 7|8 Axrtt ts Aol Sl variant callings
AarE 71l wiFrdel tiste] Ak RAFS 7o RE & HAFC] olFE X & Ful &
s 53] 2 sequencing depthE Hole AST2 F7H91 sequencing 2Fdo] a3k Ao AlaHr
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o). sho]Ze}elo]
NGS 79k Z#

=2

genome®] ™3l variant callingg 3=

TAE™ 7} commands 5% AZEYE &

HZ 2] Sequencing <

&3l

o3 F4 =+ SNP matrix 14194 marker loci 5ol &S

nx= a9le ol

]EJ Whole genome sequenceZ-EH reference

22 AW 3494 command lineS &3

LxEdol= o 7 HHrEE A4

Hrol z2kQ18- =8sit}, A=t ZF A< ﬁﬂﬂi‘j]ﬁﬂ z3to] FAE o] HF2<el SNP matrix el A 2]
marker loci®] F 7ol FE&S vAA He AS AAT 5 Ak B AQoM= A AE,

reference W7, Aol &xd

bam fileg input® & Variant callings A &% o=

FHEs AZE

9o, minimum depth, missing rate, mimum allele frequencyS 753+ 3fo] Ze}elo] A SNP matrix
9] marker loci 7|50l 9GS m|x]E= Q9low MAEFT 7 2919 FFHZ SNP matrixs AJAHsH

of ojd aglo] 7P A7 SNP matrix 74 Aol F&= vA= AS ddstarzt sdnt (& 6).

E 6. SNP matrix®] 74 9%S vA= 293 W59 9

Variables Casel Case2 Case3
Accession number 145 199 -
Reference V1.5 V3.0 -

SNP calling method Samtools HaplotypeCaller -
Minumum Depth 3 5 10
Missing rate 10% 20% 30%
MAF 0.01 0.05 -

& 2] HaplotypeCallerE 83+ variant calhng—— o}z o] Fojx| A o} E 2/ A2 X2X1X
3X 3X 2 2 AA3%tY variant callingS g2 o7 % 3 st o shutel reference genomet A
gy s olste] gol dis 21 #& 9‘r 2o} A8 A& 79 reference genomed] Z3tHol
F alolmz ® 34 dE 23el £2 Fav 44 A9 297} dehA A
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¥ 7. minimum depth, missing rate, 182 MAFE 3 =% 7153 4 %9 groupS H43 23

Depth supporting specific SNP position Missing rate in one SNP position Minitmum allele frequency Group
001 Casel
0.05 Case2
001 Cased
0.05 Cased
001 Cases
0.05 Casef
001 Case?
0.05 Case8
0.01 Cased
005 Caseld
0.0l Casell
0.05 Casel2
001 Casel3
0.05 Casel4
001 Casels
005 Caselé
001 Casel7
0.05 Casels

01

MinDepth 3 02

03

01

MinDepth 5 02

MinDepth 10 02

o9} o] & 72/09] AFE A T =YX o7 SNP matrixes A8 ZF SNP matrixol| Al
Elt SNP marker loci®] 749 #¥= 19 133 2t}

SNP number distribution followed by SNP calling process

500,000

500,000

<00 000

S9fines  m Verl.5 145lines

a9 13. ARG 727 A %9 ©rE SNP matrix® marker loci A45¢ £¥

]_

of

i
M $2 K

reference genome?®] W Aol TARle] 1997] AES A O E minimum depthS 302 &
missing rate 30%°]3t, MAF 0.01 o]’ w] ZHe] SNP marker loci7} YEl+= Aoz &
t} 1457 AES AHE3 BE 79 Pekinensisol &3 AlSEW w5 o] chinensiset 2& v}
ofFol EiH = AF(19 AlE ol &R FHAQ vgdAe] Holx FHoR e Jj4e SNP
marker loci7t YelU+ o= AWd 4 ok Depth 59 10 7154 27190 74-F SNP matrix W<
marker loci7} 10,0007] ©]&t= YEelY GWAS #4133 222 A4 f4d4] Ao HolE to= e
FAE o= F-A5e Ao Alsdth WHAH case 59 case 69 22 minimum depth 3 7|¥F A
9] SNP matrix®] 7%, i3 44 duke] 2 3E35= SNP marker locie H.o] A9 & depth® ¢l
g Al A o] W2 SNPE H|Fo] & Zlo] 5 F49 Aol & nA= Folgt & 5+ 3

518
2l

Jor o Qk
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2t HF AEH= SNP gl 9Fe A= =Fol W& SNP matrix®] VA H7}

-SHch wabA ZF loci?t reference genome’dell <lZ¥ A coding A Al EA4)
SNP annotatione %3 7Zo] 7Feslth ut ofyzel ZE A x T8 A o] zt= 54
sequencing 2}l Al fastq IL-S A4ket o olgjgt JHoA F¥ read sequence’t AU

)

Z HFS AA S 7sAlo]l 9tk o]l read sequence”} read alignment ZFAoA Y F

T Atk wEbA 2 Agelxe 727 X2l wEt 4d¥ SNP matrixE SNP marker loci€]
genic/intergenic -2 ¢4, heterozygous rate -+ SWAA #Esto] {7 EA] o] &-83 SNP matrix

o] NFA F2& Hrlataat o d 8). SNPY genic/intergenic 39 o] dHe AEd
o] ARE E33t VCF #US inputl® 3te] snpEFF AZE9 o] & &83lo 339t} snpEFF
A2ZEY o= w59 reference genome®] L3 AW AR RE ¥ AV|AGy} 1 o o =H &

Axpe] YAE 7|02 SNP matrix 9 7+ position®] ™3 annotations 3§t} FE3F SNP
matrix A2 7 marker loci®] genomic positiono] thall ZF AlEEZ 1 $X 9] F3+= genotypes
reference®} &<, alternative allele, missing allele® F+&3tx oo 3 EAXZS A= perl
scriptE AHA| A o2 ZHA3Fe] SNP matrix WollA el 25 SNP marker locidl ™3k heterozygous

rates S43HAh
VCF file before population
genetics filtering

SNP annotation Calculating SNP statistics

Giving SNP info to Hapmap Heterozygousity input

Creating Chart for SNP Visualization by boxplot

location’sdistribution and table

4 4
B E=EE
4 4

29 14. SNP matrix® 54 % 7HSNP annotation, heterozygosity calculation)d] =4}3}

RE z4dd dgte] FAE SNP matrix W] SNPo| ¥l H® 7} o]F3= genic/intergenic -2
of 3t AR = matrix W2l SNPE H]&2 ¥33}o] bar ploto2 YERSS™ SNPE°] 7 lociol
A AFE genotypel ZH-H AIMFA heterozygosity 2] FAA= box plotd] FEZ XHSFATH LY
15-18). o]¢} & HolE] AlZbsh= R ggplot2 #7141 & &-&ate] stk
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Ao PIAZ mapping ¥ ASE AT 4 Atk heterozygosity®] A-F WAool H=& AFolA
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parachinensis, ssp perviridis, ssp trilocularis, ssp niposinica, 7123l ssp. rapa 3+ A E7o| A
o AW R WY BrhE FYshA

(1) 201698 =€y HA
2 ZgelA Aste] el okE BY % e ele] Aol
s AE delsar £ gie 9g A% o3 s’ WA Qo) wAl HEd 2

dA]S Holdte] T doHE 1A ’3}95\‘:}(0 No trichome, 1= 1 ~5 trichome in the Sen, 2 =

ME% TUT 1547 FEE 7 A7lel 2F wolA Ausigon] 3719 WS wiFe] AT
Aol 4% 99S ddes AFYegct Qde) TG do IuW, F5, 19
3 gedA glstgor TPYS YT Ale TEAF €62 B3 APSon AN AL

A
7lako 2 Fol7 ukE Abo] EgFe] WAl /|45 counting AT H3F stereomicroscopes EH-E-3h

A) B rqpaline number distibution by phenotype groups B) The trichome presence/absence proportion
in the given B. rapa population

4 4 5 §

- e | = —

All pars Notin  Edge only Abaxial only Notinedge Disrubted No frichoms
adaxial

39 19. WiF R 154 AT 99 BHI 2A 2 A) wiF A= A FPl wE E70l HE AT £ B)
e el o w5 H‘rl Aleel &7 (HHEdlelA dold RdFS Hol= 67] AlE A9l

}. NGS HolHE &83 w3 1544152 genotyping

W5 15470 Al%9 sequencing HI°JHE 7]Ed FA3 wlF FHEEY llumina paired end
sequencing HlolElo| A AFto a3t AlFel vlsH e IDE 7oz AWy AR sequence
ey Azxtel 2elS &) adapter AL A 2 low-quality read®] AA7} o]m] o]Fo]zl
Aejoltt. 2k A9 sequencing Y2 M= F/HE vlF9] reference genome 3.0 B Aol thdte] Aj
=2 alignment’} o]Fo] o 7]Ee] =3k w3 wpzlk7Fx] 2 MarkDuplicates, IndelRealignment,
AddOrReplaceReadGroupe] 3 & ot F714 02 reference genome®l alignment® paired end
read?] insert size”} 1000bp ©]W & mapping¥ read WS VeftoolS ©]-&3F variant callingol] WFd 3}
At 4" 2E AE] tiste] E Al SNP calling ©]% depth 5 ©]4 homozygous alternative
allele?t=- filtering 8FaL ©] SNP positiond] A& HE$ S ZM reference genome Aol YERE &
AT BE Thssk Wol QAo g gAEE ST o] unique SNP position®] gt 2| ~E

AEHEE HHo] &5 % bam fileS inputl® 3t samtool¥} beftools HHo]x g AATE W=
%3 joint variant callingS 33T} o]9F e whalog AL wjF 15471 AlEo] o]F= Htol
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3t 1%} VCF file> minimum depthE 322 3]-83t3 multi-allelic SNP position #|4 2 variant
quality >=30 Z7ox FE#3 & PLINK softwareS %3] SNP position®] missing rate 30% ©]
3}, minimim allele frequency 0.05, heterozygousity 20% ©¢|3}e] ZHo = HFE M¥EAAHS AHA
2746367112] SNP positions < F AATH (& 3).

E 8 WlF £ SNP matrix 74 FAA9 e =] W& SNP marker 7159 W3l

Properties Statistics
Initial putative SNPs on the primary matrix 5208748
Bi-allelic only variants 5052372
SNP

number

inctmiton Filtering process by missing rate over 30% for all SNP positions 325294
through
filtering
process

Filtering process by MAF under 0.05 for all SNP positions 322150

Filtering process by heterozvgosity under 20% for all SNP positions 274,686

oo HlF XS dd o g FAEH

daEdh 202 =g SNP matrixE €-83F¢] SNPhyloE &3 phylogeny #41 31 ZAHH
ZdP ¥ Agste]l GAPIT 7I8ke] GWAS #41& Tt &3 ded 23olA minimum
depthE 52 A8 ste] 979719] SNP positions 2+ matrixE 74439 Strauto softwares &

2%
8 STRUCTURE #4& F3st3ith

N

(T

(1) ¥l - 1544159 SNP "Holg 7]ute] AFx ZA

SNPhylo software= 9#® ZE SNP positions oz AE AY njus F3 A=
Asl= Ao] ol Fo]2 SNP matrix Aol 4 LD(Linkage disequilibrium)E A" &te] s e
Hol 5 o g AE7t 34 A-lE 4319 Phylogenetic treeE 23St} 2419 T35 o]
AHoz 2Age AFLe png FY o] newick XHoz FAHE EAANE A
= FigTree (verl4.3)oll 94&E3te] root formatle & AR & AEEE A o7 A ICH LY

20).

il
N
X,
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a9 20, w3 dd FA FAEAL &) ARA wjF 154 AEY AE=(Phylogenetic tree) (Red node:
Non-pekinensis, Yellow node: Non-trichome pekinensis, Blue node: Normal pekinensis)

AL rootll - AU Z7]o EAH subgroup< pekinensis AlE¥} non-pekinensis 7% ©]
EAE ] YA AvrA o g oldo] fle FAES Holm 1 thy EA9A] she] subgroupel Hith
9] non-pekinensis AlZE0°] clustering FATE 1 2ol F 7Y AlEo] (CNU_28062, CNU28063)
°] pekinensis®] subgroupell AT S GR1T G Ao o= 3T AlTY =2 missing rate
7 7108k dehd Ader hdE & otk Ale kA dwbdos Hole FAE AHEd
non-pekinensis group®] A€% Wl outgroupe] FE|Z LFERL}AL ©]F pekinensis groupdl 8=
ATEe] 8o 1 dugrt deo] gl Also] A Yl o] % ®al7F 1w
A QdES 7K pekinensis®] AlEo]l HAF FrbstAl Hal HkE Aok GAE BT ol E3)
W F7F A 5ol = non-pekinensis Al'&elA E3late] §F B AdHAAA dE] A vHE g5

gk Zloleh= 7HE S Al 4 Sl

ﬂlOﬂJ

(2) STRUCTURE #41& &% w5 &3 1544189 F37 7329 2d

Joint variant callings &3l 43 154782 &3 VCF file We] Minimum Depth7} 5 ©]
SNP+= missing %2 *g]dtal PLINK software® &3] missing rate 30%, MAF 0.05, L
heterozygosity 20%=Z HolEE FAlste] 979719 SNP positions ATk STRUCTURE #
strauto softwareE &3 MCMC = 10,000, burnin=10000 %71 2.2 subpopulation® 4+ 15-¥H 107}
2] 748t ZF subpopulation®] A4k SAEE 203] wEHESHI T STRUCTURE d4F A=
structureHarvester.pyS %3] Delta K& #F=3}al Structure 234 softwareE &3] Q matrix ¥
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a9 22. A) w3 15470 AFAAM detd dd BdF S ZA £X. B wiF 1640 Al g 15 =

a9 21. 1544154 939 SNP position®. 258 &% STRUCTURE 239 Aztsh A) 13 10744 784 Joy
9] subpopulation®] gt Delta K, B) K=2Z 7} A& 499 A9 Structure, C) K=4Z 7M4HUE 459 Fte
Structure, D) K=8Z 7} 3& 449 "9 Structure

(3) M5 49 2§ FHd tigd GWAS £4
w5 154 AlE9 genotyping #HOoE AbESE 274686712 SNP marker positions ZHE SNP
matrixel] 199 PA XA AHRE GAPIT 7|8ke] GWAS 245 Sall AFE¥ SNPoF 2AF 23

7ol associationS 74T}
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C) w5 15470 A fdxgel ek PCA plot

~logqo(p)

GAPIT2 GWAS 40 oA e FHAEE 7431 & o] F AP I Aoz =4
ARE $A40R Baste] a7 x9 dAs gol A Fue] BAFA/HATY EHS aokse
A ARE AR 9 W A ARk shtel ABelA 2¥A wge Bl AR B
E2 o|FoA il tthr7} pekinensisE T FEHE AEQ] BAR A EFAA HEE] FEEHE
o) B2o] A ot A% Fe) 2% stke 22 ¥ 3D PCAY 27 FlSS
" non-pekinensisell a]Fsh= AlTEC] WA LrH= AS AJAHAHLH 22)
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GAPITS compressed Mixed Liniar Model(cMLM)S EARERE XAt Jgd ASdE &
I SNP=Z s FAAEe] daaAE Za ol e Fo43 pvalue® A=l o
P-valuews &5 T goll -15 wdosAr & A5 2 Ha o= 7} SNP9| IAA
Hghe P-valuert &% Aol A2:2F H2 FE5 Ht}. SNP matrixtfoll vpAZ 2
°] 7Hs @ SNP position®] 45 eiatsle W wate frel et ghek SNP position?] 71
% SNP position ¢ 5ol =5 FHZ foll -15 3 & ARE 7hesith B4l ARER
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WLk Hojx|= 5330 VIEAE HA ¥tk w3 AA SNP7F YEhl = p-value®] 37}
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Z2EE A4 2 1 )5l dis JRE 718 T8t peakdlel st A P99
Hje) o Agel sl Aol lEAE st Aavk vk wehA manhattan plotol A
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E 9 W3 EE A 6W 2A2RE Ao 99 I2 ZdA U FAHY 44 9 9 SNP

Rank _ Chr Position REF __ ALT GenelD in B. rapa reference ver 3.0 SNP Annotation feature_type P value Dot value MAF

A06 24825546 T G BraA06g0368803C upstream_gene_variant transcript 4.66E-06 533 047
2 A0 24826774 c T  BraA06g036880.3C upstream_gene_variant transcript 9.16E-06 5.04 047
3 A0 22655242 G T  BraA06g032800.3C upstream _gene_variant transeript 3.94E-05 44 044
4 A06 23225605 A G BraA06g033810.3C downstream_gene variant transeript 5.50E-05 426 042
5 A06 24839868 G C  BraA06g036910.3C upstream_gene_variant transcript 5.73E-05 424 0.49
6 A0 24735263 T C  BraA06g036640.3C ‘missense_variant transeript 7.46E-05 413 024
7 A06 21704440 T A BraA06g031210.3C downstream_gene_variant transcript 7.54E-05 412 048
8§ A06 22734843 T G BraA06g032940.3C upstream_gene variant transeript 0.000117834 393 031
9 A06 22703525 T A BraA06g0328803C upstream_gene_variant transcript 0.00014714 383 048
10 A06 24826392 G T  BraA06g036880.3C upstream_gene_variant transcript 0.000152366 382 042
11 A06 28716804 G A BraA06g043760.3C upstream gene variant transeript 0.000161146 379 034
12 A06 4450692 c A BraA06g007970.3C splice_region_variant&intron_variant transcript 0.000161577 379 034
13 A06 24823493 T G BraA06g036870.3C synonymous_variant transeript 0.000178815 375 048
14 A06 24826505 c G BraA06g036880.3C upstream_gene_variant transeript 0.000182539 374 048
15 A06 24808155 c T  BraA06g036850.3C upstream_gene_variant transcript 0.000216105 367 034
16 A06 24839924 c T  BraA06g036910.3C upstream _gene_variant transeript 0.000217769 366 0.5
17 A06 24806178 T C  BraA06g036840.3C downstream_gene_variant transcript 0.000231923 363 031
18 A06 26182689 G T  BraA06g038950.3C-BraA06g038960.3C intergenic_region intergenic_region 0.000264078 358 0.16
19 A06 23206589 c A BraA06g0338003C downstream_gene_variant transcript 0.000267202 357 038
20 A06 24850600 A G BraA06g036920.3C missense_variant transcript 0.000309598 351 038
21 A6 21665152 T C  BraA06g031160.3C downstream_gene variant transeript 0.000335323 347 021
22 A6 24826184 A G BraA06g036880.3C upstream_gene_variant transcript 0.000345626 346 047
23 A06 6493707 A T  BraA06g011870.3C upstream_gene variant transeript 0.000375764 343 034
24 A06 22646160 A G BraA06g032790.3C synonymous_variant transeript 0.000391754 341 035
25 A06 24827071 c G BraA06g036880.3C upstream_gene_variant transeript 0.00040801 339 04
26 A06 26635777 A G__ BraA06g0397503C upstream_gene variant transeript 0.000479873 332 036

(4) GWAS 4o A yeht 98 d2 #d 473 9949 candidate gened o=
1% 1804 Feld wjF AdE Ao AdE SNP peake WS el Ax & 109] SNP 15

=
vl 3= reference genome ver 3.0 7|02

A ke
6W IR FE0] 24735263-24,850,600 bp Bl YA E= AS
glstaint. 1ea sd HelolA dSdE BRE fAAEY dd AES grsEta olF o/ dd e

Ak i golEwlo] 2o local blastpE ©]-83te] peakl ] wF FHAE tigh of 7] ol A
] orthologue A 2otk o5 &3l i peak Wel WA & 2970¢] #3447} candidate gene
o7 Aol ATt o5 F BraA06g036920.3C= of7]dde] dE Ao #Aojsl= Aoz L4z
GL12] orthologue gene?!l A o2 ERITHIE 10).
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X 10. wiF 949 9F FA4 99489 candidate gene®] FX

TAIR
No. | Chr* | Start | End | Dir* Gene ID Other name Gene description
orthologue
1 AO6 24733561 24736121 - BraA06g036640.3C AT3G28460.1 NA methyltransferase;(source: Araport11)
Member of a large family of putative ligands
homologous to the Clavata3 gene. Consists of a single
exon. Can not replace CLV3 function in vivo.CLE25
participates in long distance signaling in response to
2 AO6 24736566 24738128 + BraA06g036650.3C AT3G28455.1 CLAVATA3/ESR-RELATED 25, CLE25 dehydration. It produces a graft transmissible signal
from root to shoot that induces ABA synthesis and
results in stomatal closure. The BAM1 and BAMS3
receptor—kinases are likely receptors for CLE25 as
they are required for this signaling.
s A B BAKI1-INTERACTING RECEPTOR-LIKE Leucine-rich repeat protein kinase family
3 A6 TN 2AT0967 BraA06g036660.3C AT3G28450.1 KINASE 2, BIR2 protein;(source:Araport11)
4 A06 24742450 24743871 - BraA06g036670.3C ATI1G19010.1 NA hypothetical protein;(source:Araportl1)
5 A06 24752571 24754043 - BraA06g036680.3C AT3G28420.1 NA Putative membrane lipoprotein;(source:Araportl1)
6 | A06 | ammn | o | o+ | BraA06g0366903C | AT3G28390.1 é?gg%ﬁgg;%&%g%&?gSETTE BI8, | p_glycoprotein  18;(source: Araport11)
S 761550 B i < spindle assembly checkpoint
7 A06 24759982 24761559 BraA06g036700.3C AT3G28370.1 NA component:(source:Araport11)
- ., B < ABCBI15, ATP-BINDING CASSETTE B15, | Encodes an ATP-binding cassette (ABC) transporter.
8 A06 AT 2ATOA63 BraA06g036710.3C AT3G28345.1 MDR13, MULTI-DRUG RESISTANCE 13 Expressed in the vascular tissue of primary stem.
9 | A06 | omees | omeem | + | BraA06g0367203C | AT3G28360.1 é?gg}gogg}%%lj{g(}mﬁgSETTE BI6, | p_glycoprotein 16;(source:Araport11)
10 AO6 24768674 24769812 + BraA06g036730.3C AT3G28415.1 ABCB22, ATP-BINDING CASSETTE B22 | ABC transporter family protein;(source:Araportll)
11 A06 24770114 24771833 + BraA06g036740.3C N/A N/A N/A
12 A06 24773512 24773754 + BraA06g036750.3C AT3G28415.1 ABCB22, ATP-BINDING CASSETTE B22 ABC transporter family protein;(source:Araportll)
13 | A06 | wmmer | omwes | - | BraA06g036760.3C | AT3G283701 | NA spindle assembly checkpoint
component;(source:Araport11)
14 A06 24778419 24780247 + BraA06g036770.3C N/A N/A N/A
- . ABCBI15, ATP-BINDING CASSETTE BI15, | Encodes an ATP-binding cassette (ABC) transporter.
15 A06 AT AT " BraA06g036780.3C AT3G28345.1 MDRI13, MULTI-DRUG RESISTANCE 13 Expressed in the vascular tissue of primary stem.
GALACTINOL SYNTHASE 8, . . .
16 | A06 | wmen | omwos |+ | BraA06g036790.3C | AT3G28340.1 | GALACTURONOSYLTRANSFERASE-LIKE | Encodes a protein with putative
10, GATL10, GOLSS galacturonosyltransferase activity.
17 | A06 | s | omeen | - | BraA06g036800.3C | AT3G28210.1 | pespalty STRESSTASSOCIATED Encodes a putative zinc finger protein (PMZ).
18 A06 24793020 24793800 + BraA06g036810.3C N/A N/A N/A
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ATCSLCO04, ATCSLCA,
CELLULOSE-SYNTHASE LIKE C4,

encodes a gene similar to cellulose synthase The

191 A06 |z | amemd |+ | BraA06g036820.3C | AT3GZ81801 | CpITULOSE-SYNTHASE-LIKE C4, mRNA is cell-to-cell mobile.
CSLC04, CSLC4
Encodes a member of the TBL (TRICHOME
BIREFRINGENCE-LIKE) gene family containing a
plant-specific DUF231 (domain of unknown function)
domain. A putative xyloglucan O-acetyltransferase.
TBL gene family has 46 members, two of which
ALTERED XYLOGLUCAN 4-LIKE, 0,
20 | A06 | 2w | oo |+ | BraA06g036830.3C | AT3G28150.1 | AXYAL, TBL22, TRICHOME (TBR/ATSG06700 and TBLS/ATSGO1360) have been
BIREFRINGENCE-LIKE 22 shown to be involved in the synthesis and deposition
of secondary wall cellulose, presumably by influencing
the esterification state of pectic polymers. A
nomenclature for this gene family has been proposed
(Volker Bischoff & Wolf Scheible, 2010, personal
communication).
IS01965 . Leucine-rich receptor-like protein kinase family
21 A06 2480196 2480486 + BraA06g036840.3C AT3G28040.1 NA protein: (source: Araport11)
. B ULTRAVIOLET HYPERSENSITIVE 3, UV | Required for repair of pyrimidine-pyrimidinone (6-4)
il i B s BraA06g036850.3C | AT3G28030.1 | REpAIR DEFECTIVE 1. UVH3, UVRI dimers. The mRNA is cell-to—cell mobile.
23 AO6 24815868 24816878 + BraA06g036860.3C AT3G28007.1 ATSWEET4, SWEET4 Nodulin MtN3 family protein;(source:Araportll)
24 A06 24820058 24825374 + BraA06g036870.3C AT4G32050.1 NA neurochondrin family protein;(source:Araportl1)
25 A06 24828083 24829174 + BraA06g036880.3C AT3G27970.1 NA Exonuclease family protein;(source:Araportll)
e IR B N KINESIN LIGHT CHAIN-RELATED 2, Tetratricopeptide repeat (TPR)-like superfamily
26 A06 24830171 24830824 BraA06g036890.3C AT3G27960.1 KLCR? protein: (source: Araport11)
. Encodes an inositol polyphosphate 3-/6-/5-kinase that
Sgﬁ?ﬁ%%g%lﬁ A’%%A%SESE ;NE)ES:’II"IAOL is localized to the nucleus. Able to complement a
AR o s ’ mutation in a yeast transcriptional regulator gene
20| A0G | s | s |0 | BraAOGgO%S003C | ATSGEIT01 | ATIPKIBETA INOSITOL  © - | TR YR e A
IPK2B IPf(ZBET A ’ during pollen development, pollen tube guidance and
’ embryogenesis.
Encodes a DegP protease; nuclear gene encoding
chloroplast—targeted protease that can degrade two
lumenal proteins, plastocyanin and OE33, suggesting a
DEGI1, DEGP PROTEASE 1, DEGP1 - !
Dy— 85 B ) ’ ’ role as a general-purpose protease in the thylakoid
28 A06 2483280 24835904 BraA06g036910.3C AT3G27925.1 ggg%é&AsTllON OF PERIPLASMIC lumen, Invoived in the degradation of DI protein of
PS 1I, hence participating in the repair of PS II
damages caused by photoinhibition. The mRNA is
cell-to—cell mobile.
. Encodes GL1, a Myb-like protein that is required for
29 | A06 | owswem | wwmss |+ | BraA06g0369203C | AT3G279201 | ATGLL ATMYBO, GLL GLABRA 1, MYB | {14 tion of trichome development. Interacts with JAZ

DOMAIN PROTEIN 0, MYBO

and DELLA proteins to regulate trichome initiation.

Chr™: Abbreviation of the Chromosome, Dir*: Abbreviation of the gene coding direction on the chromosome
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6. Wl NGS H°|HE 283 & SNP9

7}. w3 ¢ High-quality wWo| ool E1-4 e

T4 & 93 NovaSeq sequencing 3
O Whole genome resequencing®] 74-%-, 3 7H%¥ genome assemblye] ®Ho|E B3 4=
A= Xc}%j o] 9le1} sequencing depth7} e 9§ false positiveql Wo] ARE d& F
ATH=E TH o] Q) o] FEEA {4 9]

=

sequencing HolHE o T e w3 sequencing depthES imputation W

Hebst= WhHol Qo a8y AlEte] FAd#3AY B RE A AS oo #

< WAS AL ¢ gloh wEbA wlF SF 1Y AEAd =2 WolY BaES 9)ste] g
= o

o &F HES FAHo=Z  Illumina NovaSeq platformsS &83%  high-coverage

5 bi-parental mapping F el 4§, HEEo
5

-
o

resequencing project® 33 ATHIE 11). A9 resequencing projectE® =3 & 11471 A
2o thsle] 3.42 Thpoll E3l= sequencing data’} fastq Lo ®E A o] ¥ Qith

£ 11. 93 §F &A 11470 AlF o t§ NovaSeq sequencing &3 23

# Accession ID Scientific name Total base pair (bp) Sdegg}cin%?)g

1 25083 Brassica rapa ssp. chinensis 32,874,109,736 65.75
2 120030 Brassica rapa ssp. nipposinica 35,910,782,552 71.82
3 120031 Brassica rapa ssp. nipposinica 31,955,709,012 63.91
4 CNU_28072 Brassica rapa ssp. parachinensis 34,036,140,806 68.07
5 10068 Brassica rapa ssp. pekinensis 24,483,720,444 48.97
6 10069 Brassica rapa ssp. pekinensis 26,744,081,120 53.49
7 12013 Brassica rapa ssp. pekinensis 29,844,773,406 59.69
8 12015 Brassica rapa ssp. pekinensis 30,259,317,632 60.52
9 26013 Brassica rapa ssp. pekinensis 31,498,614,194 63
10 26014 Brassica rapa ssp. pekinensis 33,413,794,004 66.83
11 26015 Brassica rapa ssp. pekinensis 28,198,572,614 56.4
12 26016 Brassica rapa ssp. pekinensis 27,361,514,684 54.72
13 26017 Brassica rapa ssp. pekinensis 28,846,755,516 57.69
14 26018 Brassica rapa ssp. pekinensis 32,900,407,594 65.8
15 26019 Brassica rapa ssp. pekinensis 27,287,251,676 54.57
16 26020 Brassica rapa ssp. pekinensis 30,350,312,044 60.7
17 26021 Brassica rapa ssp. pekinensis 28,210,283,570 56.42
18 26022 Brassica rapa ssp. pekinensis 31,602,093,890 63.2
19 27142 Brassica rapa ssp. pekinensis 35,170,833,326 70.34
20 28052 Brassica rapa ssp. pekinensis 21,458,666,474 42.92
21 28053 Brassica rapa ssp. pekinensis 30,320,800,604 60.64
22 28058 Brassica rapa ssp. pekinensis 22,183,748,542 44.37
23 28059 Brassica rapa ssp. pekinensis 25,699,250,814 514
24 28060 Brassica rapa ssp. pekinensis 25,543,973,890 51.09
25 28061 Brassica rapa ssp. pekinensis 33,565,886,942 67.13
26 101048 Brassica rapa ssp. pekinensis 21,728,527,332 43.46
27 279064 Brassica rapa ssp. pekinensis 33,908,085,256 67.82
28 CNU_11377 Brassica rapa ssp. pekinensis 27,976,146,896 55.95
29 CNU_11378 Brassica rapa ssp. pekinensis 25,575,623,792 51.15
30 CNU_11379 Brassica rapa ssp. pekinensis 28,448,382,182 56.9
31 CNU_11380 Brassica rapa ssp. pekinensis 28,844,036,610 57.69
32 CNU_11381 Brassica rapa ssp. pekinensis 33,342,286,142 66.68
33 CNU_11383 Brassica rapa ssp. pekinensis 27,296,787,628 54.59
34 CNU_11384 Brassica rapa ssp. pekinensis 30,672,172,772 61.34
35 CNU_11385 Brassica rapa ssp. pekinensis 30,003,064,592 60.01
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CNU_11386
CNU_11387
CNU_11388
CNU_11389
CNU_11390
CNU_11392
CNU_11393
CNU_11394
CNU_11395
CNU_11396
CNU_11397
CNU_11398
CNU_11399
CNU_11400
CNU_11401
CNU_11402
CNU_11403
CNU_11405
CNU_11406
CNU_11407
CNU_11410
CNU_11411
CNU_11412
CNU_11416
CNU_11419
CNU_11420
CNU_11471
CNU_11472
CNU_11473
CNU_11474
CNU_11475
CNU_11476
CNU_11477
CNU_11479
CNU_11480
CNU_11540
CNU_11600
CNU_11635
CNU_11636
CNU_11638
CNU_11639
CNU_11652
CNU_11672
CNU_11682
CNU_11684
CNU_11685
CNU_11688
CNU_11696
CNU_11698
CNU_11699_1-1
CNU_11699_1-2
CNU_11714
CNU_11716
CNU_11717

Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa

Brassica rapa

Brassica rapa s
Brassica rapa s
Brassica rapa s

Brassica rapa <

Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa
Brassica rapa

Brassica rapa

SSp.
SSp.
Ssp.
Ssp.
Ssp.
SSp.
Ssp.
Ssp.
Ssp.
SSp.
SSp.
Ssp.
Ssp.
Ssp.
Ssp.

SSp.

SSp.
Ssp.
Ssp.
Ssp.
Ssp.
Ssp.
Ssp.

Ssp.

17
%}
kel

Ssp.
Ssp.
Ssp.
Ssp.
Ssp.
Ssp.

Ssp.

17
1%}
kel

SSp.
SSp.
Ssp.
Ssp.
SSp.
SSp.

SSp.

. pekinensis
. pekinensis
. pekinensis

. pekinensis

pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis

pekinensis

. pekinensis
. pekinensis
. pekinensis
. pekinensis
. pekinensis
. pekinensis
. pekinensis
. pekinensis
. pekinensis

. pekinensis

pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis

pekinensis

. pekinensis

pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis

pekinensis

. pekinensis

pekinensis
pekinensis
pekinensis
pekinensis
pekinensis
pekinensis

pekinensis
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28,383,813,072
27,615,329,376
32,410,371,522
33,136,966,912
30,107,966,104
35,447,689,712
29,695,542,522
32,822,456,364
47,309,637,360
37,497,411,730
33,482,716,746
22,792,719,462
33,752,603,274
37,154,920,476
43,281,099,196
30,266,238,368
37,904,642,724
31,157,563,782
28,313,700,752
28,075,222,526
27,131,979,836
33,685,680,678
24,694,480,308
26,569,417,004
18,984,553,822
25,134,811,304
30,319,023,032
19,843,480,478
24,273,118 328
21,977,016,858
29,447,681,458
25,617,478,274
27,613,027,532
30,760,044,202
26,823,018,484
38,923,500,426
22,912,078,318
28,992,547,224
33,572,920,522
32,286,932,344
25,430,712,414
39,640,574,964
29,329,801,496
26,209,057,618
28,878,796,508
22,868,896,244
32,006,991,632
31,594,333,396
28,699,824,966
20,867,549,190
29,063,207,070
34,522,484,928
21,209,360,340
36,661,828,466

56.77
55.23
64.82
66.27
60.22

70.9
59.39
65.64
94.62
74.99
66.97
45.59
67.51
74.31
86.56
60.53
75.81
62.32
56.63
56.15
54.26
67.37
49.39
53.14
37.97
50.27
60.64
39.69
48.55
43.95

58.9
51.23
55.23
61.52
53.65
77.85
45.82
57.99
67.15
64.57
50.86
79.28
58.66
52.42
57.76
45.74
64.01
63.19

574
41.74
58.13
69.04
42.42
73.32



90 CNU_11719 Brassica rapa ssp. pekinensis 32,273,330,868 64.55

91 CNU_11721 Brassica rapa ssp. pekinensis 28,029,823,168 56.06
92 CNU_11722 Brassica rapa ssp. pekinensis 20,801,539,540 416
93 CNU_11723 Brassica rapa ssp. pekinensis 28,399,681,964 56.8
94 CNU_11731 Brassica rapa ssp. pekinensis 31,822,471,746 63.64
95 CNU_11732 Brassica rapa ssp. pekinensis 27,258,770,056 54.52
96 CNU_11735 Brassica rapa ssp. pekinensis 38,037,572,554 76.08
97 CNU_12239 Brassica rapa ssp. pekinensis 29,789,834,472 59.58
98 CNU_130153 Brassica rapa ssp. pekinensis 36,604,910,526 73.21
99 CNU_130156 Brassica rapa ssp. pekinensis 26,345,156,032 52.69
100 CNU_28025 Brassica rapa ssp. pekinensis 25,209,423,122 50.42
101 CNU_28026 Brassica rapa ssp. pekinensis 34,448 583,716 68.9
102 CNU_28027 Brassica rapa ssp. pekinensis 22,546,684,894 45.09
103 CNU_28066 Brassica rapa ssp. pekinensis 18,303,914,678 36.61
104 CNU_28067 Brassica rapa ssp. pekinensis 25,051,881,500 50.1
105 GG-1 Brassica rapa ssp. pekinensis 37,403,673,648 74.81
106 L.210-3 Brassica rapa ssp. pekinensis 39,564,031,856 79.13
107 1L.226-1 Brassica rapa ssp. pekinensis 40,347,699,810 80.7
108 L272-1 Brassica rapa ssp. pekinensis 35,284,745,008 70.57
109 -1 Brassica rapa ssp. pekinensis 30,661,367,514 61.32
110 Rr-1_a Brassica rapa ssp. pekinensis 38,782,317,238 77.56
111 RR-1_b Brassica rapa ssp. pekinensis 30,570,513,230 61.14
112 CNU_11481 Brassica rapa ssp. rapa 27,018,540,834 54.04
113 CNU_28062 Brassica rapa ssp. rapa 37,391,337,250 74.78
114 27090 Brassica rapa ssp. trilocularis 31,736,996,384 63.47

1}, 8139 genome assembly ver 3.00] 3 Wo] ©lo]g g AAt
AAE 11470 Als 5 EdY A 235 2= 967 AlF 2 30X ©]/d9] sequencing

depthE 2zt A5 55 i (29 25) 2% SNP calling% TeB sttt w9

A A= Brassica rapa genome assembly ver 3.0& &3l o AE ¥ SNP callings
Tttt 1Ey o] SNPE /A o] o %é‘%% dow Fdsts A A
714 © & heterozygosity 2}t linkage disequilibrium< L¢3k JJEi NS F7hstoh
v 59 f A Aol Al UEhE WrEAERE Qe AA AR oE doA g read”t
genome assembly ‘g U3 Ao mapping™ o] YERYE= %% heterozygosity+
Tassel 5.0 software® AAsAT. T3 HAES o|F= AEY o wE  linkage
disequilibrium®. 2 <13 YEly= 5L 3 minimum allele frequency 2 H.ol+= <2133 SNP
o] AAE 98 Plinks &83% LD runing% gt "o SNPe| HE® ol%F F&
Fd #A4S FYste 2ol Q38 formatell wel A3 e FAS WS
(2% 26).

o
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m Spring cultivar

< = Autumn cultivar
...-...... Winter cultivar
/

m Unkrown

® Summer cultiva

u Chinese southern

151 e ]
..... . . u Chinese northern
... \ 4 = Chinesa unknown

. Korean breeding lines (from company): 49 . Non-pekinensis type: 6

. Chinese germplasm: 33 I:l Unknown resource: 3
2% 25. #l3 high-sequencing depth(30X ©]AF) 987] A& 3. A) #F 98
N AEe] =8 Ade &4, B) 7 §F JAde FF 57, CO) T4 wF F
& =
=

A A =5

Joint variant calling

1. Vcftook:  Bi-allelic sife
minDP > 5

2. PLINK MAF > 0.03

Population SNP filtering
missing rate < 40.1

\__/- 3. TASSEL: leterozygosity <0.1

. 1. Plak Sliding window: 50

I g Step stze: §

1< threshold: 0.1

VCF conversion for genetic | 1. VCF tolapuap

analyses
.

a9 26. I} SNP9 filtering A9 Mex

!-_F

Hapmap to Structurs input
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7. W5 FFAL ATl 7IRke B3] w94 P2 AF Hol9 &4
7F w39 §FAF Qo mE FU §A wWiF9 FA

O Wl F=(Brassica rapa)®] 719X+ A5l Atolw AA A1 F

To8 HiE AoE AU A 2rF hHle Jde= F

spp. pekinensis)v 27 A QoA &FoF HA A Pt T oolEo] wgEo FAH

Aoz FAHAL = Fee a8 AU £ FeFFHelA Folghs o5 R
F9o 71 5o HAxE Yedn olF A= v AE THoERY Y F

| &S 20417 Xl EolAoF SR ERE =t viFo] YA S5 2

o] Az},

o

P

g7t dazes 3 S
2l

rr

N

O Qe A4 FHe] g WFEr} wol: AT FAo FEau o]F EIake] 194
) FARE AT WFe FFo] AgH ol F wEe ATPAe] u4 P 4P| s
(24, F4, BA)e] G4 o2t} olg o] FoeRE =Y AF U AR AA

=49 A S
T ZAbg ol FA FrHLd 27)
K
Type2
_ Breeding process by
Japanese seed company
and import to Korea
P I
a9 27. 2041 7] ol % 3+=9] v (Brassica rapa spp. pekinensis) Ad F=
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. wj3e 74

O IUy=

Fslo] g 299 o s A

a4

Altitude _ Breeding period
Highland ::uitivation___.:“:"\ / 1660
630 m 7~
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' 1970

00 m
1880

Ltand

28. 1950 W) o] F £§F A7]] wE FEY WF AY 7ts AH &

Aol e AW Wole
FUE WMFE FToENY AH =9E EF L QRN

T GEl A Z zolE YEr T 29).

02 8 FRIBI RLHEL 2 DAL R0y SEsk

i+ & R 8 RO HHOEEGEE 15 B OE S BEHLSGER

Lok BH O REF (88 O WMB A W W EF) |16 FEOH FEL GRE)
2. AR (BUD |10 KEA(FE4) | M F RE

[ e . Lol BB ‘17 DR & D (BRI

BbbeE ks GEUD W j18 THEEE (ER)

” Bk g | 1L ERM B 0GR 19 A AEREGRE)

WO ECEREET (ER) | 12 ERERA ) | 20. ” = B ORD
” TR (AR | 13. e =g (HA&) |

b % R | 14 B R FILGTAER) |

O
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O o]9} 2 AM4 9 30X ooz equencngl 3 A2 984 9] =3 &=A7F =2A
A wiFe] A FHo] &S AshA e Ul §F A9 FHA wFQ A #
oteto] 3 E Al'E F pekinensis typedl sl 8271 Alee 3 A& U € =+
= IFORE o] I BEE dlEEATHH 30).

';. REEEa.

PW_2017

_l-D_E J- - 'L o

a9 30. MFE FIEY F3 A UE ¥EF BX. CR B39 A4, FT A3}
7], HD T-%(2013d #%A}), HD_2017 T-%(2017¢ Z=Ab), HD_HL ZF3 (20139 =A}),
HD_HL_2017 A7 =(2017d AP, HIL Wde] 472013\ ZAb), HL F31(2013'd A},
HL_2017 73(2017\d A, HW 75(20139 ZAH, HW_2017 +%(2017d ZAb), LL <
220139 2AD), LW @E(2013d AL, NL €199 42013 %A}, Petiolel. 55 o]
(201314 %A}, PetioleT 52 F71(20131d %A}, PetioleW %3 220139 %A}, PH 2%
(2013 ZAb, PW A AF(20139 ZAb, PW_2017 BAF(017d A, SL Z7] 2o
(20139 ZAb), SW £7] $71(2013d ZA}H)

O %dd 239 vz A3 2 79 #d oA F HAd o] Aol7t YEyH 5

sl el sFHIL)= &= &% fAdo] T A =4 yeisten 9 27 2 %9

£ 9vsts FEMHD)H FaHL)Y B 44 T3 =) wjF=rF =4 UEEth ol=

oA wFelA Soldoer yeius Adu P A wjFelA dubrom wbHE =

AT A €S g =3 I §F FJdol A=4om =99 o5y A3

I oo & = FF fAde T JdrRy RSl e =2 AZA =
o

O ZAME RdHS U2 shapiro-wilk textE TS ol F 8719 HdP o] oA
y wxeo Aytdol YERSTHEE 13). (HD_2017, HD_HL_2017, HIL, HW, HW_2017,

- 113 -



¥ 12. A9 ¢A ¥2 ¥ A AR 2H

# Trait Description l\élilr?x]?g;e?lf P-value w
accesslons

1 CR Clubroot disease resistance 71 4.37E-10  0.73134
2 FT Flowering time 74 2.64E-06 0.8748
3 HD Head diameter 75 1.91E-07  0.84279
4  HD_2017 Head diameter (surveyed in 2017) 75 04832 0.98434
5 HD_HL  LTobortion between head 75 001342 0.95766
6 HDML2 Proprion potveen head dmeter ™ ool oomo
7 HIL Number of inner leaf in the head 5 0.7093  0.98807
8 HL Head length 76 6.44E-05  0.91235
9 HIL_2017 Head length (surveyed in 2017) 75 0.0008368 0.9352
10 HW Head weight 74 0.5243 0.9849
11 HW_2017 Head weight (surveyed in 2017) 77 0.4283  0.98367
12 LL Leaf length 80 1.25E-09  0.77869
13 LW Leaf weight 80 0.07177 0.9716
14 NL Number of outer leaf 80 253E-05  0.90735
15 PetiolelL  Petiole length 80 0.0003469  0.93149
16  PetioleT  Petiole thickness 80 0.0006741  0.93708
17  PetioleW  Petiole width 80 2.23E-12  0.65691
18 PH Plant height 80 1.06E-08 0.8121
19 PW Plant weight 80 0.006743  0.95501
20 PW_2017 Plant weight (surveyed in 2017) 80 0.9397  0.99283
21 SL Stem length 80 2.50E-10  0.74795
22 SW Stem width 79 0.9177 0.9922

t}. High-coverage SNP 7]t #jF ZAl ¥H 9 genome-wide association

study

O 7= Fd¥ WMiFes To25YH A4 =dd 35 2 d&dA e 52
2 gFEHel A dHdA 2 AeolE vy
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s
£3 ®asy #3Ad B3I QTL mapping
& &Il Plasmodiophora brassicae®)| ©]@l oF7]| %= EoF 7 H o)
A zdE S el P. brassicae 52 sHAA wF9] ASES A A7
FEAA A7 FE T Wolth RYZHS WA oy 7k WHel e
g FE/NEe] FoeHA tiFHI Aok AP Ad wAE
st o BAS 7|¥to®  high-throughput’} 7153+

Ol

O Wg FF dU&ste WFe AN AFE {5k, WiF(brassica rapa)®l DH
mapping population (n=81) # A3 =}Ql (09CR500)# #H+7d 22l (09CR501)= AR-&-3f
Ak Y AR HE2EE fste g didelM 29 HAAES MY #F
F 259 wF "ol 1 x 10" s By #F=2 HF 3 F 8F Fol = AHsl, &

=3le TR EF| wg} disease indexE H7F 33t (29 31).

Score () Score 1 Score 2 Score3  Score 4 Score 5 Score 6

33 31. Plasmodiophora brassicaed]| ZYEE ®alo] ZAF W wa] e Bigdo] Ao & It 7|&.

O tidelAe] 8% A 23 09CR500> HH A& BHlon, 09CR501S 774
< HEoo 293 DH fdelMs= A A A=ol 47 40789k 1789 missing
data® A3} Zade] vgo] 1i1s Yebdlnh ol e wdd A4 23 dds &

A3FA 09CR50091 A AX A 3Adolw, 09CRE01I A= AF 7Aool vt DHY ol A=
39709 AT 40709 A 2183 2709 missing 23S Btk Ay BdE A ¢r
QoM Ay g vl go] 111s YERATH I 32, #£13).

HI
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A Daejoen B Anseong

104 o9CRs01 a0

09CR500
09CR500

of ¥ &

09CR501

Number of plants
8

Number of plants
8

T T
0 20 40 0 80 100 0 0 a0 E ] 100
Disease Index Disease Index

a3y 32. ‘09CR-DH’ F &9 (A)diAz (B)tAdolA e 2:d3He] Disease index &k
9 E¥

£ 13. Ud dFA 93s= DH F29 #IYFH AP AE FAE4

Phenotype of Expected

Location Plar?t Total No. . . Missing ratio X2
materials Resistance (R)  Susceptible (S) .
(-) (R:S)
Daejoen 09CR500 10 10 0 0 - -
09CR501 10 0 10 0 - -
DH population 81 40 40 1 11 0.01
Anseong 09CR500 10 10 0 0 - -
09CR501 10 0 10 0 - -
DH population 81 39 40 2 11 0.06

ot v o B EH AP #F QTL &4

O #FAA A= AAS fste] F 8087He] primerEs ©]&sto] FEASIH] Wl
Screening S FaAsFATE F 222709 wlAE o] §3te] Joinmap version 4.05 ©]&3te] <
HAEE AAdsATh F 7317cM Zole] 10719 AAAEE vHESTh QTL 24& 93
o], WinQTL cartographer 2.5¢} IciMapping 4.19] T & 198 A}-839]c}.

-

O WinQTL cartographer 259 #2443 td 3 otAdolAx EF 8H A A QTLsE
WA 2zt QTLS  PhBrA0sP™eim-13t  PpBrA0sS™eim-12  FAlE U
PbBrAOsPeim-12 1886014 38.86 cM Alolell $1x&1, 29.12cMell flanking marker?!
“09CR.11390652“7} 9] X1 8kt PhBrAQSP™ e ™-22] 739 PhBrA0S ™ 'm-12] <¢tz=o] 1] 3k

t}. phenotypic variation #t< 26.0%°]™, LOD #< 7.9¢]t}. IciMapping 4.1 X219 & &
st B4 A3 WinQTL cartographere] QTL H<¢l <Fe] “1IMb 7ol QTLo| s YUsHA 4

HAeH(2Y 33, ¥ 14).
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8 2874~ CRs.12169004 Phenotypic (98.7%)
2883 09CR.11755754 Phenotypic (97.5%)
28.85 ~enu_i359

BraA0Sp0131303C —f
BraA08g013190.3C —Hi

29.12— 1 09CR.11390652 Phenotypic (160.0%)

BraADS20135303C i
BraA08g013630.3C —
29.38~-L_|~ enu_i034

BraAd$2013730.5C —H 29.40-"] |~ cau_s069

BraA0Sg013850.3C -

BraA08z014000 3C

BrmaA08g0143503C —

BraA0820144803C =
BraA08g014300.3C —

BraA08g0146103C 30.46—— a2 Phenotypic (95.0%)

(06 * Buoasty ] g7 ¢ U0STEQT) SN[eA POYSIT L

I 33, wiFo SHUAAAY ABAL= WHTF AFAH FEI} d#FH
PbBrA08 "™ QTL mapping AF.(A) ABA LA PhBrAOS <"
THFAR. dAAEZe] d&L FHAYE centi-morgans (cM)OZE F AP o1,
A S ZAEEA Y. L& QTL Z¥4E ZASHAH. (B)v A4 lociel

220
e AurAE EA59

IS
oo o

¥ 14. #d¥Fd &= QTL 234 L9

) ) Closest .
Loci name Location Chr No. LOD R (%)  Additive
Marker
qPbhBrAOS "™ ~1  Daejeon 8 09CR.11390652 74.8 97.1 -47.0
gPbBrAOSP™" ™™ -2 Anseong 8 09CR.11390652 7.9 26.0 -26.1

2t v F B g o RS ebA AR

O % 719 w7 (09CR.11390652, 09CR.11755754) PhBrAOsPee el w7 o #5] ¢l oh
ul71 09CR.11390652+% High-resolution melting (HRM) 418 SNP vwlAZ 7fetE Sl om,
09CR.11755754% indelmFA 2 asdch(1d 35). ¢ ¥ 719 wA= DH Hwtol A A a4
I s FEE Foglen, glE EE wiFe RYsw AYYd EFF LS s

marker—assisted selection®] =& = Zo|t}.

- 118 -



BraAGSEOIN A0 id

Braadigdiipnig

TnADSERI 30,30

BraAGREGRIGI0.3C
LRSI

it e BEid il

BeaaliEet13605.30

Bratipita 13030 e

HreATEa0 12610 30

SNP A ‘09CR.11390629 <=

AHS

71¢1 ‘09CR.11755630" A 7195 Abxl3 %38

7 1 ubafecy) njeA poysayL

§

(0'g - Buoasuy

S 12350001 Plunetysic (88,756
11755 T5¢ Phensdyple (315563
e 339

I et DR FEO0G32 Phenetyse (F99.05%)

g bt gy LRiZ Phenoteyse 163076}

SNP, InDel "}#.(A) LightScanner System=
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A6 EAmFA 9] high-throughput selectiong 93 vlA A&

1. MABCE 93t ¥l3=9] Fluidigm genotyping assays& SNP vwlA A E 7
7h A8 AlgE € §F &4 g1

O HlF9] background selection marker % F; =% A4 SNP marker A4S 93
Hankookseed Co., Ltd.2} Koregon Co., Ltd.ollA4 ¢ w2 14 F 457l5, 183 ol&&
FRoZ Abgate] wHE WHE 29 wH) 23] Fy FAS AMgatgth £3 A
2 F o= A4 784S AAs] A Zel FRIAAN TS of#E 3R(ATE

A, AFE B, AFTE O] w7kENE ABiE 4719 Fy hybrid 4ok 1] ¥3& &R 35}
o S=HAAS FHFAGGE D.

E 132719 wiF F, 53 19 un) 2%

Hybrid ID Cross combinations (P1XPs)” Company
HNC-1 C-284 X C-287 Hankookseed Co., Ltd.
HNC-2 2b X 2a

HNC-3 C-307 X C-188

HNC-4 C-3X 2b

HNC-5 C-316 X C-317

HNC-6 C-3X CH4

HNC-7 C-284 X 7b

HNC-8 C-172 X 8b

HNC-9 9a X 9b

HNC-10 C-241 X C-64

HNC-11 C-90 X C-238

HNC-12 C-287 X C-190

HNC-13 13a X C-289

HNC-14 C-284 X C-289

HNC-15 15a X C-289

HNC-16 C-290 X C-289

HNC-17 C-292 X C-289

HNC-18 C-186 X C-287

HNC-19 C-287 X 19b

HNC-20 20a X C-329

HNC-21 C-252 X C-3

HNC-22 C-237 X C-64

HNC-23 C-265 X C-64

HNC-24 C-259 X C-64

5725 57252 X 57251 Koregon Co., Ltd
5028 5028 2 X 5028 1

BN226 BN226_2 X BN226_1

BN227 BN227_2 X BN227_1

ND ND 2 X ND_1

Seed farm A Koregon Co., Ltd
Seed farm B SF-1 X SF-2

Seed farm C

. SNP €3 2 SNP ¥o] #4

O FufielolA -3 vl 1R AE-S 7|Wko R 3XeA ik g=2 73 244 Aol W
3 3 SNP F(calling)s sk fIste]  ofEfiel 2 AdS stk EdWE AdS
BWA(Burrows-Wheeler Alignment tool)-& ©]-&3st], BRAD v1.2(http://brassicadb.org/brad/index.php)
of = RTFAA AMEe WEsAT 9 AAYES SAM(Sequence Alignment Map) 3=

Ot
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AAstAch A" SAM 39S Samtools(http://samtools.sourceforge.net/)S  ©]-83ko]
BAM(Binary Alignment Map) 32 W35t A E SAMS o] &3] W% #=52 SNP
9 AIgeE =ol7] {3t Al w4 59 Picard(https://broadinstitute.github.io/picard/),
GATK(Genome Analysis Tool Kit), SamtoolsZ ©]-&3d}o], £F(sorted), FZ2 Al EQ A
7l (removed duplicates), L3 LA (fixed group), B SNP 7 A(realigne d)& 33
?1 Aol AA=EE Beftools, veftoolsE o] &3 SNPS o533 o™, SNPs+ In-home
Perl scriptZ ©]-83}o] stringent condition®} groupedE ETHE Aatdth 5X Alol 9] NGS
s Asbedth. AdE goe EZYyy 7 vEe AES EW(trimming)str] 9130
FastX 2ZE9o]E o]&sle] e B3 n 9 A E(low complexity and quality) & Eg]™
3

O 192A1F A wrEo1xl SNP= AA A9 H(oc)E 7|HHe= e - SNP wE= X
(matrix)& Attt SNP wWjEg 25 AAst7] 9% Ievg= SNP 9 &
MAF(Minor Allele Frequency) #teol 5% o]l #ts AEstHa, 1 A3} 1,678,05471 9
SNPsZE Ad&drt. Al SNPsE PIC(Polymorphism Information Content) Zkto] 0.3 ©]
A Aoz Frh AWsidn. 1 Ay, F 5737477012 SNPsE7F AEEATh At
573,74771¢] SNPs 7} 4 A4 == M4 2 F(sequence error)® <13 SNP7} ol x| 3
o157l 98t HRM(High Resolution Melt) ¥4} ¢ 2 PCR(Polymerase Chain Reaction)s}
7] 918k SNP * 1 474 5 ZF Ao 15 FxsHA st7] &) 2Mb (HH o2 Zeholn
& AAsta, Zepolwrt bl X AR FEHEAE FUre F 9d |71 @B g
o]-gste] EetolmE A T HASIATE % 9 SNP7E ZERlE fIAE ZA o=
Fluidigm (https://www.fluidigm.com/) Z#Zo] wA tzelS 3k}

9] Fluidigm$ SNP wA & A1bshel o).

ok SNP wtA Y a4 HA
O ¢ W2 AmE MEs 177719 nAE o] &3te] SNPEAS HAleHdrh 193
A Zhzhe] Ae] A9 MEE)A XY EYe] Fdds 4A S
7F "@ojs v gt wbd B AS- M3 F(F#)9] f43 2
o FAES 7ML US4 a, o WE F £33 XY BYeR R T8 &

T AT D.

(¢3

_[

O 177718 mpAE ol &3t F FA3|ALe] W& 4H648ES EAe A3, FAIAEEH
FE7hE0] H7E uf Ale 4ol HIJTn dAdE ARddE BT s HT
(homozygous) SNP: 82.5%¢ 4] 98.9%A}o] o] z+S veERATHE 2)

o 177709 mtAE w59 £% AR AEE F S Gl

o O

. olE Fske] &
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3 1. Fluidigm SNP assays &4 ZAi}

¥ 2. Fluidigm SNP genotyping ¥4 <& o] &3 45702 WEA AT &= 4
Inbred SNP type

Purity (%)

lines XX & YY" XYY N/A*

5725_1 173 4 0 97.7
5725_2 165 11 1 93.2
5028_1 172 5 0 97.2
5028_2 172 4 1 97.2
BN226_1 173 3 1 97.7
BN226_2 175 2 0 98.9
BN227_1 174 3 0 98.3
BN227_2 175 2 0 98.9
ND_1 174 3 0 98.3
ND_2 173 2 2 97.7
2a 174 3 0 98.3
2b 173 4 0 97.7
b 174 3 0 98.3
8b 169 7 1 95.5
9a 153 24 0 86.4
9b 174 3 0 98.3
13a 172 5 0 97.2
15a 174 3 0 98.3
19b 168 8 1 94.9
20a 146 31 0 82.5
C-3 173 2 2 97.7
C-4 174 3 0 98.3
C-64 173 4 0 97.7
C-90 174 3 0 98.3
C-172 174 2 1 98.3
C-186 152 23 2 85.9
C-190 173 4 0 97.7
C-237 155 21 1 87.6
C-238 173 2 2 97.7
C-241 168 1 94.9
C-252 149 27 1 84.2
C-259 152 24 1 85.9
C-265 173 3 1 97.7
C-284 173 4 0 97.7
C-287 172 4 1 97.2
C-289 169 7 1 95.5
C-290 173 3 1 97.7
C-292 171 4 2 96.6
C-329 173 4 0 97.7
C-307 174 3 0 98.3
C-188 157 18 2 88.7
C-316 174 3 0 98.3
C-317 172 5 0 97.2
SF-1 153 24 0 86.4
SF-2 172 4 1 97.2

» XX & YY is refer to a specific homozygous SNP
Y XY is refer to a specific heterozygous SNP
* NA means that it was not amplified.
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2} SNP w}A 9 a&4 AR

O 177782] Fluidigm SNP type assays ©|83}% 45% 79| inbred linesd =&
ArH ™ 2) o] XX YYQ AE homozygous typel 2 9] E‘llT—j} %%—’F
o2 %7t ¥ inbred lineol™, XY<Sl Z & heterozygous typel @ -4 35}oq,
=S55E AHor £/l e inbred lineo® #w&I Tt} Inbred linesfﬂ At
05.4% %= ugkth BN226_29F BN227_29 Al&9 A%, 1757H94 markero| 4 homozygous
typeel ™, 2709 markerol| 4] heterozygous typel. & UEIHAIL 98I%E =7} 7HH =k
ot} 20a Al&E+F 159709  markeroll 4]  homozygous typeolﬂﬂ, 31709l  markerol A
heterozygous typel & WE} 825%% %7} 71 SIUTHE 3). ol AEH SFdAE
Ass 14837 dsideE 571 4@ 1dP ol e F7tE o] Fo) 5 o}, markers
o]&% Ty AR FIFA =% Ao 7hsde YEHTH

o

Ay E oox AZ

o

—_

MOH 2
fro L o

A01 A02 A03 A04 A05 A06 A07 A08 A09 A10

0y o/
/ Start 83166+ // FS_ ooz so7es2\  Fos"01
4456 FO:

0y, \
1004131 01 01 302 1082657+ ) F03_02 o start 0~ - Start FFO8_16, 0~ Start
1231723 01203 F02_15 19414371 F05_01 Fo8_17 65864711~ F10_05
1739597/ Fo1Z04 F02703 8437 -F05702 ~F08_03 1624931~ | F10704
F02_04* 3698207 F04_05 2888541~ FO05_03 -~ F08_07 y

2373813/ | | - FO1_02*
46104461 [~ F05_04 / F08_21

F05_05

~F05_10

~ F05_06

3 44122157 N\-Fo7_09
13+ 44243277 | | \Fo708
10679829~ | | ~FO7_06
. 10890956~ = F07_07

10938638 | | F07_05

8,
0ad)
S

\ 82856157 | |/
Y \F03 o5 o9maes (-F04 01" 7360956
70N /| |\ FO3_19* 10708028 F04_07 9127994~
/| \Fo220  eoe7ioo’ LF0320  11596213~[-| - F04_10 9991463“ - F05_14

3275398/J ~F10_14

 F0B_08* 9776279\ | | /
F08_09 09_ 10441081+

» F08_02 4

F08_10

7709733~~~ F01_06

-

10831347—-— FO1_14 12828314\|/7

“F08_11

ot 94228567 F02206 12089542— [~ F04_09 FOS_17* X X
13450390 Fo1_08 " 14610942~ - F03_09* 136402481~ F04_02 84-/\- Fo8_04
14951690 FO3_10 14740770 F04_06 12978147 |} Fos_19
17622180~} F01_10 17904302~ | - F03_11  15718672” F04_11 16449938 F02_14 43575456 FOB_12 4
i 18022484~ [~ F03 12 167631907/ \"FO4 03 Lo oco | | gos o7 13595421 i Fos~13
18295038 | |\ F04_04 \ |/ FO5. 13507754/ ||\ Fos_18
23143800\ |/ F05_13 y _
F02_12 21628416—— End 23570692°\ |/, Fo5_12 2164 Fo7_01  13701450| || Fos_20
-2 23141702—-— F03_13 N Eoa0s 22449756 ro7 oz 13799827 i | FosZ05 206476467/
26514000 , F02_07 Fos0g 232481527 ) - 139337301/ || Fos_23 20725698
27646000~ \ o1 28041978 | |/ F03_14 S7060196— 1 Fo5_15 04138: FO07_03 14501179 / \lFos"1a
27767908 | | 212N §g§ :g 272865481 -F05 16 29122708~|_| -Foe_01 28353674~ i~Fo7_04 13921614} {EOS A0 27868122~ Foo_16
AN s 4 N - TN i~ 28928902~ End >
29595526 5 30677750 28493056 End 29167994 End 22081705/ \End
314429807 - End 34536972 /FS 0"3 -~ |- F09_07

34552928~ FS_007

36564352~ | |- FS_010
37683772~ 1~ FS_009
37910948-75X- FS_003
38154160/ “End

43132568+

43301780~
44863584
45156808~

Y 2. wj3dA 177 MY SNP (Single nucleotide polymorphism) ®}# ¢ ¢ X] o
Z 584 9x, SEZ  dAnlF o|F, w7k A background A® wlF, x= F; &
B ~E ntA)

o

a
.l
=

i, MABC$ F; €& AR S A% 1A AE A
O 177709 marker % background selection marker® -3k marker 9671 setE 413}
12 A A =21 ted 2o DE 2 229 Fd3F <] homozygous type©l
2F 9 Frdde] 4o FA¥ES WET. 3marker= wHl F3 HelA HEA S Bol
Bl = markero]th. 410788 @AM Ao F IS F stoof ghop(2d 3).

O 967He] MABC viA < Fi & AAE w7 24705 Ak (24 3). =7 = 9670
o mpA WA wrjzFIe] EAF S Hol

stk o] F&to] thEo markerE Algdto]l W FTUhel A7 ARE i
Axp B Aol ofd FAAEY AAES S5t =2 AW a3& 7|d & & Ao
v F; €4 €% A3 &S A% »A AE A&

O AuteE 24709 markerE o]&3dto] wu] g3 AFE FAE PACE markerd &
4 HEs APEE stk AE markers ol &sko] 29709 wwl e Fy &% AAsHAT
(19 34).

- 123 -



W=l S 5§ 5 5 2 § 8 5 =k F g8 883 85 og
FrepdeeeaadodsprEepEee g g
Teos T A o C0 05 06 05 e G T T A G A A AR A A O M A T 6T 6t
w1 |mlezsr |66 T T T o6 T oA CC T AA CC OB G5 AA GG CC TT Ak 63 CC T GG 63
Pyt 66 TT GG GG TT AA TT GG AA CC GG AA AA GG GG GG AA CC TT GG AA
w2 [nfa 65 G5 CC TN GG GG TN G3 T TN G5 T AA GG GG AA CC 06 GG GG TN 63 03 A
Alwes  fce o o or oo m o o6 ac T oo om
P [c307 GG GG |17 AT GG 66| 1T GG 66 GG GG GG 66 T GG RA AA
set3 | p,|C-1688 AR| GG €€ 66 GG | GA| GG GG [TT TT GG GA AG TT GG AG GG
[l [ 68 &G [T TF| 66 [GAl 1666 [ 166G GG GG TT_ GG AG GA
wles MG CC TGS M oGS TT 66 G - @ A
s | 66 T TT GG 66 GG TN AA TT GG Ak o "
fles  [ac o o or s orte e « & o
R[ese [ T T T G 66 T M E3 m e
ws (olesr  |momomomoes e o6 @ o "
flwes  [as mom oo ss moe w @ o
s T T e = m =
s | plca U = " o
nlwes  |as or co oo 16 & = - -
Rlcm M o 6 o e e y m =
st |nlm 65 T T GE 6o G5 T A - s o
Rlci aam T i ce T o o & i
set8 | pyfse aA T T 68| GE T oAa n m
flwes  somomomimles moe & "
21 E3 GG GG CC GG G6 GG TT GG GG G
set9 96 AA TT TT TT 7T AA TT GG o6 T
A o CroT s A T o « o
AA TT T T GG TT GG ] [=3
set 10 G6 TT |6C 66 T GG TT GG &6 4
AR T TR G6) GG GG 66 86
MG CC T 66 66 G G 63
M GO TT GE 66 A T G «
flwen | oo o or o o6 o «
P |czer GG T T T T GG T AA A
set12 | p, |c190 GG GG CC TF GG AA GG GG ==
F1jHNC-12 GG _GT CT TT 16 _GA TG GA AA
P 132 GG [G6 £6 GG 66 AA| TT | AA &
set13 | p,|c289 ce{Tr T T W 6e| T |ee A
F1fHNC-13 GG 66 CC GG AA TT [AA 6
wlcas A 5 cc o o5 o6 GE @ *
- G ToTT T oes T G -
AC o Cr o T6 66 T o ~
W G5 Go G T & @
G oes T 6 -
R R @
CRa T ES
w6 CTm T T @ "
o " w
GG TT TT 1T T PAA AR
set 17 GG TT TT 17 ™66 AA
oo i m
e T "
e s oo ™ om »
e oo nom m
66 TT T T T AA AA
o e cc & m -
sl oo oM " o
AA GG CF T m 66 | GG GG
set 20 GG LG 7| T T 65 TT 66 GG T
A6 BEETTT T [GET66| T G5 cT 166 65 ik
GGGE CC TT GG GG TT fGEY CC GG GG kil
st anlg| cc T ooc an oo G| T os e o
AGIGE CC TT GG GA TG [GA| CT GG GG 16
AA GG WT GG GG 'AAl TT GG EF GG GG GG
set 22 GG TT J6E GG TT (66l TT GG IT GG GG i R
AG_GT JBE| GT_T6 |66 1T GA ITT 16 G T
oJE8 cc oo oo GO A cc T B A fTee T
set 23 GG CC GG TT GG W G5 TT GG 68 AA |G ad
GG LTI CT GG 16 GG GA CT TG JG& CT AA GG i)
AR GG [GTIGT] GG AA 16 6 o G o G
set24 GG TT J6E 66 TT GG T 88 TT GG G AR ™
AG _Gr JET 66 16 GA [T GA ) A pic]
AATET TT BT TT AA TT GG AA AA GG
set 25 cefn| T 68 e e T e =3 AR d
AG T TT 66 76 GA TT_ GG I Ga AA G
e T T 6o T 66 T G T 66 & "
w2 6o T TIT Gs 68 T G3cC TN G
CTnmaweT sane
A G T Ge A T G T 66 G
sz G5 G5 TT GG 66 GG T AA CC T Ak
AG 66 CT G 6 GA T G CT TG @
W G CC T 66 A T G5 TT 66 G
2 ATTT TGS GG G5 A CC T Ak
M Gr O T 68 A Te G O Te G
o A GE GO T 6o M 66 & T 66 6
B 1 S L

3. 2471 ¢ A

g w7 A e G

it
o
ol ofo
[
N
©
=
=
=

O AA A3 209 we) 2% F 9N 2T (1, 2 4, 6,7, 11, 26, 27, 28)¢] ) 2ol
% ds &2l sk, Fiol 45 B &3 fdds v
S olstA v 38). 1471 E?} (3, 9, 10, 13, 14, 15, 16, 17, 18, 20,
21, 22, 24, 25)9] ) ZFolAE dF HFE = BEA heterozygous typelZ A A
3+ (3, 5, 8 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 23, 29)¢] A% F; &= %
o ARt AT Set 21 A9 FO3_15¢F FO7_10014 4o
d&o] ‘GG’ Wkl ‘HNC-2U9A &= ‘GA'Z ¥ o= gl ‘A’o]l ElE At
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I3 4. 96.96 IFC (Integrated Fluidic Circuit)& ©°]&3 24701 v}# 9
genotype At ¥ %

O AFE TA] =g AdL a2 FHAM Z247] v 3309 A5 sl #2338 F
s der gAstan. 4 erhEE A4F3d T4 100 Abgste], 37He] SSR
marker?! ACMP00133, ACMP00153, ACMP00586& ©]-& 35} datslvt. AMSE A,
B, C8 Z+7z} 92.0%, 96.0%, 97.3% ==& Bt AFE A, B, CollA zz 1719 «&=7}
wFotal ddE = ARE o R 247] SNP marker®] w84 Aol AR ATHGE
3).

‘jx

My X 1o
N

KR
=
j
. .

¥ 3. 2470 vtAE AT 370 AFE FFY £= £4 25

Chromosome Marker P; P, Seed farm A Seed farm B Seed farm C

A01 FO01_02 AA GG GG GG AG
F01_07 GG TT TT GT GT
FO1_17 CC TT TT CT CT
A02 F02_04 GG TT TT TT GT
F02_19 GG T TT TG TG
A03 F03_19 GG GG GG GG GG
F03_09 GG TT TT TT TG
F03_15 GG AA AA GA GA
A04 F04_01 TT cC CcC CT CT
F04_11 TT TT TT TT TT
A05 F05_10 GA AA AA AA AA
F05_17 CcC CC CC CcC CC
A06 FO6_11 AA GG GG GA GA
F06_06 AG GG GG AG GG
A07 F07_10 AA AA AA AA AG
F07_02 AA GG GG AG AG
A08 FO08_17 AA CcC cC CA CA
F08_08 GG TT TT TG TG
A09 F09_03 AA AA AA AA AA
F09_04 AG GG AG AG AG
F09_14 TT CcC cc CT CT
F09_09 GG T TT TT GT
Al10 F10_02 GG GG GG GG GG
F10_03 GG GG GG GG GG
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O AFx ASl A% 24719 mizl ol 1470¢] viAA7F o] G- o] obd FE FHAS
etk AS & 5 Q0 AFE B A5 24709 viA T 470 viF ol A FEe} e
FAFE vetlth AFE CY 4% FO7_10 vl A &5 F2 Fxd3 o] AAQIH Ria)
Fiolds= AGE Bt o= 2o gle #4495 vehl= daolth
O ol& &3t & 24709 markerv= @M A markers M ESZ} ato] HA FdA FFEo
2 FA9e w4 @ 2ol @ gl 43 ok A Ad9E de wAdEe B
& o, gdAdol =2 marker® ol Fol A7 wiEol AAlA, A3 aes FR
7 Ak B Pk g8 oyt R ArteAdely dFe odS s d ¢
A= Gl vt

O NGSE Tal d@e] SNPE Aikste] o]& FFo| A&t Alago] st
stARE wj o] FFo A= SNPE o] &3k Al~®'le mH|gh FejE ol r} ol& =

7] 918 SNPE o] &3 dizgf &4 A|xdl FAF % Fluidigm SNP Type Assay el 3} o
Hj 3= S5 A&k 1k

genotyping 21 7]E9 SSR 4] 9] gelfbased LA el & st Thsskal A
o] go]sly AZHE sk 4= 219, high-throughputell A& 3slt}. &3k SSR markere] 7
T ST A FFE A = Ase] 744 Agrt ke A d@dAds o
Efl &= markerE HEFo 2 MAdstr] ofgoke LAl At ofo] H|&| SNP= A
o}
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i S
selection ¥ Fio® A HEslth. B Ao = NGSE F3lo] A4Fe SNP marker]
AEgde AFeta, Ads SNPE AA SFo 48 & 4 Jde=x ddsr] Hd SF3)A
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¥ 4. MABCZ $] 3 Background selection® F; &%= #AA A%
Purity score

Sample ID  Sample type Low High Mean
Al7 P 98.95 100 99.6
mab20-01 P, 100 100 100
mab20-02 BCsS, 98.43 99.47 98.95
mab20-03 BCsS, 97.91 98.95 98.54
mab20-04 BCsS; 96.87 97.91 97.08
mab20-05 BCsS; 96.87 97.91 97.6
mab20-06 BCsSy 9791 100 99.16
mab20-07 BCsS; 98.43 100 99.37
mab20-08 P 94.27 95.31 94.53
mab20-09 BCsS: 93.22 94.277 93.7
mab20-10 BCsS 92.7 93.75 93.125
mab20-11 BCsS, 91.14 92.18 91.35
mab20-12 BCsS: 92.7 93.22 93.12
mab20-13 BCsS, 93.75 94.79 94.16
mab20-14 BCsS: 92.7 94.27 93.33
mab20-15 F, 69.27 100 97.94
mab20-17 Fy 68.2 98.4 94.6
mab20-16 Fi 93.75 94.277 94.18
mab20-18 Fi 92.19 93.23 92.71

ZF 3] Wo| giF T
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]_

.TL]‘C

S I
= =
—_—

o} 7] F el A & FHZ ¥ o]
O ZIEHxolE=& A& A B3
E7t2" 3 2 di JlEEH o B

. olef o] Fatstd E4
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¥ 5 EARAE 58 JEF SEEHRO=E 2o FAR

Protein
# TAIR ID Related pathway Symbol
length (aa)
1 AT1G49530 MEP pathway to GGPP genes GERANYLGERANYL PYROPHOSPHATE SYNTHASE 6 (GGPS6) 336
2 AT1G63970 MEP pathway to GGPP genes ISOPRENOID F (ISPF) 231
3 AT2G02500 MEP pathway to GGPP genes ISOPRENOID D (ISPD) 302
4 AT2G18620 MEP pathway to GGPP genes GERANYLGERANYL PYROPHOSPHATE SYNTHASE 2 (GGPPS2) 347
5 AT2G18640 MEP pathway to GGPP genes ~ GERANYLGERANYL PYROPHOSPHATE SYNTHASE 4 (GGPS4) 372
6 AT2G23800 MEP pathway to GGPP genes GERANYLGERANYL PYROPHOSPHATE SYNTHASE 2 (GGPS2) 376
7 AT2G26930 MEP pathway to GGPP genes ;IL%P\{V}E%I)I\E 5'-PHOSPHO)-2-C-METHYL-D-ERITHRITOL KINASE 383
8  AT3GO2780  MEP pathway to GGPP genes  IamomliGoPHALD oM R ALE 5 oy TV LALLYL 284
9 AT3G14510 MEP pathway to GGPP genes - 284
10 AT3G14530 MEP pathway to GGPP genes GERANYL-FARNESYL PYROPHOSPHATE SYNTHASE 1 (GFPPS1) 360
11 AT3G14550 MEP pathway to GGPP genes GERANYLGERANYL PYROPHOSPHATE SYNTHASE 3 (GGPS3) 360
12 AT3G20160 MEP pathway to GGPP genes POLYPRENYL PYROPHOSPHATE SYNTHASE 2 (PPPS2) 344
13 AT3G29430 MEP pathway to GGPP genes GERANYL(GERANYL)DIPHOSPHATE SYNTHASE 9 (ATGGPS9) 357
14 AT3G32040 MEP pathway to GGPP genes GERANYL(GERANYL)DIPHOSPHATE SYNTHASE 1 (ATGGPS10) 360
15 AT4G15560 MEP pathway to GGPP genes =~ CLOROPLASTOS ALTERADOS 1 (CLA1) 7
16 AT4G3350  MEP pathway to GGPP genes  jppiis ko iy [V LBUT 27 ENYL DIPHOSPHATE 466
17 AT4G36810 MEP pathway to GGPP genes GERANYLGERANYL PYROPHOSPHATE SYNTHASE 1 (GGPS1) 371
18 AT4G38460 MEP pathway to GGPP genes ~ GERANYLGERANYL REDUCTASE (GGR) 326
19 AT5G16440 MEP pathway to GGPP genes ISOPENTENYL DIPHOSPHATE ISOMERASE 1 (IPP1) 291
20 AT5G60600 MEP pathway to GGPP genes ?ﬁ%;{PROXY*B*METHYLBUT*Z*ENYL DIPHOSPHATE SYNTHASE 741
21 AT5GE2790 MEP pathway to GGPP genes %ﬁ]}i)(%())XY*D*XYLULOSE 5-PHOSPHATE REDUCTOISOMERASE 497
22 AT1G06820 Carotenoid biosynthetic genes CAROTENOID ISOMERASE (CRTISO) 595
23 AT1GO8550 Carotenoid biosynthetic genes NON-PHOTOCHEMICAL QUENCHING 1 (NPQ1) 462
24 AT1G10830 Carotenoid biosynthetic genes 15-CIS-ZETA-CAROTENE ISOMERASE (Z-1SO) 367
25 AT1G30100 Carotenoid biosynthetic genes NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 5 (NCED5) 589
2% AT1G31800 Carotenoid biosynthetic genes %gY’%)LES()NIE P450, FAMILY 97, SUBFAMILY A, POLYPEPTIDE 3 505
27 ATI1G52340 Carotenoid biosynthetic genes ABA DEFICIENT 2 (ABA2) 285
28 ATIG57770 Carotenoid biosynthetic genes - 574
29 ATIG67080 Carotenoid biosynthetic genes ABSCISIC ACID (ABA)-DEFICIENT 4 (ABA4) 220
30 AT1G78390 Carotenoid biosynthetic genes NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 9 (NCED9) 657
31 AT2G27150 Carotenoid biosynthetic genes ABSCISIC ALDEHYDE OXIDASE 3 (AAO3) 1332
32 AT2G44990 Carotenoid biosynthetic genes CAROTENOID CLEAVAGE DIOXYGENASE 7 (CCD7) 618
33 AT3G04870 Carotenoid biosynthetic genes ZETA-CAROTENE DESATURASE (ZDS) 558
34 AT3G10230 Carotenoid biosynthetic genes LYCOPENE CYCLASE (LYC) 501
35 AT3G14440 Carotenoid biosynthetic genes NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 3 (NCED3) 599
36 AT3G24220 Carotenoid biosynthetic genes NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 6 (NCED6) 577
37 AT3G53130 Carotenoid biosynthetic genes LUTEIN DEFICIENT 1 (LUT1) 539
38 AT4G14210 Carotenoid biosynthetic genes PHYTOENE DESATURASE 3 (PDS3) 566
39 ATAGI5I0  Carotenoid biosynthetic genes (g FOSHROME PA50, FAMILY 97, SUBFAMILY B, POLYPEPTIDE 3 580
40 AT4G18350 Carotenoid biosynthetic genes NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 2 (NCED2) 583
41 AT4G19170 Carotenoid biosynthetic genes NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 4 (NCED4) 595
42 ATAG25700 Carotenoid biosynthetic genes BETA-HYDROXYLASE 1 (BETA-OHASE 1) 310
43 AT4G32810 Carotenoid biosynthetic genes CAROTENOID CLEAVAGE DIOXYGENASE 8 (CCD8) 570
44 AT5HG17230 Carotenoid biosynthetic genes PHYTOENE SYNTHASE (PSY) 437
45 AT5HGH2570 Carotenoid biosynthetic genes BETA-CAROTENE HYDROXYLASE 2 (BETA-OHASE 2) 303
46 AT5G57030 Carotenoid biosynthetic genes LUTEIN DEFICIENT 2 (LUT?2) 524
47 AT5G67030 Carotenoid biosynthetic genes ABA DEFICIENT 1 (ABAI) 667
48 AT1G03055 - DWARF27 (D27) 264
49 AT1G52400 - BETA GLUCOSIDASE 18 (BGLU18) 528
50 AT2G29090 _ %(}(Y'I;%S%RZ())ME P450, FAMILY 707, SUBFAMILY A, POLYPEPTIDE 2 482
51 AT3G19270 _ %;}(Y'li)(%g%lz())ME P450, FAMILY 707, SUBFAMILY A, POLYPEPTIDE 4 443
52 AT3G63520 - - 538
53 AT4G19230 _ E:g{(ll‘:gg{l/{i)ol\ﬂ% P450, FAMILY 707, SUBFAMILY A, POLYPEPTIDE 1 484
_ _ CYTOCHROME P450, FAMILY 707, SUBFAMILY A, POLYPEPTIDE 3 .
54 AT5G45340 - 463
(CYP707A3)

‘Jr. Hj o A 8] Ft2ExolE o] FHA Ad

O o7 A gQlgt FFRE o]l = o] fFHtete] duld ANd g LA
of WjFo ZFEFAANA 2= FHAE AHste AYS FASAT. o 7]
FIRE role wild A IE subject® WFolA oZH 4516970 @A LS query Za}
o] BlastP #2415 F335to] w59 orthologous - AAE ©432th. BLASTP #¢jo] &

HE I
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29 o]% pident < 60, e-value < 1.0 x 10-10, query coverage > 60, subject coverage >
60 7l-o2 dHy 9 AEE Fs A3, wjFd A F 79719 JIEHxolE {FAAE F

23 HE 5).

¥ 5. W3 (Brassica rapa spp. pekinensis)o| A A d & F12Exol= 29 o] AR

Number of
4 Gene ID Gene description Homologue gene IDs in .Brassica rapaver 3.0 lllomologu'es
annotation in Brassica
rapa
BraA01g010660.3C, BraA02g031780.3C, BraA03g038810.3C,
_ CYTOCHROME P450, FAMILY 707, SUBFAMILY A, N
1 AT5G45340 BraA04g020810.3C, BraA05g028020.3C, BraA06g042600.3C, 7
POLYPEPTIDE 3 (CYP707A3)
BraA09g021180.3C
BraA04g019480.3C, BraA06g022060.3C, BraA06g023170.3C,
2 AT2G27150 ABSCISIC ALDEHYDE OXIDASE 3 (AAQ3) 5
BraA10g003130.3C, BraA10g019670.3C
ISOPENTENYL PYROPHOSPHATE:DIMETHYLALLYL _
3 AT3G02780 . BraA01g044250.3C, BraA03g007480.3C, BraA05g041420.3C 3
PYROPHOSPHATE ISOMERASE 2 (IPP2)
NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 3 . N
4 AT3G14440 BraA01g037270.3C, BraA03g036470.3C, BraA05g032610.3C 3
(NCED3)
5 AT3G63520 - BraA04g000040.3C, BraA09g053400.3C, BraA09g053420.3C 3
6 AT4G15560 ~ CLOROPLASTOS ALTERADOS 1 (CLA1) BraA01g021140.3C, BraA03g039860.3C, BraA03g046310.3C 3
7 AT5G17230 PHYTOENE SYNTHASE (PSY) BraA02g006890.3C, BraA03g007870.3C, BraA10g022730.3C 3
o BETA-CAROTENE HYDROXYLASE 2 (BETA-OHASE _
8 AT5G52570 2 BraA01g016430.3C, BraA03g052720.3C, BraA10g010930.3C 3
9 AT1G52400 BETA GLUCOSIDASE 18 (BGLU18) BraA02g023150.3C, BraA05g017770.3C 2
10 ATI1G63970  ISOPRENOID F (ISPF) BraA09g013520.3C, BraA09g014810.3C 2
NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 9 ,
11 AT1G78390 BraA02g024670.3C, BraA07g041520.3C 2
(NCED9)
GERANYLGERANYL PYROPHOSPHATE SYNTHASE
12 AT2G18620 . BraA03g036510.3C, BraA07g002120.3C 2
2 (GGPPS2)
GERANYLGERANYL PYROPHOSPHATE SYNTHASE _
13 AT2G23800 BraA04g017500.3C, BraA09g054090.3C 2
2 (GGPS2)
POLYPRENYL PYROPHOSPHATE SYNTHASE 2
14 AT3G20160 BraA03g039240.3C, BraA05g027110.3C 2
(PPPS2)
NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 2
15 ATAG18350 BraA01g009810.3C, BraA03g048210.3C 2
(NCED2)
NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 4
16 AT4G19170 BraA01g010560.3C, BraA08g013370.3C 2
(NCED4)
) 4-HYDROXY-3-METHYLBUT-2-ENYL N
17 AT4G34350 . . BraA01g003910.3C, BraA08g016030.3C 2
DIPHOSPHATE REDUCTASE (HDR)
18 AT5G57030 LUTEIN DEFICIENT 2 (LUT2) BraA03g012640.3C, BraA10g014920.3C 2
_ 1-DEOXY-D-XYLULOSE 5-PHOSPHATE .
19 AT5G62790 . BraA06g026430.3C, BraA09g007410.3C 2
REDUCTOISOMERASE (DXR)
20 AT5G67030 ABA DEFICIENT 1 (ABA1) BraA07g016890.3C, BraA09g009220.3C 2
21 AT1G03055 ~ DWARF27 (D27) BraA09g065400.3C 1
22 AT1G06820 CAROTENOID ISOMERASE (CRTISO) BraA09g063710.3C 1
23 AT1GO8550 NON-PHOTOCHEMICAL QUENCHING 1 (NPQ1) BraA06g005700.3C 1
24 AT1G10830 15-CIS-ZETA-CAROTENE ISOMERASE (Z-1SO) BraA06g007670.3C 1
NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 5
25 AT1G30100 BraA09g034930.3C 1
(NCED5)
CYTOCHROME P450, FAMILY 97, SUBFAMILY A,
26 ATI1G31800 - BraA08g009810.3C 1
POLYPEPTIDE 3 (CYP97A3)
27 ATIG57770 - BraA09g018330.3C 1
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28 ATI1G67080  ABSCISIC ACID (ABA)-DEFICIENT 4 (ABA4) BraA02g017410.3C 1
29 AT2G02500  ISOPRENOID D (ISPD) BraA02g035640.3C 1
. GERANYLGERANYL PYROPHOSPHATE SYNTHASE
30 AT2G18640 . BraA09g011510.3C 1
4 (GGPS4)
4-(CYTIDINE
31 AT2G26930  5'-PHOSPHO)-2-C-METHYL-D-ERITHRITOL KINASE  BraA07g017900.3C 1
(CDPMEK)
32 AT2G44990  CAROTENOID CLEAVAGE DIOXYGENASE 7 (CCD7) BraA04g030840.3C 1
33 AT3G04870  ZETA-CAROTENE DESATURASE (ZDS) BraA05g040310.3C 1
34 AT3G10230  LYCOPENE CYCLASE (LYC) BraA05g036490.3C 1
_ GERANYLGERANYL PYROPHOSPHATE SYNTHASE
35 AT3G14550 BraA01g002000.3C 1
3 (GGPS3)
. NINE-CIS-EPOXYCAROTENOID DIOXYGENASE 6
36 AT3G24220 i BraA07g009070.3C 1
(NCEDS6)
GERANYL(GERANYL)DIPHOSPHATE SYNTHASE 9 _
37 AT3G29430 BraA05g032530.3C 1
(ATGGPS9)
38 AT4G14210  PHYTOENE DESATURASE 3 (PDS3) BraA04g007910.3C 1
CYTOCHROME P450, FAMILY 97, SUBFAMILY B,
39 AT4G15110 i BraA08g011140.3C 1
POLYPEPTIDE 3 (CYP97B3)
CYTOCHROME P450, FAMILY 707, SUBFAMILY A,
40 AT4G19230 BraA03g048740.3C 1
POLYPEPTIDE 1 (CYP707A1)
41 AT4G32810  CAROTENOID CLEAVAGE DIOXYGENASE 8 (CCD8) BraA01g005230.3C 1
GERANYLGERANYL PYROPHOSPHATE SYNTHASE
42 AT4G36810 BraA08g021280.3C 1
1 (GGPS1)
43 AT4G38460 GERANYLGERANYL REDUCTASE (GGR) BraA01g000080.3C 1
44 AT5G16440  ISOPENTENYL DIPHOSPHATE ISOMERASE 1 (IPP1) BraA03g031130.3C 1
_ 4-HYDROXY-3-METHYLBUT-2-ENYL
45 AT5G60600 BraA10g018340.3C 1
DIPHOSPHATE SYNTHASE (HDS)
. GERANYLGERANYL PYROPHOSPHATE SYNTHASE
46 AT1G49530 - 0
6 (GGPS6)
47 AT1G52340  ABA DEFICIENT 2 (ABA2) - 0
CYTOCHROME P450, FAMILY 707, SUBFAMILY A,
48 AT2G29090 0
POLYPEPTIDE 2 (CYP707A2)
49 AT3G14510 - - 0
_ GERANYL-FARNESYL PYROPHOSPHATE
50 AT3G14530 - 0
SYNTHASE 1 (GFPPS1)
CYTOCHROME P450, FAMILY 707, SUBFAMILY A,
51 AT3G19270 - 0
POLYPEPTIDE 4 (CYP707A4)
_ . GERANYL(GERANYL)DIPHOSPHATE SYNTHASE 1
52 AT3G32040 . - 0
(ATGGPS10)
53 AT3G53130  LUTEIN DEFICIENT 1 (LUT1) - 0
54 AT4G25700  BETA-HYDROXYLASE 1 (BETA-OHASE 1) - 0
Total 79

o FtEH ol FFo td dHYE A9 Wo| HolH F&
O 7FEEol= 3o tiste] AYE glow Add

w5 AlS-(L210-3,

L226-1, L272-D°ll thsto] Zt2Eol= sfjagfo] o] WolE 4k&3dl7] $18te] Illumina

NovaSeq 6000 sequencing platform= %3
23). 370 AE st & 115.2 GhpY sequence Hlo|E| 7} AAlo]

AALE sequencing Hlo]HE &3 THE

o oHj S Aol
)=

thate] ATEE Hit 76.8X9 sequencing depthE eIt fastqc 4L %3 raw
read®] qualityel]l gt B7tE TP H LY 5).
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6. Bl JIR2E o= A E &< 37/ AT <9 Sequencing 23

Accession  Carotenoid Sequencing Sequencing size Total number Sequencing
ID contents platform (bp) of sequence depth(X)
1 1210-3 High 39,564,031,856 262,013,456 79.13
. NovaSeq

2 L226-1 High 6000 40,347,699,310 267,203,310 80.7
3 L272-1 Low 35,284,745,008 233,673,308 70.57

Total: 115,196,476,674 Total: .
(1152 Gbp) 762,890,574 Average: 76.8

Base pair quality
Accession
Forward Reverse

L216-3

1226-1 . ]

1272-1

a3 5 W3 JlEE ol AIE &F2 37/ AE9 raw sequence read® quality

O 1# QC ©]% TrimmomaticS %3] sequence®] ZE® % adaptor AES A AL
o 37 A% ZZelA AL filtered read sequence HolElE wiFE E =R A (ver 3.0)°0
alignmentS 33t sam FUS A AT o] F, GATK o]z ge
yd o]l bam Y= A U AFS SEO]-M_Uﬂ beftools& &-&3lo] 7|
Z AAke o] % filtering 2 joint variant callingS =3J3Fe] 370 AlEl disiAl 1,913,91170
o] Wo] A7t deye s dlstdtt. sid ®o] AR E filteringshal viFol A A E S
FFE2E ol FAATE YA oAl WolvkE HFA R A ATHE 7).

- 131 -



.3 FIRE o= dYE 2 370 AEFY SNP calling 23

# Filtering condition Number of variants Proportion(%)

1 Raw variant 1,913,911 100
2  Bi-allelic site 1,908,105 99.7
3 Homozygous site only 1,723,865 90.07
4 LD pruning 31,576 1.65
5  Carotenoid gene coding region 126 0.01

B oA AL AT WA £F 24 F§
O #4 % AT F88d B nAE o Us] Mol AR FHaAel 4 EFonA
el AgAS Belstart §EaAE Fu FFFHERN), GAFLEVY), HATER
BUDS| 5% SAS ASAAT. ASH AL RATY ALY A% AR A2 3
ekt 47he) fra Al A 167hS] FAARE AASATHLY 6).

]
Allelic Discrimination |®
L &
20 [ ]
= | |
=
-
=
] i
ﬁ 15 +
E
] 4
: 0+ 4
x o
2 A Ay
B
1
4 ® e % . a0 ®
1 8
0 5 10 15 pli} 25
RFU for Allele 1 - FAM (10°3) | Polar Coordinates

a4 6 a2 AYA vA AA
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AT FAA B DAY AF THL AP AW AT
1L FA7199 B2 ARAE 39 AU 49 23 2 FANY 2AE AR FAYA
dAFEA
7t FALY Ad &
(1) 449 5=
O 20159 7l# €AY 538 F 1,6997M142=2A, o]+ 20140 KX}t oF 14% F713 <+
2. FAY TEIAE AL =2 F7FFEAC o 20061 tH] °F 161%, 570 HLt
o 16%9] ZHES Holw 918 o] WI%E Y BE MFL A4S ov]
EH(27.3%), A 2(16.3%), 831(13.6%), HA(7.7%), 8(21%) == e
O TAY TE5AA vid oy = vk ANEaFTA TELA HF vid BTl &
o5 v A 53] 20169 A TEAY T AL TAY FEFAAY HTe oF
16.3% 2 A 200613 22.1% Xt} °F 4.8%p FAash
E 1l F5Y d=d FAY T58F s I
A Al Al L A Q| HA - 71&F
2006 736 18 235 163 110 115 26 69
(100.0) (2.4) (31.9) (22.1) (14.9) (15.6) (3.5) (9.4)
2007 813 25 249 182 126 123 26 82
(100.0) (3.1) (30.6) (22.4) (15.5) (15.1) (3.2) (10.1)
2008 871 33 257 189 139 126 28 99
(100.0) (3.8) (29.5) (21.7) (16.0) (14.5) (3.2) (11.4)
2009 819 37 250 173 121 110 30 98
(100.0) (4.5) (30.5) (21.1) (14.8) (13.4) (3.7) (12.0)
2010 924 32 283 181 149 121 29 129
(100.0) (3.5) (30.6) (19.6) (16.1) (13.1) (3.1) (14.0)
2011 932 39 300 185 139 112 30 127
(100.0) (4.2) (32.2) (19.8) (14.9) (12.0) (3.2) (13.6)
2012 1,073 39 328 202 160 118 33 193
(100.0) (3.6) (30.6) (18.8) (14.9) (11.0) (3.1) (18.0)
2013 1,279 49 393 224 195 108 46 264
(100.0) (3.8) (30.7) (17.5) (15.2) (8.4) (3.6) (20.6)
2014 1,491 58 445 255 214 125 47 347
(100.0) (3.9) (29.8) (17.1) (14.4) (8.4) (3.2) (23.3)
2015 1,699 69 494 277 231 130 35 463
(100.0) (4.1) (29.1) (16.3) (13.6) (7.7) (2.1) (27.3)
P =1 THEAY & o] A (http://www.seed.go.kr/distribution/sail/inquiry_condition.jsp &Y
17.02.27)
F 0 () 4 F5o] AAstE HF Y
0 NEW FAY FEAVEL AN A% Ry ERN G Be WFE A
Aok HAl 188%9) e MFE AASD Jow, theon FANE, A% 116%E A

A 8kaL S+
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http://www.seed.go.kr/distribution/sail/inquiry_condition.jsp

E2 E5 NEE FAY 558 el s

T Al 2 = I R s} 3 H Al 3 =

g A 1,699 69 494 277 231 130 35 463

(100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0) (100.0)
M5 A 9(0.5) 1(1.4) 1(0.2) 5(1.8) 0(0.0) 0(0.0) 0(0.0) 2(0.4)
kg Al 21(1.2) 1(1.4) 3(0.6) 10(3.6) 4(1.7) 0(0.0) 1(2.9) 2(0.4)
o -3 A 9(0.5) 0(0.0) 2(0.4) 2(0.7) 0(0.0) 3(2.3) 0(0.0) 2(0.4)
1% g A 3(0.2) 0(0.0) 0(0.0) 0(0.0) 2(0.9) 0(0.0) 0(0.0) 1(0.2)
BT A 13(0.8) 0(0.0) 3(0.6) 4(1.4) 4(1.7) 0(0.0) 0(0.0) 2(0.4)
o 7 3 & A] 13(0.8) 0(0.0) 4(0.8) 1(0.4) 2(0.9) 0(0.0) 0(0.0) 6(1.3)
SAHg A A 2(0.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.8) 0€0.0) 1(0.2)

Al A 65(3.8) 0(0.0) 8(1.6) 3(1.1) 2(0.9) 1(0.8) 1(2.9) 50(10.8)

A7 = 319(18.8) | 20(29.0) 41(8.3) 66(23.8) | 85(36.8) | 23(17.7) 0(0.0) 84(18.1)

SR 88(5.2) 7(10.1) 15(3.0) 7(2.5) 7(3.0) 6(4.6) 1(2.9) 45(9.7)
TAEE 212(12.5) | 11(159) | 95(19.2) 21(7.6) 13(5.6) 13(10.0) 3(8.6) 56(12.1)
FHAEE 148(8.7) 4(5.8) 40(8.1) 17(6.1) 32(13.9) | 18(13.8) 0(0.0) 37(8.0)
deps e 158(9.3) 5(7.2) 37(7.5) 22(7.9) 18(7.8) 3(2.3) 15(42.9) | 58(12.5)
e = 197(116) | 8(11.6) | 71(14.4) | 32(11.6) | 15(6.5) | 19(14.6) | 6(17.1) 46(9.9)
BEE 249(14.7) 5(7.2) 126(255) | 32(11.6) 20(8.7) 27(20.8) 3(8.6) 36(7.8)
BdE = 131(7.7) 3(4.3) 21(4.3) 47(17.0) 18(7.8) 15(11.5) 4(11.4) 23(5.0)

A5 62(3.6) 4(5.8) 27(5.5) 8(2.9) 9(3.9) 1(0.8) 1(2.9) 12(2.6)

A= S HEZAY & o] A (http://www.seed.go.kr/distribution/sail/inquiry_condition.jsp H& Y
17.02.27)

F 0 (0 )RFE A4 FHo] AR AA sk v F 9.

(2) F¥TH3 29 2 5 @3

O FFTHIAEE 19989 =¢old 20161 7]“7F % 886710l E=9Eo 639271°] TF
ATk 2011720154 FAVIE 905 E o=, E e, Aoy, A, Ud e
ojo] AANA THARZ B Ao E]r%(/\}‘%‘ﬂ?l = S 3], 2017).

O 20167H4] A =444 S A¥uy 33F7F 525%= 7HE =2 HsS AAstaL
Aom AAF 21.7%, A FAE 131%, AT 62% o wow yUewt HL ALFe
=g ol vid Eojus FAY.

O AafFel A5 =l 2ol JTHL e aFx, wF, 57, T 59 FF =92
50% oY AER® £2 HlSS AAstL v 53] o5 FHS A GSP AFAOlA F
T MESs FJFHoRE dFsta Jow, 20179 GSP Abgol 2@ AR Eoj7tHA £ 9 &
WA AES o] o] Fo] A Aow V.
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http://www.seed.go.kr/distribution/sail/inquiry_condition.jsp

¥ 3 FFE FFEI 249 2 55 dF (2016.12.31. EA) 9] AF
e 5 A
R st Al 12744 2013 2015 2015 2016
Al 8,867 6,233 599 621 57 657 6,392
A F A= 1,166 893 70 62 30 61 954
I 547 376 37 45 38 51 337
s} &) 7 4,658 3,342 282 322 391 311 3,493
58 330 244 25 20 25 16 244
ArE 67 45 3 3 11 5 42
B Al 178 122 15 14 17 10 130
A A 1,921 1,211 157 155 195 203 1,192
A7 0 Y FAY &9 o] A (http://www.seed.go.kr/protection/situation/register_01.jsp H4 Y : 17.02.27)
4. QL7 FTHI 29 % T3 % faa B
R ! Eas 54
Al 12744 2013 2014 2015 2016
A F 1,921 1,211 157 155 195 203 1,192
aF 457 270 31 50 52 54 274
s 205 146 16 10 18 15 132
Hlj 3~ 236 162 15 17 21 21 159
T4t 160 109 13 7 15 16 34
71 et 363 524 32 71 39 97 543
A5 0 T HEAY &9 o] A (http://www.seed.go.kr/protection/situation/register_01.jsp <Y 1 17.02.27)
(3) METEE FAEA @
O 20164 *—X}C’é/‘a‘ﬂ%}_/\]—(ZOIESLq 7)) A FAFA = 1,207 2 YEPg o o] F 59
o sk e R dAE L0617 aR 87.9%2] WFe AAstaL Q5. o]of 57159 € mwk

o] 7.3%, 15740

ol 3.4%, 40¢]

'?_J_ o]}\o]' ﬁzﬂ7]' 1.4% = [—HT“V‘

QA7 ArjHow

TR QD Ao R e
5 wWEqTEE FALA 220154 7<) el A, %
T gA 5 k2
A 1,207 100.0
51 4w 1,061 87.9
ool 57159 4 v 83 7.3
15740%] ¢ vlwt 41 34
40%1 91 ol 17 14
AR FYEAD REAZ(017. 4. 12)

3”1

L 20159 1% EAY SR

AAE 861%=E FoH IMNEE

1,6997] &0l vt #H| S

A Le 1,20770 4 G A
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(4) TALA T2 A7 2
O AA HAFFAE AHrd A7} 31.5%=2 /M
H2=(19.4%), AN2(162%) 59 wo=z e,

BE FS AR gl ke 2

O ol FREE AWRW LR JALFE FEFA AFHFo] B wWw PR
ARFE AxFAd nFe] FohE AL 2 F 9L
E 5 FAHA FEE AFFTA20159 71%) el A, %
) 2k 2 EQ
i A8 | Ax | @ | osa | owa | B [FYUEL g
A 59 247 482 185 94 296 165 1528
& 39) | (162 | G315 | 121 62 | 194) | 108 | (100.0)
. 42 177 464 159 60 269 147 1318
T 3.2 | (134) | (B2 | a21) 46) | 04 | 12 | (100.0)
B 8 34 10 16 % 13 9 120
guper | C | 61 | (283 (83) | (133) | (208 | (15.0) (75) (100.0)
TR . 5 23 6 4 9 8 7 62
o QD | G | ©n | 65 | 45 | 129 | a1z | (1000
. 4 13 2 6 0 1 2 23
Tl 143) | 464 (7.1) | (21.4) (0.0) (3.6) (7.1) (100.0)
2} T HEAL REAF(2017. 4. 12)

=
F 0120159 7 TAY 5EAAE 1,699 404 A T
()

Aqom, 4AE 861% T8 3MaE AT 1207744 A= g ]
2. ()2 4.
O Fzkel ¥id HAgFshs F5E SR/ Wi 156702 MY woka veeR A
6670, 2= 3270 wo 2 dEhd. AnTAe] A fvle) FRIF F45 HFshs A
F7F 2 Aow UEd.
X 6. FA FRE BT AF FAF (201549 7€) el s A
ok P 55 e | 5E/AR
i 4F | oAx | @ | osa | owa | P T
AA Bt 2.2 6.6 3.2 156 2.3 3.8 43
EaRTE 2.2 4.0 3.1 10.8 2.5 3.7 3.4
g of TR 2.5 11.0 74 34.3 19 45 18.8
R
TR 2.0 11.0 3.7 120.3 19 4.9 4.4
o} 7 5. 15 22.7 5.5 232 0.0 5.0 8.0
x}& FPFAY BEAR(017. 4. 12)

120159 7l TAY SEHAE 16997 &kelv AY s& A
AAE 86.1%=E F8H 3MNAE AYT 12014 FA=

AS 83 140590 A
GO @ 2AARY

Ao zAE g

3”1
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7 FAJAY ZAZF

2 5

- Rin

FA A F - FEE, 201549 7= ool s
T %% w999 | Faege | LE A
2 A 0.7(11.0) 0.0(0.7) 1.3(20.5) 4.3(67.8) 6.4(100.0)
TR 0.4(8.3) 0.0(0.0) 0.9(18.8) 3.6(75.0) 4.8(100.0)
s ol FaIRE 0.9(12.9) 0.1(1.4) 1.9(27.1) 4.2(60.0) 7.0(100.0)
W
T = SR 2.3(18.3) 0.2(1.6) 3.5(27.8) 6.6(52.4) 12.6(100.0)
o) 7 5 155(18.3) 2.1(25) 21.3(25.1) 46.0(54.2) | 84.8(100.0)
F1. 3 FRYEZE AFEe 59 ¥ uvl FATEE 59 97159 o ny SEE 169 97409
A wHuk g RE 409 9 o)A 7FY
F2. ( )ere vFd.
AR 2016 A AEHZRAH2015Y 7)), U EARAER 2017,
Y. T2 At 8%
1) AMEFTA A L d2dEF
O 20161 7]% AMAEA AYAEFLS ¢k 211502 o]l AWn B} ¢F 226% 7HAsE X%
d. FH FElvet AR ANFY gEY ALAFTA ALFS FaAFAA S AATA F
7HE Be HSS ARk FES wFEA, 20161 AA AL AR F oF 53.9%9 vlF
S A g o 2E 1F7F 354%9 HlFS A S .
¥ 8 AaAFA AAAG @9l Kg
T2 2012 2013 2014 2015 2016
Aaw 336,045 326,451 405,513 272,804 211,182
- (100.0) (100.0) (100.0) (100.0) (100.0)
o= 1,932 2,118 556 675 687
B (0.6) 0.6) (0.1) 0.2) 0.3)
NE 132,435 141,214 180,913 118,387 74,763
T (39.4) (43.3) (44.6) (43.4) (35.4)
o 163,718 155,302 192,914 127,682 113,390
B (48.7) (47.6) (47.6) (46.8) (53.9)
. 965 1,532 1,596 1,315 1,230
T (0.3) (0.5) (0.4) (0.5) 0.6)
e 36,995 26,285 29 534 24,745 20,612
(11.0) (81) (7.3) 9.1) (9.8)

FL Cha=2AF A A AR
jehe A AzFolA 3
AR (ADREE

2. (

O 2016\ % AHAFAL vfE o
& A ARER HE
st 9l

A9 3] &9 o] A (www.kosaseed.or kr

ol ©

N

=
K3

Nz=2 g

REF] AA T v

o]

=

3
By
==
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o 1 17.03.03)

o 77

/\1 O]I— ;qchir/}. ok 1.6%% 71/\
Zy 175%, 6.6%, 16.1%, 46%E =}



9 HLFA WEdH el ot

o

T 2012 2013 2014 2015 2016
A2 239,451 261,251 253,600 264,760 260,500
== (100.0) (100.0) (100.0) (100.0) (100.0)
o= 41,407 49,009 44,282 50,416 45,603
T (17.3) (18.8) (175) (19.0) (17.5)
) = 18,947 19,519 18,610 17,384 17,261
T (7.9) (75) (7.3) (6.6) (6.6)
o 38,445 45,804 43,247 45,926 42,070
T (16.1) (17.5) 17.1) (17.3) (16.1)
. 11,125 12,317 12,611 12,764 11,992
T (4.6) (4.7) (5.0) (4.8) (4.6)
. 129,527 134,602 134,350 138,270 143,574
(54.1) (51.5) (53.2) (52.2) (55.1)

T (AT FARE DA AlE AEE VIE2Z T
28 0 (AP3EERE 3] F 9 o] X (www.kosaseed.orkr £ : 17.03.03)

(2) ¥F2E FANG TR

O 20159 71 $EuEte] FAAG FRE oF 50089 9] gpmelth o F Aat
31479 9 FEE 7P B 1F(628%)& AA s don 7} 5679 9(11.3%), 54
48601 91(9.7%) 59 co2 e /Mg B vFS AXn e AnFA e 4
SRR R AC o8] FFel o] FojAe FRE Ay YH(HEF, 2014).

¥ 10. 1 BFE EAANF FRQ0I5E 71F) w9l : o 9l %
EQ

i F oA | Aw | Az | @5 | & | owa | ag | SN
%2} whoj ol 5,008 52 3,147 567 486 408 200 150
© IR (100.0) (1.0) (62.8) (11.3) 9.7) (8.1) (4.0) (3.0)

A8 FHETAY HEAR(2017. 4. 12)
7 1120159 71 FAY SEGAE 1699740 Y TS Al9sta 14059 A Yo E ARSH
Fom, AAE 86.1% F&H MAE AL 12077148 GAE WFoZ g =AA 34,
2. () 3l FR7F AA Fuj Aol A A s= 1] F 9.

(3) Uzt FAAZ TR
O EUR013)el m=w 20129 % AlA SAAE PR 34967 W F= FR=2 AlA1
o] FEAA Monsanto”l 1= wl=ro] 26.7% % 7Hg & vlT& AA st . AwE Vs
o ® w=zo] o]o] F=(221%), EU20.3%)7F 1 & 3l
TAANE] oF 710%5 Arstal o) AA AEe Fx=38kaL

=)
ﬁJ
of
ﬁl
e5!
(@
N
2
>
)
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£ 10. ¥HE S FAANZ T2 el sk {2, %

T

S 05 06 07 08 09 10 11 12 %ﬁg
e 1582 5575 6.202 8.159 8,603 9,052 8621 9,310 2.7
== 2411 3584 2,919 4,079 4,302 7,166 6,490 7744 2.1
EU 4,903 4972 5,339 5,349 6511 6,974 6,968 7,106 203
EEE 965 1.19% 1459 1.360 1434 1509 1,836 2,043 58
ket 442 138 201 374 304 415 3% 1,650 47
aw 152 1035 1,094 1,020 1075 1509 1437 1557 15
o 2,009 1991 1,094 816 896 1,056 1114 1051 30
of=alE L} 748 741 693 501 498 453 542 77 22
7] 137 199 %55 %55 287 302 %87 534 17
7\ e 3148 2.870 2752 2,599 2,709 2,619 2,838 3121 89
A 19827 22,600 2711 25,012 26,710 31,054 30,626 34967 100.0

A& : The EU seed and plant material market in perspective : a focus on companies and market
shares. EU. 2013. pp23.
T 1w AL, gATAE 23S A

2. A gA= A9 g

(4) EUS TAAZ TE
O EU 3€=e FAANAY 2= wid S7h¢Ald dew 2012d 71+ 7,106M %
A ool Ad: Buh of 2% 7k A AlAA FAH3AFR] Limagrain©] 1= 2%
°f 31%&5 AHAstal Qlal, 1 HE 5U(12.8%), olguoh84%), Z=#H<1(7.2%), U4
(6.5%) =o 2 e,

=

it

7

ol
o=

~—
-

1
T

O B3 xvod Wdase A9 A 5497 Bt 4ol 27 162%, 269% A a
o
=

ol
i
rlo
oX.
ox
T
o
o
o
k!
¥9,

X 11. EU 3 d=9 T4 TAANZ 1= el ek § 2%
78 05 06 07 08 09 10 1 12 1=
oI

T 1,101 1537 1532 2,040 2294 2338 2536 2179 307
) 804 79% 673 628 811 %1 841 911 12.8
olg o} 522 621 730 510 513 538 514 597 8.4
2ol 241 239 328 306 323 339 323 514 72
qees 241 166 219 204 34 441 420 459 65
S 458 205 202 272 287 302 323 350 49
A 121 159 219 204 215 226 219 237 33
G 7tel 161 159 219 204 215 226 216 233 33
oo 322 207 %565 233 186 19 187 218 31
A 161 123 17 163 172 181 180 19 27
b of - - 161 150 153 166 153 171 24
] 161 1% 182 136 118 140 165 170 24
BT 113 112 17 163 172 181 172 156 22
7] o] 104 104 139 129 133 140 133 144 2.0
EEE 64 82 117 109 115 121 115 125 18
o Edlof 137 1% 109 102 108 113 108 113 16
ERED - - 83 82 86 91 86 93 13
Z 2 7] o} 72 7 80 75 79 3 79 86 12
oral A= 43 43 53 54 57 60 57 62 0.9
L) 43 43 53 54 57 60 57 62 0.9
Z 2] of 24 2 29 27 29 30 29 31 04

A 4,903 4972 5,839 5,849 6511 6,974 6,968 7,106 100.0

A& : The EU seed and plant material market in perspective : a focus on companies and market
shares. EU. 2013. pp 24.
T 1 2=, AL, AFAsE 23 A

2. A3 A= A9 g
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5) AA F8 FAYE WE 5

O 20149 7]& wiEdHo] 7 =&
29 WEHS 7| 5F. ol A AA
d VP2 AE v ES FXAS UYEUL S 1 o2 DuPontAbEA 9F
16.8%2] H| T &
O AA TAAEAS 9] 570 Mo

o\
>
~
A
flo
=
A
1o,
=
@]
=]
wm
Q
)
—t
o
S
>
fru
>,
s
0
I
N}
(@)
1=
(2

o | olm 20101 o]n] 50% o]de dAf&s AAstar 9
1, 201492 78 66%° g A2 54 7Igel o& FREoZFAL Qi o5 AJAA]
Wi E-e g5 AX Q= G oldd d4Y Fa3% 9o 2E ey Ao wHi
@ Q% 71 od) FAUA A5FYol Fo 20w AR AL
E 12. AA 10t FSA3]A vj =Y e oW f 2%
T 2010 2011 2012 2013 2014
Monsanto 5,975 6,419 7,919 8,096 8,420
DuPont/Popneer Hi-Breed 4204 4543 5,914 6,435 5,989
Syngenta 2,202 2,382 2,619 2,509 2,474
Group Limagrain/Vilmorin 974 1,109 1,256 1,392 1,419
DOW 442 804 1,084 1,285 1,257
KWS 754 855 986 1,147 1,178
Land O’Lakes/Winfield 848 811 1,034 1,007 1,041
Bayer Crop Science 687 820 897 921 978
DLF Trifolium 255 274 292 330 427
Sakata 291 319 341 296 301
Top 10 seed market 16,632 18,338 22,343 23,419 23,483
Total world seed market 32,342 31,790 33,014 35,235 35,570
CR3 38 42 50 48 47
CR5 44 48 57 55 54
CR10 51 58 68 66 66

A& : Policy Department Structural and Cogesion Policies-Overview of the Agricultural Inputs
Sector in the EU. 2015. EU. pp 26.

O AMAZEA Al 19 719 7= Monsanto2 A 2015-2016 3| AIA % 7|5 dujd o ofF 728w
o R 2 Uehg. olo] e ~9] Vilmorin%Cie, =929 Syngenta, =% ¢ Nunhems, 4l4g &t 9]
Rijk Zwaan <¢9].

%13 A F2 FAAN] A2FA 2o @l
T =7} hof] 4
Monsanto u) =y 728
Vilmorin & Cie(Group Limagrain) ) 689
Syngenta 29 560
Nunhems(Bayer Crop Science) =9 399
Rijk Zwaan El=kas 340

A

% ! Vilmorin & Cie Annual Report 2015-2016. Vilmorin & Cie. 2017. pp 21.
T 1 2015-2016 SAIAE V=4,
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O 39l AFS s HE 2 olfRE AFHE) AP SWo| A% MY ¥ Ao
2 GE gl 1520 4% @ A9 AFL g, AEAge] REow 9l
gt AE 5o olFE MAMEES v AR UE.

E 14. TALFAY AL AF (20159 7|F) w9 AR %

AL AE AH & ¢ 2] &AMt
TR i 7% A& & A& A
0% | wA [ =aas| we | w2 | 9y |JFIoam
b | dg | x| ws |[5RTE

] 73 | 1,134 | 1,207

A A 6o | @10 | dboo) | 298 454 2.0 12.7 59 43
30 | 1,031 | 1,061

AFE | 26 | @& | dboo | 338 388 25 11.3 6.3 74
. 18 70 88
TEE 16 25 41

FFE | 390 | 610 | 000y | 234 51.1 0.0 19.1 43 2.1
9 8 17

NFE | 50 | @i | aoeo) | 200 68.0 0.0 0.0 8.0 40

g HFAY REAE(2017. 4. 12)
F 0120159 71E FAY SEHAE 16997080y A & Adsta 140594 di o 2AME
Rom, AAF 86.1% oW IMEE AL 120708 GAE HFow & A
2. (e FAAF 47 AN wF9.

O TAFAY] T2 A =E 93.8%2 A 7F el vt
ol @ sje]FEs Haddte JAlT 54%E YEbd. 9 FEN st A= SMAE A

1l =~
$ A& Aoz e

of

PR BAS AvRE FRst 25

O
e}
=2
12
JHU
_—?{:ﬂ'
1o
-,
=2
=
ofN
-
H
rlo
poy
o
fr
=
Auj
i
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£ 15. FALAY FA #5A9(20154 71F) el Tha, %

T Sl ()R | sl e () | Sl aj el (rE) M A
A 974(93.8) 8(0.8) 56 (5.4) 1,038(100.0)
TR 861(96.5) 6(0.7) 25 (2.8) 892(100.0)
o ol TR 75(85.2) 2(2.3) 11(12.5) 88(100.0)
TEd CRi 28(68.3) 0€0.0) 13(31.7) 41(100.0)
o 7 5L 10(58.8) 0€0.0) 7(41.2) 17(100.0)

g L YFAY HEAE(2017. 4. 12)

D 120159 71 FAY SEAAE 1,699/ k0d HS) 5 Aeska 140594 did o2 xAbe
912111 HAAE 86.1% FoH 3MAE AT 120704 dAS oz 3 2AA39.

2. ()2 FACNA AA = B9l

£ 16. TAAA S FAAF @F(20154 7] F) el 4
F2 oo
B 3] AL B

A 4,414(88.1) 564(11.3) 29(0.6) 5,008(100.0)
STt 584(97.0) 11(1.8) 6(1.0) 602(100.0)
v o ST 674(94.1) 39(5.4) 3(0.4) 716(100.0)
TEE CRi 829(93.1) 47(5.3) 14(1.6) 890(100.0)
o 7 5 2,327(83.1) 468(16.7) 6(0.2) 2,800(100.0)

MR A rEE 59 o vk AR E 59 97159 9 viwh, FrEE 159 97409
2= A

2 29 8%

O 20164 71% A2FA £EFE o 5PEOR o
& £AY. ALFAY £ES A FHE =
FEAe wid SR A 20164 FEALE 505218 FRA ol AdE wrlh o
110% Z7h 529, $5F0] 34 wEstn e FE0 Fse oft S
debel AxFA} el FARA 94e wa gom s A4 T ol
sto] A5atn Aee o,

O 20169 7l& AMLaFA FEF T /M B2 veS AAsta s AL FEA, ¢
1

PN
T
445%2] W5& AA St Utk FEA EI 248% % FFE HFS AAEaL e ALF9
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G FEEL 34%7 e "AFskal AR FAWE =N WA 234%E =2 H| TS A
Astal o], FEEIHE - =2 AS & 7 US
E 17. ALFER 58 949 i Kg, A $
2012 2013 2014 2015 2016
T = o e o = T = S =
A aw 544606 | 40,080 | 638275 | 40507 | 567931 | 39816 | 616428 | 45510 | 578904 | 90521
ST L(1000) | (100.0) | (10000 | (100.0) | (100.00 | (160.0)0 | (100.0) | (160.0) | (100.0) | (100.0)
= 19,999 9,934 15,050 9,667 12,404 8513 12,304 9419 19,740 11,831
2+ (63)) (24.8) 24) (23.9) 22 (21.4) 2.0) (20.7) (3.4) (23.4)
) 2 60,104 3535 65,380 4,102 43,335 2793 60,366 3605 98,065 4,475
T (11.0) (8.3) (10.2) (10.1) (76) (7.0 (9.9) (7.9) (16.9) (8.9)
- 168,557 6,924 291,974 8871 290,841 357625 | 13644 | 257562 | 12921
T (31.0) (17.3) 45.7) (1.9) (G1.2) (22.3) (58.0) (30.0) (44.5) (24.8)
J— 6,527 679 4273 384 744 230 645 91 2398 634
TS (1.2) a7 %) (0.9) 0.1) (0.6) (0.) 0.2) 0.4) (1.3)
et 280419 | 19008 | 261598 | 17483 | 220607 | 19382 | 184988 | 18751 | 201139 | 21060
(B3 (47.4) (41.0) (432) (34.8) (487 (30.0) (41.2) (34.7) 41.7)

F1. (AP EAR 5 I HUA AlE AERE V2R S
2. ( )eF2 AAFoAA T FEo] A st HF .
A7 0 (AhekgEAE 3] 9 o] X (www.kosaseed.or.kr H&Y 1 17.03.13)

O 2016 Uty AMAEA FYUS ¢F 1632 EoE ol AdLe 2061=ERT} ¢k
20.8% A3t 9. H- GSPAIY S9 dFgFoz -3 Uil AEF o] ol
wel A aFAe] Fdol TaFAd

Zkzy 30.9%, 244% #asks & wid L fgAaEo] AX AL U+

O FYFIA HF Be MFL AN FRe TR 0164 1F AA FUF o}
503%% Aol 1Y Be MFES /) E5n YL, AW FAW BEneh v o
of Ferele Al oF 151%2 S 9

£ 18 A2FA F98% @9 Kg, A S
2012 2013 2014 2015 2016
F% [ w9 | 79 [ = | FF | w9 | % | @9 | FF | a9

A 2R 2010527 61,137 2308139 72,073 2,061,527 71,537 2,061,330 68,770 1632227 61,817
- (100.0) (1000) (100.0) (100.0) (1000) (100.0) (1000) (100.0) (1000) (100.0)
= 45,566 4,497 41,172 6,502 37,936 6,257 46,504 7,273 35,172 5,869

T (2.3) (7.4) (1.8) (9.0) (1.8) (8.7) (2.3) (10.6) (2.2) (9.5)

EEEE 184 3,096 393 5,641 293 5,438 240 5,202 221 4,409
— (0.0) (5.9) (0.0) (7.8) (0.0) (7.6) (0.0) (7.6) (0.0) (7.1)
R 151,834 1,565 108,103 962 123,959 1,125 101,912 1,359 70,390 995

T (7.6) (2.6) (4.7 (1.3) (6.0) (1.6) (4.9) (2.0) (4.3) (1.6)
= 928,280 9,022 1,223273 13,033 1,149349 13,793 1,144,006 9,604 968,448 9,316
o (46.2) (14.8) (53.0) (18.1) (B8 (19.3) (565) (14.0) (59.3) (15.1)
o) 12,434 1,146 14,060 1,435 10,053 1,320 13,039 1,545 9,351 1,520
T (0.6) (1.9) (0.6) (2.0) 0.5 (1.8) (0.6) (2.2) (0.6) (2.5)
71 € 872,229 41,311 921,138 44,500 739,937 43,604 755,659 43,787 548,645 39,708
(43.4) (67.6) (39.9) (61.7) (35.9) (61.0) (36.7) (63.7) (33.6) (64.2)
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= duf)rt | e o] (E) . .
T = (zul) 2] (%) o)) W Al
s 1,084 5 63 1,157
(93.7) (0.4) (5.9) (100.0)
. 963 3 29 995
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] dEAR(ZEEE & FTME7HA &), AAY ASF Ve &8 A7d ARy, e 24
N& SFEF NER FAeRon, dxete] A9 defiE 9 FF g g3UIv 248 T8
Wwako 2 Mg Aot
26 A2x THAY F2dd € =2H FAY A2 A }F
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THE v oyt AAE oo mAA REekal vk ODAE =3 fojuvate] e Fdd x4
2002\d 7779 YoM 2016\ 64059 Yoz 88 FUIEtF o, o]lF FHFAR AYgAHLe F
kol 809 oA 9619 Yo = 12w 7h7ke] F7ke Ao e

N,
rlo mu AN

X )

N

- 156 -



&

[=s] o =T (o] feu] ['=] A.u_. (5]
[T O T S T S = S B
(=] {an ] [ ] [=] o o o (=) o
H; d
)
\
ojl \
i) ¥
- q_/
(4]
= \
§ |/ | )
\
Y ./.,.
\ X
N\
¥ » 1
ofl \ M
ﬂr./l_ Y 5
=3 g : .f/
or “~ J
s \
.
K4 :
o \ /
LI_ ..
o .
o0 : »Y
a T
e/. ‘__» o
= ~ /
fio ] \
= \ /
=]
& .
Ly
L4 . .._
I ,9__.
[} o [} o o
(=] [=] (=] f=] (=]
uy L=} uy o w
oF o o —

(=]

o]

% ODA 47 %

Eis

g 2.

2016 KOICA Tt & ¥4

=

0

N

© 9% = ODA/GNIH| &2 2 &8% & 7

N

afl
ar

16.0

4.0

12.0

10.0

8.0

6.0

4.0

7,000

6,000

5,000

4,000

3,000

2,000

1,000

1S R TR ARAAGA S} FYF AR

3
“

¥ 3.

ks 1 2016 KOICA o €]

ol

’

|

o N3 =

2 HF

o

]

[e]
L2
- —

2 PR, TR AE} 25679

gl

L A7) H A

o 4

] AL A 477

o
e

A" 7074

=13
=

A, 7N

3]
=2

A A 1,181

=
T
9]

dgow

oke] A}
A

G

ol

=
-

<7t

ol

o, < HlF

o~
o

L=
[

38091 €

% 722 (307N

=

(77), A4

=

g 1329

A
=

(4971), W&

il
(316%), ¥

4859 ¢

e

¥74/1,4077), FAPEI 1029

(33), =

2]

2]

(471)

<

FEE

24 1509

&

A 7174

O EE 18 AA

,ES

1717h o) ¢ L

ols
210

oy
e
&

- 157 -



o7 = A3 ODA Aol alg =7kt A 99 sEde EdE
F FU3 Jdoz 83 4 r= HS wsd GSP Algdwy s
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- ANaFTA FEFS T 616=0lA 569= 02 47E(7.6%) HAastdon, FEAR
57,773x %l A 50,766 $= 7,007:$(12.1%) 743t

- AA FEFA T ALFATE AAGE HleS 2T oRe 382%, W EoRE
971%= A T4 FEAA dFES AAT Aom YEhd.

- SRR el deleres 22l FAR EE F5 dAE Ad S e FE
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W FE AEEEY FA, 7] FE5E JQxe] 584 88 vF 5o e

5) A= A2x ALY K4 5/d AfeM Fa A wEdew GSP 28 Al At BEs 24
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I Seluet Bx 259 @R(20174, 20184)

FE=(A) FY4@B) F94+4(A-B)
S ET ey e e Er
A 1433 52.007 17.858 126,746 ~16.370 ~ 74419
2(05)8 A 22 A} 569 50,766 2,001 75,834 A1522 25,068
(%) (38.2) (97.1) (11.7) (50.8) (2675) (49.4)
A 1336 58542 16243 115.802 A 14907 ~57.350
R P 616 57773 2172 73479 A 1556 ~15.706
(%) (46.1) (98.7) (13.4) (63.4) (10.4) (27.4)
EE 52| £6245 1615 10,854 A 1,463 A17.009

=7 (%) (11.4) (10.7) 9.9) (9.4) 9.8) (29.8)

(a-b) [ A=A AT AT007 A8l 2,355 A34 £0.362
(%) (76) (12.1) 3.7) (3.2) 2.2) (59.6)
g TEE5AIE(2018.12), TEA 25 =9 A

0 W7 ANE FeldE FAY S2AA F ARl Qe AAFE L5 @ o)

Zolo] 593 wukel AA|7F AA ] 87.0%9 1002712 A T2 A E Aol e

= A A o] dE AA v FE& 7T%olU L.

~ wjZal 409 9 o AH(UIFE)S 207, 157409 A(ETFR)E 4470, 57159 Q(EATFE) T7
57 2 MRS LA S i) v ke S A sew e,

- 201794 71+ @A Aol Q= FAFA Y 93.0%= Ul Al AR FHufrp o] Fo %
on, = @l @ oalel FES WASE AAE 49%, A9 FET e e
2.2%(2571) .

E 2 3vjdAd A4 FAYAY FA FE5A9(20163, 20174 71F) @9 AAF, %

. S (el 2 el (4 S e 0

2016 2017 2016 2017 2016 20173 2016\ 2017

HA 1,084 1,071 5 25 68 56 1,157 1,152
= (93.7) (93.0) (0.4) (2.2) (5.9) (4.9) (100.0) (100.0)
P 967 3 16 29 19 995 1.002
- (96.8) (96.5) (0.3) (1.6) (2.9) (1.9) (100.0) (100.0)

siqo| 78 59 2 5 17 13 97 77
sofey | TH 80.4) | (766) | (@.1) (6.5) (17.5) (16.9) | (100.0) | (100.0)
Heg xdm 35 29 0 3 11 12 46 44
B (76.1) (65.9) (0.0) (6.8) (23.9) (27.3) (100.0) (100.0)

=BT 8 16 0 1 11 12 19 29
(42.1) (55.2) (0.0) (3.4) (57.9) (41.1) (100.0) (100.0)
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F 3. #dd A4 FALA I @9 42016, 2017 71E) el o

e FTAHE oj o 7 o v 5 Ay
2016 2017 2016 2017 2016 2017
= 4,722 5,208.8 3,918 4,753.1 8,641 9,961.8
s <] (%) 655 687.5 143 95.8 798 783.3
AA | e A &
9l she(2 %) 31 224 0 0 31 224
4 5,408 59187 4,061 4,8489 9,469 10,767.5
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A H .

Aa, BEAA AHe 9% %9 RDB FHAL 53 2L Al 5ol
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107% A% 202 eht A% $4 £% S8 A Poe 2AT 287} 9e.
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DAC) 719 o] % &4 7/l 2 (Official Development Assistance: ODAS) TFE = X &2 o
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A10d = FAEA A2 IABAY A gt AT

1. sf9] FALE a3 &4

7b S ALd a9
(1) AA A d&
O Al FAF AvjlE A &M oz Frbsta Qv 201615 Al9ska 2010 3079 =
2014 4059 e, 20174 4119 2, 201892 4179 Ee =2 F7kstdoh (29 1).

I™-0L AA FAANG TR

T (3 [TEER(T)

100 45000
41670
40535 41119
39382

3?560 wzm ESSV 40000
34485
- / 35000

30653

90

70

30000
60
25000
50
20000
40
15000
30
20 !
10 5000
a a
2010 2011 203 2014 205 2016 207 2ms
GMEAHE  mm UHERHE —o=TH

Z2]: Phillips McDougall Seed Service2019

O AAl 3t F& FA ZEQl F, S, AMiFo e dA T2 E9 20189 7]
T 18%°l &gt} o= 324¢] 8300% HElo] ol2& & T ST A J‘ruﬂ =
ol MA oF 425%= 7FF & WFES A oF 1779 1008 EejolH, vgow F FA
7} 20.3% = °F 849 4,300%F Zejolal AA FATL 165.2% = °F 639 39008 & FFo ]E‘r
(ZLH02).
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C)AA FAANE AHE 4
O 20173 2018l Wi TA71 4ol A 2 o] o] F o] XA, ChemChina(Z =),
Bayer(%<), Corteva("]=7), BASF(5)2] 4719 S 2¥ FA 7ol MAAl TAAIZS F
=t H AL EA).

O 2015 124¥°l+= Dow$t Dupont®] @1o] 13009 Eefol] o]Fojxon, 2017d 6¥
ChemChina®] Syngenta <157} 430¢] @&fo] o] FojH . =3 2018 Bayer? Monsanto
ol4E= 6609 <ejdl, BASF9 Bayer CropScienceZ ¢l=38tit}t. olgldt =Uld 7149
M&M+= AMA FAAE 47 AAE wbEdth o83 Bigd® EEv 22H 27|92
AA FA wiER e 2/3 oS At Atk 9 719 AFAJA AR A A
A& T2 ¥ R&D FAF A&eta low, FAAA A H FHE Sl FrHs Y
d Aog oidr. o= Qs wull T 79 22 FAVIYeR dAst=d 9

WS e Zol= A7 Ha ¢

IH04. AA FTAAZ A5 R FH

CHEME-HINA B
R 1 W create hamisiry. [ == | =
20176 I ] = 2019.1
syngenta PG I 4 CORTEVA
MONSANTO § H
=

O 49l 10/ 2R EAv1e] WEALe 20189 2799 1007 L2 A 4162 7,000%
9ele) 67%0]t). Bayer® 20181 1039] 3600% el 22 4719 oA E4 vl
Aol 7Hg BE VIdem MA FA wiE: A 24%S AA s k. Cortevars 7 HAZ
Fdujeldo] e yjdom Fa wjE o n]Fo] 188% (8% 42007 @)= HAAT. A HA
2 Wojolo] W& 7] Syngenta® 309 40097 @l A A9 72%S A FFa Q). o]
9]o BASF7} 159 3500% €&l = 3.7%°]™, Vilmorin< 149 9400%F @& 2 3.6%, KWS
= 139 39007 Gel &2 32% T wo® T AuAs VEdIon EAS T3 A
1078 714¢] mle< detal Boks w AFHFES oF 67% o ol=2n o= = A
(Oligopoly) @] Aoz E = 9ok (1d 05).
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= s = o O
3905 F8 22E FAVYY TAWMEY AwE
12,000 30.00%
o= B[Z
10,000 25.00%
N\
8,000 20.00%
6,000 15.00%
4,000 10.00%
8 TOP 10 = Others
2,000 II 5.00%
—— AgRelia
Bayer | Corteva i g BASF  Vilmorin nt LPHT | Sakata
Genetics
- 2017 10,835 | 8,056 2,829 1,694 1,542 1173 517 657 473 462
2018 10,336 | 7,842 3,004 1,535 1494 1,339 693 651 541 466
“DfEY H|E 24.80% | 1880% 370% 370% 360% 3.20% | 1.70% 160% 130% 1.10%
==2017 mm2018 —OjS o U=

3)AAEA7 G
O AAEA7 ] Wstel

o] BFS AAZ I AU L

o2 FAHA A, A3 Az

de FIJAHE BFEAH 942 Gt 3719
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Z2]: Phillips McDougall Seed Service 2019

A8 e E 2 (Scenario Planning)
Qe 2844 80

et WA b oY X e

244 (Scenario Planning)E& &3 ATHIH 6). =2 2y
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Z*]: P. Schoemaker, “Scenario Planning : A Tool for Strategic Thinking”



O W8 FA7IYe 56zt Qe 2 FH Aaes F 127102 F A 21 0h o]+
N T2 7199 B Fee 8FdA 4R FHAE S B ol A% 3 =
L sgon F94d Ao BAE f UTHE 1),

H01l. 2294 FA7I499 AFAFE @3('189)
A&
TE
20%°] 7 4720967 9k 174% v vt 0.671% w] "+
Enza Zaden,
Barenbrug,
Syneenta Vilmorin, Saatan—Union,
9 Bayer 3 AgSF ’ KWS, DLF, RAGT Semences,
Rijk Zwaan Florimond Desprez, Union
InVivo,
Euralis
w] = Corteva AgReliant Genetics
Sakata, Takii, LPHT, )
dE Advanta, Nuziveedu
Kaneko

Z2]: Phillips McDougall Seed Service2019

O B2 td TA7I9H &8 TA7IHel A FEdte 5ottt T2 AldolA &5
st 7195 A ouA, &3 A o7 TR H1, Bayer, BASF79S IR ¥
of HlE, FAA, TAE gdistal Utk FoFI HE 5 FAA 7N 22E VdoEs
Syngenta, Corteva, Vilmorin, KWS, UPL, Nufarm %°] At} ¢ 71958 GMAES 7|4t
OS2 AA FE AFE FESI v nA o2 = FANERE &5 FAVIHeR XY

ot} EAAAS 7|wko & DLF, Sakata, Takii, LPHT S| it}

2. Il FAANAY] FAZAY 22
bW ALY AL

O $#uyet= '97d 119 IMF(nternational Monetary Fund, = A|&3}7]5) A58 A
Bl o]F i FAFAS dAstATh Ul A9 5t FAEAE F A7 3AE =T Y
of QIFEATt o= A&l T4, MU FF7HF soAHA Sl AR A vFo] &
7}aF ST

O ‘FA4FFTH S5 (The International Union for the Protection of New Varieties of
Plants, UPOV) 7}1(2002: )2} ‘T2 AR MA, ‘AE20EFTREH MA, AAAR7] =
MBS Este] MAFE7E AR S g (o= F
1417(4%175% Adatdnt. ol %, olFE =l FTANY WHSs fs =
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(Golden Seed Project, GSP), A4
Z1 Y&t o

43 AN AR £2Y 53

o U AP Fi
AWEED F2 EEe] thoFsie} Gre

Al A =1 5 e

2020 71 331570 (A A:15.9%, <+ 26.2%, 3H3 12.6%)°] ™
S0 vd A%HoR Fle

3 ek o= Qla| WAl e st dEje] wAE A 9
O 2R YAGS Vv i 8%E Ao Fhsta Utk /g FE ALHO
2 F/ksta gou, FF SATH A 2 HF BiAA olRE Jegs 248
AA+= BA FoH(E2)
H02. TALAAY FARSY FRE X
TR TAaTE 5 e
(504 o]}\l-~1504 (15040])\1-*'4004 74]
G vl | 7 ey Cojgh |09 o)

2015 1,061(87.9%) 88(7.3%) 41(3.4%) 17(1.4%) 1,207(100%6)

2016 1,175(87.9%) 97(7.3%) 46(3.4%) 19(1.4%) 1,337(100%)

2017 1,165(88.6%) 77(5.9%) 44(3.3%) 29(2.2%) 1,315(100%6)

O I W EAYA R&D ¥

oﬂO
=] =

1T 7)E o 8219 Ao® AA AT ALY

24 =YY

_

S
HZFe ud AAE FAlel Ak WEe) 10919 muke] 71g1e o 39%0] v, 51%2] 74l
9ol 107 vlwrolth. 8% Zlgiwte] 1009e] Wi A4S FAxm e Wolrh FApA
ol A GAEE L, bR, §5) oh9EE HARE Fouelo, mAE, AYER, B
B, obAlolFE R B T/l Bahsich.
E03. FAYA FFWL R&D FYA(1749) Tl v
. A [ AT [FE AT
T Q17 2 ) i b 7!
R 7,109,942(86.6%) | 283.250(3.5%) | 814,500(9.9%) |8207,692(100%)
N 1,115,544 94,050 184,500 1,394,094
Thoj 4 T4 1,080,500 51,200 105,000 1,236,700
TEE = 901,500 98,000 33,000 .032,500
o 4,012,398 40,000 492,000 4.544.398
A4 THEAY 20179 A A =AY
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O et FAAG FEE 13% F7o= 184 7|Fo= oF 96629 Yo, A AEA}
Aol A9 11d oF19779 Aol A 18 el & oF 23699 0 & 25% 5 AAska Atk
FA FEEHE A dE 1488F 04 1408E 02 0% 7HAdH A0 wie) FEAL 58500 &

2 Adre o5229ut dejrt oF 6229 dEE 11 9/ 7 T S HEorE o
16,662F 0.7 HAdre] 17858% ] H|8] 119602 67% APk 2 FgHe o 19
26245 gejoln o] AWL 19 26747 @# R} 0.4% mis}%lv}.

O #Y3t £EL Mwsd T4 FUBE FEFRG 1L8HL B (F 152548), £
o FEoluch 220 (e 6772w W) WrHY 8). AA AFeIA Selihelst AAshs
M e of 139%e]th

398 TAANFY FEY TN

[RUe S FHECIR) ] [ BR U $8Y FHUC19) ] [ BHSU $8Y P19 ]
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F04. T

T2 F(17d7'199)

2019
F 5 T = 4 3 T 94
= F(kg) = A (USD) = F(kg) = A (USD)

& % 3] 140832790 | 585204900 | 16,662,444.30 126,243,213.0
& A T2 766,613.20 433,332.0 1,249,143.40 6,772,442.0
S AR A E 953.00 5,947.0 11,939,573.70 29,094,979.0
% 3} 3] 2 & 30.80 4,320.0 233,985.60 5,704,272.0
& A 2B 633,730.00 57,015,034.0 2,063,584.20 77,041,307.0
o I} 25 30.00 86.0 72,914.40 175,417.0

20184
5 F = 4 3 F o944
ZF(kg) =9 (USD) #F(kg) = A (USD)

& oA 1,487,901.30 52,297,379.0 17,857,704.60 126,745,741.0
& 2 F 2 913,638.50 508,324.00 2,286,280.00 8,368,577.00
S AL Z AR 106.00 96.0 11,904,869.50 29,149,200.00
< 3} 8| 2H = 61.90 11,321.0 258,721.90 6,017,710.0
& AN A5 568,569.90 50,766,129.0 2,090,956.60 75,834,380.0
& 2 5 62.20 3,778.0 60,237.70 235,307.0

2017
= = F =4 % F o944
= (kg) = (USD) = (kg) = A (USD)

& 3 1,335,883.20 58,542,052 16,243,178.60 115,891,793
& 2 25 717,025.30 526,510 1,963,085.60 6,651,801
S AL Z AR 1,144.50 1,791 10,660,826.90 24.769,246
% 3} 3| 2H = 203.80 85,646 311,360.90 6,379,007
& A 2HE 615,882.00 57,772,641 2,172,435.40 73,479,108
& T2 51.20 7,102 80,820.20 360,305

3. FU FANYY FARAY 3 By
202090 =9 EAL] 52E T EA79)

sha qlek.
%4715 9]
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S7h o 8
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®QAE BA ok thate A9 4

T FApel At ER

5 33l o)y,
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Wash SRAYOE AW FA £8F Ak 1w FYEAT
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S CIEESORERCE BIEE

S 11—9]
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AA AT AEE] BT vid AX = vbde] FEAF A EE o] HT 2 Fasks FA Ak

T AYE3] ZFdd A = 109 A vwke] Z1Ad(eF 39%)E = b
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