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SUMMARY

Code No. 213003-04-4-CG100

Purpose &
Contents

- Breeding of horticultural crops is crucial to shorten the breeding cycle to

develop new vegetable varieties rapidly. For rapid and accurate breeding, it
1S necessary to establish breeding techniques using genome analysis and
expression analysis. To do so, efficient molecular markers are the primary
need. The importance of molecular markers in horticultural breeding has been
greatly emphasized, and a lot of investment has been made in establishing a
high-throughput (HT)-MAS system for developing molecular markers by

multinational seed companies themselves.

Multinational seed companies maximize selection efficiency by using molecular
markers and advanced biotechnological approaches and thus shorten breeding
period with a vision to select for pest-resistant and quality traits.

This research project was primarily focused on sequencing the whole genome
to conduct a comparative analysis to select out molecular markers that can
detect the targeted genotypes of selected horticultural crops. One of the major
focus of developing such markers that can essentially identify new male
sterile lines from a given germplasm.

Another important window of the proposed research is understanding the
signal transduction pathway of LRR-RLKs proteins including brassinosteroid
hormone. Plants response to developmental and environmental signals is partly
accomplished through membrane-localized receptor kinases that interact with
other proteins to initiate a cascade of biochemical events resulting in altered
cellular function.

However, the functions and interacting protein networks of the vast majority
of this large family of signal transduction molecules remain unknown.
Therefore, we are focusing on the diversification and amplification of signaling
pathways using interdisciplinary approaches.

Recently, scientific and engineering technologies have been recognized as a
standard of national competitiveness in Korea. Research and Development
(R&D) has been extensively supported by national funding sources.

As a result, evaluation of research achievement is the key parameter to focus
on management and application of research achievement rather than its
production, expanding the use of research management system (or research
information system) to effectively manage research achievements.




Results

O Genome analysis and development of molecular markers related to
quality traits in tomato

- We have developed a resistance gene marker that can discriminate resistance
and susceptible genotypes under dysplasia to gray leaf spot, TSWV, ToMV, and
TYLCV, Bacterial spot, Leaf mold, Bacterial wilt, Fusarium crown and root rot,
Fusarium wilt, Powdery mildew, Nematoda root knot, Late blight, Early blight,
Bacterial speck, Corky root rot after extensive genomic analysis between
resistant and susceptible cultivars.

- Among the traits of tomatoes those were targeted to develop markers were a
variety of fruit shape and size, number of inflorescence branches etc. Specific
DNA markers developed were associated with fast or slow ripening (NOR) gene
involved in fruits and vegetables.

- A total of 66 markers (simple PCR, HRM, EP-1) related to 51 genes were
developed by genome analysis of tomato.

— Performed empirical experiments using the developed markers and built a
MAS (marker assisted selection) that can be used in the field.

- We developed a 48 chip for purity test of tomato and a 384 chip for MABC.

- We have submitted a total of 12 patent applications for markers, 10 of them
were domestic and two of them were international. From those applications,
two domestic patents are already approved and we secured intellectual

property rights.

O Genome analysis and development of molecular markers related to
quality traits in cabbage

- Low temperature stress (CBFs, TFs, GST), cold tolerance (bZIP, ANS, DFR,
BoCRGs), biological and physical stress resistance (WRKY, TIR-NBS-LRR,
CBL, CCD, NCED, Alfin-like, MADS-box, BZR TFs, CBF, BoSSI, BoBSMT]1,
SGTI, AQP, MYB, CRG) carotenoids (Brapa_ESTC013161,
Brapa_ESTC025847, Brapa_ ESTC006452) related genes were identified through
expression analysis and were used for developing molecular markers to
utilize them in stress resistant breeding.

- Cabbage transcriptome analysis was used to identify candidate genes
associated with abiotic stress.

- Black rot (Xcc) of cabbage has 9 QTLs on 8 chromosomes except
chromosome 7. We developed 13 primer sets related to black rot disease.

- We developed eight kinds of markers (simple PCR, HRM) for cytoplasmic
male sterility (CMS), wilt disease, S—genotype, and downy mildew of cabbage
and developed 24 chips for purity assay.

The developed markers acquired intellectual property rights by receiving three

domestic patents and one international patent.




O Genome analysis and development of molecular markers related to
quality traits in onion

- On the basis of genome analysis and transcriptome analysis of onion, six
genes related to cold tolerance and 12 genes related to freezing tolerance
were identified.

- The flowering locus T (FT) gene has been found to be involved in the bulb
enlargement and sweetness in onion.

- We have developed four markers (Simple PCR (2), HRM (1), PCR-QIAxcel
(1)) for cytoplasmic male sterility and male fertility in onion.

- We have developed a simple PCR marker for onion downy mildew resistance.
We have also developed 24 SNP Chip and 22 SSR markers for purity test in

onion.

O Searching out of CMS germplasm and development of markers to

identify CMS genotypes in Brassica
- We collected 239 genotypes of wild sources in Korea and selected for Ogura
(160) type of CMS derived from Radish by using orf 138 primer set.

— Analysis of the intergenic spacer sequence of 45S ribosomal DNA resulted in
6 different types of IGS in cabbage.

- Identified IGS information can be used as markers to identify the purity of
cabbage cultivars and also to identify hybridity of the cabbage varieties.

— Developed DNA bar codes (rbcL, matK, rpoCl, atpB, psbA-trnH (intergenic
spacer) and nrITS (internal transcribed spacer) to utilize them in biodiversity
conservation.

- During bar coding, ITS was used to distinguish B. diffiisa from other species
of Boerhavia (B. repanda, B. erecta and B. verticillata).

- Genomic analysis and bar coding information was not only useful for
discovering new species, but could also can be used to assure lineage of the
collected species.

O Analysis of phosphorylation signal transduction network for cell
membrane receptor kinase of horticultural crops

- We collected genetic information of cabbage (80 LRR-RLKs), Chinese cabbage

(17 LRR-RLKs) and then cloned DNA sequences related to cell membrane
receptor kinases (LRR-RLKSs).
- Among the cloned LRR-RLK genes, BoLRR67, BoBRL1, BoBAKI1, BolLRR22
and BrBAK1 of cabbage were found to be very important proteins in terms of
transphosphorylation as well as autophosphorylation.
- Yeast-Two-Hybrid technique was used to verify the BAKI :: RPK1 and FER
:» BAK1 cell membrane receptor protein interactions.

- The carboxyl terminal domain is important for both BoBAKI1 (cabbage) and
AtBAKI1, and the trans—phosphorylation of £. coli proteins is decreased when
8, 17, 28 amino acids are deleted.




- Additionally,

O Developing research management system for GSP horticulture Seed

Center

- We developed a web-database and web-server based research information

system with user friendly interface. The developed system can be used for
storing project description and research achievements, searching them with
various categories, acquiring specific information regarding project and
achievements, and checking progress of GSP horticulture seed center based on
statistical information of research achievements.

user manual for both supervisor and researcher has been
developed and distributed. Compared to the previous systems, this system is
only focused on research achievements so the system has advantage of easy

use, faster speed and GSP horticulture seed center—specific functions.

- The system maintains secrecy of research achievements not only to outsiders

of GSP horticulture seed center but also to intra-GSP researchers and also

propels sharing research information between intra- and inter-GSP

researchers.

Achievements
and expected
outcome

- Establishment of cutting-edge breeding technology will

- This system

O Achievements
- We have published a total of 55 research articles in SCI and non-SCI

journals.

- We have applied for a total of 18 domestic and international patents. Two

patents are already approved.

- We have developed a total of 83 markers (CAPS, SSR, SCAR, Indel, SNP)

related to disease resistance and quality traits and 48 SNP chips for purity
test and MABC. Molecular markers developed enable us to provide service to

companies or breeders both commercially and privately.

O Expected outcome

strengthen the
competitiveness of in disseminating the export-oriented varieties overseas and

also strengthen the capacity of individual breeders and companies.

- Use of molecular markers will enhance the shortening of breeding cycle and

breeding efficiency of the breeders

- Development of new breeding materials and acquisition of intellectual property

rights will prevent disputes on seeds and increase the capacity of private seed
companies to develop good varieties.

1s expected to help an efficient management of research
achievement of GSP horticulture center so that the center makes an excellent
contribution to the field of seed industries and receives excellent scores in
evaluation by government institutes. For the effective use of the developed
system, i.e. real-time monitoring, it may be necessary to compose a program

that introduce and encourage the use of system.
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w3 2 oof &5 Hof F)o UF

& AT For(vtol e gks, g 9 Wi =3
Vlegs ARE = 7 HEE 87 &

- GAH A sl T2 Chinese Academy of Medical Sciences & Peking Union
Medical Collegel Al 38.73 Mb =2 4312 Mb A%x9 Ax A2 28 Fo 9= A
o2 gy, o] 9o FFol= L] Université Henri Poincaréol A Als AT5
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O = Jdad A A+
- ZEFo 3k ExulA 3k FedTEE 19961 ¥ 20119 single dominantE X
o] CTV(Ctrus tristeza virus) A 34 Exn7A7 AF¥Q o, 19950 = single
dominant FEje] siAJoll W EAvEAZE AFE A, 20084, 20094, 201110l = o
Aol tisk ExfulA7E AFE I om 1999 ¥ 20081 ol = single dominant 3 Ej ]
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A, Sxpdol, AT, v HAaET A, A= 2Eds WA Toll o
2H R0l T2F9 (Clouse et al. 1996, Jiang et al. 2013; Wang et al. 2014; Zhang
et al. 2014)

— Brassinosteroid Insensitivel (BRI1) 2 A|3Z49e] FEx13t= BR &
Leucine-Rich-Repeat Receptor-Like-Kinase (LRR-RLK) family=
A, BR 4842 BRIl kinaset= Ser/Thr &3] kinase €% o}yz} Tyrosine ©}7]
A A7) = 24FEE] = dural specificity kinase A4S 7HAE WS¢ EvE$
LRR-RLKs family®ll &3t @9 &<l (Clouse 2011, Gruszka 2013, Zhao et al. 2013, Oh
et al. 2009 )
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O A7 A3 B2 A" A

1990 -8 A dste] &85 A H

AA dEss A% AAagAAe] g &
2 ga T4ol ofd dAFTAY A3 dy Aadew d

Aol Be FAE TS £ & U= A A adAEE = ek, Al
B A =

Rughe) Azge] #EENPAE 9
139 5

o

A, 2002; S 5, 2007)

AT RG] ArhEe] BE ZeAAnest AP AFH BEL AT A
A=Y el Azd P mAG (FHE, 2003)

A2 FAAATNE Ael BelE sl FAGTA FEISAYS B3 NITS 845

—SH [e)
et oA VNE2ATAAAE A AFHAE AR JRAEe] AAlE (o] st 2010; F
=3 & Z&dd 2010)

AT Ay Bejr| 2" o2 Research Information system©] theh7] oA A4x Y &4
o7 FFH% oW information systemo] Wet @3} 2T JojM S A
b7l gk AR FaAdy #AA [T7]|s 9L AZEo #3 A4V T H
(Checkland and Holwell 1997, Melone 1990, Nunamaker et al. 1990)
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Al'EQ1 Wheessen®] ellA FEHIQ1=} intensity) k2] zFol7} 108 o]/d9l FHAAE
w8l kel A HA AEidel A vA| B-7IERS e E41(HPLO) Este], g Ahel e DT AHEAAE

E37  AEH A

=
carotenoid oxygenase -AAFe] &

- 85 Br300K 23w 3& o]8-3t
Kenshin®} Wheessen©ll th3lF AAL]

BA

- RT-PCRE 53 AT 43

7F4 Brapa_ESTC013161 (A20/AN1-like zinc
finger protein), Brapa ESTC025:47 [BIMI1
(BESl-interacting MYC like proteinl)], 2
Brapa_ESTC006452 [ZFP8(Zinc finger|
proteing)], & 3719 $H FAAES Ad

ol A Flowering
st 54

Locus T homolog®ll

- o]-& 24 : 36101, 36122, santero

- flowering locus 6 gene>.Z5-E 3719]
722} cloning 2 sequencing

- SNP &4

eFitol| A early and late type2] AAjE0]-83lo]
At A 679 FHRERRE 39 FT,
FI5, FT6 7%= sl sequencingdh]
SNP ¥l RT-PCR%

o2l =3 homolog 4%+
A
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- RNA-seq

3t RNA-seqelole 7]9kos 7)o u

Fulo| A transcriptome #2499l 2]8F shoot|- DEG(16), SNPs(90), SSRs(79) 44} 2% nonredundant Hlo]EIHo]|AE  H3
development FFAAE2] )R 4] Ak aligning S 473, & 986271 FAAFEo] T4
- qRT-PCRE& &3l &4 vl a1, o] F Ak fFHAxE] gls) wE 24
- U] 239F AT FAAA F3
gl
o ] FEIAFIA AMSHE Ogura CMSe] &

AT Fref 2 CMS A T4

o]4 ORF138 primer A& %
gDNA PCR &2l
Ogura CMS$¢} t}& 5o

Ogura CMS£}e] H]wA
P54 24

AR SFoA olgo] oy EAE
A e AR CMS&A g 2 )

=13
=

30017H¢] LRR-RLKs%

A} screening okuf 3¢} uwjFeo] BAKI receptor kinase9)
- e R g 84 B4, Western| 7] T4
hybridization
Qo A& ME 584 kinased] TeH- A &0 AFH 37 WA S
O\AL3E} Al & ATk EQ A g A
A4k} g MESA &4 1 (RPK1, CEPR15) ] o)A o8] B
- CRRla #F##Fe] 293} Az oz
o 54 4
BoBAKIS A 29 &4 wade] 9lils
— olALE} sites] )% EA .0 B | —'4:50 I 2l 2 o] 3}
sites ¥l 2 7]7t4
. B2 izl Q7 ARl NSl AT A
- #¥07 % DBE o83 AT Ao A AR A S 4]7;”14 )\;2431- 22 Q)= AW
E3thE] A28 s 2 9o o =7 TERE Pt St
e Al2E 7Ht—,'a
DA AT Pl A28 A Asde $E9 A7 Anwd| A7 s xS ArAsel Akide] 37l
T R A R R = &8 7hse Aoy 29 g
A3l A Aol 437 W ZHS
C QT Aahel AR vigos @ gl o AR A o
o Aaae 2 ot B8 =5 T/AA AFae] S 9%
kv 1 3¢
QLRGSR e uE = 6 FAH70E] A|2Ed &8 7ss AR AT
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1. EvtE 3 % @A SNP w7 A
AT 2ok

EntEA #HE= 8 Wil2e F7|vhE ¥ (Alternaria stem canker), AlvAd A H

Q
(Bacterial spot), &= 3o|®(Leaf mold), vl&4% (Bacterial wilt), %9134 (Fusarium

crown and root rot), A&+ (Fusarium wilt), 37}+% (Powdery mildew), L-v}X 8¢
%1 (Nematoda root knot), <™ (Late blight), 7%= (Early blight), A+ ¥Hd 1 (Bacterial

speck), ZA R (B2 A -S)H (Corky root rot), EvFEHFH W (Gray leaf spot), EA &S
H(TSWV), wajato]aute] ) 2~(ToMV), &steldgdnte]ly ~(TYLCV) o] Jom, ol=
EntEe] F4 B FgFs AA AstA7IaL o] EAI7E Ha = Aol k3 EntE
E SFeke o JoA, st dHse] A I (Fruit shape and size)olyt s
(Inflorescence branch number), #4o] 235 = Ae|7F F3 B 73] of fo #& 548
T3 FHAJMAR ALt 53], 7% EvtE HHo] AU|Horg A H A= Evt
E g0 A4S falM= A &7)o #esh= fast & slow ripening(NOR) #7314 55 i1
#3te] SFS sfoF grh

weta B Ao ME EntE SFo] a3 9 d:
o] MAS(marker assisted Systern)oﬂ AEAZ 4 9+ marker ¥ SNP chip= LS &
E2 s oem, F 51 A T 22709 SNPE SH1 AL, 26709 SNP+= &4 %’:O
™, 247) Z3%e] SNP chipg 713 Foll otk

f
0
2L
0,
oF

2 e #A FAAES A

ol
-

_

. a7 23
1) 8 7}%4 (Powdery mildew) (Oidium neolycopersici) 34 SNPwu}# 7
7V (Oidium neolycopersia)®] 433 ¥ QTL 2 <o) Erle A21A] 1290 YX|skal Q)
So] gelEglon Seifi 520142 RFLP w7 (CT100)Z o83kl QTLA Y13 J_ 7+

EL
WA FAAE Buslgdtt. HRM(High Resolution Melting)S- =383+ A3} 3l7[#H o] Aatala} o]
A Ll Aol sl TR E As FRlskslth
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Chr 4 Chr6

00 98 rexa1 -f

- 0I-4/01-6

0l-5
328 PS5t 01-1/01-3
387-H-0I-2 393 (136 Ol-gti1

499 &

29.2 Y258 -

47.1 TG111+

65.5

3 1. EFEY 4, 6, 129 44 g AAsE AT
A) 4 8729 AP A7) QTL FI(EH4 4)

<F [dT

$5.00

" \R-Imo

Temperature

Ol-gti3

Agd B WA (A

g 2. 3719y A 9 o|HA e HRM 43 23
R(Resistance)-A 34, S(Susceptible)-°] ¥4
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2) 9" (Late blight, Phytophthora infestans) A3 SNP mt# 74

g AeA #d FHAR Ph-3 (GeneBank accession number: KJ563933)2 2556 bpe] <&
oz FAEY glom Zang F(2014)0] 9 Hiw 851719 aadl ofvlial AVIMES VEE
sto] 27§ SNP @9 &6ty Ph-3 +32 BEE &3 &<l 2709 SNP g <olA 27F
A 9] primer setZ A3 & probeE AEEHA &1 HRMS =33k tl. HRM 3 2o 2=
BCoAlA 107S T3t F 9B°CollA 20%, 55°CollA]l 20% 72°CollAl 20%E 503] WHEdk Th3,
95ColA 602} 40Tl 100%°A touch downg E3}e] primerES AgA1Zl & R0°CollA 49
/°C% dY|o]E|E readingsle] #4181t HRM S~alsk A3} X A3 oA melting peaksS E35}¢]

Aol Uik AT} oA AT FAAES T2 UATE

424 434 444 890 900 910

v + v v v v
L3708 CCAATGGACCGGAGAAGACGA « = ===+« GCAGATACATCGGAGGGGATT
8-25 CCAATGGACCAGAGAAGACGA + = = === GCAGATACATCGGAGGGGATT
LA4084 CCAATGGACCAGAGAAGACGA « =« ==« GCAGATACATAGGAGGGGATT

Kkkkkkkkkk  kokkokkkkokokok hkkkkkkkkkx *kkkkkkkkk

a9 3. 9 A oA ke 270 SNP 99
(L3708 : #1374 7AlE, LA4084 @ o1 AlE, 8-25 1 A= ¥3)

E 1. Ph3 A 3 HRM S A3 AZE Primer Z X

sl G Primer sequence PCR
. ene Product
No. | name Forward Reverse size (bp)
Ph3-1 Ph3-1 F Ph3-1 R 159
2 Ph3-2 Ph3-2 F Ph3-2 R 152
Ph3-1
3 R-line ™ \S-line
,Ece::
Ph3-2
:i:' S-line R-line

&

7640 7680 7720 7760 78.00 7840 7880 7920 79.60 80.00 8040

19 4. Ph 3¢ Wi HRM +3 A3
R(Resistance)-# 34, S(Susceptible)-°] ¥ A
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3) EntE g FFo|H (Leaf mold) (Cladosporium filvuam) A 3&A SNPutA 72

NCBI (http://www.nchi.nlmnih.gov/)oll ¥al¥ Lyeoperisicon hirsutum (Solanum habrochaites) 2] Cf4
A AR FEaEH (AJo026.1) BRE 7INEeR sl & 37411 bp Wl Cf4 F34F 9 Har9-4A,
Her9-4B, Her9-4C, 71831 Her9-4E9F 22 LRR 998 2338t 2 AHE glstant 4
g AAA W XS gRIstaat Cf-4 AR S W obu il MES BEvbE A HloEH)
o] ~(http://solgenomics.net/)oll 4] BLAST #AAME Ea) Ente FA49 (SL240) 1H AAH Ao
1,128815 bpet 3975213 bp Abelell Cf-4 2 S212~HE SISt ErfE vl dolguo]| A~
gh83slo] 99 el 18719 SNP ¥ primer 971482 &1t http://marker.kazusa.or.jp/Tomato/). 18
Ne]  primer setollA Eo]FHoR  FEFEXH ns gy st Solanum
lycopersicum L. “Moneymaker” EvlE A& t3dt genomic DNA PCRE F338}% L, 9]
of M¥E primer setZ= HRM PCR= Zdsto] AEAdR)F o]HAA(S) Akole] 0.4°Ce]
Melting 3ol x}o]S Holal Eo]Z <l primer set 1715 A3t}

806 3532 6129 1020012362 19436 22024 26204 28624 34034 36601
exo Hcr9-4A Hcro-4B) Hers-4C Cr4 Her9-4E

1 37411

a9 5. ErtE Cf4 A w244 2228 W 91 FA80A sHER)

a9 6. 187/] Zgolw M E 3 genomic PCR A7

1.060
/
0.800 5 -\

0.600 / \

dH'dT
-

? 0.400 /
A\
0.200 o 4 \
AN —— P ——

78.00 78.40 7B.80 79.20 79.60 80.00 8040 80.80 B1.20 81.60 B2.00 8240
Temperature

Fluorescence (RFU)
o o o
[ S @
8 8 3
2 8 8
s

P it s teinans . et L ettt

78.00 7840 7BEB0 79.20 79.60 80.00 €040 B0.B0 8120 B1.60 B2.00 B240
Temperature

a9 7. 18] Z&oly ME F AFAT o|¥A 79 zo]E H<Q HRM PCR 2
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4) FulE 9 (Bacterial Wilt) (Ralstonia solanacearum) A7 SNPw#H 71

=
i

FErtEw AAdel #wHEd QTLe] ™3 = o 129 G el A
Forward-5'-CTT ATA GGC CCG CGA AAT GG-3' % Reverse-5'-TTC TCA GCT
TGG ACA GGG TT-3'9] primer setE ©]-&3sto] EntEHel o|¥Adl 24153 AdA< 2
A% gDNAZ o] &3te] FZ3% PCR AHES cloningd % sequencing 3dte] ofzf e} #-&
Aggd 2ol AlEe] d7IAEEs EAEAT G714 YE FelA 3719 SNP g 170
o] deletion R 270¢] insertion 4 9& g1ttt HRME E3te] marker F4& 337

7102 2709 primer set¥} 47]<]

el zhzhel 370e] SNP % 270¢] insertion B9 &

R

probeE AZtete] HRM AHS a1 23 T/A9] SNP d9& A9k 3719

probe oA FEutEH oy A AF 7&—% FlekA s ¥ 7 AT

H“ o 5 S = =% i) ] [ ] be B \
T/C SNPHAA Q] melting peak G/A SNPY oA 2] melting peak

o ey

b

<07

£

.\\

TA/-- insertiond

Ao A19] melting peak

T/A SNPY

Ao Aq19] melting peak

a9 8.

>3
=

vl & HRM

T8 AT (w0 A
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5 EvlE #& YA (ripening inhibitor) ##H FAAE o] &3 HRME vA /e

EvlE 3= 9 A (ripening inhibitor)¢t #¥ ¥ RIN(normal ripening; AF448522)3} rin(ripening
inhibitor; AF448523) f+dAe] @71 dS A48 W RINolA e CDS 99 AL
729 bpel e, rindll A9l CDS 499 A7IMES 1,194 bpo = YEyt + Fx2&5 H
S EA, rnell A 465 bpZF B 2o 1~644 bp(RINGIA exon 7)7FA] 7] A1 E 9]
o] E}AL T o]FeE MR HUE A7IAEE 7HA L A}Y RIN R rin A9k
EnE AES o]&3o RIN 429 promotor F-H2 ok 15kb%t z+72He] intron
sequencing S A% & 5o]& <l SNP9 J9& st Estt. 28 22 RIN® rin®l
A717F T2 644 bpe A7IAHYE o] F 9 genomic DNA A7]E 7] 93] RINoIA+=
F(Forward)-5'-AAG TGT ACA ATA TAG ACA TGA ACA GCC TTC T-3 H#
R(Reverse)-5'-CCA TAC TCT TCT TGA CAA TAA ATA TAT CAC AAT-3'¢} rindl
A= F-5'-GGA AGA ACT TGG TGT TAC CTT TC-3' ¥ R-5'-CAA TTA AAG
CAA CTT CAG CAT CAC-3'E ©]&3}4 cloning ¥ sequencing= 33t} Foward
primer 17§} Reverse primer 27 % probe 270 & A z}ste] HRMS F3stgch 1 A3
rin probeZE ©]&3 HRM Z¥7} £¢kow RIN % rn3 heteros &4stA -5 4=

At

o

12 i ol

i

Mo i ox Kl

o

A % % b 5 6 1 %

o o o P B o o
& ot o o e o*°
185 2874 0 54 26 1014142949 29 14 415 &(bp)

23 9. AX RIN AR B8 3%

(3}&+ A =2} intron size ; bp)

rin probeE ©°]&€3 HRM A rin probeE ©]€3 HRM A3}

(72 A pp 3E A A RIN) (WP A pin, 23 A A hetero)

29 10. rin® RIN ¥ hetero AES o/ €% HRM 238 A3}
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6) EvtE Z39%ZH(Fusarium crown and root rot) ##d FAAE o] L3 HRME v}A 72

EuntE 2Rz AgAdd #HAE FHAQ J39] PCR-CAPS wAl F-5'-CGA
GTG GTG CAG TTG AGA AG-3' ¥ R-5-TTG CCA AAG GTT GCA ATA CA-3'=
o] &3to] J3of A3A W o]HA] AEo] gDNAE 7FA il sequencong % cloning2 433}
Atk 1 A ofefe} o] 3o thgk A A 2 oA AlE kel SNP % deletion Fit
insertion @Y Eo] &A1 YAk ©] F primeret probe A Ze] HwE J S ]zl

g3 A, BEvpe 2Fxd teto] AFA B oA, HeteroE v
(e}

0.0%0
0.080

0.070

-dF{dT

0.060

0.050

52.00  54.00 S6.00  58.00 e0.00  62.00 84.00 £86.00 68.00
Temperature

a3 11. J3o| oI o|HA, AFA 2 hetero E] tig HRM <3 23

(WZEA dr oA, sk A AR, 254 4 Hetero)
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7) EVE 244 L chipg 93 assay AF

EolE #=@44 chip
A ER R E ol o 2ol
A Aol

3 assayS A Zst7] Yal kazusa(http://marker.kazusa.or.jp/) <

7IMEs TR o™, o5 assay AZe] 7hs g 26700 thaiA &

aQ o

Target Name Type Info ilélsji)ﬁl{(}ll\]/)[ % GC Df::jin
1 >1581_673 Sequence ..CTGIA/TITTT... GTA0115492 43% High
2 >2503_859 Sequence ..ACGIC/T]GAG... GTA0115485 49% High
3 >3850_896 Sequence .TCA[T/CITTC... GTAO0115478 37% High
4 >6172_1047 Sequence ..ATCIC/AICCA... GTA0115489 47% High
5 >10197_766 Sequence .GAC[A/GITTA... GTAO0115486 40% High
6 >8929_261 Sequence ..GCGIT/CITAA... GTA0115469 41% High
7 >9234_127 Sequence ..CTA[C/TICTT... GTA0115491 46% High
8 >1622_2500 Sequence ..AGC[T/CJACA... GTA0115471 41% High
9 >5191_250 Sequence LATTIG/AITTG... GTA0115480 38% High
10 >9503_532 Sequence ..CATIT/CITGT... GTA0115490 50% High
11 >9535_209 Sequence ..GGA[C/TITGA... GTA0115481 47% High
12 >4199_1031 Sequence ..GTGIT/CITGT... GTA0115494 54% High
13 >9455_255 Sequence ..TGTIA/TIGAG... GTA0115470 39% High
14 >13496_375 Sequence .AATIG/AJAGT... GTA0115477 38% High
15 >7273_256 Sequence ATA[T/CICTT... GTA0115479 48% High
16 >3000_116 Sequence .CATI[A/TITCC... GTA0115488 47% High
17 >5821_1435 Sequence ..CTCIG/CIACT... GTA0115487 50% High
18 >14321_154 Sequence ..CAA[T/C]AAT... GTA0115473 25% High
19 >9865_124 Sequence .. TCA[A/CITCT... GTA0115475 42% High
20 >14109_151 Sequence TAA[C/TIGTT... GTA0115483 38% High
21 >4563_105 Sequence AAA[T/AICAG... GTA0115472 47% High
22 >13536_438 Sequence ..ACA[C/GITAA... GTA0115484 30% High
23 >8632_326 Sequence .. TAC[A/GITGG... GTA0115493 58% High
24 >9881_1420 Sequence ..CCGIT/CIGAC... GTA0115474 52% High
25 >13470_755 Sequence ..CATIC/T]ATG... GTA0115476 35% High
26 >5107_1099 Sequence ..CCGIC/TIGAT... GTA0115482 51% High
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chr0i chr03

00 gan

00~a
08-T~Co-SM 07T

BB

§0.3 == q0p

st
Pyi-5h

T stop

chr0§
00— stat
52— RINSNU
B ——dep

chr06

a0

23~]]

2671 T4y
WA—T-TySN
M7 =TSN
424 == SPSHU
450 = sop

chr07

S s
AT

509 ===3.5N1
853 —o—siop

chr0d chrid
005z stan 005 - 830
0 Yesiy  13FE-NORSW
257 Ui
g4~ Lo suagny B8R
617 op

chri1

0013

59
B4

= sta

e Ty2-SNU

~siop

chri2
00— stat
LSl
£55 L stop

29 12, BvE @A go] AW Ao Bt wAe IR
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¥ 2 EvE AY 9 P A AT IP AF
No. ¥a# 2ol 347 BIY g4 294y
A=
1 Cf9
Cr-1,
Cr-2,
. SR
dF3Foly (Leaf mould) Cladosporium fiulvum g;é @%o]
2 Cr9 C3  glol T
CFECP2 (primer
A2k R)
3 12
Fusarium  oxsporum f. sp. 1 1
2o ANESW (Fusarium wilt) Iicopersici - 12 I2C,
(yeop: 13
4 13
5 74 (Powdery mildew) Leveillua taurica Lt (Lv) Lv
HEA ) 28 B EA 55 L : V, Vd
6 (Veticilium wild Verticilium dahliae (Ve-1) Ve
A R(B ] 3 - _
7 (Corky root rot) Pyrenochaeta lycopersici Py-1 Pyl
8 M, Mil
= = Mi-1,
2 = aLtupA S E . . . .
e (Nematoda root knot) Meloidogyne incognila %L?
9 Mi-9 Mi23
. Pseudomonas syringae cloning
=+ A HA W
10 s A w43 Whd W (Backerial speck) v, Tomato(Pst) Pto, Prf  Pto =
EnlEEY 9] Zulo] 2 e _
11 A=A 5 (TSWY) Tomato spotted wilt virus Sw-5 SwbH
il o . o Tm-1,T
12 T & 2po] AL ute] 2] 2 (ToMV) Tomato mosaic virus ’ Tm2a
m-2(a)
13 Tyl
vlo] ] 2~
Ty-1(Q),
14 twoother Ty2
et gl vfol ) 2~ . Q,
TYLCV) Tomato yellow leaf curl virus Tv-2 Ty
15 =31y, Ty3
Tv-5
16 Ty5
17 NOR(fast ipening), nor(non ripening) NOR
27] .
18 RIN(fast ripening), rin(ripening inhibitor) RIN clo%ng
19 3} SP(self pruning), Indetermine(non-self pruning) SP
20 A U(non-green back), G(green back) U
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8) EvlE 3F3AwF ulo]g A(TVLCV, tomato yellow leaf curl virus) Ty-1/
Ty-3 A3 A SNPulA 7

o=

FS AsA 7= T2 "W T2 slvoltt. Caro 5 (2015, Mol Breeding)oll 23 X
vtZ = TYLCVE  Solanum chilense®l 8ttel ofsf LA™ ole} dAdd #4
Ty-13% Ty-32 °] #+dA= A2 ddsdxa= waxd. Iy-1/7Ty-39 #++
RNA-dependent RNA polymerase (RDR)°| 43}, DFDGD catalyric domains
ATH Ty-1/Ty-39 A&F FdAE 7FA L A= line(Al&)o A 371 Sol 4
|32kt dezbgata gl)len, o] 37]¢] ofmi=tke] SNP $]A]o diste] HRM4& v}~
Ndastder. 1 A3 Ty-1/Ty-3 A3 H oA el FHxd o] FHs] 75 +=

) |
S e, I F AAdd A9 7HY dA = A6l6V HETHow At

Enle 239 dd nlolg 2~ (TYLCV, tomato yellow leaf curl virus)© EVE A
Q

Xk

}

>

|

H

i
U S [ A

o

o,
-

=

d

o il

L
|
Chro06 ¢ ! ; |
0.0 206 344 350 46.0 (Mb)

IR
~
o W

29 13 EbES) Ty-1 2 Ty-3 /& 7S A 8A AL 370 SNP 9429
A G

EO1 EO2 E03 EO4 EOS EO6 EQ7EO8

EO9 E10 E1l E12 E13 E14 E15 EI6E17E18E19

= # +2—8——1—p5em
Tt T
M563L A616V R919Q

5kb

a9 14. Ty-1/Ty-3 +34A9 7% % 379 SNP XA

(#F& Y|R: exon, 7}= Al intron)

62.00 64.00 66.00 68.00 70.00 72.00
Temperature

C/T (Heterozygote)

C (Susceptible)

T (Resistant)

g 15. A616V $1x¢ HRM HZZE ZAx
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9) EvtE ZH 9 % (FORL, fusarium crown and root rot) J3 A & A
SNPu}#A 72

7]
T8 el T shuolth. GSPHAlYl Fefsta gl FAatleal wEE werh A4
2V RIL % F2 A& 242 &3 233 cLET-2-D4 AF4 F9e SNP 9% &
o HRM #4& 33 23 ezl A o

A8 FEE 5 e

o

L
")
o,
K
o,
o)
lo
Ho
2y
N
okt
filo
b

5
.
N &
SL2.50ch09
00 61 725 (Mb)
a9 16. 984 A9 J3-cLET-2-D4¢ ¢ X
0.120
0.100
L
%‘0.080 —
0.060
0.040

58.00 60.00 62.00 64.00 66.00 68.00 70.00 72.00
Temperature

= A (Resistant) === G (Susceptible) G/A (Heterozygote)

a9 17. J3-cLET-2-D4 91x1¢] HRM H£E Z 3}

_35_



10) EvlE A ELAH HE SNPvA

FEE A= sag 82 F etdolth gdx
= MsI0” (Rick, 1948, Zamir et al, 1980;
Corral-Martinez et a]., 2011) FAA7F HaxEo] oW, Jeong & (2014)°] §HEZ
o] gk by, Msi0P 9 FHA7F mutations WHAYste] SFAEUS Fadivin
Baustanh MsI10° A4S 73 $AES Hol: AEY genomic DNA
sequencing 3t 7:‘4 MsIOP AAFe] 2HA SJEE oA 7Fdd} &< 7Fe] SNP

1:]
g T
Zhort), A" SNPE HRM vhA R ZA3AlA HRM A4S 533 23 7193 &

=
=
A& gas] FHE S QT
start Ms1035 end
SL2.50ch02 ¢ )
00 442 55 3 (Mb)

2% 18. @A A 9 Ms10¥®9 $x

A-T
SNP
E1l E2 E3 ‘ E4

500 bp

29 19. Ms10® #- = +x L SNP 9%

0.120
0.100 ==
- [ —
3
%
0.080
0.060
56.00 58.00 60.00 62.00 64.00 66.00
Temperature
= T (male sterility) = A (ferfility) = A/T (Heterozygote)

3 20. Ms10® 91X ¢ HRM ©El2E A3

_36_



11) EvLE pink color #t#A 7%

Ul A ttE ErvtE %8 o 2lo]A pink colore] AEE7F =) Lin 5 (2014)
of 93] pink color f+AA7} mutation o °l&te] WEF = o= MYBIZ2 AR
start codon®. % FE -4865 bp 9% F 603 bp deletion F#3 2HA exon? early stop
o] A7]+= ‘A’ adding® SNP7} #ojdtttar B usgdvlh, Wb B el 2w A 9

=]

intron®] Az F-Eo] SNPZ <13 mutation® 2 pink colore] wale] I3 A2 93
E HAsg o 1 SNPE #HAS 4 = HRM| A E8AA &3t Ay xdF 3}

Sx 2
AR o] A vhAsh ekl QA s,

start MYB12 end

SL2.50ch01

00 787 98 5 (Mb)

a9 21. §@AA 49 MYB129 93X

—4,865 bp

603 bp deletion TAG w2 500 bp

¥ 22. MYB12 F4A¢Y % ¥ mutaiond ¢

0.120
0.110
l_
)
= 0.100
2
0.090
0.080
54.00 56.00 58.00 60.00 62.00 64.00 66.00
Temperature
—— G (normal) —— T (mutation) @—— G/T (heterozygote)

a9 23. MYB12 f A2 2H A QA EE9 mutation $X¢] HRM HI2E ZA3



12) EvlE yellow color vt# 7@

[..‘8{_:
Hl

EvlE o]l A (fruit color)S HA A<l o] ¥d pathway & carotenoid®] 4t
of o #Huh 53|, Psyl A9 75 4L carotenoid AA| o] A=
o] Mol w=dAMS YElUA sk dRle]l Hrh E AFdAE EntES oY
o]-83t] Psyl wHdAZF WolE AsHA] eFal Als HAAA w BAAAoR #
vellow color7} W@+ ErfEE HHS = Qe vAE /Pt 2d4ES 7HUs
O, F5EREiy =34 ErEQ KNYH2 % BUBNRY BUC4T (53¢ WHE:
10-2014-0175276)2] A AleS &% wol AFE T3 t. KNYH2 % BUBNR#
BUC47 A& 3t wwje] &3] Aozl FloA =adAe gRlsidon ojgfst Az
KNYH2¢} BUBNR, BUC474 %2 Psyl mutation®} 22 allele type¥S F=3 4= )
KNYH2¢t BUBNR®] 7AlE 5olA <l mpAE /Wdetr] 98 Psyl 37 bdds AE
stk Al A¥ BUCAT? KNR3 (87 31-52)= Psyl # A AF2] start codon & 24
B 2,005 17} ‘G’, -2573 ¥1A7F 'T’, KNYH29} BUBNR2 2,006 91*17} ‘G’, 2,573
A7} 'C’, TCR¥ Heinzl1706 (reference sequence)®] -2,005 €117} ‘A’, -2573 ¢ X7}
C'ant g o] FAEFE B e AEo] diste] 2709 whA ] validation A%
A3 yellow color®= HAEG o™ o]F o]&dte] =t EntEE AEET F+ s 2o

= 7

O ol O ox
o

offf X,
£ o

i

rlo

>

st

)

star Psy1 end
SL2.50ch03 ¢ )
00 43 70.8 (Mb)

a¥ 24. EAA 29 Psyl 82 $X

‘2-5I73 bp =2,005 bp E1l  E2 E3 E4 ES E6

KNR3 G
KNYH2, BUBNR (5
Heinz1706, TCR A

1kb

O O = —L

a9 25. Psyl 349 % = SNPY 93
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# 3. -2573 91 A9 -2005 A NA 4 ATES 7

Line Name Psyl _mlvltation _ 72’,5,73 72"095 Flesh fruit color
(71E E3=d HAD position position
BUC47 Mutation G T Yellow
KNR3 Normal G T Red
KNYH2 Normal G C Yellow
BUBNR Normal G C Yellow
TCR Normal A C Red
Heinz1706 Normal A C -

0.120
0.110
5
= 0.100
®
0.090
0.080
0.070
54.00 56.00 58.00 60.00 62.00 64.00
Temperature
a9 26. ZF ME9 -2,573 position o A 9] SNP
0.180
0.160
*_
2
4 0.140
0.120
0.100
60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00
Temperature

a9 27. 7+ &9 -2,005 position o A ¢ SNP
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13) EvtE AugAdd

[e) = o =) = —_— =
o] g (back cross)S &3l EvtEE SFst=d BCh 6H AldlE Axjof Hx3A
=1~
o] nAHL ol wEH, W4 D Abo] wo| ARuE d oF Aefd & Ut W
o® 3 AEe mAE ol&ste F&IH B HRIES 7] ATE 5 gl
Shirasawa % (2013, DNA Res)oll 9l&] H ¥ AHHE 7|¥to =z A &3 38471 wf
=z - ]
71 & 9F 43%°l I3t 166702 nAS sk
chrid chri2 chr03 chrid chros chri6
g 00, ot
11 THARC 048 u.n§ femri g 2 28 Tpum-lHi9 ] stan
1 0-),-/4 THABC-022 TMABC-092 30| _[HTHABC-100 TMABG-025 THABC-009 TMABC-12r 20 /50
07 B{TUABCOETUARCD  gp - st +3 5 TiAaC 022 ARG 004 ;3{ A TABC- 101 N Timcons o 08\ Tpnon2
Lo AERTSR T 6] T THARC095 740 M) THABC-102 CF TwaBc.1za TiABC a1 8 7T T, TMABC0S0
2.5\ TWABC. 140 TABC.141 21/ |\ Toun007 7644 TUABC 103 S0 rascze TwaBC. 1T | | TMABCER
= NTH#EG-OO& 47 = Tpun-03 15 —HTa THA 7 124+ |  TMABC104 BE - - TMABC-131
1] T myama  pilues
i a1/ N TMABC 133 .
L R w7 || mascars 215+ | TUASC 106 o | [\TiABG 1 TER TR
\ (| TMABC-075 THABC-080 248~ TMABC-107 237 =M= Teurinra
T4 qmmmas THABC.082 u3 ;Higﬁéﬂmmm pr
348 | ﬁiwﬂeg =T [/fasc-1o
350~ Taacaes 5k i Rt
- 066 TMABC-087 A ;
i Wt dloord 458+ | | /THABC.00B THARC 057 15| |f HABC113 10 4 —— TMABC-135 | —
41§ == TMABC018 555 o E5 1 THABC-114 i
A P:;B.c?n??r%monsa 5711 H | THABC.081 5524 [Fminec 115 Tuasc.02 60— sp
510+ | | TMABC-H18 381 THABC-060 E0B THABC-060 TMABC-024 574 THABC-118 TMABC-117
513 4’ TMABC.068 00 Tpun. 005 W 1 THABC 083 THABC 098 518 THABC-118
54877 TWABC-069 4704 | TMABCS B8 fl - TMABC-US0 Taook 006 B 0~EATMABC- B THABCZ0 oo | | i 7IABC- 138 TMABC.0
07| | TMABCOTD aref WTound05 TMABC0B! 510~ miﬁﬂ;m“m‘” E;?‘ Tkl g3 L {Tpun-011 TMABCA3T
a1 a—H TuABC 142 L 11 LI THABC-052 633 R THABC 122 TABCA23 oo /L NTABC-138
&124/ 7\ THABC.003 THABC1Z4 ool e
B B Sop B384 MTMABC-125 TMABC-126
76| | Tounons BLAT Dslop
T84 =~ TMABCAT1
81 6~ |- TMABC 072 TMABC-DT
grg-) THABCAT4 TRABC-0TS
&L TABC. 020 TMABC.075
873 15, TMABCITT
B > dep
chr0T chr08 chr03 chrid chri1 chri12
0.0~z A2an THABC-054 00 o slart L 08~ - St qart
00— start T TMABC-014 A THABC-OES 1.7 —o— TMABC-0E7 37~ |- THABCD41 _,5'(
29— Tpui-018 THABCO32 14 21 T THARC-44 48 SFCTUABE 061 TUASG 0% 02 P TuBcor
48] [* TMABE 1
B S a6~ [~ TMABC084
i HEn 133 == TMABC-D11 perll | EErrey

47 3 === TMABC.03]

“ Tpixi-018
~ gtop

B5 3%

60 8~ - Tpu-01 7 THABC-fi2

175 —1— TMABC-035
21— THABC-010

X 6 —11— TMABC-047

M. =1~ TMABC-038

416 —H- Tpur-02a 447 = THABC-045

600 =~ Tpun-021

B2~ L~ TMABC-043
— 1
851 — 1 TpuriHg B THABC04 534 -F~sop
ST2—Teur020  gog- | | THABCO26
1.4~ |- TMABC-D88 604 —— TMABC-03T  gag- | A TMABC028 Tpun-022
3.0 =" Hap B34 =4k THABC.04D 508 —— THABC-014
877 ——stop 4.8 slp 865 sop

AFAY G5E& SNP w# AT

9 28 EVlE o
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14) EvlE ZHE Y2 AIAY ALS 913 HRMvAY

TEAEHE EvEe AMNFS FZ3] HaAlTe #EolWeR  Fusarium
oxysporum f. sp. radicis-Iycopersici (FORL)®ll 93] @H sttt . Ao = FORL A&
d o]l AAA 9l fAE A= AS LA olF FAVAE NSy $18H
A&d AE ‘AV107-4 (Solanum lycopersicum) x ©1¥A AE ‘L3708 (Solanum
pimpinelliolium)®] F2 &S ARSIt AEA Y2 b= FORL A< KACC 40031
S A&t o, SFEH gete] F2 JadA s a4 FdE Bt 2 A"
of ddgl F 1471 mhAS AAA 9He] 367720 Mbes EFSE vHAE
Tomato-EXPEN 2000 map¥ SolCAP Toamtool] 7]%3le] 7fasldtt. 345709 F23 &
of tiate] mtAE ol &t FHAAFS HABFALH FA AT EvtE FF o
stol Agde HAstdrh =g PCR-CAPS vl#<l PNU-D4E AAA 9He] 6.1 Mb
AA ] Qoem AR wg S AFTES BYoH, olE MASE 9lste] HRMvIA=
A gkste] EA 8T

AV107-4 L3708

I8 29. 2 YEY A3A ‘AVIT-4 AE 2L olHA ‘L3708 AEY uy A4

_4"_



Pseudochr. 9 (ITAG2.4 SL09)
Marker Mb Match(%)

- X S—
51 932 H

7
1 /,’ /
G - / / PNU-100431 25.2 92.8
M
Tomato EXPEN-2000 "~ Yy, PNU.53168  28.0 92.8
Marker <M » vy
. - / A o
SSR70 42,0 A & 4
- / /
- /‘ /
-8/ /
- /‘ /‘
Ti212 480 /
R/ SSR237 6.4 928
D4 0 —u— I 2
SonaT :gg - PNU-100181 48.8 92.8
3 521 ° -

—PNU-100461 569 923 |
UBC116 57.8

PNU-CD3 63.1 90.7
PNU-43011 645 89.9

PNU-46840 67.1 80.9
PNU-58307 68.9 745

PNU-63662 72.0 60.9

A GANPARUNE 11

Temgeiatar

— Susceplible (GG) —— Resistant(AA) —— Heterozyogle (GA)

a9 31. (A) F1 £39 &39xd AEHAA 27
12709 #F < 10709 FF2 AFAoIJAN, 28%F #1113 12)= o|HAY. (B)
PNU-D4 (CAPS) wtA ] A3 A=44 A3t eulstA dAstd A, PNU-T12129] 7
$-+= 50%%F 432, (C) PNU-D4 v}# = high-resolution melting (HRM) »}7 2 3}
sho] Rz A E oS 3 55709 AFel Ui 1A A
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15) EvlE pink color @@ ¥ FAAY 2L Y3 EAvA ML

Tl
=)
fm
o,
i)
&
1z
rlo
i)
1t
o,
19
2,
X
)
>,
i
)
f
b
o,
Iy
ox,
M
0,
W)
r
2
i)

2l
Jdo 1r 1o
2 oox 2

ofs) vetvm, a4 EviEs YAy ZEo] FH A ¢rel ¥
ety EvpEe] FgpEicols RS SIMYBIZY frHA wd 9
o] &} wekA SIMYBIZY] FRAE AN EntE] REIPS A%
3t fAzteltt. 7€ AT SIMYBR29l Al A 603 bp A bp 471
(C>T), 1 bp &AH (TG > TAGI 22 370¢] Ho]7k Bagl np glv} 3744
ojg3te] A B WA P S VAL e AT EntE FFol e
S B3 A3 “Prime Alexander” #%°] 3 EvtEdu= E 3t §3
Aol WA kokth ol FAF Y FAFH] dAFA LSS AALST
g2 “Prime Alexander” #FZ&°] Ap7kol & 2070 A27RA1E  AJAks|
SIMYBI12°] 7% 371°] Wo] o]9]e] Mg WolE 27| $l35te] Al DNA® CDS
FAE cloningdtel @71M @S wlastgleh 7 Ak 28A AEE 4GAM G > T
A71d Wol= gold = At o] SNPZ e8] 2HA =g doA 7 bpe deletion
(GTAACAG)®] dojwten, olz Qlsto] 2r|Fda=o] ALt A= T3 SNP= A
A 2P st AT, ol §Fol Qo] A EwEe Mntr
% &go] 7k Aol

NoH
o off &
o

-

oL

g o

1t

£~

(o]

off ™ R XN dJo o Ho Hz

SO

2,
dob 2 o 2L O o oo ox Mt =2

=1 ol oft

I

A
B
v
G
603 bp deletion TAG F T
Red Absent TG
Pink Present TAG T T

a9 32. (A) 32 9 27 EvfES] YA (B) SIMYBIZ A9 72 4 ¥Hol 99
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K

¥ 33.. (A) 603 bp 2AES AEE F J&
& 603 bp @& SCAR #7A ¢ A3}

A
0120
— 1.100
=
i
0.080
0.060
62.00 B64.00 B6.00 658.00 T0.00 ¥2.00
Temperature
— =) (-/A) —_— (AA)
B 0.095
0.080
0.085
-._';.i_ 0.080
=5
0.07s
0.070
0.065
54.00 56.00 58.00 60.00 62.00 64.00 B66.00 68.00
Temperature
(c/C) (C/m) —_— T/}
< 0.100
0.090
S o.080
i
~
0.070
0.060
0.050
Temperature

— GG GIT T

golm o 91X (B) 20789 A4 A A ol

% 34 HybprobeE ©]-&3 HRM 3o 2 20702 A2 At A e FAAEe
(A) 2o o=2] 1 bp A wh7lel Wigk HRM 711, (B) 2WA 92 SNP (C > T)
i wiriel] tigk HRM 7B, (C) 2¥A JJEES] SNP (G > T) #& wzlel] g HRM

718,

- 44 -



16) CYC-B A9 @@ BAd o3 ErtE odx 74 98 vp# 7D

Fh=2d e B2 A7Fe] A o] A &t Task 2 AR o|t e A=
"o Ao Aze] golata glo] Fa §F 54 F shvelt ¥ dATEe Enik 7
Fo gk Aol g wE FHARe] HHAEMS Sy 1 A3 CYC-B
A= 3ol gojstaA Zrhstglon, 5 Gelae @714d wolE et =
3 CYC-B fAAS odlA e wg dgte] Eee sty AwE 479
SNPsi= CYC-B dzke] Z2HEE oA ZrolUglom F2HGEAAE allx] 14
& Aol Wwad = ATk B ATolA ALY v AR Fao] B EriEd
SFsle= o Aol g FE85HA AFEE Bz JgE

r ‘ KNR3 8 ‘ ‘ KNB1

0000 °c000

i006.. 660

11)
000

a9y 35 &
(E: early stage,

°000
YOS

KNYH2

Aol AHET AAY TETA ) BE EvtESY EHY

M: mature stage, T: turning stage, R: ripe stage)
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3 3

1]
(=]

c [ =
2 KNR3 S KNY?2 = KNYH2
17 17,1 * @«
O 5 | o 60 e,
5 5 - =3
£ = 40 >
$ 14 2 & ]
<l = :
& O £ ol- N @ o
EMT R EMT R E M T R
Stage Stage Stage
= c = 4
o 3 [=] o
2 KNB1 2 KNG2 2 KNP
it 8 >
g 2 g 2 5 °
> > >
[+ ] [+H] L H]
@ D L]
=1 2 1 =
= i = =
L L @
x o - o o o O
EMTR E M T R EM TR
Stage Stage Stage

a9 36. EVIE AF Wk Ao ddvdAo & CYC-B FAAY &g 4
(E: early stage, M: mature stage, T: turning stage, R: ripe stage)

¥ 4. KNY2¢ KNR32] mujd F1 ¥ F2 Aol A £&n8] &9l

=77 position Number of Number of
Color
(SNP) plants plants
Red 0
F1 generation T-G 5
Orange 5
Red 0
T-T 54
Orange 54
Red 0
F2 generation T-G 98
Orange 98
Red 48
G-G 48
Orange 0
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¥ 5. EvlE A Fol| W3 Phytoene, B-carotene, lycopene® HPLC Z 3}

(ug/g fresh weight)

Stage Phytoene Lycopene [-carotene
M <0.01 0.03+0.02 0.90+0.38
KNR3 T 0.35+£0.06 11.56+3.54" 3.09+1.55
R 1.26+0.54 35.95+10.37" 4.32+1.59
M <0.01 0.02+0.02 1.19+0.55
KNY?2 T 0.11+0.05 2.65+0.55 7.76+£2.17"
R 0.18+0.05 3.54+1.11 18.45+3.89"
M 0 <0.01 0.37+0.14
KNYH2 T 0 0.04+0.03 0.39+0.05
R 0 0.06+0.03 1.00£0.65
M <0.01 <0.01 0.72+0.51
KNB1 T 0.13£0.11 6.74+3.25 1.62+0.66
R 0.53+0.27 30.59+9.21" 2.73+1.13
M 0 0 0.57+£0.22
KNG2 T 0 0 0.56+0.11
R 0 0.03+£0.02 0.77+0.51

YA AE (p < 0.05)
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2. &Y F transcriptome A o3 FAFTAAH FH FAR A L THAY

b, AT 89
kst Fl1 5352 $(Parent)d] thFst Q1x}e] 3ks ol 574 (heterosis) 7o) HAY
Hol Ak 9 dhg-S AT Ftol| o]F o]&3ele] Flo #3358 usF Akl e FAlo]

of e o] S JSAAlel ik EAMEESH] ] 71 Aot ik wejgk HoR
ole] tigk ATE AAMSE 5T Herl Utk Hg H RNA sequencing 719 R
in—depth transcript profiling= ©]-&3F #E7A A7 7Fsd Aldol 9F At B oo
A+ Ilumina HiSeq 2000 platforms 7|HFe.2 <) (cotyledon)?} o1& (young leaf) T
o] kuj3-36 Al olo] 3t FRA Y L 349 3H-FFAZo] th3 transcriptomeEA] S
A5

oF 4wt 719 end read(100bp)S UulF9] reference A A et alignmentdlo] 4 35}
A ar, 457587 & 43,70471(95.51%)2] annotation ¥ transcriptE %% 17¢] sequence
read= 58 Qlstdtt. F 2 Ao(DGHP)$F & Al Abelo & xpo]E& Hol& 1,931
Mt 1,667709] transcriptE 9 2 (cotyledon)?} & 2l (young leaf)e] ASHAlA &2
stk E < (cotyledon) @t o™ S (young leaf)<] "3%‘:}74] REo A DGHPE ©-3t&
I olu| it B YA} 22 A 9] pathwaydl #HE FAAES £t A&,
0ol pathway’dol EgHe WTT Fo FAAES FTAdAAN  FFxd
(up—regulate)°o] ¥+ S &3ttt 3 DGHPo Al comparative transcriptome 43
S B9 Bt #d¥ SR transcript 1S 2UTE o]E FH groupsS HEAA
of dgk FAH wAUS Al 7Ivte] & o= J|gHrh

4. A7 A%

343 o v MORAT S el va 543 cotw_wm 36 st 035 et e ML sl B4k b EPEm— e

a9 37. Z57A 9] g3 RNA-seq datad] F+AXF 2do)] w2 cluster 7 2 cluster U] ¥ %=
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'Young leaf

Cotyledon

20

Sl lepnjasedul

1 aseds lejnjaoeixa
[[EM |32

1 wsejdojia

uoifal sejnjeoenxa
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W snajanu

~ Bupuig pidy
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Buipuig uew oy

I Ananoe aseajonu
Bulpuig ajeipiyogles
fyaoe aseuny

ol wNQoloads-sousnbes
: m. Auaiae Jojenbal awkzus

Ao asela jsuely

Buipuig NG
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Apnae onpdees

1 Buipuig

o Apanoe esejoiphy
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yodsuen
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| esuodwos sepnyan
| uonanpsuey jeubis

ssesold oljogejauwl ulejosd
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ssaoold oljogejen

.5 ssaus ojasuadsal

3| ssesoud ugn)jea
1 ologelaLl ajelpiyogies

o ssasoid opsyuAsolq
3| - Buluieuoa-aseqoajonu

sseoold oljogelaw

Cellular Component

Molecular Function

FEA Y} 2 A transcriptome GO &4 ¥

Biological process, molecular function % cellular component®] 37}%] 2 J}e|1g 2

Biological Process
z‘,& brd

a3 38. %)

ojqo g WdHHEA(>2 log, fold)

E
=

I ool A 313749

“¢)

o] F1/MP¢]

=
5

o]
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o
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= Cotyledon

_ 350 BoHRG4  sroliage 52'30 BoHRG10 52_50 BoHRG16
o Dnt fhas
s % 150 5200
8 250 i 1: &
5 200 - s150
o 150 o 21.00
5 10 5 050 -
= 050 5 0
' ggp % 0,00 .00
Pl Ff P2 PP F P2 P1 F1 P2
45 BoHRGS 45, BoHRGT 0y BoHRGIT
5 3.00 6300 5 6.00
B 250 % 250 % 500
5 200 5200 5400
8 150 9 150 8 300
2 1.00 2100 2200
w by o
i 3
P F1 P2 oPp B P IR P2
BoHRG19
300 BoHRGSH C"}-Bﬂ BoHRG13 _ ;gg
" (s} X
9 250 7800 2500
o 200 2 600 8 400
2150 & 8 300
o oo o 400 B =
2100 2 Z 200
T (50 © 200 T 100
Pl Fl P2 M H R B M R
o | BoHRGS 40 | BOHRG1S 4 | BoHRGS3
22— ] o
& 150 % 300 7300
a & 1
5 1.00 200 5 200
[1}] [} [i}]
5 050 2 100 £ 100
Q o o
) ¥ 900 000
P1 1 P2 Pt F P2 Pl F P2

1% 39 RNA-seq®] DEGs (=2 logsfold) transcript2%-8 A2H 12702 BoHRG #-3Ake] &8

HEANEFED S 2SR P19 P2)9 1, 23 old 4(156d)3 HAOd) A gRT-PCR &d ¥4 2

¢
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) %

Aedey A4 A4 BA L B4 vhA AR

AT o

do TA AAA

pv. campestris (Xcc)Ttol

SIS
REEZIEES
5(2013), Tonu &(2013)°l ¢]3to] =

Ak B AT AE FujFe] A

st #EE FAA Al(family) S

w93
Ao w

ol o},

o8 FujF AuiA el dAdsta glom FujFe] R L A
Eao] wAyEtal Qlvy, HLMSW S Xanthomonas campestris
ofaf wHstm FAABEE AHAN HE 2 HF , T 9
FrfFol o] Aoy oAl V-E e Wrto] #HFH 1
Mol FEol7b= W (disease)olth. A A7HA] Lee 5(2015), Kifuji

& 2 A3k o] QTL(Quantitative Trait Loci)o] B1&
ooy AeEE QTLS £9319] intervals #3| 1,
gt & HaM e Ay Ad ntAZA e &8 T}

54¢ K50 4ol AFdur et

o=

7129

Askal BRADS &5

A7ANES FHetel AeAgy B QTL G0 AT v AnEe
A ARE JWOR O A A ANE Y
FlF GAA TAL AN 108 GAANA FujFe] Pemegel v

genen v

B

S|

=4 = =]
#H vlbAQ primer setE ©]83te] PCRS T3l o5 Al A 2 ojvAd A
5] O = o =) S = o S =)
AAde AAEA 22d 2 AEAS FaA A3 dVIAES s 1" 23,
F 4. 99 97 ML dulF A Ao ASE A ARG B ooHA e
1=} o) 5 S [e) [e) e [e] & =] =] 2=~ & =
SNP &4 o %8 A% F 4eMgye] FRAAAE G557 dAstel ATE A8
ol
AN
4. a3 2%
Chro1 Chro2 Chro3 Chro4 Chro5 Chro6 Chros Chrog
0.0—C— Star l?g =!'«[ ;::Tu 8 0.0 —5— S 00— Stat 00— Stan 0.0 = Start
g§-_ FfBoCLts
ol et 67 oo
T s HSr RS
187 ~ o~ BofiSrag <
98 BOESSR216 mg—_ll- B ( _;39’::: g’;eggg st
;\s;;l— 1SSAN '- e ?‘:z I _?ﬁﬁ?h- o
}, 2567 T~ BIGMS1185
= 207~ RAPODS = 5
: ~Ll- 05—
B BoESSREI2 b ?EJ"- ggfbna:lﬁ 3
36— —End 55— O0EE |-
: Abo—=—End - 401 =—kt= End
1 -End 54— Ena
48 4—c—End
L End

a9 40. FiF GAA Zol H28E5W AP B™E SSR, SNP CAPS 77 EX %
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BnGMS301 BoESSR145 BoESSR726
—— e NED TED D IS IS D S D Gy P W S

R1R2 IM 51 52 S3 R1R2 S1 52 S3R1R2 S1 S2 S3

BoESSR089 BEnGMS299 BoESSR291

R1R2 S1 S2 S3 R1R2 S1 52 S3R1R2 S1 S2 53

OI10G06 BoCL5989s BoCL1591s

i - CB10509

R1IR2 51 S2 S3 R1R2 S1 52 53 R1R2 S1 52 53

Rl R2 S1 S§2 S3

BoCL1135s BoGMS1330 BoGMS0971

——— — —
S —

RIR2 S1 S2 S3 RI1IR2 51 S2 S3 R1R2 S1 S2 53

I¥ 41 i F HA234 59 89 137 viA 9 PCRZEZH
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4.

FF A2 #AH FHAXY A4 2L transcriptome 54 4
7b AT

$¥|F(Brassica oleracea)= AAX .2 AulE = 2z T stuol AR A2 o]
e Hole 497 Bk & AE Hole A W

AFoAA = A=EP 2o A&
AE7re] RNA-seq. 42 E3alo] Ao ¥k8-3l= F-4459] transcriptome

A= 1%3:15_31]5:01] Wgeke S A6 S8 AR2Edzdd ARdAEE
Hol= A%y FFEAE HoleE AES AwEel RNA sequencings F33ataich oF
153,000,00070 2] read<S assemblyd}e] unigenel & A ZHE = 58094719 contige A Qith A
HA o 2 5809470 2] unigenes HirH o R 978bpel @HS ZFX| a1 U o™ 500bp oA

o] @ 9] contige 23404709tk 7HE 22 Aol 200bpe] ©@HS MR A 9lglew) 7t
7 dolE JMAaL Qi+ contig?] Aol 15158bp At Blast A3, 58,0947H 2]
unigenes > Arabidopsis, Oryza, Brasica 5 Y& 2=AE53 61.54%2 FAHE S e
Wt} 300bp ©]3ke] Zole] unigenes < blast hitsoll 4] 34.81%¢] w2 blast H]| &S HS
A wk Aol7} AojALE %L bplast UL HATE E3], 22,34271(38.45%) 2] unigenes
& UE database®d ARSI A S HolA Fob GulF 5ol FHAAR Ay
2t} 3475670 9] unigeneS ol 7] &t ¢ transcriptt FAFSFA AL, YA 99670 €] unigene
% Oryza sativa, Oryza nivara, Brassica napus, Nicotiana sylvestris ‘2 transcript2}
FAFSEA T FulF2] 5809470 2] unigenes THY3F cellular processes IFA o] 3o dl=
FAAEI} FAFSG T 1% 61.54%¢1 40867702 F-Hd A= biological process(BP),
cellular component(CC), molecular function(MF)% Z A Al &2 Gene Ontology(GO)
dataset &2 Foj ol ek ~E A HHAAo] = 6726719 unigeneEL AET
2o 9kg (SR), 744 A= 9 (AS), H AEH 2EH 2o vbg (BS) g&Ho= 7t
7} 552 5809470 9] unigene FolA] 051%¢1 30270 ¢] unigenes KEGG category
oA replication®} repair, transcription, lipid metabolism, amino acid metabolism,
carbohydrate metabolism pathway<} #H&Ade] AATE FujFol A A= ZEd 2o Hbg
St FAAE EA7] fs W *é(B0106JJr Aol sl 7 S
(Bol07)& A=wrgAgel AR&stdtt. & 7HA AlEe] ddds vusis

o ALY TEFo]l FrbekRaL, 6282709 FAAf waAFo] askdth EgE 0TH
39S w BolO6ol| A& 5498712 §H=A7 Z7bel i 5441709 & d=pe] wrE ko] 7k

2383tk Bol07el 0CH g stle wol= 3033709 ke w&Ego] Frhatdla, 2,252
Mol Faate] wEAFo] FAsATE BAFo] T AU AT FHAE BFsHAE 871
o] cluster® W= F vk Aol FUMe FrAE wikMo s Aad fHAE 4
O 2 FASHT T Hell= 8682709 3 A7F £ 9lo] 7Hg W A L
gatal AT I o 25 C 4995719 FHAAE LEear ATk Ao gk
uetd 2 A B3 fAxE E‘—*—i ato] Ao #HAE FHAAE AL F oY
W s ol gste] §Fol 8Tz Ao A FEAL o] &F + A
Z o]},
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No. of assembled unigenes

4 a7 2%

® Total unigenes M Annotated unigenes
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Length distribution of all- unigenes

I3 42. Nucleotide®] Zolo 0& £ ¥

23 43. 58,0947 unigened EA %=

(MF: molecular function, CC: cellular component, BP: biological process)
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Replication and repair }
I

Transcription
Lipid metabolism
Amino acid metabolism 1
Carbohydrate metabolism
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= No of all Unigenes

18 44. KEGG category= 6719 2 &9 £3F 30270 9 unigened EF
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5. GvF2] CBFs A9 75 £ AP2/ERF HA} ¢1zlo] thdt genome-wide #4

a7

SlF(Brassica oleracea)= AAXCRE 714 <217 Jde Aax ZAE F shtolth dAA7HA
BrassicaTd A58 AfdAlomAe] Anfigt ofufe} xlst 31 ibadel] thigk AAklomA 8o
ot WlF(B. oleracea capitata, line 02-12)°1] i3k A A Al & (genome-wide)2 Z|<tol] SAIE S
J(http://www.ocri-genomics.org/bolbase), °l7] “dojel w52 AA Al (genome-wide)2] ¢
719 Buk ofygl w3 AA| Alis(genome-wide)o] AW F = AP2/ERF TFso|

AAu . At F =S FATh 52 AP2/ERF superfamily f+#AxF5] tdt 54
of B3 AFE Fo AL, GE, FE 2 ABA 5 £ 344 2Ef 2 gk 9
< HE F Ja FARETA WAYUSE WEetA & & Aok =3 FAHE Tes
ol &ste] FES 83 A 4§ & F U+ Brassica FES S AE 7 AdE A
o]t

L

AFol = FrlF2 genome database W AP2/ERF$9} familyell &3sli= 226719
AARRIZHTEs)E &8 sA4stg o, G4 oA F 22671 5 185719 FHdAE &<l
3 th o]E TFs9 ofuxil AMdS AlgEFddoez vl #4359 DREB, ERF,

o
ol

AP2, RAV % ddfHd A (soloist) & 283 F 157] T (clade) &= #7339, o= 15
e Tl A 7Hg 2 WHYddl &3t DREBSF ERF family of7]ddje] @iidy} =2
FAES 7HAE 59l CBF  §3AHBoCBFla, BoCBF1b, BoCBF2 BoCBFS3,
BoCBF4)E ZR3AT o5 FrAEe] AL 24 7|7 #Hoste] e FHAE53
ARG VELAE FA8IH 45 2&S Uetlle Aoz gt oo g A
Fe A2 A L ZAFAE 7K (Bol06, Bol07) Yl Alsel 742 ~Ed (A

=, 9, % 9 ABA)E AHg st A7 ¥ CBF/DREB family 73 #Fe] 23 o]

O[N

%

(o

oZ,
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3. @7 A

UBQ1
@\ ATEG10080

AT:GAWBU

e

Bolll19% {DREB-Al)

Bol217, Bol220 (DREB-Al)

%} Protein structure
' Bol218 (DREB-:

. CHH %\ W

9 47, FulFst Fobdll 5708 BoCBF #+7dAet 7] Zole] #d 441 2k} 43 dEHAZ 4
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6. 5 HIAH/HEE #E 73 TH 2 2F B4

O

A 2 A B3 ~EH 2 Brassica®F AEY LS FAATIE T8I A
A P F shvolg WeAd T WeAdel #dHE FHAAE Fol A2 L T4 A F
TS SAANTIE Feol FAE dAst=d Mg 238 Y & Ak wEA A AR
LE dAAAY] ZEadE 24 7IHS el 2 s ddE A fFAAES
2b=d a2 842 WHoew AAEIL Qo B AFodA = WS (Brassica rapa)el A

genome®| ™3t microarray 4] Hlo]HE o]&3dl =2 Hd TS UEUE 99719

FH2E FolWith, o] dHolHE 7]Z2E 3dl9] Blast £A41S Ed| 9wl F(Brassica

/\/\T;}-

Z 99/l TR FHA F 43709 FAAIE A2 oiEt
o o= BoCRGs(B. oleracea cold response genes) =
BoCRGsv= A& w3 AsodA s =& FF9 2ds vedllen, o=
microarray W3 &3 A= Aot Atk 1870 BoCRGs 7F&Hl 1271 4T A
gl $o] A D A He] dxARl #wd AolE YeidlE AE sk =3
127§9] BoCRGs <o BoCRG54, 56, 59, 62, 70, 72 2 99 & A& 24 AR Ao 4%
HELAE PAst= AS o5 ZdE g3l gRlstdon, oes =4 -

=1
=
WY R WEA WF AL KA/ F8E AR AOR ARELh

9wl 3= (Brassica oleracea)= MAH oz AujEE AEF dluolAw AHLAEd A
of tisl] TFAAS Kol A57F Brh wepA] 2 AFddA s AZ2E 2 AL S
Hole A5y WgAHS BHole AE7Y RNA-seq. S E3lo] Ao w3l FAAE
9] transcriptome #413}% %

—
=

thoolelgk Aol A P AFREEe Aol A
o

=]
A
of 24k A T ' FFFA FE&SA A 5 3
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4. a7 A
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1271 BoCRGs® &d 3 4 A3
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COL5 (BoCRG59)

AT2G41250 (BoCRGT2)

STZ (BoCRG99) &

Fer RAP2.1 (BoCRGT0)
& S 6
o =/

RR7 UVR3 (BoCRGTS)

' E
LHY (BoCRG62) £
% (P

AT1G22690 (BoCRG43)

RDS5 (BoCRG6)

AT166610E} (BoCRGT4)
i/

8% AT5G55050 (BoCRG31)
L &)

¥ 50. 12709 BoCRGs$¢t 717 de #™E {FAAERY Z3: vEHI E4Y
BoCRG54, 56, 59, 62 2 72 ¢4 =2 AT3G12320(unknown), 45714 Al Al (circadian clock)e} ##H
CCAl, zinc finger (B-box type) Al COL5, LHY % o 7]#t)¢] HAD(haloacid dehalogenase-like) 7}
A A GMEAT2G41250)% =L F5AS Holw, J/HE §% AZE7]2  (flowering induction
signaling), Z&Hl 9wld A IAYEIEF AlZ7]Z(cryptochrome signaling), ¥ I EIAEF A&7z

(phytochrome signaling) 5 95714, #7714 AAZ 5 ddgde] =& Aoz gd,
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7. X 3ol A2 #AA bHZIP transcription factor T3 E wd B4

7b AT 8%

bZIP AARRIANE A EoA T2 2E Addd oA T 7]5S 3l 53], ABA
(Abscisic acid) #H ¥ ~E# 2~ g3 #dAste] bZIP g o] & 4 A Ut
ol Aol A Wl (Brassica rapa)©] 13671¢] bZIP @@ 31l omn o5 7|22

A=k

AT FFAA 119749 bZIP 54 wude R,
P50 DZIP 1FES 71 G ADZIP)SE W3 (BrbzIP)e] AAl 4 sk v}
bt 471D A S 2AR, 63709 Aelaelw ERagth o 71dush vl
W o] bZIP HHAE el 9] A9 FAHS B2e UARRS LCRs =99l

TEZ Holddern, o= Q D, P, N, S 3 G& 22 6709 opv=AEs JHA A g

bZIP @A o] Fxe} 7o T3 dsS & How FZHu. FujF A o
3z

928 sels) ¥ A 48 AAAANA 21%2] BolbZIP fAAEo] 23

6W AAA A= A2 6, %5 AASHL AT o= o) ATl wiFe] 9 A
A A 21% vh Exsh= A= dolg Aoty AR Ay & fFxe] dd S
2, ol WS e AnE EUE BolbZIP FAAE 409 aFoR Urlen, A
= A FF AEQ BNI0Gol = ®strh gla oA AlS BNIO7AA =A od
& 3709 KRR =, BolodS071, Bol0331532 2 Bol0427290] &A= ek, L3k Hl 3=of A
A 2ol 6711 8 BrbZIP A= BlagdS w, 4749 BolbZIP fHdAES

|
7}4 BolbZIP @A e Ao ~Ef s wey Uye Aol gS Aoz Algd
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b 7 A

Brassica oleracea

Closest homologous in Brassica rapa

Bol000579
Bol004832
Bol006802
Bol00807 1
Bol009713
Bol011719
Bol012472
Bol013712
Bol016432
Bol018596
Bol016688
Bol021255
Bol0225825
Bol026864
Bol027732
Bol026894
Bol028575
Bol0295939
Bol030865
Bol033132
Bol033853
Bol038660
Bol041035
Bol042729
Bol044598

EN106 ENT07
Cold Freeze Cold Freeze

Chiffu Kenshin

Cold Freeze  Cold Freeze

Bra004550
Bra004689 |
Bra004597
Bra031845
Bra031364
Bra005287
Bra024478
Bra011580
Bra020471
Bra017850
Bra017735
Bra023540
Bra001671
Bra025743
Bra015847
Bra011780
Bra011701
Bra010504
Bra021258
Bra020735
Bra011485
Bra022225
Bra015471
Bra025144
Bra007679

I Up-regulated
I Urchanged

| Down-regulated

a9 51. A9 ¥rg3t= BolbZIP3 BrbZIP -3 AE2] heat map
AL(AC)T BA(2C) 2EY 20| w-dlE BolpiZIPT BrivIP FAAES] o GAks Hol=
Heat map< qRT-PCR¥ RT-PCR Z¥E B2 ZAdsh
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Sl = FulFo AaE S ASA7l= WEll T R, Farinho 5 (2007,
Euphytica)o] X313+ SCJ19/Pagl vtAE =] AEZS A& AEsiA Adstr] 13
HRM wAZ Agstgirh. dgst HRM vihA = wad AgAd ) o)A He] xS
geshA FEE A

b
¥

U, a3 243
S
‘gc}lfo
£ S
Nt
C08 ¢ D
AN
0.0 41.3 415 (Mb)

a8 52. gAA A9 SCJ19/Pagle] 94X

0.090

0.080
]_
©
=
D
0.070
0.060
52.00 54.00 56.00 58.00 60.00 62.00 64.00 66.00
Temperature
—— A (resistant) —— C (susceptible) —— CA (heterozygote)

9 53, =0H A 9 oy Hd 9 X9 HRM HXE Z3

_65_



9. FujFo A 2Ed 2 g Alfin-like FARIALS] 54 2L LHEA]

a7

= AAHo R T3 AALFEo|th FulF9] vield ¢ quality= cold, salinity
2 drought®} 2 H|AYESHY AEF A9 FESH AEY i W JIFS wEr) 2
5 g BAHo] o= Alfin-like (AL) transcription factors (TFs)9F ¥#H &) A
Medicago sativa (alfalfa)oll A salt Z~E# 2 o]9] SHAEH A7F A &Eo v X+= o
el A7 T3 2 AFo = 4709 groups &2 TEE= 12709 AL TFsE &
Attt dA sk BoAL #dAtES 713 SolA wd S vetllen 971 B. oleracea
chromosomes % 6719 chromosomes®| +3*3kil ASTH ATH7F 10 BoAL A&
cold, salinity, drought, % abscisic acid®} & H|AESHH ~Ed 2 significantd}Al
HHE 9 2 BoAL % A2 Pectobacterium carotovorum subsp. carotovorum©| #
T T Hdo] g5 st 12719 BoAL FAAES AESA ~EdH 29 HAES)

ZEY 2o B dbgeheE Aow yEETh =4 ddE BoAL A= Brassica
gL Ef 2o AIAE UBle FE AR 22 Jdom $4Y
Ak olyd B Ao A#}ELS Brassicaol A functional genomics TS 93+ data

7

m

rl

DUF3594 domain
<R

Eeals

teecterey

e e FETEE
- -
R 25T : 4 TEE
o Al S R N Al A 0 R

G S S N

Zealz
Beals
Zeals
Beals
Beals
Bealr

Beald
Eels

PHD zinc finger motif
£ g Hui

BeALl ow, npdaEKE YN

EHHSSE R LR G RN

)

MLLYA & YLE ML

o soge
RasEEg pers SERGBED
e e

18
i
i
i
&
&

i

ERUBUEEEUANHLE

o opErEek
LT e

1Y 54. B. oleracea, B. rapa, Alfalfa ¥ A. thaliana® Alfin-like proteins9 ®j <&
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770l BoMESZHH fia 23 £4S &3] BoSSISt BoBSMTI
Ak, F7F o2, P. brassicaeZH-E PbBSMT1 F7A+= W #HEF9
gz Bd BAS 98 o] &H U BoSSII FAAE A AFolA P
o5 <t up-regulated 3L S(o]HA)) line(A%)o1 A= down-regulated = U
. &3] 59 HY1rol A methyl transferase A5 down-regulated ¥ QA wF A
g AEdA Y8 de EAS JERX @ AR rEE oW AlEe B
A= PbBSMT1 FrdxtEe] A ddHAdT webas 2 AFelA s dufjFolA
methyl salicylate F+3d2&0] 4082 A Hel=d Zasides As Wit
B %50], methyl transferase®] @& MeSAQ AFAHS Walsh7]
HolXtt olgf3t FHAES] ATE A A= dEs 94
= A7 2 Aol

a1 O
2] sl down—regulated
lﬂ

el B I e I

. a743

Cr3 Infected (susceptible)

0d 7d 14d 35d 42d 52d 60d

a9 56. FulFolA A Bl R EHTE HTF AIE B 4g 3%
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11. FujFol A B BETH 2EH2 % SGT1 #AAES &4 2 23 £4

7h AT 8%
SGT1 FAAELS tpakst A4 HAYESH ~Ed s thak w33 AH o)
o} i Fo] SGT1 FAA+= SKP13 GCR2 5 7l JAlFaxte] A3zgor ~EF
e}

2

2o W& ghohal g A vk 2 dFelA s vk A4S F8 4789 SGT1 A
AHES AATE Phylogenetic #A41el A, o] §FHAEL BolSGTla, BolSGTI1b-1,
BolSGT1b-2, B BolSGT1 ¢ FH= yetwth 7ee4 3 713 Sol4 il ¢4
s iEﬂﬂ* ”Eﬂoﬂﬁ BolSGT1 #FHAE0°] #ofstes Ao yeylow, =
BolSGT1 F+HAES heat, cold, drought, salt, or ABAY] #+&o A W&ol W3ty 9
= YWEHA ‘ﬂr FE UESA #4234l #4583 Elstdoh =3 BolSGTla
9Jr BolSGT1b fFAAEL 2EUA Ao Az ZetA dade] ASS YEHAA
. 28]y BolSGT19 fdxE= ~Eg 2o unlatA d#Eo]glo] co-regulator 3101
75ete 2EH A AYgY B AR F4%n 2 Ao AAELS BolSGT1
AbEo]l FulFo] HAAESHY ZEY2A APAHS FEATIV] flste] RREFAAR ’d‘:’éb‘}

AT},

O

4. 4723

%8 # Bol5GT1b 1 7
81 _: BnSGT1b
L] ————————— BraSGT1b_1
# BolSGT1b 2
- '_ge: BraSGT1b_2
—— ATSGT1b
ssl— CsSGTIb
BraSGT1a_2
- 7—{ ' ATSGT1a
! e 4 Bolsgtia

9, 1 r - Bra5GT1a_1
" g8l BnSGTia

— TRt

Cs5GT1

00 ————— BraSGT1 SGT1
1l & BolSGT1

AtTha

SGT1b

100

5GT1a

100 ——BraTha | pathogenesis-related protein

o _: BolTha (thaumatin-like protein)
a BnTha

& BoISGT

9 58. Brassicaceae?] SGTI1 proteins® phylogenetic ¥4
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E 6. B ATFA o]£ 4 BolSGT1 FAAE 9 sequence A

Name

Accession
number

Nucleotide Chromosome
length (bp) number

ORF (bp)

Exon
positions

BolSGTla

BoISGTIb I

BolSGTIb 2

BolSGT1

Bol042107

Bol006784

Bol025710

Bol009238

1,879 1,032 Co06

2,022 963 C09

2,189 687 Co03

2,178 1,947 C03

1-160
516-585
683-807
888-969
1056-1152
1227-1292
1369-1507
1587-1879

1-160
406-475
553-677
776-893
990-1086
1177-1242
1326-1464
1566-1645
1915-2022

1-108
968-1064
1148-1274
1388-1512
1697-1766
2030-2189

1-186
264-543
628-966
1037-2178
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BolSGT1a

BolSGTib 1

BolSGTib 2

BolSGT1

Bo. Actin

29Y 59. BolSGT1 FAAEY 7%
Fb-Flower bud
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12. Fuj3Eo A cold#& GST superfamily AR5 genome-wide £4

7F AT 8.9F

= Ao
o Aol A e AE WS Aadd 4 o8 A2dd gAAERRE ST
Elxl= Edll A3 (GSTs, EC 25.1.18) %
28-S sto] ~EH A REg I 4ksA
o dutxg oz o] §4E AE I
s il FuFol A 60719] GST A5 HMM Z=
a9 wF 2E FAAY Blast ¥4, Bol06 (cold tolerant, CT)3} Bol07 (cold
susceptible, CS)ellA 7P3A3 B HARBA o g2 st 153 EA 7|xs8te] F
AE = 12 228 FAAE B8] BoGST #HAAE 97HA=ZE E/FSATh a5
GSTe} of71 & el GST F+3dAF Atel 9] syntenic QS Circos AZEY oS ALg3lo]
3 A3 i F FAAdE A8 T FHo] 9ol S5 ¢ F U 2 o
& AV 7T 99A EAo& GST A/ A2 ~Eg 2~ #AHH
ettt BoGST Ak 713 Y-S GSTE 7|3 2y Fdol b
o 7 A AL 2EHAE W FQF GST #4d g fxdaEe] CT9 CS
o A 6417 1A - =A T E =
GST superfamilyE ¥XZd o2 RBAsIom o {7zt

st AL @

rl

A

=

offl o o o™ -

T (e~ S A

o

J

HSA
_0|L

R
id

. a743

W T

| BT

B Then

W Foa
Lambda

W DHAR

M TCHOD

B EFIG

B GsSTO-Like

e, 4, 5, 557, TY I8 GST

AV

2% 60. AEES LS of7%, o
WA ALgate] FulFel GST
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13. S0l Al sinigrin A3 289 F2o| th$ myrosinase®] molecular modeling

a7

Myrosinases #l3¥ ZHEo] &A= FFIAAEY)E EFE 7M5-EE =
3 oste —3}13% A & tﬂ—o]7 12kl TSk}
myrosmasesoﬂ gt A4+ obZ mulsith. & = 9 yrosinases®l| o gt
olaf ¢} sinigrin¥o] oAbl gk HRkH ATE PsArh ¢HAHo R
myrosinasesQ] T et EAE sty 8, ¥ AFEH-S Sinapis alba®l myrosinase
o FRE J|xZ 39 YAIEdE F+ZE Threading ASSEmbly Refinement server
(I-TASSER) webserver?} ProQ¢} Verify3DZ AA &< A @ wd 25 1531
AyAH o7 B/a 9 foldE o435 aL, 10 N-glycosylation H$ 2} 3 7§¢] disulfide bndges
= 7HA 2 = Aow yeryth vl F2] myrosinase 1R+ 7% ] 1+ Sinapis alba
o] Fx¢ 75l FAFS Ao ® yERRth ®3 Myrosinase-sinigrin® A3 248 ¢
H—‘,‘é}ﬂ] o]3]3l7] €3] Autodock VinaZ %‘“‘15}04 AR OR FAag ofn|:ite] FAE B
1S skt GLN207# GLU427°l8te= F 8.8t XaA 717} sinigrin? 22 S
_0*3'3}04 A28t Aoz s H-—TO] 20719 9717} myrosinase—sinigrin®
FTxZ AdAHoR PR GLU207 Z717F 22 de] e mokae F o
olMS EaF A 4 Atk o g2 myrosinase?] +x% 543}
°
=3

&l A
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29 63. Chimera visualizationS ©] €39 myrosinased] A€ HAH. 713 HAo =
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Myrosinase

Surface

1% 64. myrosinase-sinigrin® EIdTXE aFFJ o E HAL Myrosinase T A9
EAHE & FdEtd UedE. olv At FsFAEEes XS 2=
vetgon], 4492 F24%, F3L sinigring A #

: ' ’~ "f v
g\ ¥ z‘ ". ’,""»‘,
SN L ol
- ! e A
s A
\ b S i h :Fc.
WA S v (7 AN )
3 .,. S,/ / : .-b,‘ »uv\
.' / ' "} “‘.?
\g’ R =
Sinigrin

¥ 7. %l MYR - sinigrin®] +£4Z2%9 93 A5z4& A3

Hydrogen Bond

Hydrogen B Hydrogen Bo

Hydrogen Bo Number of Hy

o Iuterat;i::;g B ond Donor  nd Acceptor nd Length (A) drogen Bonds
1 ARGIIS * ARG;SHH LIG1:O 136 1
2 SERI117 SERIITHG LIGLO iy 1
3 GLN207 * GLN;??HE LIGO 2.10 1
4 T221 LIGIHN  ASP221:0DI 227 1
LTI LIGIH GLU427:0E1 185 2
3 Ll LIGIH GLU427:.0E2 2.34 -
LYS485H72 LIGLO 143 2
g a8 LYS485H72 LIG1-O 241

Non-bonded mteracted residues: TRP475, THR426, ASN206, PHE483, GLU482, SER56, ALAST, PR

0161, TRP71, TYR38 AND PRO223

* Catalytic and mucleophile residues are highlighted in bold
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3. a7

AMethionine
¥ rcati @
2-keto acid

MAMI2 (5)
MAMS (1)

Chain efongated methionine
CYPTSFL (1}

Typiophan
CYP79B2 (3)
CYPTOBI (1)
Indole-3-acetaldoxime

CYP33BI (1)

S-indol-thichydroximate

CYPT9F2 {(0) GSTFO(2)
Aldoxime MYB2S (4 GSTFIO(1) % # MYB351 (2)\
e VD% (1) MYBI22 {1}
o * CYPS3AL{Z MYBE ) 1-aci-nitro-2-indolyl-ethane MYB4 (5)
Acinifro compound GGPL 3
. &}
l GETFIL(D - s SUR} () -
GSTU20 (1) IBRCOpHOnIActon Thichydroximete Transcription factor
8-glieyt-thiohydroximate
GGPLE) UGTHBI (1}
TR
A SURL () Deselpho-GSL
Thiohydroximate
STSa (2
LGT7BI (1) ‘ 8T52(2}
UGT74C1 {2y 13M
Desulpho-GSL g7ap(2) {gincabrassicin) CYPSIFL (4)
STse{D) CYPEIF4 (3} 1 CYPSIF2 (3}
¥ ¥ 3} CYPSIFS ()
4MTB 3MTP §-Methylihiopentyl 10HI3M FOHI3M
{slzcoeracin} {glecoibervivin) (glucoberterofiy (1-hy vindol-3-3 vi GSL)  (4-hy ¥indot-3-) vl GSL)
FMOGS-OX2 (1) ‘ FMOGS-0X2 (1) FMOGS-0X2 (1) 1GMT! €2) {4-hvdroxy gineobrassicin
FMOGS-OX5(2) FMOGS-0XS (2} FMOGS-ON5(2) IGMT2 £1) IGMTL (2
4¥SOB 3MSOP S-Methyisulphinyipentyl TMOBM IGMTI (1)
(gimcoraphanim) (glucoiberin) {gincoatyssin} (1-methoxyindet 3.yimethy} GSL) 4TIV
{33 E 2 (3 {(Neoglucebrassicin} {4-methoxyindoi-3-yimethyl GSL)
ACP2() ‘ A0 () {Methoxy giucebrassicin)
4BIEY 3IPREY Fpentenyt Indolic GSLs
{ghizonapin) (sinigrin) (glucobrassicanapin} 'S
PENZ (1}
GSL-OH (:% -
50UB Aliphatic GSLs 2-Hydrexy-4-peatenyl Thiocyanate Anti-
(progoitrin) {gluconapoleiferin) 1 Agiacone Nitrile, Epithoonitrile, carcinogenic
= I Esothiccyanate, Erucin
L

1d 65 dEHE A =Y FFIAAEHCNE AFHE 42 %EH 2 RT-PCRE #3
A H@ g dotrgton, WAL HPLCE SFIANEHE FFE 2AE

E 8 WM obF, PuF, ALY, S, 2YSA9Y ARl RaAEYE

FFE FAs7] AT HE AR

No. Common Name Genotype Sampling Site/ Scientific Name of the Genotype
Edible Organ
1 (abbage White cabbage Leaf B. oleraceal.. convar capitara (L) Alef var. alba
DC
2 (abhage Cabhage Leaf B. oleraceavar. capitataalha
3 Cabbage Sprouting red cabbage Leaf B. oleraceacapitatarubra
4 Kale Curly kale Halftal Leaf B. oleraceaacephala
5 Kale Curly kale Leaf B. oleracealL.. convar. acephala
i Kale Curly kale Leaf B oleracenl.. convar. acephala
1 Kohlrabi Kohirabi Stem B. oleraceavar. italica Plenck
§ Kohlrabi Kohlrabi Stem B. oleraceqvar. italica Plenck
9 Kohlrabi Kohlrahi Stem B oleraceal.. convar. acephala (DC)Alef var g
ongyodes
10 Cauliflower Caulflower Floret B. oleraceal.. convar. botrytis
1l Cauliflower Cauliflower Floret B. oleraceaL. convar. botrytis
12 Cauliflower Cauliflower Floret B. oleraceal.. convar. bomytis
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A M1 2 348 £ 78 902

BOATS Bato1330 SRR
BUATA (Beli26690}
SIAME (Bal0P7T)

i% L ] £ 1 12
CYPTOR2 (ot 3275 PN )
CNTTHRL (BalEI8ERE
CYFTRB L BalBIgREE
CYPREN Bl TR

MAM1/2 (Bol020647)
MAMIZ (Boli20646) CAPSIBL (31&]!}35{; 71 i ————"
MAMI/? (Boll37TR23) CNIED (Bolbd i376)

LR TPE BB E6 4]
LETFIG (Reléhisls)
MR Balieists
TR (Boli28281
CYPRITE(Bali28 D
CYPRITE (Bolobindi B
CYPELFL (BOIDETIIS
CYPRIF LRl 7376}
CYPSIF I BaEFIIzEh
CYMIE L Beigi il
UYFRIF I (Bole1aias)
CYPRITS (Belbdriin

MAMIZ BallTE)

CYPFIHEEH{Balbag2d)
CYPSIAL (Rol048365)

UGTICT (BolGladio)
BT (Bal 14127
S5 (Balo 26202

SThe (BalB30757)
FRIOGGSOXE (Bal10903) BRI
FAOGS-OXS (Balf29108)
FMOGS.OXS (Bolu31 380

AOQP (BeYgb0szin [

AOP2 {Balg1a2198)y

AOPI (Re3y057115) |-

GSE-OH (Bei033373, .
Beli33374) e sekererebm b e e

Y PEIFE RO TR
CYPRIPHBalglI T
- i TR i
T (Bel0BTE2
TGM T BalI e
M 2 Bl

O M12 34% 6 78 8 E
GGP1 {BulI33672) SIVRIS (BoBOT 95
GEP1 (Bolf18073) B e o o  — — — — — =
GEEL [Bolf 1985 MYB2E (Roi017019)
SURE (Botr3a707) [ MYBIS(BaE36743)
SURI (ol038764, MBS (Bal08848)
s @"i‘;ﬁﬁi??‘?g) — MYB34 (Bela17042)

MYB34 (BelBaTTEN
VS (BaEIS 1Y)

D MYBS (BeB13267)
Miz 345 8 TH 9 IGLAZ

TGITHB] (Bol0tS 7863

TGO (Deli17328)

TGGT (Bl Bofi. 1 {Polil 34041
TGO (Balb2IT06) Bofi i {Bold1 144}
LS (Bel03139n Eiofi.i {BolGUeSin)

FEN2 {Bal03na02) igzi ziﬁiziz?i =
5 =

TELI {BoABLI3EY
TFLI (BoHmuI01, B8

1
29 66. FHF o}FY RIS o] 835l RT-PCR ¥4 oz 24P &, 1-3, ¢
W3 4-6, AY, 7-9, F4]; 10 ~ 12, Z Y. (A) ¢EFdEY FFIAE
dolE e #44, (B) AEY TEIAEAE B Ha84, (C) LTy
3 A% A4 #BAGE F44, (D) RedZ teol BAdE §a4,
(B) 252AsdE A4 AAAA. F& FBAE GPHE F379
279 Aol @ AHE U
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15. w39l 4] 45S ribosomal DNA®] intergenic spacer @74 &9 s ThFA E4

7F AT Q9F

21&9] ribosomal DNA¥ w9 W& copy T Tt A7IAES 7HA 2 k. 1
% ITS1 (internal transcribed spacer 1)¥} ITS2 (internal transcribed spacer 2)& U3
dol Fol o] ¥-91E5 ol &ste] A& xEket Eiol Bol o8 dvk E3F rDNAY
IGS (intergenic spacer)®= -2 zto]E Ho|X|qk IGS 992 WHol7l Y wol gQls}
7 FE7] "o w2 AT HoAJA Frh AR, dA NGS (next generation
sequencing)®} bioinformatics®] W= 1 FoF AFE] IYE TS GUIH Lol FAFH
I k. 455+ 18S, ITSI, 58S, ITS2, 2552 A% o] vk, &ujF9] 455 AAME S
oo Al EA st ERlstAtt 2 A= et G F FENA 25S_end 919 9
7194 (E-ATT CAG CCC TTT GTC GCT AA-3)¥ 18S_start F<91¢ 97144
(5-ATG ACT ACT GGC AGG ATC AAC CAG-3)& &&3l9 PCRS T3 T34

[e) il
band $dS 15 o1, o] & TOPO_cloning vectoroll A¢ste] IGS A LS &3+
t}. Cloningg 45S IGS ## bandZ purification kitE AFg3slo] At FdA+=

pCR® TOPO TA vector o 493+l plasmid purification kitE AlF-83te] plasmidE 7
Askd k. FAlE plasmidE Macrogen©l sequencing s 23t &9l ). Axpd oz
71 B84 dE 2 typed IGS ¥4 olyz}l 6714 9] tE IGSE 3
typesl @71A el 271% 363 bp, 1121 bp, 1,717 bp, 1969 bp, 2,03

ERwrth 3, e awjste] Flo] dde ol 2y, BF fd5s As AT
T AAH. o= FHlF FFOl WY ==HAE vHE &8F F s Aoy, AL

Y. d+2%
e = f IGS |
18S . 25S 18s Chromosome 7 and 8
: ‘
Pl
1807  257-164-187 variable
5-end (upstream) 3/-end (downstream)
e e T e e S =
TTS NTS A-T rich region TIS ETS

Tandem repeat region

.
29 67. & AT Fu3 2ns DNA S/4E7 HARe FA. 2559 18S
rDNA®] 4§39 Abelo] 455 IGS F9€ RAF. TTSE A4 F2 Aol
E, NTSE ¥ A4 99, TISE A4 A4 $9jolm, ETSE 9% A4 99
2 uey
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s [1ILIL
ess | [T

S A 0 0 A A
‘ ‘ .____._'__'""" """
0 MR A
o s AR il i . .
1 11T N 0 TNSTARAT W
. - ‘--H-.‘__‘.------T-‘----
eer [T T D
i e i e i s i s 1 i
s [ L 0L S T e
R | O PP Y | P =~ VA O
oo || (R IR RETART 0 D RVTRUEY

a9 68. 6 TFY IGSY F4 . AN SAEE FWlFY TIS 4922 4714
€<  TATATAAGGGGE  F43H° Jd&. 2384+ D types
TATATAAAGGGLZ =3 YZ2A F45Ho Jduh. Zgdd HHL tandem
repeat 99<% YL, 5848 AT-rich 99<& Ygdy, o:x AML
ETS 99<% Yedo. 2Aa3 334 vies GCY AT g714ES dEd.
A9t B EY& tandem repeats, TIS @ ETS g ¥o] gl Ao =Z Q. 1
HAY TTS 992 7IK2 AR S
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16. Glucosinolate &3] z}ol& Ye = S AlE7HY] Glucosinolate A 343
AR wd S

7k AT 8%
FFFAANEUCIES BUME Wolshe A=l Ase 4 = & e ndd
ol A= ve ¢S 44 al 487 o] FF AU CIE A FAAel W LAE

E7F AT 29452 BN3383, BN4059, BN4072+= &
A et FHRAAEA BAAT, STSh+A A GSL-OHF- % 2}
velst o, Al7FA aliphatic S F3AEHCE 3= FAI AdEHo AJd =T
BN4072+= MYB34(Bol017062)¢} CYP8IF1 #da &d 3 =& A##AAE YeERlTh Dofl
7 IQDIF A A= ofute FFFol 7419 AjpAge #A-HE FHAE AAA 7] 3L, BN3273,
BN3383¢l H]&le] BN4059, BN4072 A% & wE A &3

Aol vk BN3273% M3 = g ol e & ‘]
Axpe] =e wE £yl Aol AATH BN3383L 487) F 1279 FAAIE AEE =&

R |

BHFEE AN ol F FRRAEANE o] MwH Fee HAFAT FAA
By 0 2RIAEAE FARY N FFEAe olft odAE We AT Bas
.

BN4072

1Y 69. B. oleracea capitata®] 44159 &Y
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Methionine

¥ BeaTi ()

2-keto acid

MAMI/Z (5)

MAM3 (1)
Chain elongated methionine

CYPT79F1 (1)
CYP79F2 (0)

Aldoxime

$ cvesaar @)
Aci-nitro compound

GSTFI11(1)
GSTU20 (1)

MYB28 (4)
AYB29 (1)

Typtophan
CYP79B2 (3)
CYP79B3 (1)
Indole-3-acetaldoxime

CYPE3B1 (1)

S-indol-thiohydroximate
GSTF9(2)
GSTF10(1)

MYBS1(2)
MYB122 (1)

I-aci-nitro-2-indolyl-ethane MYB34(3)

GGP1(3)
SURI1 (4)
Transcription factor
ol i Transcription factor
S-alkyl-thiohvdroximate Thiolydroniinate
GGP1(3) JLL’GT'--IBI (1
SURI (4
@ Desulpho-GSL
Thiohydroximate
sTSa (2
UGT74BI (1) &"""""’
IGT? 5
UGTT4CI (2) AN
Desulfo-GSL  gy3p (2) (glucobrassicin) CYP81F1(4)
STSe(1) CYPE1F4(3) CYP81F2(3)
- - + CYPEI1F3(2)
hd v v
4MTB aMTP S-Methylthiopentyl 10HI3M 4OHIIM
(glucoerucing (glucoibervirin (glucoberterain) (1-hydroxyindol-3-ylmethyl GSL) (4-hydroxyindol-3-ylmethyl GSL)
FMOGS.-0X2 (1) FMOGS-0X2(1) FMOGS-0X2 (1) IGMT1 (2 (4-hydroxy glucobrassicin)
FMOGS-OXS5(2) FAMOGS-OXS5(2) FMOGS.OX5(2 IGMT2 (1Y IGMT1(2)
4MSOB AMSOP S-Methylsulphinyipentyl 1MOI3M * IGMT2 (1)
(slasosapbianla).  (Bncaiberie) (gHrcamiysate) (1-methoxyindol.3 yimethyl GSL) 4MOIZM
AOP2 (3) ‘ AOP2(3) (Neoglucobrassicin) (4-meth01)1ndn]-3-)'lme1Il__\'l GSL)
(Methoxy glucobrassicin)
4BTEY 3PREY 4-pentenyl Indolic GSLs
(gluconapin) (sinigrin) (glucobrassicanapin) -
GSL-OH ;1}‘
4OHB Aliphatic GSLs

(progoitrin)

2-Hydroxy-4-pentenyl
(gluconapoleiferi

Thiocyanate
Nitrile, Epithionitrile

Anti-carcinogenic
Aglucone

Isothiocyanate, erucin
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4.5 8 = BN3273 u BN3383 = BN4059 = BN40T2
= BN3273 = BN23383 = BN4059 s BN40T2
4 7
5 Aliphatic 6 Indolic
3
H
25 baab abaa baab babb bbb 5 bbab baaa baab cb ¢ ababa
2 L %
1.5 3
= 1 1 T 2
=] =
m 05 i 1
wn
¥ ] 0 0
= MYB28 MYB28 MYB28 MYB28 MYB29 MYB34  MYB34  MYB34  MYBS1  MYBS1  MYB122
a" (Bol007795)  (Bol036286)  (Bol017019)  (Bol036743)  (Bol00S849) (Bol017062) (Bol0D7760) (Bol036262) (Bol013207) (Bol030761) (Bol026204)
5]
g ? = BN3273 = BN3383 = BN40S9 s BN40T2
= s
=
o 7 - - - -
& : Both aliphatic & indolic
5
4 4
: ¢ tT: blElb b bElb b babb babaab babb baahb
z 2 .
0 +

Dofl (Bol023400) Dofl (Bol041144) Dofl (Bol006511) IQD1 (Bol023096) 1QD1 (Bol033935) TFL2 (Bol021358) TFL2 (Bol000201) TFL2 (Bol034455)

a9 71. B. olerace® transcription factor## Fd X9
EFIAEHNE AFA
3 BREN]T = BNIIRS = BN4029
= 25 )
=] abbcc abec b%bb babec bcaabc bache
= : Ahphatlc
w
bl
iz -
()
m 0
STSb (Bol026202) STSb (Bold26201) STS¢ (Bal030757)  FMOGS.0X2  FMOGS.ONS  FMOGS.ONS
(Hol010993) (Bol031350) {Bol029100)
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94 7} aliphatic, indolic9
s BN40T2 10
aaaa bdca

4

AOP2 GSL-OH (Bol033373)

(Bo23102190.1)

AOP2
(Bo93006240.1)

Ty



6 mBN3273 u BN3383 u BN4059 mBN40T2

Iilii:

th

£

babb baaa bcabc baab bcach

el 4L

[ ]

=
2
@ STSa STSa CYPSIF2  CYP8IF2  CYPSIF3 CYPSIF3  CYPSIF4 CYPSIF4  CYPSIF4  IGMT1 IGMTI1
d (Bol039395) (Bol026200) (Bol012237) (Bol014239) (Bol028919) (Bol032711) (Bol032712) (Bol032714) (Bol028918) (Bol020663) (Bol007029)
g
@ 100 =BN3273 =BN3383 = BN4059 =BN4072 6 = BN3273 = BN3383 = BN4059 5 BN4072
-
< 80
(-7
4
60
dcba c ba be 3 aabb abch c¢b aaaa
40
2
20
| h...- h
0 0
CYP81F1 CYPBIF1 CYP81F1 CYP81IF1 TGGI TGG2 T6G2 TGGS PEN2
(Bol017376)  (Bol017375)  (Bol028913)  (Bol028914) (Bol017328)  (Bol028319)  (Bol025706)  (Bol031599)  (Bol030092)

a3 73. 4709 Ful3 AZEYA indolic EFIA=HOE EHAH AR &¢F

rJ

25 10 10 16
mBN3273 mBN3383 =BN4059 mBN4072 achece
abecec
2.0 aaala 8 0.8 12
baaa
g 1.5 b bE b 6 0.6
o i s
=L
= 1.0 4 0.4
E
= 4
b ab ab a
0.5 2 0.2
0.0 - 0 - 0.0 = u 0
PRO GRA SIN GER JHGBS MGBS NGBS Total

glucosinolate

a9 74. 445 Sl F 9] aliphatic, indolic FFZ A =Y oE A&

PRO:ZZ 30 EQ, GRA'ZFZ &9, SINAIY 13, GNA'ZFIZUI, GERFFIZAF4]
AHGBS:4-38lo] E 5 A -F F 7 H ZFA] 2] MGBS:HHH%M =2 F B GAL]

NGBS:H| Q. ZFFZZ A 4]
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¥ 9. B. oleracea®l alipatic

2 E g
FAA AU A FF N FAR B4,
PC

s A
=

TR L2 SD:

)

-

=
LN

=3

Variable PC1 PC2 PC3
Progoitrin 0.18 -0.16 0.69
Glucoraphanin -0.37 -0.38 -0.01
Sinigrin -0.37 —0.38 -0.01
Gluconapin -0.33 -0.33 -0.02
Glucoerucin -0.11 0.40 0.37
MYE28 (Bol007795) 0.34 -0.29 0.36
MYEB28 (Bol036286) -0.36 -0.11 0.26
MYB28 (Bol017019) 0.33 -0.31 0.19
MYB28 (Bol036743) 0.22 -0.43 -0.27
MYEB29 (Bol008849) 0.37 -0.20 -0.27
%variation explained 47.2 233 153

v (genotype) <0.001 <0.001 0.001
Genotype Mean PC Scores (+5D)

BN3273 -2.922043 -1.31+1.32 -0.03£0.31
BN3383 255£0.16 -0.85£0.27 -0.99£049
BN4059 1.24£0.29 0.06 £0.52 1.66 +0.90
BN4072 -0.871£0.16 2.01£066 -0.69 £0.91

¥ 10. B. oleracea® indolic 2F E
FAZY A Td FFd U FAHAE B4

PC: =93 A

2 FulF AE transcription fator#&

¥ P A4 _4A SD:

|

.

F4

=
r

Variable PC1 PC2
4HGBS -0.24 —0.29
MGBS 0.13 0.26

NGBS -0.11 0.46
MYE34 (Bol017062) -0.06 0.53
MYEB34 (Bol007760) 0.52 -0.15
MYB34 (Bol036262) 0.31 043
MYEB51 (Bol013207) 0.41 0.19
MYEB51 (Bol030761) 0.54 -0.14
MYEI122 (Bol015939) -0.28 0.28
%variation explained 343 310

7 (genotype) <0.001 <0.001
Genotype Mean PC Scores (+5D)

BN3273 -1.71+£0.23 -2.17£0.38
BN3383 0.25+0.20 0.86 £0.51
BN4059 264044 —0.63£0.23
BN4072 -1.17+0.17 194+0581
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¥ 11. B. oleracea®l alipatic 2FIAA=HolE ¥ FH|F AT #FH FAx9 Fd3FH
TH FEd I FAL 24
PC: 83t A&, P #4484, SD: EFHAL
Variable PC1 PC2 PC3
Progoitrin -0.16 0.0% 0.55
Glucoraphanin 042 .08 0.17
Sinigtin 042 .07 017
Gluconapin 042 009 0.4
Glucoerucin 007 4 0.05
5T5b (Bol026201) 0.34 0.09 012
5Tob (Bol026202) 041 0.15 012
5Thc (Bol030757) 0.03 041 g !li!
FMOGS-0X2 (Bol010933) 0.1 044 018
FMOGS-0X5 (Bol029100) .13 040 018
FMOGS-0X5 (Bol03130) 013 040 g
AOP (Bo2g102190) 0.1 0.10 .52
AOP?2 {Bog006240) 0.9 4 .19
GSL-OH (Bol(23373) 0.3 .09 0.3
Yovariation explained 3.3 318 17.1
7 (genotype) <001 <0.001 .01
Genotype Mean PC Scores (£3D)
EN3173 3384041 0691061 0.57£0.74
BN3383 03203 3294055 08003
BN4059 -209+0.38 0464018 1884075
ENdO72 -117+0.8 -213:0.18 -1.65+09
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17. Plasmodiophora brassicaedl %9 Al Brassica oleracea var. capitata®
ot Al Ay AHE FARe Hd

A7 2k

Brassica oleracea var. capitata (cabbage)t 3=, T =, ¥ 5 ofA]o} =7l F Q3%
Ao Eolv)y, FujFe] eSS Plasmodiophora brassicae®l WA irol] o&) WA m o
Guf 3o Ao F FEgS n Xy Bl so] WdslE F<F methyl salicylate (MeSA)& W
g 3}o] o3 A Aate] At T3 methyl salicylate esterase (MES)S Az A4ke]
methyl salicylate (MeSA)Z 3o Fa3dt A3ks i}, ¥l & Id F MES ¢

methytransferases¢}to] s A= o} ¥ A A &t o83t #AE FALslr] 98]
g = e oA oA et uiHA FujFE o] &t MES frizte] wEs x
Abstaith 1 A3 A A<l ‘ﬂé%ﬁﬂ Adel g gojol #ost= FAAE dEstet= 3
Me] MESE gheldltt SS19 427 B. oleracea®) P. Brassicae 7+ Al #gle} 9o
o] g+S WA ol#]3 AR SA AFAHLS AEA IR FEE A= ARS
Wtk T3t B. oleracea BSMT A ZH= MeSA A Hue ZEZA st #ostes &
AE vedo 2 A5 A3 Wl 3 Al MES 3 #lgstel g +d2 7sd ds
el gk olaslE AlEstH, MES fFxdx7F el = o] wol7j e #ofste S
& A

. AT 23

% 12. 498 fA%e AR 99 B4

Protein
Genename LocusID  ORF(bp) Chromosome Domain Domain position
BoMES1 Bol031679 789 Scaffold000053  Abhydrolase 10-253
BoMES2 Bol045801 792 Cco8 Abhydrolase 10-253
BoMES4 1 Bol012862 774 Scaffold000192  Abhydrolase 8-247
BoMES4_2 Bol031680 657 Scaffold000053  Abhydrolase 10-209
BoMES4_3 Bol031681 786 Scaffold000053  Abhydrolase 9-252
BoMES9_1 Bol018638 774 Co7 Abhydrolase 6-248
BoMES9_2 Bol028953 774 co1 Abhydrolase 5-248
BosSi Bol022442 1959 C06 GT1_Glycogen_synthase  143-643
BoBSMT1 Bol010926 996 Cco3 Methyltransferase 6-331
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ATHESH 1I
ATMESZ 1
ATMESY 4 |
ATMESS 4 <onee K-
AIMES7 1 MD - KNNQKK
BoMES! 1 MSENKKKQH
BoMES? 1 MGEEKNQQH
BoMES4 1 1 ME - -KEKKR
BoMES4 2 1 MESKKYKKR!
BoMESS3 4 ME -NKNOK

BoMES9 1 1 -----

BoMES9 1 ..... MK -

Bol015095

Boi15096

ATHEST 121 FELDRFGSNMPQEA GTEFE ONSG HFFS!D KLGL
ATMES? 121 FEEERFAS! ITP GSELE DNSG S-VFFSTD KHRI.
ATMES4 120 YMYQRL IRSVPOEG D'WFB HECP| EFAI.F KNL
ATMESO 114 YHFE FI.G | TEEERMDFELGS M TODHP, KTAFL N'lLlN
AMEST 120 YRFORLVKOVTQEV! D‘I'JFG -KPDRPREFALF! KYL
BoMEST 120 FMLEKFGSNMAH GTEHI’ SONSGES - HFFSSE KLGI.
BoMES? 121 FMVDRFKROTPP GSEFKS SONSGVS -MSFSTEFMKHAL
BoMES4 1 17 PI-'E FVPE I POEELLDTLFRS SIHTVI.FlE KKL
BoMESS2 1A MBYQN -+« - crrrrnieniiiniaiiircre it asisa e

BoMES.3 118 rxmm ISEQI‘JII.DT'JI.G ToHPHOFALFBRKELAKHL
BoMES? 1 115 YMFERL 1GBHSOSEE I DLKLE TRETNOHPEMTVF 1 BEKYLKN -
114 YTFERCLESF TEEESSNMEFG mm TSVFLETKELAKYM
a.:msms[m LEN-LSBTSQMDWLDTVTGF M TPDRPERF S LAGPKSMAK YA
Boil15096 | 118 vslnx IPREEWLDTVLGKEEKPOCPEDFALLBRKELAKKY
ATMEST 240 [P Qq i 23
ATUES? 240 [IRME ] nrc 263
ATMESS 240 s A %
ATMES 233 256
AMEST 237 %0
BoMEST 239 2%2
BoMES? 240 269
BoMESE 1 234 57
BOMES4 2 195 218
BoMES4.3 238 %1
BoMESS 1 204 257
BOMES9 2 234 %7
Boi15095| 239 E 262
|Boin15096] 238 261

19 75. Brassica oleracea®methyl salicylate esterase (BoMES)$} ¢l 7] &t} thaliana
methyl salicylate esterase (AtMES)o| A 3% ol =4t g9 vlu

WE 2 AAsE 71599S dehye], shae) fadE BARANLS U5 gk
oemel Sal ojuliate] A% VEY. FUF ot o WA RAHAL
FAA el Qs obmlmabe gl wgow EAS T

¥ 13. salicylic acid (SA)S} #HEd @9 d FAR 54

Protein Molecular Grand
Gene  length weight  Theoretical Instability Aliphatic averageof — N-glycosylation  Protein  Subcellular
name  f(aa)  (Da) pl index  index  hydropathicity position stability localization
BoMEST 262 293348 558 35.16 8260  -0.043 - Stable  Chloroplast
BoMES2 263 294707 5.9 34.13 8152 -0.176 - Stable  Chloroplast
BoMES4 1 257 285670 5.3 4059 10062  0.047 — Unstable Chloroplast
BoMES4 2 218 245006 539 26.06 9752 0130 48,149 Stable  Chloroplast
BoMES4 3 261 293006 5.35 3129 90.04  -0.045 47,180 Stable  Chloroplast
BoMES9 1 257 289124 548 36.67 §.29  -0.114 43,182 Stable  Cytoplasmic
BoMES9 2 257 287080 523 40.49 8451  -0.072 42,182 Unstable Chloroplast
BosS1 652 718210 5.53 36.23 7972 -0234 19,93,187,194, 627 Stable  Chloroplast
BoBSMT1 331 37865.6  5.00 4340 8063 -0289 74,91, 318 Unstable Cytoplasmic
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< 3 = * L - > o T8 ¥ < o \ ?
a9 76. (a) Plasmodiophora brassicaed W3] 744 FF(CR3)3F (b) HEHA &2
AE 076097 By I 4y v AEE ¥y & g8 el Aot

a8 77. (a) Plasmodiophora brassicae 778 ¥ 0760Y %<9 Brassica oleracea
A (CROAFTH (b) L3 7|7F ¢ A &2 AT vl
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a. g BoMES2 R BoMES4 2

2 M s

[
o n o W &
o w
ey
s wnerd&dne
© B oRow s oo

908 2l 8y a2 W 0 ¢ onas e e 0 14 2 35 42 52 60 0 14 21 35 a2 52 60
C. g BoMESY 1 R d g BoSSii R
= 300 70 30 5
F 250 50 5
£ 0 = 20
B 0
% 1s0 s 15 3
£
£ 1w P 10
= e 10 5
W
2 o o 0 o
0 14 21 35 42 52 &0 0 14 21 35 42 52 6D 0 14 21 35 42 52 60 0 14 21 35 42 52 6D
e 4 BoBSMT! R f. 5 POBSMT R
15 8 120 &
100
10 5 80 a
60
5 3 0 2
20
0 0 1] 0
0 14 21 35 42 52 60 0 1a 21 35 42 52 60 0 14 21 35 42 S2 60 0 14 21 35 42 52 60
Time course (days after inoculation) W conwel I infected

I8 78. Plasmodiophora brassicae®| X389 Brassica oleracea 2] &2 Real-time
PCR 2&d #4
o] At & 3WHE A7l HeAaks UEWTh S, #A A R, A AlE.

& s BoMES2 R b- 8 BoMES4 2 R
13 7 10 10

2w o ow B
R A
o w w
E
o N & &
E‘

0 14 21 35 42 52 &0 0 14 21 35 42 52 &0 0 14 21 35 42 52 60 0 14 21 35 42 52 60
c s BoMES9 1 R d. s BoSSII R
=2 125 15 25  d
= 6
% 100 20 §
5_ 75 10 15 a
@ <
50 10
2 8 2
= 25 5
= 1
é 0 0 0 ]
0 14 21 35 42 52 60 0 14 21 35 42 52 60 0 14 21 35 42 52 60 0 14 21 35 42 52 60

g s BoBSMT! R f. 5 PhBSMT R
35 3 7 4
30 6
25 6 5 3
20 4
15 4 2 2
10 2 2 1
5 1
0 0 0
0 14 21 35 42 52 60 0 14 21 35 42 52 60 0 14 21 35 42 52 60 0 14 21 35 42 52 60
Time course (days after inoculation) B control [ infected

a9 79. Plasmodiophora brassicae®l 78 Brassica oleracea 9 8 Z2 Real-time PCR
e B A

o] Am= 3uHE AdYe] A eaks yEdlleh S, A AlE R, A3 AlE.

[eini

i



MESS

AT1G05310

AT5G36210

MES18

MES4

BoMES4

AT2G26520

e

1% 80. Brassica oleracea® methyl salicylate esterase (BoMES)$} ©ff 7] &t ¢
#dE FAA 35 AL HEHaA

BoSSI1

I8 81. (a) Brassica oleracea®l starch synthase 1 (BoSS1)¢t (b) B. oleracea® Sa
¢} BA methyltransferasesl (BoBSMT1)¢ o71F e #HAA FAA AS
24 YEA=Z
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18. ¥iF9] W3A #AH pZIP AAFA ALY transcriptome ¥4

7h AT 89
bZIP AARIAE A goA F2 A5 AdAde JojA T8 755 stk 53], ABA
#HE 2EY 2 vy #HASte] pzIPp T do] & 4] gltt. w)3(Brassica rapa)

oNME AF7AA 127742 bZIP w9 @o] ~EY 2o B As A wAAE U A
Atk v Fol A A2 pZIP A ] bZIP wrRlel] XIE = B K Ak oAk A
HE njgto 2 BRAD (http://brassicadb. org/brad/)ﬂ]/ﬂ BLAST #HAE- :

71Ee AR 127700 Y9 2ol Bra0278%, Bra034913 Bra035464 Bra034925,
Bra009426, BraO02090, Bra0ll648 Bra0l0b04, Bra025743 9/W& F7sle] & 136712 bZIP
G dS ol gt A5 FASATE 7S dHN 5B Vs ’5} Loyt A

% %= (phylogenetic tree)E AF&3le] pZIP @A S EFdts 7|& oz E A 7F 9l
Atk weks pZIp diE s EReted MR WMe il A= 2y bZIP @A
o] =wQl A Fo unique amino acid repeat regions (UARR)¥} low complexity
regions (LCRs)o] ©2 bZIP @¥ Ao EAgth= A S ddstdt. 53], UARRS
glutamine (Q), aspartic acid (D), proline (P), asparagines (N), serine (S), glycine
(G)-rich =v¢lo] G I ofo] webA 6709 opr=its FA o R pZIP G A S
transmembrane domains 7M1 U&= @Ay ofe] 7}X]9] LCRE X385t ohid,
LCRo] &AlstA] &+ ‘%tﬂiﬁ T e aFo®E pZIP W E S st

AZo| Hr-g-3= BrbZIP FAAES #4317 ﬂoﬂ Chiifu®} Kenshin Algol A2 A
2] & AL microarray A3l A 136702 BrbZIP A2 AKHE AEdte] EA ¢}
aRT-PCR& &3l AxFd 23 53709 FdxtellA Sol#Ql wd o] veyton
a2 % 2008 A =8 T s el fAAE st 53], 6709
A= Chiifud] AlgoM = Hde Wstrt 79 1/‘r‘:/]r‘)r?(] 2% S| 7t Kenshm«] Al & ol A

= o] FHAEY] wdd wES yEtlnh =% 6709 FHAES LCRO B ofv =
2 NS x2g3sta Ik ek 1 4(N-rich domain)oll 4 %o & dHlAd =2 A
=3 #AHAFo] S Ao w AmHY. W wiF9 Brall0256, Bra004689, 2 Bra003320
FrRatel of 71 gl AbZIP349%% AtbZIP6ISr A A= A2 dsAel =4 vt 4
2802 MUrE Bral00256, Bra004689, BraO03320 M2 3285 FallA A2ws
o o] T8 7S FRT Aol AlmH T
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3. a7

Bra000256

2
©)

Rt gpesion

b —

= 40

Braco4689

chitu (©)

21 eraozirss
2
*
P
P |
sl
2 e 0 2 s
-
s
Bra023510
2

; jji“,

22 4 0 2 4
chiitu ()

1201 Braozs7as

22 4 0 2 4

]
0 |
s0 ;
0

20 }

Chiifu (©)

Reative expression
camwra

¥ 82. AL Adg

¥ 14.

A &

s ‘ Bra000256
10
°

15
‘ Bra004659

Bra017850

Q-iii
s o oa

Kenshin ()

Bra021735

m_iii
o
22 4 0 2 4

Kenshin (<)

Bra023540

22 4 o 2 =

own o0

Konshin (<)
‘ Bra025743
|
|
ol
Konshin ()
s
¢ ] ewmoassas
s
Ml |

Wl 3ol 4 2274 9)

e Bra001671
. 30
N 2
2 I I w
o LA °
2 4 0 2 4
cnia (o)
B o
Bravoszar
. ™
2
L l o
o 1A °
204 0 2 4
‘i ()
R s
Braotsa71 :
s
s
2
2
SN :
o o
204 0 2
cri (0)
2
0 Brao19715

\ Bra022225

g =
o L= .

e o2
.
Bra026523 i
0
100 i -
o - m - o

2 4 0 2 a
Ghiitu ()

gg& F3 Add bZIP FHA

BrbZIP

Braco1671

IIII .

22 4 0 2 4
Kenshin (<)

Brac0s287 4
s
2
1
- I i I I o
22 4 0 2 4
Kenshin ()

Brao15471
15

22 4 0 2 4
Kenshin (C)

Bra019715

22 4 0 2 -

Relalive expression

Brao22225

s

2

iii :
- o

»
3
8
8
IS
8
1N

ovroad i

Bra026523

22 4 0 2 -4

onsowd R

Kenshin (©)

-
T :
i olm - a
* Bra020735

s

Bra023317 I
22 4 0 2 4
Ghiifu (©)
Brao25418

22 4 0 2 4

chiitu (©)

Brao27855

22 4 0 2 4
Chiifu (©)

10 I I
5 s I
o lm

Relalve expression

Realive expression

Bra003320

Bra011648

22 4 o 2 4

Kenshin (©)
30 1 prao17735
25
20
15
10 |
N i
o
Kot (o )
12 Bra020735

Brao23317

2 4 0 2 4

Kenshin ©)

Brao25415

w ]
20 | i
ol

22 4 0 2 4

Brao27855

22 4 0 2 4
Kanshin (<)

Ao wd ¥

24 23

Brassica rapa

Arabidopsis thaliana homologue

Gene ID

Amino
acid
length

Classified
by thi paper

Gene ID

(AtbZIP number)

Classified
by this
paper

Classified
by Jakoby

Description

Bra000256

Bra003320

Bra004689

Bra011648

Bra020735

Bra023540

362

304

306

262

171

188

Group 11

Group 11

Group 4B

Group 5A

Group 11

Group 4B

AT2G42380 (AtbZIP34)

AT3G58120 (AtbZIP61)

AT2G42380 (AtbZIP34)

ATAG35900 (AtbZIP14)

AT3G30530 (AtbZIP42)

AT5G15830 (AtbZIP3)

Group 4A

Group 4A

Group 4A

Group 5A

Group 11

Group 4A

E

Vascular development

Up-regulated in cold deacclimation

Vascular development

Floral meristem identity

Glucose-ABA interaction network
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19, wiFe] BESH, HIAETH 2B ol WRKY family f784He] 54 3 23 24
7h AT 8k

WRKY @942 A zodA Az A3 A 22l AEsH, Rl Esh4<l
2E 2e #HosteE 7P vlF de AARIA F ostdelth. 2 AFE EIA wF

e A= =2 Aeds dedlew, EE wiFe WRKY
(BrWRKY) w7t 2E# = AT 7|54 #ddS S48 A2 x4l
Hj S22 o] FukEA(DH) A%<l ‘Chiifu'?t ‘Kenshin'®] 71l A2 g F AAE Brl3sK
microarray A1t Ay} zpo|7} FEletal =2 WAL ST (transcript abundance level) =
Hol= 41789 BrWRKY #3725 A3t ol FH FAAES wiFodA AL o
&, 2gla 7hE ~Ed s ¥yl olygl Brassicaol XA olal A7bek w2HE Ak o] A

IS VA o= tix Al AWl Y (Pectobacterium carotovorum subsp. carotovorum)®F

<
T
K

NE LS (Fusarium oxyvsporum fsp. conglutinans)s *2]3t %o ~Ed 2o To]sts=

A 2 B FES Lot Skt

=0
5 T AEA 2EY A 53] #FFoly dvdE WRKY @idE3 =&
S4S Yepdth =3 AETH, HAESE ~Edfsd ol wd S
Ne] WRKY HFHAAES Ads %
Oe5E, 13789 Fdx= 2& I
HAESHA  ~Edf 2o WEse §HAEY #Hd S ZAFddA BriVRKY40,
BrWRKY49, BrWRKY57, BrWRKY97, 18li. BrWRKY13] 45L& A<t 7HE
AEY 2o weeltE Aow FEYa, BrWRKY22 A s Aen da ~Ed 2
Aol e Aoz FAuHEu AESHH 2EYXC g wg Ao, FEY
(Pectobacterium carotovorum subsp. carotovorum)® XS5 (Fusarium oxysporum f.sp.
conglutinans)< A2 & % A1/ FHA & BrWRKY4 BrWRKY65, BrWRKY72
BrWRKY79, BriWRKY97, BriWRKY109, BrWRKY133 BrWRKY1419) 87 A7} o
Zto] HlE HlaA = I s Below, 53], ool BriWRKY4 BrWRKY®s,
BrWRKY72 BrWRKY97 BrWRKY133 BrWRKYI4] 5+AA= 5 714 AN F54 o
2 20 s HAanh o AP S Sl wiFedA AESHA, nAESHA ~EY A
B% o= FAAE BrWRKY65 BrWRKY72 BrwRKY97= 219 Qlt).

webA | o] et BriVRKY F+AAES AESH, HAEEE 2Ey o AIFAHS 71HA
+ Brassicadr ZHES dst=d {83 Aol @ AHola, WRKY AR 2EdHA

A4 WAYZFS Wl vl @ Qo Almg
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4. a7 A

Gene name

__ b —BWRKYS
—BrRKY141
__—BrWREY22
s ' —pAREYI04
— T BrAWRKIYD8
BrITRKY38
BriRKY14
— ——BrWRKY40

1 1 T —BrARKY70
—BrWRKY79
——BrWRKYIIS
M —f= BrWRKY5S
————BrWRKY¥I2]
——BrWREY29
T_—BrIRKY93
He—  —ByWRKYIISR
: BrWRKY10]
—BrWRKY49
—BrRKY74

_ —BrWREY7
| —BrWRKY51]
_ | —BrWREY26
| —BrRKY44
—BrWRKY30

—  __—BrWRKY42
I —BrARKY77
_| —BrARKY72
| —BriRKY97
—BrWREYI31
BrWRKY4]
—BrWRKYI7
—BrWRKYI2S
—BrivREY30
BrWRKY92

_ —BrWRKY32
L BrWRKY63

— _ —BrWREY57
L T -BrWRKYI09
——BriWREY56
Ile  —BrWRKYII3

m

1Id

—BrWRKY116

I9Y 83 AR Y& & ZA AE ¥ B rapadA 417) BrWRKY A A+e] Microarray

__

—

el A C 9F K= Z+7; ‘Chiifu’ ¢+ ‘Kenshin'
4°c (C2&K2), 0°c (C3&K3), -2°c (C4&K4), and -4°c (CE&K5)C. = A3ttt M ZE 8 BriWRKY 1o 245 EH &

SEAM gt FAAES Q%o EAY 0EES AR e WALLE teharh

c1 c2 c3 Cc4 c5 K1

B Al awf 2kl (inbred line)& WER &, 57H4] &&x70:
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1

20,000

14.000-1
Relob
8.000-13
990
J000-7,

99
2,000-39
99
1.000-1,
999

300-999

100-489
=99

d B4

control (C1&K1),



® 15 MEAA ABEA, MAETH 2udad BE BstE WRKY #3%

Gene name abiolic stress biofic stress

Cold Salinity Drought FLSaALIm GrySpORLITIL P, congunans FecthocEd mooioumaiog. aosoum

BrivRKY4 [ ] [ ]

BrivRKY7
BrivRKkY14
Brivrky17

BrivRky22 L]
BrivRKY25 ®
BrivRKkY40

BrivRKY42 L]
BrivRky44 L]
BrivRKY49 ®

BrivRKYS T L
BrivRKYS7 ® [ ]
BrivRKYS S L]

BrivRkY5 ¢

BrivRKY7 7
BrivRKY7 8
BrivRKY7 ¢
BrivRKY9Z2

BrivRKY9 & L]
BrivREYT04 L
BrivRKY 109 L L
BrivRKY 113 & L
BrivRKY1 16 L]

BrivRKYT 37 L]
BrivRKY 133 L J L]
BrWRKYT41 9 [ ]
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of FzAe FHA 3/ BrANSHFAAE WA LI meel BAS
20G-Fe(Il) oxygenase domaing =¥ E33dt1 9Jom tj
A8 Y-S FelEArt. 20G-Fe(Il) oxygenase domaine %@

x93t

gl Z3Eo] e gduER Az odl, Audd, 17
TEE G4 2 SR 22 AxAY d4e SXee aas xdee Ao &
A 3

= 4

T w5 3AEe o dAWFe Y dWE o] &ste] BrANSI, BrANSZ,
3t Th ‘Palgangbaechu’@] 7l'&(&hd gk 2 Aol A =
BrANSI, BrANSZ, BrANS3e] +4d77F Sloly S i v = AS gelstaith
‘8053 (A Q1 Aol M= BrANS3 2 13t 5 ool Iy Qdn. 18
‘Seoulbaechu’ (5 )ol| = BrANSI?} BrANS3 +7327F 13 544 e
g Flstdt. =g wjF 870 o] e] AlFelAE 9% %
Boxoh 1 A 871 i F AgdA ofF AMNS He S
BrANSI 378 3ol =4 YEetwk o, BrANS3 327 BE Aol
I 53] A4S HE AFoA =2 BES el Aoz AU
A ~EY 29 HHEAS dolry] 9, a9} o] A7 W
2] 8o} ‘Palgangbaechu’ (3 A A)) Q053 (F-=4 <1 X A), 181l ‘Seoulnaechu’ (%5 4))
ol 5 BrANSI, BrANS2, BrANS3 +737te] wd& sttt 1 A3, BrANS #4
A4 7v8-dl BrANSI, BrANS3olA vlaia Q053 (FE2 <l A M)3} 'Seoulbaechu’ (35 24)0ll
M AZzEd 2o #ek BagFo]l wWekom Palgangbaechu’ (fH g A Ao A -y

o] = Zog A B BrANS2I A= A AE 9= ‘Palgangbaechu’ 9} =4

me
rlo
Ho
r>~l
D)
e
e

rlr
o,
[o
N
S
)
[00)
g
> o g x
)

S Z = 'Seoulbaechu’ol A AL ZEd o] ZHA ¥bEsh= AS Q). &3,
‘Palgangbaechu’s BrANSIZ BrANS3A 8x1zF 3o wWd =Fo] dkabwlow
BrANS2o | A= 7241 7F Foll Ao Wy 5o w2 ZS g2l

BrANS29}t BrANS3 AAE - 4°Coll A =2 AAS YEeE s, A2 2EX
A &S 7FA ‘Chiiffu’e] Al A BrANS2e]
N3, BrANSF= 3H) olAe] =& =55 Hu AR o7 BrANS A= SHEA]
ol MAo] HH3 A2 ~EY 2 sk g WA dHAdo] ASS AAFSHT

2
2L
rr
=
&5
—
o
=
S
oz
Lo
Hi

o
)
o
f
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3. a7

a) Legend: L- Leaf, Mr- Midrib b)
Q . : : 3 1:
Palgangbaechu 8053 Seoulbaechu 6 7 © g _:';
c)
Falganghaechq | 8053 | Feoulnaechq | Brassica rapalines |
L Mr L Mr L Mr 1 2 3 4 5 3] 7 8 9 10

a9 84, o] A2 e 4RFOIH FEARIY B BT 37 BrANS 19 2 24
a) ‘Palgangbaechu’, ‘8053, ‘Seoulbaechu’.®] ¢ (L)¥ F4A®W (Mr), b) 1- 10 &t w5 AFolA =3
%, ¢) 47FA BrANS #7#¢ RT-PCR #4 43

B a) 300

m Chiifu Kenshin
250 B Palgangbaechu @ BO53 ® Seoulbaschu

8 2 ] &
S 200 E 200 | =
3 el L B
£ 150 8 1 i B
] = 400 | = J
o 100 - - I 3 i
= . @ 50
= 050 : : l l =
&’ I I: . ) ) l ‘ ‘ ‘ ‘
0.00 - ! b Control 4C  0°C  2C 4C
Oh 8h 24h 72h ) szs00 -
) 8 3000 - L
5 1400 - S 2500 -
[ =
g 1200 - 3 2.000 -
g 1000 1 S 1500
3 ol T
8 800 = g 256 | = s
Z 600 - @ I I
B 400 - s 500 - S = &
Y 200 - i i = g = i - > :
oou | MRS —_ = N BN & 5 5 i
Control 4°C  0°C  2C 4T
ch gh 24h 7zh C) 700
C) 500 4 |
. @ 600 1
g 400 - 5 500 -
e = |
& 300 - [ 5 400 | "
o | o
g 2.00 5 e | I I
Z 5 200 - I l
= l N @ l : L
& 100 j _ I1 z - & 10 | Al I I Loy g I
0.00. - . = T i b t :

oh gh 24h 72h Contral  4°C oc -2°C 4C

a9 85. A. 3A AS ‘Palgangbaechu’, 3+ FA AT ‘8053 28| X4 ASQ ‘Seoulbaechu’
of A2 A2 ¥ a) BrANSIL b) BrANS2 2 ¢) BrANS3 f-3dxkel tjgh @t 2] Ay}
B. Wl 4F ‘Chiifu’®} ‘Kenshin'e]l A& A2 F (4°C, 0°C, -2°C ¥ -4°C) a) BrANS],
b) BrANS2 18]a ¢) BrANSS3 734 Ake] 3k Microarray &3 #4 43
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Palgangbaech4| 8053 ‘ Feoulbaechl.* ‘

Brassicarapalines ‘

a)
BriYB2-2
BriTs
Br-Actin
12.00 -
5 1000 -
2
o BOO -
o
& 600
@
=
F 400
L+
or zp0
0.00
c)
o 1000
O
5 so00
=)
5
2 600
w
B a0
&
2 200
1]
"_

| |1I III ,
oh Bh 24h

BridyB2-2

8053 mSeoulbaechu

|

M Palgangbaechu

7zh

Chiifu = Kenshin

BridyB2-2

!

L

L "I_I_ |

Ll

Control 4°C o'c -2°c

-4°C

Relative expression

L Mr L Mr L Mr 1 2 3 4 5 B F 8 9 10

50.00
45.00 -~
40.00 ~
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -

500 -

B Palgangbaechu

Briis

8053 ® Seoulbaechu

1

|

0.00

BrTT8

|
]

Transcript abundance

24h 7zh

i Chiifu = Kenshin

Control 4°C

-4°C

Y 86 WFS AENCH AT F2ol Bl ARG 2714 FAIA] hE BE £4

Z A o]

a) A<

RT-PCR #4143, b) A<l ‘Palgangbaechu’ <t
BrTTS W3 A% real-time PCR #4123} ¢) ‘Chiifu’$t ‘Kenshin'ol #

[}
pis

‘Palgangbaechu’$} =AY

‘Seoulbaechu’ ol A

%ol BrMYB2-2 ¢ BrT7TS8° Microarray & 443}

- 100 -

GEAIT A} gEE
Q] ‘Seoulbaechu’o| A A& 2

L ~E{

w— ==

BrMYB2-2 ¢ BrTT8el st
Eyx¢ B89 BrMYB2-2 ¢
|2~ A 2](4°C, 0°C, -2°C 2 -4°C)



21. W39 HIaAH E WEsAH #2H §F429 microarray &4

7F. AT 8.9
*ﬁ‘%% ThHe, A, I 5 B 2Ef 2 =EFHo o oyt AEH A FI
5 2~EY g FR3% Q4o o= AEo AAI Wwutyl E5 A
Ffjﬂ EJ&J E‘r

olof B AFo|Ax = o]FRETA|(doubled haploid, DH)<S!
S ARgEte] 7b 4°CeF -2°C, 4°C A& 2 WsAgE 3
S o] Wekd 2 s Add #Ee §FHAE microarray A4S AAIEHA T
A2 289 Chiifu®t Kenshin 7FA el M2 2 DH A%Fe AAA ARE A3
< 41173709 unigenelS.ZHH 2 A|Ex AHAERE 7Nt R  lo] H]F9] microarray
(Br135K microarray) 418 <2kg3l9dtt o] % 7} DH AlE<S Hald Z=(electrolyte
leakage) S Al 4°CollA] -2°C7HA] & H|52d S Holx|qk —4°Colslo A= & Aol
At AL Ay ¥, Chiifful Kenshin o] Al A A3 #dA"E FAAES ZHz)
88578 ¢k 88715 Adrstdt AdE AiEY 2 wholdte= FAA T 134719 5670
o] 227} Chiifu®t Kenshin z+zte] Algol A Sol# el waxtelE yepllty. AAIA
E(TFs)S vgs 540 2d F5S HAsd, ‘Chifu AEY HAARIAES
BrMYB12  BrMYBLZ  BrbHLHs, BrbHLHO038 CZ2H2, WRKY, BrDREBI9
integrase-type 2.2 A& 2EY 29 WSS FEA|7]3l, bHLH, cycling Dof <1AF<}
74 &8 Dof AAIAELS ‘Kenshin® 7150 Soldoz friE AL ol
AdfA o7 o] AL A Al ARl A5 AR e dAF 24 VFES FA
of AZath AL Ay Al AMFA AL Brl3bK oligomeric chipg ©]&3te] w3
genome “Fe] HAMA T2t ol vl F&T AoE AsHTh

4

(¢}

0

O o
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4. a7 A

A - aa
- 500 15,184
Chiifu Kenshin Br_ID At_ID Description

22 4C 0C 2°C 4C Re 22°C 4C 0T 2C 4C Re

. | | [ Bral08591  ATIGT76680 OPRI1, 12-oxophytodienoate reductase |
. | Bra024795  AT2G02990 RNS| ribonuclease |
] I BraD17491  ATSG47330  Alpha/beta-Hydrolases superfamily protein
Bra014547  AT3G59220 PIRINI pirin
Bra000309  AT2G43520  TI2 trypsin inhibitor protein 2
=Bm04: 119 AT2GIS780  Cupredoxin superfamily protein
BraO17185  AT2G37460 Nodulin MIN21 /EamA-like transporter family protein
=== B B004526  AT2G44370 Cysteine/Histidine-rich C1 domain family protein
= BE017184  AT4GO2850  Phenazine biosynthesis PhzC/PhaF family protein
Bra004086  NA NA
|| =] W Ga016580  ATIGITS60 Kunitz family trypsin and protease inhibitor protein
s | Bra007437  AT3GS9220  PIRINI pirin
I G028760  AT3GA4970 Cytochrome P450 superfamily protein
B Bra038089  AT4GISI60  Bifunctional inhibitor/lipid-transfer protein
. | Bra017132  AT2G38240 2-oxoglutarate (20G) and Fe(I1)-dependent oxygenase superfamily protein
= 0 Bra034899  NA NA
= Bra041038  ATCGOOI60  RPS2 ribosomal protein S2
| Bra013486  AT4G20970  basic helix-loop-helix {vHLH) DNA-binding superfamily protein
] Bra027219  AT3GIS6T70 Late embryogenesis abundant protein (LEA) family protein
| [ Bra004655  AT2G41850 PGAZ, polygalacturonase abscission zone
E=Em Bra002937  AT3G55050  GDSL-like Lipase/Acylhydrolase superfamily protein
‘Bra031392  ATIG61820 BGLU46 beta glucosidase 46
Bra035634  ATSG36870  BGAL4 beta-galactosidase 4
Bra020114 ATSG20630 GLP3/GER3, GER3 germin 3
Bra024530  ATI1G22690 Gibberellin-regulated family protein
Bral16501 ATIGI961D LCR78, PDF1.4 Defensin-like protein
Bra027681  AT1G64160 Disease resistance-responsive (dirigent-like protein) family protein
Bra009142  ATSGO5860 UGTT76C2 UDP-glucosyltransferase 76C2
-Bm014716 ATIG55970 JRG21 jasmonate-regulated gene 21
Bra014407  AT3G62230 F-box family protein
Bra039047  AT3G28740 CYPRIDI Cytochrome P450 superfamily protein
B |
Chiifu Kenshin Br_ID At 1D Description o 269

22T 4C 0°C 2C -4'C Re 22°C 4°C 0C -2'C 4C Re

IR 8026701 ATIGI6850  Unknown protein

Bra021734 AT2G31380 ST salt tolerance homoelogue

Bra022722  ATS5G54470 B-box type zinc finger family protein

Bra001449  AT3G12320 Unknown protein

Brad01043 AT3G02380 COL2 CONSTANS-like 2

Bra009302  ATSGO6980 Unknown protein

Bra02|464 AT3GO2380 COLZ, CONSTANS-like 2

Bra025743  ATIG19490 Basic-leucine zipper (bZ1P) transcription factor family protein
| ] Bra0l3113  AT2G15020 Unknown protein

| Bra003994  ATIG695T0 Dof-type zine finger DNA-binding family protein

= Bra02334]  ATSGI5850  COLI, ATCOL1 CONSTANS-like |
[ —

=

/=) Bral 6945 AT2G41250 Haloaciddehalogenase-like hydrolase (HAD) protein
Bra0l10463  AT4(G25490 CBF1, C-repeat/DRE binding factor 1
il ] . Brab04503  AT2G46830  CCAL circadian clock associated |
[ [ Bra034762  AT3G12320  Unknown protein
Bra018141 AT3G47500 CDF3 eyeling DOF factor 3
== Bra013§92 AT4G23433 Peptidoglycan-binding LysM domain-containing protein

Bra010461 AT4G25480 CBF3/DREB 1A dehydration response element B1A
Bra0l16286  ATI1G26790 Dof-type zine finger DNA-binding family protein
Bra0l10082  AT5G62430 CDF1.cyeling DOF factor |

Bra002986  AT5G54470 B-box type zinc finger family protein

Bra001683 NA Plant lipid transfer protein

Bra039558  AT4G 15248 B-box type zinc finger family protein

Bra029261 AT5G62430 CDF1 cyeling DOF factor 1

Bra029769 AT3G09450 Unknown protein

Bra013227  AT3G25180 CYP82G1

Bra023671 ATSGI83T0 Disease resistance protein (TIR-NBS-LRR class) family
Bra0l10460  AT4G23470 CBF2, C-repeat’DRE binding factor 2

Bra020687  NA Chalcone/stilbene synthase

Bra037448 ATI1G33350 Disease resistance protein (CC-NBS-LRR class) family

% 87. Chiifust Kenshindl A A=A did FA2 G Ao 49 3070 44
A. Chiffue] 4T A2 7olA ZabA Walshe f84: B, Ao ths) KenshinolH Zebil 2ashs f4k

- 102 -



=
=

-

Plvahue

EyCEFI

—— EBrall0463-Chifu —— Bra02I7W0-Chirfu

=== Era0104¢3 Esizlin == = EBral 21770 Esichn
12,000
10,000
8.000 ;
6,000
4000 :
2000

0 er—— s
2 4 0 2 4 4 3T
Temp erature

BrCBF4

——Bral282M0-Chifu - - - Bra025290-Een:hin
18,000 ;
16,000 |
14000 | RN
12,000 |
10,000 + -
5,000 I\
6,000 | ',

2 4 0 2 4 42T
Temp erature

BrCCAT

——Brad#4503-Chiffu == - Brabi503-Esnzhin
12,000,

10,000 :
8,000,
6,000/
4,000,
2,000/ 3

] T —
2 4 0 2 4 4 2%
Temp erature

EBrBifunctionalinkibitor

Flvalue

——Bral2317-Chifu —— Bral3i030-Chirfu

== =EBral 1301 7-Eanzhm — - — Brall 35050 -Eenzhin
8,000
7,000
6,000 f
5,000 /
4,000
3,000
2,000
1,000 | "

g — T
2 4 0 2 4 4 X%
Temp erature

5

-

&

Flvalue

BrCBF2
——Er0l9162-Chifu  —— Era10460-Ch iffu
- = = Brall2162-Eenshin - - — Eranl0460-Eanshin
14,000
12,000 |
10,000 7
f
8,000 | T A
| P il .
ﬁ,l]l]l]l S e Y
4000 | S 7 "\ i
[ | |
Sl e  mrrve
l] — e T e S
2 4 0 - 4 4 22°C
Temp erature
BrCBFS
Eral33149-Chiy  —— Erad03270-Chiifu
=== EBral3314%-Eenshn = = — Eral 0320 -Emnzhn
12,000,
| %
10,000 | g
|

4,000 '
2,000
0! ; ey
2 4 0 2 4 4 22C
Temp erature
ErLHY
Era30496-Chity  ——Bra033201-Chithu
- == EBra0304%-Eenshn ———Era033281-Esnzhin
30,000
25,000
20,000
15,000
10,000
5,000
0 — e
22 4 0 2 4 4 2%
Temp erature
EBrdADST
—— Eraf3M439_Chity - —— Braf32439-Esushin
4,5l]l]-I
4,000 | o
3,500 T
3,000 ; "
2,5l]l]-| g ‘-\
2,000 Y |
15004 .- v
1,000 - . '
000 — N
e
22 4 0 2 4 4 27C

a9 88 AL #H e FAAE
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ByCBF3
7.000 ——EBra0l0461-Chiifu. = ——Era010461-Eenzhin
a
6,000
_g 5,000 y X
2 4000
= 3,000 .
2,000 b
1,000 bt
0= — .
2 4 0 2 4 4 2%
Temp erature
BrCORISE
——EBra000263-Chiffu  ——— Bral00265-Chiifu
- = = Bra000263-Emnshn ——— Bral00 265 Eanzhin
50,000 .
45,000 |
40,000 | K
_g 35,000 » TE
3 30,000 | —— s
25,000 f u
= 70,000 !, i .
15,000 { -
10,000 |/
5000
2 4 0 2 4 4 2%
Temp erature
ErHFS
Era0i276-Chify —— Bra023317-Chirfu
Eraf08076 Eanzhn - - - Erad23317-Eenzhn
— Bral0l6T1l-Chifu — Brad21255-Chitu
- == Bral01E71-Eenzhin — - — Bradlll33-Fenshn
143["‘“] | Eral22125-Chifu - - - Bra0l123 Eenchin
l2,l]l]l]i
10,000

Plvalue

£,000
6,000

2 4 0 2 4 42T
Temp erature

BrHOST

Erall049-Chifu ==+ Eral704% Eanzhn

4,500
3,000
2,000
1,500
1,000

500

0
2 4 0 2 4 42T
Temp erature



22. WjZo A vl ABAA 252 27 FolAe CBL $1e @

r—lu:
1%

7 A7 ae

W} 5=(Brassica rapa)ol Al o8] ~E# 2ol whgel= fFAte] 4 vt Fofoll A
ATEa Yot 53], 54 domaing 7H FHAAE At 22 A
Ao Qo] g & "HHsta ok wepA 2 AT A= viFel A calcineurin B-like
(CBL) ©¥lAdSS Basy A 712 ods ~Egzdr o SA45e wases
A8t CBL @ a2 dutd o2 470¢] EF-hand calcium binding motifs& 7}A] a2
A= wH otk of 7] Fdiol A= 107 o] CBL Wiido] EAjstes Aow oA
924. ATl AE o7l FdlelA 7€ FRE 10719 CBL @91 & BLAST A
gk & o]& Hluste] wjFo|A CBL @¥AS &4 5l FASYTE wjFole= 17709
CBL @ do] EAjstH, o5 wulda} of 7] B v& AEolA 7]E Aol B
¥l CBL f+x#keke] 4 4 (alignment)s &3l 74]% & A5t ols @A 5
o] aFow BHHT

BrCBL ©@¥ & 9] motif A 3tW wiF< 17719 BrCBL @& =5 4719 EF
motifE 7FAa 9low zb wwlAol EF motif AFo]9] opn]iit M do| o]z} Qith
EF13} EF2 Alolo= 14709 ofujw=Alo] ¢low EF29 EF3 /\]— olof = 12709 ofw| At
o] 1aL EF33} EF4 Atolelli= 217H¢] ofmji=qbo] EAjetivh. 3k, 17702 BrCBL @Y
42 10719 & BEE motifE 7FA AL AAT A2+e] CBL +3dxte T sdoly 7]&
of wel FAxte]l HES oS ¢ vk dE W, ACBLIZ- YAESTH 2E 2o
ofs) WHE AW AtCBLZ, AtCBL3 AtCBLY, AtCBLI09| {37t WAESH] ~Eg2o|
o3| W-eElA] gkt wd CBL S4A= ZA(tissue)ollA] Eold oz vkl 7log ==s3le] H]A)
B4 ~Ed 2t ofyg)l ZF 7] @ (Root, Stem, Leaf, Flower buds)elA BrCBL 7% %}<]
e Ys BASAY. BrCBLI-1, BrCBLI-2 BrCBL3-1, BrCBL4-1, BrCBL4-3
E 7ol A TEe A, g2 CBL %A% Rootet Flower

AR, HH 9 BrCBL Tor@x}l‘c 71% SolAo® Wdsthe

2

o
c
[eN
wn
=
2
o)
(-
o
[e]
ol
30 t
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3. a7

a9 89. HjF2} 7]

AtCaM1
HsReyy

HsNCS1

7

Arabidopsis thaliana

A

Z e CalcineurinB-like ¥R} 7t9)

AEEA

i e
Chrl Chr4 Chrs
0.0 - 0.0 0.0 &
05 O @ : AtCBL1 (chrd), BrOBL -1 (A01), BrOBL 7-2 (AD3)
@ : AICBL2 (chr5), BrCBL2-1 (A02), BrCBL2-2 (AD3)
8.2 ©: AICBL3 (chrd), BrCBL3-1 (A01), BrCBL3-2 (A03)
g-g § @ - AtCBL4 (chrd), BrCBL4-1 (A0B), BrCBL4-2 (A01), BrCBL4-3 (AD2)
134 o © AICBL5 (chrd), BrCBLS (A10)
5.0 e ©: AtCBLE (chrd)
18.0 ©: AtCBL7 (chrd), BrOBL7 (A01)
191 1@
£ ® : AICBLE (chr), BrCBLE (A09)
2390 @ 226 @ ® : AICBLS (chr5), BrOBLS-1 (A02), BrCBLS-2 (ADS)
260 Ll @ : AICBL 10 (chrd), BrCBL10-1 (A08), BrCBL 10-2 (A01), BrCBL10-3 (A03)
300 |
Brassica rapa
A
r N
ChrA01 ChrA02 ChrA03 ChrA06 ChrA08 ChrA09 ChrA10
0.0 0.0 0.0 ~ 0.0 - 0.0 0.0 = 0.0
23 |l @
44 @ 55 L@
21 ]l@® 73 @ 68 @
8.3 [['O@® 104 s}
129 4@
16.9 158 @
194/l @ L] 175
S 215
254 1@ 26.3 26.2
28.6 28 288
317 U
375 U

3% 90. 1770 CBL +4A =] @AA A=A
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EF2 EF4

ITITIrzzzzzzO®
CCCAAAACC

G
D
E
G
D
E
<
G
D
E

AADDIODIIR
s
o)

SV

1 3 5 7 9 12
X Y zZ Y X -Z
D G

a9 91. 177§ CBL ©# &9 EF hand motif #¥% 74

Q\Oo\'%\e«\\ﬁ%\ <©
BrCBLI-1
BreBL1-2
BreBL2-1
BreBl2-2
BreBL3-1
BrCBL3-2
BreBl4-1
BrCBL4-2
BrCBL4-3
BrCBLS
BreBLz7
BrceLs
BreBLI-1
BreBl9-2
BrCBLI10-1
BrCBL10-2
BrCBLI10-3

BrActin

EER AR

ag 92. 177 BrCBL #fAA+e] Z+ 7] & A RT-PCR 4

R: root, S: stem, L: leaves, Fb: flower buds.

- 106 -



23. W39 FExol= FAXY BHEA

7h 78

v

H 3=(Chinase cabbage)?] 3149] ZH < (outer leaf)¥ thH] %= £ <A (inner leaf)e] =

Ao FHIY FtEEe] e ofEdte=d, & AFolA = 3wl AlE] ‘Kenshin'
L3 A%< ‘Wheessen'?] & 7FA]aL FH QY B-7t=2€ 3FS HPLC 4%
F3) gl duF A vags S-S QoA FE QY -vl=®le
ol Zbzy 250u), 17THl 2 =2 FEdS & 7 AATE oo wlF oA =gz B
H fFAaAE gA87] ¢k w3 Br300K oligomeric chipS  ©]€3%F ‘Kenshin'#

‘Wheessen' ] 7Al&ell gk dAA 415 AASHA

Aoz watd e 729 4 (BrPSY, BrPDS, BrCRTISO, % BrLCYE)
I FE ) T (BrCYPI7A3 and BrHYDB)O| #Holdl= F4AH50°] up-regulation ¥ 3L, 7}
28 #3A FHAA(BrNCEDS BrNCED4, % BrNCED6)Y= down-regulation % it}
Microarray A#= lE 97149 ID# w5 A7k orthologous 415 A A8t
o 7128 9 FHQ FAo #HAE FAAES I g wet EFsa, RT-PCR
gk et 3] i E 31e] HolA o R WEEE fr

= &

A FeAA G FAAE

Hoz B FHAE Jhed 4 wiFeh =& wjF3ke] Pl(probe
intensity) kel ZFol7b 108] o]l FHAE ERote] =7k Aot wg W Ay
S VA Brapa ESTC013161 (A20/ANl1-like zinc finger protein), Brapa ESTCO25847
[BIM1(BESI -interacting MYC like proteinl)], 2 Brapa ESTC006452 [ZFP&(Zinc finger

proteing)], & 3719 TH FARNES AWstYoh
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3. a7

¥ 16. Kenshin®} Wheessen A2 O & F7IA AZEdA Lutein®} B-carotened 3 F

Culti Lutein B-carotene
wHvars (ug/g dry weight) (ug/g dry weight)
Kenshin 0.19+0.08 0.69+0.08
Wheessen 47.49+1.59 12.00+0.61

E 17 5 W% Qo4 Foldoz wdste AAAR

PI value Fold

B. rapa SEQ_ID TAIJ}?I;_cds A_thaliana_homologue_Description White Yellow C(?I{(an/v%e
leaves  leaves

Brapa_ESTC013161 AT1G51200 A20/AN1-like zinc finger protein 161 2674 16.6
Brapa_ESTC025847 AT5G08130 BIM1 (BESI1-interacting Myc-like protein 1) 280 3517 12.5
Brapa_ESTC006452 AT2G41940 ZFP8 (ZINC FINGER PROTEIN 8) 269 3323 12.4
Brapa_ESTC024811 AT5G64810 WRKY51 (WRKY DNA-binding  protein 51) 155 1002 6.5
Brapa_ESTC017689 AT1G51600 ZML2 (ZIM-LIKE 2) 472 3009 6.4
Brapa_ESTC017762 AT2G18328 DNA binding 401 2336 5.8
Brapa_ESTC004343 ATA4G16420 ADA2B (PROPORZ1) 286 1593 5.6
Brapa_ESTC051029 AT1G49950 ATTRBI1/TRB1 (TELOMERE REPEAT BINDING FACTOR 1) 396 1918 4.8
Brapa_ESTC047297 AT1G49950 ATTRBI1/TRBI (TELOMERE REPEAT BINDING FACTOR 1) 400 1902 4.8
Brapa_ESTC032962 AT4G31060 AP2 domain—containing  transcription factor, putative 382 1582 4.1
Brapa_ESTC006124 AT5G64810 WRKY51 (WRKY DNA-binding  protein 51) 312 1166 3.7
Brapa_ESTC001675 ATA4G17810 Nucleic acid binding /  transcription factor/ zinc ion binding 442 1601 3.6
Brapa_ESTC011816 AT3G51960 bZIP family transcription factor 309 1079 3.5
Brapa_ESTC037364 AT4G12020 WRKY19 (WRKY DNA-binding protein 19) 412 1394 34
Brapa_ESTC014402 AT2G40750 WRKY54 (WRKY DNA-binding  protein 54) 322 1021 3.2
Brapa_ESTC035091 AT3G57600 AP2 domain—containing  transcription factor, putative 455 1411 3.1
Brapa_ESTC011257 AT4G34680 GATA transcription factor 3, putative (GATA-3) 371 1095 3.0
Brapa_ESTC025927 AT3G17609 HYH (HY5-HOMOLOG) 392 1152 2.9
Brapa_ESTC035196 AT4G30410 Transcription factor 480 1248 2.6
Brapa_ESTC025999 AT3G50890 ATHB28 (ARABIDOPSIS THALIANA HOMEOBOX PROTEIN 28) 464 1189 2.6
Brapa_ESTC030153 AT1G79180 AtMYB63 (myb domain protein 63) 470 1023 2.2
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24. ¥ WA L WEA #E Dihydroflavonol 4-Reductase(DFR) 33 £4]

7 dFack

ZEH -ol= AgA 7 E(flavonoid biosynthesis pathway)

rr
oo
ofo
o
i
as
Ho
B
_)
=
o)

cRAQl AR ofUd 44 24S olda L o] Qa5e] 5L W @
FHozE BolA WAd AE3 AALe FastEAe] PAe s BEHel By
o]

2 AFd A= w59 12719 DFR {FAAHBrDFRs)E A8 3, fA47 F29 uj
F AE ol GEAed M yeyd 2 ulsAdue #AAdS AT olE
BrDFR 3 AE9 947 ME2 92 FE9 DFR 3449 7] A4¥ vagds o
BEe =2 e AL AT 58] wiFY A3 5 Al WelA ol #A
250 e wd A A3 BrDFRS 2 9 fAA7F tEAobd Ao HH 3 dEd
FEAES Yehd= Aoz Felsdnt
EE StEA ol Ao HA43 e S sAldl AT 4 8ol A BrDFR
2 4 8 29 FHAE] =& S YENAY. BrDFRI, 3 5 6 2 10 F31AES
74k et s Aol gEglel A 2 T2 2Edsd WSt BrOFR §HAE
BrMYB2-2, BrTT8 7 7FA ZAARIA o3 dw =], g} FEA ol A

2 rlo
ox
%

A YE o5 FAAEC] Brassicadl 4 WY A AL Al B AT
of 83 AQow Dol 5T Hom ARHL LA, HBANA A FEAN B
A 2EGzS WAL FEAoh] PSS 2ESE EAYBHA AUES
AFstd mgol @ Aol
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4. @7a%

BrDFR2

BrDFR3

12000 - mPalgangbaechu = 8053 = Seuclbaechu 140 - =Pal baechu #8053 =
2 10000
8
£ 8000
E 50.00
Z 4000
B
T 2000
i3 i
0.00 S
oh gh 24h 72h
. 5o  BIDFRY 1600 . BOFR6
& S 1400
8 © 12.00 I
g g 100
& a0
E 2 6w : l
T % 4.00 =
“ & igs S " e N
oh 8h 24n 72h
o o o BIOFRE 000 1 BIOFRY
kel & 70.00
@ 1l @ o0.00 ‘
¥ 000 g oo
X 4000
£ 2 30.00 |
% 500 T 2000
T 10.00 | 3 I .
* oop tm=m MoE S —— R &5 Ba
Oh 8h Bh 24 72h
I 93. AAI MAAS HE ‘LEE, FEFHoE ““‘7}’—‘11 gHE ‘8053, ¥ 2E54& H
[e]
= ‘AgaF o AL A Fo| Azt ¥ 6719 BrDFR 349 &3 £4 A7
AL AE F 8AI Foll BrDFR2 4, 6, 8§ 3 9 FHAe] & FFo] =A YEhwon, 7 ‘] oA
e FEor e S g3
a) falganghaechq‘ 8053 ‘ Feoulbaechq ‘ Brassica rapalines |
L L 0

BridYB2-2

BriT8
BrActin

P S [N —————— |
T S e L
S-S EesedeEee -

b) BridyB2-2 BrTTS

12.00 .‘ B Palgangbaechu #8053 B Seoulbaechu Sog0 o ®Palzangbacchu ®8053 ® Seoulbaschu
£ 1000 4 4500 -
2 S 000 Il s
o 800 - @ 3500 - |
g 5 3000
T 600 £ 3500 -
® d o
£ 00 ‘ | g -2oon
5 L = 1500 -
T 0 = 1000 -

= | 500 -
ik aki Mol 000 S it B e ..
oh 8h 24h 72h oh 8h 24h 72h
c) ;

g 2000 ] BridyB2-2 = Chiifu & Kenshin 5 20 BTTS Chiifu ® Kenshin
2 2
s 800 B 150 A
5 = 4
3 600 =
® I ® 100 - I el
2 400 aln =3 il Bl j
2 200 | l I 1 o 50 I I &
S | I S 1
= h i =

Control 4'c -4'c

Control 4'c

29 94, wiFe] StEAOR] A3 A Bste FAREY 2744 A

a) A< ‘Palgangbaechu’ <}

RT-PCR #4143, b) 242l

BrTT8l ™3 A& real-time PCR #4123} c¢) ‘Chiifu’'?} ‘Kenshin'®l

= Aol ‘Seoulbaechu’ol A
‘Palgangbaechu’¢} 54191

%o BrMYB2-2 ¢ BrTT82 Microarray 2d #A4Ax

110 -

SFE A obl

‘Seoulbaechu’ ol 4]

T

A ~EY

z43 paw
q

IARIAL THE wE 2
BrMYB2-2 ¢ BrTT8 ujst

g9} ##A¥E BrMYB2-2 ¢

12~ 22 (4°C, 0°C, -2°C 2 -4°C)
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25. WjF9] 2EH 2 #H Alfin-like AAJIAY] T4 2 SA &4

a7

Alfin-like ZAFAIAF (AL-TFs) = &4 =719 @A, a9} B " (root hair)2]
A A S 2ot HE A otk 18y o5 TFso 2Ed 2= AgAd3
ek 7s B A7 Ao tisiA = oA kAl B Xl vzt glok 2 ATt Sl A AL
g9st7] 91ste] AL TFs #& §d29 &5, GAA 49 &%, 43
2 % ol vhwA wmwel fLx EA
AEo| Ao ~EY 20 hRdste] A=A

3
el AWl FEW  (Pectobacterium  carotovorum — subsp.

rE om

carotovorum ¥ A= (Fusarzw'n oxysporum £sp. conglutinans), HWA=3H] ~E# 2 A2
AR I S ﬂvﬂ st & AL TFs #¥ f-4x59] o ddS @15kl

2 AT M= BRAD databaseZH-H w52 F 15719 BrAL F3A=& “LO]-”J o
of 7] Foie] &7 AAl wek F 4 N :rL(group)Oi T3t} In silico 71=& o] &
gkel 14709 BrAL #A27F 10789 w5 @44 ol f1Alst= 2e gtk EE?'E} 9
Mol AL FHANBrALI and BrAL4, BrALI and BrAL5 BrAIL4 and BrAL5 BrAL2 and
BrALLS, BrAL3 and BrAL7; BrAL3 and BrALI10; BrAL7 and BrALI10; BrALS and BrALI1I;
BrAL9 and BrALIDANA 11719 4 FE-(segmental duplication, SDs)< 7FA 3L 9l A& &
A} 37 (floral organ)?] 7] @ Aut Eolx oz Wd3 BrALS 4X}ﬂ A 23k »
AR BRE 74 dEete S Bt 53], BrAL TFs &S A&

Eg~ AHg ¥ Chiifut KenshindlA %& Bd FF& BAow, BrALS 10, 2 15
ARE AQe Urx FHARES 97 ~Ef 2o Whgsle] 2o Wy fES e
< b 2EH o] Whgste] =

9 12 13 14 3 15 FAdA=
o

a0 38 % b

o WSk BrALZ2 3 4, 5 7 9 12 13 2 14 FHA}
#%ﬂ‘%a<;ezqam 4 T3 BrAL2
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V.97 A3t

= [
o ra

o

Relative expression
m

Hoh HMosk Hih W4k W& Ei2n B 24n

BrALl BrAL? BrdAL3 BrdL4 BrdlY BrdL6 BrdL7 BrdAl8 Bral¥ BrALl0 Bralll BrALl2 Brdll3 Bralld4 Bralll

3 Kenshin

Relative expression

Relative expression
=) " o
in - n R bn

=}

Relative expression
=

BrALl Brdl2 Brdl3 Brdld4 ByALY Brdl6 BrAL7 BrAlS8 Brall BrALI( Bralll BrALI2 BrAll3 Brall4 Bralll

Chiifu

BrdAll Brdl2? BrAl3 BrAL4 BrdlY BrAl6 BrAL7 BrdAL& Bral9 BrALI0 Bralll BrALI? BrALI3 Brall4 Bralll

Kenshin

BrdLl Brd4ll Brdl3 Brdl4 BrdLS Brdl6 BrdAL7 Brdl8 Bral9 Brdll0 Bralll BrdLil BrdLl3 Bralld Bralld
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Relative expression

35
Chiifu

30

25

BrdAll BrAL2 BrAL3 Brdl4 BrALS Brdl6 Brdl? BrdlE8 BrALY BrALI(G BrALll BrALi2 BrALl3 BrdALl4 BrdLlj

6
g 4
g 3 ]
{=9
=
) 2 = Z & X
=
e
[
=5 1
fa74
o
BrALl BrdAl2 BrdAl3 BrdAl4 Brdl5 Brdl6 BrAL7 BrdAl8 Brdl9 BrdAlLlQ BrdAlll BrALI2 BrdAll3 BrdAlld BrdALlS
D 14
=
=
=
=z
o
=
]
[+
@
=
B
-
[
Brall Brarz Brdil3 Bral4 Bral? Brald Br4Li0  Br4Ll3  Brdll4  Bralls
45
a -
MNontreated
3.5
=
S 3
g 25
oL
L]
5 2
2
5 15
=
s>
os -
o

Brall Bral? Br4L3 Beald BrdL7 Brald BrdALl0 Br4lfl3 Bralld BrALis

AEGH, MPEFHA 2Ed2 A F, RT-PCRE | §& BrAL 3RS
S L

(@) €&, (b 7He, (© A2, (D) AE=H
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26. HiF] 7)¢ A} SEX A3l Afshz MADS-box family #7d4F] 54 R &d

E

a7

A=zl wgmul olye 317) (floral
gt MADS-box frd7e] ~EF 2~
T oRag vk gl ZE3 BEsA

MADS-box HAAFQIZHTFs)&= thdh 2] &9
organ)®] Eo]zel wdo|: w$ Fo3d s
Aggat A 7] g AT wFelA A
= - A E e gtk

ool o= w5 AA genomeolA 167 719 MADS-box - dxS 3elsl)ar, ¢

2 motif ¥ dEQANER BHS F3 type [ Ma, MB ¥ My)d type II(M IKCCQP
MIKC® )4 27HA FE o2 B/ Typell ol &3t MIKCSF MIKC™ 9] 7} 8971 <
11709 FHARE o] &ste] 7] B ZHoAe] Bd FAES HAASAT. T3 wjFod A

<= Al & AAS microarray 4] A5 F3 Chiifu®} Kenshin, & + A< tiH] A
oA HolHo®m wkgat= 19709 BrMADS A5 HAsdn. ols FdAE 7hE
g, 13709 BrMADS #3A5L 7 A2 b AEolA PCR A% A& T3] AL
o Eolow wayE AL At 1972 BrMADS FHAAE T 8/Me 7HEA,
T @8 2EY 2z SolAQl wd dAEs UEWHh & dATolA miFel 2E A
of st F8&3 MADS-box FHAES A8 Yl FH g gene annotation¥}
transcriptome profiling +41s AAlstH oW, I Ay ~E 2 Ay D 259 A

o] YA FFL WAL T FA4ES 2 £ AU

-

;
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U d7+d

AGLAG
w
AGL2E g
AGL2Z—T58 "
Brviaps11e
BIMADSLTY = >
B:MP‘D"'H'; B -
v
A (1
()
(o o5 '3 s
P P~(‘\J

)
e

£

.

AGL10q
Beiaps g
AGLEL
BriMADS116
8619%
1819Y

Figure 1(a)

BriviADST4

Figure 1(b)

TM3-like

a3 96. WlFot of71 o & B S MADS-box #HAS AFHH £4
(a) FIFH6T), 1717ei43) B B9 % 138709 type T ol 31= MADS-box protein®] #/E:
(b) ¥15100), I714THA3) 2 H(39)] % 181709) typellell 481= MADS -box protein®] 7}

-y
S5
B
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. Motif Legend
Rrgtein Motif location
name oy [ Metits
BeMADSL iotif 2 Motif7
BMADSE | -M .
BrMADSS oti
B;MADS; - Motk -
B Vot B votife
[ ] Metifs [ Motif1o

BrMASSS
BMADSE

BAMADST

BMADSE

BMADS2

BMADS1D
BMADSL1
BMADS12
BrMADS1S
BMADS1S
BrMADSLS
BMADS1E
BAMADSLT
BMADSLE
BMADS1S
BMADS2O
BrMADS21
BMADS22
BMADS23
BMADSZS
BMASSZS
BMADS2E
BMADS2T
BrMADSZE
BMADSZS
BMADSIC
BMADS31
BMADSS2
BMADSI3
BMADISIS
BMADSIS
BMADSIE
BMADSIT
BrMADS38
3MADSIE
BrMADS40
BMADSA1
BMADS42
BrMADS43
BMADSSS
BrMAS3ES

BMADSYE
BAMADSST
BMADS4S
BMADS4S
BMADSSO
BMADSS1
BMADSS2
BrMADSS3
BMADSSS
BrMADSSS
BMADSSE
BAMADSST
BMADSSE
BMADSSS
BMADSED
BMADSE1
BAMADSE2
BMADSES
BrMADSES
BrMAS3ES

BMADSES
BrMADSET
BMADSES
BMADSES
BMADSTO
BMADST1
BMADST2
BMADST3
BIMADST4
BMADSTS
BMADSTE
BMADSTT
BMADS?S
BMADSTS
B-MADSEC
BMADSE1
BMADSE2
BMADSE3
BrMADSES
BrMASSES

BMADSES
BrMADSET
BMADSEE
BMADSES
BMADS30
BMADS3

BMADSE2

BMADSE3

BrMADS3S
BrMASSES

BMADS3E

BrMADSET

BMADSEE

2MADS3S

BAMADSL]] e

iy

|

i
T

HHHH

!
|
|

O A

i

il
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MIKC*

il
i
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il
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il
i
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a9 97. HiEe] MADSbox type ol 3= MIKC*®F MIKC* 1&¢] MEME motif #4123
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Gene name

BrimADsST

Briials10

BramADS11

BriviaDs12

BriiADS14

BrmADS20

BrimADS23

MIKC*

BrimADS24

BriviaDs36

BriADS3E

BrmADS3S

BriviaDs40

BriviaDS43

BriaDs4a4

BriiaDs103

BriviaDS109

BriviaDs127

BriiaDS 146

BrMADS5155

Legend:

1 c2 G c4 K2 K3 K4 K5

1.00% 1238 173 099 0.96%

1.00= 123« 1.30= 1.004 195 140 2.00% 7.78
3319 3281" 258"
1.000= 0.860 1.25% iz 1.00 .95+ 0.887 2.38 1.49%
3,788 3772 — 3826 32880 1358° 1218 1578
1.00= 1.00 0.96* 1.61% iz 1.00~ 137 0.762 1.09= 2.61°
5145 3.180" 3254" z.m’ 3788
100t R 1.02* 153 1954 1.00% 1.05% 0.66" 0.89p° 2,500
23503 5,708 3554 2880 1867 3208 247" 27 'uu"
1.00¢ 1,264 1.50¢ 2.55¢ 2.53 1.00 2431 1402 2.85%
1302° 2597 2497 118" 208 2148 e [ i _
1.00% 1.29¢ 1.31° 1.55+ 1.55= 1.00 1445 1.02 1.32% 3.840
A
1.00= 1.06 0.85* 1.600 3.59¢ 1.00 3.22¢ 2.08% 2.62¢ 5.94¢
3758t pse e [ e N -
1.00 0.53% 0.7 0.93* 0.63% 1.00= 0.77% 0.29¢ 0.57 1.24+
2182 752t 2328 2438t 1.180° 3572 2515* 3838 2520
1.00% 0.98* 0.73% 144 0.80% 1.00% 0.86% 0.294 0.57" 1.31*
1.00 1.01" 0.98° 2218 3.84% 100" 1:13" 1.79% 4.26%
Y TN T YU 7 EFTTUNE 71 3587* _ smat
1.00 1.21= 112+ 2.13% 3.71* 100t 2.43% 132= 191" 458
1178 39" 509" 2ttt L5 2027 233" 2558° 1.802* 178"
1.00¢ 1.54 1.082 247 422 1.00= 127 0.51= 0.90% 0.93%
58t a8t 718t 458" sag® 2308* 2487 2ATLY ‘2809 2211*
1.00¢ 215" 191 2.63% 4.61* 1.00% 141 0.71* 1.19= 1.42*
s sae s R v o
1.00+ 0524 0.61" 0.93% 2.07 1.00¢ 1.94% 170 141 513
1.00¢ 144 1.3 2.40% 4.15* 1.00% 148+ 0.85* 113 16l
1,003 208" 2082 1108* 1857 a50* L.o80" 578" 1338 1141*
1.00¢ 2.16® 2.09 3.0/ 257 1.00¢ 2.77¢ 1.08* 1.92¢ 4.08*
59 504" 287" 522 a7 rigs szart
1.00 4.054 5.358 37.26* i5.02¢ 1.00= 3B8.500 24.812 29.14« 59.51+
22 770t 158" 3247 330" 2z8* 2.802" 3474
1.00¢ 157 2.95% g.0m 2.90% 1.00- 2197 19.614 44,64+ 33.84%

-»mm .J.m-mm '.mn,m l-.o-oo--.rm| hooo-39s | Povorses [ fovsss | Jooss | fos |

I8 9B 7 AL X8 =4 E w39 197 MADS-box §AAFE9] microarray ($))¢ qPCR &
24 (o} M) 45

izt (C1&K1), 4°c (C2&K2), 0°c (C3&K3),

-2°c (C4&K4), and -4°c (C5&K5)
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: d o £15 Sia P 31.5 8 c -
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Fi 2 Es c _55
E | E4 b
15 : 2
5 be w4 - s 3 d
i 1 .is kS [
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2
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27. w39 A abiotic stress®l Y& FE% BZR AAQIA} familye] &4 24
b AT 8%

BRASSINAZOLE-RESISTANT(BZR) “dAF{IAHTFs)+= t& 2]=°l4 Brassinosteroid
(BR) 215 dee] T8AQ =HJNAE <o Atk BRS vdd A4 =24 98 & o
g 2Efx YA Ve S ZE AE 5A AHRol= 2ot BR @49 T3 x4
91249l BZR TE7} ~E# 2 WAd #dd 7|5< sk Aoz <eld A% BZR TF9
HAEA ~Edg 2~ WA #d 75 AFe Ae7tX BRuHA sk, mapa] £ d35 )

i
v}

FBrBZR)S AA AwolA 15 BZR TFE B4, 1250 va 97149 243 v
; 5458 2T

Aad 2E# 2 g B EA ] o]

HlFol 4 15 BZR TFE 439 2™, B. rapa BZR (BrBZR) TFs®Z ®WwWstsith 15
BrBZRs®] o4 @] A7|&= 152 bp oA 386bp ofv|iAite =z FAFS oM, oidd
Isoelectric point= 4.44 o4 948=2 tstdrt @A EwAFTZE 4% Az, 13
BrBZR TFs & BZR TFs9 54 A<l DUF822 =wels zti Atk 2 BrBZR TFst
DUF822' |10l A=Y v 2 8% BZR TFs 7S et E3 15 BrBZR
TFs® DNA 971X ES M3 AAAEAALE ol &ste] AAsAth A& JEE #3329
AL fAARES 71 FAFSE splicing E S YERH Aoz yERyth 15 BrBZRs<b
NCBI dleJefro]=8] BLASTHAM A @dojxl t& T BZRse Hlag 23, 2= 15
BrBZRs¢] obvn]i=at AL o 7] Zth BZR TFs9t 50-94%9 =& §A4S Yetwyon o
% 12 BrBZRs7t o717t BZR TFs¢t 80%°l7de] fFAHd-S vttt 1571 BrBZRs
opr AR A7 FAM S 57-96% 21, 11 BrBZRsE SUlollA 80%°ld<] FAES |
Efgle] 259 AR AT S AlARg

Z22]al NCBIOIA A% B of7] Zdiel Mo BZR TF ofu|=tt 44, 22l vj 5
o] 15 BrBZR9] opvxit Md& M= mlaste] F134 ASE(N] tree)E Attt 1
Az of7] Zdle] BZR % BZR-EA (BEH)O <3 Z&Ad A& At w59
BrBZR TF(BrBZR1-1, BrBZR1-2)x= °f7]d el BZR1¥} #2 1w A Iew, w9
BrBZR TF(BrBES1-1, BrBES1-2, BrBES1-3)+= BZR2 / BES1¥ 33 #AE e T
=3 BrBZR TFs+= 10702 Motif7} s ¥ =], Motif A3 WE d7|Hd AE& &
)4 TFs¥ H] A3 ¢ basic helix-loop-helix (hHLH) DNA-Z 3 motif<
IR EL motif 19 A& Atk Z22]3 TFs harbor serine (S)-rich phosphorylation
sites9} PEST =912 motif 69} motif 59 FZF5F-iol ]3] AUt

a8 5A4Y cis-elementst® HAEA ~EfA WS QA ol gl Wt AdF7] A
Azxd, ¥ AgHd a8 FANE #odsk= F; TC-rich repeats, TCA element, HSE
element, ERE element, Box-W1 element, MBS element, LTR element, CGTCA motif,
TGACG-motif, TGA element, ABRE, CE3, motif IIb, GARE-motif, P-box, SARE,
AuxRR-core, GC—motif, WUN-motif and circadian & *33ta2 At}

BrBZR TFso| 7|3 Sol# @y sjdS Alelr] 98] 2Ed 25 F3 %<& Chinese
cabbage®] e =7], A ZFoA mRNAFZE3 & cDNAEZ A3} specific promers
Abg3te] RT-PCR #4<& 43389t BrBZR1-1, BrBZR1-2, BrBES1-1, BrBES1-2,
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BrBEH1 % BrBEH4-7&= =& 7|#% %%8}92 OD%, BrBEH2E A ]
TFsT B. rapa 9 ZwoAl ¢ gt BrBEH 2+ o] A oA %= &= A &k},
o Dwrxu AR x2S iﬂié}oq »E BrBZR TFs94 HE g AT BE
TFsv BT @ACdA A2 & 3d d3s vHerded, &7 5 A%, BrBESI-1, BrBEH],
BrBEH3, BrBEH7 % BrBEH89] #&lo] Hx} A %43 ZFo g 7huA Z7hai.
B. rapa(Chiifu, Kenshin)oll #=3 52 ZE#2 A2 ¢ 15 BrBZRs9 23S ZASHA
t}. = 23 BrBEH TFs7} BrBZR1¢t BrBES1 TFsE T A& T 524 2~E# 2o 3k
HEg-o A l"—741 FEdt AL 2Bz e, Chiifu’'e] g%, 7Hi, 283 ABA
ol tigh =& BZR TFs9] @dS ZAF 3Fth STRING LZESo]E ARS8, 15 B.
rapa BZR TFs® 7|53 E€4 434S of7| 4o duidae] Ja28S ZAsTh
BrBZR1-1, BrBZR1-2, BrBEH10, BrBES1-1, BrBES1-2, and BrBES1-3% o 7]%th 2
BZR1¥} BES1 @@y 1dst #AE YERW S, brassinosteroid (BR) A& HdE HES
Ao Fstar AT

w3l A B 43¥ bHLH =<l x2S 713 BrBZR TFsE A2 2Ef 2o that WA
S Uetdon, AL/5d WS F7HA 7= CBF A2uks 422 zdes dAraA 9

e @y & Aolvh

R =

1-&‘ Sl
ro

—

Z

4. a7 A%

¥ 18. Brassica Hlo|E o] 2o A +=Z 3 BZR &R

Genename  locus ID Located chromosome ~ ORF(bp)  Protein Sub-cellular ~ No. of
i length (3a)  BZR domain start-end (aa) P MW (kDa) Wt ik
BrBZR1-1 Bra003772  AO7 996 3 17-170 905 3587 N |
BrBZR1-2 Bra008378  A02 945 314 16-160 940 3434 N 1
BrBESI-1 Bra010093  A06 1002 333 16-171 926 3617 N 1
BrBESI-2 Bra011706  AO01 1015 EE]| 17-164 944 3618 N 1
BrBEH1-3 Bra008177  AD2 1161 386 81-223 941 4253 N 2
BrBEH] Bra012570  A03 879 292 2-153 872 3141 N 1
BrBEH2 Bra012891  AO3 924 307 2-155 757 3306 N i
BrBEH3 Bra013359  AD1 675 204 None 499 2404 EC 2
BrBEH4 Bra015868  AO7 831 276 2-141 852 3003 N 1
BrBEHS Bra016508  AQB 831 276 2-141 869 3005 N 1
BrBEHG Bra017782  AD3 459 152 None 444 1646 EC 0
BrBEH7 Bra020986  A08 912 303 9-152 863 3309 N 1
BrBEHS Bra025733  A06 942 313 14-169 916 3373 N 1
BrBEHY Bra031077  AD9 857 285 15-166 948 3074 N 1
BrBEH10 Bra035060  A07 636 211 -m 54 2241 N 1

Abbreviations: ORF, open reading frame; bp, base pair; aa, amino acid; kDa, kilo Dalton; P', iso-electric point; MW, molecular weight; N, nuclear; EC, extracellular,
* Brassica database (hrtp:/[brassica.org/brad/index.php).
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28.

S|
ax

M

HjFo| A 2E# 2 #H Aquaporin RIS W 54 L 2EFH 2 Hkg

7h AT 8%

Aquaporin (AQP) proteins< A& A TS T3 =2y S 75 =5
G dHEE EAEH, salteh drought ZEH XA Aobdr] ffe) A2l Aol
B o A= B. rapa database®} Brl35K microarray datasetS =458 59 BrAQP 7%
AES sASHAT EnfEe of 7]t AQPs9t viF9] BrAQPs®] Phylogenetic 4]
3t A3} plasma membrane intrinsic proteins (PIPs), tonoplast intrinsic proteins (TIPs),
NOD26-like intrinsic proteins (NIPs), and small basic intrinsic proteins (SIPs)< 3§+
3l 470 9] subfamilies o] 98 %

AQPE tE A E FEddA 2Ed 29 #EHo] i homologyE XHol= AQPY]

)
=

=
d A4S ¢8 PIP subfamily FAAES AWstdth & BrPIP #3AELS 7|3 &
o4 WHIAAS YEIT F7FH 22 cold, salt, drought, water logging ~Ed 2~ ¥t

otyel, ABA A4, Fusarium oxysporum f. sp. Conglutinans ¥4l WHS-3= PIP
subfamily f+AAE9] H&S BA sk 22702 BrPIP #4245 % 1270 cold # gl
Ao e Fds dedoh 719 BrPIP #3AES drought ~E 2ol A
up-regulatione YEFH I 17709 BrPIPH A AE S salt ~E @ 2oA Hbg-slh, Tk
1871¢] BrPIP FA4AES ABA A glo 93] up-regulated ¥ A3 ®E BrPIP FAAE
2 water logging Z~E @2~ down-regulated ¥& WEIATE 4702 BrPIP #AAEL
F. oxysporum f. sp. Conglutinans 7ol WS3t= Zo = yelyy. Z2yxos H o
Fol A 7 PIP 7149 ~2Ed~%d YBSH 71552 ] A% ARE AT
skal, HjFoll A AQPO FAQ1 A4S YERATH
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4. a7 A
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BeNIT subfamily

102. #3, <71 F ] 2 EnlEo| A Aquaporins protein® Phylogenetic & 4]

BrO1 Br02 Br06 BO7 BrO8 Br09 Bri0
I B TIP3
HLBPIP Th
%
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B arsipia PIP2. ih
%
5 =¥, |
- st i (PP de
r I LiY =5
I ~_BPIPZ T2 8 £SIP) 2
| @b
|
TR i
bt T 1 £ 1 3 BrNTE 1
= BrsIPL; b Sty
L Bastpyta B
e, RrPIR; 1
8PP 53
BeSIP Ic
PPl 1a
pr TP M

29 103. wiF9 10709 A ZFelA Aquaporin A= A

PIP (Blue), NIP (Red), TIP (Green), SIP (Black)
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ey —

5P 250
el — =
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5rp27s
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a9 104. ¥iF9 B (R), 71(S), &), Z(Fb)elA BrPIP fFAAE9 RT-PCR &
AE B3 2SN
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29, oA AESH, HAESEH 2EF 2 thd PDI gene familyol the 54 2

Y 2

7b AT 89

Protein disulfide isomerase (PDI)¢} PDI-like proteins< H| A =384 ~Ed 29 HkS-
I OFRYe] AXA A protein folding &<t isomerization®] 7] 3} thioredoxin

domains, catalyze protein disulfide bonding, misfolded proteins H©el A9 7|&<
xS FAAAoR FQsta YA AAE deA AN TR e

SR MRS, AR i s 8 AAAL Ede BT, 20z o
He AgEol ARA nABey sz da WAL drhils fA4ES
Bahs Aol B

2 Aol A= Br135Ke} BRAD database=5F-H 2071¢] PDI FdA&& 5433 o
st A ES 8 2w 22 clusterg ©]Fa ATh 2070¢] PDI A& Alelel 15 PDI
FAAES thdFgt 7)ol AAste w3 oY Alvrt 13 BrPDI #FAAE S
oxysporum f. sp. conglutinans 7392 % <& up-regulation HoJHT. Tv|EFAE, 5
BrPDI 3252 =384, A=A ~Eg 2o A ¥vheS YEgith 2 A5
Al Y 2E#H 2 vEg PDI RS AESA, v A= ~EY 2o Brassica 4
FZFo 7Fs 3 resource® o] €& ¢ Qv & Ao AdE
I 7 A ATE A 7127 =, 2Ef A ghgo A
A E

o]

O
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3. a7
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g5 e [
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* T oo BPDEL
S1-peepia g
[oaf— TaPDIL6-1
1 100—— AFDIL
| Clade III
{Group VII

—_—

a9 105. v, of71FW, 2 HolA FAHE PDI proteing phylogenetic 4]

Chiifu Kenshin
22° 4° 0° -2° -4 22°4° 0" 2" 4°
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BrPDI2-2 o8
BExPDI1l-4 012
BrPDI4-2 000
— BrPDI1l-2 024
BrPDI2-3 -0.36
BrPDI6G6-1
BrPDIZ2-1

2% 106. ¥ inbred lines chiifu®} KenshinolA W3t 3 W FAo| thdk w32 20
PDI A A9 &dS YEH microarray heat map 23
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¥ 107. BrPDI %7 %2/ Real-time PCR Z 3
(a) cold, (b) salinity, (c) drought (d) ABA and (e) Fusarium oxysporum f.sp.
conglutinanss 23k 43}
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30. wiF=e] W 2 e B wRke]

M

d 2 549 profiling
7t d78%F

Wi 3= (Brassica rapa)© A MAAROZE ¢ 83 Aot A 2 YsrhEYie
MApstael AL S Aol T8 g8 clolty 2 ATl A 90370 AR ZE# A
unigenes S HASIH o Eoldt HAAMAELS Kyoto Encyclopedia of Genes and
Genomes (KEGG) 9] gene ontology(GO)E ©]&35lo] 7|sXoz EF dtdth. KEGG
gene ontology®} structure domain data:™= A&=3%4 do]E o]~ ZF-F unigene data set
Bes F AL ol B orapa®l 715% 54 tig FHS AE A WA T
ATFE el ALHFFS "Nunnara’(chiifu)2} o A w=% "Asia alphain”(kenshin)

FAE ofAlo} FHREHE FFH3te] Avian Myeloblastosis Virus (AMV) one-step

RT-PCR kité} Z2Eg = ®b& 82 5o]4Ql primers ©]-§&3te] RT-PCRE 33 +

A SFA T
WA F1% databaseE 7AA3Ee], 535709 contigset 36870 2] singletons ¥3Fa A 9037H
o] A2 2EYZL 5olF AUAEES Adston dAVA g Hddol= 863bpith L
2] 3L 32709] unigenes< Poly A/T9] 4712 w+S zta Atk ol RAELS B rapa 12 4
ZIMdola 29%F 9] 1605571 A71AE T 15026719 A71M L3 935%2 dE5dS LHE
Wwom ymza] 102971 92 F(species)e] @714 Foldtt. Venn diagrame| unigene ¢
7142 3719l GO vocabularies =, A4 75 (MF), &34 Z2 A ~(BP), Alx +4
22(COE F&EHY 3709l EE vocabulariesol A 971X F 9] 553707F Ads/del =Tt
aela ESA Z2A22BP) GO+ 13970, 11371, 57719 fA7IAFe] 742 ~E# 2 Hb
S(SR), HIAEA A5(AS), AEH A=BSA FAHS YEL =3 &8 9o A&
2~E Y2~ A7 (BRAD:Barassica database)olAx ¢e1%l 113 AS unigenes.ZH-E o4 o
2 709 unigenes 971X LS Al AL W T2 2Edzo g FHA TEFSE
real-time PCRS 3+ & EX3 3t} BrCRGL, 3, 4, 5, 6 and 7 ¢ Fdx= 2 EH 9 e
7l A st o, BrCRG2 & ©#] ¥ el Ewol v sttt ol As Foto
BrCRG ##A7F A2 B 54 Z2E# 2 zdstoA Sol#el 7o) vkgdtes 75 +3
ok %% BrCRGL, 2, 3, 5F 2= sA Ul 43, BrCRG4, 6
o] ATt o] 21k unigene Hol¥ FH = B. rapa 59 A3 &

FHAAE FA435a, Brassica sp.8] F8%4 %S slodH F83% AYo=w

e

o

O:
0o
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3. a7

Primer set
CCAIF x CCA1RI —CCAl-Kenshin
+—CCAI-Chiifu
CCAIF x CCAIR3 -— 585

— (CAl-Kenshin

—5.85

1% 108. B. rapa ¥%((a) “D71Nunnara”; (b) “D73Asia alphain”)® #Z A} Eo]% xz}
o] #(CCALF x CCA1R1; CCAIF x CCAIR3)E ©]& % Genomic PCR %F¢&

¥ 19. 903 unigene A2 93 BLAST AAMAA L £33 A #dH 3R

Species BLAST hits Species BLAST hits
Arabidopsis thaliana 3425 Picea sitchensis 101
Glycine max 1900 Brassica rapa 98
Vitis vinifera 1763 Unknown 65
Arabidopsis lyrata 1578 Brassica napus 64
Populus trichocarpa 1350 Solanum lycopersicum 61
Oryza sativa 1015 Nicotiana tabacum 61
Ricinus communis 780 Gossypium hirsutum 51
Medicago truncatula 684 Solanum tuberosum 47
Brachypodium distachyon 371 Pisum sativum 37
Zea mays 339 Brassica oleracea 33
Sorghum bicolor 337 Silene latifolia 31
Hordeum vulgare 271 Arabidopsis halleri 31
Selaginella moellendorffii 199 Cucumis melo 30
Physcomitrella patens 164 Malus x 29
Thellungiella halophila 111 Others 1029
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31. Genome-wide Brassica rapa® A% AZAIH} 2Ed2 AIJAdI #HH
MADS-box & #Faxe &4 5 53

A7 2k

MADS-box HAANRJIAHTFs)w= A& Ko #oldts a3 a0t A 2Ed 2 A
o] #HH MADS-box FHAAE that A= v v|H]| e Aejo|a Brassica rapa®l
MADS-boxoll B3t 754l A= HiasA F3th b & A5= MADS-box 4
2 JAES 55t 7Y Sy 2EH S A A

genome-wide 24 2 B rapa®l MADS-box FdALE 7 EAo st A2 +335+
o
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av)
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offt
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o r
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<
3
(@)
z

a, MB and My)¥} type IIMIKCc and MIKC*) 2 #F¥ 16771¢] MAD-box dx= 4t
5] AT
2 A= MIKCSF 1IMIKC -7k wrd Aol Fagh A3 23 9o 4o
sk Qo= thE TAY A MADS-box+rd 2] o] FRlFQh e X2 A
i B

o3
Ll AN
BrMADS &Aool W4 2 ujd ol diskel #4@ A gz ewlel fFaAst 2t

Zy Az} Aol 9 FrEHE Aow uE F).
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AL L

a9 109. MADS-box-F+AA}E ©]83+ B. rapa, Arabidopsis®} Rice®] neighbor-joining Al %=
(a) B.rapa (67), Arabidopsis (43), Rice (28)2] type I 138 MADS-box &z tj
3k 24 (b)B. rapa (100), Arabidopsis (43), rice (38)¢] type II 181 MADS-box %

W] g A,
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Protein Motif Legend

name I:lej“ -Ml:rl:ifﬁ
BMADS -WE -Mm'rf?
— B vos: Mot
— | B Motis I Mcifs
[ Matifs [ Moif4o
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B2
i
i
I
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2% 110. MEME motif 84 =+& 0|83 MIKCc ¢ MIKC* group®l W3 B. rapa
type II MADS-box @A 9 motife] XA %=

- 133 -



29 111. 10701 A AN A B, rapa MADS-box genes® X

HHEAQl ARRE 2= AOITAI0SE E7Iet. thE Ao fHAolg2 tE IF
(black: MIKCc, orange: MIKC#*, blue: Ma, green MPB and red: My)©o. 2 AA AT, 2+ 4
ALl pos1t1ve(+)9‘r negative(-) EAl = w2 S 4219 forward9} reverse WS E A A3
o AlEeY FREGH did FAAE S H Hdog AZAHAY. U] FEE s

o] Fu& o] &3t

sl pAdoR et S04 As 4 A 27 a9 9%
o]
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i AGL15-like ¢ GeMI13-like
R 5§ L Fh

] AG-like

{ GLo-like -

R 5 L Fb Pt 5t P
-
BeMADSI0
BMADELL
Actin

g DEF-like
L Fb S M S N

h AGL1Z-ke l.: SQUA-like
Fb

i TM3-like
§ L

EeMADRIL

BrMADRLS
L]

¥ 112, Z+ A% (a-n)o| ©& 100 MIKC BrMADS®] 7|&# Eo|Z<Ql 24 &
FY®R), &71(9), (L), ==Fb), = (sp), ZADt), F=(st), ¢=pD)I B. rapa®l * A
Fe 6 GA(Fo ds2 SITS6e® %7])

X
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Genename (1 c2 c3 ca Ccs K1 K2 K3 Kd K5

BIMACST et AT Nt O e s aee e sae sar
1.000 1214 173 180 1,65+ 1.000 0o 1080 0.9 2110
BrMADS10
1.00¢ 1.23¢ 130 183 4250 1.00¢ 195 1.40 2.000 7.75
BrMADS11 my e ([
1.006" 0850 1.25% 121+ 2E7 1.00* 0.95 0.88* 2.38° 1490
swas: [N v DN o BN cse e e ane e
1.00° 1.00 0.96 LE61* 213+ 1.00= 13n 0.78¢ 1.09 261
PSS i N e e oo IR
1.00° 113 1.02 153 195 1.00% 1.05 .66+ 0.856¢ 2.40°
BrMAD520 2383° e [ e zase a6 1208 124 2wt sane
) 1.00¢ 126% 150 259 353 1.00 243 1.40¢ 2.85* 6.00°
2 |8mADs23 1302 e ST £ ugs e [ R
- 1.00 129 131 155 155 1,00 144 102 13 3.84¢
= |Brmansas aae
1.00 1.06 0.85¢ 1600 359 1.00° 3 2,08 262 5544
BrMADS36 | suet e st we [ o
1.00 2.634 0774 093 0634 1.00% Q7T 029 0.57- 1.24
BrMADS38 PR s za3et 1180 a7 s e [ o
1.00% .58 0.73 144 0.80* 1.00% 086 0294 057 131
BrMADS39
1.00° 101 0.98 .2t 3,54+ 1.00 1,54 Ly L 4.2¢
BAMADSS0  yet s ame aaw s e [ e
1.00 1.21¢ 112 213+ 371 1.00¢ 243+ 132 191 435
BrvMADsa3 117y ny et 21t 195" bI-5 4l 83" b2 1 140" 1758°
1,004 154 1.08° 24T & Q2 1.00% 1.2 051 0.50 053
BrMADS44 say’ a8y Ly any sz 2308 1A AT 1809 2
1.00° 211+ 191 263 4610 1,00 1.41° 0.71 1194 142
owasio; QN o sor oo NN o
B 1.00° .52 0.61* g.93s 2.0 1.00¢ 191m 1700 141 513
S |srMansioe 24 118 sast pas’ 128t
1.00° 1.44¢ 137 2400 4.15¢ 1.000 1.48 0.85 113 161
BrMADS127 1o03" o 1oy 1104* 1157 Bt 1o L 13 FET T
1.00¢ 216 2.09 3.07 297 1.00° 2T 1.08¢ 19 4,08
BMADS146 s0at s st o ue [N
3 1.00¢ 4.05¢ 535 3726+  1502* 100  3BS0* 2481 3914 5951
IBrMADS155 ny e 50 L 150° 123 280" e
1.00¢ 157 295 8.07 2804 1.00¢ 2187 19618 44640 33840

Ltegend: .m,m lamu,m ..m.u,m rm-m| poosses | hoosrser | fossw | hoswss | oo |

a9 113. B. rapa®l 93 Z+ 19 MADS-box genes?| mlo]a2o]g o] © gPCR ©d £4
MADS-box 1FOZFE T 250 dg3 FAxS A& Z7]stA ). vlo] A2 o g o]
A Zol7k Ui HES AAE clor bar. 22 AR F71W e WA vdF Aol od
P < 0058 Hzx %9kt
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¥ 114. B. rapa (a-c)°l 39, 9% % Axd U3 2E#zd2 HF(0-48h) F
MADS-box A 79 Real-time PCR && &4
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32. ¥ 3 (Brassica rapa ssp. pekinensis)®] &%tz v|AESE 2EF 2 O3t
MYB transcription factore] HgF 54 2 &g &4

7F A5 8.¢9F

MYB wi a2 A 5o ubg  AZ AL Wojo] gk wks- 5 tdst AESH (S =
A dg gt 259 AAIA oty B A= v (Brassica rapa ssp. pekinensis)® ~E ¥
2 Agde] Asks syl Y8 MYB fAAe] 2340 AlEm 54, 54 2 iy 24
< Y3

R2R3-MYB(256 A 2H<e} MYB #d /4 2H202) 5 85 F 47571¢] MYB FHAE
gl gt v MYB FdAE @719 54, Ad &7/ 2 @id RERE Fx 2

Estel & AES MYB #d#e] 7hElazeg] (IR, 2R, 3R, 4R H5R)E HlEA 53t
silico 7] 58244 E3to] ttE & Z(species) thE vlF9 R2R3-MYB¢ MYB ##H =
subfamilies 2% 1170¢] MYB F4AE Qlstdnh 2 A5H2 77719 MYBRFHAE
23 MYB #H#E ¥ subfamily®t MYB-like 18 322 BRudch A& g3 AdA 7
¥ ntolaz ofdle] dHlolHE o] &3 wd A2 ugtdo] thE Chiifu®t Kenshin + wjF
o] AE =2 Alold 119 cluster ol 1R / 2R / 3R / 4R / 5R-MYB & A2 7}¥ A A}
ARG By 7o AE HAECAE 27 Br MYB #F4#¢ %7] wks wtE oE S

=
AYds BAdo T3, R2ZR3-MYBOlA FR¥e 92, A% 5o 28 sigda dAe=
10719 fdzE 2ldch 11719] R2R3-MYBst A &34 ~Eg o dig U4ge] U=
10709 Fusarium oxysporum f.sp. conglutinans 2 1719 W& Pectobacterium carotovoram
subsp. caratovorum® 71s< At T3k FEzAoA HdE 9719 R2R3-MYBsS &
A stHar, o] A v 4 EBEY ATl T8 Key:s Ad & F Aok B AFE=

A 24 7l o= 2EH2 WA MYB 42 7RSS olsiet=dl 78 Zojth
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a9 115, 202 w3 MYB €%

A#d S A3 f71%d 44 MYB &€ g opv=id
MEg o8 ATE

HEMYB #3 wwge wridow gAsgith v deog ey aFow FeaH @ 7

TEE EACr2R8e ol Eei, CRDE Foagith. T4 deA 42 mFMYB ##

Gl A o] B ¥ E Zhang et al. (2012)¢] 7Fo® 3
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29 116. MEME EHH ZA =FF AbE3te] 202 Wi=MYB #d @82 3 Add
motif =42

(a) 125 W5 MYB #d dwd & 50 REH E¥ &5 Yepdt. (CCAl-like, TBP-like,

[-box-binding-like, R-R-type and CPC-like®} A2 & CrlH¥¥ Cr21S ¥3}). (b) 77

MYBe} 22 @iz 5 20 REHE 23X 5 Yelth(M B 15 Cr225HCr28). REHE =

theFet Mg e E EAISH T
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£ 20. B. rapa®l A 125 MYB @& @92 F 7| EH 2|7t 7bF dA e @93

Motif no, Motif width Best possible match

1 14 WTEEEHDMFLEGVQ

2 30 VGTKTPTOIRSHAQKYFLRVONNNRRKHRP

3 41 KHGPGKWRTILKDPEFSSVLYNRSNVDLE DEKWRNISVMADW

4 29 TCDRWHNIAGRVPGRTAEEIERHWEMLVE

5 28 PPRPKREPMHPFYPQKACGKNAQMOQLHVSM

6 41 YCTGRWRDIKKLAFENHDHRTYVDLKDKWRNLVHTAFIQPQ

7 42 DPYTSCHMOQKLKEMDPINFETVLLLMRNLTVNLSNPDFEDHR

8 21 MTRRCSHCGHNGHNSRTCPTR

9 1 LYGRDWEKEIAR

10 50 DRMILEAITNMKEPGGSDRTSIFLYIEEN YHMPPNMKRLVSSRLEH LTAC
1 15 YKVRKPYTITKQRER

12 37 HPLARRRCOFEWFYSAIDYPW FAKMEFVDYLNHV GLG

13 50 TWIMIQMCTERQYPPADVAQVMDTAVTSLOPRCPQNMPIYREIQMCMGWI
14 41 RSVDMVEALFNMNKAYLSLPECTASVAGLIAMMTDHYSVME

15 48 CLPTDLARPLAY GNRVIAIHPKTREIH DGKILTVDHNQCNVLFDDLGY

16 22 IMLFGVRVVAPIRKCASMGNL

17 44 HEAAAAAAQAVAEAEFAMAEAEEAAKE AERAEAEAEAAQIYAKA

18 50 ICLNNLPIKALQETFKATFGRETTV KDKTWLKRRITMGLTNSCNVPTTNL

19 50 VSLGKRVTVTRVVSLGGSEIEV FYVSHVRRSRPRENIMALMECHSNCLEA
20 50 AQTRITPESSTNQIKNPVTYKLVRVAGDGRLY PATDEEIFEVNETDMHNA
21 50 PRLTRLEWSVIKSS LGRPRRFSERFLOEEREKLKQYRESVRKHYTELRTG

2] 48 MIRSHPRGSVFERRLRSQETKDYKRIIRQH LDIETIRKK LEEGYYDSS

3 15 MPDFAQVYNFIGSVF

24 it ORRGEPVPOELLDRVIMAHGYWSQOQQGKH

25 41 RTVMEAVSTILSGGIRIGYLVHGKEKVRDDN KTLHQTGISLD

26 50 YNCDYCQKDITCKIRIKCAVCPDFDLCVECMYVGAEITPHKCDHAYRVMG
27 38 PWLEQLRSLRVAELRREVORYDQSILSLQLKVKKLEEE

28 28 PCSFPVLY PAYFSPYYPFPFPVWPAGYV

29 50 ONAQMFNOVSTNFSAFQIHENVNILCK ARDNILSILNDLNDMPEVMEKQMP
30 50 PTIVRYAKIAMKMEKDKTVRDVALRCEWMTKKENCKRRKEDH SSRKSKDKK
31 50 AAAAHAKIFADHEE REIQQLSANIDHOQLKKMELKLK FFAEIETIMMEEC
32 41 LSFYRDLKLLFTNAIVFFPTSSSEYMAAQQLRTLVSKOMKK

33 B ELVMDIDOMPLNPLEYMPDGLRRQIDKC

34 49 HLCDNHCNHCSRPCPTVYFQCQKKEDVLLCS DCFHHAKFVAGHS DRV
35 21 GDGYASEDFVHGSSSNRERKR

36 36 NVNHHWLTEDFSSEERAAKRVREKFTRRYIEELSEND

37 29 NIMGSLKKHGSMDIPMQILLQVRELAEKQ

38 16 TAHQCRHKYEDLKRRF

39 28 STNPMMAQVAFLACVGPTVAAACAWWA

40 50 NSQCONETNMPNEDHVHHDSSLOOQPIPFSSDVONGCNVDOSNTVVPCSNA
41 50 MKAIGKKLDRYRNPWLEMKIQYGON KCGKLYNEECDRFMICMIHEVGYGNW
42 41 YCMGNWAEVAEHVGTKTKQOCLDHYRNIYLDSPFFPLPDM

43 9 HVIPMHSDWFAWNDIHECERRVFPQFFCG

44 15 CFCPYEKCMMVIEAE

45 45 KLRVLRIYSKRLDERKRRKEFILERN LLYPNPFEKELSQEEKIQC

46 50 KYMDNPEKTLTISDCQGLVDGVDDEDFARVFRFLDHWCGIINY CATSQCHP
47 15 DVNNIETGRYPLPNY

438 50 VGMSOMOKQYYKALLQKDLEVVNGGCERKRLLNIAMOQLRECCNHPYLFQG
49 50 RESWRYIIDEAHRIKNEN SLLSKTMRIENTNYRLLITGTPLONNLHELW

50 50 YOLAGLNWLIRLYENGINGILADEMGLGKTLOTISLLAYLHEYRGINGPH
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£ 21 B. rapa°lA 77 MYB #d @33 T 47] AL 2ot /M dX = @y

Motif no. Motif width Best possible match

1 30 ATPKTIMKLMDVDGLTIYHVKSHLOKYRLH

2 21 PRMCWTPELHRRFVDAVNQLG

3 50 MQITEALRMOMEV QKRLHEQLEVORHLOLRIEAQGKYLOMMIEKACKTFG
q 4] RCCEYIEALEEERRKIDVFKRE LPLCMELVNQAIEY CKCKEI

5 50 DIHPSMNESIDAAICDVITKPWLPLPLGLKPPAVDGYMTELHRQCISNVEP
f 27 RRPPOTIPNNGNSQOOHFYWCCIWVE

7 34 RWEEELPSPEELIPLSQSLITPDLAMAFDIRPPN

8 50 YGNTTEQVLDHHNFHHONIEN HYTANN AADTNIYLGKKRPNPSFGNDVRE
g 15 MESNWMESVOLWNQP

10 21 YINRCMCVPGDSGLVLTTDPK

1 4] TATDNLYGOSECSEQTTGECGPVLDQFRLPIKDSSTSNEEEE

12 2 GWOEKKLTPIEHITSLDLKTG

13 ! NGDSASDRLFASSPY PAHFFHPDCFASSP

14 28 PPPPYAPAVPPIHHGHFRPLHVWCHPTW

15 4] CANDFAATNASSASYSLCFDASQDPOEICRRTYSNSNVTOL

16 29 QGFDAHDINTIHRPIRGIPLYQNRIFHHH

17 21 GMEFARTELSELASKVNPEYP

18 21 RKHLLAREAEAANWTRKRHIY

19 21 HHHGMIRARFMPK FPAKRSMR

20 ] VRPYVRSK
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BrHERIE Bl THIRE
BrliRas Bl YR RAT
BrWFEIG FLET ]
LM B YIRSY
s i
Br YIS BrAfYHiR3G
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BV 50 BeATYBIRIEN
bkl I B FRRT
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BrYRISe byt
Hoarm | Relf¥VRIRaE
mﬁ::fﬁ J RrbfYELRIES
BRI 12 i Bl TBIRST
Bl | BV EIRIM
B EReG S ReysIRa
BrHTEI 42 | Brarrwiness
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Rl ¥R _l Rl VRIRRS
B TR BrAfYRIRS
HeERIR ReAYRIRTS
BT 1 B YEIRI2

| BRI e TBIRITS
g{;;‘:&f‘ B YBIRI

3

Tde EAE

ol
=

E
e L

2 o o ¢
s 8¢

o

control (C1&K1),

(C2&K2), 0T(C3&K3), -27C(C4&K4) 383 -4T(CH&K5H)NA A&
MYB A7 A3 E32HH

(a) 959 2R (R2R3), 3R (R1R2R3), 4R #5R YA (b) IR (MYB ##H) MYB % =}

W3S wlolaw o] o]l %, o7|A ‘C9 ‘K= ‘Chiifu’ ¢ Kenshin'®] <17,

o] th3k FHA} o]B o8 FAGIL QEXE 21y FeAEE FAPL E G ARe

nlolzz ojglole] A5WAL e
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a9 118. HIAEFH 2EF 2] thI wjF MYB # A 22 Real-time PCR ©&d £4
Chiifu®tKenshin®] 7 EolA He3 R2R3-MYB9 MYB #&# F279] A2 ~Eg 2o
st Hd(a-d). Wi Chiifu®] R2R3-MYB Fd&kel digh (e) 9=} (f) Ax 2EH 29
A1ZHd 9HE(0-48h). ©&F Wi 3WkE Ao ¥ QA4S el
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29 119. W5 Chiifu®] R2R3-MYB Ao gk (a) ABA, (b) JA 283 (¢) SAY
Real-time PCR & £4(0-48h), 2 9+ 3dtE A HF QA E YEd
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b Mock [ Treated

a)
160 BIMYBI9 800 BIMY340 35 BrMYESS L4 BrMYB58
120 700 g =
160
120 4 600
23 Ld0
5100 5500 - 5 5
8 & | 210
{ i 412 ¢
8 g0 2400 g 5100
v 8 215 i
e 2300 | H 2080
] H = 2060
a0 200
0.40
05
i Y l 020
[} A 0 - oo ML 1M, .
Oh 3h 6h 1d 3d 6d 9d 1 Oh 3h 6h 1d 3d 6d 9d 12d oh 3h 6h 1d 30 6d 9 f2d oh 3h 6h 1d 3 60 o 120
5 BrYBE3 0 BIMVBL18 35 BrMYB147 5 BriMYB185
’ 60 3 800 -
B 700
50 25
= g H 600
fa0 a 7
E 5.00 -
g i g ¥
2 230 215 24,00
i 3 i k]
& £ 300 4
< 20 “a
20 4
1 s
: dak ]
0 [ 0 000 + i

Oh 3h 6h 1d 3d 6d 9d 12d Oh 3h 6h 1d 3d 6d o 12d Oh 3h 8h 1d 3d 6d 9¢ 12d oh 3h 6h 1d 3d 6 9d 12d
EH
BrMYB217 BriviYB222 ) | Mok g Treeeed

b
» 6
= - Bitvez32
s
H
Sa0
4 8 4
H 15
H 1 ‘
"
5 - =
0 o (A i . e Jﬁiﬁ 4
Oh 3 6h 14 30 6d bd 12 th 3h 6h 10 3d 6d % 12 .
i . 4
o eh b4 W

a3 120. (a) Fusarium oxysporum f.sp. conglutinans (0el2 d) €(b) Pectobacterium
caratovorum subsp. caratovorum (0e7 d) 9 % ¥|3¢ R2R3-MYB #3A
Z}9] Real-time quantitative PCR &@d £4, 2% &= 395 489 &

AE YEd

tive expressi
Relstive exprassion

esative axprossion

11| Thaf VI T
S2 S3 S4 S5 S6
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w
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P
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~

BrMYB238
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HI

a9 121. W39 ZZFo| wE 15 R2R3-MYB 3 4¢ RT-PCR 23 &4

158 14 2& dolgolA w39 #2l(R), 71(S), A1), 2522 (Fb), i <
2 (PY), =S, =P 6719 F AFdAE EA (SIFES6 ete] Fo] X
SA AP H ), FrAbe] o] FL =Wl 3o ®AISH

—~~

Sp),

SEE

2L

=

[e5

- 146 -



33. BrassicadlA] ABA, SL ¥ H|AEE3Z AE# 20 8+-23l= Carotenoid oxygenase
FAR] A 2 @y Y

7 @Fac

Carotenoid oxygenase= 7lZE|xol= EZUAo] A3 Fosl= 424 ABA(abscisic
acid)t} norisopenoid, 2 SL(strigolactione)¢} 72 2]& Z =&l ol L3} 3pAle] Ao}
s ARk T8 Aoty & ATrellA= wiFeF i Sell A carotenoid oxygenase --A¢
E°] ABAS SL s Eishe 7lRE o= AL FRAA o' JeES =A9F A,
THe, A 2& HAESH B 2 kg AR BE S ol gtk

ol 71740 2] carotenoid oxygenase F+HAF BF7]5S EUlE, BRAD Hlolg H|o]|AE -850
ol =2t 7] MYe] AEAS VFoR &/l wHdade)o® EFSINMYE OCD(carotenoid cleavage
dioxygenase)l, 4, 7, 8 NCED(9 -cis—epoxycarotenoid oxygennase)2, 3, 5, 6, 9 oA w52} <l
T 247} 15709k 14719] SRS FRleksith

HjFo|l A BIAZ A0 2EH(HRE, ThE, AR) AP F AR Uehde ke 2
Fe  CCDIBral782), NCEDABraOl32997t %<& Too UEWeH,  PujFolx=
CCDI(Bol044673), CCDABoloda345, Bol029578), NCEDE Bol007451), NCEDX Bol027485)°] =&
e s BT o] AdelA wiFel el s-eA o HlAESH ~Ed 2l AREehs
AAL & CCDIY|, CCDIS- 339] Ayt Ji A~Eg s whgshs f-Axtz deA] ok

Wi B RulSol] ABASF SLO| A&E 28-S sAl AHd & FEAoE Yehe fFHE
sRist A} vEelNE QDIBARL  BaBH, QDABaAON B2l58, ABB=0IL3,
NEIBB20IZE, NIHY (BOKDS°] =& 58 93 e Bow, o=
CCDI(Bol014479), CCDABolo09345), NCEDA& Bol007451)©] =& Zig_i ghlsksict o] AxfelA

1
s il BEAOL Auseeel WE A4 T CCDI (OO, ABASH
SL#t RFolA B& WSS Hol: Aow uFHE o s2E ﬂh%ﬂ W wEo] e Ao

2 AbRdHh

AwrA o2 CCD1Y 4 82 7FRE|xo)= At ZE o)A Norispenoid T2 SHAlo]
2 #ofsh NCEDs frdAHE2 ABAS] Aol eroq sh= Aom A Qlvh i A-E ol
A HAESHA ~EdY et 9] ABASF SL AEEE2E A Al =2 @ 58 UEY S
] o]= HAESA] ~E# 2~ ABA 3 SL¢} RkS ]oﬂ ME eSS Fal 9 whgol o]
sh= Ao Az 2 AFE FElA el dulFelA JlEE o= o
AAES sk, BAESH 2Edg it AEsade] 3Fs W T8 fHAE

of 5 wiFat 2Eo] §F Al =Fo] 2 Zelth
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NCED9 ff E,uuf:s’l'm
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£ 2. A BB 1R 2Es) 4

A

eEAe qRT-PCR 23 3k(fold change)?] log2%k & 05017421 & k& e
Clade Gene name NaCl Drought Cold ABA SL ABA/SL
Bra007825 0.34 0.84 0.70 1.00 2.28 1.56
CCD1 Bra007826 1.72 1.12 1.56 1.01 2.47 1.27
Bra040449 0.38 0.81 1.62 -2.02 1.50 0.77
Bra020970 0.50 0.18 1.68 0.62 1.90 1.05
CCD4
Bra013378 0.71 0.46 2.09 1.01 1.80 1.82
cCcD7 Bra040330 0.43 0.62 0.11 0.47 0.58 0.42
CCD8 Bra011384 0.63 0.59 0.09 0.58 0.68 0.58
Bra013298 1.33 1.20 0.76 1.92 0.72 1.03
NCED?2
Bra012603 1.21 0.17 0.30 0.00 0.85 0.63
Bra021558 0.93 2.36 0.25 0.11 0.98 0.76
NCED3
Bra027336 0.20 2.13 0.05 -1.23 0.97 0.68
NCEDS5  Bra032359 0.20 1.04 0.32 0.22 0.80 0.54
NCED6  Bra015002 0.15 1.05 1.92 0.42 1.47 1.93
Bra035033 0.06 0.54 0.17 0.10 0.47 0.28
NCEDY
Bra008358 0.23 0.80 0.07 0.78 0.82 1.53
Clade Gene name NaCl Drought Cold ABA SL ABA/SL
cepl Bol014479 0.22 1.90 1.30 0.62 1.33 0.63
Bol044673 1.06 2.08 1.04 0.65 -0.61 1.43
Bol009345 1.34 2.10 1.51 0.67 1.57 0.77
CCD4
Bol029878 0.64 2.06 1.14 0.44 -0.75 1.33
cCcD7 Bol021707 1.44 0.86 -0.03 0.68 0.29 -0.17
CCD8 Bol017864 0.29 0.72 -0.08 0.71 0.15 0.00
B01009433 2.69 0.86 0.10 0.98 -0.47 -0.21
NCED?2
Bol037062 1.70 0.71 -0.50 1.58 1.03 0.02
Bo0l005093 2.11 0.49 0.07 1.04 0.36 0.14
NCED3
Bol035582 1.49 2.68 0.32 1.35 0.08 -0.09
NCEDS5  Bol022516 2.38 2.08 -1.10 0.72 0.00 -0.05
NCED6  Bol007451 1.91 2.48 1.34 1.08 1.51 1.93
Bol027485 1.99 2.15 1.14 1.40 0.35 1.27
NCEDY
Bol018961 0.47 1.11 0.15 0.78 0.38 -0.08
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4. F R FuFoA AA AFFolA BHAEEH 2EHEIY EFE w3S

B o]E carotenoid oxygenase fAAe 4
7t ATk

carotenoid oxygenase: carotenoid = & thAlel]
L 2yl dufo] A W ko] 9SS nE =
o ~Eg g E(SL)H 22 e 289 F
S e vAESHA ~Ed 29 carotenoid oxygenase @AY Wk wkS-
gl sto] Bl &S ~EY A9 carotenoid oxygenase A 7+ AAAAZS B rapast
B. oleracea®l Xl &olH gk

TAIR tlo]E ®#]o] ~Z 5 E carotenoid oxygenase AAS AW3dte] B. rapa ssp.
pekinensis cv. Chiifi genome V159 B. oleracea genome V1.0 o] o] oA
homologus FdAES A& AT =3 SMAR HolElHlo] A9} motif 2O E 7]
Mae sAA W= A B e ACS621'S MS HiAO] 159 1+ S T
NaCl, drought, cold, ABA, SL, ABA/SLE 1h, 3h, 6h, 12h &<t H23 & PCRZ #+#
Zol S EASET w3 diolHuWlo] 225 carotenoid oxygenase (CCD)I,
CCD4, CCC7, CCDS, NCED(9*cis*epoxycarotenoidoxygenase)2 NCED3, NCEDS5,
NCED6, NCED9%} #Z-& carotenoid oxygenase ¥ @ FHAES H A3} carotenoid
oxygenase X FHAE B rapadl A= 1570, B. oleraceadl A1= 147015 838t t) H
AESH ~Ed 2 A 27 el A, B rapa®t B. oleracea R4 CCD1¥ CCD4+=
~EY A AP & 3~6AKtA TP m=E S-S BYow 12A1%F A7 HAskeE )

3= 2% @409t carotenoid
S HAl 2= 2HABA)
agE

|

523 43S ®w9vh. NCED2, NCED6, NCED9:E ABASF SLA 2o @& k&S Btk
oje} & A¥ AE T2 APA EAELS carotenoid oxygenase 4=l o, B.

rapa®} B. oleracea’l ¥l V| A& ~Ed A~ g ZAstAA A3 E o] vk HAL
HEg-of #e3hs glstAtt
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3. a7

¥ 23. B. rapa®} B. oleracea® carotenoid oxygenase 7%}

Gene

Identify

Identify

name AGI Chr. BriD Chr. (%) BolD Chr. (%) References
CCD  Gypon Chrd (ovess A0 84 (Pgg  Co4 L Jadunod end
05 A0 T4 P C0B 8l
Olowg  AM 84
ccpa A cna B0 as os1 PO con o oss %;%S;]}iregrs
Oidzs A0 89 (R C03 T
ccpr e cnz B Ao ose PO cu s ?g%iﬁiecr}sl
ccpg ARl e Sro Ao oss Pl con 89 ;%%%ﬁtezrs
NCED2 jgison Chrd Olthgg  AOL 79 (fgmy  COL 79 ELAG
Oisos A0S 8 e 006 84
NCEDS {yion Ch (hise A0 84 gilee  C05 85 DR A
(oozs A 84 (R C03 83
NCEDS foiogy CBrl (isgsg A9 90 ghos €05 90 Mgn A,
NCED6 fubor Chr3 (Sf  AO7 82 (o CO8 8L Lm A,
NCEDY £ldSt cnet PA. Ao om0 Do cor w0
s A2 T3 ORes  C2 78
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35. %9 A2 34 #HA transcriptome ¥4 E B2} ulA s
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i -
Bio] £9FA AT qlo] F3b el FUR Ul FAN FR v

b

Gt 37HA AE 36101 (HEHE °F3h), 36114 (HeHd b)), 36122 (WHA 439
4 10~12 cm®] EFS 2013 10¥2¢d Fgutol e = RE ¢ wol Hdske-2 (HA
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7h AT 8
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Bobah g ghapo] 2 A o® Holw AT WA 7re) FF7] e we elst
¢S FAsTh olE BA FFle whE FT faAe] 2@ st vwuiis g
Fol de w4 e AR wuky 2o Fush FT falae] Bage sasgd.
U 723

clone

histone
FT1
FT2
F13
FT4
FT5
FT6

d

o

ry

24 131 72 343 o4 FHAY AT BA

E 24 #F7) 249 Aolo] BE T 3 fu] AT NFEA FE W

Conditions Pyruvic acid (umol mL™)+S.D
Phot iod
© o.p (‘arlo 0 week 1*week 2Mweek 3"week 4P week
conditions
7 17 44 AT 63
36101 3.7 3.17 3 3.47 3.63
L +0.026 +0.030 +0.031 +0.035 +0.030
ong 2612 3.44° 5.71° 5.29° 4.31° 291°
+0.002 +0.002 +0.002 +0.004 +0.001
3.7 3.21% 2.98% 2912 2.61%
36101
Short +0.026 +0.027 +0.026 +0.027 +0.025
36192 3.44° 2.34 2.72° 351° 5.10°
+0.002 +0.001 +0.004 +0.002 +0.002
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¥ 25. BF7) 219 Aold wtE ¥ 3 dH] AT 7 = HF
Sugars (mg mL")+S.D
. 0 week 1*'week 2"week 3"week 4™week
Conditions
a b [ d total a b ¢ d total a b [ d total a b [ d total a b [ d total
Photoperiod
Jon 2721 2177 521 434 584 1800  11.88  6.52 3.63 4003 1921 12.73 865 3.68 4429 2148 1386 977 4.66 979 268 1392 992 501 51.54
36(; 0g1 +.02  +l6l +025  +.62 .14 +0.10 +083 £250 £250 £207 139 064 072 050 4258 £164 £153 £1.34 209 +180 +025 +1.03 £1.33 024 £128
36122 85 29 45 352 51.1 84 35 2.8 378 52.5 9.6 4.1 2.6 383 54.6 10.3 36 2.2 382 543 84 35 2.8 382 543
+.86 025  £159 4046  £1.90 +1.59 +046 127 080 £18 261 265 +146 +190 +1.62 £152 £126 +263 +142 +126 +159 046 £1.27 £142  £126
Photoperiod
Short 27.21 21.77 521 434 854 12.48 646 3.10 2.41 2445 1260 647 2.38 2.67 2413 937 517 1.29 2.30 1813 1248 646 3.10 2.30 18.13
361001 +.02  +1.6] +025  +.62 .14 +1.10 +091 048 038 £273 165 069 094 +1.06 204 £1.73 092 013 058 316 +1.10 091 048 058 +3.16
36122 85 2.9 45 352 51.1 10.6 45 38 434 63.3 7.7 34 2.6 49.6 63.3 9.1 46 32 50.1 67.0 7.7 .4 2.6 5.0 76.9
+1.86 +025 159  +046 £1.90 +122 +203 +238 +132 +1.63 £1.22 £203 4238 £132 +163 +052 +063 045 £1.86 £145 £122 +203 +238 +052 1206
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Attt de novo AR EF 3T readsS HEZORE 54047 FAAEC] ddom HF 1,33
bp ZolAt. FAAE S 722 EE FHAES Swiss—prot, KEGG, COGSF £ B
non-redundant(NR) dHlo]El#lo] =& F3|| aligning= T3ttt =& #o]7}
AAE (differentially expressed genes, DEGs)E< FPKM WwW& o] &3lo] EA 3}
o dAAH R RE dolE o] 2o A W Aot e FHAAES T 9286271 ©
Ao, old tigk GO¢ KEGG A=E A3tk DEGolA 1670 %12}, SNPsol A
9Q7Me] 3k, SSRsell Al 7970 FAAES Adsid o, qRT-PCRS &3 ©|v] ®Hi
H OAGE dbg #AE {FARETe] wdS vusta e Folvh B AGe Allium spp.
o B7EE HAAA AVIME HARE A, Allium spp.E Qe dH o], T L% #
AP oz o)gd Aoz 7|gHr].

—_—

—_

—_

3. A7as

Sequence number
. § § 3
| | | |
o I

Sequence length

298 135. RNA A|EA S 53] 9o A readE9 Zolo] & EX

- 165 -
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sduasuen Jo Jaquuny

10W}

siduasuen jo uaoaag

Biological Process

Muolecular Function

Cellular Component

Allium cepa®l AALA &4

Eis

9 136. Gene ontology(GO) £4& &

molecular functions, biological

cellular component,

process® 1)
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40. AF 8 A= CMS 24 &4

A wF FES §Eske o dolAd A7 FA (self-fertilization) A1 a2 2
&) A= CMS(cytoplasmic-male-sterile) A|Z2~8lS o] &3l o] st}
o+ A FH3| AL A Wo] AlE3al %)= Ogura CMSE 53d TAZ A8t &
A% ol &slrlele AEe Fwol Hi v wepA 2 AT 7]Eel
Ogura CMS$¢} thE #3888 Yelys &2 dA 7Fs3 CMSE wheEst &
st AS AFERE 3

o\

ju

fole

mlm

i
oo [ 2 B n{u

o
o
)
2
2 ¥0 ol

Tl AAEE AT 239% 9 HAANES BPRAAQAE ZRE Boho} Az
S g4 7k AEAE SolHow

+ BFY el CMS F&o| EAlst=AE glstAtt
% T A= Atp6-1, Ogura CMS A=A E o] &3t orfl38%] 5o°]4 primer set=
AZretd . AZeE primer sete ©] &3] gDNA PCR& 33 23, 8F9 AT+
Atp6-19 EolHow FEHom 1375 orfl38el A, 235 Atp6-19} orfl382e] =+
o 5] Eoldor FXLJu} w3k nEZTglol JAA Aol EASE Ogura®] Unique
region-1, -II, -II 5o°]% GG Z+Z primer setS A Zslo] Atp6-1oA4 7 FZ2H F
(Normal), orfl38o A7t FZ ¥ £F(Ogura), Atp6-19} orfl38 EFolA =Z3 % (Normal
& Ogura)S ZtzF %4 AMsle] gDNA PCRE 33ttt = A3 Unique region—I,
-II primerg ©]&3% PCR Z¥olA Normals o3 sdatA 3% AbEo] HEHA &
¥th. 12y} Unique region*HI-OJ 3% (Normal)ol Al S% 2bEo] FAHAar, E 2359
CMS7} AREAQl Ogura CMS¢H= M2 & #dd & Uts 2488 45 5 Ak =

st Atp6 A 23 G A ES atp6-new primer setS A Z3 & gDNA PCRS
—rﬁﬂti} A3} Normalol A+ EF FZE o Ogura®t Normal & OguradlAe 535
| 8 s SAAsAt. o= Atpb-new primer set ©] 47k RN =D Tt
= ARA ol& TheAdS Flskth

At el nEF=gol fAAS elsty] 98] Normal(10¥), Ogura (34H) 2 A 2§
Ogura (160%)¢] WEZ=gol A d7IMDS geleith. Normal(10W)2 242969 bp=
71E&2] NCBIl| &5 = KJ716484.1(244,054 bp) Xt} ©F 1,000 bpe] 42 THHE 7HXaL )
3L Ogura (34W¥)> 258460 bp= 7]Ee] NCBIO 5%l Sl AB694744.1(258,426
bp)E T 34 bp7F ] & HdHE 7HA 2 AFY. M2 Ogura (1608H)2 258457 bp= 34
HHETE 3 bp A2 ﬂ7]i assembly & ¢dstAtt. 2433 37H4] HIEZE=2of 49
ANEA QL 2]l & HlWE7] $18] Blast ZZIafo 2 213 & Ax 109, 349 2 160
Aol FA= A2 72, 78 B 7874 IAE G ThAL AT AHEL Ogura (160%)
o @7IMEL2 7=l delA = AT Ogura CMSe @714 <D} rlustsls W 670
o] Wo] go] EAst o, Wolgels o]&sto] SNPrHAE /e 4 Aok L2]aL 674
°] SNPE nadl-tmUGA % tmUGG-tmCAA <ol FHFHo=
Normal(10¥), Ogura(34¥) % M 2Z& Ogura (160¥)e] J=A AA Zdol= Z+z}
153,370 bp, 153,444 bp % 153,445 bp= NCBI| &5 %o = KJ716483.1(153,368 bp)
o wlalste] GrIAEzEe] AolE FRIsHATE AEA AVIAE Al 34 160H-S 1)

0{1

-ﬁ‘%‘

o

o
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S gAbE Al YEtd, 1083 09 g dr Dol AL SAs
AR 3%e) MEZEeolsl 424 A4 fAAE FaA, AF A nEZ= o}
QA AL A Wols} e e DR BAWAS 44T 7

e}
9] oJH-E gH¢lste] HRM systeml 2 FEuAZE A 2E o Aot}

m‘;"
>,
°
=
P!
Z
e
lo
(R

. A7 A
(A) Normal Ogura Normal & Ogura
M1 2 4 7 13 14 15 27 29 38 39 49 62 66 68 71 75 79 94 115124 150 151154160 163 166 182235
atp6-new
(783 bp)
(B) Normal Normal & Ogura
M 1 1527 29 38 39 49 62 66 68 71 75 79 94 115124 150 151154160 163 166 182235
atp6-new
(783 bp)
Normal Ogura
1 4 7 13 14 16 17 18 19 21 22 23 24 25 26 30
atp6-new
(783 bp)

1Y 137. atpb—new E oy HEZ o] &3 gDNA PCR AH

160 vs 10 compare =
I — T — ] [ e g
I =y — ; i i — |

Radisho 0"

34 vs 10 compare i
I S I —— = 17 [ - [

I T T 1

3 .. 258,455
Radish_34

1% 138. Normal(10¥1), Ogura (34¥) 2 AMZE Ogura (160H)9] vEZ=go} AA| H-AA] v
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a9 139. A% 3F FE5A FAA map €4
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41. Zt(Brassica juncea) ¥& 7% < 4 ITS 49 9 MITE Family AR &
o] &3 EXAEA M

7F. A+ L9

Z¥(Brassica juncea, 2n = 4x = 36, AABB genome, 1,068Mb)< U’s triangle] w5}
S AR Atole] FolwjAl A& 2 AF= 2 15 FF9 ribosomal DNA ITS < <3}
MITES ol&3to] zte] #FddA 2 FF7%8 EAFAE &<QeAth. Ribosomal DNA
ITS €492 F 2 FF9 FAHAE dolie ATE Wol AFEHIL oA, o]& o] &3}
of 7t 15 &9 FAAAE Lolr okt Eeh MITEE w9 @2 copy T8 7FAIL U,
Ao ® kA o] 7] wiitel FHA B stATel wi A A 5ot

MITEZS o]&3F 7t FZ48 ExgExZE 3elsty] s MITE super-families %
Stowaway(BraSto) ¥4 703 Tourfst(BraTo) @ 798", RAT(BrahAT) @4 673,
Mautator(BraMu) &4 585 ©] &3} T AAE dolrUth F 16082 #AEA
% 32%lo] Zt 15 FFA FE & 5}53"33 HAad, 53], Szt a8 oy FHd#
= ulg 924 yeiwth 3 879 MITE 2ARAE &8st 4789 FaAL A
ga@d 9 FFE BAEY] &8 7} gt olgd vddd ZAES %Y F

s4e 3
FTE L EF 05 S F850 A48T £ UL Aol Jge

m{m

. @7 @

Eolchecxnggat Namdat Cunggat Namyanggat Dengganggat Dongwonredgat Cheongsonggat Bonaraegat

Backst )23 Nongwooredoat Palganogat )15 16 n
2¥ 140. AL9 B. juncea®Z9 BRI Y
(A)EAZ B)E=EZ (O)AFAZ D)FUE (BE)5737 F)sd9872 (Q)AE7 (H)E 73t

D=2 (123 (K)s-52 % (L2727 M)J15 (N)]J16 (0)J17
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A P '-il '|I.I'l'| I'?l!l ,’(II'.I .'"ﬁ -ﬂll

=0

A0 -ﬂi{l

'HI'.IZI

]
i

Y

B B mpa (B
15 M)
Palganggat (L)
a5| 230
Cheongsonggat (G)
a1 Dongganggat (F)
Bongwonmedgat (F)
L8 b Narmyanooat (0
5 — 16N
N7
Heukgatil)
Mamdioogat (f)
— Nongwooredgat ()
Ecicheonggat (A)
B Cunggat (C)
1{ﬂ| Bongregat (H)
B. nigra (BN)
ooz

1% 141. B. rapa, B. nigra® sequence$} AE 15%FFl st ITSHH Wolo] 7|x4d
(A) ITS sequence™ B. rapa (JN564039.1) ¥ B. nigra (AF128102.1)¢] %1%7\]3& of o
H &A1 (B) ITSE S A7 EE o] &3 7 15F%F 2 F-4AHdd U A%
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Era&in BraTa
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CL1 -l L]
CENZEEZZI®Ieugn

—i .
B .
s =

|
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"
o

o

| I.._

: I:II “
-.‘IE
1<

L 1 e
-1 51

a9 142. 9dd AL MITEFIAE o] &3t 7t 156 5 2 FAAY A3 £4
7 15%F 2 FAxd ] 160702 npAE Fofl, 3270 utAd A gIFAAM=rt S22

¥ 26. B. rapa 2 B. oleraceald @S ulg oz EF3 MITEU

MITE famalies S Evifies Totl mmher Marker onzin
0 markers B rmpa B olerven
BmSio Brzfi-2 58 iE) JE6)
BreSi-3 2 10 1)
EmSm- 10 43 &)
MITE framalies Suh-Smilisg Tomal mmibar Marker onEm
of marker: B g B slermcen
EmTo BTl 15 T /|
B=To-2 g 510 )
Bz=To-3 3 31 X
BT ¥ 5 1T
BmTo-3 & 62}
BaTo-d ] 51 i)
BmTo7 & 3 £
BmTo BoTo-d v 0
Bm=Tod i1 3 1)
Bralo-10 5 ) =
BreTo-11 1 1T
BraTo-12 3 11} 1
BrTo-13 3 1 410
EmEIAT EmHATL 4 ) 1}
BrHAT? 2 1) 1
B Bzl 5 L) )
Towl 160 224 BE)

- 172 -



(ks

29 143. MITEvIAE o] &£ I 4 € AFE
(A) AdreEl MITE vFAE2 4771 Aol g g93d4d-S yeld (B) 871¢] MITERFAE

o] &3 ATE
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42. 2T FY RES 9% DNA =99 484

O

DNA g e @eetael wA glo] 2 A%es 48 5 g 7%l o

z |
& Fo M= AHeAY 2] YA tagEA FAA T=3tE DNA WdHES A3
A g A = vEFZEZ ol ganomeo] I ThYAA Y EFJE wjTol] sEolA X vlg-

2
A A o drdom Hae] A& DNA vlEY 99 ¥ FH uAE

AVEStEY o] dA M-S A= EAAN rbel, matK, psbA-trnH 2 ITSS} 2
DNA Htz=5o] AEACd A& AAES kv 28la HZoe anE-trnT, traT-
psbD, ndhF-rpl32 2 rpll4d-rpll62} 32 chloroplast intergenic spacer(IGS)7} #ju]&<
ohet AREE L vk ITS2 992 psbA-tmHe) FE olo] ¥ U2 F TS Bofxoh
ITS2 949S olTojUles ¥ /A BXHELS 2EA9 B8 FES 72 & = . &
ol A= DNA vtad o] A dafet ds dolr gt

rbcl, matK, rpoCl atpB, psbA-trnH(intergenic spacer) ”% rl TS (internal transcribed
spacer)$} 28 AEA genomel ZH-E UL DNA HIZE TR ES =53 (Apocynaceae)
of AEAE S H7te skoh olgt AFE FAA nrlTS dFo] th& J9 Hr}
O e vta= 3RS gelsiith 53] & FERE] ¥4 1 % vdAdS B vt
alo], ITS2 992 psbhA-tmH 9H 9 HE olo] 4 %9 T S 24

vl 7] 4= (parameter) = ZHZF 4(genus)¥  E(species) Wl ©]&  IHinter-specific
divergence) ¥} £7+e] - (intra-specific divergence)E EA 3=t Al&dt}t o2 54
(Identification)®] &84 BLASTI method®} & Gl A 2] Distance method, ©| 27}
A WS FalA #elo] rhesttl ITSw C auriculatum_isolate®] W 1HS VER =
minimum evolution methodZ AF&3te] Cynanchum® 17 <& H&3stA A&t A

e
o},
o
O

-

o] A= ITS27V @F S (Apocynaceae)d 2w < ?—fo} o AMgE 4 g A2
25 g a8y F 9 %S d5 =3 (Apocynaceae) FE°| g ~=3gdo] €3}
ot F HAZ AAE rbel, matK, psbA-trnH 2 ITS29} 722 DNA vlzZ=58 A7}
(Zingiberaceae)®] 2% £E5o| Uste] Hrlrp o] Fojx =, ITS2 <90
psbA-trnH(0.8%)¢] ¥ & ©olo] 4% &3t HdAdS BHAT oleldh F412 ITS2 o 99|
A7} (Zingiberaceae)®l R A@3 FTES FEIT F Jue e Hosth AR
(Zingiberaceae)w= *&A N 7Fd 2 family & shubo]”] o], DNA wlz=o] gt 37}

1

= 9 435S dEE] Y8 SRS E(genus)ol|] FEFEE BE 9 F(species) S0 Th3

A A A E ookt skt BLASTS} Distance®t 722 5 4 (Identification) ““ﬂ'gi 974 2]
& %(genera)oll diste] ITS2 FdAE A&+, B4 ¥ (Zingiberaceae)®] FE°| 4
&3ttt

T3 A vlEZE $RES Boerhavia B. repanda, B. erectaand B. verticillata)
o] ttE FTEETY B diffisa 7HA AR Fa% TES Tt st A
£33tk o] Abdloll A, ITSE tE 37HA FEZYH B difisas 73 & & JArh
ek o] el A= DNA risigo]l F&4ws Tt fdTshsd AHEE 5

0]
AR
© AS WA AT AEA R, VA AAFT ARES AEe T 24
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f
ol\
ol
rlr
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k1
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ofo
o,
)

— C.bungel
| ———— C.bungel var
C.aorculainm
Cwilfordii
[ C.chinensey
b C.acutum
C.hastifollum
— C.bungel
K C foatidum
C.alfipefcem
Cingigne
W EfrTAC O

S

b C.mrariense
C.staunionil
e C.stauntonil

]

——— C.mongolicem
Caurculaium_isclafe

I3 144. ITS FAARE o]l &3 Cyanchum® 17%¢] 93 MEM A5 %
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¥ 27. BB} (Zingiberaceae)ol ™ 4712 locis o] &3 7 tdA 4

Marker
psbA-trnH ITS2 matK rbcL
All inter-specific distance 0.037 £ 0.112 0.143 + 0.431 0.0157 £ 0.0308 0.0110 = 0.0202
Theta prime 0.019 + 0.049 0.122 + 0.146 0.0175 + 0.0212 0.0018 + 0.0116
Minimum inter—specific distance 0.013 + 0.085 0.090 + 0.208 0.003 + 0.0260 0.0055 = 0.0183
All intra-specific distance 0.012 = 0.0812 0.088 + 0.180 0.0164 £ 0.079 0.0029 £ 0.0057
Theta prime 0.009 = 0.273 0.023 £ 0.098 0.010 + 0.0352 0.002 £ 0.0037
Coalescent depth 0.081 = 0.202 0.078 £ 1.876 0.044 = 0.799 0.001 £ 0.0373
e wi—. Horarifolia
8 b}, elifata
il dorolnfl
w B, imtermedia
lareriflora
b . PPy Cea
n 8. frecia
" '|||:l[n|.rn
P mepanda
18, vertidilara

Y 145, ITS FAAZS o] &3 Boerhaviad 15 13 MEM AE =,
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¥ 28. ITS ¥ARE o| &3 WY (Zingiberaceae) 959 FA Y3t & &4

% Success

Genus Length(bp) Number of species % of Variation Method L
Identification
BLAST1 89.0
Afromum 605 53 0.3 .
Distance 92.2
) BLAST1 93.0
Boesenbergia 577 3 0.09 .
Distance 296
BLASTI 93.0
Curcuma 602 9 0.09 ]
Distance ]9.6
BLAST1 90.0
Globba 572 2 0.06 .
Distance 97.6
. BLAST1 100.0
Haniflia 575 2 0.0 .
Distance 100.0
_ BLAST1 98.0
Hedychium 572 4 0.03 .
Distance 97.0
) BLAST1 89.0
Kaempfteria 689 3 0.1 .
Distance 93.3
BLAST1 95.0
Roscoea 569 5 0.04 .
Distance 08.8
o BLAST1 8L.2
Zingiber 450 21 0.21 .
Distance 88.3
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43. Brassica¥® &< DNA barcoding

7 d7ach

DNA vty 716 QETHY, 9] 574, ]
FARR) rhele A2 viage] gold F4l
e = eke W] E2re] A4l o)
wo] BREES F elA 079914 1389 %] R4

ol 54 tm(UAA) IEE 9= & A dolA ZAAQl $1eld, vt

ol2 1A WA e Gol

fiu)
rob
M
e

o

2~
e
1421
2 4

re
-
o
=2
Jo o
Jo
oo
2
ok
g
o
Mo >

ok el ro
off M2

Job X
o2l
o

i)
— ox
e

&
N
L
)

Folx] L
2 ALRA FHARD maturaseK(matK)+= Y A2 &= AYAI9e]  Poaceae,
Joinvillaceae, Cyperaceae, ¥ Smilaceae?] Z3}&%4 EFA A dojA A4l locus®
A 7w k. matK fFAAE A A9 Zingiberaceae familyoll 43} Thai
Boesenbergia &34l 7 Fd4Q0 vl ok EARAZA AFEEATH
matKe}t trnK =  3FEZ(Piperales)el] £3h= 259 HEFolx ALgEQow 249
psbA-trmH intergenic spacer(IGS) 492 A F(cycadales)9t 2 AR =9 F FFA%E
AHE-E A

Adbd o g2 AAA FA22] Ad53tE A9 GpoB, roCl, rbcl, matK, and 23SrDNA)}
ol5 3ty A e A (unH-psbA, atpF-atpH and psbK-pshbl)ol tidh 2] &F3re] o
of ZAX multilocus ¥IEY ATFE NPT A Aot} amwB, rpoCl, rbcl, matkK,
psbA-trnH, ITSand ITS2 ¢ & DNA 992 21&E2 DNA wtadoo oA F23k
57 Alzdlelt ol 995 B3 wMFEHe AES AL EFdcte § AAE o9
stuA F8 vtmy FAAED ITS ITS 2 MATK, 2 RBCLY| W3 ASEAE 4

sho] WlF Zol o] &% Jbsd FAHAE AU AL o ot
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3. a7

a9 146 F8 vt3= FAAR ITS, ITS 2, MATK, 2 RBCL 9] W3 A% 24 Ay
106719 wl3% 9o 272 FHse, gDNAS F33a 72 wims §AA42 FA%  apB, rpoCl,
rbcl, matK, psbA-trnH, ITSand ITS2 &4 17712 Zelolw] M-S o] &3le] wF4 AEE9 1 &

oHel §7] Aol Gy FAAsuA ek
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7h AT 8o
B AFog = H(Oryza sativa)®] BRI FAAE o 7] &t (Arabidopsis thaliana) 2]
BR +&A =AW AQl bril-50] FAAZ A7l A& o]&3ste] 33 2 BRel ot
kS-S &3t OsBRI 784 kinaseZ post-translational modification oA &

As T EH A GG BAY AEC &A= BR
S gdude] vl 2SS &8st 7| 9, a8l @A engineering SHAA 71 x A
T ARE FH7] fste] & AFE TSI
Flag-AtBRI1¥=  in vitro®} in vivooll 4] Threonine %+ o}y g} Tyrosine 214F3}7F 7+
SHAl dojdt= A4 Ayt RudFAdrh 2 AF9 in vitro®t in vivo ZA¥
Flag-OsBRI1 &2 ] Tyrosine 2143} dojubA] 9431 Ser/Thr 2143} wk&wk 7-4] 5]
Atk 22 7] wiFel] o5 BR &4 @A S| kinase A3 Eo]A 183l in vivool
Mo Aol S E3H3 biotic/abiotic stresses 5 A% M@ A< 2olrt EAE Aow
Ab2Eth OSBRIIZ oh7174the]l BR insensitive B¢ WolA¢l bril-5 Eoﬂ‘jﬂo] 22 A 2
FAAS A A¥, B FAHES AEAES BE 2

pui

0.

(Q14ksl BES1)¥ BES1 (€%14Fs} BES1) @¥WaA 2 Als —f—‘?ioﬂ/ﬂ ﬁ‘f%z—.d BES1 ©
Aol AAF Zrlsle AoR Rol OsBRII wlde] ol A=<l BR 222 N5
°] FAH Wl

dojupar A& AARET =g of 7] die ¥ BRII @i de] FEd
I}, extracellular domain®] ¥]3}9] kinase domainolA] "% =& FAMAE S Bt A
of 71t o] BRI1S dual-specificity kinase A& H<l whHo] v BRIl ¢©#de
tyrosine Q14FStE dojubx] ¢F& Ao R Hol dF ofn it FAMGY A}o]7} kinase €4
—Er

of wlg- AAA J&S strk= AS AAMSH obn|Ab alignmentE 7)1 23 Al

2ol ot

A A, of7Igd et wi S S 2Eal ek 3 aFoR FEEHY, 9y HEdd
H, &5aE A2y AEy FEE A2 18-S FAsth OsBRIIS Brachypodium
BRI13} 7Hd 24 9 #AE ®eol=d o714t BRI} w5 R S5 BRIIS] &

Gl 2 £ o] 914kl dural-specificity kinase &4 H.¢lth(data not

4 w4 A o
F@stol 4497 B4 AEA S BRI wadel @

=
/\-]I—loﬂ l_ziio]ﬂ o T}l x] 23} 5@01]}\1 %% 7]_1_3_

o ©

A FomA B3
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¥ FTo
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obr] =3k
LEEREE T
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_04
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19 147. BRIl 9

Fe
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=
o]

Flag-AtBRI1 Flag-OsBRI1

70000 -
=
- e Q — a Eauuo
Stamn =
-
&= B amip & 50000
& 40000
IB: antipThr £
anti-p £ 30000
=
- . = 20000
IB: antpﬁn_z ;‘
~ 10000
0

OsBRII

1% 148. Flag-AtBRI1 # Flag-OsBRI1 & Al@# WA EFed ¥4/ =& HEA
27\ NA QA 5}

(AW A BFYE ol gdtel, dmel vE wAGM FiE A

Flag BRIl ©9]40] ®e] 25 24 ProQ tolol £ ghud gamom o s

1 =
g, Egod @ g2 7oA ¢astE Rudch (B)BRIL HE = 7)volA S4L 16
b =2 GA skl SP11 HWE=E AFgeta, WhS EFES A 204 20 & T vl
A tt.

C
- — 10
> =15 N 4
Sas " : 13 g
;:DD 230
3 #1 =
= s
oz - a9 =
= =10
B ’_L‘ 05
0 -
T )
q\i" AT (B B e G i
Nl \1\ ™ Wt ot et
W ‘c RN
PR R E S
@, B e ‘2‘ Q»q- ) el
TOT OV (¢ v oT o &
F
32 14
s # :
g 25 #15 = g
=240 2 210
55 N
= B 06
g in E 04
ESos ﬂ =
00 ‘\ opl 15 .
S5 B HLE LD 55 5
A 0T &0 \\“ ‘.\ ;u\ & A
R Sy T o
ST N AV AN AR AN
& & F F FELS
LRl LR

a9 149. WS2, bril-5, AtBRI1¢F 3719 5 €A OsBRI1 A AE A EA(T3) ot
H(A)YL (D) ZANA F2] 74 Fo wi=3 B A ZA 2 OsBRI1 §4dA

o 3 LIAEN HEXABLYC), YZA(ESYF)
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=

8

Root length (% Control)
r £ & 8

o

~ Brassindlide (i)

¥ AERIL

= CeFRI1=1
- CERIES
—- CiERlI=E

a9 150. BEgAsZolE Mg I A oA A4S FIBR /d§94 74
7 AdEte] oA AFFA AEA ] B A oA g B
¥, WS2, AtBRII % 3709 =221 OsBRII 32 ¥ &2 =4
v &l ] Aol o Al = AT,

bril-3 OsBRI1#1 OsBRI1#l53 OsBRI1#9

IB: ant-Fla
o, comesme e 5

(IP: Flag bead)

—

pBES!]

HESL= IB: anti-BES1

79 151. OsBRI1 A 9¢ bril-5 A ¥o] A EA &
3709 =¥ OsBRII A Wd 2] &Aoo OsBRIl-Flag 7} #Hadsglon, WY
3} anti-BES1 = bril-59 3to]¥ %] ¢Fkxwt  OsBRIl-Flag & &3+ OsBRIl &
2 52| ol A= Bl E AT

>4
il

=
Aol
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Flag bead OsBRI1-Flag (IP: anti-Flag)

. + 100 nM BL
- 5 Y 2uMBrz
IB: anti-pY

S B anti-pThr

r—— g IB: anti-Flag

19 152. BR 32 Az AG A
OSBRIL & A4 vl =eled 71o)4 1abstae. 44 o) =6

Absh= BL-9) 28k bril-5 S o] 2] E 4 o] 4 OsBRII-Flag =
AR W A=

—

U Z7]ef OsBRI1-Flag °
ar

N5t TR A A 9

[e]

o

Al 52 BR AP AsliAl BRzE A7 3 % 100nM ¢ BL =& &= 11 &<t

ko] 90 ¥4 A gtk OsBRIl-Flag @A S &3&¥ vlo]la=zgHaty) W&o o8
Ehd AAYE WY A=A
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45, W3, duF A E F94 BAKL F74x<¢ @z ddg F8 % BAKIL
truncation & &1 ¢ QA3 A B4

7 AT 89

Brassicaz 5 E mRNAZS E#dle] cDNAS 343 & RT-PCR 7|H< 383510 of7]
2 (24571¢] LRR-RLKs), %4l (80712 LRR-RLKs), W3 (17712 LRR-RLKs)S 4
ARE 75, AxH 584 kinases (LRR-RLKs)9] & gxstivh, Ea, A4 F2
IR T RE FEZ9 o7 AdE EAdle] Ase &1 AR AL selstr). o

Zs

852 extracellular domain, transmembrane domain, cytoplasmic domain® =
B+ gon] gAwdA Axd wude Bdd § Loise] Asetd 548 79
at7] #18to] cytoplasmic domain ®tS& thAl @ d @ Wi o] S 24 $ BL21(DE3) A%

]

of FAAZst] A4kst Y E ﬁ(autophosphorylationﬂr transphosphorylation) S 2 A] &1
ot gHg LRR-RLK &% <5 Hel of7|dde BRI pThr# pTyre A2 th&E ¢4
< BEYoem, = AtBRII2> Tyrosine residue(s)olAl 1A4FsHE HQl whd ] OsBRILO| A+
Tyrosine 14F3}7F A& A E A ¢kt w3 70709 LRR-RLK 25 T 55719 &
5% pFlag-Mac ©¥d g wyolA Axg dwdss ‘?j}:i AlA  kinases <]
autophosphorylation¥} transphosphorylation %48 <1413} Eo] A5 &&3to] 23
e a9 20 UETh ® 204 HoF= vlel o] WA 557 receptor kinases
pY(15 clones), pThr(16 clones), 28] i pThr+pY (10 clones)oll Al 21AF3}7F Ldojytom,
ARl gl w2 42719 FE oA gRle] Hh olE 55719 receptor kinases &
3 FrRE wiAe w3 BoLRR67, BoBRL1, BoBAKI1, BoLRR22¢|%liL, ¥j32]
BrBAK1:= %7} Ql4k3l 8 o}yl transphosphorylation SHoA wj$ En 2% whulza 2

(it

Jm ol ofN

webA 2 AT A9} DA #HEE BoBAKI(YHIF), 28]3 BrBAKI(WF)e] ©
W skt Ayl Agte HEdomM ddztEod ALl ZEel Ay I Uiy
5l innate immunity 1# 3 programmed cell death &<

urslaLat skl
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g, @7 A

AtBRI OsBRIN

Pro-Q Diamond Stain

IB: anti-pY’

IB: anti-pThr

IB: anti-Flag

"k

17 hr, 1.5 ug/well

29 153. °§71%4dl BRI1#H OsBRILS Q1AESH 44 vl L

a0
50
E
E 40
=
= 30
g 20
.
= B l =
0 T T T T
total auto p¥ autopThr auto protein
clones pThr+pY expressed

a9 154. Alx 9 =8 A 2] autophosphorylation® transphosphorylation %%+
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46. in vitro| A W%, FWlE BAKL 584 7UAe v 43sty B4
A7 2k

717 ehet FrlF ko] cytoplasmic domain®] W FEEC] T A
carboxyl terminal F-¢1¢] o}n| At AES Z AolE HASLH(-QNYNQPNTG-), °l”]
] BAKI1¥ o}yl BoBAKI(YH]F), BrBAKI(W]F)o| A% carboxyl terminal -
PXXP domain®] A& conserve ¥o] ATt 2 EA o] domaine] thk A= A5G-
ol FEo A= PXXP domains W d-chuld A g 28 =% SH3 domaing X &3
G So] Aol FHE HiEo] th weba old figh Ao Fdx= 8%

JekE Ao carboxyl terminal domain< BoBAK13¥} AtBAKlolA &5 FT 239, 8 17,
28 7he] o} w=AkS deletion 3RS W E.coli S A S o3t transphosphorylation% A
stal A== &<l %L T AAT T o 7] e] BAKLIHS ofn|x=it A v E &85
o] T255K= = wWo] Axg W Ao A= transphosphorylation (pThr, pTyr)Oﬂ ] 3
kinase activity®= 7] 9] /\}E}X]—‘E Zﬂ% gl en, wetA BoBAKI®] T225 F-97F

-

P °
[o r ox 2 o

i

-

. .. o —
BoBAKI1 kinase activityol =% F9d Aoz FArkE A},
1}, A7 Az
Cytoplasmic Domain

AEBAK | SFAMNTEL TRLPASPFRPF | SPTRPPSPAGSMR | TGA | AGGYAAGAALLFAVPA I ALAWNRE 251
BoBAK1 | SFAMTEL TFLPASPFPPLEPTTRPSFAGSME | TGA | AGGYALAGAALLFAVEA | ALALWRR 253
ALBEAKT EKPODHFFDYVPAEEDPEYHL GOL KEFSL BEL OWASDMNESMEM | LGREERENYEGELADG 3117
BoBak ETPOCHFFDYRPAEEDPEYVHL GOLKRF SLREL QW ASDHNESHEM | LGRGEFGNYKGRLADG 313
ALBAK TLY¥AVKELKEERTOGGELQFQTEYEM | SMAVHERLLELRGFCHMTRPTERLL Y YFYMAMNGSY 371
BoBAK1 TLYAVKBLEKEERTOGGELOFQOTEYEM | SMaVYHEMLLBLEGFCMTPTERLLY YPYMAMNGSY 373
AtBEAKT ASCLEERPEZ0OPPLOWPEROR | ALGSARGL AYLHDHCDPE | |HRDYEAAN | LLDEEFEAY 431
EBoBAK1 ASCLRERFPESOFPPLDNSKEROR | ALGEARGL AYLHDHCDPE | |HRDVEAAN | LLDEDFEAY A33
ALBAKT YGEOFGL AKLMDYEDTHYT TAYRGT | GH I APEYLSTGESSEETDYEGYGYRLLEL | TGORA 491
EBoBAK1 YGEOFEGL AKLMODYEDTHYT TAYRGT | GH I APEYLSTGESSEETDYFGYGYMLLEL | TGORA A33
ALBAK FDL ARL AMDDDYML L DWYEGL L KEKELEAL YOVDL AGHNYEDEEVECL | O%ALLCTOSSFM 551
BoBAK1 FDLARL AMDDDYML LDWYEGL L KEKELEAL YEYVDLQGHY | DEEVEEKL | OVALLCTOSSFM 553
AtBak ERFKM=ZEYYRMLEGDGL AERWEEWOE EEMFRODFMYP THHFPAYSGEWE | GDETIA 1 ENEYF G111
EBoBAK1 ERFEMEENYRMLEGDGL AERWEEWOE EEMFRODEMNY ONYROPHMTGEM. | GDETSHIEMNEYF B13
ALBAKT SGRFR B15

BoBAK1 SGRR BT

a9 165, 7)Aot FrlF 9o cytoplasmic domain ©oFF] =4 A E B
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IB: anti-pThr

CEE stain

R
'

IE: anti-Flag

} kinase activity ¥ 2 £4]

3|
pul

1% 156. BoBAK19] o
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47. BAKI1 kinase®] <143} 29 w3} BoBAK19 auto-¢} transphosphorylation
S 74

7b AT &9

1hksl F-9lo wda e LRkl s Vg e R s LC/MS/MS HIHs +
2 &gstt ake 71717 ag-E W ofYe} 7|71E &8sk dEvhe] 53 Ads §
3o A8k = de= HE WyoeR LC/MS/MS W o A8 primary datas 7|HFO 2
o BHe A58 ¢ste] phosphos-specific antibodiesES GenScript (Piscataway, NJ,
USA)ZFE &R3Ath Ser, Thr, Tyr residue(s) E°1A42] 12tst H9 & o} HF5319

om 53] $HEZE A4kst 9] F v pT445 912 BoBAKI kinase®l «]"ﬂ o &1
oA 2 9] transphosphorylation® L H 3 A3 AAS HoFAch IPTG H7F 3 vl A

Zrol & A 23 BAKI @9 A 9] auto- ¢} transphosphorylation 42 uj-$- w24 7}
st o8 Hol kinase &4°] w5 wEA F7HES & & AT o9 ZE& AT A
ol 3R 402 n wwol A9 BAKLY 933 V)5S olsist=d wg =g @
T = Akl 2ot}

U, a7 23

kDa Flag-BoBAK1.2

& D 2 4 & 10 16 PTG (h)
[ &
& £ 53 g 150
Y & @ & & 75
g) T oA qu:r A
Q b oy -@' (2] a0

Bantip5286 26|

TB:anti-pS280

[Banti-p Y304 50
. I 1 97 8- anti pThr

- f| Brantip¥363 .
: IBranti-pT446 ce ool
Lm e 150 EEEEERE T
E 757;!!!!! i

[Buantip¥610 SO T ¥

anbi-p 377;;5553&;}5 tain

m el = . = ‘ : .
m IB: anti-Flag 37@ 7
(a) (b)

a9 157. in vitro 94 BoBAK1¢ <14Hs} sites ¥ (a)3 BoBAK19 auto-<}
transphosphorylation %4 £4
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48. AAFANYG AT Y} B N2 5

hoaT e

2 ATE GSP AeAFAAA T AT A3k gRelw 1S RH Adwe] S4o) %
EAY REY AT A0 HYALGS TES] AsH] YIS FYAT A2
UALE Ao AT guel £3, A%H A%, AF A AR A5, AT A
EUHYE £9T & AEF AT AL 90T 4gstar A4 a7 45 B sU
FHA7] Aol 71T Aawel Axd R R ATA GF AREAE o A=Y
2ed AY FHRE W /1S FAGL, AFRAE BFOR G W A 7154
o A FA FEs] AA A2US TAT £ dE AR 992 ARE 59
T A3 BASDS TERT AFAE A AL ALl FF APwe] $9w
3 ABF 5 e AsEY ng vhastac

NE Azy W AR} A Ak AAH 2R L G890 gl Axw AR

oAA M 7HE Tad vlwoem dofEgla, HE A AlAFY] £ AR Q1R ARE
wdo] TAHoR AAHT. o5 sjdste] ARGALY] o8& B Aol FE Al
g RS feiA FAC st= HA Ve ¥R JAHIAelAE FARY. TR A
7153 SE ol 2E T F e AE JAE HAste dA Al=9Y 5 AHEs T
oA, +9F HEES Sl o7 B 7' AA #Hdol AfKHew £ A} )
DB 3 MHE 7[Rtz sto] A AdE sFHez AT F s A=dle sl
O R AT A BeA A" ARSAe] HolE feiM A mirde iR B wfEstar,
AEE A 2"S AFE 7l dEE 27]8; sto] Alldel ol d @t AlAEe] Fo Ve
< A R A S5, Al 2 A G, SAFEE SR oem, I ok A
gl wlarel Aol FAHUY. FEHE Alad A7 FAE A 2 Ay GE
Aol 7k, v EFAARGES, AA, AArd, AddE Sl mE
E35 A

A, AT A 4u mUHAS §
A #A ® AT sk gue 4GS BAA FF Gkl dule AT Yoo Bt g
sk,

=
i
i,
%
rlo
v

]

0,

Al F3t A B AT FARYYH e AT A S0 B
& T At Aae AAzter Ae, 24 R HUrE o] AAA ol A&l
AT Al #el 2 A Y WE AT FAC e AN R A Z&si, A A
W s vRte® 3 ARe iF | 2 A3 feedbacks Fl FF Aide] A 3
A 718, A, dAE R AR A A A oA g3l AdE 9
= 7Idg 5 vk deolrh, AT A deE Fell @A AaEnt oyt At g
/2714 Z8 3 S XS S8 28 5 Jdon, FAREb] el A A= A
T AN ARE AeTdoRA 2 ARldel e A o] TR mA = 2yt He
of AFA NEe] AL/ Al tEk du gate] FEAHAC] e d Aow JlvdE.
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. a7 A%

40 M YY S8 12

YA R+ GRS
H GG BN Y F
HYE EA

T 2IAEY 2N 715

92 sorting 715
PR TR
] uE

avrp | gy
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MIEaE g AU ER
IH 2| ARG HY 7|5

Y= sorting ks

oL o O CEL T
U I RS U A
BUZRESE
| MIW/EDMS® - MUSE 1 O SRllE - ok =3
’ 531 PETT
5 — HIMSE i O S5k sger | wsum
; - ' 216} 913 At
| oERAEY e MR AM
| - amas |
— HIN M
 ENEE o gsE =) ARIE g A
L AR B SR MY I
o smEEH K5 | X 5 D EA
— AsE SN
INAE SR
—  n=s
L Q&A
a9 158. AT AF #AYA2H J)e R FAHLAE tree TE



GSPEEEIES

Logn

I right Reserved

CopynghiE) 2018 GSP - HH EXFAHEE A

2% 159, AT A% BALY 239 HW (AT 4% BYNEY FE Ao Az Hw
o2 AYee A FAE D % ALY Agse Axde HEH)

Lio] ApHEE SEIM SE SAER B

G ed Project 5] =
wiigs 8% ES
B S= SE% 4] e Ez== saen JEET
e B2 shgEge [ =
rm———— i
sge | [2014d =]
UGS
— o=,
5 LS
Copyright® 2014 GSPHUEAAIIE All right Reserved.
a9 160. 7 AR ALY w74 2 HAd g
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49. = - 9 53 =4
7h Sd 53 &4
1) 53 A% : FAFY =& 34 AF4Y

2oy e AR A FAH #sk Aow HU AASHAE HAFO
PSYI(phytoene  synthase 1) AR A GFLdA7]H3(single  uncleotide
-

polymorphism, SNP)& A3l DNA ®EA|QIAE 7fE3slar, o] & o]&3ste] a7 A

o] =gt sAHE AE E3sE FAFo =t S A= wHA #gk Aol

7} 2 E] = o] = (carotenoid) = C40 ©]AZ @ =o]= 3= (isoprenoid compounds)S 7FAl &

7| EAZA, T2 FRAE AEAA FAEHE FAA A S e HYlod lor

A& A= = (chloroplast) ¢ &2 A (chromoplast) Wl A A wo] zpal g 59
3

A7 3 22 AATIEe B 24 S FodH JtRE o= TR B
7F=2®” (B-carotene; 9+, A4, SEZF, @2 o T3 ML), 2ol A (lycopene, Erk
B, FHE 5o A A jj—iﬂ‘?l(fucoxanthm =7 Fa4A = AA ML) FH <
(lutein: =%, A=A, Ald 59 4 A4) Fo] Q. o]F B-7F=®l(B-carotene)> <A
ol et Aol A 2 A 9 Q@% st AbshEA] B el Fafjaba AARE, SHAIE
S B oEeE oA &g Aste] 3] A

o8 &elA Ut ole JtEH= 2

7hstar glom ) ofo] wep Al FHE, A4t L AR Fo
Hom F7bsta v AAolth 1y HAF AFEF
a2 Aol w9 Eol FEIF EA Y o
o] A5 JNAZE &3] A= Hde] o

o)
3+ 4} 3% A (molecular marker) 7J&S o] &
A
0

o
it

rlr a2 .
vl
oX,
rO
of
ofrt
ftlo
2
05
ol
ol
r 1r
fo
or
ftlo
N
N
2

2 o2 o 1 ooy

~ -@ r>~
o
ol
r‘l_' ol
o
e T
o
ofN }Z
SN
N -1
= X
and _1},),

>
)

2

lo i
e
-
B
o "

ol
©
Lo

2w

Hogu oy 1

0 2
N
N
rlr
4
=
ftlo
-+
£
lo
sl
fr

o =
2

D

f
-l
4

o N
it
Lo
o
i)
o,
i
Fo
ot
>
ol

olo] B W= PSYl AR 9% gdd
S Jtslar, olE o]&3ste] FHAF AS AHmsuAdd o]27]

g AS zh= BAFE Al 9 fdAse WS st wgd Ay
] o)

)

Y
9
)
(e
ol
el
k
LR
T ot p
ol
ol
o X, O

ol

Bk o] ’5}44 228 PSYl(phytoene synthase 1)o 9 x]3F w2 7]t}a( 4
Aoto] st DNA ZAJAE AFshe Aola, o sy HHLE A7) WHoly
PSYI(phytoene synthase 1) DNA XX|1ALE o] &3slo] IajFel o] w=ghaels Hd
st A& x3ete FARFE =& B AAGgUWHS AFst= Aot
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0.102

0.099

0.096

0.093

dF/dT

5 0.090

0.087

0.084

0.081

56.00 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00 69.00
Temperature

— BUCY7, BUC4S
—— BUCI6, KNT2, BUCI8, KNR3, BUC47, BUC4S, BUC30, KNG2, BUC38, KNBI, KNP, BUC46

a9 161 27] e AL e EvtE A% U PSY 43R HA97IEHSNDE ol%
alo] HRM £41% 2%
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(2) 53 A& : 3 g HE DNAY IGS H9& ol &3 duRE T4 ¢ AAYY

e %]:HH-ir Z1E DNAS IGS H91& ol &3 duds T4 &% A4dgd #
st Ao B} AAMEAlE et dulFo IGS F-$ol tiste] @4 S UEd & Zeol
W AEE o] &ste] s duFFFLD) T2 IGS 95 THFAIA FulF Aoz (FD
FEol £F AS W As x3e dlF ddFFFED TAY =55 A4 W
Holl 3k 7l o]

AA Fre T FiFE OiFE FH wuE Fste] AitE doiFEFD) FEEClt
A7 dFET([FD) FFoNA Ak T2 o] tiefr = G wuje] dyoi S oy
(heterozygosity) S AAstL I ALE TZ2(%)2A FASE o271 AS AASFo o gt}
T el EFFO AL g B o3 xFHAS T o]FoiA =, o=
A E A 1ol wWol AgE By ofyey YuiFE Fgete] A FHA 58S
H 37| 7k 2] deeh Algbo] A8 W 7] wiide] AmAdoe] "ol HAFAY] FHAQl I
of &atr] Mol ==HAY Aol "ol AFE =+ F vk A Uk

TR &2 458 ¥ X% RNA 4 AH(nuclear ribosomal DNA, nrDNA)+= 18S, 5.8S
2 255/265/285 st A FeEsHek 7 fAA Abolo] A or wWolrp @
ITS1(internal transcribed spacer 1) % ITS2(internal transcribed spacer 2)& X313} 3+
W] 455 A|ZEE w@9jE AN 7Y 455 A|REE @9 ugdet A7]9
IGS(intergenic spacers)= ol A FHu]<d(tandem repeat)= ©|FiL St o] ITS

J=

$9 G71G e Fspecies) Fol4 BHS 2 JOBE F FFOY F olF BRT

ol

Zol ABe FEa7] Ael olg¥o] gk Ea 1GS ¥ A7 A nDNAS] o
B9 FolA Welsk Aske] ABSHOR e FE Tl BE AoF LhEhim, w
P71l Qo] BT FE Aol AR AR ol FolB UEh &3, F7E BR w5
F3A g8 5 Aok

ol WASE vhokgh FulFe] 455 nDNAC] EAsHE IGS 919 PANLL &

= AdAsta, o]E o] &3te] tpekdl dujF9] 45S nrDNA <]

E
A AE FF B F04 AEe FAFoA FiF dNHE
(F) 49 228 dastn gaai 948 & 93 e, ¥ 492 a4y g9
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centromere NOR
Ch. 7and §

rDNA tandem repeat units

WY 5“;
A 1GS
185 _ o
—_— —
BO_IGS_F BO IGS R
—363bp A
1.121bp B
1.717bp €
1969bp D
2036bp E
211bp  F

3,567 bp  X56978
3788 bp  X60324

a9 162. ¥ 239 ZFoln AEE o] &7 FHlF FF9 IGSY dIAH S U3 2 :

Asia seed Co. cultivars
4 22 28 32 35 38 40 43

39 163. € 2H e ZFtoln AEE o&ste FuMF FFIGS A7 AT 4
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1GS

X60324
X56978

—_—

%
i

B

A

IGS

a3 164. 87019 Rl T Fo 7
g3 23

9
& Agetel HATAE

1 2 3 4 5

F, F M||r, ¥ M||F, F M||F, F M]||F, F M

6 7 8 9 10

1: F1(1464%621), F(1464), M(621); 2: F1{8352x636), F(8352), M(636); 3: F1(225x94),
F(225), M(94); 4: F1(9051x3074), F(9051), M(9074); 5: F1(2409x858-7), F(2409),
M(858-7); 6: F1(265xNC1), F(265), M(NC1); 7: F1(337 xP15-41), F(337), M(P15-41); &:
F1(2418xCT5-51), F(2418), M(CT5-51)% 9: F1(632x755), F(632), M(755); 10:
F1(842x%621), F(842), M(621); 11: F1(3375x94), F(337S), M(94); 12: F1(IB14xDWB),
F(IB14), M(DWB); 13: F1(842x2409), F(3842), M(2409); 14: F1(496Bx2409), F(496B),
M(2409): 15: F1(9051 xPKT-41), F(9051), M(PKT-41).

a9 165. FulF 33 30 A5 (female(F) 154|%; male(M) 1541%)3 o5& wHjdt Aoz
(Fy) 15 E30) tja] 2 2o Zdlojn AEZE o] &3ld IGS RS =3 23
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(3) 538 A& : BEvtE dFFoH AJY AEE EAvA R I8 o] &F AE

2 odwe EnfE ggoly A AEE EAWA F 2FE o] &3k M Sy
Aoz Hu FAstAE EvtE dFgolyol g CF5 AT CF5 oA At 5
o] # w7t} d A (single nucleotide polymorphisms, SNPs) F9& #HE=d 4 U= =
olv] AEE /st om, A7 Zejolm MEE o]§ste] EntE dFFoly CF5 A
I Cf5 olHAS (tdsta FgstA e 4 e Ay #ek Aol

H AAAA ] e Ao R W FrtelA = ddolHel o3 JIE FHa JdoH,
ol A3ty %t WHogE TR AAl Hedd o seA WAzt de o sko
U Qe digk 54 B SHFeq ol tdk AR dalo]l Frkekal XA w4t o g
FQ7} Z7hEel| wet w75 ZFES AwstAY Qo) Wi (Cladosporium fulvum, CH A
P FAATE 29 dgBoly A EnE FFS Avistes WHE dssta .

AFBolH o AL of 100d HAFE CrAZE FdA e o&) AHdATL BuEAo

S
W, ol F ofdl ErlE DFowRE CrARA FAAE AW Exel =9 gh EnE
Anl FEol =dE Cr A3 FHA= CF2, CF4, CF5, CF6, CF9, Cf11°] A+

, CF2,

CFI9} CF11e S pimpinellifoliumo ~l, CF5E S. Ilycopersicum var. cerasiforme®5-H,
Cf4% Lycopersicon habrochaitesZ4%-8 W7 s o] dgoly A FFS SAst=d o

|53 Ut

ole] ¥ WHAEL EntE SlFFol CFf5 AP I Cf5 oA TS
2l o 7]t} & A (single nucleotide polymorphisms, SNPS) uAZ sty Y =
EntE dFFoly CFf5 AT CF5 oA Ao A Solxoz 213}y o]
4711 SNP wtAE gRlstiL, o] SNP wtA ] A7]1E HEE & de= Zekolw A
stlom, 7] Zejolw AEE o] &dte] EntE F3FolW CF5 AdAH} CFH ©l
@ata AestA BEE F dS5S gFgoEA 2 uEs s H At

a9 166. Cf5 A3 EvER) R oA ErE(S) ol 19744 SNP #&

H HEZ o]&3t9 PCREA S A7
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0.800

0.600

0.400

-drfdT

0.200

0.000 -
77.00 77.50 78.00 7850 79.00 79.50 80.00 80.50 81.00 B81.50 82.00 B82.50
Temperature

1.000

0.800

0.600

0.400

Fluorescence (RFUY

0.200

0.000

F7.00 77.50 78,00 7850 7900 7950 80.00 8050 B81.00 B1.50 B82.00 B82.50
Temperature

a9 167. C5 ARAE (R) R o|¥WA (S) EvtESY SNPuAE o/ &3 HRM &4 23
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(4) 53 AE: EvE HU/EH AYAH == oH
o]_g_@. EU}E @_7]——?—33 x—]z‘sc}xé Tr= O]Hg/‘é %%

% HAEg 2

A

2 g

o]l &

AN E v, W], 9ol W9, Eu, S gul Aok 5 300 oFe] /% 4o
A EE | 53] AJE oA AwiE = oy AEA FRLE s T v Erf
E U FHe F7HA WA Erysiphe cichoracearum 2 leveillula taurica®) 23] A
o] et} %7}3“%‘01] gt A} A (molecular marker) 72 A FF S <
of Fa3 84 F ol oW FEFH AFAL FF Atole dVIAE Aol(SNP)E ©
S, 2A#3A ] A= FF o= Fio] et BARAE NEE 4 gy B A
TN EvtE AAA 12W(chr 12)¢] QTL gl A Az EntE J7} 3
Agdol Folgitt= A& sk, QTL 99<¢ DNA 9714 48S #48 43 F
W OAEAAS Foste SNP uiA & /IEd ¢ e EntE A7 A3 9 ojyA
FE2 &olgtA #HET & AT+
Chra Chr6 Chr 12
0.0 N 0.0 r
26 rREx-1 =M= 01-4/01-6 98 crian =|.
H >
015 29.2 Y258 -
338 PS5t gr-1/0r-3
3874402 392 crize @ Ol-qti1 ol-gtl3
46.0 47.1 TG111-H
499 U 655 1
a9 168. EvIE 3A7FEW APH E2 EAY HXA
Amplified for elution PCR condition:
94°C - 5 min
94°C - 1 min
55 = 1 min F 30cycle
72°C =2 min
T72°C -5 min

3000bp—>

au
’ﬁ
Q
=

a9 169. Ol-qtl2 FGolA F=
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Colony PCR

Oi-qu2-CT100 R-line S-line
(3820p) L L T T T T T T T - e an

a9 170. Ol-qtl2 ¥ glA 5F A PCRAEY cloning #7449 PCRA=

23 171 AZE R) ASH ol¥A (S) ATNA &AW SNPE o] &3] HRMEA
g A7 AFAH R) ATH oIBA (S) ATS F43 FEFT F & SNP
iAE HEF
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(5) 3 AT : FhF AS2H AYY ¥ HAS EA}E Zeholn] AE % o]
g AP FAF FF Hd B

Fusarium oxysporum f. sp. conglutinans®] 9 & A= AESH S okujFe A=
Jol & J3iE Fa Utk AlEs8el e 3o AadS A B (type) ;qf‘“q?)r B
EF)(type) el A&Ado] d#A de=d, A B Add >
S YEdlE 9 94 F31E& s dhdel, B By A3
NA = ARAS Ydely 1 ol e moM = AdAS YelA £t =S AlE

HAS Ho] A8 glo] il - Qo= A EFY A dulF FF o] Ady o
= =
(e

N

rlo
o r}o
kT
o r
1o
rlo ot

&

25

Kol
=

o 3 oX

AbgE 012 gkh(Blank, 1937; Walker, 1930). ¥ oA = w3 A

3oged EES BUE 5 9 AR BANAS WSl g8 aTsa 3 g
AESY AZA FAAL FocBolsl @7199% B4stel NEeH AFY FE0 454
EFFNA Solgow Austso] etz A2 IDel vAE 18w, 47] IDel w7
g A% & Yt Zepold AES AUsArh ATE Tty AEE o] g3l FujE
ANESY AZY FFE gusa: AR 48T 5 9 Fastge

0,100 —— —,1'—

0.095

EE-.':I'SIE-

i 0.085

60.00 52,00 &4.00 66,00 B8, 0 T0.00 Fr i)
Temperatire

a9 172, ‘A’ adding 2 °]&3 HRME4] ZA3

o5 & &
o @v&@”@&?@ o ‘,;.@@@
[op] [bp]
B0 e e
500
400
300 — —
g
“ 250
£
200
150
it P

75
50

25
5 it i it . i e . s et s, S st e

29 173. 10bp deletionS °] &3k QIAxcel (Qiagen) £4 A3
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10_CP 34 CP 160_CP
29 174 A% AEAR $4 94 EFA0.CP)FH AT AEAH $4 BYH E=
(34_.CP 2 160_CP)ZRE 23 424 FdR 4714M4L golngaz Az

i A=
an - an ] -

R h dalh
et o =il
ey P

ruaink bl o o
ant

o b

=
) = e -H' =™ - =
AW
e e ey
L ) Ak
l'll-ll'HJ:' 4k

i oy

~ R .L,-L b i rrae 4
T |-:‘. !Ili c sl -,I-

Faphamuai e
ik L fin
it et

pal- hik
=
e R
ol ™~ i e —

h 2 ]
sl .

Lo L ] 1L
- LT

o B e i

Bt E [ ]
[ 1
(= R 1k

s o -5
(-4

Vol PERGN

-

a9 175. AF AxAH &4 /YA FF(KJ716483.1 2 10_CP)# AF AExHA &
A BAA EF(B4.CP 2 160_CP)ZRE 2 =4 329 d71449
Apol & AEste] ¥t 1Y
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*+ * FEPEe 00400 S04 000 bbb * & b dbbabbE bt

- ]
ettt it ittt U T T bl il LW

i it —— - -
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- . -----II..----.-....---..-
- -

*2 K20 HEE2YEYE ES® LIEHY

39 176. A% AZAY $4 AU EF 20%FF AT AEAE $4 294 EF 40
Fozye 2 924 #2428 PCRENT 43
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(7) 53 AE : 33 A4 Yehle ErtES FAAE dd & EA0A R o] &
€% 33 J4S YEs EFE AUy

of

2 BVl E(Solanum [ycopersicum) @t 22 A F2] An|o A A& AH] =} AlA

Qo)) o] 3 ML 2 E| o] =(carotenoid) ¢} =K o] =(flavonoid) 3 #&
5 Ao o) AA L. SIMYBI2E EvlEd AN ZgH o= AIAS ZHIE=
A=A P EvlE AZd A wdo] A At <A glth(Ballester et al., 2010).
AR A= ZA B B4 9 VIGS(virus-induced gene silencing) 23 SIMYB12
= 9AA 19 (chromosome 1)¢] y A& (locus)ell EAst™, B2 #AE& st
T Q3 93-S sty PaA EvlEE SIMYBI2 el A 1HAA AR
=025 H -4865bp)el 603bp @71 AT 2Al AE FAHoA F e H &
o](nonsense mutation; ¥7] X% C>T % 1bp &Y TG>TAG)7} ¥} SIMYBI29
AF o odAlel G HRTE o2 FAIAE(stop codon)o] ESQIEHoO] mIe] AW
(naringenin chalcone)?] #2%& ZHAA|A 3"4F4E}(Lm et al., 2014). L&} AA H=
AME 7HA= RE EntEZE A9 28 SIMYBI12 FdA A A7 999 603bp &7
& 2 2HA dE GelA F ol A EdWolE YEE Aol ol RE Fa A
UEtdl = EvtEE g8stA ddstr]= olgth ] o & AFddAe= A FAS THA
RE EvEE AET F e A2 BAAE Adstr] &) dqtstd 5 2 A
7= ErtEe SIMYBI12 A AtlA YEY = "Hi% Holdds AR, =L
Holdds A= F v BAAE HEesi. o] EAmFE ol &ste] EwES
SIMYBI2 f+dAds ddgdoezA Fa AAs dehlls BE EvtES tdsta A stst

A AME 2 9lolt).

> T b

2o X
r'O

_>,i

fr do /2 o o

=

10
r2 o2

Mo rir e Y & o =X R OJQ

1

m\U

rﬂ
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. ‘-)Sﬂkbp
Normal -,{.y 'i_* e *_j ,‘;"—-
aFl = aR5 ;¢ aRo
aF1™  <aR6
603 bp = e
deletion —
347 bp
B M 1 2 3 4 5 & 7 8 9 10

: +— 950
et et o S — — o Y

T e e e e e B — L — 347

M 11 12 13 14 15 16 17 I8 19 20

29 177. sIMYBI12 F 329 promoter & 94l A 603bp deletionS &<¢1&. A. 603bp
deletion$] X]. B. 603bp deletions ©¢] &3 DNA A7|9 %5 A3

A
Pink Red
B
4,865 bp ATG B on
TG C [4]
603 bp deletion TAG 1 1
Red Absent TG o i
Pink Present TAG 1 J

a9 178 3as} d=Ze BEvlEY 3P JIANL sIMYBI2 A9 AEAR],
A. 339 g EvtEY ¥HF. B. sIMYB12 3RS EdHo] 93
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0.100

D.0%0

0.080

dF /dT

" 0070
0.050

0.050
54.00

—_ G/G

56.00 58.00

60.00 £2.00

Temperature

— G

64.00 66.00

TIT

29 179. AEA &9 sIMYBI2 §4x4e) Sddo] $1XE o] &3 HRM &4 2%

¥ 29. ¥dPo] P 20719 F2 lined sIMYBI2 S+AA4e] Eddel 9% (4

positions) & &<l g

Genotype
d ?Of bp. ond 2nd exon 2nd intron
Accession Phenotype eetion 1 . ,n. exo.n Cc>D G>D
the upstream | ‘A’ insertion leotid leotid
region (TGSTAG) nucleotide nucleotide
(~4.865 bp) change change
1 Pink H -/- C T/G
2 Pink H -/- C T/G
3 Pink H —/- C T/G
4 Pink D —/- C G
5 Pink H —/- C T/G
6 Pink H -/- C T/G
7 Pink H -/- C T/G
8 Pink H -/- C T/G
9 Pink N -/- C T
10 Pink H -/- C T/G
11 Pink D —/- C G
12 Pink H —/- C T/G
13 Pink D -/- C G
14 Pink N -/~ C T
15 Pink H -/- C T/G
16 Pink H -/- C T/G
17 Pink N -/- C T
18 Pink H -/- C T/G
19 Pink H —/- C T/G
20 Pink D —/- C G

N: normal, H: heterozygote, D: deletion, -/-: No insertion
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(8 58 AZ : wd FAL Bt EvtE BEE EAHA L o8 ol T
A YERE ErbE AEiy

FS.‘i

EntEo] HAE F==2 carotenoide] Aol <& #g-Huk 53], PSYI FHA 7Y

4238 carotenoid A4 o AAE 3 HgAe] w@ML e Agle] Wk B A
T mriEe] oY AEE olgdke] PSYI HAAY] Wk fln o Fuxel By
[e]

L AAolHA =7 RS UEe ErvEE AT £ e EAVAE dEsh
PSYI +737ke] CDS f@7IMdo] Aol HdA®E Aol xrt =4S vhebdl KNYHZ,
BUBNR 7Al&2 7MEE, F5FHEZNEH E¢del Ab&stslen PSYZS] mutation® =
Qd] =gk PAS Yeld BUC4AT (58 &¢Y M35 10-2014-0175276) A& H&5EHZHE
ool ALt th KNYH2 2 BUBNR¥ BUCA79] wwj A5 <) Flol|A =@ s g9l
ﬂ_o—ﬂﬂ olzst Ay+= KNYH2¢9 BUBNR<S PSY7 mutation¥} #-2 allele typeili =
T At KNYH2¢ BUBNR 7§ Sol A<l EAwAE /ety & PSYI #+7d2
Ao dg4s AESAT. AEd dn, BUCATS KNR3 (274 3}8&4)= PSYT F2#
9] start codono. ZHE -2,005 ¥X7F ‘G, -2573 A7} 'T’, KNYH29} BUBNR-2 -2,005
A A7F ‘G, 2573 YA 7 'C’, TCR$ Heinzl706 (reference sequence)S -2,005 9% 7}F
‘A, -2573 YA 7F C' A PSY]QJ start codon® ZH-E -2573 Y2 -2,005 A& &4
3l st7] #18 vt F9rtele, HEEH, VMU H, EvfEAAE AT A FolA
A2 MES AFHSA BUC474 mutation ¢ X ¢F -2573 E -2,005 YAE H=ES 2
7 A/C, G/T pairg 7FA 3L A+ Aol #Fo] =ghxo] oty om, C/G pairg 7HA
I e A B5Ho] Aol ]ltt oY gt A¥= o] F AT} EnfEA w=ghis

-1 pua
Ne AT S U= FET BAMAYS TR

m°*' g& rn:

ru er

H

F 30. -257391 A ¢ -2005A A M 24 AFES] E7] R EVIE #54

Line Name PoY mll tation 273 ~%005 Flesh fruit color
Cl& 5354 92D position | position
BUC47 Mutation G T Yellow
KNR3 Normal G T Red
KNYHZ Normal G C Yellow
BUBNR Normal G C Yellow
TCR Normal A C Red
Heinz1706 Normal A C -
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0100
0,020

E 0.080
P0LOR0
0060
0.050

56,00 58,00 60,00 62.00 64,00 66,00 68.00 70.00
Temperature

Normal Mutation
29 180. PSYI mutation SNPE ©]&3 HRM &4 4=

0,120
0.110
= 0.100
0,090

0. 080

0,070

54,06 56, 00 58.00 60.00 &2.00 4,00
Temperature

G — AG
a9 181. 218 A &E 9] -2,573 position®l A ¢ SNPE ©]& 3% HRM #4423

_A_

0180
0160
=
4 0.140
0120
0.100
60,00 61.00 62,00 63.00 6400 65.00 66.00 67,00 68.00
T rrigar atune

a9 182. 218 MEZ9] -2,005 positiono| A ¢] SNPE o] &3 HRM &4 23

- 210 -



¥ 31. 218709 EnE AEFH EF

of We vhA B4 A% 8 #44

e SRR FoYmutation | -2,573 | =2,005 ot
(71EE3EYYA) | position | position
color
1 F9-ulo] Q-1 Nomal G C Yellow
2 F9ulol -2 Nomal G C Yellow
3 &-9-vlo] 9-3 Nomal G C Yellow
4 FEdH-1 Nomal G C Yellow
5 TEEHE-2 Nomal G C Yellow
6 FEEH-3 Nomal G C Yellow
7 FEEH-4 Mutation G T Yellow
8 FE5EH-5 Mutation G T Yellow
9 F5EH-6 Mutation G T Yellow
10 FEETE-T Mutation G T Yellow
11 F5EH-8 Mutation G T Yellow
12 TE5EE-9 Mutation G T Yellow
13 7MgEE-1 Nomal AG CT Red
14 7hEE-2 Nomal G CT Red
15 7hEE-3 Nomal A C Red
16 7hEE -4 Nomal G C Yellow
17 7hEHE -5 Nomal G C Yellow
18 7MEH-6 Nomal A C Red
19 7MER-7 Nomal G T Red
20 7 EH-8 Nomal G T Red
21 7PEE-9 Nomal A C Red
22 7PEE-10 Nomal A C Red
23 7hEE-11 Nomal A C Red
24 7hEE-12 Nomal G T Red
25 7hEE-13 Nomal A C Red
26 7hEHE-14 Nomal A C Red
27 7hEHE-15 Nomal A C Red
28 7hEH-16 Nomal G T Red
29 7Pt E-17 Nomal G T Red
30 7S H - Nomal G T Red
31 7PEHE-19 Nomal G T Red
32 7hEE-20 Nomal A C Red
33 7P Nomal A C Red
34 7S - Nomal A C Red
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35 7MHEE-2 Nomal A C Red
36 7hEH-24 Nomal G T Red
37 7 E-25 Nomal G T Red
38 7 E-26 Nomal G C Yellow
39 7hEH-27 Nomal A C Red
40 7S H-28 Nomal G T Red
41 7hEHE-29 Nomal A C Red
42 7HEE-30 Nomal A C Red
43 7htEH-31 Nomal A C Red
44 7h g E -3 Nomal A C Red
45 7MEH-33 Nomal A C Red
46 7hEH-34 Nomal G T Red
47 7hE - Nomal A C Red
48 7hEE-3 Nomal A C Red
49 7S H-3 Nomal G T Red
50 7hEE -3 Nomal A C Red
51 7htE Nomal G T Red
52 7hEHE -4 Nomal G C Yellow
53 7HE Nomal G C Yellow
54 EnfEAY AT -1 Nomal A C Red
55 EnfEAE AT -2 Nomal A C Red
56 EvfEAE S TAT 43 Nomal A C Red
57 EvtEAYITAT A4 Nomal A C Red
58 EnfEAYE AT -5 Nomal A C Red
59 EvtEAYITAT -6 Nomal A C Red
60 EnfEAE AT LT Nomal A C Red
61 EvtEAY-ETAT4-8 Nomal A C Red
62 EnEAEFTAT -9 Nomal A C Red
63 EvtEAE AT 2-10 Nomal A C Red
64 EvEXEFEATAL-11 Nomal A C Red
65 EntEAYFTATA-12 Nomal A C Red
66 EvERE AT A2-13 Nomal A C Red
67 EvtEAY AT A-14 Nomal A C Red
68 EvEAEFTAT2-15 Nomal A C Red
69 EvERE AT 4-16 Nomal A C Red
70 EnEEF AT 2-17 Nomal A C Red
71 EvtERE AT 2-18 Nomal A C Red
72 EvtEAE AT A-19 Nomal A C Red

- 212 -




S|lo|”g| 9| |||l O OOl lT|lo|lo| O |O|lo|lolololo|lo|O|lo|lo|lolTlT|lo|lT|lO|lo|lT|lT|lT
o/l o] O] O O] OO OOl OO O|V|V|OV|O|]O|]O|V|]VIVIOI OOV O|O| O
N7 NNl c 7R Na R Ne RN R Na 7R Ne R Nl Nah Ne R Nal Na 7l Ne R Novl Na vl Ne sl ol Novl No R e vl Nowl Na7l ol Nawl Navl No i Nawl Na 7l ool Nowl Na 7l ool ozl Na7l ool Nowl Na'd
GO OIIGH G IO IOIIGICRIORIOIICICIIONIONICR IO IONIGNICHICRIOIION IO IO ICNICRIONIONICHICRIORIOIICHICRIONIONIOREO)
SOl RSOl RS ol ISl RS ol ISl S ol IS oll GO R IES ol IS ol RS ol I o RS ol RS ol RS ol IS o RS ol IS ol IS ol IR ol IS ol IS ol IS ol RS ol IS ol IS ol IS ol RS ol S ol ISl S ol IS ol RS eN M G R R G N ISl IS o IS ol ¢
G IR RG AR R RG A R A RG A A RG A E A RG A A RG A R R R R R ARG R R A G R R A G R R A G R R A R R R A R A R A R A R A R A R A A A R A R ARG A R R R
E E|E|E E E|IE|/E E E|IE|IE|E|IE|E|E|lE|E|E|E|E|E E E E|E E| E| E|E|E|E|EE E E B EI8¢8&
ol ol NoNINoN ol NoN ol ol NoN ol Nol INoN ool NoN ol ol NoN ol ol NoN ol ol ol ol ol NoN ol o NoN NoN ol ol ol ol ol ol NoR NoN N
ZNZNZNZ |2 Z 2NN Z 2L L2 222N 22N LN L2222 22N 22|22 2| 2222 &2 222
O 4| N M| H || O| |0 OOV N NI FHF I O~ N M| FIOIO |- | O A N M| F|ILO|]O|D-]0 | D
N R e B e e ot St S i i i i it i st i i i it i il A i i i
SR R R I I I I I I I R R R R I R R R R R R R R R R R R I I I R I I I R I R R S G|
IR iR R iR il R i i R Db b i D R i D D Rt D D i Rt Dt D R ol B
338|855 |8 8|88 |8 8B % B BB BB B BB BB 8|88 BY BB BB B BB BB B B B B
T | % | T | or | %o | Wl | or | Tor | T | o | Tor | T | o | For | For | T | o | Tor | T | ol | For | Mol | ol | For | FoT | or | o | Tor | ol | ol | For | %ol | o | for | %ol | T | T | ToT | T | T
Mo | Mo | Mo | Mo | Mo | Ho | Ho | Ho | o | o | Ho | Mo | Ho | Ho | Ho | FHo | Ho | Ho | o | o |Ho |Ho |Ho | Ho | Ho | Ho |Ho |Ho |Ho | Mo | Mo | Mo | Ho | Mo | Ho | Ho | FHo | Ho | Ho | Ho
‘B | HO | B | R | HO | B | E° | HO | He | B° | HO | H° | B° | 'EO | H° | B° | HC | H° |B° | 'E° | HC | B° | E° | E° | H° | E° | HC | EC° |'E° | HC | H° |E°|HO | HC | E° | HO | HC | E° | E° | B°
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RN RO RONRON RO RO RO RN RONRONRONRON RO RO RO RO RN RO | RO RO
L N TE, BT T T S T O T T B s 1 R U T 1 T R T R 1 1 I 1 S 1 T R 1 T R T R T T T R T T T T R
i i e R G e i e e e i e I e R e i e e e e e e I e e e iR e
U1 ST R TE, R 1 T v 1 T T T T 1T 1 T O T 1 U 1 1 T B 1 1 T S 1 R 1 R D S T R T R i T R T, I T R S T I

O NN NI || O |- | O | A
IS R N e b R e I I I IR E I R S R = = = = ===

- 213 -



ddddddddddddddddddddddddddddwddddddddddd
oI OO OIO|O|IO|IOIO|]V|IO|IV|O|IV|IOIV|I|IV|IO|VI|IVIVIVI VIOV O
RRRRRRRRRRRRRRRRRRRRRRRRRRRR%RRRRRRRRRRR
CCCCCCCCCCCCCCCCCCCTTTTTTTTTCWTTTCCCTTCC
||| < ||| ||| << <0< || OC|OICOIColoo|lu|clu|c|lu||ldiC| OO |C|<
G IR RG AR R RG A R A RG A A RG A E A RG A A RG A R R R R R ARG R R A G R R A G R R A G R R A R R R A R A R A R A R A R A R A A A R A R ARG A R R R
E E|E|E E E|IE|/E E E|IE|IE|E|IE|E|E|lE|E|E|E|E|E E E E|E E| E| E|E|E|E|EE E E B EI8¢8&
ol ol NoNINoN ol NoN ol ol NoN ol Nol INoN ool NoN ol ol NoN ol ol NoN ol ol ol ol ol NoN ol o NoN NoN ol ol ol ol ol ol NoR NoN N
ZNZNZNZ |2 Z 2NN Z 2L L2 222N 22N LN L2222 22N 22|22 2| 2222 &2 222
O 4| N M| FH || O| |0 OO | O]V N NI FHF || O~ OO N M| FIOIO ||| O A N  MN|F|ILO|]O|D~-]00 | D
AR A AR A A R R R R R R R R e i e N i i e e i A A R R A R A R N R
SR R R I I I I I I I R R R R I R R R R R R R R R R R R I I I R I I I R I R R S G|
IR iR R iR il R i i R Db b i D R i D D Rt D D i Rt Dt D R ol B
338|855 |8 8|88 |8 8B % B BB BB B BB BB 8|88 BY BB BB B BB BB B B B B
T | % | T | or | %o | Wl | or | Tor | T | o | Tor | T | o | For | For | T | o | Tor | T | ol | For | Mol | ol | For | FoT | or | o | Tor | ol | ol | For | %ol | o | for | %ol | T | T | ToT | T | T
Mo | Mo | Mo | Mo | Mo | Ho | Ho | Ho | o | o | Ho | Mo | Ho | Ho | Ho | FHo | Ho | Ho | o | o |Ho |Ho |Ho | Ho | Ho | Ho |Ho |Ho |Ho | Mo | Mo | Mo | Ho | Mo | Ho | Ho | FHo | Ho | Ho | Ho
‘HO | BO | o | o | Ho | EO | 'HO | HO | EO | EC | Be | BO | o | Eo | 'HO | EO | EO | EO | Ee | Ee | o | o | Ho | o | HO | HO | EC | Be | Ho | Ho | Ho | Eo | HO | HO | EO | EO | EC | Ee | Eo | e
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RN RO RONRON RO RO RO RN RONRONRONRON RO RO RO RO RN RO | RO RO
L N TE, BT T T S T O T T B s 1 R U T 1 T R T R 1 1 I 1 S 1 T R 1 T R T R T T T R T T T T R
i i e R G e i e e e i e I e R e i e e e e e e I e e e iR e
U1 ST R TE, R 1 T v 1 T T T T 1T 1 T O T 1 U 1 1 T B 1 1 T S 1 R 1 R D S T R T R i T R T, I T R S T I
N FIO | O 0 || O N M  FH LD O~ MO AN M FHF IO O|I-|0H| OV N M| FH IO |0 MO |+ | A
= A~ | H A AN AN AN AN NN N NN ANOmO MmO ool oojoofoof o0 I I FIFH | I F I FH | H|<F|LO|JLWO|LWO
—~ - """ || ] ]| ] ] ] A ] A || A | A ] A A | A | A A | A | A A | A | A || ||

- 214 -



dddddddwddddddddddddddddddddddddddddded
OO IO VIO VO|=|OO]OLOIO|]V|IO||O|IV|IOIV|I|IV||IO|V|I|]VVIO|IV|OIVIOIV|VIO|VIVV|IVVI=|IO|OQO
RRRRRRR%RRRRRRRRRRRRRRRRRRRRRRRRRRRR%RRR
= = = == =
CCCCCTCCTTCCCCTCTTCTTTTCCCTTTTTTTCCTCCCC
<|<|<|2 |2 |o|v|ov|o|o|d<|<|<|o|@|o|o|<|o|o|v|o|<|o|o|v|o|lo|v|o|o|v|<|@ oo <<«
G IR RG AR R RG A R A RG A A RG A E A RG A A RG A R R R R R ARG R R A G R R A G R R A G R R A R R R A R A R A R A R A R A R A A A R A R ARG A R R R
E E|E|E E E|IE|/E E E|IE|IE|E|IE|E|E|lE|E|E|E|E|E E E E|E E| E| E|E|E|E|EE E E B EI8¢8&
ol ol NoNINoN ol NoN ol ol NoN ol Nol INoN ool NoN ol ol NoN ol ol NoN ol ol ol ol ol NoN ol o NoN NoN ol ol ol ol ol ol NoR NoN N
ZNZNZNZ |2 Z 2NN Z 2L L2 222N 22N LN L2222 22N 22|22 2| 2222 &2 222
Ol 41 N M| H | O|I-|0D| DD O| | N MN| F|IO| O[]0 OO | O 4 N M| FH O O|I-|O0O MO A N M| F|LO|O|D~-]00 |
OOl ool o4 A || ||| ||| 4/ 03/ N NN NN NN N NN O"mOWlmlom ool ool xm | m | ™M
R R R R R o T o o o A o o e A A A A AT A A R A B A A A A A A R A A A A A N A
R G R I I I I R I I I R R R R I I R R R R Il R I R R R R I R I R R I I I I N R S G|
i il il i i D it D et Dt it Bt Do i Dt Fiat it Bl D ot it Rt Bl D Rl D ol it il D ol R Bl D
338|855 |5 8|3 |3 |8 |8 5|5 55|58 |8 85|88 B8B83 BB BB BB BB BB BB B B
Tor | % | T | or | %o | Rl | or | Tor | or | o | For | ol | o | For | Tor | Wor | o | Mol | T | ol | For | Fol | ol | For | Tor | or | ol | Tor | T | o | For | %ol | ol | for | %ol | T | T | ToT | T | ol
Mo | FHo | Fo | Ho | Fo | Ho | Fo | Ho | Fo | Fo | Ho | Mo | Ho | Ho | Ho | Ho | Fo | Ho |Fo | o |FHo |Ho |Ho |Ho |Ho |FHo |[Ho |Ho |FHo |FHo | FHo | Fo | Ho | Ho | Ho | Fo | Fo | Fo | Ho | Ho
B | BO | BO | O | O | 'E° | 'HO | 'HO | B | B° | BC | HC | EC | E° |'HC | EO | E° | BC | EC | HC | BC | HO | O | EC | HO | HO | BC | HC | HC | e | E° | EC | E° | EHC | E° | E° | EC | e | E° | B
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RN RO RONRON RO RO RO RONRONRONRONRON RO RO RN RN RN RO | RO RO
i1 SN R TE, R S T s 1 T T D T T R 1 T T 1 T R 1 I T i T 1 R S R 1 R R T T R T T I R T I
culicuieul Reull Ecul el Reull Beul Reull Reewll Rewl Rewl el Rewll el el Reull Bl el Reewll Aeull Rl el Reull el el Reull Rl el Reewll Bl Rl el Re=ul e ul Bl Reeull Rl Rl ey
UL ST R TE, R 1 1T i 1 T T T T 1T 1 T O T 1T R U 1 1 T R T 1 1 T S 1 R 1 R D S T R T R i T T I T R S T, I
N F IO O | O/ AN M FHF O O|I-|0O| MO AN M FHF I O] | O/ N M| FH IO |0 MO |+ | AN
DI I || O O O O O O OO O O©O|b~- |~ |D~|D~|D~|D~|~|D~- |00 |O|O|LO|V|O|L|O|IDHY|OY|O
—~ - """ || ] ]| ] ] ] A ] A || A | A ] A A | A | A A | A | A A | A | A || ||

- 215 -



| | "l | 9| O | 9|9 ||| ||| Ol |O|©|O|O0O ||| OTO|T|T| T
ol o || O] OO O] O] OO OOl OIO|IOD|IOIOD|IODIODIODI OOl O] O
AN N e R e N N R e R el el o e R e el ol o R e~ el Mol ol e~ R e =l WMol Ha i e~ RN
oloju|ju|u|julolululFlololGlolGlojo|o|o|e|Glo|5lelolo
< ||| ||| D] | B« | D << |« ]o|E < Do« «
IR AR R G R R ARG ARG R R R R AR A R AR AR R R A G R G A R A S A R AR AR R A R R
E E|IE|E| EIE|E|E|E E|E|E|E E|EIE|IE E|ElE|lE|EE8l€E|€&g|E
ool oNNoN ol ol ol ol ol NoNNoR ol ol ol ool NoNINoN ool NoN ol NoN ol NoN Ne!
ZNZNZNZN 2N 2N ZNZN 2 Z 2N 2N 2N Z N2 2N Z N2 2|2\ 22| 2| 2| 2| 2
O 4| N M| H| IO O |0 OO V| N N |FHF I | O|I-|0O|DH|O| | N M| < | Lo
Bl I s B B s B B Bl - B Bt B Ol Bl B Bt Bt Bl Bl I el Bl R B
[ N Y N I Y S I Y Y Y N Y O O O O e |
RS R I I I I I I R I R I C I C I I G I C I C I S I R I G I C R I R I C B I C I I C G
|1 | 1 (T || o |1 || e | | T e || e | | e | | e | | |
e I P PR I o e e S e 8 P e e P S I R e P S e P e S s S P s R B R S
T | %l | T | or | Tor | Wl | or | ToT | T | o | Tor | T | o | Tor | %oT | T | ol | Tor | Rl | ol | Tl | BT | o | Tor | T | ol
Mo | Mo | Ho | Ho | Mo | Ho | Ho |Ho | MHo|Ho|Ho|Mo|Mo|Ho|Ho|MHo|Ho|Ho|MHo| MHo|Ho|Ho|HMo HMol|Ho|Ho
‘._W—_.O \.mO \.mO \mo ‘._mO \.mo JWO \.mO ‘.mO ,.mO \mo ‘._W__.O mo ‘.mo ‘.mO ,._mO \mo ‘mo \.mo ‘._W—_.O \mO ‘mO ‘.mo \mo ‘._W__.O \.mo
RO| RO RO NRO|RO|RO|RO RO NRO|RO|RO| RONRO NRO|RO|RO|RONRONRONRO|RO|RO|RONRO|RO| =P
e N e B T T S T N e T I Y, I L B T N R R T R N s R I I S T R N R T
aicul eull Reeul Reul eul Reeul R ul el Rl eull Rl B ul el Reeul Rl el Reeul R ul el Beeul R ull Rl Bl el e
L I s O 1 R S T I v R T I Y, R 1 L B T N R T R s R 1 R I S T R N R T
NI IF| IO | O~ OOl N N  F|I 0| OO0 OO NN M|<H|LO|O|D~-]|00
D YOO OO Oy Oy O|lO| OOl O|CO1O O A | H|lH | H | A | H | H |~ |
Lo IR I B e N I e B B B RN B aN B EaN R EaNREaN R EaV R Ea\ oV RN B EaN B EaNERaN R NaN R EaN R EaN REaN BEaN REaNREaN|

- 216 -



©
A
ko)
2
I
m
h=)
m
o
ot
(U
i
=
Jo
2
N
of!t
o
<)
R
ol
N
do
e
M
N
R}
N
we,
9

£ o83l EnfEY Jange AEdE= WY

2 g Fa s Heds EvfEY FAAY BEE FA0A 9 o] & o] &3
B S Uedls EvfE A W] w3 Aow HU FAHOREE EREY
SIMYBI12 fdx&ds a3 =
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E Al Edo] AAldv delAd Aok EI g AR A4, 29 24 H
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Pink: A(61.5°C)

no pink: G(56°C)
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= Uy e EvtEe] 25 oA gAuHe

2ZXE PSYl(phytoene synthase 1)

AAE Gz slete ofn it A Ee] Ho] of {
] s

g selste] ErtEe 2% A4S
-1

| B2 Z¢letal, SGR(stay green)
gl ¥, SIMYBI2 fx#ke] wo] o
2 = WOl w3k Aotk PSYT FHAe] A
A oA DNA wh o] 4Hql Bl AAR Q) 7so] FHH, SGR F3A A71A
< STIHA, 164734 = 167904 A717F Wol¥al, SIMBY12 Aol &5
9] 603bp F717F AAEE A EnfEe o] 2EAMAS FAHT 4= AT
SGR A2 Wol= BAE SGR w32 A71XE T 371HA 7] Aol EAI(C) 9]
(o= AZEAY 1647THA 7] otdld(A)e] HE(T)S = X3 At 1,679HA
7] ERI(T)e] Aol EANC) .2 X|gE o] o]Fojd 4 it} o, A7 AYE SG
A2 @71M D 3 3719 A 971, 1647 A d7] = L679UA 7= EvEe] A
2 wE 254 1ddS YERYE SGR 9] @A A7t (SNP)o] A Th
oo B WPAELS 25 Ao xd FHo] PSYilphytoene synthase 1) %A}
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18 186. EVLE AE9 #A; w7l (KNR3), =FA4(TCY), 24 (KNB1 ¥ BUC38) ¥
2 E2 M (KNG2 2 BUC30)
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3 /4 /,
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603 b Hmrlae
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347bo

L S
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aF1+aR6, aF1+aR5

19 188. SIMYBI2 379 47994 603bp |717F 2Hd A9 =Ze}ojr 9
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44,759 bp J
ggbﬂ
1.8 Kb / 86 Kb 3.1Kb 31.1Kb
< L ol e—ric—
(FIG)| (F) (G)
>| € = <
SL2.50ch01 N Ay > -
> € N [ S T > € >
@ N\ ® SWBRZ 7 o o
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19 189. 3 FAL JEYE EUE NW24 A% Y sIMYB12 §&AXo] i3t 2%
92 ZEolH $3

SILESSE

MYB 1 2-5f0-aF2 ( MYB12-5i0-aR2

= A

MYB12-3f3-e10F1/ MYB12-213-213R1

(B)

MYB12-3F3-e14F1 f MYB12-313-c16R1

MYB12-5f0-aF 4 [ MYB12-313-1657

MYB12-5310-3aF9 { MYB12-37T0-aR10

MYB12-5f0-aF9 / MYB12-313-212R1

1Y 190.. EvtEY 3 FALS = NW24 A% gDNAE MYBI2GAAE o) &
& PCR %3 23
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(1) 58 AE : AA4FY oA 4 g4

2o RAFe A Ay #ek Aow, ®mu s #AF CYC-B
(chromoplast-specific lycopene B-cyclase) FAAFe] T2 HE GG QX3 A7t}
A K 9 (single nucleotide polymorphisms, SNPs)o] #HA o ZRE 3x]7Fe iAol o
AA QS wlsteE As E3e JAFY LA ANS AHAGst= Yol g Aot

7} 2 E] 0] = (carotenoid) = C40 o]&Z# =o]= 3}3HE(isoprenoid compounds)S 714
F7IEREA, FE O BFA AEAA FAHHE FAoA T4 ANE YEhlE HE
Rom AZ A= dFA(chloroplast)?} &4 Al (chromoplast) Woll A A gHAd =o] 2}
el o ARH 23 2E AATIHY FFAE A4 S Fofdt JtRE =
o] F5+< B-7t2€(B-carotene; T+, U4, dEF, AR o FEA AL, o
A3 (lycopene, EvlE, 4t 5o HM M) F 317 (fucoxanthin, 8] &F9 a4
= A A4 FH ] (utein: F&, AlEA, AT 59 54 ML) Fo] k. oF B-
7} 2"l (B-carotene)2 A HMW H]E}E’l o AFARAe dae s, AsHA &
ol A ZFg o] Aot =87 A o 2 A

mgzpzémr
—

S = ;51 -% 2 .
ole] Z}RE|ol|=E FHydte AT ML AHFAH SR FILstal lom, o]
g Aol FE, MY 2 AE ol vde AFETY N A AEH R Frhstar Q)
v Aotk ey FAF AETY MidxE EFeta, 5% &AAY 44 A
o mj-§- o} FFI HHYPo] F AolE HolA FO s IR HAel A
A7y ks Asaia o] oS WA= °
F A (molecular marker) 7S o] &3 FF i 7]&9
o= EvlE 3 324 CYC-B(chromoplast specific lycopene B-cylase) =
TE = #El-7F2 ¥ (B-carotene) B+ E‘roli%l(lycopene)-J e S 2dste] Ao A

ol Zo oHbE=

P

il

g 24% 5 Yo BuHYT oo B WHASL CYC-B FHAAY] LRREd 94
& AR BIASNPOE AAGe] BT AL AsuAd oo A (e
i AEaA cAA A Hag e RAFE A 2 AAdes PHe Anend -
g9 A7, B uwe ebgas Fd.
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IXXK,

BUCI6 KNY2 BUCIS KNR3 BUC48 KNYH2

X

XXX,

BUC30 KNGZ BUC38 KNB1 BUC46

¥ 191, AAM(BUCI6 % KNY2), FHA(BUCI8 % KNR3), = (BUC4LS H=H

Relative expression (log2)

1
[38)

J—
(=)

[ee]

(@)}

~

o

o

1
=

KHYH2), 54(BUC30 ¥ KNG2), 22 (BUC38, KNB1), X4 (KNP) ¥ #HA
9 =Mo] E39 34 (BUCL)S e ENtE EZF9 4

OPSY1 nCYC-B B CRTISO

J KNR3 KNY2 KNYH2 KNBI KNG2 KNP BUCI6 BUCI8 BUC30 BUC38 BUC46 BUC48

a9 192. 27 gE AS 7R E EvkE EF o 28E A< (ripe stage, R)9IA 8¢ #Foz8

H cDNAE 343 ¥ RT-qPCR W< A&t PSYL, CYC-B R CRTISO 3R 24
= 9% 29
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0.100

-dFidT

0.095

0.090

0.085

0.080

53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00 65.00
Temperature

—— KNY2, BUCI6
—— BUC18, KNR3, BUC48, KNYH2, BUC30, KNG2, BUC38, KNB1, KNP, BUC46

-506 + 8 position

0.090
0.085
0.080
0.075
]
w 0.070
£
0.065
0.060

0.055

0.050
51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00 60.00 61.00 62.00 63.00 64.00 65.00 66.00 67.00 68.00
Temperature

— KNY2, BUCI6
—— BUCIS8, KNR3, BUC48, KNYH2, BUC30, KNG2, BUC38, KNB1, KNP, BUC46

¥ 193. Z7] 9E A& VIR E ERE EF9 CYC-B TEREHYY ddd7IdFAH(SNPs)E 9]
43 HRM 24 23
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(2) B8 A2 : AT F4 BHY

= e AT A A #Be Aow Bu At Ale JAFe AEE
HE PSYJ(phytoene synthase 1) &3¢l AN 7l F5% & Q?lé}i’, SGR1(stay
green 1) A A7IAEe] WHol oARE Flale] HA|Fo o] 2H5A A vt
A WIS At AR B B o] gk ol

FIE2E ol B8 et AAFe An7F A HAH R FUhskal glow, o] mhah ¥}
Aol e, A 2 AT %—O] e AFFTO N QA AFHoR Frleta e A
Aol 2ejv HAlFo AFEF M Bt §F 2A0 FHA fFAgel w9
Fol F57 xdgo] & _}O]% Holx ggom 53] HAfFeo] M A9 AAZE A
3 AFElA el oS wWAE I NS d F oglenmz Ao st #AEA

A

o
=2 - =
(molecular marker)E ©] &3 FF & 7= AdHo] a3 AAHo|u,
oo B W52 A [N 2E, A e b Ao gAY Aol SGRI,
PSY] A A9 ‘jrﬁ“q, = SGRI1, PSYI 4 & oj@
o1 wrslal, PSYI w23 2 SGRI +AAY] 7s %
A= Ho“?é% Nketazl =gk Ay B dyS sk A H AT
Uk O kx| F o] A2 EE PSY](phytoene synthase 1) 4 %}9]
Qlstal, SGRI(stay green 1) A @714 Ee We] AR5 &
ZEA A s g e Aol S st WHS AlFstE Aol

BUC38 KNG?2 BUC30

I9F 194. EZHA(KNR3), =&A(TCY), ZA(KNB1 2 BUC38) 2 %= (KNG2, BUC30)
S ZtE EuE AR #A
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Psy1CDSF( =) Psy1F7( =)

Psy1F4 Psy1R6(<=) Psy1R5( 4= ) Psy1RTR1 500 b
p

4"
-
I ~ L
N -
-

1 P4
v - = &
- - e -

PSY1
(Heinz 1706) - I l . . l
l Exon = |tron D UTR

Y 195, PSYI SAA ARE 7utoz A3 Zolo]n o 9 X0 3 BT

KNR3 TCY KNB1 BUC38 KNG2 BUC30

Psy1F4+Psy1R6

Psy1F4+Psy1R5

Psy1CDSF+Psy1RTR1

Psy1F7+Psy1RTR1

a9¥ 196. EvtE 724 PSY] AR Eo)FHQ FEZAE

. Exon m— |ntron BUC30
T1679C

1 l 2204

f T Zs00e.

C371T A1647T
KNB1, BUC38 KNG2

a9Y 197. Z47] & A& VA E EvE AE9 SGRI A9 SNP 93 24 =
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0.096
0.093
0.090
0.087

E 0.084

w

2 0.081
0.078
0.075
0.072

0.069

55.00 56.00 57.00

KNB1, BUC38

l

KNR3, TCY, KNG2, BUC30

58.00 59.00 60.00 61.00 62.00

Temperature

63.00 64.00 65.00 66.00 67.00 68.00

1,647 position

0.090
0.085
0.080

0.075

-dF{dT

0.070

0.065

0.060
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52.00 53.00 54.00

KNR3, TCY, KNB1, BUC38, BUC30

KNG2

55.00 56.00 57.00 58.00 59.00

Temperature

60.00 61.00 62.00 63.00 64.00 65.00 66.00

1,679 position
0.085
0.080
0.075
0.070

0.065

dFfdT

" 0.060
0.055
0.050

0.045
53.00 54.00 55.00 56.00

KNRS3, TCY, KNB1, BUC3

57.00 58.00 59.00 60.00 61.00 62.00

Temperature

63.00 64.00 65.00 66.00

67.00 68.00

69.00 70.00

a9 198. 7] & A& 7tAE EvtE AS e SGRI F+3A2 HRM 423
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(3) E3 AE : duF 27HEEEA QA Classll9) Z3a¢x AAL == A2 Hd &
Zgloln] HE % o]E 0|83 £E AA EE FHXE wd uhy

2 e okl AESRA 1A Classlle] 2%+% A
azatoln AE g al o]F o]&% YuF eI ?_X} ClassII¢] 16“/F

o= W L= Classlle] #HAdS d¥sts WRlol @3 Aoz iﬂr TA A
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5 0.800
&
¥ 0.600
(=
&
$ 0.400
<]
=
Y 0.200
DI oo i i o s e o e s
0.000
76.00 77.00 78.00 79.00 80.00
Temperature
Normalized Melting Curves
0.800
0.600 heterozygous
5
5 0.400
0.200
0.000
76.00 77.00 78.00 79.00 80.00
Temperature

Normalized Melting Peaks

29 199. g3 =7FE S Q1A Classlld 234 E AAL ZFgoly AEE ol &
o] ZZ ¥ PCR A& ¢ HRM (high resolution melting) ¥4 23

1.000

0.900
0.800
5 0.700
&
o 0.600
2 0.500
2
3 0.400
w
0.300
0.200
0100 .
0.000

81.00

81.00

homozygous

heterozygous

82.00

82.00

homozygous

83.00

83.00

84.00

84.00

75.00 75.50 76.00 76.50 77.00 77.50 78.00 78.50 79.00 79.50 80.00 80.50 81.00 81.50 82.00 8250 83.00 83.50

Temperature

0,440 Normalized Melting Curves

0,400
0.360
0.320
0.280
§0.24D
2 0.200
0.160
0.120
0.080
0.040
0.000

75.00 7550 76.00 76.50 77.00 77.50 78.00 78.50 79.00 79.50 80.00 80.50 81.00 81.50 82.00 82.50 83.00 83.50

Temperature

Normalized Melting Peaks

¥ 200. ¥l AZHES}AE QA Classlle] #HAE #EE Zgoly A|EE o &

o $Z¥ PCR A&9 HRM &4 A3
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N R 9 - - - - 1 2 | 2
EX | - | -] - | 2 - - - - - - - - - -
2014
AH L - -6 | - |11 ] 1 25 | - | - - - - - - 14
1o it A I e N A ]
A | -5 - |13 2 | 88| -] -] - - - - 6 | 2
Zx | -| -|1]1]|5 - - | - - - - - 3 -
2016
AR - - 5|2 | 1w 10| 1| -] - - - - - 3 | %
A 2| - | -] 2] 110 1 - - | - - - - - 3 -
AR - - 6] 2 4| 14 | 8| -] - - - - 1 | 7
@& (%) - 1800|200 410 | 140 | 830 | - - - - - 100 360 | 710
A2 AE ATAL BE, WE L A=
&= _ _ s R
() | ATEEAET ARATER AT & o
1t - (o)
A 1A L EolE W @ ®A9a SNP -7 Aol @ AFAT oA 7k }
SNP %9 & HRM Al=d" A&8& 93 50
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4 1 Tyl gene, Hybe probe (HRM) 13 = A
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AlE 1 (S )
30 3’ deletion, Simple PCR 22 A = -d A
31 Class I, Simple PCR 22 =~ A
S-genotype(¥ul )
32 Class II, Simple PCR 22 A - A
33 AMEAFAA =L (FI) Orf725, Simple PCR 22 A - A
34 T EDS ER (%) MS/ms (Jnurfl3), Simple PCR 221 d = - & A
35 At A (EuE) Pto gene, Hybe probe (HRM) 3AA - A
36 TR (ErE) J3 gene, Hybe probe (HRM) 32 A =3 )
37 33} W nfol v A (ETE) Hybzyplr/i?v;{ C(?{CﬁM) 32bd =-3 A
38 AEeY (EnfE) I3 gene, Hybe probe (HRM) 3=~ A
39 SAHAEI(EVE) ps gene, Hybe probe (HRM) 3 - A
. L T R
4 H;chérrfl;)c g({ggi\{) -
42 PSY1 (r) gene, PCR 3 A=~ A
43 MYBI2 (y) gene, PCR 3P =~ A
" Ha (EvhE) I{l\y/ft:{eBll)foliZ)(i?lsi) sFhd=-d4
® Hybe probe (HRMD Bhas-a
46 SGR gene, Hybe probe (HRM) 3 A=~ A
47 SGR gene, Hybe probe (HRM) A A - A
48 SGR gene, Hybe probe (HRM) 3 =3 A
49 SGR gene, Hybe probe (HRM) 3AA - A
50 =14 (EvlE) 24chip, Fluidigm EP1 3 A=A
51 AESH (EntE) 12 gene, Fluidigm EP1 3P A = -E A
52 Y (BEvtE) Lv gene, Fluidigm EPI1 3P A - A
53 . apo] Autol el A (EnHE) Tm2a gene, Fluidigm EP1 32 =-d A
54 FulEH(ErE) Bwl2 gene, Fluidigm EP1 3 A - A
55 A (ErE) Ph3 gene, Fluidigm EP1 3 A= - A
56 A7 H(ERE) 012 gene, Fluidigm EP1 3Abd E-E A
57 AR S S (BEulE) Mi-Rex gene, Fluidigm EP1 3A - A
58 SR Y (ENE) J3 gene, Fluidigm EP1 3Ahd =-3 A
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59 Al A W (vl E) Pto gene, Fluidigm EP1 3 A =& A
60 AR (ErlE) Pyl gene, Fluidigm EP1 3 =-E A
61 Ty1/3 gene, Fluidigm EP1 32 A =3 )
shel gy utol 2] 2= (EntE)
62 ty5 gene, Fluidigm EP1 3AA - A
63 344 (EvtE) SP gene, Fluidigm EP1 32bd =-& A
64 U, G(EVE) UG gene, Fluidigm EP1 3 A =3 A
65 GMS(EvE) ps gene, Fluidigm EP1 3 A =3 A
66 Yellow(Er}E) PSY1 (1) gene, Fluidigm EP1 32 A =3 )
67 Yellow(Er}E) PSY1 (2) gene, Fluidigm EP1 3AA - A
68 Yellow(EwE) PSY1 (3) gene, Fluidigm EP1 3 = -E A
69 Orange(EVE) CYC-B gene, Fluidigm EP1 32 A =3 )
70 Brown(ErIE) SGR (1) gene, Fluidigm EP1 3PA - A
71 Brown(Ev}E) SGR (2) gene, Fluidigm EP1 3xPA -3 A
72 Brown(EvE) SGR (3) gene, Fluidigm EP1 3 A =8 A
73 Pink(Ev}E) MYBI12 (1) gene, Fluidigm EP1 3APd E-E A
74 Pink(E7}HE) MYBI2 (2) gene, Fluidigm EPI 3AAE-A)
75 et () F) Hybe probe (HRM) 3AA - A
76 A ESH () 10bp deletion, Simple PCR 3 A= - A
77 TE=AA () 24chip, Fluidigm EP1 3 A=A
78 et (%) Pd, Simple PCR 3Abd = - A
79 MEAFHEED(FT) Orf725, PCR-QIAxcel 3L~ A
80 S48 B3 (F ) H“y“;é “;ngfggl) 3 -
81 SNP, Fluidigm EP1 32bd =-E A
=778 (%)
82 SSR, PCR-QIAxcel 3Abd E-E A
83 =7 (ERE) Asc gene, Simple PCR A A - A

- 248 -




- 249 -

< QT AFFE >

ny my my ny
~ ~ ~ ~
o3 T G T
3|~ | o3 IR I TR T IR AT AT AT RTEO RTEO YIS (YR (T
A AR Alz|z2 |22 2 2 22 22
= = — — = K K K K K K K K K K K
W o| T R G s i B T B o T I ST B ST N ST BN o TN N ST IR SN BN SN B S
g | F |~ e ! !
— | Bo 7o o 7o
X
o3 W G T
0 O "o " | N
Nlo o Ao Ao
o
t 63 T g T
— o M 1 o
S ‘Ql il AT A+ - -~ - _ -~ _~ _— _— _— _— _—
%o L IS B TS NG NS B S S (S B
‘_El dl o dl dl - dl — __o_| _6_| __Oﬁ Hﬁ un_l ,,._A|_| H_| .H__l Hﬁ uAu_| __Oﬁ _6_|
o) | W
0
an! ~n iy B BN T s O N
ny my my my
~ ~ ~ ~ ol
2
—~ — ~ ~ o~ L L o~ o~ L L o~ L N
~ a3 ~ ~ ~ N ol ol ol ol ol ol ol ol ol o_u
ey G Ch C) le|ls|7s |75 | 5|5 |5 5|7
ﬁd.d.d.d.d.d.d.d.d.%
F = - - - F| | W | | F|F|H|H| W H&
7o < ~ ~ o~ | X — D
< £ X X <r
= = < | X
o o o o
H
) o <t 0 © i -
& m m m m o [vze) O_L ! boyl O_\_ [vze) .HOI BB OT|
ZT (@M (@] (@] N m.O K ,A_._l K 1)_A| ﬂ/| L..M..A or
~ To e} ol _Il_ T0 .A_O ﬂ 10 ..m:._ _.__u._._ = %
3 ~ ~0 — K 0 —_— [v7e) ! 1o .
i T | X 80 Mlew | e A e °
+ o= T il
”__M B! Mwﬂc K g K g o’
ol celinill B gty W
Tor 7 B wr - "
B C)
o —
,_wl_w.*._ _ ~ - < o = — N ISp) < ¥o) © o~ co o ot =




<&k

=39 dE>

o}
ad dxd s3] o ¥2E HEZL X2H AF
. Transcriptome  Characterization and  Sequencing
1| 20140113 Plant & Animal SanDiego, ¥ | Based Identification of Cold Responsive Genes in
Genome XXII
Cabbage
Plant & Animal . Characterization of Anthocyanins Bio synthetic Genes and
2 2014.01. H . L . . .
014.01.13 Genome XXII SanDiego, 7= their Association with Cold Tolerance in Brassica
3 2014.05.28 3= of 5 3] Aeoieh 37~ | Haterosis Assodiated Genes Exploration in Brassica dleracea
4 2014.05.28 9 o] 31 3] Al A7 Development  of Co.ld Res.ponsive Microsatellite
Marker from Bulp Onion, Allium cepa
- Identification of Quantitative Trait Loci of Low Pungency in Bulb
3= 2] o] & 2eEh i A~ . g
5 2014.05.28 Sk 9 of 3} 3] FeoEh w7 Onion (Allium cepe) Based on SSR and SNP Merkers
_ . - Response of NBS encoding resistance genes linked to
e nlrl e, A5 e ‘ ‘
6 2014.07.02 s 5E 0] ehebehed, A% heat and fungal stress in Brassica oleracea
Variation of sugar accumulation and gene expression
7 2014.07.02 k=1 5% 3] ghulttE el A% | of transcription factors at different stages of Allium
cepa under long and short photo period condition
Transcriptome-wide identification and profiling of
8 2014.07.02 3=t 8-F 5} 3] ghujrtse AlF%= | novel miRNAs involved in cold stress in Brassica
oleracea
Genome-wide  identification =~ AP2/ERF  transcription
9 2014.07.02 gl J- £33 ghujt}d el AlF %= | factors and profiling of CBFs genes in abiotic stresses
in Brassica oleracea
. . = - Microsatellite marker development of onion genetic
} oL o 2 nlt] E E=, -
10 2014.07.02 St 5% 3} 3 gujrtsE AT purity test
_ s _ Identification and Characterization Heterosis
3o 8-=3) nlt} s el AFE K . .
1 2014.07.02 A el srted, A% Associated Genes in Brassica oleracea
Transcriptome analysis and protein dimerization of
12 2014.07.02 S &5t 3] gtttz AF% | newly classified Bzip transcription factors of Brassica
rapa in cold stress response
B . - Heterosis  Related  Transcriptome  Analysis in
2014.10.22 Sk of 8} 3] A A e .
13 014.10 =gl | °T 1 Brassica oleracea by RNA-seq.
Genome-wide Classification and Expression Profiling
14 2014.10.22 Bk 9] o 8} 5] T4 7w AE of Carotenoid Oxygenase Genes with Abiotic Stress
Responses in Brassica rapa and Brassica oleracea
Comparative Analysis of Sugar and Transcriptome
15 2014.10.22 Sk 9l o 81 3] A Aw A A Profiles of Two Isogenic Lines of Allium cepa under
Drought and Photoperiod Conditions
11th Conference of the Isolation and structural analysis of Xanthomonas
16 2014.09.08 European Foundation for agIF, FHE campestr;s pv. campestris resistance genes in  Brassica
Plant Pathology oleracea L.
Specific DNA Markers Selection Using Miniature
17 2015.05.20 3=t 9] of 8} 3] TEANTH, AF Inverted-Repeat  Transposable Element (MITE)
Families in Brassica Juncea
Genetic Characterization of Two Contrasting Bulb
18 2015.05.20 g9l o 8} 3] FTENEH, AF Onion Lines (Allim cepa L.) under Photoperiod and
Drought Conditions
Microsatellite Marker Based Screening and Bioassay
B o N to Select for Qualitative Resistance Against
=t ¢l of 8+ =25 A AF . . .
19 2015.05.20 Ao el © e e Leptosphaeria maculans in Cabbage (Brassica
oleracea 1.)
Identification and Expression Analysis of
20 2015.05.20 3kt 9] o 8} 3] 2233 AF | Glucosinolate Biosynthetic Genes in  Brassica
oleracea
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Genome Wide Characterization and Identification of

2 2015.0520 A= el el 52 TEAE, AT Cold-inducible GST family in Brassica oleracea
TENCIITONE SO 0 b
22| 200150521 Sympozlﬁ.m on Edible H71, W AND FREEZING STRESS CONDITION USING
raceac CONTRASTING GENOTYPES
23 2015.06.18 GharmAE A gas | dursdsry or Molgcular marker development and service of
horticultural crops
Existence of qualitative resistance against blackleg
24 2015.07.01 oh 558 3] i A disease in Brassica oleracea L. and detection of
gene-specific single nucleotide polymorphism
Expression profiling of two contrasting bulb onion
25 2015.07.01 3 35813 M5 Ak lines(A/lium cepa L.) under Photoperiod and Drought
Conditions
TIFY family genes in Chinese cabbage (Brassica
26 2015.07.01 Ela= sl W5, Bk rapa sspp. Pekinensis): A Genome-wide analysis
reveals their stress and hormone responsive patterns
De novo assembly and transcriptome analysis of
27 2015.07.01 Ela=ai el L bulb onion (Alium cepa) during cold acclimation
using contrasting genotypes
Characterization of the aquaporin family genes and
28 2015.07.01 ok 358} 3] w5 Bk stress responsive expression profiling in Brassica
rapa
Functional analysis of the BRIl receptor kinase by
29 2015.09.21 Sha B2 LAY E 5} 3] A2 A% Thr—for-ser substitution in a  regulatory
autophosphorylation site
30 2015.10.28 g29] o] 5 3] e PR B Qrange color is ass.ociated with CYC-B expression
in tomato fleshy fruit
RNA sequencing of two contrasting genotypes (B.
31 2015.10.28 ko of 5} 3] o MIARTES) o9 | oleracea var. Capitata 1.) treated with Sinigrin and
Epibranssinolide
Progressive disease development at the seedlings
32 2015.10.28 39 of 8} 3] A AM S o34 | with unknown blackleg disease resistance of
cabbage lines (Brassica oleracea L.)
33 2015.10.28 9] o 3} 5] AR ol bZIP .transcription factors in Brassica rapa and
Brassica oleracea
U 2015.10.28 B9 o] 31 3] A A, 05 Isolatiqn ‘e.md cha?acteri‘zgtion of stress induced
genes in Sinnapal lily (Lilium formolongi)
Genome wide characterization of PDI Gene Family
35 9015.10.28 &9 o 3} 5] AR, ol in Chinese gabbage V(vBrassica.r rapa %sp pekz’ner?sf.s)
and expression profiling against abiotic and biotic
stresses
Molecular modeling of myrosinase from Brassica
36 2015.10.28 3l 9] of 5} 3] AAANEE L 5= | oleracea. A structural investigation of sinigrin
interaction
Cold - inducible Glutathione S  -transferase
37 2015.10.28 Skl o 81 3] oA o5 | superfamily genes in Brassica oleracea: In silico and
expression analysis
Identification and expression profiling of TIFY
38 9015.10.28 2.9 o 3} 5] AR, of5 family genfes im{olved in stress and phytohormone
responses in Chinese cabbage (Brassica rapa ssp.
pekinensis)
39 2015.10.28 e A A, )5 .Identiﬁcation of Turnip Mo§aic Virus Resistant Gene
in Chinese Cabbage (Brassica rapa L.)
Evolutionary studies of Plasmodiophora brassicae
40 2015.10.28 Sk of 5 3] AFAAREE) Y o34 | based on variation in genomic structure in Korean
Brassica rapa germplasm
41 2015.12.04 P b st Ae Plant recep.tor kinases bind and phosphorylate
14-3-3 proteins
49 2016.01.11 Plant &Animal SanDiego, ¥ 5 Role of Aquaporin gene family towards abiotic and

Genome XXIV

biotic stress tolerance in Brassica rapa

- 251 -




Plant &Animal

Identification of new clubroot resistant locus in

43 2016.01.11 Genome XXIV SanDiego, V= chinese cabbage (Brassica rapa L.) against
Plasmodiophorabrassicaepathotypes of Korea
Plant &Animal Molecular  characterization and stress induced
44 2016.01.11 Genome XXIV SanDiego, 7] =r expression profiling of TIFY family genes in
Chinese cabbage (Brassica rapa ssp. pekinensis)
Plant &Animal Homo- and hetero—-dimerization of BrbZIP
45 2016.01.11 G:nome XXI@ SanDiego, U=t transcription factors containing asparagine-rich
region
. De novo assembly and transcriptome analysis of
3rd Plant Genomics e o] A o} . . . T
46 2016.04.01 . . . bulb onion (Allium cepa L.) during cold acclimation
Congress: Asia FUAHEFFE . )
using contrasting genotypes
291 701 4 41 ] Comparative Genomics in Brassicaceae Family:
47 | 20160525 &9l o 53] S o | Analysis of 434 Glutathione S-Transferases (GST)
°T Genes and Their Evolutionary Analysis
291 74 Al De novo assembly and transcriptome analysis of
48 | 2016.05.25 gkt 9l of 81 3) o “we | bulbonion (Alium cepa L.) during cold acclimation
° using contrasting genotypes
9 2016.05.25 Sh59) o) 31 3] L AA Mg, Exploring Genetic Variation Between Hallabong and
U0.20 S T 7 - .
el Suneat, Clade by Whole Genome Re-sequencing
50 2016.05.25 91 ] 51 3] A A E, Identification and Molecular Characterization of
o e 29 CDPK Genes in Brassica oleracea
Genotype-Specific ~ Variations in Glucosinolate
51 2016.05.25 S 9103 3] A A e, Biosynthesis and  Gene Expression in Low and
o T il High Wax-Depositing Brassica oleracea L. capitata
Subspecies
ditEaAsd, | 9 9479 racesq % A0S AGEES] AGA
T
52 2016.06.29 g &8t 3] e A7
. duldEdAsd, | FF AEed ATH 2 444 B FEE 24
53 2016.06.29 o & F 83
e ki w7
dudEadsd, | MFd 45 4uA w44 A2e T8 B T
54 | 2016.06.29 e , '
’ A hin % InDel w7 7
gl E e E e Development of Cultivar-specific DNA Markers
= A= L
55 2016.06.29 3o K- £ 5} 3] = Based on Tyl-copia-like Retrotransposon-based
°r Insertional Polymorphism in Pear (Pyrus pyrifolia)
6 | 2016.06.29 o6 213 ghujt}Zelx 59, | Characterization and Stress-responsive Experssion
O .U0O. paA < - . . .
e T Profiling of MCM genes in Brassica
Genome wide Characterization and Expression
s | 2016062 S8 w5 gulttZ g 159, | Profiling of Aquaporin Gene Family in  Brassica
o e A rapa for Responsiveness to Abiotic and Biotic
Stresses
- 2016.06.29 S ghottyZ el d | Role of Flowering Pathway Genes on Anthocyanin
O .UO. pal T - . . . . .
e qF Biosynthesis and Accumulation in Brassica rapa
Leaf  Developmental and Genotypic Variations in
2 | 20160629 S grjttZelx 59, | Wax Content, Composition and Expression of Wax
) R e o5 Biosynthetic Genes in The Inbred Lines of Brassica
Oleracea Var. Capitata
Comparative Phylogenomics to Elucidate The
60 2016.06.29 S8 e o) ghotcyZ kA5 e | Effects of Whole Genome Triplication Event on
. e A glutathione trasferases  Superfamily Genes in
Bragssicaceae
] - g,
61 | 2016.06.29 =553 = Molecular Breeding for fruit Colar in Tomato
o T
i E e Bioinformatics ~ Analysis for Transcription Factor
= 25, .
62 | 2016.06.29 oh= 558 3] - Associated SSR  Markers  Developments  and
o T

Characterization in Lilium Species
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_ _ Identification  and Characterization of the Causal
L o ERia= st PRI .
2016.06.29 St 5% 3} 3 = Agent of Gummy Stem Blight (GSB) from Melon,
°r Watermelon and Cucumber in Korea
] SubhE o s, Gene Identification, Expression Analysis and
2016.06.29 3o §- £ 51 3] g Breeding for Enhanced Glucosinolate Biosynthesis
°r in Brassica
] N GopctEe g, Identlflcat.lon, Molecular (,lonmg ”and
2016.06.29 St 5 53} 3] - Characterizaton of Stress-Induced Genes in Lilium
°r formolongi
N N ShubhE e a e, Development of Moleculér Marker for Characterlmr‘lg
2016.06.29 St 5% 3} 3 = Early and Late Bolting Genotypes of Brassica
e olracea var. capitata
o A5 sk Calcium-dependent Protein Kinases (CDPKs) are not
2016.08.10 EEREE e A pene
gy dz A just Ser/Thr kinases
Fruit peel color associated new single nucleotide
13th Annual _ . . . . .
2016.09.12 A EYo}, =k | polymorphisms in SLMYBIZ2 associated with fruit
Solanaceae Conference . .
peel color of pink tomato lines
. . A genome-wide analysis exhibits biotic and abiotic
Brassica 2016 W . . .
2016.10.01 stress responsive patterns of Aquaporin family
Conference S ~EH Ao} . .
genes in Brassica rapa
Identification of a new resistant locus in a Korean
70 2016.10.01 Brassica 2016 w2, Plasmodiophora brassicae pathotype group in chinese
o Conference S ~E#F Ao} cabbage (Brassica rapa L.) and development of
thepathotype-specificmarkers
Brassica 2016 w2, Post-translational modification of receptor kinases in
71 2016.10.01 . .
Conference S ~EY Lo} Brassica species
A &8 A8>
oo FHA XS T3 WAYAH H P gk EAwA g #- SCIe - H
SCIH w1 569S Faglen 7ids 2 iAo s =u - & 55 &9(16) ¥ 55(2)
T 181dE& T AA ANAESE 5tk oy AAANALE T2 g FAS HA
st 9S8 = AY
Hx e 2 FAddE B2vA(CAPS, SSR, SCAR, Indel, SNP) % 83%<S 7HWstsi o
FEA4 L AumMd4E SNPHS Ao e dIe vAS ol g8 B2 A
258 B3l FES5AE AT STA 95 € SFE & S VA F
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