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{ SUMMARY >

| \ D-02

Purpose&
Contents

Chinese cabbage is very important crop in Korea, Japan, China, and
South-East Asia vegetable market. The purpose of this study is developing
of the F; hybrid red color Chinese cabbage cultivars. Moreover, the
development of domestic high quality red color Chinese cabbage -cultivars
can substitute import cultivars and can export Chinese cabbage seeds to
China and Southeast Asia market.

Development of molecular markers for wide range of cold tolerance and
early selection of red leafed chinese cabbage F1 cultivars using gene based
expression profiling of cold tolerant and anthocyanin biosynthesis genes.

To determine whether FT-IR spectral analysis based on multivariate
analysis for whole cell extracts can be used to discriminate Chinese cabbage
breeding line at metabolic level, different breeding lines (paternal, maternal
and F; lines) were subjected to Fourier transformin frared spectroscopy
(FT-IR). FT-IR spectral data from Chinese cabbage plants were analyzed by
principal component analysis (PCA), partial least square discriminant analysis
(PLS-DA). PCA and PLS-DA were able to discriminate the Chinese cabbage
breeding lines into separate clusters in a anthocyanin contents— and lineage-
dependent manner. Thus we suggested that the PCA and PLS-DA of FT-IR
spectral data from Chinese cabbage breeding lines could represent the most
probable chemotaxonomical relationship among maternal, paternal and F;
plants as well as high functional content breeding lines.

Results

To develop F; hybrid red color Chinese cabbage cultivars, we have collected
leading varieties from China, Japan, USA, EU, South-East Asia etc. We have
tested main characteristics and club root resistance of previously possessed and
brand new Chinese cabbage. We made male sterility lines by backcross between
selected CMS Chinese cabbage lines with high seed productivity, parents lines
(F3-Fs generation). The single seed decent method was used to develop various
cabbage line through generation shortening. Microspore cultures were performed
to generate DH line in short time. Through these procedures, we bred and made
combination F1 red color Chinese cabbage cultivars with collected gene resources
and existing lines to export in China, EU, USA, and South-East Asia etc.

The markers that are already developed could be used to classify 30 Korean
chinese cabbage cultivars and also could classified them into strong and weak
ion leakage groups at -2 C. We obtained 903 raw read sequences from BrTED.
We have identified 113 ESTs information belonging to abiotic stimulus of the
biological process category through Gene Ontology analysis (GO). We have also
confirmed 12 genes with higher expression at low temperature through
microarray results. From Br24K microarray information, we have obtained 22
genes that showed higher expression in both ‘Chiffu’ and ‘Kenshin’ and 21 genes
that were specifically expressed in ‘Chiffu’. Using ‘Chiffu-specific’,
‘Kenshin-specific’ and both ‘Chiffu and Kenshin-specific’ Br135K microarray were
used to select 63 genes with higher expression at low temperature by analyzing
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a large number of genes responsive to low temperatures. In addition, we have
identified 145 genes in WRKY, 15 genes in Alfin-like, 59 genes in aquaporin, and
475 genes in MYB belonging to low-temperature responsive gene families.
Furthermore, we confirmed that the anthocyanin biosynthetic pathway genes
ANS, DFR, MYB2-2, and TT8 had diferential expression in red chinese cabbage
compared to traditional yellow chinese cabbage. Thirty nine F1DH lines were
obtained through interspecies cross between chinese cabbage and red cabbage
followed by embryo rescue for development of anthocyanin selection markers.

In order to determine the feasibility of Fourier transform infrared (FT-IR)
total

of Chinese cabbage,

spectroscopy for simultaneous determination of flavonoid and

anthocyanin contents in different inbreeding lines

Chinese cabbages leaf samples were subjected to FT-IR spectroscopy.

Quantification of total flavonoids, anthocyanin, carotenoid, flavonoid and

phenolic contents from the inbreeding lines of Chinese cabbages was

confirmed by UV-VIS spectrophotometer. The most significant spectral
variations were mostly observed in the amide region (1,700-1,500cm™b),
phospholipid  (1,400-1,300cm™) and carbohydrate region (1,200-1,000cm™})
among inbreeding lines of Chinese cabbages.

And calibration models for each total anthocyanin, carotenoid, flavonoid and
(PLS)

In cross validation,

phenolic contents were established by the partial least squares
regression analysis for validation/prediction purpose.
there were high correlations (total anthocyanin R=0.99, carotenoids R=0.97,
flavonoid R=0.96 and phenolic contents R=0.96) between predicted content of
4 individual contents by PLS regression modeling from FT-IR spectra and
measured content by UV-VIS spectrophotometer. In external validation, total
flavonoid (R?=0.712) and anthocyanin contents (R?=0.701) were predicted

with good accuracy from FT-IR spectral data using PLS regression modeling.

Expected
Contribution

It can be utilized as basic data for development of cold tolerant Brassica
Through
in anthocyanin biosynthetic pathway could be

crops through analysis of wide range of cold tolerance genes.
analysis of genes involved
used as an expression marker for development of red chinese cabbage.
Considering the results of PLS regression modeling, FT-IR in combination
with multivariate analysis enables not only discrimination of metabolic
variation between inbreeding lines of Chinese cabbages, but also prediction
of total flavonoid and anthocyanin contents from Chinese cabbage for HTS.
Furthermore these metabolic discrimination systems could be applied for

rapid selection and classification of useful Chinese cabbage cultivars.

Keywords

Red heading
type chinese
cabbage

mul tivariate

Cultivar
analysis

Cold tolerance Marker
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Wi FFo ARA 9 dAA FE
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oA 2] 749 94C o4 583t pre-denature A O™, 94T oA 30%, 55C oA 30%, 72C A
30% %t 30 cycle =33tH oM wpxjato g 72T oAl 7E3E post-extension A]ZTh.

o £

. o871 A S4

nAE ol &5ty R AFA, dAAA, AF/EAA FE 3F F 47H A EAY 34
HA QS o] &3t o] 7|A] A e FAeAT AL A= ddEHAA 4TAA 647,
0C oA 2A1ZE, 2T Al A 2A1ZE 2-8]al -4T oA 2A1Z &2t AEstanh. Agd A EA =9
3-4A Q& o] g3t 7 0.3cm leaf disc 1071E HASIY +=He & 10ml /7 31
Ao Wi, Ao 3087 150rpme.Z wjdFstth. 7 & CON110S o] 83} initial
conductivity(DS &A43tH 1, AFHS #E+= Eo 1083 £ AXE 4A3] gz &
Aeog YAANAY, Aoz AdP Yo ZFH7F 2o™ thA] CON110E o] 834 final
conductivity(F)E ZA3}Ath o] &8 71A k2 [[Fx100 o &8 o]&sle] AAsHon 3
HhE 33k i T

2. EST 3 Br24K microarrayE ©]-&3F W3t #d FA7e] THEY

7} Xii HPQ—% Hol&= Fxa d7IAdE 3
J Brassica rapa Tissue-Specific EST Database AR & ©]&3}o] stress chilledel A
unigene} singletons (P>0.05)5 A8t & 9037§¢] EST €714 <d HEE

fo T
olo[
2 o

tlo % ok o FN'
30
Sy, £ f

® F At oo off

rapa Br24K microarray dataoll Al #-&(-4C)ell thsl]l X FEA e AAA BFoA =
Bel 22709 et AFA AT EolHog & WHS B 2 FHAE
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AollA FEZ F242 cDNA 9714 2 E NCBI/NrBlastXZ 7 A&} significant match ¥+
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! bla cDNA (63)
: blast2go >
H NCBI/Nr

Gene )l Significant ‘ No blast hits
ontolo match :
gy yes No :

Retrieving GO Terms associat

Pathway mamaps; eg. Metabolisms, geneti &
cinformation processing, environmental inf &
ormation processing, cellullar process, orga =
nismal synthesis) -

Interpro scan
:rOttiin dc:n:.ain information Protein domain information for
or the putative sequences the putative sequences

Eg.. PFAM, SMART, PROFILE, ed to the hits obtained after Gene
PROSITE, TIGRFAMs, PRINTS Blast
. PIR, PANTHER

#l QB*‘

m Primary database I
Functional
Secondary database — il .
H Selecting GO terms (BP, CC, MF) f
AR A T S IS RN A S AT R D I R rom the. GO, pool obtained, by mas

pping step

1% 1. Blast2go 4 718

o MZEAF % RNA =

1/2 MS A4 iAo A 16A1ZF FF7] 22T oA 3F & 7] F=uEhill F(H]F), ofAlo}f
duplu) (A 283 s FH F/AME AHESt AdEs FASAT AEAE
1/2 MS A wjA]of &3 & 3T, -2C, -6Col 2A7H Eol AL A SA AEHAE
AF AT QAT WELS QA DL FAAA RNA FZ25 A3l -80C o A4ttt =3
718 I S0l dotrY] flal Ase wiFolAe e, £7], dF £2E Y AE
< AFstA, SA A AL TZEAAIA RNA FE55 18] -80C o AA3tAth RNA FE55
¢34 RNeasy Plant mini kit (Qiagen, USA)E A}&3}e] FZ3F % RNase-free DNase
(Promega, USA)E A+-83tod genomic DNAE #| A3}t

2}. RT-PCR % Real-time PCR <3}
RT-PCR +3S 93] HEg Alefo 2= AMV one step RT-PCR kit(Takara, Japan)E
ALgste] HF BF 20¢l7F HES sl¥ Y. Forward primere}l Reverse priemr= 7Z+7zhe]
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FrAApol] Holzom falsidem 20pmole] % 1uylE ARESIIATH PCR 202+
94C ol A 583t pre-denaturing A%l 3 94°C oA 30%, 58C oA 30%, 72°ColA 45237 303
REESEI T 18]al 72T ol A 58Xt final extension 3} T

Real-time PCRS 3} ¥H-g AleFo & iTaq "SYBR®Green Super-Mix with ROX(Califormia,
USAHE AH8ste HET EF 25412 APsidth. PCR 2o 2& 94TCAA 1023
pre-denaturing A%l % 94C oA 30%, 58C AlA 30x, 72TCNA 45%3F 403 WHE3}Th
Real-time PCR”]Al&= Rotor-Gene 6000 real-time rotary analyser(Corbett Life Science,
Australia) & AR&3tdoH, Ctats FH3ste] E43tdh

3. Br135K microarrayE ©|&3 WdAd AW FHAS SHFEA

7}. Br135K microarray

3 BAFAA AF4ABGDe  ‘Brassica Genome Sequencing Project Consortium’ 2 3}
Hi S A @7IA g A =&o] SEHJT. INE ¥iF F7IALEE ol &35t GGBIO
(F)NA M2 HBrl3dK microarray)s N3P o (2d 2) £ HAFPLS o] o] &34
Ao REgEhs Y wWiF FHAE At A S Th Expression microarray] A3 WY
o2+ WA total RNAY qualityE &<13}al, double strand cDNAE &4 3 Cy3= 3
#A] AZIth microarray2} &3 3E A E ds cDNAS} hybridization Al7]1a2 273 & HolHE
AR 3).

30 bp

120 bp

Description Genes Probes/Target Features Replicates
Unigenes 41,173 3 123,647 1

19 2. Br135K microarray #4 71 &
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t}. RT-PCR <3}

RT-PCR +3& 9|5} Hk-g AleFS 2= AMV one step RT-PCR kit(Takara, Japan)& A}-&
st HF EF 204V H == skt Forward primere} Reverse priemr= ZZhe] -7 #}ol]
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17] &) STRING Z2 I8 A&t Ao A3 AR AT Aol o3 A4 As
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3171 915t G A 555 Single Seed Decent)2 ©]-831 3 th.

3 A
Holl thak WA AS SALS st 20129 HE 201683714 1A A S, wHl =3t
A oAA 53 MA SF L Fo, Fs, Fy Fs 3ol

e &F =1
AR AN BeEy HEoe AVE FF5F FFCacelD), B
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SH R FFE(raced), FUE HWMEZ #F (raced), A= sigd5R #F(raced) AHE3HA

ot #F HZF o]8F AEALE 50cmx 30cm FEFAAF 5cm & rASE 9EI & 2F

U FHE Pol BYE oF 30x AT S 1067 EdG ool o3 & 48AIHE<H 70%
S o

= —
AgAel Stk P FF AT BY F RS BYYES A AT o84
2 PRSI P53y UBHos A8 ASES 54 442 Fi AES $459
2% o] BAGe B4 ¥ mE Ao AFd BF ALl

S5@ 7] B AT 9D AT OMSHE QW] it CMSEES $5A 5L uE
AmAte FASGor], IApde] 24%, 23hd el 1045, 33Hd%d] 104%, 4xd=e] 10
AS, 5SS UASS 27 Austan

23X vk og 23 AFTY =

Hi A B)E o] 83ste] AaxASts Fsdt. mMIFAEY stAE dAFHs] 2% sodium
hypochlorite &<e] 10&3F HA|sla o]& HHFFZ 33 o] FASEY. EHAdH H &
B ege 13%9 sucrose’t H7HE BSE A7 2w HUlste] HAAMRE Zaste] 45me
sieve® g &HS A4 RS AFXAE BT FHE AXAE vl Ao Eo
60x 15mm petri dishell 2.5 ml¥ EF3ATE AA g 5 9 AIZHE Ao} v Fulx] =7
2 WA S FAREEY] e & 79 89 2 AHEE B wIAS fFEsdT. 2 A
Z 30719 budsE HAFAEZ ARSI BAE WZRE {7]E FAEAE AZZEA L
A7ME A & MS HiA 2 &A s FE3A F AN F

o
Jo
N
(i
Jo

T
a
2
i
»
X
r\l

8o EaAel Aol $A MAsATh 8% F FaAA Y HBAE el §A4 47 2
2 E AP FHE fEste] wulol o gakom, olF 27} FS, BSAES 53
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o

opAlolEFHS| E /HeHFe Ame), FY3E'E PUETOE AN
10, Mrzge) FAYLY A

SHEAY U ATERGYE o8B ATZUN el NY A FAE Arsar
TAAE S AASATE 2 G13-1H, 513-2H, 514-2H, 515-1H, 406-1H, 710-2H(BN5212),
207-1H(BN5216), BN5009, BN5012, BN5014, BN5015, BN5023, BN5024)& 343t A g &
B A B2 920l Y g WL ol gskel A AF Ak

11. 4 A7#3 29 A%E FI-R ~¥9EY DB 7%
7y A AFuE wel) A%E REA% 2 Fl o) 2kl A8 X 9 powder library A%
953 A4 ATFE (FPootERIE EFF8AL A8l AT R BpF SIS ¥
tel & 95 A& FraIGTE 8 AlSolA 5/A 4 F 40 H vl AMSH BA, BA =
kA 4 AlEolA SAA 2 F 20 A FRHAL, AxFeA 5 H, trlFolA 10 H& &
ok HaA7uE 9 ARERE INELFEE AxE 03 953 A4 AFuFe

o
HI & oot

O\t

9 B AR 20 mge tubeoll ¥Wir 20% methanol €948 200 uL?® F7}ste] & HoF:doh
Z} tubeE 50° C FZoA 2083F RESAIZL oh 13,000rpmoll A 1587 A8 & 4%
AE AMEE tubeol &HTH ﬂ—’?f?} AARAE AEYAA S &SI HAZIF E97HA
%}_—1: ]

=5 A2HA A2 tubed] F5de AT A AL -20° CollA Eadt v+
R H Abel A3

Zni:r”ﬂﬂ—ir ZF wuf AlsE A8 FT-R 289 ER DB +5 9 o ® SA A
ATHFE 95 e viisted powder libraryE Al&bste] -70C A
& A Al powder libraryZ245-E FT-IR ~HEHS ZASI T
ZRH FT-R ~HE4 24 31 2d9E9 do i@ $ARAE
FT-IR(Fourier transform infrared) Z2¥E% ZA}= Tensor 27Bruker Optics GmbH,
Ettlingen, Germany)Z AM&3}1 1L, DTGS(deuterated triglycine sulfate) A&7]12 #4133t
F=9 7ol A& bulE 384-well silicon plateol] 3}, 37° C hot plateo| A <F 2083t
AzsH T d=x9 silicon plate= Tensor 279 2= HTS-XT(Bruker Optics GmbH) 18 &
A58 AAE o] gdte] ~AHEYS 2ASYT 4 A5 2HERLS F 4,000-400 cm
oA 181 4 cm AR F 1283 uiE %Zé% P 2HEHS EA o AREHAT
7t Alge FT-R 2"9ERHLS TAF #4445 98 22 3dbE SA43 9o FT-IR A9 EH
ZAF 2 Hlolg] WEto] AbgH ZE 73S Brukerol A A Fdh=
Optics Inc)E AH&stATH FT-IR ~FEQ HolHo vdvyd TAEAS 9] WA FT-IR
»~HE# do]Ele] baseline nA, normalization ¥ mean centering 5 Z~HEH X
H}4-& R T2 (version 2.15.0, Auckland, New Zealand)S ©]-&3le] 4=33}31th. Baseline
WAL 93] FT-R ~HEZ 24 9o & Z3(1,800-800 cm )] FFE=E 008 274
stlom AP A5 HaFeEr] fsted 4 ~HEHS Y WA O FE normalization
st o] 3 Hlo]E] 9] mean centering HA S AAH 23 vES FdS OS5 AU SE5H
2~HEY HolHE ¥y FAEA 4S5 % EEstd HolHE AMESH 7hed

=

k




FT-IR 2" E" do]e= NIPALS < 18]&(Wold, 1966)2 o]&3te] R ZZ13(version
2.15.0)09l4  PCA(Principal component analysis)®} PLS-DA(Partial least square discriminant
analysis) #4J(Fiehn et al., 2000; Trygg et al., 2007)2 <33} T}

12. AN AFF ASE 71548 B2 AF dF 2499 4
7h AA A A5 AR 7154 EZ(total carotenoids, flavonoids, anthocyanins,
penolic contents) 2] A& & BF 9 Lol A

Total carotenoids®] S FH3L7] A8 ofrlolFRAA S5 A4 @?Hﬁ—"ﬁ— A T4
A% powder A& (F 958)E 27t 20mg® 1.5ml EP tubeol] ZH|3tth Fnld AR
80% Acetone &S Iml¥ H7ista, &mjet & 4o]=F E£5°o FATH 7—% 120 ARE

13,000rpmoll A 5&3F WA EE s, AE5dS MEL 1.5ml EP tubedl &F o UV-VIS
spectrophotometer& ©]-§3ste Sttt SAHINIA L >2nmitA &2 350~750nm Ao &
FEE Ao, A F3F=7F 0.3~0.857F HEE A ste] ZAFegith. Chlorophyll#
total carotenoidse] $H&F-e ol F24]& o] &3t A TFsFATh

Chl a (ug/mD=12.25A463-2.79A647

Chl b (ug/mD=21.50A47-5.1A¢63

Car(x+c) (ug/mD=(1000A47-1.82Chl a-85.07Chl b)/198

Total flavonoids &< ZA3t7] S8l A4 AT w3 o FA7=% powder A5 10mgs
o]-83lod  Zhishen et al. (1999)2] WHES ARE3S}o] total flavonoids TS -VIS spectrophotometerS-
53] A vl 4 A& 10 mge 100% ethanol 1mL E97} A+ tubedl] Ho]FATh
et 2 fol=F EEojFE F IANIE T 204 HEE AIF T BEgo] Ed AEE A2
oA 13,000rpme. g2 5&3F YA Eelsta, AR B AR A5 100 uLs MEL
tubedll & oh &AZX AE 100 uLdl S/ 400 uLE H7bstd £33 o5 5% NaNO; 30
uLE H7tste] g=oA 1083F ¥H3 AlF T 1023 ‘#}% | ¢ % 10% AlC-8< 30 uLs A7}
St 2o A oAl 183 9b§ AlFH §Ego] £ & 1M NaOH 200 uLE H7pste] ¥k
Hol HF By} ImLyt HEE SHSF 240 uLE H7SIAY. F8l"E Alg= UV-VIS
spectrophotometer& ©]-83ta] 510nm A oA FFEE Z‘— 39 o). Reference compounds
2+ catechin(100mg - L-1D& A}&3}<] total flavonoids $HS =433t}

Total anthocyanin &S ZA3sl7] 98] A AF wjF9] o 2% powder A&+
Mancmelh et al. 199D2] WS okt +=A3te] anthocyanin o] ZALE T HiF: & A&
10 mgs & tubeol 900ule] methanol (1% [w/vl HCDS 2oiF3th &9} & Aol=&
EEoF 3‘? 18AZF &< 4T, EHCA ¥ AT Wo] Bd AEE A2ddA
13,000rpmo. 2 10&3F A EYs A, AR Ed A5 A5 300 uLE A2 tube
of A A AF 300 uLel F7F4 200 uLE FH7Iske £33 tS chloroform<
200ul @7tele] EFsld . Egd S 13,000rpmo.Z 1083 YA 23 0
3t 530 nm ¢} 657 nmollA UV-VIS spectrophotometerE %3 &
Anthocyanin®] &2 Asp - 0.25 Aesr /mg dry wto & E7]3tR T

Total phenolics contents &< ZA3t7] e A A+ w59 o 2= powder Al
SE 727 10mg# 1.5ml EP tubeol &wRIstATE ExlE A5 80% EtOH €945 500ul®
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==

o} Z Aol=F EE5FT. FHE AlEe 95Tl 53 7HEste] FE3}
AlE2 & 12,000rpmoll A4l 1587 HAI R8st F5H-E AZ2 1.5ml EP tubeol

=% 89 20ule] 2N Folin-Ciocalteu’s phenol &< 50ul®} 20% Na,CO; &< 100ul
A7Vela HF F37F 1mle] A D.W 830ulE FH7iste] =nH]3t}. Control2 AMg=
e D.W 850ulell 2N Folin-Ciocalteu’s phenol &< 50ul®} 20% Na,CO; &< 100ulE 37}
st HF Foyb Imlo] HA x5k} Standards= ChlA in 20ul ethanol &<4o 2N
Folin-Ciocalteu’s phenol €< 50ul®} 20% Na,CO; €< 100ulE 7}t HF F37} 1mlo]
A D.W 830ulE FH7isted Ewnlistith EvlE 8§92 204 208 WHE ARl $o
UV-VIS spectrophotometerE ©]-83te 72onmel|A 3 =E ZFAFSHS] total phenolics contentsE

43

s o
oy F
I e op

=
15
&

=y

oo Mt Ho 3 XL

A ATl Al5e] FT-IR HlolEl9} 754 &29 35 dlolE & ©]&3 PLS A
zde] 7

A A Fe] FT-IR A~ Eo]e] 5 ¥ total carotenoids, flavonoids, anthocyanin,
phenolics contents S-S /st A AFuF ABQFT-IR 2~ EHHolE <}
Y AEZFHE doJR total carotenoids, flavonoids, anthocyanin, phenolics contents &=
AFHolHE o]&3tq X HFo= FI-IR 2HEQuolE & AESIR A, 3/MY Y W=
UV-VIS spectrophotometerE &3l o{zl total carotenoids, flavonoids, anthocyanin,
phenolics contents g Felo|EE Z}7t AR8-3}th. PLSR(partial least square regression) &
e R 2 (version 2.15.00& o] &3t¥T. AR AT E AT 7] Y5t 1
7Hel X wseoll thell MY Y MaE 47 wabdA s AAERY. §H8E SRE" S ol&
stel Zyzke]l Al AulF AlR59] total carotenoids, flavonoids, anthocyanin 2! phenolics
contents F&FdFS T FFASEIH Y AT E A7) 95t A Au) =
A5 ZHH total carotenoids, flavonoids, anthocyanin % phenolics contents & A=X| 9}
dZAo HIAFIARTA S T3 FBATE ZAEIAT. 4 AREE dFH 9
EAA F204(p < 0.05) A= ANOVA 4S8 53 HAS3H

13. A4 ZA49]3 inbreeding line®] total flavonoids, anthocyanins & oS =ddy 9
275 B nE&EATAA Y

7}. UV-VIS spectrophotometer& ©]-&3F total flavonoids & ZA}
ofAlotFHAA SFAFU A AT wjFo 9 FHAHTE AR 10mgs ©]-&3ke]  Zhishen
et al. (1999)¢] WHS A}L83}o] total flavonoids &S  UV-VIS spectrophotometers %3
zAEEE T w3 A AR 10 mgS 100% ethanol 1mL E9o7F = tubeo] Yol FUTh.
e} 2 HolEF E50F T 1AL &¢F A2oA ¥vE AlHT HEgo] B3 AEE 2
A 13,000rpme = 5&XF A4k, dAE7E Bd AE AFY 100 uLE MEE
tubeoll T A4 A5 100 uLol S/ 400 uLE H7tstd &3 o= 5% NaNO; 30
H 1083 Hkgo] E & 10% AlC;89 30 uLE 7}
b AlZAT WHSo] By % 1M NaOH 200 uLE d7hstel wHe
TR 240 uLE AMEATE FE AgE UV-VIS




spectrophotometer& ©]8-3lo] 510nm Igo| A FFE=E ZAH3H T Reference compounds
Z &= catechin(100mg - L-D< AF&3}1] total flavonoids &< Z43stA

ofAlotFHAAN ST A AT wjFo o FAHAxE AR 2l
al. (199D¢] "W o2 anthocyanin %S ZARSATE w5 A A <
9001119] methanol (1% [w/vl HCD& o3t el & 40|28 &£50F & s

, SAEHAA B A F T HEgo] Ed A8 E ARoA 13,000rpmoZ 1083 A EY
5‘}31, QARG Bd A8 A9 300 uLES M2 tubed] AT &7

F 200 uLE H7bste EF3 ohg chloroformS 200ul H7tste] &8ttt £
13,000rpme. = 1023t dAEe8d H SIS 3]st 530 nm 9F 657 nmel A
UV-VIS spectrophotometerg& &3l 3EE =433t Anthocyanin®] &2 Asyp - 0.25
Ags7 [mg dry wte. 2 ® 7]} T}

[l

o}, HAA TS ) AJSZRE total flavonoids ¥ anthocyanin 3 <= PLS =y o
FEFrEl A g HE
1 =242 ?H T+ o Alﬁif‘ra FEd Az
=13

9 A5 20 mgS tubeo] ¥l 20% methanol &Y
T 4 tubeEd 50CFZANA 2087 WFSAIZI o

200 WA sl 41 /
& F AEL *Hi tube°ﬂ A A5 M ae 2l

13,000rpmof| 4] 1583 LA &
8 45 " ol A Pl%ﬂri& G FT-R 2928 2Al A83Hth

> do o

@) AAFF d ASEFE FI-R 2HEY A 9 ~HEY dHoly ™ B
=4
FT-IR(Fourier transform infrared) 2¥E% ZA}= Tensor 27(Bruker Optics GmbH,
Ettlingen, Germany)E A}F&3lal, DTGS(deuterated triglycine sulfate) HE712 4 8}05111}
F=9 e A& S5uE 384-well ZnSe plateol]l #53t<], 37° C hot plateol| A <¢fF 20&
Az3H Y. Ax% ZnSe plate= Tensor 279 &2Fel HTS-XT(Bruker OpthS GmbH) 118 &
A55 XS o] gdte] 2HEHS AEIT. 4 A8 AFEYS F 4,000-400 cm
Mool A 28a 4 cm P o F 1283 wHE Z2AE Wi 2HEYS o] AHEH AT
zt Alme] FT-IR 29 EHL BAZA 245 98 474 3vE S35t FT-R 29 EH
ZAF 9 dlolE Wghe] A&H 2 73S Brukerdl A ]%'— 3l+= OPUS Lab(ver. 6.5, Bruker
Optics Inc)E AH&3tAth FT-IR 2" EY dloly Y =z FAENS 98] WA FI-R
2" E"Y Ho]H 9| baseline w4, normalization ¥ mean centermg S 2HEHS] HAE HAHLS
R Z=Z 13l(version 2.15.0, Auckland, New Zealand)= ©]&3lo] <33} % ). Baseline o/ g-<
98] FT-IR ~¥EY R 9o o #4(1,800-800 cm )] FFEE 002 FA3H o
AgAe] xS HAE s st 7 ~HEHS FY WA O F normalization AT o] &
tlo]El¢] mean centering #A-& AA 2ak HES T oS -t S4ERH ~HEH
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3

HolHE g SAEAY 45 A% £F39 dolH=E A&tk 7 FT-R 29 EH
tlolEl= NIPALS <¢arg]&(Wold, 1966)s ©o]&sted R Z=ZI3l(version 2.15.0)0l A
PCA(Principal component analysis)®} PLS-DA(Partial least square discriminant analysis) 4]
(Fiehn et al., 2000; Trygg et al., 2007)& <33} t}.

() AT uF 9 AEZ5E total anthocyanins  flavonoids & of
M 2D A=
A F 9 Alge] FT-IR ~HER Hlo]E ZH-F total anthocyanins % flavonoids &
oS 2ds ettt & 9870 otz oF AR FT-IR 2~ EY HolE % Fd A8=E
RE o] total anthocyanins ¥ flavonoidsd&F ©lo]E]S o] &3l X W& FT-IR
2HEY HolHE AMESE L, 2719 Y WHdl= UV-VIS spectrophotometerE 53l dojzl
total anthocyanins % flavonoids 3% Hlo|HE Ztzt AF83FH T PLSR(partial least square
regression) ¥4-& R Z 2 7#:(version 2.15.0)2 ©]&3AT. o= ndF o @QEE i
A 7171 f8td o] X sl disl 2709 Y WS 474 axdAd S Ao, &34
d= Ry S o]&3ste] Zhzte] ofxzg|xt F A|E9 total anthocyanins 2 flavon01ds ShaF
AZ5S FalstAth. FF dF RAdP ] HIGEE A fste] AAATHF A ANEE
F-H total anthocyanins 2 flavonoids $&F AS2| ¢} dSX o] g AP A S TH35HA
FHATE ZASA

A\

PLS ==&

14, FEAZIE(HE, 7HS) HA AF8]59 anthocyanins 3% & Zdd ¥ 17548
AEXAETA A SFH
7} 7FS AN AT S o) AN EZ2E total anthocyanins &8 1 3Hebel A 2 PLS o=
y_t‘ﬂ_aqu. 74_2_
D 7Fs AANAF o A5 ZHE total anthocyanins &3 ZA}b
OfAlotFHAA SAAFA HAM AT djF 23819 d FEAER ANEE L FAE
Mancinelli et al. (199D)e] WH O Z anthocyanin $HFS ZASIATE Wi+ o A& 10 mgS
< tubeel] 900ule] methanol (1% [w/vl HCDS oAt &} & Hol=&F EEAE
z 18/\]7P Bo 4T, FEANA HES AT HEgo] Ed AIRE 24 13,000rpmoZ
1027 dAEgsta, dAEg7 8d AEY 45 300 uLE AMEL tubed] AT &AX
A& 300 uLell /4 200 uLE H7bste £33 th2 chloroformg 200ul 3 7}she] &3+
SHATH &3 13,000rpmeZ 1083 dA RS H AF5ATE 3431 530 nm <} 657
nmol| 4 UV-VIS spectrophotometerg& S3l &3 5E ZASIA T Anthocyanin®] &2 Asg
- 0.25 Ags7 Img dry wto 2 F7]3}Th

2 71& AANATu+ Q A 52 HE total anthocyanins &3 o= PLS =y 2 31
=

ool Mur @ A

(3 AT S  NEERE FE29 Az
AMATHF AZG8TY A BT A8 20 mgS tubeo] @i 20% methanol &S
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200 uL® HArlsted = MHdojFoh ZF tubeE 50° C —/,lg_oﬂfﬂ 20-“&: b Hbg
13,000rpmeol] A 1547t %*u‘l"‘fﬁlﬁi

LA S RHEste A A7V &

3ld FEde -20° C°ﬂ/\1 B3 o3 FT-IR égi‘-‘i‘jé ZAboll /\}%OPME}.

SJ_

@) AT S o NE2REH FT-R 29 EY A 2 ~HEF do|g thid 5AEA

FT-IR(Fourier transform infrared) 2®E% ZA}= Tensor 27(Bruker Optics GmbH,
Ettlingen Germany)E AH8-3}%al, DTGS(deuterated triglycine sulfate) HA&712 £ 8}0511:}

=% Z2te] A8 S5ulE 384-well ZnSe plateol] #53t<], 37° C hot platell A <¢F 20+&

,_Zao};’it‘r. A=z ZnSe plate= Tensor 27| %2t HTS-XT(Bruker Optics GmbH) 1& &
A55 ZAAE o] gdte] ~2HEHLS ABIYTL 4 A8 ~AFEHLS F 4,000-400 cm’
WA 23 4 cm AR F 1283 wE Z4E HP 2HEYS B ALFTh
zt Alme] FT-IR 29 EfL A 24& 98 474 3vE S5t FT-R 29 EH
A 2 oHloly WS AREE Z &3-S Brukerol A ]%'— += OPUS Lab(ver. 6.5, Bruker
Optics Inc)E AF&3t9 . FT-IR ~HE® dolgHe gz SAEYES 93] WA FT-IR
2" E= ©H|o|E ] baseline w*, normalization % mean centermg S 2HEHS] HAAE AAHES
R Z & 1% (version 2.15.0, Auckland, New Zealand)& ©]&3}a] 3§35} t}. Baseline m4-<
98 FT-R ~9EZ B4 g9 o 275(1,800-800 cm )] FF=S 002 =gstgon
Ao aE HAadstr] 9t 2HEQ S $Y WA O = normalization stRATH o] %
tlo]E]9] mean centering FALS A 1z RS Fds oS AXYr YEH ~AHEY
HolHE tiEd FAEA 242 913 23 tolH=E AMEsIth 7 FT-IR ~HEH
dolHe NPALS &xE]&(Wold, 1966)& ©]&3dted R = I(version 2.15.0)°0 A
PCA(Principal component analysis)®} PLS-DA(Partial least square discriminant analysis) 49
(Fiehn et al., 2000; Trygg et al., 2007)S 433}t

o o%

G) AAATF o A S ZFE total anthocyanins & o= PLS =dld 7|d 2 A=
WA E AR FT-IR ~HEY do]E| 22 total anthocyanins 3+ o= md-&
Mttt & 6870 AT AR FT-IR 2FEH HolHe U AlRERE Ao
total anthocyanins 3 ©lo]HE o] &3t X W& FT-IR ~2HEH dHo]EE A3,
Y wWiolE UV-VIS spectrophotometerS %3] Aol total anthocyanins & dlolEE 2zt
7} ALg-sF T} PLSR(partial least square regression) 412 R Z & 1#(version 2.15.0) ©]&
0}9511’% 0112 el % —.EE FAI7171 k] X ®ieol thsll Y ME wxAA AA
£3le] Ztzte]l ¥5d AHA AJZ9| total anthocyanins &3

Oﬂé% —’Ff‘lﬂ o}ﬁiﬁ‘r. ot 0415— 2dg o] HAGEE A st AMATF A AEEREH
total anthocyanins & AZx|9} o= o] hat AP ARAL Faste] FBAAFE ZA

Skt

AN

U o8 HaAT7u5 o ASEXE total anthocyanins & 1&-Fekel Ak @ PLS o=
5 A
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D o8 AMATu5 A A S 2ZH5E total anthocyanins 8 XA}

ofAlotFHAAN HAF 117FA M AT w59 o FZ2Hd=x A S+ Mancinelli et al
(199D)2] WS °F7t =43l anthocyanin &S ZAIATH vlF A A& 10 mgS E&
tubeel]l 900ul®] methanol (1% [w/v] HCD-& o3tk oo} & 4o|=F TE5oF F 18
A7r B¢ 4C, dAEolA B-E A AT HEgo] BY AREE AL 13,000rpme.E 10%
1 AAEYE L, AT B AEY AEd 300 uLE MEE tubed &FHS &AX
Alg 300 uLel S/ 200 uLE H@7lsle &%3 th chloroforme 200ul % 7Fsted &3
st &2 13,000rpme.2 1087 dAEYS JH FSHue 335t 530 nm 9} 657
nmoll A UV-VIS spectrophotometerE %3] §3%=S =439t} Anthocyanin®] S Asy
- 0.25 Ags7 Img dry wto 2 X 7|3}

ofd

(2) A8 AMATHF o A SZ2E total anthocyanin &8 o= PLS =dlg] 2 w3k
A =

Q) AE ANATWF A ANBZRY FE2Y Ax
AMATHFE AZA1FeY A BT A8 20 mgS tubeo] @i 20% methanol &<
200 uL® Hrlste] @ AolFth. ZF tubeE 50° C FxAA 20837F HFEAZ TS
13,000rpmell A 1587 AR 3 3 A59S 2L tubeo] AT 3FF AAYe A4
T AA S BHESt A A 7)7F So17HA] & HA MZEE tubedl] FTAE AT
37 FTde -20° ColA] BEg o FT-IR ~HEF ZAbo] AL&3IAT

(@) std7] AMAFS o AR5 FT-R 2HEH 2A g ~FESQ ©oly oA
A

FT-IR(Fourier transform infrared) ¥ E® ZAl= Tensor 27(Bruker Optics GmbH,
Ettlingen, Germany)& AF83F%3L, DTGS(deuterated triglycine sulfate) HAE7|2 #2435 R T
F=9 Z+z+e] A& 5ul S 384-well ZnSe plateol] #F3te], 37° C hot platedl A <F 20&3tF
Az39 Y. A x9 ZnSe plate= Tensor 279 Z=2F¥l HTS-XT(Bruker Optics GmbH) 11 & &
AE8 AR o3t ~HEHAS AP 4 Az ~HEHLS E 4,000-400 cm
Wool A 183 4 cm AR F 1283 wHE ZHE P 2HEYS B ALETH
7+ Age] FT-IR 29 EZHS EAZH BAS o5 ztzt 3utE =439t FT-IR ~¥EY
ZAF 9 ool W3k AlgE 2732 Brukero| A Al¥ % OPUS Lab(ver. 6.5, Bruker
Optics Inc)E Ar&stAd™h FT-IR ~2FEQ dlo]g o gz FAEMS 93] W4 FT-R
2HEY HoJE 9] baseline 124, normalization 2 mean centenng S 2~HEH HA Y HAHES
R Z & 1% (version 2.15.0, Auckland, New Zealand)& ©]|-& &} —’Ff‘ﬂﬂ"i‘:‘r. Baseline w4 <
98] FT-R 2==E8 22 999 < £4(1,800-800 cmHe FFEES 002 =AHsaoH
AP aE HAastelr] st 4 ~2HER S Y WA S 2 normalization AT o] %
dlolEle] mean centering #4& AH 13 RS £33 oS AXr) 9459 ~HEY
HolHE g TAEA 48 A% 538 HolHE AM&stth 7Fa¥ FT-IR 29
EY dolEH = NIPALS &ig]&(Wold, 1966)2 o]&3ta] R Z=Z13(version 2.15.0)0l 4

T

1

.




PCA(Principal component analysis)®} PLS-DA(Partial least square discriminant analysis) 49
(Fiehn et al., 2000; Trygg et al., 2007)& <33}

5) 7] HAAMATEE 9 Al&9] total anthocyanins $F# o= PLS =d& /i 2
n=
AMATFE 4 A7 FT-IR 29 E" dole]ZXE total anthocyanins &#F o=
2ds sttt F 33 AAAFH S A5 FT-IR 29 EF HolHe Y ASEZEHFE
o] total anthocyanins ¢ Hlo]E] S o] &3] X WHgol= FT-IR ~HEH HolEH=
ARESE AL, Y Wgeoll= UV-VIS spectrophotometerE %3] Aozl total anthocyanins &aF
dole & Z}z} A3} th. PLSR(partial least square regression) ¥4 R 21 (version
2.15.00= ©] &3 }9113} A RdEge] A= 6‘“”\171 7] #lstd X W] tis] Y HEE
Zt7y WA AAEET gHE OS5 2dEs ol gste] 7z A é?ﬂﬂ" /\l»«l
total anthocyamns S A EFS TS 3 Cﬂlé Rdde] AREE x
A AT T o ABRE5E total anthocyanins J% AZA) e} dFAol gk AP AL S
Tt FoATE ZASIATH

AN

15. ] Aoid FHA ZA7(EEAS D wd2iDE9 anthocyanins 135 2kl A 2
FT-R 24 EH DB &
b ww) Ao FHAAFEiE 9 Al 2XFE total anthocyanins % FAF UV-VIS
spectrophotometer& ©]-&3F total anthocyanins 3@ A}
olAJolERAA SATA A AT wiF 21 2le 4 FAAE Alss It FHH
Mancinelli et al. (1991)2] W © 2 anthocyanin &S ZASIAS. Wi+ 4 A5 10 mgS
=& tubeoll 900ule] methanol (1% [w/v] HCDE HolFATh &rjel & o= EEo&
8/\17P ERF AT, H A ¥HE AIF T §Ego]l Ed AIRE AF2elA 13,000rpme =
lO ARSI, ARV B9 Alg5e A4S 300 uLE M EE tubed AT A%
A& 300 uLell SF<4 200 uLE FH7iste] &3 oS chloroforme 200ul 3718l &3t
StAth AL 13,000rpme.2 1083 AR H FSATE 353k 530 nm 9} 657
nmel| 4] UV-VIS spectrophotometerg& S3l &3 =5 ZASIA T Anthocyanin®] &2 Asy
- 0.25 Ags7 Img dry wto 2 X 7|5}

. AAATu S o) ARERE FT-R 29 Ed A 9 OWd A4
D AAAFuF A ASZRE FE2H A=z
AMATNFE AZGITDY 4 B2 AR 20 mgS tubeol] P 20% methanol &S
200 uL® Hrlste] @ AolFth. ZF tubeE 50° C FERAA 20837F HFEAZ TS
13,000rpmefl A 15837F AR & FF5dES NEL tubeo] &ATH 33 45 2
A S WEste] A A77E Eo7HA] HEE RALHA AMEZE tubeol] A5 AS FHTH
SlaE AEHe -20° ColA BAd oS FT-IR 2HEY ZAbo] ALE-39 .

@ HMATHE o NREDE FT-R 2928 24 2 292 dole i




A A

FT-IR (Fourier transform infrared) 2= E®s ZA}= Tensor 27(Bruker Optics GmbH,
Ettlingen, Germany)Z AM&3}9131, DTGS(deuterated triglycine sulfate) 7A&712 243+t
FE9 ZtZte] Alm 5ul S 384-well silicon plateol] #F3}ed, 37° C hot plateoll A <F 2083+
AzxstA . =% ZnSe platew= Tensor 27 Z2te HTS-XT(Bruker Optics GmbH) 1. & &
A55 ZFAE o] gdte] 2HEHLS AT 4 A8 ~FEHLS F 4,000-400 cm’
ool A 28 4 cm P o F 1283 wHE Z2H® Wi 2HEYS o] AHEHAT
Zt N4 FT-R 29 EfLS BAH &4& s 44 3vE A3t FT-IR 29 EH
ZAF 2 Hlolg W3 Abgd Z27%9-S Brukerol A Al¥-3k= OPUS Lab(ver. 6.5, Bruker
Optics Inc)E AF&3tAth FT-IR 2" EY dolg e tad SAEAS 98 WA FT-R
»HEZ Ho|E ¢ baseline 174, normalization 2 mean centering 5 ~FEZH AA g HAHS
R ==z 73 (version 2.15.0, Auckland, New Zealand)& o] &sle] F3sth. Baseline w4 <
98] FT-R =3 E8 22 9o o £3(1,800-800 cm o] FHEE 002 zHsgon
AP A5 HAZe7] st 7k ~2HER S Y WA O E normalization sFRATE o] %
dlo]E ¢ mean centering A& AA 1x wlEg T s AAZrF 458 ~HEF
o8& tddd FAEA 248 93 £F3d HolHE AMEstAth 7Fed FT-IR ~H9EH
dolH+= NIPALS <&ag]&Wold, 1966)< ©o]83ted R =Z=ZIJ8(version 2.15.0)o A4
PCA(Principal component analysis)®} PLS-DA(Partial least square discriminant analysis) 4]
(Fiehn et al., 2000; Trygg et al., 2007 433} th.

16. vl 2 FHl3Fo MAH inbreeding lined] 2EAA FHL AT FT-R 2HEH
dole e T % A EA

7, W% 8 opHlF 9 ARERE FT-R 29E3 24 2 g SARA

~

AL

==
S ANBRESERE A 242 el B A wjF AT 23
A (L 5, Wk F) 250 &9 Az AHEHAH. F
25%9] 9 NEES 2= E43F FH 20 mge tubeo] ¥ 20% methanol &-&
29 o

HolZTh 7+ tubeE 50° C FzoA 20837 WA T
] =)

dr 5
o o
L8
X O
filo 3
i x

o 4 —
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£
>
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N
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=
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FT-IR(Fourier transform infrared) 2% E® ZAl= Tensor 27(Bruker Optics GmbH,
Ettlingen, Germany)& A}83F% 3L, DTGS(deuterated triglycine sulfate) HAE&7]2 EA3A T
FZ=% Z+zbe]l Al 5ulE 384-well silicon plated]] ¥F3ted, 37° C hot platedll A F 20%-%F
AzsF Y. A =3 silicon plate= Tensor 279 &2H# HTS-XT(Bruker Optics GmbH) & &

A5 AXE o]gsle] ~AHMEHS ZABIYGT. ZF Ao AHEHLS F 4,000-400 cm’
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2o AHgE T

Mool 18T 4 cm Ao F 1283 W Z4H % g
5ttt FT-IR ~#EY

Ak g
Zk Alme] FT-IR 29 ER 2 A4 45 $¢ 747% 3
ZA 3 HlolE W gt /\}3% Z29
Optics Inc)E AH&stAth FT-IR 29 ES ©HolHe bz FAENES 3l WA FT-IR
2~HEY f|o]E 9] baseline ﬂxé, normalization 2! mean centering & 2~HEHS] Hxg] AAHS
R =2 I(version 2.15.0, Auckland, New Zealand)& ©]43te] 43313t} Baseline @4 -&
98] FT-R 2=FEY 22 g9o o £4(1,800-800 cmHe FAEE 002 =HsqaoH
AFFe] a5 HAd e st 4 ~2HERHS $Y WA O E normalization AT o] F
tlol8 9] mean centering }AS AA 1A vlEe YT tu AAZ7E drd ~FHEF
HolHE ¥z BAEA 45 A% £F3td HeolHE AREsATH. 7Fad FT-IR 29
Eql dolH&= NIPALS &3g]&(Wold, 1966)< ©]&3te] R Z=ZIdl(version 2.15.0)0l A4
PCA(Principal component analysis)¢} PLS-DA(Partial least square discriminant analysis) 4]
(Fiehn et al., 2000; Trygg et al., 2007)2 <33t}

Al2d d7E A

L S A& Fl FF5< o83 A5A 2 d4dAL B+

7h =l Al vl EF5Y] ARA 2 AA4A TR

AFA B AMA = U}ﬂcﬂ CCAIF x CCAl1-1R¥ CCAIF x CCA1-3RE o]&3ste] =
A uE 30 FF(E AP 10 FF, A54E 10 55, A=AE 10 F9)< AT 23
HAAA, AFA 2L AF/ALA 37W FHE v 5 AAHTH 6). F2F #iF 10

T3 alldes 25 AFARLH, 4FH4E WFAAs AFATS 7HAL = Aol 4
5, dAAREE 7HAA Sle Aol 1 FF oA umA 5 F52 AR/AUAY] EFFEHE

ZHAAL AT Ao AFARS ZHAAL e Aol 2 FF, 18 YA 8 FF2
AFAAAL] EFFHE 7HAL AJHE 1, 2™ 7. FHE Tl AR wjF 30 FF2
AFARE 7FHAI e Aol 16 FFo=2 7 “’}OLOfﬂ AAARS 7FAA e Aol 1

Zlo
=5 AFAAAL EFFHE A = Aol 13 FF AU

U AAE F ajFe] o]2Y7A S
T84 30 FF5 T 4% WiF 2%5F, A5
o] §sto] HIFAQ2T)NA 473 71& A==
dotE e olRHUINAE AT 1 2 = %
o2 71A %2 AR UEINA Fgkon, ofHl ZFo HjFlrt B
& AJATHIEH 8). 2T oA o2 AE A urt AR FA)o

o AeAal, I o ® opAjobd T (X F/AAA), h*_%‘djr%(xll‘%/{lé!ﬂl),
oA o} SHA /A AAD, oA oL JAFAAAD, FSHF/AAA), =AFAFA

09}4
> 2
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oft
2
[l
N 1)

i
o
o
sl

_34_




o, TEHFAEAAC] 7 Al UERRTHE 2.

A M 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

D G S D G G S S— —— — W W — ——— —— —— v L W Y

M 12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

*1~10: B HiZ, 11~20: {2 BiZ, 21~30: HE B
a9 6. vHAE ol &3 AP I Al wiF 30FFTe] AFA 2 A
(A: CCAIF x CCAIl-1R, B: CCAIF x CCA1-3R)

o>
L
o
.
e

L F AR E 30 FEe) FEH, A4Y, ARA 2 ANA T8
F51 2] A 2 AA] ERE
oA oH i A RS
= A4 obAl o} R
== A 3 Ab7hetse) o}

157 A3 EAE 5180}
3| )=) o=
] ;1(_]78 'E‘ZJ{%] X]"l‘ ;)O
A Azl % F%2
0% A3 F$FE
Bt 3 TSER
23 A5 g
=3 A 3 e ER
zeol s A5 obA o} B
ofA] o} 3} A 3244 obAlobE R
obA] o} ekl 74 oA o} B
v g A 3 ke 32 o
23 =] Al LA
G oz A 1244 B2 3 2 o)
CRY= A 24 A E 2 o}
ob2}z] A5 o
B A 3 3
CR7Z4T 23244 5
ek A 24 ST FR
op A o} & ZERs A 24 ofA o} 1
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Ion leakage in Chninese Cabbage

100
80 =—ChunJeong
;\3* —AsiaWolldong
TD’ —NorangGandong
g 60 —AsiaSengha
-}é —AsiaAlpine
9 40 —=NamPoong
§ ChunYeon
20 DongPoong
0

22°C -2°C -4°C

a9 8 AAE F S 8 FFol i ol 7|A HAA A

3295 8 FFol gk A2 Fo o]2g 7R Hagk (C: A, K A4

22°C 2T -4 o K
117 ~ 2/22) (2h in dark) (2h in dark)

ChunJeong 21687225 73.381846 94.289509 u C
AsiaWolldong 28.949843 77.322964 89.085873 AL CIK
NorangGandong 24.947862 80.791506 93.184741 S CIK
AsiaSengha 25.425882 82.796258 91.014752 S CIK
AsiaAlpine 20.921895 84.540117 94.912985 S K
NamPoong 23.130570 89.369910 92.012410 Ae CIK
ChunYeon 23.196147 89.863408 93.978171 = C
DongPoong 28.870780 92.060880 96.660194 A CIK

2. EST 9 Br24K microarrayE ©]&3 WA #d FAAS] 2HEY

7}F. Unigene 971 E2] &8 2~EH

Unigene assembly®} annotationS $J3ll singlets} contig® o] %012 903709 raw read 7]
AL E3} BTED (http://s47.ma.kr/BrTED/index.php)Z HE <0.05 #& AE# 2o #odl+=
short repetitive @7IAES AT AFEY AA=E A7) HAAFE YAIES
EGassembler (Masoudi-Nejad et al. 2006; Falgueras et al. 2010)2 ©]-&3}it}. EST assembly S
9?13k EGassembler+= 7]& o2 Fd3AT o|& Tl AFEY AA=E AASNLH,
repetitive elementZ A A 34 o}

Assembledt unique ZAFA = Blast2go(Gotz et al. 2008)E ©]-8-3 public ©] ] E #] o] 29
A A8k annotationS BLAST hitZ do] Wit
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A7 Bdoz 9384 Kyoto Encyclopedia of Genes and Genomes (KEGG) do]Ejuo] 2
(http://www.genome.jp/kegg/pathway.html) (Kanehisa & Goto 200002 ©]&3}th. Enzyme
commission (EC) number= BLASTXE %3 £ value 10’02 KEGG w1 & | o] €] u] o] 220 A]
A st

AREEE AE AEEE HEA F5<
Gal” W] FAE AFESEA 5
g2 A= 22T, 3C, -2C, -6CTE 72 6A1 Attt 2Ed 2 A § a2 A4
AA4E ol&ste 4% & -80C o RNAS F=38t7] A7bA Bastd Total RNAE e,
7], A, ZEog 9 A& A3 AZo)A RNase mini kit (Qiagen, USA)ES o] &3l F=
33 th. RNase-free DNase (Promega, USA) (Shoresh et al. 2001)2 genomic DNAE A A3}
RT-PCRE 33} Tt

90371¢] unique H7IA LS 53570¢] contige} 368712l singletoZ o] FojA Jom 7]
Agel HF ZAol= 863 bp oAt PolyA/T tailel 32717} 9= A -$ unigened® &<l
39 th. Contige] Al@ 22l Zolx= ZAE= 180 bp, AAIE 3,288 bp7tA BEEHo] Ao,
W+ 1,124 bpel Aot Singleton®] A|# 9] Aol ZAl= 117 bp, A= 945 bp7tA] £33
Ho] Ao, Hat, 484 bp ©Itk. F 90370 AlA =9 B Hol= 863 bpelALeH, o]
% 85170+ annotationo] o] A o™, 527]= annotationF o] JA] EUpTHIE 3). T3 903
72| unigenee| wisled blast hitsk A3} Arabidopsis thalianaol X = 3,425719] oj-$ @&
FRAAE] HAMERQOW, Brassica rapal A= unigene?] 1/10¢1 98712 H-HAEC] HAA
HAFGE 4.

SPFH U, A FEQ obAlolEEe] “obxlo}
| wedol Ug w7 2CoH ASAAT. A 2E

\a

# 3. Unigeneol tj3t Q. <F

Items Contigs Singletons
Number 535 368
Total number of sequence 903

Prescen of poly A/T (AAUAAA) 32

Minimum length 180 117
Maximum length 3,288 945
Average length 1,124 484
Average length of sequence 863

Number of sequence annotated 851

Total number of un-annotated sequences 52

¥ 4. 90370¢] unigeneol| ™3k blast hit 2 =}

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

_38_




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 moellendorfful 199 Cucumis melo 30
Physcomitrella patens 164 Malus x 29
Thellungiella halophila 111 Others 1029

1} Unigene®] 7|52 ¥l €] annotation

BLAST2GO suiteE AF&3la] Gene Ontology(GO)E £A4S 33ttt WA GO &4 F
8 7 el 9l molecular function(MF), biological processes(BP)¢} cellular component(CC)E
Akl 19 8o YEtHAT. =3 F2 JhElany] Al diste] k9 JhE = &4
st 1 A3 A WHAZ BPY sl 7hHlalg]l o 4= response to stressoll Al 139712 717
wol &3 9J%lar, catabolic processell= 1157H, response to abiotic stimulusell= 11371,
protein modification processell= 1037, signal transductionoll= 837 o2 @Wo] &3] JAUTt
(298 9. + HAE CCo 3% 7ielag ol plastidoll Al 219712 7H¢ ®ol &AL,
protein complexell+= 1607}, plasma membraneel+= 1307}, mitochondrionoll&= 897 O & wWo|
&) YAtHE 10). =3 MF 3t9 7lelaglol+= nucleotide bindingoll A 18571 &, DNA
bindingell = 747Y, protein kinase activityoll= 667] =92 wWo] &3 JAAHZH 1D).

&
690

597 589
553

641
132 693

MF BP

19 8. 90371 ESTe] GO witio]o] 1+
(MF: molecular function, CC: cellular component, BP: biological process)
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Biological Process (BP)

response to external stimulus

4 boli
Y »

ical structure mor ph

lipid metabolic process

to biotic sti

resp

to end

P 8!

reproduction

carbhohydrate metabolic process
signal transduction

protein modification process

to abioti

catabolic process

response to stress

o 20 40 60 80 100 120 140 160

19 9. GO biological process ZFe| L] ol thdl 319 7he| g £

Cellular Component (CC)

endoplasmic reticulum

cytop i brane bounded
extracellular region
cell wall
cytosol
vacuole
nuceloplasm
mitochondrion
plasma membrane
protein complex

plastid

T T T T T 1

0o 50 100 150 200 250

19 10. GO#] cellular component Z}He| 8]l thgt sl 7He| ] 4

Molecular Function (MF)

structural molecule activity
calciumion binding

electron carrier activity
receptor activity

enzyme regulator activity

trasncription regulator activity

peptidase activity

transporter activity

seq.specific DNA binding transcription factor activity
protein kinase activity

DNA binding

nucleotide binding

T T T T T T T T T T 1

0 20 40 60 80 100 120 140 160 180 200

I3 11. GO29 molecular function ZFE|Z& ol Wik s ZHEl 8] E4
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53] biological processes(BP) 7le|aig]olA o] 27 2 HISHH XE# 2o #HHE 3}
7 e gl € "dS AASHA B4Rt 2 23 1397019 EST7F response to stress(SR)<l
&£olH o, 11371¢] EST7} abiotic stimulus(AS), 5771¢] EST7} biotic stimulus(BS)¢] 7} arz] el
st =3k 8170 EST+= SR} AB9| Zhe|arg]el], 217§¢] EST= ASe} BSe| 7)H| g o,
42712) EST+ BS¢F SR9 7HE|aig] o] &3t o, 16719 EST+ SR, AS, BS 7he|a1g] 25l
&3 TH™ 12). M 71A] k9 ZHeE|ae] S ASelwt &3 A& 1137019 ESTe tigh AR =
¥ 59} #t} o] 113789 EST ##AAE o]&3le] BrGP (Brassica rapa Genome Project)9]
microarray AXE= FE A2UTC)NA FA Edo]l FVl=Ee= 12719 X AHBra031349,
Bra032023, Bra036648, Bra009355, Bra015499, Bra013945, Bra009705, Bra009356, Bra031307,
Bra018288, Bra009382, Bra020611)& Aw&3slFtH1E 13).

SR

139

81 42
16

113 21

7]
~

AS BS

19 12. BP 7t el ~EH 2o BHEE 37FA] 649 she|are] ol tigk witho]o] 1)
(SR: response to stress, AS: abiotic stimulus, BS: biotic stimulus)

3£ 5. Abiotic stimulusell <3k 1137§9] EST A X

Seq

Seq. Blast with identity min. mean

No. Name  BRAD % Seq. Description L%‘Qg)th eValue  Similarity
1 ST3430 Bra031349 99 dead-box atp-dependent rna helicase 53-like 707  812E-96 75.25%
2 ST3641 Bra018423 99 glucan water dikinase 684  27IE-141  92.65%
3 ST3633 Bra032023 99 heat stress transcription factor a-1b 508  3.60E-61 58.60%
4 ST3765 Bra003276 100 autoinhibited calcium atpase 453  1.76E-88 83.55%
5 ST3533 Bra038534 98 calmodulin-binding transcription activator 3 240  2.15E-27 71.80%
6  ST3577 Bra002955 99 glucose-6-phosphate phosphate-translocator 636 4.80E-56 74.25%
7  ST3529 Bra040484 100 pseudo response regulator 242 8.18E-39 89.50%
8 ST3512 Bra040219 100 acyl- binding protein 4 560 2.35E-95 81.05%
9 ST3629 Bra022805 98 root phototropism protein 2 514  549E-83 86.45%
10 ST3637 Bra023952 99 cellulose synthase catalytic subunit 648 1.80E-125 93.90%
11  ST3599 Bra037337 100 sodium-dependent phosphate transport protein 618 297E-46 69.90%
12 ST3734 Bra039641 100 myosin 1 309 83E-56 91.35%
13 ST3639 Bra029673 100 transcriptional adapter ada2a 388  245E-44 79.75%
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14

15
16

17

18
19
20
21
22
23

24

25
26
27
28
29

30

31
32
33

34

35
36
37
38
39
40
41
42
43
44
45
46
47
48

49
50

ST3724

ST3484
ST3746

ST3470

ST3685
ST3459
ST3417
ST3647
ST3455
ST3719

ST3458

ST3700
ST3708
ST3502
ST3479
ST3737

ST3671

ST3419
ST3749
TC164

TC8463

TC8716
TC509
TC1929
TC3789
TC1751
TC2253
TC4313
TC4161
TC9004
TC8805
TC5697
TC3994
TC2968
TC8922

TC2429
TC599

Bra039869

Bra040219
Bra036648

Bra001846

Bra033282
Bra025738
Bra017730
Bra013973
Bra005012
Bra036289

Bra000960

Bra025517
Bra018722
Bra027599
Bra026937
Bra035381

Bra018659

Bra009355
Bra016908
Bra035416

Bra022864

Bra005183
Bra011671
Bra012676
Bra030429
Bra015499
Bra029328
Bra011172
Bra013945
Bra005541
Bra009705
Bra009356
Bra002129
Bra029198
Bra005638

Bra034941
Bra003781

100

99
99

100

100
99
100
100
88
99

100

100
98
99

100
99

100

100
98
100

100
99
99
99
99

100
99
100
99
99
99
99
99
99

100
100

transcription factor jumonji and cbhc2 type zinc finger

domain-containing protein
acyl- binding protein 4
stress-inducible protein

udp-glucoronosyl udp-glucosyl transferase family
protein

cbl-interacting serine threonine-protein kinase 9
3-ketoacyl- synthase 4-like
phospholipase d delta
della protein
gamma-glutamyl phosphate reductase
xanthine dehydrogenase

homeobox-leucine zipge{kprotein anthocyaninless
-like

dna repair endonuclease uvhl
abc transporter ¢ family member 4-like
tir-nbs-Irr class disease resistance protein
cytochrome p450
histidine kinase 4

rna-directed dna polymerase (reverse
transcriptase)-related family protein

rna helicase
cytochrome p450 monooxygenase
pyruvate dehydrogenase el alpha subunit

udp-glucoronosyl udp-glucosyl transferase family
protein

protein sodium-and lithium-tolerant 1
ferulate-5-hydroxylase
beta-amylase
cinnamyl alcohol dehydrogenase
filamentation temperature-sensitive h 2b
snap25 homologous protein snap33
h(+)-atpase 2
abscisic acid insensitivity 1b
e3 ubiquitin-protein ligase copl
dual specificity protein phosphatase family protein
rna helicase
phosphoacetylglucosamine mutase
rccl and btb domain-containing protein
inositol polyphosphate 5-phosphatase

cytochrome p450 monooxygenase
betaine-aldehyde dehydrogenase

492

478
563

624

706
514
648
564
236
416

758

177
148
388
466
589

350

595
562
1498

947

2083
1881
1989
2284
2249
1044
1183
962
965
851
965
693
940
825

1742
1829

3.50E-57

1.20E-80
2.22E-82

3.34E-55

6.45E-139
3.07E-72
2.54E-123
1.12E-77
9.04E-11
9.85E-80

1.66E-150

2.97E-20
1.05E-22
2.11E-62
2.30E-80
9.37E-99

3.48E-25

2.30E-125
7.84E-98
0

1.72E-179

o O O O

0
3.42E-162
0
1.79E-93
0
3.61E-119
4.20E-166
5.52E-78
0
3.09E-160

0
0

75.35%

90.70%
84.80%

61.50%

88.40%
91.85%
84.35%
63.55%
57.05%
89.70%

85.95%

75.53%
87.50%
79.75%
80.60%
74.45%

97.55%

93.55%
84.00%
94.65%

65.05%

82.60%
92.35%
86.50%
92.90%
92.05%
76.35%
97.00%
74.65%
83.10%
80.45%
82.40%
79.60%
90.80%
82.15%

85.25%
92.80%
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ol
52
53

54
95
56
o7
58

o9

60
61
62
63
64
65
66
67
68
69

70

71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87

TC556
TC9033
TC4392

TC9088
TC8741
TC8392
TC8929
TC8972

TC6593

TC5246
TC5115
TC5114
TC8596
TC8974
TC8160
TC8550
TC9072
TC2162
TC3852

TC3441

TC8632
TC2198
TC755
TC8562
TC9027
TC8599
TC1103
TC5754
TC8407
TC1763
TC3196
TC1752
TC2205
TC8855
TC6983
TC1485
TC3735

Bra026115
Bra030524
Bra031307

Bra005031
Bra004503
Bra002632
Bra023220
Bra011554

Bra031393

Bra013604
Bra034863
Bra001392
Bra027152
Bra004283
Bra036319
Bra017742
Bra037533
Bra015815
Bra000263

Bra003748

Bra005176
Bra009244
Bra003633
Bra040094
Bra020611
Bra025579
Bra027115
Bra016749
Bra016740
Bra034556
Bra018700
Bra018288
Bra027127
Bra013145
Bra001090
Bra033901
Bra016683

99

100

100
99
99

100

100

100
100
100
98
99
99
100
100
100
100

100

100
100
96
99
99
99
98
100

100
99

pyrophosphate-energized vacuolar membrane proton

pump 1
dna repair helicase uvh6

udp-glucoronosyl udp-glucosyl transferase family
protein

geranylgeranyl transferase type-1 subunit beta
protein ccal
protein
extra-large gtp-binding protein 3

arginine partial
glucose-6-phosphate phosphate translocator 2

immutans protein
omega-3 fatty acid desaturase
omega-3 fatty acid desaturase
phosphatidylinositol 3-kinase
c2h2-like zinc finger protein
abcl protein
glycine-rich protein
abscisic acid-insensitive 5-like protein 7
tubulin beta-1 chain

cold-regulated protein corlbb precursor
probable salt tolerance-like protein atlg75540-like

expansin
ribulose-phosphate 3- chloroplastic-like
v-type proton atpase catalytic subunit a
hat4
protein farl-related sequence 10
protein
dna helicase
transcription factor icel
cytochrome p450
nbs-lrr resistance protein

dihydrolipoyl dehydrogenase 1

atp-dependent zinc metalloprotease ftsh
chloroplastic-like

atp-citrate lyase a-1
nuclear cap-binding protein
atbg17920 mpi7_60
atp sulfurylase

purple acid phosphatase

1575
1520
1457

1404
2011
519
825
549

1006

1251
1695
1696
1000
872
803
748
655
1543
716

1077

971
1265
2596

945

918
1523
1035
1133

911
1349
1949
2272
1522
1040
1336
1837

0

0
9.61E-84
3.66E-89
2.60E-60

8.12E-179
0
0
0
0
1.56E-134
7.28E-60
1.08E-62
5.71E-79

0
2.97E-79

4.43E-154

0
4.12E-170
0
4.40E-123
1.15E-129
0
0
5.60E-96
2.69E-166
0

oS O o O

93.50%
94.40%
74.05%

77.20%
70.75%
74.80%
73.30%
91.25%

85.55%

81.05%
88.10%
88.25%
87.95%
93.65%
68.58%
64.60%
74.70%
98.00%
82.90%

66.65%

91.50%
91.15%
97.70%
97.40%
73.40%
86.75%
87.75%
58.60%
74.50%
73.25%
94.20%
91.50%
95.40%
83.15%
93.65%
91.35%

1210 1.59E-160 82.65%
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88
89
90
91
92
93
94
95
96

97
98
99

100
101
102
103
104
105
106
107
108
109
110
111
112
113

TC8420
TC8535
TC8397
TC1873
TC1984
TC1975
TC6055
TC3129
TC8985

TC8094
TC8667
TC8566

TC8639
TC14327
TC543
TC8625
TC8800
TC4747
TC2292
TC3978
TC8703
TC8702
TC8102
TC1974
TC5477
TC4202

Bra019539
Bra017949
Bra024097
Bra024749
Bra015634
Bra013507
Bra025392
Bra024413
Bra007632

Bra017317
Bra006185
Bra020566

Bra020017
Bra002046
Bra035951
Bra037953
Bra000019
Bra018970
Bra005751
Bra000039
Bra011485
Bra011485
Bra009382
Bra013507
Bra030253
Bra017443

100
100
99
100
100
94
99
99
99

99
100
100

100
90
99

100
99

100
99
99
99
99
99

98
98

protein-l-isoaspartate o-methyltransferase
f-box family protein
vernalization vin3-like protein
3-ketoacyl- synthase
ethylene-responsive transcription factor rap2-4
ribophorin ii family protein
glycosyl family 35 protein
receptor-like protein kinase

dof zinc finger protein

wwe protein-protein interaction domain family protein

bidirectional sugar transporter n3-like

protein dehydration-induced 19 homolog 3-like isoform
1

phytochrome-interacting factor
cyclin
protein cobra
atfro6 fro6
aldo-keto reductase family 4 member c9-like
tsk-associating protein 1
protein lhy ccal-like 1
auxin transporter-like protein 1
abscisic acid-insensitive 5-like protein 6
abscisic acid-insensitive 5-like protein 6
calmodulin-binding transcription activator 1
ribophorin ii family protein
inositol-3-phosphate synthase

della protein

941
986
2011
1761
1809
1090
2707
2095
746

886
772
1017

823
843
823
530
1046
626
646
838
827
746
502
753
1831
2169

3.39E-96
1.97E-177
0
0
2.78E-165
0
0
0
1.79E-24

3.11E-118
6.35E-146
1.03E-97

3.67E-98
9.48E-58
8.27E-138
1.26E-49
4.22E-153
9.70E-55
2.00E-88
2.42E-147
7.599E-22
6.85E-86
5.26E-105
3.05E-116
0
0

84.10%
83.15%
62.80%
91.95%
69.25%
79.65%
86.15%
90.85%
92.65%

67.75%
80.35%
73.00%

85.30%
83.25%
90.60%
76.65%
87.40%
64.33%
76.30%
88.45%
93.00%
67.25%
77.10%
87.50%
97.85%
91.60%
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12,000 -

§

relative expression

relative expression
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relative expression
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relative expression

7,000 -

5,000 -
4,000 |
3,000 -
2,000 |

relative expression

1,000 -

58888

relative expression

4,000 -
3,000 -
2,000
1,000 -
2,000

Bra031349 3,000

relative expression

30m 3h 12h 24h 48h
Bra036648 14,000
12,000
10,000
8,000
6,000
4,000

relative expression

3

30m 3h 12h 24h 48h

Bra015499 12,000

10,000

6,000

4,000

relative expression

]

2,000

Bra009705 4,000

relative expression

2

30m 3h 12h 24h 48h

Bra031307 7,000
6,000
5,000
4,000
3,000
2,000

relative expression

10,000 - 2,500

1 2,000
6,000 1,500
4,000 - 1,000 -
2,000 - 500
8,000 -

3,500
400: 4 3,000 -
300 - 2,500

2,000
200 - 1,500

1,000
100 |

500

1,000 -

|

30m 3h 12h 24h 4sh

Bra009382 2,000 -
§ 1,500
2
s
o
5 1,000 -
o
2
®
T 500 -

30m 3h 12h 24h 48h

Bra032023

Oom  30m 3h 12h  24h  4sh
Bra009355

Om 30m 3h 12h 24h 48h

7 Bra013945

Om 30m 3h 12h 24h 48h

Bra009356

Oom 30m 3h 12h 24h 48h

Bra018288

Bra020611

Oom 30m 3h 12h 24h 4sh

. BrGP (Brassica rapa Genome Project) microarray2]
A2(AC)ol A Lol S7E = 1270 A
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t}. Br24K microarray AR E o] &3 AL ¥-$A
B F<20 Br24K microarray AR E o] &3+ ]
Mol RSt A Fo| ARt BEoldo g & WS ASHATHE 6, & 7).
ol A Ao gk AERE & 8 E 99 7LE} 4374 v%ﬂﬂag oAl BrGP
(Brassica rapa Genome Project)?] microarray AXE o] %‘6}04 A2 (4T )l A =ZA =3 o)
7= = 8709 7 AHBra031521, Bra012845, Bra006146, Bra020541, Bra037232, Bra026701,

LS Bl 22

Bra011208, Bra034103)5 A&stATHIE 14).

¥ 6. Br24K microarrayoll A A5} @A REFoA A Lo Ho WHS HO HFHAE
No. Seq ID homéltbgue 555?5 T"Cl% 552%1 %"gj] 4°g };§°C 4°C:‘11/2A1:2}°C
1 BRAS0001S500012498 AT1G27100 469 | 8,048 427 | 11,048 17.1 25.9
2 BRAS0001S00001571 AT2G42530 448 | 6,108 907 | 12,196 13.6 134
3 BRAS0001S00000857 AT1G52030 239 | 3,033 913 8,124 12.7 8.9
4 BRAS0001S00001092 AT1G28370 1,540 | 19,109 | 2,735 | 29,659 12.4 10.8
5 BRAS0001500029402 No Hit 251 2,902 | 2,311 5,189 11.6 2.2
6 BRAS0001S500004493 AT1Gb51760 547 | 6,054 | 2,202 7,420 11.1. 34
7 BRAS0001500014249 AT1G28370 1,578 | 17,258 | 2,623 | 31,827 10.9 12.1
8 BRAS0001500029359 AT5G07350 1,445 | 15,461 | 1,911 | 22,962 10.7 12.0
9 BRAS0001S00013399 AT2G46510 470 | 5,032 | 1,632 6,904 10.7 4.2
10 BRAS0001S00006653 AT1G60190 876 | 9,193 534 | 14,451 10.5 27.1
11 BRAS0001S00018555 AT4G30350 848 | 8,151 | 1,068 7,664 9.6 7.2
12 | BRAS0001S00009958 AT5G15850 721 6,211 | 1,297 | 20,702 8.6 16.0
13 | BRAS0001S00002479 AT1G74430 1,981 | 16,443 | 1,789 4,663 8.3 2.6
14 BRAS0001S00003313 AT2G18680 1,897 | 15,613 | 1,773 | 16,895 8.2 9.5
15 | BRAS0001S00019648 AT2G36440 700 | 5,741 639 | 16,118 8.2 25.2
16 | BRAS0001S00012222 AT3G51660 558 | 4,387 | 1,220 | 4,940 7.9 4.0
17 | BRAS0001S00014048 AT3G10300 2,709 | 21,192 | 7,104 | 44,830 7.8 6.3
18 BRAS0001S00003204 AT2G34930 762 | 5,919 | 1,058 3,994 7.8 3.8
19 BRAS0001S00029058 AT5G60600 526 | 4,030 | 1,209 5,274 7.7 4.4
20 | BRAS0001S00000132 AT4G20890 299 | 2,278 | 1,020 3,105 7.6 3.0
21 BRAS0001S00011324 AT1G71697 1,826 | 13,702 | 2,554 | 22,082 7.5 8.6
22 BRAS0001500026260 AT5G05190 1,020 | 7,538 | 1,739 7,778 7.4 4.5
¥ 7. Br24K microarrayoll A Ao A qk A Lo H& BHS B FHAE
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BRAS0001500020457
BRAS0001500013377
BRAS0001500003200
BRAS0001500011635
BRAS0001500022128
BRAS0001500003420
BRAS0001500004816
BRAS0001500011757
BRAS0001500019407
BRAS0001500026259
BRAS0001500029062
BRAS0001500020944
BRAS0001500002363
BRAS0001500018446
BRAS0001500000926
BRAS0001500022709
BRAS0001500008883
BRAS0001500001873
BRAS0001500004723
BRAS0001500019843
BRAS0001500003996

AT1G45015
AT5G48850
AT5G23960
AT1G66720
AT4G30470
AT3G56060
AT2G24210
AT5G38340
AT2G20610
AT1G09480
AT5G57015
AT5G15600
AT3G17860
AT5G22500
AT4G12480
No Hit
AT3G45140
AT3G22930
AT3G51670
AT5G26260
AT2G32870

1,041 | 9,504 | 17,387 9,256 9.1 1.9
576 | 3,769 824 903 6.5 0.9
341 | 2,141 208 201 6.3 1.0
383 | 2,387 494 414 6.2 1.2

1,040 | 5,702 | 5,673 4,592 5.5 1.2
453 | 2,422 | 1,409 1,672 5.3 0.8
973 | 5,061 | 10,770 | 12,623 5.2 0.9

1,007 | 5,162 | 1,027 1,179 5.1 0.9

2,253 | 10,705 | 13,381 | 17,473 4.8 0.8
744 | 3,506 887 690 4.7 13
779 | 3,653 833 1,036 4.7 0.8

1,379 | 6,095 | 3,100 2,141 4.4 14
978 | 4,310 | 3,007 4,203 4.4 0.7

1,637 | 6,853 | 9,362 | 12,035 4.2 0.8
869 | 3,511 | 11,168 | 11,404 4.0 1.0
401 | 1,606 | 1,039 910 4.0 1.1
839 | 3,255 | 4,094 2,188 3.9 1.9
484 | 1,874 453 505 3.9 0.9
432 | 1,664 | 1,230 1,717 3.9 0.7
804 | 3,030 | 17,227 | 19,547 3.8 0.9

2,257 | 7911 22,932 | 25,095 3.5 0.9

¥ 8. Br24K microarrayoll A A F-o} @A EFoA AL & THS =B

FAA A8

No. Seq Id BRAD Id | Identity Sequence description
1 | BRAS0001S00012498 | Bra016306 | 100 hypothetical protein [A. thalianal
low-temperature regulated protein BN115 14.8 kda
2 | BRAS0001S00001571 | Bra000263 | 100 protein [B. napus]
3 | BRAS0001S00000857 | Bra018941 | 100 myrosinase-binding protein [B. napus]
putative ethylene-responsive element binding factor [B.
4 | BRAS0001500001092 | Bra010880 | 100 rapal
AGP20 (ARABINOGALACTAN PROTEIN 20) Arabinogalactan
5 | BRAS0001500029402 | Bra014427 | = 81 peptide 20 precursor (AG-peptide 20) putative protein
6 | BRAS0001500004493 | Bra018932 | 100 [AA-amino acid hydrolase 3 [B. rapal
7 | BRAS0001500014249 | Bra010880 | 100
8 | BRAS0001S00029359 | Bra006082 | 99 null
9 | BRAS0001S00013399 | Bra004532 | 98 At2g46510/F13A10.4 [A. thalianal
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armadillo/beta-catenin repeat family protein / U-box

10 | BRAS0001S00006653 | Bra031521 | 100 | domain-containing protein, U-box domain-containing protein
19, Contains similarity to zinc-binding protein (PWA33)

11 | BRAS0001S00018555 | Bra024084 | 99 heat shock protein-related putative protein

12 | BRAS0001S00009958 | Bra008668 | 98 constans-like 1 protein [B. juncea]

13| BRAS0001500002479 | Bra015912 | 99 MYB95 (myb dfrrgggér%%ﬁ“}a%%rDNA binding /

14 | BRAS0001S00003313 | Bra038546 | 100 unknown protein [A. thalianal

15 | BRAS0001500019648 | Bra034552 | 100 F-box/LRR-repeat protein 15

16 | BRAS0001500012222 | Bra012845 | 100 LS1-like protein [A. thaliana]

17 | BRAS0001500014048 | Bra034103 | 100 | calcium-binding EF h%f;gtg?rflnﬂy protein, Unknown
18 | BRAS0001500003204 | Bra005378 | 99 disease resistance family protein

19 | BRAS0001500029058 | Bra006839 | 98 |CKL12 (Casein Kinase I-like 12); casein kinase I/ kinase
20 | BRAS0001S00000132 | Bra020912 | 100 TUB9 (tubulin beta-9 chain); structural molecule
21| BRAS0001S00011324 | Bra016126 | 100 ATCK1 (CHOLINE KINASE)

22 | BRAS0001500026260 | Bra005847 | 97 unknown protein
¥ 9. Br24K microarrayoll A A F AT =2 dHS Bl FHAA R

No. Seq Id BRAD Id |Identity Sequence description

1 | BRAS0001500020457 | Brao2sss4 | 99 |MD-2-related ipid dﬁﬁgﬁ?}Eggta?g{ﬁginp‘r%ﬁggimng protein
2 | BRAS0001S00013377 | Bra023965 | 100 KNAT5 (KNOTTEDI1-LIKE HOMEOBOX GENE 5)

3 | BRAS0001S00003200 | Bra009717 | 93 putative delta-cadinene synthase, PUP8

4 | BRAS0001S00011635 | Bra004175 | 100 AtPP protein [B. napus]

5 | BRAS0001500022128 | Bra024073 | 100 cinnamoyl-CoA reductase-related

6 | BRAS0001S00003420 | Bra007212 | 93 unknown

7 | BRAS0001500004816 | Bra0ooses | 99 | 110 ERE XN 1O o e o 0cmene
8 | BRAS0001S00011757 | Bra006146 | 99 disease resistance protein

9 | BRAS0001S00019407 | Bra036703 | 100 ROOTY/SUPERROOT1

10 | BRAS0001500026259 | Bra020019 | 100 cinnamyl-alcohol dehydrogenase family / CAD family
11 | BRAS0001S00029062 | Bra034648 | 88 arginine decarboxylase [Brassica junceal

12 | BRAS0001500020944 | Bra008685 | 97 nitrilase associated protein-like

13 | BRAS0001S00002363 | Bra021281 | 100 |JAI3/JAZ3/TIFY6B (JASMONATE-ZIM-DOMAIN PROTEIN 3)
14 | BRAS0001500018446 | Bra002416 | 100 | 2Vl Coguig‘gi%%’aigélgugﬁgr‘ﬁy/ gﬁfg%ﬁg&gyn protein,
15 | BRAS0001S00000926 | Bra029456 | 100 pEARLI 1; lipid binding

16 | BRAS0001S00022709 | Bra040589 | 100 SFR3 [B. oleraceal
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17 | BRAS0001S00008883 | Bra004057 | 98 lipoxygenase 2 [B. napus]
18| BRAS0001500001873 | Bra023786 | 98 calmodulin, putative
19| BRAS0001500004723 | Bra012843 | 100 |SEC14 cytosolic {fgﬁg%efagﬂgﬂ?mgﬁe{nphoSphoglyceﬁde
meprin and TRAF homology domain-containing protein /
20 | BRAS0001500019843 | Bra020541 | 100 MATH ot A, ettt
21| BRAS0001S00003996 | Bra022023 | 99 ~|Mmeprin and TRAF h&%ﬂ%%{o‘ﬁfgﬁﬁg%ﬁggﬁg protein /
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relative expression
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13 14. BrGP (Brassica rapa Genome Project) microarray ]
A24T)l A HHo] F7HE = 8/ A
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gt Ak 2070 R Aol thek KEGG A=

Brassica rapa Tissue-Specific EST Databaseoll A 2433k 127) 3 *k<2} Br24K microarray
dataol| Al Ak 8709 FAAE ARE o] &3t KEGG 45 FdqstAt 1 A 5719
##=}7} adenosine triphosphatase, nucleoside-triphosphatase, phosphorylase, 5-amino-6-(5-
phosphoribosylaminojuracil reductase®] enzyme3gAol #Hst= AL YeERAY. 181 &2
A A2 2% purine metabolism, thiamine metabolism, starch and sucrose metabolism,
riboflavin metabolismol] ¥t tHE 10). o]o thet H=Z2] mape 1¥ 15 19 16, 1H
17, 19 189} Zth

3 10, AE3k 207 A Akel the KEGG 23

Enzyme Seqs Pathway Id
adenosine triphosphatase Bra037232 purine metabolism
nucleoside-triphosphatase Bra006146 purine metabolism
nucleoside-triphosphatase Bra006146 thiamine metabolism

phosphorylase Bra009705 starch and sucrose metabolism
5-amino-6-(5-phosphoribosylamino)uracil . , )
Bra009705 riboflavin metabolism
reductase
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13 15. Purine metabolism2]
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| sTaRcH AND SUCROSE METaBOLISM |

‘Anino sugarand B oot
kot Sugar mebbolism

1,44.D-Xylan

Penose and ghewonate |, _ _E"”’
Inferconversions

Sucrose-6P

O (27110 (rvainie)
321
o/
@D-Glucose.6P ( 2411
D Fruckse {zati—ry
E erose UDP-ghunoss 122111 5]
(2414]
D-Frwiose G ;p Glucan
Em
27112714
o
$-D-Ghucose

)4 27.1.10}
@D-Glwose-1,6P2

$-D-Fructose-6P

13 16. Starch and sucrose metabolisme]

| THIAMINE METABOLISM |

A-Anumshydmxymﬂ\yl 4-Am.|m 2-methyl-

2 Methyl-4-arino-
(o ) —— oo o718 St
lb(zs;;ns#n Glycine metsbolism
LCysteire 3 ihizmle - (I
(o 5% (G
(Th)-SH O 0 ¢t
[ThiS])-CO-AMP lTh:S] COSH i
-—m—» o—|
1 Deoxx D-xylulose
Biosynthesis of steroids 1~ — — — £&-O——| L-Tyrosine 0
ino-
ThH | ThiG lycine
Ol (Tt | 76 ]
==\
542-H thy
| e '
Glyrolysis l} ————— »0O— pes T
4 .
=07 5-{(2-phiosphoethyl)-
Pynuvate thiazole 313- 27189 2762
- 35992 (11323 »o—
aldzh)de acetic acid
Y
o
Heteropynithiamine

¥ 17. thiamine metabolism<]
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| RiBOFLAVIN METABOLISM |

| 3,4 Dihydrox

e HO o)
Ribuose ¥ 2boutanne-4- phosphate
. (Lia12]
[ B D tbosylmize). 5-Amino 6.5 phosgho. A0 Quinone O Hydmauinens
6 pyrirudin-4(3H)-one D-nibitylaruno wﬂm armn?o'uwmu q
0 o—{35426] e O JHizimyéauih
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713 18. Riboflavin metabolisme] 74 =

vl 207 A Apel] ojgk RT-PCR
$19] microarray JEE o]83td Mgk F 20712] CRG(cold responsive gene) %1 &+<]
PCR4FE©] ¢F 200 bp/} H =2 primerE T AQISATHE 1D, Ad" §FAAES 7%
S dotrr] 93k root, stem, leaf 1@l flowere] zZ+zhe] %24 mRNAZS =
sto] WHAFGS AFsAT 1 A 20009 FAAESS ALY BE THelA TS UE
Wt tFEE9 fFAAEC] rootoll Ao WAL HlwE A<, stem, leaf, flowerdl A=
o7& o] Btk Add FHAEE ol&ste w9 AR (EyaF #F35), dA
(ofAlotd TRl w5 FF) 2 AF/AY EFFHEE sHSMF FHHE UEHle 555
Mgz st AL AH(@BTC, -2C, -6C) F RT-PCRS 349tk 2 A3} BrCRGI,
BrCRG2, BrCRG3, BrCRGbH, BrCRG7, BrCRG8, BrCRGY9, BrCRGl1l, BrCRG12, BrCRG13,
BrCRG14, BrCRG17, BrCRG18, BrCRG19, BrCRG20 - AF=0] A 2ol ¥h-g-5lo] w3 Fo] F7}
stAT 53, AFEe dAe ¥ "ol BrCRG1, BrCRG2, BrCRG4, BrCRG5, BrCRGY,
BrCRGl4 frAA=oA = Fdd] & FdS UeErAT. T8 AF/AAe ¢ g
A Fo] Iy sy vl oy HAe B el des YAt oA AFIE dAld
49 AdE v AAdt(E 19).

E.o] Al

# 11 A3kE 2070 2 Akell gk Primer AR

Primer sequence (5" — 3" Pro.
BRAD Id | Clone Id length
Forward primer Reverse primer (bp)

Bra031349 | BrCRG1 GAATCTATCAGAGGTTCAG AACAAGATCAATCGTCAA 199

Bra032023 | BrCRG2 | CAAGTCACCGAGCATCATCTG CGTAACCGCCAGAGAACTTC 200
Bra036648 | BrCRG3 ACCACTTCACCGAAGCAATC GCTTCTTCGAGCTGGTTCAG 199
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Bra009355 | BrCRG4 CGTGTTCGTCGAAATGTAGAG TCTCTATCACCAAACCGGTTG 200
Bra015499 | BrCRG5 CAAACGCAGATGAACAAGGA CTCTTGACTCAACCCCGGTA 194
Bra013945 | BrCRG6 TATGCCTTTCATGCCGTTCC GACGACGACGACGATGATG 200
Bra009705 | BrCRG7 CCTGCAAACCTCTTACTAACC AGGACTGCGAGACCAAACG 180
Bra009356 | BrCRGS8 ATTGCGTTCAAGAGGGTAGTG ATGGATCTCTCTGACGTTCAG 200
Bra031307 | BrCRG9 AAGACCGCCTCCACTACAAC GTTGGCCACATCAATCATCTC 200
Bra018288 | BrCRG10 | AAGGGAGTTCTGCTCATTGGT ATCAACAAAGACGATGCAAGG 198
Bra009382 | BrCRG11 | TGGCTCATCCATAAAGTGACC GTTTCCTCCCTGCCACTAAAC 203
Bra031521 | BrCRG12 | TGGTTATTCGTGGCTTAAACG CTTGACGGAGACGTTACCAAC 200
Bra012845 | BrCRG13 | CGTTCTACTCGGAAGTCACCA ACCAACGGTTGAAATAAGCTG 191
Bra006146 | BrCRG14 | TCATTCAAGCAACTGGTTAGT CATGTTCGAAATATCAGTGGT 199
Bra020541 | BrCRG15 ACGCAAGGCAGAGGAACTG CCATCGTTAGCATTACCAACC 200
Bra037232 | BrCRG16 TCCTAACCCTCCATCGCTTG CGTTGATTATCGACGAGAACTC 200
Bra026701 | BrCRG17 | CCAAACATAGAAGGAAAGGAT CAGTACCATATGACTGCTGCT 214
Bra011208 | BrCRG18 CTGCGAGATCTTAATAGC CACTGTAATCCTGAGTTT 182
Bra020611 | BrCRG19 | CCTAACCAAACAAGTCCTTGC GCTCTAACAGCTTCACGATCC 200
Bra034103 | BrCRG20 CAAGCCGCACAAAGAAAAGC GAAGCAAGTCACGATGTTCG 200
N " < x5 #HA x| &, AN
o g™ \e? ao"® 925 3C_2C_-6°C. 22°C_3C_-2°C_6C. 22°C 3C_-2°C_-6C.

e . T -

e ———l-sua —sass

seic ) T [ -y |

sere e W I

sorcs B e pp—— T

scrce T B L] LT

s - Y EXELL W

BrCRG 8 e E ] e

sorss T i M ——

e — o f---f-sc===s

e e ml----= =

P = ===

oy ——— —§ =

e — == -

scrsss g [P

sns 1o [p——— § T

ercrc 7 [ EEEETT™

ey ——— 1 ==

s -

srcns o [———

a9 19, Aol wk-g3h= 2070 A Ake] digk RT-PCR 23}

(A% ekl F, B4 obAokebahelul F, A 5/ 4
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vE 2078 % Aol tf gk Real-time PCR

A" 20709 A Aol thsle] Real-time PCRE 33t 1 A3 A RoH=
BrCRG1, BrCRG2, BrCRG3, BrCRG5, BrCRG6, BrCRG7, BrCRG8, BrCRG9, BrCRGI0,
BrCRG12, BrCRG13, BrCRG14, BrCRG17, BrCRG18, BrCRG20¢] 157 +HA7F Ao thalo
W8-S UehdtHad 20). dAdAE BrCRG1, BrCRG2, BrCRG3, BrCRG7, BrCRGS,
BrCRG11, BrCRG12, BrCRG13, BrCRG17, BrCRG18, BrCRG20¢] 117} HA7F Ao thalo]
W8-S YERTH Y 2D. =3 AR/AAN £FFE 4= BrCRGL, BrCRG2, BrCRG3,
BrCRG5, BrCRG11, BrCRG12, BrCRG13, BrCRG17, BrCRG18, BrCRG20¢] 107H¢] A =7}
Ao st ¥-gS YEPHIJTHIR 22). wuehil S, ofAlofd ol wjF 2 523l <]
3FFT EFAM AL dEtd #dES B {Hx¥AEE BrCRGl, BrCRG2, BrCRG3,
BrCRG12, BrCRG13, BrCRG17, BrCRGI18, BrCRG20¢] 8712 #+xAdth =3 3FF] glo]
A A g B el FYstAl vEbd f3A == BrCRG5 BrCRG6, BrCRG7,
BrCRG8, BrCRGY, BrCRG10, BrCRG11, BrCRG142] 87} A A4t}

BrCRG1 BrCRG2
120 - 350 -
c c
§ 100 § 300
3 3 20
95)_ 80 g
200
3 60 >
Q o 150
B 40 =1
2 T 100
20 — ¢ &
0.0 - 0.0 -
20C 30C 20C 6°C 20C 30C 20C 6°C
BrCRG3 BrCRG5
250 60.0
c
5 a0 S 500
g 2 2
8 o 400
5 150 g
g o 300
Q0 100 - - $
2 2 200
© K
0.00 00 -
20C 30C 20C 6°C 2°C 30C 20C 6°C
BrCRG6 BrCRG7
700 250
c 600 T c
S S 200 -
2 s00 13
o o
g 400 g 1% —
: :
o 300 © 100 —
2 2
5 =0 3 050
2 100 -~ o =
00 - L 000 - R L
2°C 3oC 20°C 6°C 20C 30C 20C 6°C
BrCRGS8 BrCRG9
c 750 c 180
.2 ko)
8 600 | 3 150 T
2 2
Q— g_ 120
> 4.50 °
o o %7
2 300 — - >
£ B 6o
2 150 | S 7.»
0.00 - - 0 . i -
220C 30C 20C 6°C 2°C 30C 20C 6°C
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relative expression

relative expression

relative expression

relative expression
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BrCRG10

22°C

relative expression

3°C
BrCRG13

2°C

22°C

relative expression

3°C 2°C 6°C

BrCRG17

22°C

relative expression

3oC
BrCRG20

2°C £6°C

22°C

a4 20.

3°C

AR A AL WS

2°C -6 °C

229C

ve expression

relati

BrCRG1
2°C -6°C -

kL o
BrCRG3

12°C

-

relative expression

r
oc 2°C -6°C

3

BrCRG12

150

100

75

50

25 -

22°C 3°C

BrCRG14

2°C

60.0

45.0

30.0

15.0

0.0

210
1.80
1.50
120
0.90
0.60
0.30

0.00

B2l

240
2,00
160
120
0.80
0.40
0.00

270
225
180
135
9.0
45
00

22°C 3°C 2°C 6°C

BrCRG18

22°C 3O 2°C 6 °C

Real-time PCR 2}

BrCRG2
i
i -
T
|
| . . - _
229C 3oC 2°C -6 °C
BrCRG7
|
|
|
I
| e == _- .
220C aoC 2°C -6°C
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relative expression

relative expression

relative expression

relative expression

relative expression

BrCRG8
3.00 =
250 2
200 - - - . g
150 ; : %‘
100 - d g
. :
050 — —— — — — s
000 £
22°C 3oC 29C 6°C
BrCRG12

15.0
125 -

relative expression
s
k=]
\
relative expression

75
50
25
00 |
22°C 3oc 2°C 6°C
BrCRG17
250 -
\ 5
o :
150 J — g
100 —— gy o —
| &
050 l ®
°
0.00 =
29C 3ec 20 6°C
BrCRG20
10.00
800 1
6.00
400
] - ]
. |
20C 39¢ 20°C 6°C
[eJNe]
a9 21 dAOA Aol BHgE
BrCRG1
2.00
7.50 &
6.00 g
3
450 5
300 g
8
- | I
oco = .
22°C 3oC 2°C -6 °C
BrCRG3
420
350 I &
280 g
210 g
)
140 5
©
070 =
[
0.00
228C 3oC -2eC -6 °C

7.50

4.50

3.00

150

4.20
3.50
280
210

070
0.00

120
1.00
0.80
0.60
0.40
0.20
0.00

BrCRG 11

25.0 -

200

15.0

10.0

5.0

0.0

6.00
5.00
4.00
3.00
2.00
100

0.00

22°C 3°C 2°C -6°C
BrCRG13
|
‘\
|
| T
| . .
B |
22°C 3eoC 2°C 6 °C
BrCRG18
I
N
I . 7
[ B m =
22°C 3oC 29C -69C
X2l Real-time PCR A}
BrCRG2
B I I e
22°C 3oC 2eC £ °C
BrCRG5
220C 3oC 20¢ 6°C
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BrCRG11 BrCRG12

1000 3000 -
_g 8.00 5 2500 -
2000
£ o g
2 2 1500 -
T 400 o
g g 1000 -
S 200 3 500 -
: g il
= e A | = || = 0 == ‘
220C 30 2eC 69C 2°C ELS 20C 60C
BrCRG13 BrCRG17
4.00 84.0
= =
5 & 720
g 3.00 § 60.0
a a 480
X 200 - X
g g 360 -
> >
B | 240 -
E - . E e .
: i o
2 -
0.00 =1 == 00 =
22°C 30C 2°C 6°C 22°C 3°C 20C 6°C
BrCRG138 BrCRG20
200 350
c =
-% 160 »g 28.0
5 120 5 210
b =
o 80 e 140
2 g w
= =
5 40 - 7o
2 2 i
0.0 == B e 0.0 = _
22°C ERS 2°C 6°C 22°C 3eC 2°C 6°C

a9 22, AR[AA EFFENAM A2 vkg& H<]l Real-time PCR 23}

3. Br135K microarrayE ©|-&3 gty #Ad FAAY S E4A]

Br135K microarray ElolE|E &A% A3} A F Eo|z, A4 Eold, AF/AA
Ao WSt ZHte] FRAAES UFoE BT 4 AT WA AF Bojzoz it
S7HEE A2l 1A Boldo = wdo] FUtEE Al AR/AA BFAA Hd o]
st FAAES o Adsidn. =3, AR Eolyog wyo] HAdSeE A,
Eojx oz wyo] Zadte FHAL AR/AA BT THo| Zidle FHAES
Autatglom T e AlE 19 23, 24, 25, 26, 27, 28¢] vehiich

A. Z A. liana b I
SEQ.ID homologue Description
CYP82G1 cytochrome P450,
Bra013227 | AT3G25180 |family 82, subfamily G, poly
peptide 1

132| s3 1774| 1,978| 3,024| 2011| 449

Bra030558 | ATaG15248 |B-DOX type zinc finger famil
y protein

Bra016286 | AT1G26790 |DOf-type zinc finger DNA-bi
nding family protein

peptidoglycan-binding LysM

Bra013892 | AT4G25433 : Bt ¢
domain-containing protein

Bra001449 | AT3G12320 |unknown protein 1,477 | 1,379

d00H
tnop

Bra013113 | AT2G15020 |unknown protein 446| 510

Bra021734 | AT2G31380 |STH salt tolerance homologue 3,202 | 3,305
B-box type zinc finger famil
y protein

Leucine carboxyl methyltran
sferase 89| 3,166| 2,742| 1,033 408 501

Haloacid dehalogenase-like
Bra016945 | AT2G41250 |hydrolase (HAD) superfamily 273 1,012 863
protein

Bra022722 | ATS5G54470 967 | 1,003

Bra033643 | ATS5G42760

>20,000 14,000-19,999 8,000-13,999 4,000-7,999  2,000-3999 1,000-1,999 500-999 100-499 <99
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a9 23 ARk FA EFA EHe] SUMEE FRAAE] A4
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)

— PP "

SEQ.ID ntq N A De. Y] o § c2 c3 c4 C5 C6 K1 K2 K3 K4 KS K6
g scription

Bra033985 AT1G72260 IHIZVI' THI2.1.1 thionin 2 810 1,497; 1,255 118 236 167 177 141 176
Bra034094 | AT3G10120 |unknown protein 204|1448|1178| 993| 316 356 276| 436| 210 254‘ ses| 427

73 Bra024091 | AT4G30230 |unknown protein 662| 2761| 2,807 1308| 726| 635 S11| 802| 674 971‘ 533| 480

|

S0/ | | |Protein of unknown functi | | | | | | | |

=

Qo | Bra03ses | ATsGsasso |00 Y 654| 2752 2535| 2047, Se8| 767| 233| 359| 245| 304 258| 199
Bra021122 | AT3G15620 m;‘iz';‘gﬂphm‘"y“e fa | sp6| 1632| 1654| 1973 674 616 286 406 283‘ s10| 379| 312

Bra021165 | AT3G16160 ||eSMIN/TSOlike CXCd | 150055501 3700|2249 268| 426 92| 103| se| 108 120 71
omain-containing protein

| | |Small nuclear ribonucleop | I I T T
Bra014525 | AT3G59810 rotein family protein 295 3161 167 160 173‘ 141 302 2,503 2,586 2,049 2,687 469

Galactose oxidase/kelch r
epeat superfamily protein

Bra001343 | AT3G08810

&

378 592| 451 100‘ 175| 146 1,035| 1,114| 684 1592 240

A
PCK2, PEPCK phosphoeno
E0|x
£0|X | Bra024410 | ATSG65690 Ipyruvate carboxykinase 2 214 188 305| 410 598 S62| 390 1,858  1,639| 790| 2447 3,253
wE I 1 ! —
ASN1, DING, AT-ASN1 glu
Bra018160 | AT3G47340 |tamine-dependent aspara 743 608| 912| 402 752 664 4672111 2,083 1051|2316 1,950
gine synthase 1
| |Ribosome associated me | | I i I
Bra030039 | AT1G27330 mbrane protein RAMP4 357 393 425 576| 460 386‘ 705 | 2,821 2,642[2,825 980 1,859
>20,000 14,000-19,999 8,000-13,999 4,000-7,999  2,000-3999 1,000-1,999  500-999 100-499 <99

Oy 24 A5 gAY Soldom dde] SUHEE fAAEY oA
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -21C, C5, K5: -4, C6, K6: 22C)

Bads A o mille h 1
o — | ! 9
homologue _Description

SEQ.ID

Bra034114 |AT3G10440 |Shugoshin C terminus 3482 429 403| 322| 802| 723| 311| 270| 305 295| 360 353

Bra027953 |AT1G44542 |Cyclase family protein 1,505‘ 558 580‘ 594‘ 625| 753 407 430 434 326| 418 427

Peroxidase superfamily pr

Bra039247 |ATSG42180 5
otein

1230| 305| 580 483| 402 391| 149| 206/ 176| 252 228| 204

o>
B4z

Nucleotide-diphospho-sug
Bra025101 |AT5G44820 |ar transferase family prote | 1,203 | 551| 562| 229| 174| 245| 128| 208 85/ 168 102 172
in

Bra028209 NA NA 1096| 340 274| 475| 384 199 76 60 73 92| 273| 217

DRM2, DMT7 domains rea

Bra023479 |AT5G14620 |rranged methyltransferase | 371| 426/ 308| 349| 402| 354 426| 370 304| 526 469
Al 2
o
x| T T I
Bra035483 NA NA 306| 344 241| 335 368| 278 1,242| 533 438| 470, 561, 608
Bra013044 NA NA 23 48 35 75 23 6411010 365 340 204 278| 710
20,000 14,000-19,999 8,000-13,999 4,000-7,999  2,000-3999  1,000-1,999  500-999 100-499 <99

a9 25 A% 9 A Soldow wHe] AR A oA

(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)
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A. thaliana | A. thaliana homologue

SEQ_ID homologue Description Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 KS K6
Bra001685 NA NA 85| 3539 3443 240
Bra010377 NA NA 236 2586| 3512/ 2316 785
35
37t
Bra035478 NA NA 465| 1,236| 1,669 1,629| 686 39028
Bra001171 NA NA 121/ 1178| 1865|3320 19| 241| 498|1818| 2773
Bra003958 NA NA 473| 2,307 | 3,563 18| 10| 17| 78| 22| 26| w| 2
=] -+ | - + S —
g |
£0| % |Bra003036 NA NA 3181329 920‘1,357 372| 460/ 18| 26| 108 92| s0| 161
37t :
Bra031298 NA NA 487 1,121 1,167 1,209 573‘ 663 337| 183| 199| 200 182 150
Bra020687 NA NA 44| 152| 120| 146| 117 41| 28| 180| 263| 1921067 200
A T
50| % |Bra024860 NA NA 218| 676|1271| 665 344| 296/ 220|1093| 1518| 0950|2013 440
= } |
= |
IBmomm NA NA 29| 48| 38| 141 37 31‘ 245| 898| 1766|3231 1564| 500
20,000 14,000-19,999 8,000-13,999 4,000-7,999  2,000-3999  1,000-1999  500-999 100-499 <99
=2 H Al =l H Al E o v} 3 = - o =1y}
—j—tl 26 ;q"[“» %]_1:1 = X]T/%]_U 'ﬂo]Z:]l——i é?ﬂ_O] 07]-E]I_ 'lT;\(j_X]'E'.’] (‘Jﬂ/\]

(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -27C, C5, K5: -4, C6, K6: 22TC)

. i | A hainan ol
SEQ_ID homologue Description Cl1 | C2| C3|C4|C5(C6| K1 | K2 K3 K4 K5 K6
BEST Arabidopsis thaliana prot
Bra000148 | AT4G03160 |ein match is: AP2/B3-like trans 147| 190| 152| 145 169| 1,645| 215 222| 133| 229
A1 criptional factor family protein
35| |
o] —
K% gra031820 | ATsG67380 g’:“‘;r":{c"“ casein kinas |Sigo7 840“ 771 1204| 552 951| 1,058 1,350| 1,051| 941 959
[Brao21007 | nNA  |NA s04| se3| 517 861 1431 634| s04| es1| eos| sos| 714
phenazine biosynthesis Phz
Bra017184 | AT4GO2850 |EInETOS BOSECS 60| 21| a4l 23 | By | 4
Bra014407 | AT3G62230 |F-box family protein 81| 31] 113 3561128/ 1131) 71| 6| 234] 116] 505
Bra028769 | AT3Gaag7o |CYtochrome P4s0 superfam | o)1 45| og 99| 266| 260/ 210| 228
ily protein
nodulin MtN21 /EamA-like |
Bra017185 | AT2637460 |0 tc e e etein. | 104 54| 89 704 63| s9| 57
Bra037003 | AT4G33467 |unknown protein 979| 658 503 326| 353) 465| 360
gﬁ Bra041119 | AT2G15780 |predoxin superfamily pro | g5, | 06| 557 149| 266 203 168
M| | |
Bra000309 | AT2Ga3s20 |ATTIZ TI2 trypsininhibitor | 9| 4g5| 353 21| 352| 245| 179
protein 2
Bra00sso1 | AT1G7e6g0 |OFRL ATOPRL 12-oxophyt | 304| 4 06o| 1504 137| so| 196| 45|2082
odienoate reductase 1
DIN2, SRG2, BGLU30 Glyco
Bra014510 | AT3G60140 syl hydrolase superfamily p 219| 196 87| 265| 512| 597 35| 425 84 85 72| 1371
rotein
Bra031795 | AT1G11925 2‘{'3{:;‘”“'“ stigl family | 45y | 124|100 127|2,398 2174 100| 16| 137 91’ 141
20,000 14,000-19,999 8,000-13,999 4,000-7,999  2,000-3999  1,000-1,999  500-999 100-499 <99

a9 27 A2AE F I5AZ] Aol o] TtEE A <A
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)
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A. thaliana | A. thaliana homologue
SEQ.ID homologue Description Cl1 C2 €3 C4 C5 C6 K1 K2 K3 K4 K5 K6

Bra004503 | AT2G46830 CCA1 circadian clock assoc 263
iated 1
LHY, LHY1 Homeodomain-

Bra030496 | AT1G01060 | . -
like superfamily protein

LHY, LHY1 Homeodomain-

Bra0332e1 | ATIGO1060 |juo'sperfamily protein

2,744

Bra021464 = AT3G02380 ii(ZI;Z,zATCOLZ CONSTANS 35

Bra001043 | AT3G02380 |Son, ATCOLZ CONSTANS | 77

A7} | Bra021258 | AT3G17609 |HYH HYS-homolog 480

Bra022225 | AT3G17609 |HYH HY5-homolog 1084

EORISB cold regulated 15 463

Bra000263 = AT2G42530

COR15B cold regulated 15

Bra0D00265 = AT2G42530 b 2,180

Bra008669 | ATSG15840 |CONSTANCE 265| 658 391 285 191 170| 538 806, 671 320| 789 335

COL1, ATCOL1 CONSTANS

Jlike 1 193 311 367, 245

Bra023541 = ATSG15850 1,345

>20,000 14,000-19,999 8,000-13,999 4,000-7,999  2,000-3999 1,000-1,999  500-999 100-499 <99

Oy 28 Aol HbEnal ojn] Hud T8 FAAEe T oA
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)

7} Primer B9l 9 RT-PCR

Br135K #&*]2] microarrayllAl &% =9 107 Fxa, AR B8 f=d 67) FH4,
dd 5ol fr=d 57 FAA, AFgE A4 SN, AdEA FAA N, FES7F FAA
5ol 7k I Ak dd 5eld S7hd 3N fAA, S 5AF %XJXP 37,
FAAF 1070, 22 9f ojn] A2 whedtta HiuE T8 f3A 117 F 63749
HE o] &3t Z7te] A EolH o= primerg TARISATHE 12). ©] 6371
AA Aol Wrest=AE HAES ] fstd AF9 A wiFel] AL A= $
mRNAE =3 f?— cDNAE FAstath 4 € DNAE o]&3te] RT-PCRES 3 A
i F S dErRATH(IZE 29, 30, 31, 32, 33, 34).

2]

3
(@)
3
o)
=
o
<
o
i)
)
33
A_
>
o

F# 12, A2A gl vb-g3t= A 6371 primer A E

SEQ. ID Forward primer (5’->3") Reverse primer (5°->3) (Stl)zp(% Remarks
Bra013227 ATCTGGCATGACCCAGAAAC CAGACGCCTTATGCAACTCA 193
Bra039558 GAAGAAGAGACGACGGAGGA TCTCCGAGCAAGAAAATTCG 155
Bra016286 CAAGCACATCAGTTCCGAGA AAGGAGGCGAAACAGAGGAT 203
Bra013892 TGGAGACGAAGGGAAGAAGA GGGTTACGCTCCACGATAAA 151
Bra001449 CAGTGTTGGCTCTTCGTCAA CCTGCAACACCAGTTCTTCA 173 =
Bra013113 AAAGTGGCTCCGAGAGTGAA ATCCCTTCCAAAAACCATCC 216 TE
Bra021734 GTCTGCTGCTCCATCTCCTC TGCCGGTAGAGCTTCTTGAT 163
Bra022722 AGAATCAGGTGGTGCCATGT CAAGGTTGCATCTCTCGTCA 203
Bra033643 CACACAGAGGCAATGCAAGT AAATTCGCATCTGGATCACC 209
Bra016945 CAGAAACCATGGGGTCAATC CCGCTTCTTTGATAGCCTTG 196
Bra033985 TCATGGCGCAAATTCAAGTA CGAGTTCTGGACAGTGGTCA 164 | K-
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Bra034094 TGGTGACAACACCAAGGAGA TCCAGCCTCTAAGACCCTCA 179
Bra024091 GCAAGCTCACACGTCGTTTA ATGGAAACATAACCGGTGGA 225
Bra039899 CGATGACCCATGCTTCTTTT CGTGTGCTGCATTTCAAACT 187 —‘_E:; L:iﬁ'
Bra021122 ACCATCTAGCGCGTCACTCT AGGAGGAGGTAATGCCTGGT 179
Bra021165 TGCAAATGCAAAAGAACCAA AGGGAACTCTGAGGAGCACA 164
Bra014525 TGGGAGACCTGTTGTTGTGA ATTGTTTCCACGGATGAAGG 160
Bra001343 AGAGAGTTGGAGGGGTTGGT CCACTCAACTTTTCCCCAAA 207 44
Bra024410 TGCTGCGTTCATTATGCTTC TGCATTCAGCAGACTTCCTG 193 %o 01:7—‘4
Bra018160 GCACACCCATGTTCTTGATG TTGCGACAAGTTTCTTGGTG 151 e
Bra030039 TGGCCAAATCTTTACCCAAA GCCAATGACAACGAAGACAA 193
Bra034114 CCGTTGAAGGTGTTTCCACT CGACCTTCCAGAAACTCTGC 206
Bra027953 CGGTACACACCTTGATGCAC AGAGCACACGACGAACTCCT 188
Bra039247 ATGCTTATGCAAGGCCAATC TCATTACCATTCCGGCTGAT 164 ;j_i
Bra025101 GTTTTGACAACTGGGCCAAC TGCATTGTGCAAACCAAGTT 247
Bra028209 AGATTTCATCGCGCTAGCAT CATGTGACTTCCCCACTCCT 173
Bra023479 TCACTGGTATTGGTGGTGGA GGTTGTTGCACGGACTACCT 246
Bra035489 TTGATGTTGCCTCAAAGCTG GGTGGCATTCAGAAACAGGT 242 ;ﬂi;‘:{
Bra013044 CACAGCCAACGAGACAAAAT CTGTTTTTCAGCAGCCTTGA 165 )
Bra001685 CCAGTTTTTGCCTCGAACTC ACCCCAACAGCGTAGTTGAC 208
Bra010377 AACTGGAATCCTCGCTGCT CCTTCTTCCGAACCCTTCTT 150 2E=)
Bra035478 GAGATCGATGGCTCGAGATT GTGATACGTGGCTTGGTGTG 165
Bra001171 CAGCCACTGTCGTAGAGATCC TCCCTGGTGATGGCATAAA 157
Bra003958 CGGAGTCAAAGAGCTCCAAG GTAGATTCGGGTGGTTGCAT 165 2]
Bra003036 CCAGAATGCCAGAGGGTAGA CCCAGTTTTCTTGCACCATT 171 | 5014
Bra031298 AGCCTTGGGTGATAGGTGTG TGACCCGGGAGAGTTAACAG 173 <7h
Bra020687 CTCGTCACGTGTTGAGTGAG TCTCAGTATCAGAGAGCATATGACA| 152 A4
Bra024860 AGGAGCGTGCAGAGACTGAT GCGTTCAATAGCATCAAGCA 155 | &ol#
Bra014170 CTTCGATGGTGGACTACACG GCTTTCACGACAGTGTTTCCT 184 sF
Bra000148 GCTAAGTAAGGCGCAAGTGG CACAAACGTGTTCCATCCTG 181
Bra031829 GGAGTACAATGTGCGTGTGG TGATTGTCATGCCCGTAGAA 159 7;] i
Bra021007 TTCTTCTGCTAGCCTCAGTCG GTTTTTCCATGGCTGCTGTT 157
Bra017184 CAAGCGGGTTCCAGATACAT CAGCTTCCCAAGATGAAAGC 224
Bra014407 CCGATGGAGACGAGACATTT TTGATACGCCCAATACGACA 180
Bra028769 ACCTTCGGTGGTTCATCTTG GCAAACTCTGAACCAGCACA 150
Bra017185 GACTTCAGTGGGAGGAACCA AGTGAGAGCTCGGTCGGATA 216
Bra037003 TAGAAAATGCCCGAGAGGAG AGCTGAAGCAATGTCCCAAC 203 3 &
Bra041119 GGTTGGGGAAGTCACTCAAA TCTTCACATCGCACTTTTCG 235 #A4
Bra000309 ATGGCCATGGCAACTAAGTC ATTGGCATCTTCCACCTTTG 207
Bra008591 GCAAGAAACGCTATGGAAGC CTTGTGGGTTCGTGTCTCCT 250
Bra014510 CCATGACACGCATATCCAAC TGAGGAACCGCTTAAACCAC 203
Bra031795 AGGTGGGAACCGTACAAGTG ACACGATCTCCCTTTGTTGC 250
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Bra004503|  CTTATGGACCTTCCGGTGAA TTCGAGCCACAAGAAGACCT | 217
Bra030496 ATGAGCCAATGGCATTGACGTGTCG| 260
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr GTGTGGGTCAAACACACCTTCAGG
Bra033291 AGGAGCCATCGGCATTGACGTATCA| 280
Bra021464 [TGGTTACTCTACAGAACCTCAGTACAG 110
CTGGAGTTAGCTGCTGCACCATCT
Bra001043 [CCTTAAAGGACCTAAACCATACTGTATCTG 120
Bra021258 | AGCGAGGAGGAGGAGTTGATGG 320
GCGAAGCATTGTGTTCTCGTTCATCA
Bra022225 | TAACTTCAACCGCCAAGCGGGG 220
Bra000263 CTGCTTTACCCTCAACAAACTCGGC| 330
"""""""""""""""""""""""""""" TAGCCAAGCAGAGCGGCGTTG
Bra000265 CAACGTAGTCTTTTGCTTTCTCTCCATC| 200
Bra008669 | TCGAGTATGGACTACAAGTTCACTGGT| TCAGGTGCTGTCTGCTCCGGA | 250
Bra023541| GAGACAACAGCGATGACAGGTCC | GTGTCACTTGTCGTTGACTCTGGC | 300

47}

Cl C2 C3 C4 C5 C6 KI K2 K3 K4 K5 K6

Bra013227

Bra039558

Bra016286

Bra013892

Bra001449

Bra013113

Bra021734

Bra022722

Bra033643

Bra016945

BrActin

19 29, Ao FA BTl Ed
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)

o] fEHE

f#4AZ RT-PCR 27
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X5 501H R
Cl €C2C3 C4 C5 C6 KI K2 K3 K4 K5 K6

=

Bra033985

Bra034094

Bra024091

Bra039899

Bra021122

Bra021165

BrActin
A4 S0y 9=

Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 K5 K6

Bra014525
Bra001343
Bra024410
Bra018160
Bra030039

BrActin

a9 30 AR EE A4 SolHom Wde] fEHE F4xE59 RT-PCR A7)
(C1K1: 22¢C, C2,K2: 4C, C3,K3: 0CC, C4,K4: -2°C, C5,K5: -4C, C6,K6: 22TC)

iy

X% Za
Cl C2 C3 C4 C5 C6 KI K2 K3 K4 K5 K6

Bra034114
Bra027953
Bra039247

Ay 22

Cl C2 C3 C4 C5 C6 KI K2 K3 K4 K5 Ké

BrActin

a3 31 AF s dA EBolFoz o] fdane fdAE2e RT-PCR 23}
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)
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oK

E =
s 37t Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 K5 K6

X% S0|H 7}
Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 K5 Keé

sracozoss [ E
srao0zosc [ B
srao32200 [ B

LB~ S S S R S [N A

o1y 37t
Cl €2 C3 C4 C5 C6 KI K2 K3 K4 K5 K6

9 32, AF[AA, AR 8 d4 Boldor @wdo] FUMHE e #AAES] RT-PCR 23
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)

Ay

dm

P
8= X+ Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 K5 K6
Bra000148

Bra031829
Bra021007

BrActin

o5
- Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 K5 K6
Bra017184

Bra014407

——————fF—————

BrActin

2% 33 A% R A SolHoE Hee] F BTl WHo| FAshe FAAEY
RT-PCR Z3} (Cl, K1: 22T, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4C, C6, K6: 22C)
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Cl C2 C3 C4 C5 C6 K1 K2 K3 K4 K5 K6

09 34 A gty RuE F8 FAxEe] RT-PCR A
(C1, K1: 22¢C, C2, K2: 4C, C3, K3: 0C, C4, K4: -2, C5, K5: -4, C6, K6: 22C)

. 637 3 &kell gk Gene Ontology 4

Ao "kg-3t= 637) @Al tisled Gene OntologyE E4S 3t 1 A3}
Biological process 7}H|Z &l o4 Response to abiotic stimulusell 1470¢] +Z X}, Response to
stressoll 16709 37t EZ3= o). Cellular component 7}H i8] ol= Protein complex”}
127}, Nucleoplasme] 127, —1&]31 Mitochondrione] 57§ FH A7} EZ3HE Q31 Molecular
function 7}€|aielellA4l= Transcription factor7} 127), Catalytic activity”} 127, Protein
binding®] 97§, DNA bindingell 9782 Fxx7F Zg= Aty 35, 217 36, 137 37).

Response to abiotic
stimulus (14)

Regulation of
biological process (16)

| Biosynthetic process (5)

| Reproduction (6) }—-—

Cellular process (10)

Primary metabolic
process (8)

\— Response to biotic

stimulus (5)

Multicellular ,

organismal
development (9)

| Response to stress (16)

13 35. 6370 A=Al GO #2] F biological process 4]
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Nucleoplasm (12)

Protein complex (12) f

Mitochondrion (5)

13 36. 6370 AR GO 4] = cellular component &4

Protein binding (9)

Catalytic activity (12) —

DNA binding (9)

Sequence-specific

DNA binding /

transcription factor
activity (12)

a9 37. 6378 F+AAS] GO 4 % molecular function #4

)

o} Br135K microarrayoll A w59 Wigtd 2 Wed #H $H FHx &=

HiS=o] gl 2 yesAddd fAAE EEstr] 98t 25C, 4T, 0C, -2C ¥ A4TCE
#2]gt ¥ microarrayE T35ty A2 HolHEZREH WA 2 HsAHAAd FAAE o
W=kt Azbe] M FERE 42 HolHERE WY ¥ fFAAES BEdtr] 95k
25C 9 4T, 25C 2 0C9 dHolg &2 vnstyTh o]l& vl HolEHZHEE 4C 2 0T oA
25C oAl Kot 108) o] ddFe] &2 18179 fFHAES 4 ‘:'%}910111 4C 9 0C Oﬂfﬂ
25C OM P_E} 108 o] WHAGFo] e 128719 FHAES AESAHE 13, 14, & 15,
AAES &=F3l7] fste] 25C H -2C, 25C 2 -4C 9] ©HolH
HolEEFRE] -2C Y -4To|A 25T oA Kot 10u] o] &
o] H2 1627H91 FRAAES Adstdom, -2C 2 -4TCol|lA 25ColA HEo} 10u] ©]%
Qo] W 149719 FAAES AdstFoiE 17, 18, 19, 20). &=Z® F3AE T 4T
2 0C, 2C ¥ AT EFolA ¥g& Uetle FHdaAs0e] e v 22 4T 9 0T,
2C 9 ATCoA Bolxoz -g& YElHE FHAEE AT @A ol FHAS ol &

[o

shol Zt7ke] FRASC) W] Solxow XY £ Ut zeolnE FAkAT of
£ #47 Solx afoln @ 25C, 4T, 0T, 2C, AT He|E WEEL o] g3je] Bd 4
2 9 Agolt, =T B2TH FUAT] FRIMNA BRI Y B L B
o] ZF AT L o AFE YoiA WH AolB UBhiEAE FAT oFolth 1
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e Zpol & YER = FAAES Ugd 2 UlsAde] A3 AlE 9 o AlFES o] &3y
5-UTR 992 E&3 oF 2kb 99 = FHAAE F2Yse H7]E wlusdte] SNP =+
nDel F9-& 24T A g ol

Bra013227 | CYP82G1 cytochrome P450, family 82, subfamily G
Bra039558 | B-box type zinc finger family protein

Bra016286 | Dof-type zinc finger DNA-binding family protein

Bra001043 | COL2, ATCOL2Z CONSTANS-like 2

Bra013892 | peptidoglycan-binding LysM domain-containing protein
Bra001449 | unknown protein

Bra013113 | unknown protein

Bra000263 | COR15B cold regulated 15b

Bra021734 | STH salt tolerance homologue

Bra001685 | NA

Bra009716 | EMB3009, PEL3, DCR HXXXD-type acyl-transferase family protein
Bra034762 | unknown protein

Bra026356 | Dynein light chain type 1 family protein

Bra022722 | B-box type zinc finger family protein

Bra004503 | CCA1 circadian clock associated 1

Bra033643 | Leucine carboxyl methyltransferase

Bra016945 | Haloacid dehalogenase-like hydrolase (HAD) superfamily protein
Bra007177 | Regulator of chromosome condensation (RCC1) family protein
Bra023541 | COL1, ATCOL1 CONSTANS-like 1

Bra010463 | CBF1, DREBIB, ATCBF1 C-repeat/DRE binding factor 1
Bra013226 | Vacuolar iron transporter (VIT) family protein

Bra004314 | unknown protein

Bra015329 | Major facilitator superfamily protein

Bra020126 | unknown protein

Bra029769 | unknown protein

Bra001886 | ELIP1, ELIP Chlorophyll A-B binding family protein
Bra023610 | RVE1 Homeodomain-like superfamily protein

Bra035649 | ACA8, AT-ACA8 autoinhibited Ca2+ -ATPase, isoform 8
Bra038652 | SNRK2-5, SNRK2.5, SRK2H SNF1-related protein kinase 2.5
Bra010461 | DREB1A, CBF3, ATCBF3 dehydration response element B1A
Bra016197 | octicosapeptide/Phox/Bemlp (PB1) domain-containing protein
Bra009237 | PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1
Bra023857 | B-box type zinc finger family protein

Bra003994 | Dof-type zinc finger DNA-binding family protein

Bra010718 | B-box type zinc finger family protein

Bra009302 | unknown protein

Bra021165 | Tesmin/TSO1-like CXC domain-containing protein
Bra026701 | unknown protein

Bra010082 | CDF1 cycling DOF factor 1

Bra022838 | STH salt tolerance homologue

Bra008563 | RVE1 Homeodomain-like superfamily protein

Bra030496 | LHY, LHY1 Homeodomain-like superfamily protein
Bra006575 | unknown protein
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Bra021202

Protein phosphatase 2C family protein

Bra021258 | HYH HY5-homolog
Bra037110 | unknown protein
Bra000265 | COR15B cold regulated 15b
Bra018141 | CDF3 cycling DOF factor 3
Bra012231 | SAUR-likeauxin-responsiveproteinfamily
Bra012780 | IAGLU indole-3-acetate beta-D-glucosyltransferase
Bra025743 | Basic-leucine zipper (bZIP) transcription factor family protein
Bra029261 | CDF1 cycling DOF factor 1
Bra017111 | Protein of unknown function (DUF567)
Bra040724 | Phosphatidylinositol 3- and 4-kinase family protein
Bra010460 | CBF2, DREBIC, FTQ4, ATCBF2 C-repeat/DRE binding factor 2
Bra002986 | B-box type zinc finger family protein
Bra009236 | PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1
Bra013974 | unknown protein
Bra010408 | B-box type zinc finger family protein
Bra018363 | UGT71C2 UDP-glucosyl transferase 71C2
Bra023783 | unknown protein
Bra018249 | STH salt tolerance homologue
Bra033928 | unknown protein
Bra012732 | Plant self-incompatibility protein S1 family
Bra014148 | unknown protein
Bra036465 | Pyridoxal phosphate (PLP)-dependent transferases superfamily protein
Bra033985 | THI2.1, THI2.1.1 thionin 2.1
Bra005688 | Homeodomain-like superfamily protein
Bra010377 | NA
Bra019466 | unknown protein
Bra000546 | Protein of unknown function (DUF295)
Bra032117 | RNI-like superfamily protein
Bra022225 | HYH HY5-homolog
Bra018707 | Pectin lyase-like superfamily protein
Bra038558 | unknown protein
Bra014186 | Uncharacterised protein family (UPF0497)
Bra027530 AT‘lEQPl, ATNAP2, POP1 P-loop containing nucleoside triphosphate hydrolases superfamily
protein
Bra007843 | AFR Galactose oxidase/kelch repeat superfamily protein
Bra021802 | AtRLP22, RLP22 receptor like protein 22
14. 25C 9 4C ©lolE B ERE 4CoA 108) ol ALd FHA &=
Bra007811 | Plant protein of unknown function (DUF868)
Bra006599 | Integrase-type DNA-binding superfamily protein
Bra026744 | hydroxyproline-rich glycoprotein family protein
Bra028865 | Protein phosphatase 2C family protein
Bra020731 | ERD5, PRODH, AT-POX, ATPOX, ATPDH, PRO1 Methylenetetrahydrofolate reductase family protein
Bra030208 | basic helix-loop-helix (bHLH) DNA-binding superfamily protein
Bra036656 | ENT3, FUR1, ATENT3 Major facilitator superfamily protein
Bra007683 | Adenine nucleotide alpha hydrolases-like superfamily protein
Bra011052 | RmiC-like cupins superfamily protein
Bra001600 | unknown protein
Bra021998 | SAG12 senescence-associated gene 12
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Bra040857 | Cupredoxin superfamily protein
Bra035987 | ATEXPB4, EXPB4, ATHEXP BETA 1.1 expansin B4
Bra026280 | Integrase-type DNA-binding superfamily protein
Bra037848 | unknown protein
Bra011761 | CYP91A2, CYP8IF1 cytochrome P450, family 91, subfamily A, polypeptide 2
Bra025046 | SAG12 senescence-associated gene 12
Bra012910 | MYB77 myb domain protein 77
Bra022955 | Dormancy/auxin associated family protein
Bra016400 | DREB26 Integrase-type DNA-binding superfamily protein
Bra034114 | Shugoshin C terminus
Bra040309 | Integrase-type DNA-binding superfamily protein
Bra014188 | Protein kinase superfamily protein
Bra023093 | SAUR-likeauxin-responsiveproteinfamily
Bra035061 | F-box/RNI-like superfamily protein
Bra031136 | Proteinofunknownfunction(DUF506)
Bra015660 | Integrase-type DNA-binding superfamily protein
Bra012906 | Plant protein of unknown function (DUF247)
Bra027099 | TPS04, GES, TPS4 terpene synthase 04
Bra015882 | ORA47 Integrase-type DNA-binding superfamily protein
Bra030912 | GDSL-like Lipase/Acylhydrolase superfamily protein
Bra012959 | ACHTb5atypicalCYS HIS rich thioredoxin 5
Bra003778 | JAZ2, TIFY10B TIFY domain/Divergent CCT motif family protein
Bra016462 | Arabidopsis protein of unknown function (DUF241)
Bra031043 | Protein of unknown function (DUF567)
Bra002214 | Eukaryotic aspartyl protease family protein
Bra032607 | unknown protein
Bra010397 | unknown protein
Bra022956 | Dormancy/auxin associated family protein
Bra021923 | JAZ7, TIFY5B jasmonate-zim-domain protein 7
Bra016164 | ATMYBL2, MYBL2 MYB-like 2
Bra033279 | S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
Bra007826 | CCD1, ATCCD1, ATNCEDI, NCEDI carotenoid cleavage dioxygenase 1
Bra036022 | DREB26 Integrase-type DNA-binding superfamily protein
Bra033690 | BHLH92 basic helix-loop-helix (bHLH) DNA-binding superfamily protein
Bra010210 | Integrase-type DNA-binding superfamily protein
Bra000637 | ACS11 1-aminocyclopropane-1-carboxylate synthase 11
Bra033339 | unknown protein
Bra003780 | ORA47 Integrase-type DNA-binding superfamily protein
Bra032273 | B-box type zinc finger protein with CCT domain
Bra039508 | ethylene-responsive nuclear protein -related
15. 25C 2 0C dlo]g] HILZRE 0ColA 108 o4 wdd F2x
Bra013227 CYP82G1 cytochrome P450, family 82, subfamily G, polypeptide 1
Bra039558 B-box type zinc finger family protein
Bra001043 COL2, ATCOLZ2 CONSTANS-like 2
Bra013892 peptidoglycan-binding LysM domain-containing protein
Bra001449 unknown protein
Bra016286 Dof-type zinc finger DNA-binding family protein
Bra010463 CBF1, DREBI1B, ATCBF1 C-repeat/DRE binding factor 1
Bra013113 unknown protein
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Bra010461

DREBI1A, CBF3, ATCBF3 dehydration response element B1A

Bra000263 COR15B cold regulated 15b

Bra034762 unknown protein

Bra001685 | NA

Bra035649 ACAS8, AT-ACA8 autoinhibited Ca2+ -ATPase, isoform 8

Bra021734 STH salt tolerance homologue

Bra026356 Dynein light chain type 1 family protein

Bra004503 CCA1 circadian clock associated 1

Bra022722 B-box type zinc finger family protein

Bra013226 | Vacuolar iron transporter (VIT) family protein

Bra001886 ELIP1, ELIP Chlorophyll A-B binding family protein

Bra038652 SNRK2-5, SNRK2.5, SRK2H SNF1-related protein kinase 2.5

Bra007177 | Regulator of chromosome condensation (RCC1) family protein

Bra016945 Haloacid dehalogenase-like hydrolase (HAD) superfamily protein

Bra033643 Leucine carboxyl methyltransferase

Bra015329 Major facilitator superfamily protein

Bra009716 EMB3009, PEL3, DCR HXXXD-type acyl-transferase family protein

Bra020126 unknown protein

Bra023541 | COL1, ATCOL1 CONSTANS-like 1

Bra004314 unknown protein

Bra009302 unknown protein

Bra016197 | octicosapeptide/Phox/Bemlp (PB1) domain-containing protein

Bra009237 PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1

Bra023857 | B-box type zinc finger family protein

Bra010718 B-box type zinc finger family protein

Bra003994 Dof-type zinc finger DNA-binding family protein

Bra010460 | CBF2, DREBIC, FTQ4, ATCBF2 C-repeat/DRE binding factor 2

Bra023610 | RVE1 Homeodomain-like superfamily protein

Bra015989 alpha/beta-Hydrolases superfamily protein

Bra026701 | unknown protein

Bra010082 CDF1 cycling DOF factor 1

Bra026181 | PCR2 PLANT CADMIUM RESISTANCE 2

Bra026755 [AA5, ATAUX2-27, AUX2-27 indole-3-acetic acid inducible 5

Bra000546 | Protein of unknown function (DUF295)

Bra009236 PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1

Bra005688 Homeodomain-like superfamily protein

Bra027530 ATPOP1, ATNAP2, POP1 P-loop containing nucleoside triphosphate hydrolases superfamily
protein

Bra012780 IAGLU indole-3-acetate beta-D-glucosyltransferase

Bra001918 O-Glycosyl hydrolases family 17 protein

Bra013974 | unknown protein

Bra021258 HYH HY5-homolog

Bra022838 STH salt tolerance homologue

Bra029769 unknown protein

Bra029261 CDF1 cycling DOF factor 1

Bra000712 | 2-oxoglutarate (20G) and Fe(I)-dependent oxygenase superfamily protein

Bra014500 | 2-oxoglutarate (20G) and Fe(I)-dependent oxygenase superfamily protein

Bra036465 Pyridoxal phosphate (PLP)-dependent transferases superfamily protein

Bra008563 | RVE1 Homeodomain-like superfamily protein

Bra001171 | NA
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Bra000265 COR15B cold regulated 15b

Bra010377 NA

Bra015328 AWPM-19-like family protein

Bra030496 LHY, LHY1 Homeodomain-like superfamily protein

Bra021202 Protein phosphatase 2C family protein

Bra014148 unknown protein

Bra018249 STH salt tolerance homologue

Bra025743 | Basic-leucine zipper (bZIP) transcription factor family protein

Bra021802 AtRLP22, RLP22 receptor like protein 22

Bra040724 Phosphatidylinositol 3- and 4-kinase family protein

Bra041022 | FEM111, AGL80 AGAMOUS-like 80

Bra018363 UGT71C2 UDP-glucosyl transferase 71C2

Bra021165 Tesmin/TSO1-like CXC domain-containing protein

Bra024795 RNS1, ATRNS]1 ribonuclease 1

Bra033303 anac005, NAC005 NAC domain containing protein

Bra019918 | NA

Bra019466 unknown protein

Bra012231 SAUR-likeauxin-responsiveproteinfamily

Bra038558 unknown protein

Bra037110 | NA

Bra033985 | THI2.1, THI2.1.1 thionin 2.1

Bra012972 Remorin family protein

Bra011549 SQS2 squalene synthase 2

Bra033928 unknown protein

Bra014186 | Uncharacterised protein family (UPF0497)

Bra010301 NA

Bra027760 | Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family

Bra017111 Protein of unknown function (DUF567)

Bra029571 | ANAC023, NAC023 NAC domain containing protein 23

Bra020644 | NA

Bra022225 HYH HY5-homolog

Bra011328 Myosin heavy chain-related protein

Bra031663 AtGolIS3, GolS3 galactinol synthase 3

Bra020063 RAP2.11 related to AP2 11

Bra019959 ATPP2-A10, PP2-A10 phloem protein 2-A10

Bra010408 B-box type zinc finger family protein

Bra018141 CDF3 cycling DOF factor 3

Bra009427 | Nuclear transport factor 2 (NTF2) family protein

Bra019058 B-box type zinc finger family protein

Bra031521 ARM repeat superfamily protein

Bra004481 VGD1 Plant invertase/pectin methylesterase inhibitor superfamily

Bra037243 SAUR-likeauxin-responsiveproteinfamily

Bra028627 | SNG2, SCPL19 serine carboxypeptidase-like 19

Bra004592 nodulin MtN21 /EamA-like transporter family protein

Bra002856 RING/U-box superfamily protein

16. 25C % 0C dloly v EFE 0CAA 108 o] Add FHx &=

Bra021308 Protein kinase superfamily protein

Bra000576 SCPL12 serine carboxypeptidase-like 12

Bra017919 PGSIP2, GUX3 plant glycogenin-like starch initiation protein 2
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Bra023093

SAUR-likeauxin-responsiveproteinfamily

Bra013026 DNAJ heat shock N-terminal domain-containing protein
Bra017807 | Disease resistance protein (TIR-NBS-LRR class) family

Bra036022 DREB26 Integrase-type DNA-binding superfamily protein
Bra039700 | Protein of unknown function (DUF581)

Bra033460 chx28 cation/hydrogen exchanger 28

Bra028166 HXXXD-type acyl-transferase family protein

Bra024961 GATA27 GATA transcription factor 27

Bra031043 | Protein of unknown function (DUF567)

Bra009250 Integrase-type DNA-binding superfamily protein

Bra029895 | NA

Bra007683 | Adenine nucleotide alpha hydrolases-like superfamily protein
Bra035183 Galactose oxidase/kelch repeat superfamily protein

Bra012298 DREB26 Integrase-type DNA-binding superfamily protein
Bra012549 SCD6 protein-related

Bra038077 | unknown protein

Bra027020 Plant invertase/pectin methylesterase inhibitor superfamily protein
Bra023958 [AA29 indole-3-acetic acid inducible 29

Bra020731 ERD5, PRODH, AT-POX, ATPOX, ATPDH, PRO1 Methylenetetrahydrofolate reductase family protein
Bra016164 | ATMYBL2, MYBL2 MYB-like 2

Bra004266 | NA

Bra019685 FUT6, ATFUT6 fucosyltransferase 6

Bra028607 unknown protein

Bra003779 Protein of unknown function (DUF581)

Bra019087 | Integrase-type DNA-binding superfamily protein

Bra035261 Ankyrin repeat family protein

Bra028865 | Protein phosphatase 2C family protein

Bra007381 | N-acetylglucosaminylphosphatidylinositol de-N-acetylase family protein
Bra040857 Cupredoxin superfamily protein

Bra015881 | Protein of unknown function (DUF581)

Bra010383 | Integrase-type DNA-binding superfamily protein

Bra014188 Protein kinase superfamily protein

Bra031341 | U2 snRNP auxilliary factor, large subunit, splicing factor
Bra011660 | oxidoreductase, 20G-Fe(l) oxygenase family protein

Bra012959 ACHTbatypicalCYS HIS rich thioredoxin 5

Bra034653 | SAUR-likeauxin-responsiveproteinfamily

Bra036768 | NA

Bra034114 | Shugoshin C terminus

Bra033279 S-adenosyl-L-methionine-dependent methyltransferases superfamily protein
Bra036397 | ATSPPL1, SPPL1 SIGNAL PEPTIDE PEPTIDASE-LIKE 1

Bra001721 RING/U-box superfamily protein

Bra024452 | AHA1L, PMA, OST2, HA1 H(+)-ATPase 1

Bra011761 CYP91A2, CYP81F1 cytochrome P450, family 91, subfamily A, polypeptide 2
Bra014734 | unknown protein

Bra030912 GDSL-like Lipase/Acylhydrolase superfamily protein

Bra003780 ORA47 Integrase-type DNA-binding superfamily protein
Bra026326 | NA

Bra040924 ATPUP10, PUP10 purine permease 10

Bra015882 ORA47 Integrase-type DNA-binding superfamily protein
Bra032440 | Ribonuclease H-like superfamily protein
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Bra003877 | LCR37 low-molecular-weight cysteine-rich 37

Bra030208 basic helix-loop-helix (bHLH) DNA-binding superfamily protein

Bra022955 Dormancy/auxin associated family protein

Bra032894 | DRM1, DYL1 dormancy-associated protein-like 1

Bra040309 Integrase-type DNA-binding superfamily protein

Bra025046 SAG12 senescence-associated gene 12

Bra021923 | JAZ7, TIFY5B jasmonate-zim-domain protein 7

Bra002214 | Eukaryotic aspartyl protease family protein

Bra032665 | NA

Bra001360 F-box and associated interaction domains-containing protein

Bra028207 CYP96AS8 cytochrome P450, family 96, subfamily A, polypeptide 8

Bra018781 | RING/U-box superfamily protein

Bra003778 JAZ2, TIFY10B TIFY domain/Divergent CCT motif family protein

Bra022956 Dormancy/auxin associated family protein

Bra032811 F-box and associated interaction domains-containing protein

Bra034038 Protein kinase superfamily protein

Bra017035 ELF4 Protein of unknown function (DUF1313)

Bra004987 | Phosphoinositide-specific phospholipase C family protein

Bra030920 Protein of unknown function (DUF581)

Bra032273 | B-box type zinc finger protein with CCT domain

Bra027853 | UPL1 ubiquitin-protein ligase 1

Bra039508 ethylene-responsive nuclear protein-related

Bra021998 SAG12 senescence-associated gene 12
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Bra013227 CYP82G1 cytochrome P450, family 82, subfamily G, polypeptide

Bra013892 peptidoglycan-binding LysM domain-containing protein

Bra001043 | COL2, ATCOLZ CONSTANS-like 2

Bra001449 unknown protein

Bra010461 | DREBI1A, CBF3, ATCBF3 dehydration response element B1A

Bra034762 unknown protein

Bra039558 B-box type zinc finger family protein

Bra010463 CBF1, DREBIB, ATCBF1 C-repeat/DRE binding factor 1

Bra000263 COR15B cold regulated 15b

Bra035649 ACA8, AT-ACA8 autoinhibited Ca2+ -ATPase, isoform 8

Bra016286 Dof-type zinc finger DNA-binding family protein

Bra012828 AT-HSFA7A HSFA7Aheatshocktranscriptionfactor A7A

Bra007177 | Regulator of chromosome condensation (RCC1) family protein

Bra001886 ELIP1, ELIP Chlorophyll A-B binding family protein

Bra009716 EMB3009, PEL3, DCR HXXXD-type acyl-transferase family protein

Bra001685 NA

Bra022722 B-box type zinc finger family protein

Bra021734 STH salt tolerance homologue

Bra038652 SNRK2-5, SNRK2.5, SRK2H SNF1-related protein kinase 2.5

Bra013113 | unknown protein

Bra015329 Major facilitator superfamily protein

Bra033468 AT-HSFA7A,HSFA7Aheatshocktranscriptionfactor A7A

Bra026356 Dynein light chain type 1 family protein

Bra009237 PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1
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Bra009302 unknown protein

Bra001171 | NA

Bra010460 CBF2, DREBIC, FTQ4, ATCBF2 C-repeat/DRE binding factor 2

Bra013226 Vacuolar iron transporter (VIT) family protein

Bra004503 CCA1 circadian clock associated 1

Bra026701 | unknown protein

Bra024795 RNS1, ATRNS1 ribonuclease 1

Bra023541 | COL1, ATCOL1 CONSTANS-like 1

Bra016197 octicosapeptide/Phox/Bemlp (PB1) domain-containing protein

Bra016945 Haloacid dehalogenase-like hydrolase (HAD) superfamily protein

Bra011549 SQS2 squalene synthase 2

Bra023857 | B-box type zinc finger family protein

Bra015989 alpha/beta-Hydrolases superfamily protein

Bra000557 | ATHSFA2, HSFA2 heat shock transcription factor A2

Bra004314 | unknown protein

Bra009236 PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1

Bra005688 Homeodomain-like superfamily protein

Bra010718 B-box type zinc finger family protein

Bra000320 Concanavalin A-like lectin protein kinase family protein

Bra021165 Tesmin/TSO1-like CXC domain-containing protein

Bra013974 | unknown protein

Bra022838 STH salt tolerance homologue

Bra036465 Pyridoxal phosphate (PLP)-dependent transferases superfamily protein

Bra024080 | nodulin MtN21 /EamA-like transporter family protein

Bra023610 | RVE1 Homeodomain-like superfamily protein

Bra018363 UGT71C2 UDP-glucosyl transferase 71C2

Bra015328 AWPM-19-like family protein

Bra041022 | FEM111, AGL80 AGAMOUS-like 80

Bra037110 | NA

Bra030496 LHY, LHY1 Homeodomain-like superfamily protein

Bra000546 Protein of unknown function (DUF295)

Bra026755 JAAS, ATAUX2-27, AUX2-27 indole-3-acetic acid inducible 5

Bra038049 Plant invertase/pectin methylesterase inhibitor superfamily

Bra028845 Mediator complex, subunit Med7

Bra021258 HYH HY5-homolog

Bra040724 Phosphatidylinositol 3- and 4-kinase family protein

Bra000265 COR15B cold regulated 15b

Bra011215 RING/U-box superfamily protein

Bra029261 CDF1 cycling DOF factor 1

Bra007118 Papain family cysteine protease

Bra025743 | Basic-leucine zipper (bZIP) transcription factor family protein

Bra026606 MEEG66 F-box family protein

Bra010082 CDF1 cycling DOF factor 1

Bra014500 | 2-oxoglutarate (20G) and Fe(l)-dependent oxygenase superfamily protein

Bra006560 EFR EF-TU receptor

Bra008563 | RVE1 Homeodomain-like superfamily protein

Bra021225 Plant invertase/pectin methylesterase inhibitor superfamily protein

Bra012345 Integrase-type DNA-binding superfamily protein

Bra035353 | ATWBC19, WBC19 white-brown complex homolog 19

Bra003994 | Dof-type zinc finger DNA-binding family protein
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Bra006137

HSP17.611 17.6 kDa class II heat shock protein

Bra018249 STH salt tolerance homologue
Bra037395 | Transcription factor jumonji (jmjC) domain-containing protein
Bra001918 O-Glycosyl hydrolases family 17 protein
Bra023783 | unknown protein
Bra035561 | O-Glycosyl hydrolases family 17 protein
Bra040489 SWEET13, AtSWEET13 Nodulin MtN3 family protein
Bra031521 ARM repeat superfamily protein
Bra012732 Plant self-incompatibility protein S1 family
Bra027530 ATPOP1, ATNAP2, POP1 P-loop containing nucleoside triphosphate hydrolases superfamily protein
Bra011328 | Myosin heavy chain-related protein
Bra033643 Leucine carboxyl methyltransferase
Bra007886 NRT1.7 nitrate transporter 1.7
Bra027760 | Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family
Bra014186 | Uncharacterised protein family (UPF0497)
Bra018707 | Pectin lyase-like superfamily protein
Bra020126 unknown protein
Bra031663 AtGolIS3, GolS3 galactinol synthase 3
Bra008195 NA
Bra002856 RING/U-box superfamily protein
Bra003958 | NA
Bra023798 ELIP1, ELIP Chlorophyll A-B binding family protein
Bra009235 PGIP1, ATPGIP1 polygalacturonase inhibiting protein 1
Bra002076 | RPMl-interacting protein 4 (RIN4) family protein
Bra012972 Remorin family protein
Bra038787 | NA
Bra035738 | NA
Bra026181 | PCR2 PLANT CADMIUM RESISTANCE 2
Bra040164 Major facilitator superfamily protein
Bra014148 unknown protein
Bra005606 Transcription factor IS family protein
Bra029526 PCFS4 PCF11P-similar protein 4
Bra022225 HYH HY5-homolog
Bra033303 anac005, NAC005 NAC domain containing protein 5
Bra020063 RAP2.11 related to AP2 11
Bra030737 | PPCK1, ATPPCK1 phosphoenolpyruvate carboxylase kinase 1
Bra007816 HSP98.7, CLPB-M, CLPB4 casein lytic proteinase B4
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Bra031293 CERK1, LYSM RLK1 chitin elicitor receptor kinase 1
Bra016148 PLC-like phosphodiesterases superfamily protein
Bra026744 hydroxyproline-rich  glycoprotein family protein
Bra028402 | Protein kinase family protein
Bra023093 | SAUR-likeauxin-responsiveproteinfamily
Bra011540 CIB1 cryptochrome-interacting basic-helix-loop-helix 1
CAP (Cysteine-rich  secretory proteins, Antigen 5, and Pathogenesis-related 1 protein)
Bra010447 . .
superfamily protein
Bra028631 hydroxyproline-rich  glycoprotein family protein
Bra035721 | unknown protein
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Bra002707 ATGDU3, GDU3, LSB1 glutamine dumper 3

Bra010320 Alkaline-phosphatase-like family protein

Bra030188 ATNUDX25, NUDX25 nudix hydrolase homolog 25

Bra039125 Major facilitator superfamily protein

Bra030208 | basic helix-loop-helix (hbHLH) DNA-binding superfamily protein

Bra014401 | Adenine nucleotide alpha hydrolases-like superfamily protein

Bra000889 ATCNGC12, CNGC12 cyclic nucleotide-gated channel 12

Bra035230 | RHA1A RING-H2 finger AIA

Bra001600 unknown protein

Bra031035 MYB51, AtMYB51, BWb51A, BW51B, HIGI myb domain protein 51

Bra009590 | unknown protein

Bra004830 | protein N-terminal asparagine amidohydrolase family protein

Bra030732 SIGB, SIG1, SIG2, SIGA, ATSIG1, ABCI, ATSIGZ RNApolymerase sigma subunit 2

Bra026171 scplb0 serine carboxypeptidase-like 50

Bra010593 | MYB73, ATMYB73 myb domain protein 73

Bra014244 | Phototropic-responsive NPH3 family protein

Bra031136 Proteinofunknownfunction(DUF506)

Bra035157 ZFP1, ATZFP1 zinc-finger protein 1

Bra022955 Dormancy/auxin associated family protein

Bra016117 unknown protein

Bra007683 | Adenine nucleotide alpha hydrolases-like superfamily protein

Bra035898 Protein of unknown function (DUF1442)

Bra022956 Dormancy/auxin associated family protein

Bra004028 unknown protein

Bra011542 unknown protein

Bra007191 NA

Bra012938 ERF104 ethylene response factor 104

Bra009478 PKS4 phytochrome kinase substrate 4

Bra001122 PR4, HEL, PR-4 pathogenesis-related 4

Bra005755 Protein phosphatase 2C family protein

Bra012907 | Plant protein of unknown function (DUF247)

Bra035183 Galactose oxidase/kelch repeat superfamily protein

Bra010210 | Integrase-type DNA-binding superfamily protein

Bra032433 ORAb59 octadecanoid-responsive Arabidopsis AP2/ERF 59

Bra002214 | Eukaryotic aspartyl protease family protein

Bra013026 DNAJ heat shock N-terminal domain-containing protein

Bra024213 ATRMA2, RMA2 RING membrane-anchor 2

Bra003649 GRF2, 14-3-30MEGA, GF14 OMEGA general regulatory factor 2

Bra006086 unknown protein

Bra031781 | oxidoreductase, 20G-Fe(ll) oxygenase family protein

Bra034114 | Shugoshin C terminus

Bra029821 Calcium-binding EF-hand family protein

Bra026402 GDSL-like Lipase/Acylhydrolase superfamily protein

Bra011052 RmiIC-like cupins superfamily protein

Bra015881 Protein of unknown function (DUF581)

Bra006123 SSP5 SCP1-like small phosphatase 5

Bra022485 unknown protein

Bra038235 Phototropic-responsive NPH3 family protein

Bra040309 Integrase-type DNA-binding superfamily protein

Bra027540 | Protein kinase superfamily protein
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Bra004987 | Phosphoinositide-specific phospholipase C family protein
Bra016462 Arabidopsis protein of unknown function (DUF241)

Bra009250 | Integrase-type DNA-binding superfamily protein

Bra027020 | Plant invertase/pectin methylesterase inhibitor superfamily protein
Bra040924 ATPUP10, PUP10 purine permease 10

Bra001721 | RING/U-box superfamily protein

Bra012959 ACHT5atypicalCYS HIS rich thioredoxin 5

Bra028865 Protein phosphatase 2C family protein

Bra027974 Ubiquitin-like superfamily protein

Bra003304 D111/G-patch domain-containing protein

Bra002386 ATJ3, ATJ DNAJ homologue 3

Bra032273 | B-box type zinc finger protein with CCT domain ¢

Bra039508 ethylene-responsive nuclear protein -related

Bra025046 SAG12 senescence-associated gene 12

Bra032894 | DRM1, DYL1 dormancy-associated protein-like 1

Bra031043 | Protein of unknown function (DUF567)

Bra021998 SAG12 senescence-associated gene 12
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Bra017184 | phenazine biosynthesis PhzC/PhzF family protein

Bra017185 nodulin MtN21 /EamA-like transporter family protein

Bra000309 ATTI2, TI2 trypsin inhibitor protein 2

Bra024795 RNS1, ATRNS1 ribonuclease 1

Bra014547 PRN, PRNI1, ATPIRIN1 pirin

Bra041119 Cupredoxin superfamily protein

Bra031392 BGLU46 beta glucosidase 46

Bra039047 CYP81D1 Cytochrome P450 superfamily protein

Bra027681 | Disease resistance-responsive (dirigent-like protein) family protein
Bra038089 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein
Bra016501 | LCR78, PDF1.4 Arabidopsis defensin-like protein

Bra023404 Rap2.6L related to AP2 6l

Bra016580 | Kunitz family trypsin and protease inhibitor protein

Bra008591 OPR1, ATOPR1 12-oxophytodienoate reductase 1

Bra004655 PGAZAT, ADPG2 polygalacturonase abscission zone

Bra007437 | PRN, PRN1, ATPIRIN1 pirin

Bra024530 Gibberellin-regulated family protein

Bra020114 | GLP3, GLP3A, GLP3B, ATGER3, GER3 germin 3

Bra032678 | NA

Bra009142 UGT76C2 UDP-glucosyl transferase 76C2

Bra017491 alpha/beta-Hydrolases superfamily protein

Bra020021 | NAD(P)-binding Rossmann-fold superfamily protein

Bra009716 EMB3009, PEL3, DCR HXXXD-type acyl-transferase family protein
Bra005688 Homeodomain-like superfamily protein

Bra004086 | NA

Bra028769 Cytochrome P450 superfamily protein

Bra002937 GDSL-like Lipase/Acylhydrolase superfamily protein

Bra014407 | F-box family protein

Bra014716 ATJRG21, JRG21 jasmonate-regulated gene 21

Bra013399 UDP-Glycosyltransferase superfamily protein

Bra026317 HSP21 heat shock protein 21

_77_




Bra035634 BGAL4 beta-galactosidase 4

Bra034899 | NA

Bra028826 GDSL-like Lipase/Acylhydrolase superfamily protein

Bra027219 | Late embryogenesis abundant protein (LEA) family protein

Bra041038 RPS2 ribosomal protein S2

Bra030416 Leucine-rich repeat protein kinase family protein

Bra030414 Leucine-rich repeat protein kinase family protein

Bra026570 RNSI1, ATRNS1 ribonuclease 1

Bra026885 F-box/RNI-like/FBD-like domains-containing protein

Bra017024 | basic helix-loop-helix (bHLH) DNA-binding superfamily protein

Bra004826 | Cysteine/Histidine-rich C1 domain family protein

Bra009105 Peroxidase superfamily protein

Bra013486 | basic helix-loop-helix (bHLH) DNA-binding superfamily protein

Bra017132 | 2-oxoglutarate (20G) and Fe(l)-dependent oxygenase superfamily protein

Bra037007 | Peroxidase superfamily protein

Bra004314 | unknown protein

Bra031933 | Peroxidase superfamily protein

Bra038766 Subtilase family protein

Bra033512 NA

Bra005197 C2H2 and C2HC zinc fingers superfamily protein
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Bra025892 | VQ motif-containing protein

Bra019469 | Concanavalin A-like lectin protein kinase family protein

Bra025668 SOT17, ATSOT17, ATST5C sulfotransferase 17

Bra034424 | unknown protein

Bra025101 | Nucleotide-diphospho-sugar transferase family protein

Bra031393 GPT2, ATGPT2 glucose-6-phosphate/phosphate translocator 2

Bra016025 | ATPS2, PS2 phosphate starvation-induced gene 2

Bra017927 | Calcium-binding EF-hand family protein

Bra012938 | ERF104 ethylene response factor 104

Bra034038 | Protein kinase superfamily protein

Bra026326 | NA

Bra010210 | Integrase-type DNA-binding superfamily protein

Bra000963 | C2 calcium/lipid-binding plant phosphoribosyltransferase family protein

Bra003959 | nodulin MtN21 /EamA-like transporter family protein

Bra040564 | RING/U-box superfamily protein

Bra013790 Protein of unknown function (DUF679)

Bra038814 | unknown protein

Bra021239 | Cupredoxin superfamily protein

Bra007491 NA

Bra023665 | unknown protein

Bra039037 | Calcium-binding EF-hand family protein

Bra026744 | hydroxyproline-rich glycoprotein family protein

Bra001941 | MYB305, ATMYB71 myb domain protein 305

Bra020093 | PIK-boxregionandMADS-boxtranscriptionfactorfamilyprotein

Bra011244 | Biotin/lipoate A/B protein ligase family

Bra002377 | Integrase-type DNA-binding superfamily protein

Bra031287 | DMP1, AtDMP1 DUF679 domain membrane protein 1
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Bra012906 | Plant protein of unknown function (DUF247)

Bra003778 | JAZ2, TIFY10B TIFY domain/Divergent CCT motif family protein
Bra009590 | unknown protein

Bra007381 | N-acetylglucosaminylphosphatidylinositol de-N-acetylase family protein
Bra040309 | Integrase-type DNA-binding superfamily protein

Bra027156 | AtGolS4, GolS4 galactinol synthase 4

Bra025046 | SAG12 senescence-associated gene 12

Bra006599 | Integrase-type DNA-binding superfamily protein

Bra027602 CYP707A3 cytochrome P450, family 707, subfamily A, polypeptide 3
Bra030208 | basic helix-loop-helix (bHLH) DNA-binding superfamily protein
Bra015740 | NAD(P)-binding Rossmann-fold superfamily protein

Bra024400 | Concanavalin A-like lectin protein kinase family protein

Bra027162 | WRR4, ADR2 Disease resistance protein (TIR-NBS-LRR class)
Bra015124 | scpl2l serine carboxypeptidase-like 21

Bra006805 | unknown protein

Bra018521 | AOP3 2-oxoglutarate (20G) and Fe(I)-dependent oxygenase superfamily protein
Bra039508 | ethylene-responsive nuclear protein-related

Bra031035 MYB51, AtMYB51, BWb51A, BW51B, HIGI myb domain protein 51
Bra012672 | unknown protein

Bra022081 | Plant invertase/pectin methylesterase inhibitor superfamily protein
Bra009070 | CYP78A7 cytochrome P450, family 78, subfamily A, polypeptide 7
Bra023450 | ATIMD1, IMD1 isopropylmalate dehydrogenase 1

Bra027100 | NA

Bra024579 | F-box/RNI-like/FBD-like domains-containing protein

Bra025997 | Pectin lyase-like superfamily protein

Bra000288 | Aconitase/3-isopropylmalate dehydratase protein

Bra000889 | ATCNGC12, CNGC12 cyclic nucleotide-gated channel 12

Bra025666 | MYB51, AtMYB51, BW51A, BW51B, HIG1 myb domain protein 51
Bra035194 | Tetratricopeptide repeat (TPR)-like superfamily protein

Bra004744 | IPMI2, ATLEUD]1 isopropylmalate isomerase 2

Bra011822 | AKN2, APK2 APS-kinase 2

Bra020459 | CYP81F2 cytochrome P450, family 81, subfamily F, polypeptide 2
Bra000848 | AOP1, AOP, AOP1.1 2-oxoglutarate (20G) and Fe(ID-dependent oxygenase superfamily protein
Bra022448 | BCAT4 branched-chain aminotransferase4

Bra000760 | BAT5, BASS5 bile acid transporter 5

Bra038546 | unknown protein

Bra013011 | MAMI1, IMS3 methylthioalkylmalate synthase 1

Bra034180 | AOP3 2-oxoglutarate (20G) and Fe(ID-dependent oxygenase superfamily protein
Bra005949 | MYB29, ATMYB29, PMG2 myb domain protein 29

Bra000637 | ACS11 1-aminocyclopropane-1-carboxylate synthase 11

Bra029355 | MAM1, IMS3 methylthioalkylmalate synthase 1

Bra035544 | AK3 aspartate kinase 3

Bra016446 | PHT1,;8 phosphate transporter 1;8

Bra026058 | CYP79F1, BUS1, SPS1 cytochrome p450 79f1

Bra021998 | SAG12 senescence-associated gene 12
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01 BrWRKY11 Bra026414 01 535 7.08 59.12 1608
02 BrwWRKY12 Bra026438 01 534 6.17 58.83 1605
03 BrWRKY28 Bra026554 02 475 7.68 51.92 1428
04 BrWwRKY29 Bra028707 02 319 9.20 35.89 960
05 BrWRKY35 Bra000064 03 473 8.37 52.20 1422
06 BrWwRKY42 Bra001023 03 1064 9.43 118.27 3195
07 BrwWRKY46 Bra013187 03 447 8.07 49.21 1344
08 BrWRKY47 Bra019095 03 754 6.59 83.68 2265
09 BrWRKY48 Bra019105 03 529 5.89 58.33 1590
10 BrWRKY53 Bra022786 03 378 6.34 42.56 1137
11 BrWRKY55 Bra023112 03 420 9.48 46.05 1263
12 BrWRKY58 Bra024035 03 589 5.24 63.84 1770
13 BrWRKY59 Bra028939 03 449 6.04 49.04 1350
14 BrwWRKY60 Bra028971 03 485 7.71 53.88 1458
15 BrWRKY67 Bra017117 04 463 6.87 50.80 1392
16 BrWRKY68 Bra021623 04 350 6.98 39.27 1053
17 BrWRKY80 Bra005104 05 457 7.69 50.26 1374
18 BrWRKY81 Bra005210 05 409 9.12 44.89 1230
19 BrWRKY84 Bra018325 05 373 6.58 42.14 1122
20 BrWwRKY86 Bra039147 05 1082 9.38 119.99 3249
21 BrWRKY91 Bra019697 06 493 7.70 53.39 1482
22 BrwRKY93 Bra024780 06 486 8.15 53.47 1461
23 BrwWRKY108 Bra010266 08 457 6.49 49.56 1374
24 BrWRKY109 Bra010431 08 545 6.75 59.95 1638
25 BrWRKY113 Bra016716 08 465 8.64 50.30 1398
26 BrWRKY122 Bra026869 09 480 8.18 51.91 1443
27 BrWRKY138 Bra002828 10 673 5.92 73.01 2022
28 BrWRKY?2 Bra011299 01 317 8.23 35.71 954
29 BrWwRKY16 Bra008435 02 290 7.55 32.43 873
30 BrWRKY49 Bra019123 03 194 8.18 20.83 585
31 BrWRKY56 Bra023983 03 345 4.62 38.49 1038
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32 BrWRKY99 Bra003588 07 297 8.90 32.93 894
33 BrWwRKY105 Bra035148 07 300 8.85 33.42 903
34 BrwRKY106 Bra010220 08 308 8.16 34.71 927
35 BrWRKY5 Bra013584 01 538 5.51 28.63 1617
36 BrwWRKY14 Bra040505 01 535 8.74 57.90 1608
37 BrWRKY15 Bra007884 02 383 7.30 42.99 1152
38 BrWRKY27 Bra023505 02 516 7.18 99.32 1551
39 BrWRKY33 Bra033956 02 710 6.11 80.30 2133
40 BrWRKY40 Bra000793 03 519 6.49 97.15 1560
41 BrwRKY44 Bra006283 03 027 6.05 96.74 1584
42 BrWRKY95 Bra025693 06 287 9.10 30.73 864
43 BrWwRKY101 Bra004285 07 328 5.58 37.35 987
44 BrWRKY103 Bra016263 07 748 5.76 81.01 2247
45 BrWRKY112 Bra016535 08 474 6.34 52.58 1425
46 BrWRKY123 Bra027057 09 092 5.79 60.45 1659
47 BrWRKY127 Bra029491 09 492 6.05 04.28 1479
48 BrWRKY128 Bra031053 09 470 6.05 01.55 1413
49 BrwRKY139 Bra008719 10 951 .88 99.66 1656
50 BrWRKY133 Bra036315 09 490 6.31 93.94 1473
51 BrWRKY141 Bra034482 - 507 5.88 55.32 1524
52 BrWRKY3 Bra011861 01 298 8.87 33.89 897
53 BrwRKY4 Bra013289 01 308 7.09 34.38 927
o4 BrWRKY9 Bra021393 01 322 6.42 36.13 972
55 BrWRKY22 Bra020546 02 168 6.52 18.85 507
56 BrwRKY24 Bra020628 02 392 6.49 43.59 1179
o7 BrWRKY25 Bra022033 02 317 6.16 36.35 954
58 BrwRKY31 Bra031900 02 197 7.00 22.20 594
59 BrWRKY34 Bra038313 02 299 6.23 33.02 900
60 BrWRKY38 Bra000362 03 210 9.04 24.16 633
61 BrWRKY43 Bra006178 03 147 9.30 17.09 444
62 BrwRKY45 Bra012614 03 312 6.27 34.99 939
63 BrWRKY71 Bra025490 04 174 8.65 20.31 525
64 BrWRKY72 Bra030273 04 196 6.44 22.64 991
65 BrWRKY75 Bra037637 04 181 8.93 20.27 546
66 BrWRKY76 Bra004466 05 319 6.23 26.03 960
67 BrWRKY79 Bra004864 05 215 8.80 24.43 648
68 BrWRKY85 Bra037106 05 432 4.98 48.03 1299
69 BrWRKY88 Bra009885 06 176 6.52 19.57 531
70 BrWRKY90 Bra010032 06 399 6.27 44.50 1200
71 BrWRKY92 Bra024328 06 206 5.68 23.31 621
72 BrwRKY9%4 Bra025021 06 323 6.90 36.61 972
73 BrWRKY96 Bra033616 06 292 9.13 32.97 879
74 BrWRKY97 Bra038006 06 694 5.36 73.55 1965
75 BrWwRKY100 Bra004002 07 289 6.12 31.97 870
76 BrWRKY102 Bra004370 07 294 6.92 32.52 885
77 BrWwRKY104 Bra030178 07 227 8.54 31.53 834
78 BrWRKY110 Bra010683 08 296 7.84 33.90 891
79 BrWRKY115 Bra030847 08 447 5.07 90.58 1344
80 BrwRKY116 Bra030848 08 203 5.87 22.76 612
81 BrWRKY120 Bra017561 09 321 7.71 36.53 966
82 BrWwRKY119 Bra007674 09 298 7.20 34.16 897
83 BrWRKY124 Bra027480 09 328 7.68 37.68 987
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84 BrWRKY125 Bra027675 09 189 6.70 21.30 570
85 BrwRKY126 Bra027768 09 187 6.70 21.16 964
86 BrwRKY129 Bra031221 09 197 6.50 22.69 594
87 BrWRKY131 Bra032340 09 273 7.75 30.92 822
88 BrWRKY132 Bra036138 09 353 6.22 39.42 1062
89 BrWRKY134 Bra036563 09 158 4.92 17.52 477
90 BrwRKY136 Bra037796 09 168 7.05 18.92 507
91 BrWwRKY140 Bra008858 10 147 9.52 17.07 444
92 BrWRKY143 Bra040557 - 144 9.43 16.77 435
93 BrWRKY144 Bra040926 - 294 7.68 33.27 885
94 BrWRKY1 Bra011282 01 322 9.83 35.29 969
95 BrwRKY8 Bra013779 01 143 10.03 16.00 432
96 BrWRKY23 Bra020617 02 337 9.78 37.29 1014
97 BrwRKY41 Bra001117 03 319 9.44 35.24 960
98 BrWRKY50 Bra019239 03 348 9.81 38.02 1047
99 BrWRKY54 Bra022808 03 338 9.87 38.06 1017
100 BrWRKYo7 Bra023998 03 328 9.54 36.09 987
101 BrwRKY69 Bra021652 04 321 9.92 36.12 966
102 BrwRKY73 Bra032084 04 325 9.94 35.31 978
103 BrWRKY74 Bra032174 04 319 9.75 34.65 960
104 BrWRKY83 Bra018303 05 335 9.67 37.89 1008
105 BrWRKY89 Bra010005 06 341 9.63 37.91 1026
106 BrWRKY107 Bra010231 08 332 9.66 36.37 999
107 BrWRKY142 Bra040396 - 303 9.45 33.52 912
108 BrWRKY6 Bra013708 01 296 7.56 32.95 891
109 BrWRKY10 Bra026228 01 396 5.55 43.04 1191
110 BrwWRKY26 Bra022612 02 344 5.51 38.23 1035
111 BrWRKYb52 Bra019297 03 299 5.82 33.39 900
112 BrWRKY62 Bra014556 04 278 4.95 30.80 837
113 BrWRKY70 Bra021934 04 396 5.60 43.14 1191
114 BrwWRKY82 Bra005388 05 403 5.76 43.42 1212
115 BrWRKY111 Bra010839 08 261 5.41 29.25 786
116 BrWRKY114 Bra020814 08 308 8.45 34.17 927
117 BrWRKY118 Bra007413 09 270 4.99 30.03 813
118 BrWwRKY130 Bra032300 09 262 9.33 29.56 789
119 BrWRKY135 Bra037368 09 298 6.66 32.34 897
120 BrWRKY145 Bra041029 - 407 5.70 44.28 1224
121 BrwRKY7 Bra013732 01 316 5.83 35.27 951
122 BrWRKY13 Bra026467 01 312 6.49 35.05 939
123 BrWRKY17 Bra008454 02 198 4.87 22.86 997
124 BrWRKY18 Bra008456 02 248 4.85 28.06 747
125 BrWRKY19 Bra008459 02 258 5.67 29.39 77
126 BrWRKY30 Bra028918 02 290 7.75 33.52 873
127 BrwRKY20 Bra020196 02 284 6.05 32.62 855
128 BrWRKY21 Bra020197 02 280 6.42 32.03 843
129 BrWRKY32 Bra033158 02 331 5.78 36.80 996
130 BrWRKY36 Bra000202 03 300 6.50 33.55 903
131 BrWRKY37 Bra000203 03 340 5.25 38.31 1023
132 BrwRKY39 Bra000423 03 281 5.76 31.99 846
133 BrwRKY51 Bra019265 03 323 .67 36.02 972
134 BrWRKY61 Bra014426 04 277 .67 31.79 834
135 BrwRKY63 Bra014692 04 285 6.05 32.18 858
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136 BrWRKY64 Bra014693 04 264 5.74 29.73 795

137 BrWRKY65 Bra016974 04 330 5.22 36.93 993

138 BrWRKY66 Bra016975 04 284 6.39 31.61 855

139 BrWRKY77 Bra004540 05 285 5.33 32.20 858

140 BrWRKY78 Bra004586 05 339 5.66 37.99 1020

141 BrWRKY87 Bra009734 06 313 6.31 35.53 942

142 BrWwRKY98 Bra003239 07 283 5.78 31.97 852

143 BrWRKY117 Bra007243 09 276 6.31 31.06 831

144 BrWRKY121 Bra023211 09 258 6.04 29.74 777

145 BrWRKY137 Bra002421 09 288 5.59 33.02 867

AAE 14570¢] BrWRKY FxA59] 7] 4 A3 ol AT A I IFe=E
A ST Group [ 27019] WRKY Z=w9le x3sta 9d%len, Group 19} M= 1719] WRKY
EWAE xgstn I =3 Group 1 2 = C2H2 type®] zinc-finger motif& 7}x]ar
AAAT, Group = C2HCE] zinc-finger motif& 7FA|3L AR 145712] BrWRKY %=}
=2 Group I, T 2 1o Z+z+ 2770, 9370, 2570¢] A&7 3= o)

Group II+= 57§¢] sub-group(-a, -b, -c,

-d, -0 tA YyHAAeH, Group Io] £3F 937) 2

A A&=0] sub-group a°l 770, b groupel 1778, c groupel 4271, d groupel 147, e

groupell 13719 @7} 3= QTHE 22).

3 22. BrtWRKY % #++¢] WRKY domain &4
g . ol WRKY qomgn .
No. ene symbo Conserved heptapeptide mer[(ftl{}ger D%I(l)e,un GI{I%l.lp
01 BrWRKY11 WRKYGQK/WRKYGQK C2H2 2 I
02 BrWRKY12 WRKYGQK/WRKYGQK C2H2 2 I
03 BrWRKY?28 WRKYGQK/WRKYGQK C2H2 2 [
04 BrWRKY29 WRKDGQK/WRKYGQK C2H2 2 I
05 BrWRKY35 WRKYGQK/WRKYGQK C2H2 2 I
06 BrWRKY42 WMKYGQK/WRKYGK C2H2 2 I
07 BrwWRKY46 WRKYGQK/WRKYGQK C2H2 2 I
08 BrWRKY47 WRKNGQK/WRKYGQK C2H2 2 I
09 BrWRKY48 WRKYGQK/WRKYGQK C2H2 2 I
10 BrWRKY53 WRKYGQK/WRKYGQK C2H2 2 [
11 BrWRKY55 WRKYGQK/WRKYGQK C2H2 2 I
12 BrWRKY58 WRKYGQK/WRKYGQK C2H2 2 I
13 BrWRKY59 WRKYGQK/WRKYGQK C2H2 2 I
14 BrWRKY60 WRKYGQK/WRKYGQK C2H2 2 I
15 BrWRKY67 WRKYGQK/WRKYGQK C2H2 2 I
16 BrWRKY68 WRKYGQK/WRKYGQK C2H2 2 I
17 BrWRKY80 WRKYGQK/WRKYGQK C2H2 2 [
18 BrWRKY81 WRKYGQK/WRKYGQK C2H2 2 I
19 BrWRKY84 WRKYGQK/WRKYGQK C2H2 2 I
20 BrWRKY86 WRKYGQK/WRKYGQK C2H2 2 I
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21 BrWRKY91 WRKYGQK/WRKYGQK C2H2 2 I

22 BrWRKY93 WRKYGQK/WRKYGQK C2H2 2 I

23 BrWwRKY108 WRKYGQK/WRKYGQK C2H2 2 I

24 BrWwRKY109 WRKYGQK/WRKYGQK C2H2 2 I

25 BrWRKY113 WRKYGQK/WRKYGQK C2H2 2 I

26 BrwRKY122 WRKYGQK/WRKYGQK C2H2 2 I

27 BrWRKY138 WRKYGQK/WRKYGQK C2H2 2 I

28 BrWRKY?2 WRKYGQK C2H2 1 I-a
29 BrWRKY16 WRKYGQK C2H2 1 lI-a
30 BrWRKY49 WRKYGQK C2H2 1 I-a
31 BrWRKY56 WRKYGQK C2H2 1 II-a
32 BrWwRKY99 WRKYGQK C2H2 1 I-a
33 BrwRKY105 WRKYGQK C2H2 1 I-a
34 BrWRKY106 WRKYGQK C2H2 1 II-a
35 BrWRKY5 WRKYGQK C2H2 1 II-b
36 BrWRKY14 WRKYGQK C2H2 1 II-b
37 BrWRKY15 WRKYGQK C2H2 1 I-b
38 BrwRKY27 WRKYGQK C2H2 1 I-b
39 BrWRKY33 WRKYGQK C2H2 1 I-b
40 BrWRKY40 WRKYGQK C2H2 1 I-b
41 BrWRKY44 WRKYGQK C2H2 1 I-b
42 BrWRKY95 WRKYGQK C2H2 1 I-b
43 BrWRKY101 WRKYGQK C2H2 1 II-b
44 BrwRKY103 WRKYGQK C2H2 1 I-b
45 BrWwRKY112 WRKYGQK C2H2 1 I-b
46 BrWRKY123 WRKYGQK C2H2 1 I-b
47 BrWRKY127 WRKYGQK C2H2 1 I-b
48 BrwRKY128 WRKYGQK C2H2 1 I-b
49 BrWRKY139 WRKYGQK C2H2 1 I-b
50 BrWRKY133 WRKYGQK C2H2 1 II-b
51 BrwRKY141 WRKYGQK C2 1 I-b
92 BrwRKY3 WRKYGQK C2H2 1 II-c
53 BrwRKY4 WRKYGQK C2H2 1 II-c
54 BrwRKY9 WRKYGQK C2H2 1 II-c
99 BrWRKY22 WRKYGKK C2H2 1 II-c
56 BrWRKY?24 WRKYGQK C2H2 1 I-c
o7 BrWRKY25 WRKYGQK C2H2 1 I-c
58 BrWRKY31 WRKYGKK C2H2 1 II-c
99 BrwRKY34 WRKYGQK C2H2 1 II-c
60 BrWRKY38 WRKYGQK C2H2 1 II-c
61 BrWRKY43 WRKYGQK C2H2 1 II-c
62 BrWwRKY45 WRKYGQK C2H2 1 II-c
63 BrWRKY71 WRKYGQK C2H2 1 I-c
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64 BrWRKY72 WRKYGKK C2H2 1 I-c
65 BrWRKY75 WRKYGQK Motif absent 1 I-c
66 BrWRKY76 WRKYGQK C2H2 1 II-c
67 BrWRKY79 WRKYGQK C2H2 1 II-c
68 BrWRKY85 WRKYGQK C2H2 1 I-c
69 BrWRKY88 WRKYGKK C2H2 1 I-c
70 BrWRKY90 WRKYGQK C2H2 1 I-c
71 BrWRKY92 WRKYGKK C2H2 1 I-c
72 BrWRKY94 WRKYGQK C2H2 1 I-c
73 BrWRKY96 WRKYGQK C2H2 1 I-c
74 BrWRKY97 WRKYGQK C2H2 1 II-c
75 BrWRKY100 WRKYGQK C2H2 1 I-c
76 BrWRKY102 WRKYGQK C2H2 1 I-c
77 BrWRKY104 WRKYGQK C2H2 1 I-c
78 BrWRKY110 WRKYGQK C2H2 1 I-c
79 BrWRKY115 WRKYGRK C2H2 1 I-c
80 BrWRKY116 WKKYGQR C2H2 1 I-c
81 BrWRKY120 WRKYGQK C2H2 1 II-c
82 BrWRKY119 WRKYGQK C2H2 1 I-c
83 BrWRKY124 WRKYGQK C2H2 1 I-c
84 BrWRKY125 WRKYGQK C2H2 1 I-c
85 BrWRKY126 WRKYGQK C2H2 1 I-c
86 BrWRKY129 WRKYGKK C2H2 1 I-c
87 BrWRKY131 WRKYGQK C2H2 1 II-c
88 BrWRKY132 WRKYGQK C2H2 1 II-c
89 BrWRKY134 WRK C2H2 1 I-c
90 BrWRKY136 WRKYGKK C2H2 1 I-c
91 BrWRKY140 WRKYGQK C2H2 1 I-c
92 BrWRKY143 WRKYGQK C2H2 1 I-c
93 BrWRKY144 WRKYGQK C2H2 1 I-c
94 BrWRKY1 WRKYGQK C2H2 1 I-d
95 BrwWRKY8 WRKYGQK C2H2 1 1-d
96 BrWRKY23 WRKYGQK C2H2 1 -d
97 BrWRKY41 WRKYGQK C2H2 1 -d
98 BrWRKY50 WRKYGQK C2H2 1 I-d
99 BrWRKY54 WRKYGQK C2H2 1 1-d
100 BrWRKY57 WRKYGQK C2H2 1 -d
101 BrWRKY69 WRKYGQK C2H2 1 1-d
102 BrWRKY73 WRKYGQK C2H2 1 1-d
103 BrWRKY74 WRKYGQK C2H2 1 I-d
104 BrWRKY83 WRKYGQK C2H2 1 -d
105 BrWRKY89 WRKYGQK C2H2 1 -d
106 BrWRKY107 WRKYGQK C2H2 1 1-d
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107 BrWRKY142 WRKYGQK C2H2 1 1I-d
108 BrwRKY6 WRKYGQK C2H2 1 lI-e
109 BrWRKY10 WRKYGQK C2H2 1 I-e
110 BrWRKY26 WRKYGQK C2H2 1 lI-e
111 BrWRKY52 WRKYGQK C2H2 1 I-e
112 BrWRKY62 WRKYGQK C2H2 1 I-e
113 BrWRKY70 WRKYGQK C2H2 1 I-e
114 BrWRKY82 WRKYGQK C2H2 1 I-e
115 BrWRKY111 WRKYGQK C2H2 1 lI-e
116 BrWRKY114 WRKYGQK C2H2 1 I-e
117 BrWRKY118 WRKYGQK C2H2 1 lI-e
118 BrWRKY130 WRKYGQK C2H2 1 I-e
119 BrwRKY135 WRKYGQK C2H2 1 I-e
120 BrWRKY145 WRKYGQK C2H2 1 I-e
121 BrWRKY7 WRKYGQK C2HC 1 I
122 BrWRKY13 WRKYGQK C2HC 1 11
123 BrWwRKY17 WRKYGQK C2HC 1 il
124 BrWRKY18 WMKYGQK CHC 1 I
125 BrWRKY19 WRKYGQK C2HC 1 1
126 BrWRKY30 WRKYGQK C2HC 1 il
127 BrWRKY20 WRKYGQK C2HC 1 I
128 BrWRKY?21 WRKYGQK C2HC 1 I
129 BrWRKY32 WRKYGQK C2HC 1 I
130 BrWRKY36 WRKYGQK C2HC 1 il
131 BrwRKY37 WRKYGQK C2HC 1 i
132 BrWRKY39 WRKYGQK C2HC 1 1
133 BrWRKY51 WRKYGQK C2HC 1 il
134 BrWRKY61 WRKYGQK C2HC 1 il
135 BrWRKY63 WRKYGKK C2HC 1 I
136 BrwRKY64 WRKYGQK C2HC 1 1
137 BrWRKY65 WRKYGQK C2HC 1 il
138 BrWRKY66 WRKYGQK C2HC 1 i
139 BrWRKY77 WRKYGQK C2HC 1 1
140 BrWRKY78 WRKYGQK C2HC 1 |
141 BrwRKY87 WRKYGQK C2HC 1 11
142 BrWRKY98 WRKYGQK C2HC 1 I
143 BrWRKY117 WRKYGQK C2HC 1 I
144 BrwRKY121 WRKYGQK C2HC 1 il
145 BrwRKY137 WRKYGQK C2HC 1 i

14571¢] WRKY F& AL thste] exon-intron #+Z& EA43tRo. 1 A3, group (9]
FAAEE 2~12709 introng E&3stAT 183 Group llae] FAAELS 371 3-& 4709
introng Z3&g o, group b FAAEL thakelA 1~15709) intron, Group llce] FAAk

_86_




=<2 0~4719] intron, Group ld9] FHAEL 271 52 3719 intron, Group lle9]

170 &2 2709 intron, Group ¢ §AAEL 27} F2 3709 intronE< E?}é‘}ﬁl
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BrWRKY #HA=S |83t NCBI BLAST AT A, o7 &N(Arabidopsis lyrata
subsp. lyrata, A. thaliana), +*\(Brassica napus), %¥¥\3(B. oleracea var. italica), “W3(B.
rapa subsp. chinensis), Y8 12X (Bruguiera gymnorrhiza), <L-°|(Cucumis sativus), -£°<F
(Dimocarpus longan), &7)|(Fragaria ananassa), &(Glycine max), =3H Gossypium barbadense),
IR UYF(Hevea brasiliensis), X e|(Hordeum vulgare subsp. vulgare), F27}2~(Jatropha
curcas), A3 Malus domestica), 223K Medicago truncatula), T¥\(Nicotiana tabacum), Alpine
Penny-cress(Noccaea caerulescens), EvtE(Solanum lycopersicum), 7V7}2(Theobroma cacao),
W (Triticum  aestivum), Y™ F(Vitis amurensis), Vitis pseudoreticulatas - 258 FHE
WRKY FAA=EH 52 4s8s YEFHATGE 23).

¥ 23. 14571 ¢] BrWRKY -z ztel thgt 4a4d &4

Gene name TOPCfggéghed Name of protein Ide‘r)/lotity vgh_le Top homologous species

BAWRKY1 ACI14384.1 | WRKY11-1 transcription factor | 99% 0.0 Brasica napus
AGQ04233.1 | WRKY transcription factor 43.1 | 63% | 2e-128 Jatropha curcas

BrWRKY?2 | AGQ04215.1 | WRKY transcription factor 27 | 46% | 8e -74 Jatropha curcas
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Brassica rapa subsp.

AAS13378.1 WRKY1 79% | 2e-175 chinensis
BrWRKY3 EO0X92322.1 | WRKY DNA-binding protein 13 | 43% 6e-56 Theobroma cacao
AGQO04203.1 | WRKY transcription factor 15 | 45% 6e-55 Jatropha curcas
BAWRKYA4 ACI14393.1 | WRKY28-1 transcript.ion factor | 84% 0.0 Brasjcg napys
ADU52524.1 WRKY protein 47% 8e-47 Cucumis sativus
BrwRys P_0028677%.1) WRKY DNA-binding protein 31 | 8% | 0.0 Ar 31’10’01)%%};“3 subsp.
ACQ76807.1 | WRKY transcription factor 42 | 68% 0.0 Brasica napus
BrWRKY6 ACI14394.1 | WRKY29-1 trapsgﬁption factor | 75% | 8e-153 Brasica napus
AGQO04236.1 | WRKY transcription factor 45 | 70% 3e-42 Jatropha curcas
BAWRKY? ACQ76808.1 | WRKY transcn'pti.on. factor 53 | 98% 0.0 Brasica napus
ABN79278.1 WRKY53 transcription factor 4% | 3e-160 Noccaea caerulescens
BrwRys P_002369730.1 WRKY DNA-binding protein 7 | 94% | 7e-81 Ar abfdof’%f,[%’fa subsp.
ACI14406.1 | WRKY7-1 transcription factor | 85% 5e-71 Brasica napus
BAWRKY9 NP_182248.1 | WRKY DNA—bipdipg protein 23 | 71% | 2e-140 Arabidopsis thaliana
AGQO04210.1 | WRKY transcription factor 22 | 60% 4e-69 Jatropha curcas
BRIy 1o XP-00P890885. 1 WRKY DNA-binding protein 14 | 78% | 0.0 Ar 3[71‘701955;%&” subsp.
ACH99804.1 | WRKY35 transcription factor 56% | 5e-118 Brasica napus
BAWRKY11 ACI14387.1 | WRKY20-1 transcﬁption factor | 94% 0.0 Br.aSJCa napys
ACD80361.1 WRKY17 transcription factor 43% | 2e-112 Triticum aestivum
BrWRKY12 BAB61056.1 WRKY DNA—binding protein 50% | 2e-112 Mbatzang tabgcum
ADU52508.1 WRKY protein 50% | 4e-109 Cucumis sativus
BrWRKY13 NP_568439.1 | WRKY DNA—binqmg protein 30 | 68% | 5e-140 Arab{dopﬂs Zhaliang
BAGI15875.1 WRKY transcription factor 45% Te-46 Bruguiera gymnorrhiza
BrWRKY 14 ACH99808.1 WRKY72 .transcn'ption factor 58% | 8e-161 Brasica napus
NP_001234802.1|  transcription factor WRKY72 40% le-67 Solanum lycopersicum
BAWRKY15 ACI14398.1 | WRKY transcn:pt@on factor 36 | 76% 00 Brasica napus
AGQ04224.1 | WRKY transcription factor 35 | 38% 4e-49 Jatropha curcas
BrWRKY16 ACQ76806.1 | WRKY transcription factor 40 | 97% 00 Brasica napus
AGQO04215.1 | WRKY transcription factor 27 | 55% 4e-49 Jatropha curcas
XP_002874078.1| WRKY DNA-binding protein 38 | 47% | 3e-26 | A~ 3b1d0p5§;r%3f3 subsp.
BrRKY17 . Hordeum vulgare subsp
ABI13398.1 | WRKY transcription factor 32 | 39% 7e-15 villgare )
BrWRKY18 AAK28310.1 | WRKY DNA-binding protein 62 | 37% 2e-22 Arabidopsis thaliana
AGQO04250.1 | WRKY transcription factor 56 | 30% 4e-49 Jatropha curcas
BrWRKY19 AAK28310.1 | WRKY DNA—binqmg protein 62 | 40% 5e-30 A(apldopSJS m?bana
ACY69975.1 WRKY transcription factor 29% 5e-19 Vitis pseudoreticulata
BrWRKY 20 XP-02B74078.1| WRKY DNA-binding protein 38 | 65% | le-120 Ar 3’31"0195;%@5@ Subsp.
ACY69975.1 WRKY transcription factor 36% le-21 Vitis pseudbreticulata
SRyl (P-00P874078.1 WRKY DNA-binding protein 38 | 50% | 2e-105 Ar 3[3"70@5;%};;&78 subsp.
AAF61864.1 DNA-binding protein 4 44% 3e-18 Nicotiana  tabacum
BrWRKY22 ACH99807.1 | WRKY50 trangcr_iption factor 98% | Te-119 Brasica napus
AGQO04202.1 | WRKY transcription factor 14 | 49% 4e-49 Jatropha curcas
BrWRKY23 ACI14408.1 | WRKY74-1 traps;ription factor | 85% 0.0 Brasica napus
AGQ04202.1 | WRKY transcription factor 40 | 53% 4e-49 Jatropha curcas
BrWRKY?24| AEO31516.2 | WRKY transcription factor 31 | 53% 4e-60 Dimocarpus longan
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AGQO04211.1 | WRKY transcription factor 23 | 46% 4e-49 Jatropha curcas
BrWRKY25 ACI14410.1 | WRKY8-1 transcription factor | 79% | 2e-179 Brasica napus
AGQ04214.1 | WRKY transcription factor 26 | 53% 4e-49 Jatropha curcas
BrWRKY26 ACI14392.1 | WRKY27-1 trapsgn'ption factor | 99% 0.0 Bfasjcg napus
NP_001267594.1| WRKY transcription factor 22 | 40% 2e-47 Cucumis sativus
BrWRKY27 ACH99808.1 | WRKY72 transcription factor 8% 0.0 Brasica napus
AGQO04226.1 | WRKY transcription factor 37 | 46% 4e-49 Jatropha curcas
BrWRKY?28 NP_178433.1 | WRKY DNA-binding protein 3 | 78% 0.0 Arabidopsis thaliana
ACI14395.1 | WRKY3-1 transcription factor | 76% | 7e-119 Brasica napus
BrWRKY29 ACI14391.1 | WRKYZ26-1 transgn'ption factor | 92% 0.0 5(351’63 napus
ACD80357.1 WRKY?2 transcription factor 49% - Trificum aestivum
BrWRKY30 AAK28310.1 | WRKY DNA-binding protein 62 | 79% | 2e-117 Arabidopsis thaliana
ACY69975.1 WRKY transcription factor 33% le-22 Vitis pseudbreticulata
By P-00P864923.1) WRKY DNA-binding protein 51 | 77% | 5e-96 Ar 3[7”01)51/%};;&“3 subsp.
AGQ04200.1 | WRKY transcription factor 12 | 54% le-37 Jatropha curcas
BrWRKY 3 P-02572545.1| WRKY DNA-binding protein 41 | 71% | 2e-154 Ar 3b1d0p5§%yfjf3 subsp.
ABN79278.1 | WRKY53 transcription factor | 53% | 4e-101 Noccaea caerulescens
BrWRKY33 AGQ04223.1 | WRKY .tra.nscﬁption factor 34 | 49% Te-65 Jatropha curcag
NP_001234802.1|  transcription factor WRKY72 42% le-54 Solanum lycopersicum
BrWRKY34 NP_001237777.1 WRKY32 protein 51% le-65 Glycine max
AGQ04212.1 | WRKY transcription factor 24 | 61% le-37 Jatropha curcas
BrWRKY35 ACI14397.1 | WRKY33-1 transc_ription factor | 95% 0.0 Brasica napus
AGJ52154.1 | WRKY transcription factor 08 | 49% | 8e-135 Jatropha curcas
BrWRKY 36 | P-02579883.1| WRKY DNA-binding protein 55 | 75% | le-160 Ar abdeP%%Jgafa subsp.
AGQO04249.1 | WRKY transcription factor 55 | 39% | 8e-135 Jatropha curcas
BrWRKY37 NP_181607.1 | WRKY DNA-binding protein 54 | 70% | 2e-160 Arabidopsis thaliana
ACQ76810.1 | WRKY transcription factor 70 | 45% | 5e-116 Brasica napus
BrWRKy 3 P-002B81979.1 WRKY family transcription factor| 79% | 2e-170 Ar 3b’d0p5§%@ﬂa Subsp.
AGQ04204.1 | WRKY transcription factor 16 | 57% | 8e-135 Jatropha curcas
ica rapa subsp.
BrwRKy 39| ADM32893.1 WRKY46 T1% | de-131 | DG fapa subsp
AGQ04246.1 | WRKY transcription factor 52 | 41% | 8e-135 Jatropha curcas
BrWRKY40 ACQ76807.1 | WRKY transcription factor 42 | 99% 0.0 Brasica napus
AGQO04246.1 | WRKY transcription factor 32 | 51% | 8e-135 Jatropha curcas
bRy “P-002884457.1) WRKY DNA-binding protein 39 | 82% | 00 Ar: abdeij%};ffa Subsp.
AGQ04230.1 | WRKY transcription factor 40 | 53% | 8e-135 Jatropha curcas
BrWRKY42| AAL29431.1 | WRKY transcription factor 58 | 48% 0.0 Arabidopsis thaliana
BrWRKY43 ACI14409.1 | WRKY75-1 tran;cﬁption fagtor 100% | 3e-105 Bras{ca napus
ACH88751.1 WRKY DNA binding protein 70% - Fragaria ananassa
BrWRKY44 ACH99808.1 | WRKY72 transcription factor 99% 0.0 Brasica napus
AGQO04230.1 | WRKY transcription factor 40 | 49% | 8e-135 Jatropha curcas
BAWRKY45 ACI14393.1 | WRKY28-1 trapsgﬁption factor | 99% 0.0 Brasica napus
AGQ04214.1 | WRKY transcription factor 26 | 50% | 8e-135 Jatropha curcas
BrWRKY46 ACI14383.1 | WRKYI1-1 traps;ription factor | 91% 0.0 Brasica napus
AGJ52158.1 | WRKY transcription factor 01.1 | 55% | 8e-135 Jatropha curcas
BrWRKY47| ACI14387.1 | WRKY20-1 transcription factor | 78% 0.0 Brasica napus
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ACD80361.1 | WRKY17 transcription factor | 41% | 4e-107 Triticum aestivum
BrWRKY48 ACH99803.1 WRKY?2 transcription factor 45% | 4e-129 Brasica napus
BAA86031.1 | Transcription factor NtWRKY4 | 47% | 4e-103 Nicotiana tabacum
BrWRKY49 AEK65121.1 Transcription factor WRKY3 9% | 2e-104 |Brassica Ole(acea var. italica
ACI14387.1 | WRKY20-1 transcription factor | 96% 0.0 Brasica napus
BAWRKYS0 ACI14406.1 | WRKY7-1 tragscﬁption factor | 97% 0.0 Brasica napus
AGQO04230.1 | WRKY transcription factor 42 | 55% | 5e-114 Jatropha curcas
BrWRKY51 ABN79278.1 WRKY53 transcription factor 76% | 5e-165 Noccaea caerulescens
ACQ76808.1 | WRKY transcription factor 53 73 4e-148 Brasica napus
SR ysg \P-00P869775.1 WRKY DNA-binding protein 29 | 83% | le-175 Ar abfd(’p%;r%m subsp.
ACI14394.1 | WRKY transcription factor 29-1 | 84% | 5e-116 Brasica napus
BrWRKY s (P-028810941) WRKY DNA-binding protein 25 | 81% | 00 Ar abldOP%%gﬂa Subsp.
ACI14390.1 | WRKY transcription factor 25-1 | 80% | 5e-116 Brasica napus
B RK Y5 (P-02B79270.1| WRKY DNA-binding protein 21 | 74% | e-168 Ar. ab’d‘)p%%gfa Subsp.
ACI14390.1 | WRKY transcription factor 21-1 | 73% | 5e-116 Brasica napus
BrWRKY55 ACH99805.1 | WRKY44 transcription factor 98% 0.0 Brasica napus
AGJ52160.1 | WRKY transcription factor 4.2 | 45% | 8e-135 Jatropha curcas
BrWRKY5s| AAX76840.1 | WRKY DNA-binding protein 1 | 99% 0.0 & 555’@%2’%;11‘3’5?-
ACN89257.1 | WRKY transcription factor 18 | 95% | 5e-116 Brasica napus
BrWRKY57 ACQ76798.1 | WRKY transcription factor 11 | 79% 0.0 Brasica napus
AGJ52155.1 | WRKY transcription factor 43.1 | 61% | 8e-135 Jatropha curcas
BrWRKY58 NP_567862.3 | WRKY DNA-binding protein 32 | 61% | 4e-140 Arabidopsis thaliana
ACI1439%.1 | WRKY transcription factor 32-1 | 65% | 5e-116 Brasica napus
BrWRKY59 ACQ76801.1 | WRKY transcription factor 2 7% 0.0 Brasica napus
ADU52508.1 WRKY protein 60% | 3e-146 Cucumis sativus
BrWRKY 60 [P-0023675531) WRKY DNA-binding protein 20 | 66% | 0.0 Ar 3b1d0p5§%gﬂa Subsp.
ACI14387.1 | WRKY transcription factor 20-1 | 64% | 5e-116 Brasica napus
BrWRKyG1| ADMB28931 WRKY46 50% | 5e-81 brassica rapa Subsp.
AGQO04246.1 | WRKY transcription factor 52 | 38% | 2e-159 Jatropha curcas
BrWRKY 6o P-02BT6476.1| WRKY DNA-binding protein 69 | 86% | 6e-154 Ar: abf‘mﬂ/%gﬂa Subsp.
ACI14405.1 | WRKY transcription factor 69-1 | 90% | 5e-116 Brasica napus
BrWRKY63 ACQ76810.1 | WRKY transcn:p‘qon factor 70 | 77% | 2e-144 Brasica napus
AGQO4251.1 | WRKY transcription factor 57 | 45% | 2e-159 Jatropha curcas
BrWRK Y64 P 00P87838.1 WRKY DNA-binding protein 55 | 48% | 2e-80 Ar 3[7”01)51/%;;“3 subsp.
AGQ04249.1 | WRKY transcription factor 55 | 43% | 2e-159 Jatropha curcas
BrWRKY65 NP_181607.1 | WRKY DNA-binding protein 54 | 70% | 1le-150 Arabja’apﬂs thaliana
ACQ76810.1 | WRKY transcription factor 70 | 49% | 5e-116 Brasica napus
B RKy 6 XP-002879885.1 WRKY DNA-binding protein 55 | 71% | 2e-139 Ar 3[71‘701955;%&‘5 subsp.
AGQO04249.1 | WRKY transcription factor 55 | 44% | 2e-159 Jatropha curcas
BrWRKY67 ACI14397.1 | WRKY33-1 trapsgription factor | 79% 0.0 Brasica napus
AGJ52153.1 | WRKY transcription factor 07 | 50% | 2e-159 Jatropha curcas
BrWRKY6S ACI14390.1 | WRKY25-1 transc_ription factor | 93% 0.0 Brasica napus
AGJ52153.1 | WRKY transcription factor 07 | 43% | 2e-159 Jatropha curcas
BrWRKY69| NP_565703.1 | WRKY DNA-binding protein 21 | 69% | 9e-161 Arabidopsis thaliana
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ACI14388.1 | WRKY transcription factor2l-1 | 76% | 1e-159 Brasica napus
BAWRKY70 ACH99804.1 | WRKY35 transcription factor 78% | 3e-165 Brasica napus
AGQO04240.1 | WRKY transcription factor 49 | 50% 3e-77 Jatropha curcas
BrWRKY71 ACN89258.1 | WRKY transcription factor 24 | 100% | 6e-107 Brasica napus
AGQ04209.1 | WRKY transcription factor 21 | 80% 3e-77 Jatropha curcas
s o ~ Arabidopsis lyrata subsp.
BrWRKY72 XP_002880404.1] WRKY transcription factor 59 | 78% 2e-98 yrata
AGQO04201.1 | WRKY transcription factor 13 | 50% 2e-25 Jatropha curcas
BrWRKY73 ACQ76799.1 | WRKY transcription factor 17 | 96% 0.0 Brasica napus
ADU52502.1 WRKY protein 46% 6e-74 Cucumis sativus
R : 0 _ Arabidopsis lyrata subsp.
BrWRKY74 XP_002878677.1) WRKY DNA-binding protein 15 | 78% | 7e-163 yrata
ACI14385.1 | WRKY15-1 transcription factor | 91% | 5e-116 Brasica napus
. s o . Arabidopsis lyrata subsp.
BrWRKY75 XP_002881979.1/ WRKY family transcription factor| 89% 2e-83 Iyrata
AGQ04204.1 | WRKY transcription factor 16 | 52% le-32 Jatropha curcas
BrWRKY76 NP_182248.1 | WRKY DNA-binding protein 23 | 73% | 2e-137 Arabidopsis thaliana
ADU52532.1 WRKY protein 47% 6e-48 Cucumis sativus
o Brassica rapa subsp.
BrWRKY77 ADM32893.1 WRKY46 99% 0.0 chinensis
AGQO04246.1 | WRKY transcription factor 52 | 38% 2e-42 Jatropha curcas
BAWRKY 7S NP_181607.1 | WRKY DNA-binding protein 54 | 70% | 2e-161 Arabidopsis thaliana
ACQ76810.1 | WRKY transcription factor70 45% le-61 Brasica napus
; s o . Arabidopsis lyrata subsp.
BrWRKY79 XP_002881979.1|WRKY family transcription factor| 89% | 1le-125 Iyrata
AGQ04204.1 | WRKY transcription factor 16 | 55% 2e-66 Jatropha curcas
BrWRKYS0 ACI14397.1 | WRKY33-1 transcription factor | 77% 0.0 Brasica napus
AGJ70092.1 WRKY protein 7% 0.0  |Brassica oleracea var. italica
BrWRKYS1 NP_181263.2 | WRKY transcription factor 44 | 75% 0.0 Arabidopsis thaliana
ACH99805.1 | WRKY44 transcription factor 7% 00 Brasica napus
ACH99804.1 | WRKY35 transcription factor 93% 0.0 Brasica napus
BrWRKY82 |y b 0028008851/ WRKY DNA-binding protein 14 | 61% | 6e-139 | A% abfdoﬁ%%gm subsp.
BrWRKYS3 ACI14388.1 | WRKY21-1 transcription factor | 97% 0.0 Brasica napus
AGQO04228.1 | WRKY transcription factor 39.1 | 57% 2e-66 Jatropha curcas
Ry : o Arabidopsis lyrata subsp.
BrWRKY84 XP_002881094.1) WRKY DNA-binding protein 25 | 80% 0.0 yrata
ACI14390.1 | WRKY25-1 transcription factor | 80% 0.0 Brasica napus
o . Arabidopsis lyrata subsp.
BrWRKYSS XP_002894513.1 WRKY10 48% | 1le-130 rata
AGJ52156.1 WRKY transcription factorll | 40% le-31 Jatropha curcas
BrWRKY86| AAL29431.1 | WRKY transcription factor 58 | 72% | 4e-172 Arabidopsis thaliana
BrWRKYS7 NP_568439.1 | WRKY DNA-binding protein 30 | 73% | 8e-152 Arabidopsis thaliana
AGQ04247.1 | WRKY transcription factorb3 48% 3e-52 Jatropha curcas
g ~ o . Arabidopsis lyrata subsp.
BrWRKYSS XP_002874303.1) WRKY DNA-binding protein 50 | 80% 4e-78 Iyrata
ACH99807.1 | WRKY50 transcription factor 79% Te-78 Brasica napus
BrWRKYS9 ACI14408.1 | WRKY74-1 transcription factor | 99% 0.0 Brasica napus
NP_198217.1 | WRKY transcription factor 74 | 85% 0.0 Arabidopsis thaliana
WRKY domain transcription 0 § .
BrWRKY90 ADL36864.1 factor 44% 9e-65 Malus  domestica
AGQO04211.1 | WRKY transcription factor23 49% 2e-60 Jatropha curcas
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BrWRKY91 ACI14399.1 | WRKY4-1 trans;n’ption factor | 93% 0.0 Brgsica napus
AFH35047.1 WRKY transcription factor 55% | 2e-167 Gossypium barbadense
W RKY g P-02864923.1] WRKY DNA-binding protein 51 | 80% | le-106 Ar 3[3"70@5;%};;&78 subsp.
AGQO04200.1 | WRKY transcription factorl2 54% le-46 Jatropha curcas
BrWRKY93 ACI14395.1 | WRKY3-1 transcription factor | 94% 0.0 Brasica napus
AFH35047.1 WRKY transcription factor 59% | 5e-160 Gossypium barbadense
BrWRKY94 ACI14410.1 | WRKY8-1 transcription factor | 82% 0.0 Brasica napus
AGQ04214.1 | WRKY transcription factorl2 55% 7e-56 Jatropha curcas
BrWRKY95 ACH99808.1 | WRKY72 trans.cﬁ.ption factor 44% 8e-46 Brasica napus
AGQO04225.1 | WRKY transcription factor36 43% 2e-43 Jatropha curcas
BrWRKYgs| ADL36363.1 WRKY domain transcription | 74, | 1e-58 Malus  domestica
AGQ04203.1 | WRKY transcription factorl5 54% 6e-60 Jatropha curcas
Arabidopsis lyrata subsp.
BrWRKY a7 [XP-002804513.1 WRKY10 47% | 2e-102 2 Ma@ P
ACD80356.1 WRKY1 transcription factor 35% 2e-29 Trificum aestivum
BrWRKY93 ACQ76810.1 | WRKY transcription factor 70 | 79% | 1e-150 Br.asica. napu;
AAMB4939.1 | WRKY transcription factor 70 | 43% e-135 Arabidopsis thaliana
BrWRKY99 ACI14400.1 | WRKY40-1 transcription factor | 88% 0.0 Brasica napus
AGQ04215.1 | WRKY transcription factor27 55% 3e-99 Jatropha curcas
BrWRKY100 NP_001237777.1 WRKY32 protein 50% 1le-70 Glycine max
AGQ04212.1 | WRKY transcription factor24 47% le-65 Jatropha curcas
BrWRKY101 AGQ04223.1 | WRKY transcription factor 34 | 49% le-73 Jatropha czzrca;
NP_001234802.1|  transcription factor WRKY72 41% 7e-55 Solanum lycopersicum
BrWRKY102 NP_001237777.1 WRKY32 protein 50% le-63 Glycine max
AGQO04212.1 | WRKY transcription factor2d | 44% 6e-63 Jatropha curcas
BrWRKY103 ACQ76804.1 | WRKY transcription factor 36 | 84% | 5e-172 Brasica napus
NP_564976.1 | WRKY DNA-binding protein 36 | 67% | 5e-113 Arabidopsis thaliana
BRIy 104 P-002590835.1| WRKY DNA-binding protein 71 | 69% | 8e-106 Ar abldOP%%nga Subsp.
AGQO04214.1 | WRKY transcription factor26 60% 9e-54 Jatropha curcas
BrWRKY105 ACI14400.1 | WRKY40-1 transcription factor | 97% 0.0 Brasica napus
AGQ04215.1 | WRKY transcription factor27 54% | 2e-101 Jatropha curcas
BrWRKY106 AEQO31524.1 | WRKY transcription factor 2-7 | 49% 2e-69 Dimocarpus longan
ACN89257.1 | WRKY transcription factorl8 | 76% | 8e-152 Brassica napus
BrWRKY107 XP_003588631.1]  WRKY transcription factor 57% | 9e-115 Medicago truncatula
ACQ76798.1 | WRKY transcription factorll 79% | 5e-179 Brassica napus
BrWRKY108 ACI14396.1 | WRKY32-1 transcription factor | 95% 0.0 Brasica napus
AGJ52149.1 WRKY transcription factor02 50% | 2e-109 Jatropha curcas
By 10g | <P-O02367553.1| WRKY DNA-binding protein 20 | 80% | 00 Ar 3b’d0p5§%gﬂa Subsp.
ACI14387.1 | WRKY20-1 transcription factor | 78% 0.0 Brassica napus
BwRKyLo| ADL368631 | WRKY doma [renscription g | e-g2 Malus domestica
AGQO04203.1 | WRKY transcription factorl5 47% le-59 Jatropha curcas
BrWRKY111 ACI14404.1 | WRKY65-1 transcription factor | 98% 0.0 Brasica napus
AGQ04241.1 | WRKY transcription factor50.1 | 57% le-75 Jatropha curcas
BrWRKY112 ACH99808.1 | WRKY72 transcription factor 40% le-72 Brasica napus
AGQO04225.1 | WRKY transcription factor36 40% le-75 Jatropha curcas
BrWRKY113 [XP_002890032.1] WRKY DNA-binding protein 4 | 77% | 00 | Arabdopsis lyrata subsp.

lyrata
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ACI14399.1 | WRKY4-1 transcription factor | 80% 0.0 Brassica napus
ACI14394.1 | WRKY29-1 transcription factor | 100% 0.0 Brasica napus
BrWRKYL14 s o 09860775.11 WRKY DNA-binding protein 29 | 84% | 3-168 | A% 3[3"70@5;%};;&78 subsp.
o . Arabidopsis lyrata subsp.
BrWRKY115 XP_002894513.1 WRKY10 50% | 1le-135 rata
BAA86031.1 | Transcription factor NtWRKY4 | 35% 8e-32 Nicotiana tabacum
. Arabidopsis lyrata subsp.
BrWRKY116 XP_002894513.1 WRKY10 55% 2e-20 rata
AGJ52155.1 WRKY transcription factor09 42% le-22 Jatropha curcas
ACI14407.1 | WRKY70-1 transcription factor | 100% 0.0 Brasica napus
BOWRKYIIT |y b 00p78082.1) WRKY DNA-binding protein 70 | 71% | 5e-125 | A% 3[3"70@511%};;&78 subsp.
BrWRKY118 ACI14405.1 | WRKY69-1 transcription factor | 98% | 6e-170 Brasica napus
NP_567073.2 | WRKY DNA-binding protein 69 | 87% | 2e-150 Arabidopsis thaliana
BrWRKY119 ADF45433.1 WRKY1 40% 4e-51 Hevea brasiliensis
AGQO04210.1 | WRKY transcription factor22 35% Te-44 Jatropha curcas
BrWRKY120 ACI14410.1 | WRKYS8-1 transcription factor | 98% 0.0 Brasica napus
AGQO04214.1 | WRKY transcription factor26 60% 4e-55 Jatropha curcas
BrWRKY121 AAK28310.1 | WRKY DNA-binding protein 62 | 75% | le-127 Arabidopsis thaliana
AGQ04250.1 | WRKY transcription factor56 34% 5e-23 Jatropha curcas
R ; o Arabidopsis lyrata subsp.
BrWRKY122 XP_002890032.1] WRKY DNA-binding protein 4 | 80% 0.0 rata
AFH35047.1 WRKY transcription factor 58% | 4e-161 Gossypium barbadense
ACI14403.1 | WRKYb6-1 transcription factor | 98% 0.0 Brasica napus
BrWRKY1ZS |y b 002886480.1] WRKY DNA-binding protein 6 | 85% | 00 | A% 3’3”0195;%@”3 Subsp.
g . o 5 Arabidopsis lyrata subsp.
BrWRKY124 XP_002862895.1| WRKY DNA-binding protein 49 | 65% | 7e-116 rata
AGQO04227.1 | WRKY transcription factor38 41% 6e-48 Jatropha curcas
BrWRKY1%5 NP_198972.1 | WRKY transcription factor 24 | 68% 9e-75 Arabidopsis thaliana
ACN89258.1 | WRKY transcription factor24 68% 4e-70 Brassica napus
BrWRKY126 NP_198972.1 | WRKY transcription factor24 65% le-71 Arabidopsis thaliana
ACN89258.1 | WRKY transcription factor24 69% le-69 Brassica napus
ACQ76807.1 | WRKY transcription factor 42 | 80% 0.0 Brasica napus
BrWRKY12T |y b 00ps67796.1) WRKY DNA-binding protein 31 | 60% | 3e-176 | A% 3b]d0p5§ffr%3f3 subsp.
BrWRKY128 ACH99808.1 | WRKY72 transcription factor | 43% 8e-70 Brasica napus
AGQ04225.1 | WRKY transcription factor36 39% le-73 Jatropha curcas
s | Arabidopsis lyrata subsp.
BrWRKY129 XP_002880404.1f WRKY transcription factor 59 | 78% 9e-94 yrata
AGQ04201.1 | WRKY transcription factorl3 47% 4e-25 Jatropha curcas
BrWRKY130 ACI14404.1 | WRKY65-1 transcription factor | 81% | 3e-147 Brasica napus
AAS79556.1 |WRKY family transcription factor| 83% | 4e-139 Arabidopsis thaliana
g . o . Arabidopsis lyrata subsp.
BrWRKY131 XP_002890835.1] WRKY DNA-binding protein 71 | 72% | 7e-115 Iyrata
AFK27602.1 WRKY71 46% 8e-57 Vitis amurensis
Byl ADL3686L WRKY domain transcription | g19; | 3¢-60 Malus domestica
AGQ04211.1 | WRKY transcription factor23 49% le-55 Jatropha curcas
Ry - o Arabidopsis lyrata subsp.
BrWRKY133 XP_002874963.1) WRKY DNA-binding protein 47 | 80% 0.0 yrata
AGQ04218.1 | WRKY transcription factor30.1 | 45% | 3e-111 Jatropha curcas
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R - o . Arabidopsis lyrata subsp.
BrWRKY134 XP_002874303.1| WRKY DNA-binding protein 50 | 75% 2e-66 yrata
ACH99807.1 | WRKY50 transcription factor 73% le-64 Brasica napus
BrWRKY135 ACI14389.1 | WRKY22-1 transcription factor | 96% | 1e-180 Brasica napus
NP_192034.1 | WRKY transcription factor 22 | 86% | 4e-180 Arabidopsis thaliana
RNy - 0 . Arabidopsis lyrata subsp.
BrWRKY136 XP_002864923.1) WRKY DNA-binding protein 51 | 78% le-83 Iyrata
AGQ04200.1 | WRKY transcription factorl2 50% 3e-37 Jatropha curcas
RN - 0 5 Arabidopsis lyrata subsp.
BrWRKY137 XP_002874078.1) WRKY DNA-binding protein 38 | 67% | le-128 yrata
AAL35288.1 | WRKY transcription factor 38 | 69% | 5e-121 Arabidopsis thalianal
BrWRKY138 ACQ76801.1 | WRKY transcription factor 2 99% 0.0 Brasica napus
AGJ52156.1 | WRKY transcription factor 11 | 49% 0.0 Jatropha curcas
e : 0 Arabidopsis lyrata subsp.
BrWRKY139 XP_002871650.1) WRKY DNA-binding protein 72 | 82% 0.0 rata
ACH99808.1 WRKY72 transcription factor 81% 0.0 Brasica napus
BrWRKY140 ACI14409.1 | WRKY75-1 transcription factor | 87% 4e-87 Brasica napus
ACHB88751.1 WRKY DNA binding protein 69% 9e-59 Fragaria ananassa
BrWRKY141 ACI14403.1 | WRKY6-1 transcription factor | 74% 0.0 Brasica napus
AGQ04220.1 | WRKY transcription factor 31 | 47% | 3e-117 Jatropha curcas
ACN89259.1 | WRKY transcription factor 39 | 95% 0.0 Brasica napus
BrWRKY142 |y b 0288445711 WRKY DNA-binding protein 39 | 78% | le-173 | A% abld‘)f”;%ygfa subsp.
BrWRKY143 ACH99806.1 | WRKY45 transcription factor 99% | 4e-103 Brasica napus
NP_186846.1 | WRKY transcription factor 45 | 77% 4e-65 Arabidopsis thaliana)
BrWRKY144 ACI14393.1 | WRKY28-1 transcription factor | 82% | 1le-176 Brasica napus
AGQO04214.1 | WRKY transcription factor 26 | 53% 5e-56 Jatropha curcas
g . o Arabidopsis lyrata subsp.
BrWRKY145 XP_002890885.1] WRKY DNA-binding protein 14 | 76% 0.0 yrata
ACH99804.1 | WRKY35 transcription factor | 59% | le-125 Brasica napus
w2} o7&, 29, WA WRKY #fHZe] M4E 25 (group I, li(-a~-e), IIDZ
Uro] wEEZ vlws|E Ay group (914 BE 15.6% oo™ UMA AEEL 18%E
A 8kaL AT Group Il = L0]olA 70.9%= o2 &S0 vls] 7 ®Bkom, w39}
NNBUE v 60%E 2T HE FAAT AT HelAE WA e $A 46.9%2
7H¢ At Group MM = 2ol7F AY A2 10.9%A3L, 7L o= w59 o747t
272y 17.2%, 19.4%°]19 oM, HolA= 23|83 37.5%= group Il & 7 B HE&S A5t
AANTGEE 24).
E 24 WFE WRT 74, 2o, welAe]l WRKY fH7 715
Species of Group | Croup 1 Group
WRKY % Group | Group | Group | Group | Group Total (%
(%) (%)
gene Ila IIb Ilc Id Ile Group 11(%)
BrWRKY 27(18.6) 7 17 42 14 13 93(64.2) 25(17.2)
AtWRKY 13(18.1) 4 7 18 45(62.5) 14(19.4)
CsWRKY 10(18.2) 4 16 39(70.9) 6(10.9)
OsWRKY 15(15.6) 4 15 11 45(46.9) 36(37.5)
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|I] [K/RIEPRVAV[Q/KIT[K/VISEVD[I/VIL - NALAGSTR - EDGLXAVVG
- KAKKxxQK E LREELXRVNXENKKLKEMLX2Vx6L m RTGHARFRR[A/G]P

E[L/MIXSENX[K/R]Lx2[M/L]L [ oPIN/sIFx2ALAIA/TIA
I «ix/RIRKx(R/QIXKIR/KITV/SIVIR/KIPA [JIEN LPx2AX2MASTTXAAAXMLLSGS

1% 40. BrWRKY #2#ke] group IIol] tid Als £4
(WRKY: WRKY domain, 6 - 7 - 8 -+ 9: nuclear localization sequence, LZ: poteintial leucine
zipper structuer)

TR WRKY F3zbe] thsted Bus of 7)o} viep A 2 AFeA AT mjFe
WRKY ZwQlol tigt g d71M4Ee B4t 4D, 4% 2
=l "WRKYGQK'e] 7]} zinc-finger motif 717} & BEHo] Q&S 3H2lsyoh
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Group-|

AtWRKY20
AtWRKY26
AtWRKY3
AtWRKY32
AtWRKY4
BrWRKY108
BrWRKY109
BrWRKY11
BrWRKY113
BrWRKY12
BrWRKY122
BrWRKY138
BrWRKY28
BrWRKY29
BrWRKY35
BrWRKY42
BrWRKY46
BrWRKY47
BrWRKY48
BrWRKY53
BrWRKYSS5
BrWRKY58
BrWRKYS9
BrWRKY60
BrWRKY67
BrWRKY68
BrWRKYS0
BrWRKY81
BrWRKY84
BrWRKY86
BrWRKY91
BrWRKY93
OsWRKY24
OSWRKY35
OsWRKY4
OSWRKYS3
OsWRKY70

Group-lla

Group-lib

OsWRKY76
OsWRKY71
OsWRKY62
OsWRKY28
BrWRKY99
BrWRKY56
BrWRKY49
BrWRKY2
BrWRKY16
BrWRKY106
BrWRKY105
AtWRKY60
AtWRKY40
AtWRKY18

AtWRKY36
AtWRKY47
AtWRKY6
AtWRKY9
BrWRKY101
BrWRKY103
BrWRKY112
BrWRKY123
BrWRKY127
BrWRKY128
BrWRKY133
BrWRKY139
BrWRKY14
BrWRKY141
BrWRKY15
BrWRKY27
BrWRKY33
BrWRKY40
BrWRKY44
BrWRKYS
BrWRKY95
‘OsWRKY27
‘OsWRKY43
‘OsWRKYS
‘OsWRKY73
‘OsWRKY9

119

119
120
119

119

119

119
119
119
119
119
119
119
120
119
119

M 119

119

v 119

119
119
119
119

v 119

119
119
119
120
119
119
119
119
119
137
119
120
119
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Group-llc

Group-lid

Group-lle

AtWRKY13
AtWRKY24
AtWRKY28
AtWRKY48
BrWRKY100
BrwRKY102
BrWRKY104
BrWRKY110
BrwRKY115
BrWRKY116
BrWRKY119
BrwWRKY120

BrWRKY75
BrWRKY76
BrWRKY79
BrWRKYS5
BrWRKY88
BrWRKY9

BrwRKYS0
BrWRKY92
BrWRKY94
BrWRKY96
BrWRKY97
OsWRKY16
OsWRKY17
OsWRKY29
OsWRKY3

OsWRKY36
OsWRKY7

OsWRKY72

OsWRKY6
OsWRKYS51
OsWRKY44
OsWRKY25
BrWRKY89
BrWRKY83
BrWRKY8
BrWRKY74
BrWRKY73
BrWRKY69
BrWRKYS57
BrWRKY54
BrWRKYS0
BrWRKY41
BrWRKY23
BrWRKY142
BrWRKY107
BrWRKY1
AtWRKY74
AtWRKY7
AtWRKY15
AtWRKY11

AtWRKY14
AtWRKY22
AtWRKY29
AtWRKY35
BrWRKY10
BrWRKY111
BrWRKY114
BrWRKY118
BrWRKY130
BrWRKY135
BrWRKY145
BrWRKY26
BrWRKY52
BrWRKY6
BrWRKY62
BrWRKY70
BrWRKY82
OsWRKY14
OsWRKY31
OsWRKY66

]
5]
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OsWRKY75 P
OsWRKY74  VDBGH:
OsWRKY64
OsWRKY40
OsWRKY18 ---------|

BrWRKY98
BrWRKY87
BrWRKY78
BrWRKY77
BrWRKY7

BrWRKY66
BrWRKY65
BrWRKY64
BrWRKY63
BrWRKY61
BrWRKYS51
BrWRKY39
BrWRKY37
BrWRKY36
BrWRKY32

BrWRKY30
BrWRKY21
BrWRKY20
BrWRKY19
BrWRKY18
BrWRKY17
BrWRKY137
BrWRKY13
BrWRKY121
BrWRKY117
AtWRKY70
AtWRKY66
AtWRKY62
AtWRKYS5
AtWRKY54
AtWRKYS3
AtWRKY46
AtWRKY41
AtWRKY38
AtWRKY30

13 41, v} o 71, vt ¥4 WRKY =l thet thF A7 g 4
(E-7FA) ¥ 3 zinc-finger motif)

Group-lll

Ao g AF(chiffu) AT Ao °Fgt AA(kenshin) AlFE °l&3td 27 &
Lx9 AHEL 2EH2AE A3 T dojul microarray A3 B4 o 2R¥E BrWRKY A
Z 34N FRATE Aol WS HYTHIE 42). olE FAAES 2o FAHS w AF
2 A4 AlS BT Ev F AT #dZFo] FUteAY &3t 53] BrWRKY 5,
9, 16, 61, 90, 105 FAAEL AT A4 BEFAA AL 2EH2E FIS o TP Lo
Solwre-e Felatgal, BrWRKYS9, 98, 117, 135 $AAEL Ao FoHe w 3o Aw
EolZo] WMy gko] FUtste Fds UERRITE £ Ao 5489 fFAAES Wd ==
WeEsd ZAEs SAte o 8% $E 27 2 o= Jjdrh
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Gene na:

BrWRKYS

BrWRKY7

BrWRKY?9

BrWRKY16
BrWRKY23
BrWRKY24
BrWRKY29
BriWRKY32
BrWRKY33
BrWRKY37
BrWRKY39
BrWRKY45
BrWRKY31
BrWRKY36
BrWRKYS7
BrWRKY61
BrWRKY63

BrWRKY67
BrWRKY73
BriWRKY74
BriWRKY78
BrWRKYS0 Legend
BrWRKYS89
BrWWRKY 90 520,000
:::m'gng 14,000-19,999
BrWRKY102 8,000-13,999
BrWRKY10§ 40007999
BriWRKY107 2,000-3999
BAVRY IS 10001999
BrWRKY117 500-999
BrWRKY133 100-499
BriWRKY142

<99

9 42, A Aol wkgsh= 34702 WRKY 2 Aol thgF microarray 2 3}
(C: chiffu, K: kenshin, C1 - K1: 22°C(control), C2 - K2: 4C, C3-K3: 0C, C4 - K4: -2TC,
C5 - K5: -4, C6 - K6: 22T (recovery))

ol

=

v A2 934 B A Alfin-liked] @ #4
Alfin-like (AL) AARIA} FRATS B2 A=3 AZAAAA s 9L 3t
A7 g2 By dg AR dEy fEo] HAESHE 9 AESHE 2Eg 2o w3
FAAZE dHAA Aok AN AAAA FAAY] 24d WS 9 o' 2E# 20
frAaztEe] WgateA & dHA A Rk whEhA v <] Alfin-like (AL) f3=FE0] w5
genome’doll @ 7} EAEIH o]lE FHAAEC] AW AEHA EI| AHL 2EFH 2 ofH
FAAE0] HSBE=AE AESIY T w3 BRAD d o] B #) o] ~(http://brassicadb.org/brad/index.
php) 258 15719] Alfin-like (AL) F3A7F A=A A H AL #3252 PHD finger
motif ¢} DUF3594 =wjlS E3star AT BrAL1~14 F-3AAEL 25 GAA 1A 10
Aele Yxeka Al o), BrALISE HAA| el obF k& 4 gl Scaffoldel] ¢)x]3kaL
AATEH BrAL ©9d 2 240~282 ofv|4to R o]Fojx Qlem, ple 4.89~5.49, EAES
27.31~31.88 KDao|3ith. =3k ORF 4ol wi-¢- vlszste] 723~849 bp= H+ 760 bpth. v
AL FAAET W71 F FAAeke] orthologES ol E Ax BrALlL, 4, 5 FAA}
AT3G112002 HAM =R oW, BrAL2, 137} AT5G20510, BrALG, 9, 127} AT1G14510, BrAL3, 7,
100] AT5G262102 AMEATHE 25). E=Wd HAMo=2HEH wjF 15719 AL FHA=S
PHD domaine] 47~51 aa¢] 4dolE& 7}X|a JRAom™, DUF3594 domain® Z+= 134~139 aa<l
ZolE 7MA L JJTHE 26). ©] 5 PHD finger motif+ C,HCs zinc-finger-like motif $3t.
15709 w3 AL fRAEe] dd MEdS vud|E Ay w3 AL F-AAELS o9 FARS
AMEE 7HAL o= SstATH " 43).

O
Q o >
rgorlr e
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% 25 W% 1570e) AL fRAel ohat @Al 97, wmd gu 9 ojsgoige] vw
Chromosome Protein ORF
Gene Mw At
Gene ID Length | I
name No. Start Stop Srtlrda (a§) P | ®pa) eﬂgt artholog
BrAL1 | Bra034169 | A01 | 24631609 | 24633597 | + 250 | 5.33 | 28.24 | 753 /fsz%(o}
BrAL2 | Bra020107 | A02 | 4042540 | 4044218 | - 254 | 5.01 | 28.92 | 765 9%51%
BrAL3 | Bra020543 | A02 | 24129346 | 24130879 | - 254 | 505 | 28.99 | 765 §g251%
BrAL4 | Bra001393 | A03 | 16180914 | 16182583 | - 250 | 5.36 | 28.47 | 753 /ffz%%
BrAL5 | Bra034860 | A05 | 22492396 | 22494422 | + 247 | 521 | 2801 | 744 lfszgo%
BrAL6 | Bra026210 | A06 | 5271378 | 5272746 | - 250 | 5.31 | 27.91 | 753 /1*5511%
BrAL7 | Bra009887 | A06 | 18511372 | 18513347 | - 21 | 4.91 | 29.38 | 786 ‘2*(};51%
BrAL8 | Bra024817 | A06 | 22539527 | 22541228 | - 246 | 527 | 27.78 | 741 | G
BrAL9 | Bra016698 | A0S | 18828787 | 18830348 | + 250 | 5.46 | 28.18 | 753 /1*1}“511%
BrAL10 | Bra036568 | A09 | 2784846 | 2786405 | + 257 | 489 | 2016 | 774 | HD0
BrAL11 | Bra017415 | A09 | 14028227 | 14030385 | + 244 | 504 | 27.37 | 735 (‘gf?%
BrAL12 | Bra026825 | A09 | 35641149 | 35642692 | + 244 | 5332731 | 735 ﬂ;}l%
BrAL13 | Bra002307 | A10 | 10454287 | 10456420 | + 282 | 5183188 | 849 | hi
BrAL14 | Bra009121 | A10 | 15162058 | 15163445 | + 240 | 549 | 27.31 | 723 §5T651%
BrAL15 | Bra034950 S(Cfgf 54582 55726 . 254 | 4.95 | 28.29 | 765 {jg%%
3 26. Wi 15709 AL 2 A tigk =HQl 9] A
Gene name PHD Domain Pfam:DUF3594 Domain
Start end Start end
BrALl 195 243 10 143
BrAL? 201 248 12 148
BrAL3 199 247 10 147
BrALA 196 244 9 147
BrALS5 193 241 9 142
BrALG 193 242 4 140
BrAL7 207 255 15 151
BrALS 192 240 13 149
BrAL9 197 243 10 146
BrALI10 203 251 10 146
BrALIl 190 138 10 146
BrAL12 190 236 11 147
BrAL13 207 255 13 149
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BrAL14 186 234 9 143
BrAL1S 198 248 11 147
DUF3594 Domain

ATALl  mm=me MARE NDLPTLIEVVIGRKP- - -~ ~~==~1 KD
ATAL2 LRALTKDVDDFY SOCDPEKENLCLYGH PNE SKEVNL PAEEVPPELPEPALG INFARDGMORK DRLS LVAVHSDCRL LSV S EY PGARLN RNE - -~ - - RERLES LINDLPTLEDVVIGRKA- - - ===~~~ MED
ATAL3 AAL IVFALTTDVOER IHSDANL

ATALS T SN
ATALS CALTTDVEDEF N
ATALE === ITHP: K Q! SV
ATAL7 MEGIQHMP! VOKEF

Bravl VDGE NDLPTLEDVVIGRKP- - -~ ===== IKD
BraL2 TTOVRER! T Ql L
f:;i TKDVDOF GLTHVEGRLOCCYFSSFL LINDEPRLEDNVEGREP = = = v ;RD
BrALS IFEDY ALL D OFY SOCD PERENLC LYGHPNE SNEVNL PAEEVPPELPEPALG INFAR DGMCR K DWLS LVAVESDCNLLSV SFY PGAR LN RNE - - - - -] OLPTL IKD
BrAlé TOVREF QSEDQ.
EzAL? TOVOEE VSN
BrALS MEGSN FALTIDN

BraLd -MEGION TTDGOKEFL Bra .
TAL1O FALTSDVOER -OSKDLSGN
rALl MEVITHP, TOMVEE

BrALl2 VR 6

BrALlS LRALTTOVOER TKE-KAS SAN
TALIS RORLES LINOLP T LYV GRE T~ == e e mm ey
BraLl e TALTSDVGER IHSDTNL D! ESSAN

PHD Zinc finger motif
GRPRODLGSKSRNG- VKRS IEGQTKST P-K
B rssTeR —-rzenENGOT
p— P —

YGT
YGG-

KSTTPRL

VKSSRTIEVNDE

NSSNRSKSNSKRGGSEARPIAKPAPKEEE-~EEEE

YGT-

T-SPPP
ICAMEEG-GLEE

~KPSMDHESKYONG-LKRS IEGEMKITR-!

o

a9 43, w5 15719

AL Aol thg DUF3594, PHD motif A <&

o
k)

2 15/¢) AL Szl ha
e

O ET7]

cis-acting 24 AAE A&7 Y&, 4 fHAe ==
do g diEE FHA up-streamZ o2 1,500 bp ©] &3] 'PlantCARE’ $)A}o]
o] 83l TR RE FEAS

2Ef 2~ ®kg, B,

F3EluTh AAE T2 RE RRO s-elements HAYE
g5 24, ¥ AIA,

4 wde] #AE FGE9

TC-rich repeats, TCA-element, HSE element, ERE element, Box-W1 element, MBS element,
as-2-box element, LTR element, CAT-box, as-1 element, ABRE, circadian, WUN-motif, CE3
g2 RY-elementE°] EA|sFATHEE 27).

¥ 27. "3 AL §3AE9 2 9EH cis-element E4

r?zfl?lg ele%sent Organism Sequence Function

Box-W1 Petroselinum crispum | TTGACC Fungal elicitor responsive element
HSE Brassica oleracea AGAAAATTCG Stirsése}sarirelgponsisggggt nvolved m heat
LTR Hordeum vulgare CCGAAA lcci)i;—atcetrirrllgerature reelsil)lc])irslitvenig;/sowed n

BrALL | MBSI | Petunia hybrida AAMAGTTAGTTA | (3D DIRdnE Site nvoNed in favonoid
foneh | weorans apacum | arrricriea | Gracig | clement imvolved in
Eceﬁt_ e Brassica oleracea GAGAAGAATA geiifi;:?ffitgngcid respoerllgirsgrrlléss mvolved in
Circadian é{ggj@fgg&m CAANNNNATC iCnistng((:j’gglég Crgégtlllrloaitory element involved
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ABRE | Arabidopsis thaliana | TACGTG e B L respenaansss Moved n
MBS Arabidopsis thaliana | CAACTG g‘rggght_indugﬁ?gg site involved in
TC-rich . Cis-acting element involved in
BrAL2 repeats Nicotiana tabacum ATTCTCTAAC defense and stress responsiveness
o Lycopersicon Cis acting regulatory element involved
Circadian esculentum CAANNNNATC in circadian control
Box-W1 Petroselinum crispum | TTGACC Fungal elicitor responsive element
: Cis-acting element involved in
ABRE Oryza sativa GCCGLGTGGL abscisic acid responsiveness
EIRE Nicotiana  tabacum | TTCGACC Elicitor-responsive  element
ERE Dianthus caryophylius | ATTTCAAA Ethylene responsive element
Cis-acting element involved in low
LTR Hordeum vulgare CCGAAA temperature responsiveness
. : : MYB binding site involved in
MBS Arabidopsis thaliana CAACTG drought-inducibility
BrAL3 _ Petroselinum ;s .
Box-W1 crispum TTGACC Fungal elicitor responsive element
: . AAAAAAC(G/C)GTT | MYB  binding site involved in flavonoid
MBSI Petunia hybrida A biosynthesis genes regulation
TC-rich . L ATTTTCTTCA Cis-acting element involved in
repeats Nicotiana tabacurm GTTTTCTTAC defense and stress responsiveness
TCA . Cis-acting element involved in
element Brassica oleracea GAGAAGAATA salicylic acid responsiveness
Xg&}l Brassica oleracea AAATTTCCT Wound-responsive  element
ABRE thalana TACGTG Cis-acting element involved in
abscisic acid responsiveness
Cis-acting element involved in heat
HSE B. oleracea AAAAAATTTC stress responsiveness
Box-W1 52-? ousjgjﬁwm TTGACC Fungal elicitor responsive element
BrAL4 D
. MYB  binding site involved in drought
MBS A. thaliana CAACTG inducibility
TC-rich L ATTTTCTTCA Cis-acting element involved in
repeats Nicotiana  tabacum defense and stress responsiveness
TCA 3 Cis-acting element involved in
element Brassica oleracea GAGAAGAATA salicylic acid responsiveness
A-box Petroselium crispum CCGTCC Cis-acting  regulatory element
ABRE | Hordeum vulgare GCAACGTGTC Cls-acting respoﬂgi@lggéss involved in
Cis-acting  regulatory element essential
ARE Zea mays TGGTTT for the anaerobic induction
Cis-acting element involved in low
BrAL5 LTR Hordeum vulgare CCGAAA temperature responsiveness
: MYB  binding site involved in drought
MBS A. thaliana TAACTG inducibility
g,]?ep_l A. thaliana TACACTTTTGG Cis  acting regulatory element
TC-rich Sy Cis-acting element involved in
repeats Nicotiana tabacurm ATTTTCTCCA defense and stress responsiveness
BrAL6 %’U—Trli%ch Lycopersicon TTTCTTCTCT cis-acting element conferring high
st}{retch esculentum transcription levels
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ERE Dianthus caryophyllus | ATTTCAAA ethylene-responsive  element
. cis-acting element involved in heat
HSE Brassica oleracea AAAAAATTTC stress responsiveness
cis-acting element involved in
LTR Hordeum vulgare CCGAAA low-temperature responsiveness
. . MYB binding site involved in flavonoid
MBSII Petunia hybrida AAAAGTTAGTTA biosynthetic genes regulation
lgU—Trfi{ch Lycopersicon TTTCTCTCTCTCTC cis-acting element conferring high
st}{retch esculentum transcription levels
. . . cis-acting element involved in the
ABRE Arabidopsis thaliana CACGTG abscisic acid responsiveness
Box-W1 Petroselinum crispum | TTGACC fungal elicitor responsive element
BrAL . MYB  binding site involved in drought
rAL7 MBS thaliana TAACTG inducibility
cis-acting element involved in
LTR Hordeum vulgare CCGAAA low-temperature responsiveness
TC-rich S cis-acting element involved in defense
repeats Nicotiana  tabacum | ATTTTCTTCA and stress responsiveness
TCA-ele . cis-acting  element involved in salicylic
ment Brassica oleracea GAGAAGAATA acid responsiveness
cis-acting  regulatory element essential
ARE Zea mays TGGTTT for the anaerobic induction
ERE Dianthus caryophyllus | ATTTCAAA ethylene-responsive  element
. cis-acting element involved in heat
BrALS HSE Brassica oleracea AAAAAATTTC stress responsiveness
TC-rich oy cis-acting  element involved in defense
repeats Nicotiana tabacum ATTTTCTTCA and stress responsiveness
TCA-ele . cis-acting  element involved in salicylic
ment Brassica oleracea GAGAAGAATA acid responsiveness
cis-acting element involved in the
ABRE Hordeum vulgare GCCACGTACA abscisic acid responsiveness
Box-W1 Petroselinum crispum | TTGACC fungal elicitor responsive element
cis-acting element involved in
LTR Hordeum vulgare CCGAAA low-temperature responsiveness
. : : MYB binding site involved in
MBS Arabidopsis thaliana CAACTG drought-inducibility
BrALY | Ry-elem ‘ cis-acting  regulatory element involved
ent Helianthus annuus CATGCATG in seed-specific regulation
TCA-ele . cis-acting  element involved in salicylic
ment Brassica oleracea TCAGAAGAGG acid responsiveness
PR Sy involved in shoot-specific expression
as-2-box | Micotiana tabacum GATAatGATG and light responsiveness
. . Lycopersicon cis-acting  regulatory element involved
circadian esculentum CAANNNNATC in circadian control
. cis-acting element involved in ABA
CE3 Oryza sativa GACGCGTGTC and VP1 responsiveness
ERE Dianthus caryophyllus | ATTTCAAA ethylene-responsive  element
Box-W1 Petroselinum crispum | TTGACC fungal elicitor responsive element
BrAL10 . cis-acting element involved in heat
HSE Brassica oleracea AGAAAATTCG stress responsiveness
cis-acting element involved in
LTR Hordeum vulgare CCGAAA low-temperature responsiveness
TCA-ele oy cis-acting  element involved in salicylic
ment Nicotiana tabacum CCATCTTTTT acid responsiveness
BrAL11 | CAT-box | Arabidopsis thaliana GCCACT cis-acting regulatory element related
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to meristem expression

cis-acting element involved in heat

HSE Brassica oleracea AAAAAATTTC stress responsiveness
E&gg Nicotiana tabacum | ATTCTCTAAC cis-adting reilgggl\}eglevs‘s’lved in defense
asl Arabidopsis  thaliana | TGACGTCA icrils;ﬁgﬁ?()got_s;%%‘;fl%"ergpfel‘;g;ﬁ“ involved
creedan | eperseon | cunware | gadting | regutory clement involved
ABRE | Arabidopsis thaliana | TACGTG cls-acting re%?&i{ge;gsvsowed in - the
LTR | Hordeum vulgare | CCGAAA fow-temperature resporsivencss
MBS Arabidopsis thaliana | CAACTG gﬂrgﬁght_indugﬁ?ft@g site  involved  in
ERE Dianthus caryophyllus | ATTTCAAA ethylene-responsive  element
Brally | HSE Brassica oleracea AAAAAATTTC gtiﬁéggtir%gsponsﬁfrﬁg‘;gt involved in heat
1o | weorans apacum | GrrTicTTac | ghcacting | clement iyolved n defense
;%ﬁt_ cle Brassica oleracea GAGAAGAATA gicsi:iagteiggonsislgrgggt involved in salicylic
g(;UN—mo Brassica oleracea AAATTTCCT wound-responsive  element
creatian | Geoperscon [ cunnare [ gacting | reglatory element involved
Box-W1 Petroselinum crispum | TTGACC fungal elicitor responsive element
MBS Arabidopsis thaliana | CAACTG g/lr‘gﬁght_indugﬁ?fgg site Involved in
BrAL13 Trcegggs Nicotiana tabacum | ATTCTCTAAC Cis-adting reilgggl\}eglevsglved in defense
creadan | Geoperscon [ cunare [ gacting | reglatory element involved
Box-W1 Petroselinum crispum | TTGACC fungal elicitor responsive element
HSE Brassica oleracea AAAAAATTTC gtiﬁégg“r%gsponsﬁfrﬁgggt involved in heat
MBS Arabidopsis thaliana | CAACTG g/lr‘gﬁght_mdugﬁ?fgg site involved In
P Tomeh, | Mootiana abacom | TTTTCTTAC | ShiActing | clement Iyolved in defence
as-2-box | Nicotiana tabacum | GATAatGATG g}]vd(ﬂlviggt resglonss?ggrtl‘essgedﬁc expression
creaden | Oopertor | e | Sacling | regultory element involvd
Box-W1 Petroselinum crispum | TTGACC fungal elicitor responsive element
HSE Brassica oleracea AAAAAATTTC gtiiégs?ﬁrrégsponsﬁleeﬁréggt involved in heat
BrAL15 | LTR Hordeum vulgare CCGAAA lcés\;?tcé[riggerature rzlseﬁr)régrslitvegggsolved in
MBS Arabidopsis thaliana | TAACTG g’ggght_mdugﬁﬁit@g site involved  in
Tt | Wootiana apacum | arrricrica | cicacting | clement invoved in defense
TCA-ele | Micotiana tabacum CCATCTTTTT cis-acting  element involved in salicylic
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ment acid responsiveness

Lycopersicon cis-acting  regulatory element involved
esculentum CAANNNNATC in circadian control

circadian

5 270 NE F 9 MFo AL FAAES ot ABFE ANSAHIY 40. A7

A B 22709 S AEH 279 ssAE(Chlamydomonas reinhardtii, Ostreococcus tauri)
SEFE 25709 AL @A So] HAEHAT. 19 4404 HAX = A Zo] AL #3
A= & w23 oldd EASt JRom, Fo| FIETE AL FHAY 7 H sojde ¢

A £3 g 1S AL RAAT A ATLE A48l P9l 250
2 Be 5 AUk IF A wWFA 57 SR S8 Aglen), rlgHelAs 27)
Fgtol A AR WA

9] §AAT) &3 QYT 2E 19 U= Alfin]l FRAAE FAA % A7
o] Z7HE A7 RaHEAY. IF 19 #jF9k 7]t AL %{X}%% AlfinI= )%
ARgE G71E 7HAAL Qe B R o]lF FAHAES dF U Ve Es M ALE ATHIAT 1

T MolA = viFolA 470 FR1x7F &3 dslor, °H7];§>]'q]°ﬂ/"] 2709 FRAATE &3 9
Aot 2F MelAds wiFolA 370, of71ZdolA 270, 15 Vel A+ visolA] 370, W73
ol A 1M FHA7E S3ATHIE 45).

Species No. of Genome Number
ALgenes  size(Mb) / Mb

o Cycumis sarivus 9 2030 0.044

Re Malus domestica 19 3813 0.02

. Glscine max 2 978.0 0.029

Medicago truncatula ] 257.6 0.015

Selicecess Povul . 1 s 0.028

Arabidopsis thaliana 7 1350 0.052

— Brasucacese Arabidopsis lyrata 7 207.0 0.034

S Brassica rava 15 2838 0.053

Brassica oleracea 2 630.0 0.019

Caricacese Cari 4 1350 0.029

[~ Theabroma cacao 6 346.0 0.017

Raci is 5 400.0 0.012

Manihor esculema 7 5330 0.013

Vitacess Vit vinifera 8 486.1 0.016

Onvza sativa 14 3745 0.037

S ;—{:Za. mays 5 20657 0.022

Vaseular plant 1 Sorghum bicolor 18 7266 0.025
Monocotyledoneae _Emwu disachyon 18 2462 0.073
Awecacese ___ phonix dactylifera 10 650.0 0.015

Ry — e 3 230 0.04
Lycophytes : Selaginella moellendorffli 3 2125 0.014
Bryophyta 1 patens 7 478.0 0.015
Lower plant [ Ostreococcus tauri 1 12.6 0.079
L Ch 1110 0.018

19 44, 2470 9] A thEk AL A Al thE Als
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AtAL2

3%
e Wil
99 AtALS

BrAL15
56 88 AtAL3
Group IV BrAl3
100 AtALqg
ag BrAL7
%5 BrAL10
BrAL6
Alfin1
- 54 BrAL9
Group |
&5 4 E BrAL12
AtAL7
33 AtALE
53 BrAL8
93 BrAL14
Group Il L AtAL1
100 AtAL2
93 r BrAlLl1

] N BrALS
51— BraL4

19 45 w5 AL A of71 R AL FARE Y] AlF

v 15709 AL - Akel] thek motif & A48 8 A3 8789 motifSol(motif 1, 2, 3, 4,
5 6, 8, 9 Bt FAAENA FTHOE EA5ATH motif 102 15 MIE AL B
dFdA FFHo2 &Aoo Motif 112 IF [odAT SA)SA ™ 46). Motif &
% motif 2, 3, 4, 5, 62 DUF3594 domaing TA3ta Jqom, motif 1, 7, 8& PHD zinc
finger motif & Wet ATt =3 FHAY Fx25 4% 23 14709 FHA=0] 5749
AE 4718 JIEE O = o] Fojx Ao, dHo=w BrALd= 6709 &3 579 <)
EEOF ofFo|A UJTHIH 47).

Motifl |l Motif2 [ Motif3 [ Motif4  MotifS [ Motif 6 [ Motif7 [ Motif8 [ Motif9 [ Motif 10
B Motif 11 i Motif 12 [l Motif 13 [l Motif 14 ) Motif 15

Combined Motif location
Gene name prvalie
_ Brdl6  412e178¢ — ——
& Brdls 113210 . I ——
BrALY 2.57e206 — —
o BrdALl1l 2.46e-203 ¢ == e —
BrAL12 2.08e-196 © == —
= Brdll  172e192 _— —
& BrdLd4 401190 e pe—
£ BrdAL5  7.28e-196 ° = S—
© BrdLl4 141e177 °© j— o
= BrdL2 2.01e-211 E e —
é_ BrdAL13 1.03e-222 L e — —
£ BrdLl5 1.76e202 r e —
& 2
* BrdL3  3.97e217 ° =
? BrdAL” 9.85e-195 C o E—
& BrdL10 227e216 ¢ p— S

1398 46. w3 1570 AL A Ao ok motif &4
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BrAL6
BrALS
BrAL9
BrdALll
BrdAL12

BrALI
BrAL4
BrdL5
BrALI4

Group [

Group I1
|

!
‘,

BrdL2
BrALI3
BrAL1S

l

BrAL3
BrAL7
BrAL10

Group IV Group I11

i1l
fan

ey ey 155009 2000

19 47, v 1570 AL Akl o A =

>

HAA ol FAREY AAE FAS B A A 6 9l 719 FAAEC] $1X]
R, GAA 2HA 10HANA = 20§32k AAA 14, 3H, 59, 8H A= 27
AAEo] AASFAAR, A 447 TH A= FAATE SASHA] FUTHH 48). v S
ARSI g e A5AHS BAs B Az ALl 4, 58 AL3, 7, 10 §AAES Ztz
triplication= A& ¢4 Ao, AL2, 133 ALS8, 11 % ALY, 12 #F#AE-2 duplication
HASS YA T T2y ALG, 14, 15 A5 duplicatione] ¥oJuA] &S FHAE
o] A THIE 28).

Bl
°
o

i
r

[o 4

Bro1 Br02 Br03 Bro4 BroS Br06 Br07  Br08 Br09 Br10
0 n - _ ~ i ) ) ‘ " :
LABrAL10 (+)
H-BrAL2 () || r .
5 M HBraL6 ()M .
" | > |
) ! A | HBrALI3 (+
y i
s { , ' WBrAL1l (+) ,
)  odbl dl / LBrAL14 (+)
.4 i B AL7 Ol . HBraLY (+) d
2 A ol
. ’ A F*BrALS (+) eBrALS (-) -
55 [1BraLl ®FEALI(O
0

3%
-BrAL12 (+)

Aol AL 7o) 915

&
aic]
N
o
=
e
o2
=

BrAL1| BrAL2| BrAL3| BrAL4| BrALS | BrAL6 | BrAL7| BrALS | BrAL9| BrAL10| BrAL11| BrAL12| BrAL13| BrAL14| BrAL15
BrAL1| 100 56 56 85 95 49 56 o7 54 58 56 52 69 75 56
BrAL2 100 64 52 57 52 70 64 60 70 63 58 84 55 74
BrAL3 100 52 56 54 81 61 58 82 62 57 65 53 61
BrAL4 100 88 46 52 53 48 53 5l 49 o4 70 52
BrALS 100 50 7 58 53 58 o7 53 58 76 57
BrAL6 100 56 62 67 56 65 66 54 50 52
BrAL7 100 65 60 91 66 58 72 55 67
BrALS 100 71 65 87 73 67 56 63
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BrALY 100 59 75 86 61 52 59
BrALI10 100 66 o7 71 56 67
BrAL11 100 74 64 55 64
BrAL12 100 58 52 60
BrAL13 100 55 75
BrAL14 100 54
BrAL15 100

15782 AL #AAELS BrAL8S A|9g & 7|#(E, &7, . .
<)ol 4] %46}311:} JEM BrAL8 f3z= #e], &7], dollAe LA g sz, £

, FE, Ge)elAMT BFEE YT o5 F BrAll, 5, 9, 10, 13, 15 f¥AELS RE /@A &S

iR E%iouﬂ BrAL2, 4= g, £7], oA @Yol AUtk BrAL3= Beleh E7]0A Ed ol

SEokth BrAL7-2 ¥E], ¢, ESolA wdFo] Al om, BrAL12E ¥elel oA

BrAL6, 112 R 7|@olA o] AAH 2 AHAATHTH 49).

o
03;
>,
N
i
o
I
[ ﬁE
u
B
°
o>
i

- 1o u&

R S L Se P St Pi
BrALI

BrAL2 iﬂ:ﬂ:

BrAL 3
BrAL 4
BrAL S5
BrAL6
BrAL7
BrAL 8
BrAL9

BAL 10 R

BrAL 11
BrAL 12

Bl 13 [y
Bral 1+
BraL 15

BrActin

% 49, v F AL R Al tigk 713 SolF] wd 24
(R: roots, S: stems, L: leaves, Se: sepals, P: petals, St: stamens, Pi: pistils)

rsﬂ
o Mo
oﬁ
1>
= |m
vl

w5 1570 ¢ AL F2 Aol thate] oo 2
[ FollA Aol A3t AFQd AFoF Aol o3k AlFQ
Ax 9 dF 2EHzC FAAEC] A9A ddst=7tol
2Ed 29 st BrALl, 4, 5, 7, 9, 12, 15 fxx&2 &
stRom, BrAL2, 3, 10, 11, 14 FAX=2 OhollA] 4h H S o TP o] F71=ER00, BrAL6+=
Tholl M F& el 7 =% I o] F o= TG 4
LAS Ho e vkgste] HAHow i, 53] BrAlLl, 5, 9, 12 FdAES
A Fo Al Ohell wlafl zhzb 35, 86, 18, 10W] w2 WA Y¥S BT ®vtH dAlddA=
A Fo Bl TAFo] dAF o2 HJYTHLH 50).

Az 2Ef 2 WA= BrAl2, 3, 4, 5, 7, 12, 13, 14 FxAE0] AFEG A4 Y
B ol =4t @F =Edzdd daide diFEe] RS0l dAdA 0.5h o] %o

_l !
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HASHA FAFol EobtHE 51, 52).

B AL FRAE S AETHR] 2EH 2R BEeS HolBE HjF AEse AR
AZS o] gt HANF S S Th 15709 AL FAAE F 10702 FAaAEC] AlESHl
HES Eolt oiE A olFo] Wl we WHYE HHPTh

2o fHAEL 7 F 8

64 o]Fo wWl$ = WHUYS ROy, BrALl, 2&
A zZrel wj e wrEkS BTl BrAl2, 4, 7, 13, 145 FEAAIA g MZ
Zy 9ull, 5ul, 49, 124), 9v] o &S TGS RATHIH 53).

w

g ¥
o n

EE

—

Cold stress

[l Chiifu [ Kenshin
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. Treated Nontreated
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T1E 53 wF AlEsrgel thiE AL fAke] 2d

ot} 2Eg 2o ¥-33t= aquaporin FAATS 54 2 &4

Aquaporin (AQP) @9l A E2 A|EA ¢ TFs FeH=E = =
=7 & FE=d BAEES ol e AExHE 39 Qr"éPE QTS FPT =S 2
Aoy 7HEH 2L 2E#H 2 $AA dolds ¢ A st T8 fFHAelt B
rapa dlolElWlo]~  (http://brassicadb.org/brad/index.php; Cheng et al. 2011)ol A
SWISSPROT toolS ©o]&3] 719 =+ “aquaporin“o. 2 Mg om, =3 2|3l @Al
ek AL g3 A= tid Br135K microarray Hlo]E]ZXE 7] == “aquaporin” o.&
A3t CDS(coding DNA  sequence)E ATk AQP FAAYS sASH 30
transmembrane helical =w <& SMART =273 (http://smart.embl-heidelberg.de/;
Letunic et al. 2009) % TMHMM Server v.2.0 (http://www.cbs.dtu.dk/services/TMHMM/;
Krogh et al. 200D %3 &3ttt Subcellular localizationS &<13l7]  $3H
Plant-mPLoc (http://www.csbio. sjtu.edu.cn/bioinf/plant) S o]-&3t5g om, ©huld ZAo] Ezt

::’4
o
v}
>
—
o
i)
o
=
jn
|
o
>
il
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A, R 59 T8 A=} TZE olr 7] 13 ExPasy
(http://au.expasy.org/tools/pi_tool.htmDE o] &3ttt =3 O
finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.htmDS ©] &3} % o™
$8fA] CLUSTALW (www.genome.jp/tools/clustalw/)S o] &3} <
?]3s) Basic Local Alignment Search Tool (BLAST) (http://www.ncbi.nlm.nih.gov/BLAST)E ©]
£35}4t}. Sub-genome fractionation® 107] GAA A< 9% ARE A7) 93 B rapa
o]g o]~ % Map Chart version 2.2 (http://www.wageningenur.nl/en/show/Mapchart.html)-<
ol &stAth. AT AAE HAMA EE AVIAEES ClutalWe 712z es HEdd £
MEGA6.0 &3 E o] (http:/ /megasoftware.net; Saitou and Nei 1987; Tamura et al. 2007)<
o] &3lH o™ neighbor-joining WHO=Z 1,000 bootstrap W&o =2 F£P3HT. 182
conserved¥ motif& ZAA3}7] 93] Multiple Expectation Maximization for Motif Elicitation
(MEME; http://meme. sdsc.edu/meme/intro.htmD)E 7}*] 3 maximum motif A& 1071 =
st31  minimum motif ZAo]E 15©% maximum motif Zo]E 5H0o= AHAASHUT
Exon-Intron 7% ¥4< ¢a] GSDS 2.0 AZEgo] (http://gsds.chipku.edu.cn)g ©]-&3t3 o™,
BLAST (http://blast.ncbi.nimhih.gov/ Blast.cgDE &3 Bla 4 714 <L 80% =3, identity7}
80% =3Kong et al. 2013)%! 4 duplicate FHA=Z FAFSATE =T 100-kb HE] <holl
¢ AEAo] & FAAEL tandem duplicated FAAZ AGE3ATH. & 59709 BrAQP
FHAAES FAHINGLH, o5 EvlE (Solanum lycopersicum) H W71 (Arabidopsis
thaliana)©] AQPs¥}e] A5 ZAS 53 subfamilyS ZA3P o™, 1 subfamilyZ+& small
basic intrinsic proteins (SIPs), NOD26-like intrinsic proteins (NIPs), tonoplast intrinsic proteins
(TIPs), plasma membrane intrinsic proteins (PIPS)E e 4 Utk SIPol= 6709 1A}
NIPo&= 15709 4=}, TIPol+ 16719 A=A}, PIPol+ 22719 FAA7}F Ex=o] o,
Z}7Zy subgenome .2 less fractioned % more fraction subgenome¢] <112, subcellular
localization& S/P -7 Aol A= cell membrane, cell membrane % vacuoleZ ©]Fo1& Qo
H, NP F3A A= AR cell membraneo]A oW, 7IP 7 Ao A= vacuole, cell membrane
4 vacuoleZ o] FoA Qilor, PP fAAN A= Y- cell membrane o] ATHEE 29).

3# 29. 5971 ¢] aquaporin % #kell ok subgenome, subcellular localization &4

No. Gene name  Subgenome Subcellular localization
1 BrSiPIl:la  Less fractioned subgenome Cell membrane
2 BrSiPI1;1b - More fractioned subgenome 1 Cell membrane
3 BrSiPL2 Less fractioned subgenome Cell membrane
4 BrSiPZ2:1a  More fractioned subgenome 1 Cell membrane & Vacuole
5 BrSIP2:1b - More fractioned subgenome 2 Cell membrane & Vacuole
6 BrSiP2:1c - Less fractioned subgenome Cell membrane
7 BrNIPI1;Z2a  Less fractioned subgenome Cell membrane
8 BrNIP1;.2b  More fractioned subgenome 1 Cell membrane
9 BrNIPZ:1a  Less fractioned subgenome Cell membrane
10 BrNIPZ:1b  Less fractioned subgenome Cell membrane
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11 BrNIP3:1a  More fractioned subgenome 1 Cell membrane
12 BrNIP3;1b  More fractioned subgenome 2 Cell membrane
13 BrNIP4 1 More fractioned subgenome 2 Cell membrane
14 BrNIP4:2a  Less fractioned subgenome Cell membrane
15 BrNIP4:2b  More fractioned subgenome 2 Cell membrane
16 BrNIP4:2c~ More fractioned subgenome 2 Cell membrane
17 BrNIP5;1a  More fractioned subgenome 2 Cell membrane
18 BrNIP5;1b  More fractioned subgenome 1 Cell membrane
19 BrNIP6;1a  More fractioned subgenome 1 Cell membrane
20 BrNIP6;1b  Less fractioned subgenome Cell membrane
21 BrNIP7: 1 Less fractioned subgenome Cell membrane
22 BrTiP1:1 More fractioned subgenome 1 Vacuole

23 Br7iP1:2a  Less fractioned subgenome Vacuole

24 Br7iP1:2b  More fractioned subgenome 1 Vacuole

25 Br1iPI1;3 Less fractioned subgenome Vacuole

26 Br7IP2:1a  Less fractioned subgenome Vacuole

27 Br7iP2:1b  More fractioned subgenome 2 Vacuole

28 BrTiIP2:1c  More fractioned subgenome 1 Vacuole

29 Br7iP2:.2 Less fractioned subgenome Vacuole

30 Br7iP2:.3a  Less fractioned subgenome Vacuole

31 Br7iP2:3b  More fractioned subgenome 1 Vacuole

32 Br7ilP3:1a  More fractioned subgenome 1 Vacuole

33 Br7iIP3:1b  Less fractioned subgenome Vacuole

34 Br7IP3;.2a  Less fractioned subgenome Vacuole

35 Br7iP3:2b  More fractioned subgenome 1 Vacuole

36 BriiP4:1 More fractioned subgenome 1 Vacuole

37 BriiP5:1 Less fractioned subgenome Cell membrane & Vacuole
38 BrPIPI;1a  Less fractioned subgenome Cell membrane
39 BrPIPI;1b  More fractioned subgenome 1 Cell membrane
40 BrPIP1;.2a  More fractioned subgenome 1 Cell membrane
41 BrPIP1.Z2b  Less fractioned subgenome Cell membrane
42 BrPIP1;3a  More fractioned subgenome 2 Cell membrane
43 BrPIP1;3b  Less fractioned subgenome Cell membrane
44 BrPIP1;4 More fractioned subgenome 1 Cell membrane
45 BrPIPI1.5 More fractioned subgenome 1 Cell membrane
46 BrPIP2:1 Less fractioned subgenome Cell membrane
47 BrPIPZ:2a  More fractioned subgenome 2 Cell membrane
48 BrPIP2.2b  Less fractioned subgenome Cell membrane
49 BrPIP2:3a  More fractioned subgenome 2 Cell membrane
50 BrPIP2:.3b  Less fractioned subgenome Cell membrane
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Cell membrane
Cell membrane
Cell membrane
Cell membrane
Cell membrane

51 BrPIP2:4a
52 BrPIP2:4b
53 BrPIPZ:4c
54 BrPIP2:5a
55 BrPIP2:5b

More fractioned subgenome 2
More fractioned subgenome 1
Less fractioned subgenome
Less fractioned subgenome
More fractioned subgenome 2

56 BrPIPZ:6 More fractioned subgenome 2 Cell membrane
o7 BrPIPZ:7a  More fractioned subgenome 2 Cell membrane
58 BrPIP2:b Less fractioned subgenome Cell membrane

59 BrPIPZ:7c  More fractioned subgenome 1 Cell membrane

Aquaporin FHAFES GAA 1 570, 2@l 670, 3 107), 4ol 970, 5 974, 6
Holl 478, 7THell 470, 8ol 274, 9Hel 770, 10Wel 3709 FHAATE ®EE o HA
HAA ol vnd TEA FEEHO Y-S FUSIAT FHAY ORF Zdol= 495~1,014

bpE o] FAA oM, F# dol= 807 bpolflth Genome “goll FHAke] Wk Aol
3770, Sgko] 227 olRoh. ©HAE el Zdol= 164~337 aa °|om, HF 268 aaol AT
SAHEe 4.9~10.13 Pi o|loW, HHF 7.84 Pio|Att. EAFEFL 36.08~17.56 KDa oo, H
28.26 KDa ©] A THEE 30).
¥ 30. Aquaporin -FA A tg FrIE E

SN N

1 BrSIPI; 1a Bra040150 AO1 765 + 254 9.93 27.24

2 BrSiPI1b Bra031946 A0S 720 + 239 9.52 25.61

3 BrSIPL2 Bra002151 Al0 732 + 243 10.13 26.18

4 BrSIP2; 1a Bra014661 A04 714 + 237 9.49 25.90

5 BrSIP2:1b Bra003257 AO7 717 - 238 9.61 26.03

6 BrSIPZ: Ic Bra007285 A09 705 - 234 9.49 25.49

7 BrNIP1;2a Bra013361 A0l 894 + 297 7.76 31.64

8 BrNIP1;.2b Bra012567 AO03 897 + 298 8.61 31.69

9 BrNIP2: 1a Bra005430 A0S 864 + 287 8.79 30.38

10 BrNIPZ:1b Bra005428 A0S 861 + 286 8.57 30.32

11 BrNIP3:1a Bra035520 AO08 972 - 323 6.3 34.55

12 BrNIP3;1b Bra033867 A0S 1,014 - 337 8.54 36.08

13 BrNIP4; 1 Bra025437 A04 831 + 276 7.62 29.60

14 BrNIP4,2a Bra028151 A04 852 + 283 8.24 30.24

15 BrNIP4:2b Bra025436 A04 594 + 197 9.77 20.82

16 BrNIP4;2c Bra025435 A04 495 + 164 9.93 17.56

17 BriNIP5; 1a Bra033181 AO02 906 + 301 8.66 31.14

18 BrNIP5;1b Bra000710 AO03 906 - 301 8.9 31.21

19 BrNIP6; 1a Bra008442 A02 918 + 305 7.69 31.83
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20 BrNIP6;1b  Bra035156 A07 918 + 305 8.57 31.82
21 BrNIP7:1 Bra020777 A0S 819 + 272 6.57 28.60
22 BrTiPI; 1 Bra017222 A04 756 + 251 6.02 25.55
23 br7iPl:Za  Bra025210 A06 762 + 253 5.61 25.77
24 Br7IP1;2b  Bra032937 A02 762 - 253 5.32 25.79
25 BrTIPL:3 Bra037415 A09 759 - 252 5.35 25.86
26 bBr7iPZ:1a  Bra027181 A0S 47 - 248 5.58 24.86
27 Br7lPZ:1b  Bra001626 A03 750 + 249 5.66 24.89
28 Br7lPZ:1c Bra021171 A01 633 - 210 5.1 20.98
29 Br7iP2.2 Bra026245 A01 753 - 250 4.98 24.99
30 br7lPZ:3a  Bra024943 AO6 756 + 251 4.9 25.25
31 Br7lPZ:3b  Bra022131 A02 615 - 204 6.75 20.68
32 Br7IP3:1a  Bra008079 A02 801 + 266 6.54 28.00
33 Br7IP3:1b  Bra016014 A07 798 + 265 6.49 28.00
34 Br7lP3:Z2a  Bra025947 A06 804 + 267 6.54 28.58
35 Br7lP3:2b  Bra031005 A09 804 - 267 5.3 28.46
36 BrTiP4;1 Bra034271 A04 750 + 249 6.05 26.10
37 BriiP5;1 Bra018148 AO6 768 - 255 8.86 26.30
38 BrPIPI:1a  Bra007603 A09 861 + 286 9.16 30.72
39 BrPIPI;1b  Bra014437 A04 861 - 286 9.16 30.71
40 BrPIPI;,Za  Bra039301 A04 843 + 280 8.88 30.15
41 BrPIPI;.2b  Bra004950 A0S 861 + 286 9.1 30.26
42 BrPIPI:3a  Bra032644 A09 861 - 286 9.03 30.54
43 BrPIPI;3b  Bra033248 A10 861 - 286 9.03 30.52
44 BrPIPI:4 Bra000974 A03 867 + 288 9.14 30.75
45 BrPIP1;5 Bra019307 A03 864 + 287 8.99 30.76
46 BrPIP2;1 Bra006997 A09 864 - 287 7.68 30.40
47 BrPIP2:.2a  Bra023102 A03 852 - 283 6.51 30.03
48 BrPIP2.2b  Bra005215 A0S 717 - 238 6.81 25.29
49 BrPIPZ:3a  Bra023103 A03 858 + 285 6.95 30.27
50 BrPIP2.3b  Bra005216 A0S 696 + 231 9.12 24.27
51 BrPIP24a  Bra020238 A02 852 + 283 8.22 29.97
52 BrPIPZ:4b  Bra006650 A03 858 + 285 7.62 30.12
53 BrPIPZ.4c  Bra002462 A10 783 - 260 6.88 27.29
54 BrPIPZ:5a  Bra007100 A09 861 + 286 8.99 30.47
55 BrPIPZ:5b  Bra(003196 A07 861 + 286 8.77 30.49
56 BrPIPZ:6 Bra000111 A03 867 + 288 8.6 30.87
57 BrPIP2:7a  Bra034675 A08 846 - 281 9.13 29.71
58 BrPIPZ:b Bra011585 A01 846 - 281 8.62 29.74
99 BrPIPZ;7c Bra017697 A03 846 + 281 8.62 29.80
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SIP subfamily= =5 3709 exond} 2719 intron®.Z FA4EHo] AN o™, NIP subfamily=
3~571¢] exond} 2~471¢] introne.Z FA = At} TIP subfamily= 1~371¢] exond 0~27) <
intron®.2 FA=E o] AAT} PIP subfamilyoll= 3~571¢] exon3} 2~47]¢] introno.Z T4 & o]
AATHZH 54).
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3 31. Aquaporin ©® 2 o] duplicated A} &4

No. Duplicated Gene pairs gggg e-value Identity Duplication type
1 BrSiP1:1b BrSiPI 1a 94% 6e-138 93% Segmental
2 BrSIP2:1b BrSIPZ:1a 100% le-163 92% Segmental
3 BrSiP2:1b BrSiP2:Ic 100% 5e-144 82% Segmental
4 BrSIP2:1a BrSiP2:1c 100% 5e-144 81% Segmental
5 BrNIP1:2b BrNIPI1:2a 100% 0.0 94% Segmental
6 BrNIPZ:1b BrNIPZ:1a 100% 0.0 95% Tandem
7 BrNIP3:1a BrNIP3:1b 99% 0.0 81% Segmental
8 BrNIP4;1 BrNIP4:2a 100% 6e-170 85% Segmental
9 BriNIP4:1 BrNIP4:2b 88% 3e-121 89% Tandem
10 BrNIP4:2a BrNIP4:2b 85% 2e-115 83% Segmental
11 BrNIP4:2b BriNIP4:2c 93% 2e-104 82% Tandem
12 BrNIP5:1b BriNIP5;1a 100% 0.0 95% Segmental
13 BrNIP6; 1D BriNIP6; 1a 100% 0.0 95% Segmental
14 Br1iPI;1 Br1iPl1:2a 100% 9e-157 89% Segmental
15 BriiPI:1 Br1iP1:.2b 100% 4e-155 86% Segmental
16 BrTIPI.2a BrTIP1:.2b 100%  8e-170 93% Segmental
17 BriiP2:1a BrTiP2:1b 100%  7e-166 94% Segmental
18 BriiP2:1a BriiP2:1c 83% 5e-139 95% Segmental
19 Bri7iP2:1b Br7iP2:1c 98% 4e-139 96% Segmental
20 BriiP2:.2 BrTiP2:3a 98% 2e-158 90% Segmental
21 Br7iP2:.2 Br7iP2:.3b 97% 3e-129 92% Segmental
22 BriiP2:3a Br1iP2:3b 80% 3e-134 94% Segmental
23 BrTIP3:1a BrTIP3:1b 100%  2e-155 91% Segmental
24 BriiP3:1a BriiP3:.2a 100% 6e-153 82% Segmental
25 Br1iP3:1a Br1iP3:2b 100% 2e-152 82% Segmental
26 Br1iP3:1b Br1iP3:2a 100% 3e-152 82% Segmental
27 Br1iP3:1b Br1iP3:2b 100% 2e-151 81% Segmental
28 BriiP3:.2a BrTiP3.2b 100% 3e-178 95% Segmental
29 BrPIPI;1a BrPIP1:2a 100% 5e-176 84% Segmental
30 BrPIPI; 1a BrPIP1;3b 100% 0.0 93% Segmental
31 BrPIPI; 1a BrPIP1;3a 100% 0.0 94% Segmental
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32 BrPIPI;1a BrPIPI:5 100% 0.0 90% Segmental
33 BrPIPI:1a BrPIPI1:1b 100% 0.0 97% Segmental
34 BrPIPI;1a BrPIP1.2b 100% 0.0 95% Segmental
35 BrPIPI; 1a BrPIP1:4 100% 0.0 94% Segmental
36 BrPIPI;1b BrPIP1;2a 100%  2e-177 85% Segmental
37 BrPIPI; 1b BrPIPI:3b 100% 0.0 94% Segmental
38 BrPIPI;1b BrPIP1;3a 100% 0.0 94% Segmental
39 BrPIPI1;1b BrPIP1;5 100% 0.0 89% Segmental
40 BrPIPI;1b BrPIP1:2b 100% 0.0 96% Segmental
41 BrPIPI;1b BrPIPI:4 100% 0.0 94% Segmental
42 BrPIP1.2b BrPIP1:2a 100% 6e-177 86% Segmental
43 BrPIP1;2b BrPIP1;3b 100% 0.0 93% Segmental
44 BrPIP1:2b BrPIPI;3a 100% 0.0 94% Segmental
45 BrPIP1:2b BrPIP1:5 100% 0.0 90% Segmental
46 BrPIP1.2b BrPIPI:4 100% 0.0 93% Segmental
47 BrPIP1;2a BrPIP1;5b 100% le-173 83% Segmental
48 BrPIP1:2a BrPIP1;5a 100% 8e-176 84% Segmental
49 BrPIPI1:Za BrPIPI:5 100% 4e-156 80% Segmental
50 BrPIP1:2a BrPIPI:4 100% le-175 84% Segmental
51 BrPIP1;5b BrPIP1;3a 100% 0.0 98% Segmental
52 BrPIPI;3b BrPIP1:5 100% 0.0 92% Segmental
53 BrPIPI1.5b BrPIPI:4 100% 0.0 97% Segmental
54 BrPIP1;3a BrPIP1;5 100% 0.0 93% Segmental
55 BrPIP1;3a BrPIP1:4 100% 0.0 97% Segmental
56 BrPIP1:4 BrPIP1:5 99% 0.0 92% Segmental
57 BrPIP2:1 BrPIP2:3a 100% 0.0 92% Segmental
58 BrPIP2:1 BrPIP2:2a 99% 0.0 91% Segmental
59 BrPIPZ;1 BrPIPZ:4a 99% 2e-179 83% Segmental
60 BrPIPZ;1 BrPIP2:4b 99% 0.0 84% Segmental
61 BrPIP2:1 BrPIP2:3b 82% 3e-157 94% Segmental
62 BrPIPZ;1 BrPIPZ:6 95% 2e-162 79% Segmental
63 BrPIP2:1 BrPIPZ:5a 100% le-171 79% Segmental
64 BrPIP2:2b BrPIPZ:3a 100%  5e-163 81% Segmental
65 BrPIP2:2b BrPIP2:2a 99% le-163 82% Segmental
66 BrPIP2:2a BrPIP2; 3a 100% 0.0 96% Segmental
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67 BrPIP2:Za BrPIPZ:4a 100% 2e-180 84% Segmental
68 BrPIP2:Za BrPIPZ:5a 100% 2e-169 78% Segmental
69 BrPIP2:Za BrPIPZ:4b 100% le-180 84% Segmental
70 BrPIP2:2a BrPIP2:3b 78% 4e-163 99% Segmental
71 BrPIP2:2a BrPIP2:5b 100%  9e-168 78% Segmental
72 BrPIP2:2a BrPIP2:6 99% 5e-166 78% Segmental
73 BrPIP2:3a BrPIPZ:4a 99% 2e-180 83% Segmental
74 BrPIP2:3a BrPIPZ:5a 100% 2e-170 78% Segmental
75 BrPIP2:3a BrPIP2:4b 99% 0.0 84% Segmental
76 BrPIP2:3a BrPIP2:3b 78% le-161 98% Segmental
77 BrPIP2:3a BrPIP2:5b 100%  6e-170 79% Segmental
78 BrPIP2:3b BrPIPZ:7a 91% le-126 82% Segmental
79 BrPIP2:3b BrPIP2:4a 95% 3e-140 85% Segmental
80 BrPIPZ:5b BrPIP2:7¢ 91% 3e-130 83% Segmental
81 BrPIP2:3b BrPIP2:7b 91% 8e-132 83% Segmental
82 BrPIP2:3b BrPIPZ:5a 96% 3e-136 81% Segmental
83 BrPIP2:5b BrPIPZ:4b 95% 9e-142 86% Segmental
84 BrPIP2;5b BrPIP2:.2b 93% 3e-119 81% Segmental
85 BrPIPZ;5b BrPIP2:.6 94% 5e-134 82% Segmental
86 BrPIP2:3b BrPIP2:5b 96% 2e-134 80% Segmental
87 BrPIP2:3b BrPIPZ:4c 95% 3e-142 86% Segmental
88 BrPIP2:4a BrPIP2:4b 100% 0.0 96% Segmental
89 BrPIPZ;4a BrPIPZ:4c 100%  1e-177 86% Segmental
90 BrPIP2:4b BrPIPZ:4c 100% 0.0 88% Segmental
91 BrPIPZ:5a BrPIP2:5b 100% 0.0 95% Segmental
92 BrPIP2:5a BrPIPZ:6 96% 5e-165 79% Segmental
93 BrPIP2:5b BrPIPZ:3a 100%  6e-170 79% Segmental
94 BrPIP2:5b BrPIPZ:1a 100%  2e-169 78% Segmental
95 BrPIP2:7a BrPIP2;7¢ 100% 0.0 95% Segmental
96 BrPIP2:7a BrPIP2:7b 100% 0.0 98% Segmental
97 BrPIP2:7b BrPIP2:7¢ 100% 0.0 97% Segmental
A iR AT EA v F] A ol tigk A2 2~E# 2-9] Br135K microarray HolHE

o]
A3 SIP subfamily FAAHES LFEo] Al o® £9kow, NIP subfamily 34}
Wo] 1740 GAAS ALstaes ul-¢- wekth TIP subfamily FAAES WEFFo] v

rﬂ
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E BPIP FRAAES 718 Eoldo g #dsta Jler, PP subfamily FHAAES A,
2Ed 2o tiste] #E-S BASAT 22709 BPP FAAE F 12709
Ao M BPIP FiAESE A2 2EH 2o 1SS
Eg xo wrgg HAJT. =3I 18709 BrPIP
Fo| Z71etg o, A4 ~EH 2 A= ZE BPP

5 =
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20270 9] FAAEL MYB-related®] subfamilyol 438 Atk ©A e motif TxE 5714 ¢
Vel el (IR, 2R, 3R, 4R, 5RNE EF3Ich

SWISSPROT % PBrassica dlo]Ejwlo]2~ (BRAD) (http://brassicadb.org/brad/) (Cheng et al.
201De] TRIMBLECIA 7191=& “MYB"o 2 ZAMsigth. @fdo]l =l AAe 93|
EMBL¢] SMART (http://smart.embl.de/smart/set_mode.cgi?’GENOMIC=1)Z o] &3}4th F8& T%
B8 98] protParam (http://expasy.org/tools/protparam.htmD-& o] &3ttt ©uld 7]

A g2 ClustalW (Thompson et al. 1997)& o]&3l vlwstFom, MYB FHAES blast
(http://www.ncbi.nlm.nih.gov/BLAST)E 53| duplicate FHAES 2o} uylow, HAo

>80% (Kong et al. 2013)2.2 3&lct. ~2E# 2~ X gE semisolid Hl A oA 10¥ H<F 7] &
A=A E o] &stAitt. 2EH 29 S 2 AHE = 67FA AlXF wi(0h, 1h, 4h, 12h, 24h, 48h)E
stod, AL AHEE sl 4C, Ax A8 E 98] Whatmann 3 mm filterE AR&3IATh H&
A S 98, o2 petri  dish (72x72x100mm)o] %31 & Z+7F 200 mM NaCl&

2EHY 2

#1213} t}. Realtime PCRE F3)3l7] 913l B rapa (FI969844)E controlZ o] -&3}$3th.
MYB 57719 BAZFE 6508-209,942 MWol A om, A 40,955 MWo At SHH &

4~12 Plojglem, H+t 7.5 Pl o]t FAAEZ

H s =
1_:1’—-E

2= 5871 A, 3WollE 77 FAA, 4¥d=
A, 6¥oll= 52709 FAA, THOl= 47709 Ak, 8Holl= 33709 At 9 oll= 52
A ew, 1 ool FAMA el ofF HX|sHA F=
FRAZE LAZE ATk fF21A dell FRAE AwdFoz 222719 FAATE AR A
ANow, ggFom= 253709 FAATE HAAS] UAATHE 32).

Aol 217, 1006lE 36702 SRR}

3 32. 47570 MYB 32 53

Ho FAA 1= 44709 734

19709 G}, 5= 467 9

No. Gene name Gene locus MW (Dalton) PI Chromosome Strand
1 BrMYBIR1 Bra011870 16252.19 9.1055 A01 -
2 BrMYBI Bra011785 34932.32 6.8343 A01 +
3 BrMYB2 Bra011749 35355.27 6.6644 A01 -
4 BrMYBIR2 Bra011720 36967.72 7.0823 A01 +
5 BrMYBIR3 Bra011691 9167.06 8.959 A01 -
6 BrMYB3 Bra011576 32843.15 8.365 A01 +
7 BrMYBIR4 Bra011533 101584.91 4.7514 A0l -
8 BrMYB4 Bra011441 28862.08 10.3257 A0l +
9 BrMYB4R1 Bra011376 101038.28 5.2496 A01 -
10 BrMYBIRS Bra011042 41123.02 5.2738 A01 +
11 BrMYBIR6 Bra040176 36655.78 7.2309 A01 -
12 BrMYB5 Bra040181 38835.59 4.9721 A01 -
13 BrMYBIR7 Bra013279 33564.9 9.7601 A01 -
14 BrMYB6 Bra013346 51032.02 6.9438 A0l +
15 BrMYB5R1 Bra013415 83794.38 5.5476 A0l -
16 BrMYB7 Bra013526 40453.72 6.4101 A01 -
17 BrMYBS Bra013633 30198.45 6.2806 A01 -
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18 BrMYB9 Bra013900 24915.28 10.3074 A0l
19 BrMYBIRS Bra026297 6507.56 9.9194 A0l
20 BrMYBI0 Bra026281 32526.51 5.6979 A0l
21 BrMYBIR9 Bra026253 38752.91 6.9583 A0l
22 BrMYBIR10 Bra033809 31011.38 6.6554 A0l
23 BrMYBIR11 Bra029978 24710.44 10.5587 A0l
24 BrMYB11 Bra029990 32435.58 8.8168 A0l
25 BrMYBIR12 Bra035457 48598.63 8.1967 A0l
26 BrMYB12 Bra028369 31306.22 9.1215 A0l
27 BrMYBIRI13 Bra028359 31669.68 6.3646 A0l
28 BrMYBI3 Bra023742 31852.47 6.1849 A0l
29 BrMYB14 Bra021515 40357.2 7.5101 A0l
30 BrMYBIR14 Bra038729 67740.25 8.6321 A0l
31 BrMYBI15 Bra034173 28976.52 7.8251 A0l
32 BrMYBIRI15 Bra034144 35142.08 7.0431 A0l
33 BrMYB3R1 Bra034132 41458.53 7.6613 A0l
34 BrMYBI16 Bra034131 23345.21 4.8859 A0l
35 BrMYB17 Bra034130 23146.11 6.872 A0l
36 BrMYBIR16 Bra034074 29480.57 10.1698 A0l
37 BrMYB3R2 Bra034067 53203.34 6.9116 A0l
38 BrMYBIS Bra034057 42654.58 6.8372 A0l
39 BrMYB19 Bra040274 36919.71 4.8222 A0l
40 BrMYB20 Bra040221 121909.98 5.5608 A0l
41 BrMYBIR17 Bra036412 44506.05 7.7531 A0l
42 BrMYB21 Bra021382 37031.48 7.2873 A0l
43 BrMYB22 Bra021483 37806.1 6.7913 A0l
44 BrMYB23 Bra028892 29193.68 7.1425 A02
45 BrMYB24 Bra028780 24103.53 5.8082 A02
46 BrMYBIR18 Bra028717 42264.97 7.1877 A02
47 BrMYBZ25 Bra028654 29831.02 6.1712 A02
48 BrMYB26 Bra028593 37949.73 6.5116 A02
49 BrMYBIR19 Bra023380 23479.02 4.6275 A02
o0 BrMYB27 Bra023486 21784.42 8.0973 A02
51 BrMYB28 Bra023515 34557.61 6.9966 A02
52 BrMYBIR20 Bra023570 44510.67 9.4812 A02
53 BrMYBIR21 Bra023610 41607.49 7.5003 A02
54 BrMYB29 Bra023637 36238.26 9.736 A02
55 BrMYBIRZ2 Bra023689 127750.98 5.6436 A02
o6 BrMYB30 Bra020228 36742.88 8.7335 A02
o7 BrMYB31 Bra020289 27360.85 9.2846 A02
58 BrMYB32 Bra020346 47952.82 9.2114 A02
59 BrMYBIRZ23 Bra020373 31446.99 9.4873 A02
60 BrMYB33 Bra020428 37693.09 6.9953 A02
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61 BrMYB34 Bra035604 36105.49 7.4582 A02
62 BrMYB35 Bra035547 60958 6.7609 A02
63 BrMYBIR24 Bra022637 9072.28 9.6928 A02
64 BrMYB36 Bra022602 22703.67 9.7122 A02
65 BrMYB37 Bra039763 28459.44 9.0532 A02
66 BrMYB38 Bra033948 33125.88 5.4324 A02
67 BrMYBIRZ25 Bra038360 40515.15 8.2194 A02
68 BrMYBIR26 Bra007867 36741.27 6.7257 A02
69 BrMYBIR27 Bra007892 25710.74 10.2181 A02
70 BrMYBIR28 Bra007957 21718.57 8.484 A02
71 BrM YB39 Bra008096 27333.79 9.6836 A02
72 BrMYB40 Bra008131 37635.81 6.0944 A02
73 BrMYB41 Bra008149 28334.37 9.8288 A02
74 BrMYB42 Bra008160 37870.94 5.0862 A02
75 BrMYBIR29 Bra008169 24577.76 9.9663 A02
76 BrMYBIR30 Bra008186 10973.44 10.2943 A02
7 BrMYB43 Bra008286 99555.45 7.7747 A02
78 BrMYBIR31 Bra008411 38695.57 8.4857 A02
79 BrMYB3R3 Bra008522 84206.79 9.0634 A02
80 BrMYB3R4 Bra008523 61568.67 10.2373 A02
81 BrMYBIR32 Bra008539 8955.19 6.5204 A02
82 BrMYBIR33 Bra018498 8240.74 11.2892 A02
83 BrMYBIR34 Bra022127 38293.31 6.959 A02
84 BrMYBIR35 Bra026618 29346.72 8.0848 A02
85 BrMYB44 Bra026578 03731.9 5.5634 A02
86 BrMYBIR36 Bra026548 46676.52 7.2874 A02
87 BrMYB45 Bra033027 54160.16 7.6499 A02
88 BrMYB46 Bra033067 36478.49 8.7032 A02
89 BrMYB47 Bra033078 33316.29 9.9105 A02
90 BrMYB48 Bra020744 29648 9.5213 A02
91 BrMYB49 Bra020624 36693.69 5.2154 A02
92 BrMYBIR37 Bra020622 44636.41 4.7356 A02
93 BrMYBIR38 Bra020584 103130.43 9.5046 A02
94 BrMYB50 Bra020526 49229.62 10.2457 A02
95 BrMYB51 Bra029380 35727.13 8.6004 A02
96 BrMYB52 Bra029350 34468.68 5.2546 A02
97 BrMYB53 Bra029349 31179.99 4.8916 A02
98 BrMYBIR39 Bra029320 33410.78 9.5032 A02
99 BrMYB54 Bra029311 42063.9 6.5129 A02
100 BrMYB55 Bra029258 38400.8 5.6568 A02
101 BrMYB56 Bra031847 41669.52 6.3129 A02
102 BrMYBIR40 Bra005751 31128.88 4.9627 A03
103 BrMYBIR41 Bra005794 56435.26 10.0705 A03
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104 BrMYB57 Bra005818 24154.67 6.1671 A03
105 BrMYBIR42 Bra005837 28063.78 9.9973 A03
106 BrMYBIR43 Bra005912 42019.86 7.1923 A03
107 BrMYB58 Bra005949 37140.91 4.5387 A03
108 BrMYB59 Bra005997 13649.62 4.3221 A03
109 BrMYB60 Bra006055 38274.95 6.6793 A03
110 BrMYB3R5 Bra006102 94958.89 5.6057 A03
111 BrMYB61 Bra006166 31685.61 6.7821 A03
112 BrMYB62 Bra006249 26870.46 6.624 A03
113 BrMYB63 Bra006296 36873.5 7.9311 A03
114 BrMYB64 Bra006370 38054.4 5.8224 A03
115 BrMYBIR44 Bra006394 40662.73 8.5725 A03
116 BrMYB65 Bra006422 35447.68 10.0735 A03
117 BrMYB66 Bra006694 28027.56 8.2048 A03
118 BrMYB67 Bra006741 31662.27 6.9624 A03
119 BrMYB68 Bra006744 47749.86 8.2617 A03
120 BrMYB69 Bra006811 37474.95 7.2347 A03
121 BrMYBIR45 Bra006853 22959.23 10.5489 A03
122 BrMYB70 Bra028997 61316.2 6.8504 A03
123 BrMYB71 Bra029033 35254.16 7.0386 A03
124 BrMYBIR46 Bra029111 35036.44 9.2082 A03
125 BrMYB72 Bra029113 22939.91 8.4919 A03
126 BrMYB73 Bra029129 30998.76 9.0274 A03
127 BrMYB74 Bra022831 28528.79 5.0548 A03
128 BrMYB75 Bra022888 01186.62 6.3256 A03
129 BrMYB76 Bra023085 32935.06 8.3724 A03
130 BrMYBIR47 Bra023092 40773.57 6.9659 A03
131 BrMYB77 Bra000011 40405.16 9.9033 A03
132 BrMYB78 Bra000038 33203.68 5.9818 A03
133 BrMYBIR48 Bra000180 43913.74 9.5364 A03
134 BrMYBIR49 Bra000270 32663.04 7.7859 A03
135 BrMYB79 Bra000453 42144.81 5.2207 A03
136 BrMYBIR50 Bra000456 94152.1 4.969 A03
137 BrMYB80 Bra000531 48448.25 4.9274 A03
138 BrMYBS1 Bra000680 25011.01 9.4544 A03
139 BrMYBIR51 Bra000941 8986.23 7.7032 A03
140 BrMYBS2 Bra001005 23940.13 10.1071 A03
141 BrMYBS3 Bra001202 35351.96 4.6476 A03
142 BrMYB84 Bra001284 38244.74 6.7318 A03
143 BrMYB3R6 Bra001311 53100.48 8.5856 A03
144 BrMYBS5 Bra001323 36718.1 7.2123 A03
145 BrMYBIR52 Bra001377 15590.72 10.4676 A03
146 BrMYBIR53 Bra001378 11358.88 6.6298 A03
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147 BrMYBS6 Bra001404 73844.64 9.8147 A03
148 BrMYBS7 Bra001472 26697.01 7.3279 A03
149 BrMYBIR54 Bra001484 35388.61 5.1055 A03
150 BrMYBS8 Bra001907 32141.63 5.4087 A03
151 BrMYBS9 Bra001917 28389.59 9.1228 A03
152 BrMYBIR55 Bra001927 32195.22 6.6289 A03
153 BrMYB30 Bra001941 31434.33 8.9883 A03
154 BrMYB91 Bra013055 33024.17 8.7293 A03
155 BrMYB92 Bra013000 34916.87 4.7657 A03
156 BrMYBY3 Bra012961 39870.09 5.9902 A03
157 BrMYBIR56 Bra012936 35828.65 9.9066 A03
158 BrMYBIR57 Bra012919 23199.42 6.6887 A03
159 BrMYB94 Bra012910 32247.12 5.5691 A03
160 BrMYB95 Bra012815 209942.16 6.6036 A03
161 BrMYBIR58 Bra012721 54355.87 7.6902 A03
162 BrMYBIR59 Bra012665 36821.1 7.3623 A03
163 BrMYBY6 Bra012641 39444.45 5.4479 A03
164 BrMYB97 Bra012579 45514.31 7.8491 A03
165 BrMYBI8 Bra038774 39770.09 6.4477 A03
166 BrMYB99 Bra019368 30388.87 6.9232 A03
167 BrMYB100 Bra019154 02770.15 9.8726 A03
168 BrMYB101 Bra024224 31701.29 10.1456 A03
169 BrMYBIR60 Bra024188 32345.52 6.6023 A03
170 BrMYB4R2 Bra037045 99711.99 5.2446 A03
171 BrMYB102 Bra037004 27703.83 9.8645 A03
172 BrMYB103 Bra017685 30852.9 8.6121 A03
173 BrMYBIR61 Bra017795 33780.36 8.3352 A03
174 BrMYB104 Bra017813 28949.4 6.1508 A03
175 BrMYB105 Bra014446 31680.91 7.9304 A04
176 BrMYBIR6Z Bra014512 63962.28 10.2008 A04
177 BrMYB106 Bra025652 29828.96 10.3489 A04
178 BrMYB107 Bra025589 29275.03 8.2133 A04
179 BrMYB108 Bra025575 31842.75 7.8738 A04
180 BrMYB109 Bra025574 30100.7 8.7667 A04
181 BrMYB110 Bra025564 37960.44 7.275 A04
182 BrMYB4R3 Bra025529 79004.55 5.8772 A04
183 BrMYB111 Bra032176 31392.23 8.3309 A04
184 BrMYB112 Bra021708 28893.06 6.5101 A04
185 BrMYB113 Bra021791 43625.67 6.8299 A04
186 BrMYBIR63 Bra021864 51288.42 5.1502 A04
187 BrMYB114 Bra017218 32728.82 7.8396 A04
188 BrMYBIR64 Bra017214 29115.93 7.9371 A04
189 BrMYB115 Bra017138 32855.45 5.0696 A04
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190 BrMYBIR65 Bra016893 66939.29 9.8171 A04
191 BrMYBIR66 Bra039283 10280.82 10.0144 A04
192 BrMYB116 Bra021389 31442.84 5.0582 A04
193 BrMYBIR67 Bra021391 45598.93 9.7863 A04
194 BrMYBIR6S Bra004441 57351.62 4.5652 A05
195 BrMYB117 Bra004456 40446.69 4.5989 A05
196 BrMYBIR69 Bra004471 48577.58 9.5798 A0S
197 BrMYB118 Bra004473 31644.98 4.8108 A05
198 BrMYBIR70 Bra004503 60223.21 6.4709 A05
199 BrMYBIR71 Bra004539 10308.84 10.1006 A0S
200 BrMYBIR72 Bra004593 27138.87 9.7622 A0S
201 BrMYBIR73 Bra004831 69500.1 9.6346 A05
202 BrMYBIR74 Bra004973 45728.56 9.6688 A05
203 BrMYB119 Bra005006 43983.3 7.7624 A0S
204 BrMYBIR75 Bra005124 38652.87 8.6384 A05
205 BrMYB120 Bra005139 32911.43 5.0555 A05
206 BrMYB121 Bra005177 41840.6 9.9035 A0S
207 BrMYBIR76 Bra005230 78478.58 6.7588 A0S
208 BrMYB122 Bra005234 32805.79 7.0336 A05
209 BrMYB123 Bra005597 54028.44 5.2061 A05
210 BrMYB124 Bra018267 29406.94 6.8708 A0S
211 BrMYBIR77 Bra039503 37398.24 8.5501 A05
212 BrMYBIR78 Bra040662 36960.59 5.9686 A05
213 BrMYBIR79 Bra033844 44298.02 8.7057 A0S
214 BrMYBIRS0 Bra031282 126963.65 8.2224 A0S
215 BrMYB5R2 Bra022280 97979.61 5.7503 A05
216 BrMYBIRS1 Bra027170 39934.36 8.3921 A05
217 BrMYB125 Bra027389 39177.93 7.2793 A0S
218 BrMYB126 Bra027423 28620.43 8.9929 A05
219 BrMYBIRS2 Bra034737 21598.34 5.9523 A05
220 BrMYB127 Bra034738 33228.58 7.9532 A0S
221 BrMYBIRE3 Bra034751 67047.58 8.2853 A05
222 BrMYB128 Bra034841 72719.02 8.5774 A05
223 BrMYB129 Bra034842 07292.34 5.7245 A0S
224 BrMYB130 Bra034853 26266.5 7.6216 A0S
225 BrMYBIRS4 Bra029866 31258.83 7.0994 A05
226 BrMYBIRSE5 Bra029856 17373.39 6.2345 A05
227 BrMYBIRS6 Bra029778 33458.56 7.9127 A0S
228 BrMYB3R7 Bra029762 56067.26 6.7231 A05
229 BrMYB131 Bra029696 37286.42 5.6346 A05
230 BrMYBIRS7 Bra029673 61861.36 6.5892 A05
231 BrMYB132 Bra029582 37128.86 4.6135 A0S
232 BrMYBIRSS Bra020751 122283.29 5.3897 A05
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233 BrMYBIRS9 Bra039443 115867.79 9.702 A05
234 BrMYBIR90 Bra039470 45119.19 7.437 A05
235 BrMYBIRI1 Bra031952 44184.62 6.8464 A0S
236 BrMYB133 Bra032028 36635.95 6.7547 A05
237 BrMYB134 Bra039142 36226.71 8.7677 A05
238 BrMYB135 Bra039108 23600.7 9.843 A05
239 BrMYBIR92 Bra038033 40379.05 6.2946 A06
240 BrMYBIR93 Bra018818 38940.36 10.0909 A06
241 BrMYBIR94 Bra018794 33606.79 5.4945 A06
242 BrMYB136 Bra018772 32697.67 9.291 A06
243 BrMYB137 Bra018598 32215.72 5.3853 A06
244 BrMYB138 Bra020016 37185.41 8.0622 A06
245 BrMYBIR95 Bra019998 60913.63 9.7995 A06
246 BrMYB139 Bra019993 95724.41 6.2924 AO6
247 BrMYBIR96 Bra019824 41525.4 5.6492 A06
248 BrMYB140 Bra019658 49768.6 5.3098 A06
249 BrMYBIR97 Bra026202 22357.19 9.5714 A06
250 BrMYB141 Bra026048 32262.01 6.9123 A06
251 BrMYBIR98 Bra025973 71294.98 5.2991 A06
252 BrMYBIR99 Bra025967 32639.3 9.3705 A06
253 BrMYBIR100 Bra025914 36828.7 8.8851 A06
254 BrMYBI142 Bra025666 38407.18 6.2672 A06
255 BrMYBi143 Bra025678 29555.07 5.266 A06
256 BrMYBIR101 Bra025681 24515.92 4.4282 A06
257 BrMYBIR102 Bra025745 11281.82 8.9282 A06
258 BrMYBIR103 Bra017943 67693.58 5.2575 A06
259 BrMYB144 Bra017963 34565.19 8.0035 A06
260 BrMYB145 Bra018027 29421.16 8.6929 AO6
261 BrMYBIR104 Bra018204 32882.42 5.9488 A06
262 BrMYB146 Bra018223 29451.1 8.7775 A06
263 BrMYB147 Bra010085 50089.29 7.211 A06
264 BrMYB148 Bra024368 35007.35 6.0773 A06
265 BrMYB149 Bra024419 41500.3 5.8412 A06
266 BrMYBIR105 Bra024438 31572.91 10.6954 A06
267 BrMYBI50 Bra009699 36921.13 9.0732 A06
268 BrMYB151 Bra009910 37456.04 8.2866 A06
269 BrMYBIR 106 Bra009950 139709.24 7.5789 A06
270 BrMYB152 Bra010021 36492.62 5.4535 A06
271 BrMYB153 Bra010022 36492.62 5.4535 A06
272 BrMYB154 Bra037419 38762.1 4.7672 A06
273 BrMYBIR107 Bra037494 173751.13 5.401 A06
274 BrMYB155 Bra025410 31147.43 8.3615 A06
275 BrMYB156 Bra025361 37067.24 7.5002 A06
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276 BrMYB157 Bra025337 35921.09 8.1719 A06
277 BrMYB158 Bra025311 26073.06 7.922 A06
278 BrMYB159 Bra025300 25827.67 6.8792 A06
279 BrMYB160 Bra025299 53563.95 8.542 A06
280 BrMYBIR108 Bra025161 42274.84 5.8269 A06
281 BrMYBIR109 Bra025115 46857.66 6.9933 A06
282 BrMYBI161 Bra024804 52028 6.1591 A06
283 BrMYBIR110 Bra024836 28884.22 7.9247 A06
284 BrMYBIR111 Bra024909 31200.63 0.7827 A06
285 BrMYBIR112 Bra025071 31210.04 8.5973 A06
286 BrMYB162 Bra025078 33735.01 6.7078 A06
287 BrMYBIR113 Bra033726 41344.7 6.5117 A06
288 BrMYBI163 Bra033572 33099.69 8.5556 A06
289 BrMYBIR114 Bra036482 47466.35 7.5167 AQ7
290 BrMYBIRI115 Bra036469 39105 5.9549 A07
291 BrMYBIR116 Bra039617 9393.27 9.5276 A07
292 BrMYB164 Bra002042 02072.81 5.9102 AQ7
293 BrMYBIR117 Bra015134 34271.3 5.1156 AQ7
294 BrMYB165 Bra015029 31061.92 8.3296 A07
295 BrMYB166 Bra014929 32206.98 5.0999 A07
296 BrMYB167 Bra012482 33020.94 5.9223 AQ7
297 BrMYBIR118 Bra012471 37485.51 8.816 A07
298 BrMYB168 Bra012337 31559.48 8.2085 A07
299 BrMYBIR119 Bra012183 15198.23 7.3399 AQ7
300 BrMYB169 Bra012149 32338.27 8.3354 AQ7
301 BrMYB170 Bra012038 97555.32 5.1252 A07
302 BrMYBIR120 Bra012014 23159.65 4.8331 A07
303 BrMYB171 Bra028550 28676.35 7.4602 AQ7
304 BrMYBI172 Bra003413 33290.43 6.0814 A07
305 BrMYBI73 Bra003443 31466.62 8.0208 A07
306 BrMYBIR121 Bra003611 38426.36 8.6583 AQ7
307 BrMYB174 Bra003619 30276.47 5.2809 AQ7
308 BrMYBI175 Bra003702 52803.75 10.3395 A07
309 BrMYBI76 Bra003793 37889.59 5.4061 A07
310 BrMYBI77 Bra003801 29936.57 4.9767 A07
311 BrMYBIR122 Bra003870 65214.52 5.4295 A07
312 BrMYBIR123 Bra003871 65272.55 5.3357 A07
313 BrMYBIR124 Bra003969 26533.45 10.6487 AQ7
314 BrMYBIR125 Bra003993 36936.66 6.5328 AQ7
315 BrMYBI78 Bra003995 34535.99 9.5204 A07
316 BrMYB179 Bra004041 32803.41 4.6269 A07
317 BrMYB180 Bra004155 32100.39 6.416 A07
318 BrMYB181 Bra004162 27946.7 8.7454 A07
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319 BrMYB182 Bra004297 32814.51 4.936 A07
320 BrMYBIR126 Bra004330 39934.69 8.8614 A07
321 BrMYB183 Bra004394 37015.78 8.5676 AQ7
322 BrMYBIR127 Bra004397 37499.33 7.5943 A07
323 BrMYBIR128 Bra016164 21976.83 9.7764 A07
324 BrMYBIR129 Bra016044 66063.68 5.8667 A07
325 BrMYBIR130 Bra016037 81507.85 6.7845 AQ7
326 BrMYB184 Bra015992 26566.8 9.628 A07
327 BrMYB185 Bra015939 36555.59 6.1485 A07
328 BrMYB186 Bra015912 31436.23 5.4573 AQ7
329 BrMYB187 Bra015911 31347.26 5.9842 AQ7
330 BrMYBI188 Bra015899 37318.46 6.8435 A07
331 BrMYBIR131 Bra015890 27111.84 9.7481 A07
332 BrMYBIR152 Bra015856 10150.31 9.5776 AQ7
333 BrMYBI189 Bra015715 65398.92 7.7394 A07
334 BrMYB190 Bra035097 30936.31 5.1535 A07
335 BrMYBIR133 Bra035118 39541.46 8.6279 AQ7
336 BrMYB191 Bra030812 34423.22 5.9478 A0S
337 BrMYBIR154 Bra030894 8292.56 9.5858 A08
338 BrMYBIR135 Bra014348 34178.16 5.6246 A08
339 BrMYBIR136 Bra014227 30459.59 9.6759 AO8
340 BrMYB192 Bra014169 33342.55 9.3178 A08
341 BrMYB193 Bra035532 29695.8 9.3069 A08
342 BrMYBIR137 Bra021038 20267.82 10.7171 A0S
343 BrMYB194 Bra021033 39878.83 6.5996 A08
344 BrMYB195 Bra020992 49608.77 7.0691 A08
345 BrMYB196 Bra020892 39429.94 6.6227 AO8
346 BrMYB197 Bra020837 30591.99 6.4134 AO8
347 BrMYB198 Bra034565 29085.44 10.1496 A08
348 BrMYB4R4 Bra034531 101762.15 5.3451 A08
349 BrMYBIR138 Bra010355 43731.26 6.0614 AO8
350 BrMYBIR139 Bra010560 9128.02 8.9561 A08
351 BrMYBIR140 Bra010581 35900.56 8.8879 A08
352 BrMYB199 Bra010593 33751.42 6.0792 A08
353 BrMYBIR141 Bra010701 66043.33 4.2874 AO8
354 BrMYB200 Bra010736 31649.07 8.3557 A08
355 BrMYB201 Bra016285 40820.4 7.1115 A0S
356 BrMYBIR142 Bra016289 36111.47 5.7102 AO8
357 BrMYBIR143 Bra016409 86212.15 4.9634 A08
358 BrMYBIR144 Bra016530 28892.38 9.5048 A08
359 BrMYB202 Bra016546 29508.24 5.7161 A08
360 BrMYB203 Bra016553 37303.49 4.8998 AO8
361 BrMYB204 Bra016575 28159.85 9.2883 A08
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362 BrMYBIR145 Bra016598 32625.2 9.3734 A08
363 BrMYBIR 146 Bra016734 39078.74 6.9007 A08
364 BrMYB205 Bra030798 95803.52 6.6823 AO8
365 BrMYB206 Bra030783 38782.01 8.0741 A08
366 BrMYB207 Bra030743 30210.78 6.5097 A08
367 BrMYBIR147 Bra030689 67781.58 9.8075 A08
368 BrMYBIR148 Bra030496 64161.69 5.9061 AO8
369 BrMYBIR149 Bra037365 37905.18 9.5214 A09
370 BrMYBIR150 Bra037388 8985.26 7.5251 A09
371 BrMYB208 Bra036317 37717.91 7.3095 A09
372 BrMYB209 Bra039065 22726.58 9.5829 A09
373 BrMYB210 Bra039040 37772.06 8.214 A09
374 BrMYB211 Bra039036 22152.11 10.5152 A09
375 BrMYB212 Bra036202 31010.23 8.2941 A09
376 BrMYBIR151 Bra036179 47721.99 4.5097 A09
377 BrMYB213 Bra036145 39519.77 4.8986 A09
378 BrMYBIR152 Bra036123 45412.29 6.1567 A09
379 BrMYB214 Bra036588 37824.38 8.1616 A09
380 BrMYB215 Bra035954 33544.8 5.2973 A09
381 BrMYB216 Bra035929 40509.6 5.83 A09
382 BrMYB217 Bra035893 37415.87 6.4231 A09
383 BrMYB218 Bra037828 35317.28 5.4553 A09
384 BrMYBIR153 Bra037837 10840.6 11.7506 A09
385 BrMYBIR154 Bra037839 32435.02 10.607 A09
386 BrMYBIR155 Bra036679 37120.74 9.516 A09
387 BrMYB219 Bra027771 41567.09 6.3888 A09
388 BrMYB220 Bra027668 41982.54 6.6235 A09
389 BrMYB221 Bra027160 26941.52 10.1157 A09
390 BrMYBIR156 Bra027882 74928.93 10.2522 A09
391 BrMYBIR157 Bra017487 35607.89 10.0278 A09
392 BrMYBIR 158 Bra017349 40154.67 6.7276 A09
393 BrMYBIR159 Bra029503 20079.11 10.7433 A09
394 BrMYB222 Bra029553 38115.41 6.569 A09
395 BrMYB223 Bra028063 40885.45 5.1853 A09
396 BrMYBIR160 Bra023254 41471.81 7.7445 A09
397 BrMYB3RE8 Bra024760 30913.52 5.4018 A09
398 BrMYBIR161 Bra024685 20135.92 7.8303 A09
399 BrMYB224 Bra024526 30544.35 8.1622 A09
400 BrMYBIR162 Bra036035 26105.29 5.5148 A09
401 BrMYB225 Bra036048 29614.09 6.7946 A09
402 BrMYB226 Bra006915 180149.63 7.1014 A09
403 BrMYB227 Bra006977 29210.64 6.7981 A09
404 BrMYB228 Bra007186 41047.18 5.4647 A09
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405 BrMYBIRI163 Bra007371 64624.67 6.6711 A09
406 BrMYBIR164 Bra007506 65735.84 10.2941 A09
407 BrMYB229 Bra007536 30621.24 6.6852 A09
408 BrMYB230 Bra007588 32541.67 7.7943 A09
409 BrMYBIR165 Bra031129 45532.26 7.2607 A09
410 BrMYBIR 166 Bra031060 29687.91 8.5044 A09
411 BrMYB231 Bra031041 24350.34 5.2032 A09
412 BrMYB232 Bra031035 36371.62 5.6832 A09
413 BrMYB233 Bra031008 28392.87 9.0591 A09
414 BrMYBIR167 Bra030992 32340.84 9.8971 A09
415 BrMYB234 Bra026720 32212.46 4.6766 A09
416 BrMYBIR168 Bra026818 27196.15 9.1548 A09
417 BrMYB235 Bra031669 36689.78 7.153 A09
418 BrMYBIR169 Bra032635 9653.03 8.4984 A09
419 BrMYBIR170 Bra015585 66925 9.9904 Al0
420 BrMYB236 Bra039067 25942.7 6.7215 A09
421 BrMYB237 Bra015481 28742.86 5.3737 Al0
422 BrMYBIR171 Bra033291 65551.69 6.5151 Al0
423 BrMYBIR172 Bra033257 31011.46 9.9073 Al0
424 BrMYBIR173 Bra003117 33794.13 9.4417 Al0
425 BrMYB238 Bra002938 64210.37 6.9226 A10
426 BrMYB239 Bra002847 35845.28 7.7027 Al0
427 BrMYBIR174 Bra002790 21223.82 8.1346 Al0
428 BrMYBIRI175 Bra002659 48586.27 4.9164 Al0
429 BrMYB240 Bra002610 31885.53 7.2732 Al0
430 BrMYBIR176 Bra002566 63298.43 8.8502 Al0
431 BrMYB241 Bra002533 27550.95 8.6919 Al0
432 BrMYB242 Bra002448 37315.53 8.1411 Al0
433 BrMYB243 Bra002173 123285.39 5.7582 Al0
434 BrMYBIR177 Bra002145 44300.48 6.2848 Al0
435 BrMYB244 Bra002107 36850.9 9.6838 Al0
436 BrMYBIR178 Bra008563 39324.07 8.9491 Al0
437 BrMYB245 Bra008596 38602.7 6.4037 Al0
438 BrMYBIR179 Bra008613 32839.2 11.2578 Al10
439 BrMYB246 Bra008705 36423.75 7.1792 Al0
440 BrMYB247 Bra008740 22966 9.327 Al0
441 BrMYB248 Bra008764 30687.83 6.512 Al0
442 BrMYB249 Bra008875 31758.49 5.9647 Al0
443 BrMYB3R9 Bra008956 102765.33 9.731 Al0
444 BrMYB3R10 Bra009044 34321.52 6.2493 Al0
445 BrMYB250 Bra009346 31587.93 6.4259 Al0
446 BrMYB251 Bra009245 10148.72 9.6015 Al0
447 BrMYBIR180 Bra009230 80327.66 7.8495 Al0

- 139 -




448 BrMYBIRI181 Bra009228 42259.33 7.8051 Al0 -
449 BrMYB252 Bra009134 30609.41 8.3935 Al0 +
450 BrMYBIR152 Bra009087 29745.28 6.9772 Al0 -
451 BrMYB253 Bra009432 23721.43 7.0982 Al0 +
452 BrMYBIR183 Bra009562 34654.32 6.972 Al0 -
453 BrMYBIR184 Bra009591 64325.84 7.4003 Al0 -
454 BrMYB3R11 Bra009597 08146.25 8.0417 A10 +
455 BrMYBIR185 Bra035311 70579.79 6.8776 Scaffold000103 -
456 BrMYBIR 186 Bra036015 40992.1 7.0638 Scaffold000111 +
457 BrMYB254 Bra039339 33381.94 8.4899 Scaffold000164 -
458 BrMYBIR187 Bra039340 26916.35 7.4497 Scaffold000164 -
439 BrMYB255 Bra039344 26911.18 7.0885 Scaffold000164 -
460 BrMYBIR188 Bra039364 48828.26 5.401 Scaffold000164 -
461 BrMYB256 Bra039395 28195.77 7.5045 Scaffold000164 -
462 BrMYBIR189 Bra039650 34176.72 9.4468 Scaffold000172 +
463 BrMYBIR190 Bra040196 44462.64 5.6808 Scaffold000191 -
464 BrMYBIR191 Bra040578 06076.76 6.9304 Scaffold000219 -
465 BrMYBIR192 Bra040649 115256 9.27 Scaffold000229 +
466  BrMYBIR193 Bra001258 27974.5 8.94 A03 +
467 BrMYBIR194 Bra029658 28123.6 8.74 A0S -
468  BrMYBIR195 Bra040015 27389 8.41 A0l -
469 BrMYBIR196 Bra024472 47502.5 6.76 A06 -
470  BrMYBIR197 Bra009485 o7404.7 9.09 Al0 +
471  BrMYBIR198 Bra000360 39300.6 9.2 A03 -
472 BrMYBIR199 Bra004859 33619.5 9.45 A03 -
473 BrMYBIR200 Bra031545 46897.9 5.33 A09 -
474 BrMYBIR201 Bra033600 39757.3 4.3 A06 -
475 BrMYBIR202 Bra001951 39220 4.77 A03 +

MYB AR e thsle] duplicateE #2493 A3} max scorex= 160~19500]%1 o,
o]dt}. Total scores= 160~19500]1 o™, HF 6

B 97%0 At E=FF identityw= 92~99%°] A o™, H 87%<] ATHEE 33).

<t 608

1601t} Query coverage= 86~100%] 3101,

¥ 33. MYB §-7A=+9] duplicate ¥4
9
No. Genes in duplicated segments cglrg%?o Slggrxe ;E%fé C(ggggd E-value ide;/ftity
1 BrMYBIR66 BrMYBIR71 A04/A05 160 160 100% 6e-57 92%
2 BrMYBIR51 BrMYBIR32 A03/A02 135 135 100% 8e-48 86%
3 BrMYBIR51  BrMYBIR150  A03/A09 132 132 97% 2e-46 85%
4 BrMYBIR32  BrMYBIR150  A02/A09 141 141 97% 8e-50 84%
5 BrMYBI1R46 BrMYBIR173  A03/A10 499 499 98% 0.0 85%
6  BrMYBIR183 BrMYBI1R40 A10/A03 455 455 86% 5e-166 85%
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7 BrMYBIRIZ  BrMYBIRI56  AO1/A09 472 656  99%  6e-164  81%
BrMYBIR193  BrMYBIR195  AO3/A01 459 459  100%  6e-169  88%
BrMYBIR193  BrMYBIR194  AO03/A05 445 445  99%  2e-163  87%

10 BrMYBIR194 BrMYBIR195  A05/A01 447 447  99%  4e-164  86%

11 BrMYBIR9  BrMYBIR59  AOI/A03 593 593  98% 0.0 85%

12 BrMYBIR102 BrMYBIR119  AO6/A07 167 167  86%  6e-59  92%

13 BrMYBIRI32  BrMYBIR30  A07/A02 152 152 89%  le-53  91%

14  BrMYBIR3  BrMYBIRI39  AOT/A08 140 140  86%  le-49  96%

15 BrMYBIR22  BrMYB20  A02/A02 1743 1743  94% 0.0 84%

16  BrMYBIR22  BrMYBIRSS  A02/A05 1701 1701  94% 0.0 83%

17 BrMYB20  BrMYBIR8S  A02/A05 1950 1950  100% 0.0 94%

18 BrMYBIRI8  BrMYBIRISI  A02/A10 516 516  90% 0.0 82%

19  BrMYBIRI33 BrMYBIRI2I  A07/A07 624 624 100% 0.0 88%

20 BrMYBIRI33  BrMYBIR31  A07/A02 658 658  99% 0.0 90%

21 BrMYBIRI2ZI  BrMYBIR31  A07/A02 616 616  99% 0.0 85%

22 BrMYBIR17  BrMYBIR9L  AO1/A05 684 684  100% 0.0 86%

23 BrMYBIRI3  BrMYBIR55  AO01/A03 515 515  100% 0.0 87%

24 BrMYBIR26  BrMYBIRI27  A02/A07 526 541  99% 0.0 84%

25 BrMYBIR127 BrMYBIRI25  AO7/A07 526 542  97% 0.0 84%

26 BrMYBIR11l BrMYBIRI35  A06/A08 517 517  100% 0.0 91%

27 BrMYBIRI37  BrMYBIR6  AO08/AO1 299 299  93%  3e-106  84%

28 BrMYBIR79  BrMYBIRI60  A05/A09 570 570  99% 0.0 84%

29 BrMYBIR20  BrMYBIR179  A02A10 399 413  93%  2e-142  83%

30 BrMYBIR122 BrMYBIR123  A07/A07 1228 1228  100% 0.0 99%

31  BrMYBIR36  BrMYBIR109  A02/A06 694 694  100% 0.0 84%

32 BrMYBIR103 BrMYBIR143  A06/A08 1028 1065  97% 0.0 83%

33 BrMYBIRI91  BrMYBIR58 55;{5%%%0 875 875  100% 0.0 89%
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3 34. Realtime PCR 23 BrMYB #7AAe] Zelo]H

No. Gene name

Left primer

Right primer

size

Tm Product
()

1 BrMYB2  TATGACGGTAACTTGGGAGAG CTTAGACAAGTCGGGGGATC 58 218
2 BrMYB7 GTTGATTATATCCAGCAACA  TGTTCTTCCAGGCAAACGTG 58 225
3  BMYBI0  CTACCTGGAAGGACTGACAAC CCTCAATACATCAGGATTAAG 58 210
4  BrMYBIl  GGAGGTTAGCAAATCTGTTCC TCCTCATCACAATGAGATTACC 58 272
5 BMYB13 CGAGTGATGAAGTTTCTTCAGA ACTCTTGCTTCATCTCATCAAG 58 222
6  BrMYB19 CCACAAATGTTACCGGATG TAACTGTATTCAGAAGTTGC 58 219
7 BrMYB40 GAAAGGTATCGATCCGTTGA  GAAAGAACTCGATGACTTTTC 58 292
8  BrMYB53 GAACACAAACCTCAAGAAGC  TGAATGTTCAGTATCGCTTG 58 247
9  BrMYB55 GTATATGCCTCAAGCGCTGA ATGGAAGAAGTTTGTCTCCTGA 58 222
10 BrMYB58 CGGACATAGCGAGACATTTA  TTGTTGGTAAGACGAGACAG 58 244
11  BrMYB71 ATTACACCGGTTCTGGTGAC ATGTCGCTTCCGTAACTCTC 58 220
12 Br-MYB77  TAGTGAGAGTGTGTTCATGTCA CAGCGTCTCTCCTCAAACCA 58 269
13 BrMYBS1I  AAGATTACCAGGAAGAACAGAC AGTCCAGATTAACCTCTTTCTC 58 270
14 BrMYBS3 CGATTATTCTGGATTACTAG TTGTCAGAAGTCGTTATTATTG 58 190
15 BrMYBSS  ATGAGGTTTCTTCTGTGACAC GTGTCTCATCATCAAAACCAGT 58 222
16 BriMYB91 TGTTTCTTTTGGGTCTCTGT CATCATGATTCTTGTTGTGC 58 209
17 BriMYB98 TGCAATTCCTCTTCACATCA ACGTCATGATGATAAACCGT 58 203
18 BrMYBI101 TCCAATCACAACGGTGTCGT CTATACATAATGGCTCTTAG 38 265
19  BrMYB116 GTATGACCCAGTGGAGTCA CACACGTTGTCTCCATCATC 58 270
20 BrMYB118  CATTGTCAACAGCAACAGTTC AACTGGTCCTGGAATAACCAA 58 221
21 BrMYB12I  CTGCGGTGATGGCTAGTTCA  GCTGCTGCTGCTGCAGCCAT 58 213
22 BrMYB137  TTCAGAAAACATGGCGTTGC  TTGTACATGCTCGCATGGAA 58 220
23 BrMYB147  TTCAAACTGCCGATGAACAAG TGTAGCTCCTGGTGTATCATC 58 221
24  BrMYB163  GACACACCTAGAAGCAATCAC  AACAACATCAGGAAGGCTGA 58 220
25 BrMYBI166 ACGAAGAAGGCTACTAAACCTA GCAATATTGATGTCTCCCGAT 58 221
26 BrMYB168  TAGCTGGGAGATTACCAGGAA  GGTTTAACCGTCCGTTGTITG 58 220
27 BrMYB169 CCGTTTTAACCTCTGTTGAG CTCTGAATCCACCAGAGAAC 58 240

- 142 -




28

BrMYB185

GTCCTTAGGGCCATCATCAG  CGTACACTAACTGAGCGGAGG

266

29 BrMYB186 AGAACGTTATCATGTCGGAACC CAGGTCAAGTTGATCATCACTG 58 272
30 BMYB196  CACACGGCTTATCATCATGA ~ CTAGAGCTTGCATAGTCGTT 58 209
31 BMYB200 CCAGTCCAAGAATCATCATCAG CTCAAGATTCAAATCTGGCAAC 58 222
32  BrMYB207  ATTTCAGAGAACATCCCGTTG AGAACCTTGTTCATATGGAGAC 58 222
33 BrMYB217  ATCACAGCTCAAACAAAGGT  CCCTGATAGGCATTGAGTAG 58 221
34  BrMYB222 TCTCCTCCATTCTCAGCTCA TGGTTTACTTCGGGTTGGTT 58 220
35 BrMYB224  CGAAAACAACAACACCGTCA  CGGTAACTCCTCGTAGTAGC 58 220
36 BMYB225  GTCGATCTGGTAAATCGTGT  TCTAAACATTTCCGCTTGAG 58 214
37 BrMYB232 TCAACGAGCTCTTCCTTCAC CGGGCATCATTTCTACGTTG 58 268
38  BMYB237 AATGATGAACAACTCGTCTCAG GAAAGGTTGCAATCCATCGAT 58 221
39  BrMYB241 TTCCTCATCTTCAAACTGCT  GAGGAAGAGGAGGGAAATTA 58 209
40 BrMYBIRZ2I ~ ACAAGGAACTGAAGAAGCAA  GGACTCCCTTTTCTGACTCT 58 246
41 BrMYBIRZ5  GTCCGGTCTTAGAGGAGTTT CACTTTCGCCTTCTTACCTA 58 200
42 BrMYBIR44 GTAATAGACCCACAAGAAGAAC AATCCTCTTGAGTTTGACTCAG 58 272
43 BrMYBIR54 CTGATGGAGCCTTTCATGATC AATGGACATTCCTCCAGAGAG 58 221
44 BrMYBIR70  ACTCCTTCGAGTAGTGACGA  AACTTTGTGGCAACACTTCT 58 247
45 BrMYBIR77  TGAGAAATCCATTGAGATCC  AACTCATGCACCTGGTAATC 58 234
46 BrMYBIRS0  GCAGATGAAGACACAGCATG  CCGTCCCTTTCTGATTACAG 58 270
47  BrMYBIRS6 GGTGCTTCAAGCTGTTCC ATCTCGGTGTTCACCTCATC 58 219
48 BrMYBIR92 ~ CCACCACAAGAAGCTTTCAG CTTCTTCGTATGGAATGCTCAG 58 221
49 BrMYBIR148 GGAAAACAAATTAGCGACAC ~ GCAGACCTTTTCATCATTGT 58 219
50 BrMYBIR171  AAGACAGAGATTGCCTCAGA ~ CTTAAACCCTGACTGTCTCG 58 208
51 BrMYBIR178 TGCAACTACTGAAAATGCAC  CGAGAGTTTCCTTGGTAATG 58 208
- Br-Actin ATGGTTGGGATGGGTCAAAAA TCTTTAATGTCACGGACGATT - -
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1% 58. RIR3-BrMYB A Aol tfgk A A &gk A H AlZ9] realtime PCR
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m 48h

F 2B A Z o] realtime PCR

HOh ®W1h ®4h ®E12h ®24h

2] realtime PCR

=

=

AN
=
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HOh ®1h ®4h ®12h ®24h ®W48h

Relative expression
N
w
o
o

EUTI | 1 I ¥V 01 [P

L FEFLF S > o o ) > o
\“\S‘\S\\Skéxé‘@*&&@@@@@&&&-&@-&@&&
THFFT T T T FTLTTFTT TS S S S S S S S

a9 62. 98 2Ed 29 gk BrMYB #3%}¢] realtime PCR

mOh ®m1ih ®™4h ®12h ®24h W48h
100.00

80.00

60.00

40.00 -
30.00 4

25.00
20.00

ik..[ ;J:.L ,L.J.L

a9 63, Ax 2Ed 29 o3k BrMYB 342 realtime PCR

Rehtive expression

5 Madd FAA9 £4
7}. Brassica rapa Anthocyanidin synthase (ANS) gene
i3 A& o] EjH o] 2(http://brassicadb.org/brad/index.php) 258 A4 #AH

O;ﬂz =9 AHAl

== = 1

sttt 1 23 4719] Anthocyanidin synthase (ANS) % 2F BrANS 1, BrANS 2, BrANS 3,
BrANS 45 &A3I3th ol& 1Y A= w3 SA4A 19, 39, 4/l HX|sta Ao,

ORF 4ol= 1,062~1,077bpE =717} ALl vHl=stRth. dwjdo] Bk
Msatgom SAH FE 5~7 Afol= wjEe] ANS §1A ol 2 o]}

% 39~40 KD=
fLATHEE 35).
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® 35 HjF3 ZE dolEHe]~ZHE A Anthocyanidin syntahse (ANS) geneol oigh

HHE
Name Accession ORF | Chromosome Protein
Number (bp) number Length (aa) | Mol. Wt. (KD) pl
BrANS1 | Bra019350 | 1,074 A03 357 40.77 5.13
BrANS2 | Bra017132 | 1,065 A04 354 39.83 6.21
BrANS3 | Bra013652 | 1,077 A0l 358 40.87 5.24
BrANS4 | Bra000045 | 1,062 A03 353 39.79 6.21

BrANS 1, BrANS 2, BrANS 3, BrANS 4 -fxdxjol gt 5/d& NCBI BLAST(http://www.
nchinimnih.gov/BLAST)ES &3 E43 A3z} BrANS 1& B juncea®t A. thaliana®)
Anthocyanidin synthase F+#22tet 90%7F 9+ A5AS B ow, BrANS 2= A thaliana®)
Putative Anthocyanidin synthase F73A}e} 84%2] 54, BrANS 32 B juncea®} A. thaliana®)
Anthocyanidin synthase & AFe} 90%7F E+= “3&4, BrANS 4= A. thaliana®] Putative
Anthocyanidin synthase &27+¢} 83%2] A5A-S YeERATHE 36).

3 36. HiF9] 4 ANS FA Al gk s &4

Top . . Top
Protein matched Top rrgfeti%hed Id%r,/lt)lty vgue homologous Function References
clones b 0 species
Proanthocyanidins
Anthocyanidin Brassica biosynthesis | Yan et al.
ACH>58397 synthase 93 0.0 juncea and seed coat (201D
BrANS] color formatvlon
Anthocyanin
Anthocyanidin Arabidopsis | accumulation
AEI99590 synthase %2 0.0 thaliana in developing (eZtOﬂ.)
seedlings
Putative . : Alexandrov
BrANS2 | AAM63604 | Anthocyanidin | 84 | 0.0 | Ar0dopsis - et al.
synthase (2006)
Proanthocyaniding
Anthocyanidin Brassica biosynthesis | Yan et al.
ACH>58397 synthase 9 0.0 juncea and seed coat (201D
BrANS3 color formation
Anthocyanin Appelhagen
AEI99590 Anthocyanidin 92 0.0 Arabidopsis | accumulation of al
synthase ) thaliana in developing 2011)
seedlings
Putative . . Alexandrov
BrANS4 | AAM63604 | Anthocyanidin | 83 | 0.0 | AT0dODSIS - et al.
synthase (2006)
BrANS 1, BrANS 2, BrANS 3, BrANS 4 f2x=9] @S ol 7] 93 AdA g G219
33 W) WAN A, FX HEe] WIhAQl 8053(oRA ok R), A0l HA19l A3
% opAolER L] HA wF KFo] AEHT YE BAG A R 2 A FEL AL




T 19 649 3¥e 1He RAE, 28 FAE s U2 FlojH, 52
Ao = Flolw, 7H3 8HE AlTwd A7 A
I 1012 22 7 8o ) FEo|th

L-Leaf, Mr-Midrib

Palgangbaechu 8053 Seoulbaechu

!
o |

19 64. A AEAR
2] ANS FAzLe T2 A& Fo ANS FAAE 7HA 1 ASFES I8 A3, I
27HA] OFoE FE ? dAer, ol T A A AFoE UE F I I F
27FA 2] 15| BrANS S-#dx1E0] &3yttt BrANS1¥ 3& e J&%o=x Eo 4 9%
2o 507 £ & AJTHIH 65).

om, UmA BrANS2¢} 45 %

BrANS13} 30] &3 e 2Fl= ¥is(Acc. no. ABY89681, Brassica rapa ssp. olifera), 7t
(Acc. no. ADB45308, Brassica juncea), *Fwl5~(Acc. no. AAO73440, Brassica oleracea), V]&+&F
Z5(Acc. no. AABB2287, Matthiola incana), ©N717tI(NP194019, AEI99590, Arabidopsis
thaliana), A <Fw(Acc. no. ABB70119, Pyrus communis), AF3HAcc. no. BAB92998, Malus
domestica), &< oFUF(Acc. no. ABX89941, Prunus persica), 3-(Acc. no. AAR26526, Glycine
max), ¢Z3HAcc. no. Medicago truncatula)s2] ANS 32 Eo] &39S ™, BrANS2¢} 47}
&3] e IFdE 71" ti(Acc. no. AAMG63604, Arabidopsis thaliana), 2 H(Acc. no.
Medicago truncatula)7} ZZEHATE. U A 3 IFo= HE(Acc. no. AAP13054,
Gypsophila elegans), ¥ ¥lWH(Acc. no. BAE72879, Verberna x hybrida), Z%z}A|(Acc. no.
BAD34462, Eustoma grandiflorun), #X|(Acc. no. AAT02642, Citrus sinensis), 3%(Acc. no.
ABM67590, Vitis vinifera), &3HAcc. no. ABM64801, Gossypium hirsutum), 7}7+<2(Acc. no.
ADD51356, 7heobroma cacao)-s2] ANS - A=0] &3+
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BrANS13} 3&

Bgo] BEH o]

ASS FASAHIH 66). =3 BrANS29} 45 233tE= I1F o
HEH O] ANeH, 22 IOF el e 43| FARE 1 MEE 7HA AL

@ BrANS1

@® BrANS3

ABY89681 Brassica rapa

ADB45308 Brassicajuncea

AAQT73440 Brassica oleracea
lj[AAB82287 Matthiola incana

NP 194019 Arabidopsis thaliana
AEI99590 Arabidopsis thaliana

ABB70119 Pyrus communis
_| [BAB92998 Malus domestica
ABX89941 Prunus persica
_:AARZGSZB Glycine max
ABU40983 Medicago truncatula
@® BrANS2
4‘__|: @ BrANS4
AAMB3604 Arabidopsis thaliana

XP003604674 Medicago truncatula

AAP13054 Gypsophila elegans
BAET72879 Verbena x hybrida

BAD34462 Eustoma grandiflorum

AAT02642 Citrus sinensis
ABM67590 Vitis vinifera
ABM64801 Gossypium hirsutum
ADD51356 Theobroma cacao

—
0.05

19 65. HlF ANS frdAtel g Als

23ste 2F U ddd Jriade B3
ANeH, e IF o FHAAEF /\olrgr-s] EWAR!
Al 379 AlEIQl Ho]

a5 ab g

H

T ,_(..' 2% % e o
L@ - e b et
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U W B T O 0 W M M
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At 374} Alz=HEH <)

UATHTH 67).




BrANS §AAE 71X A E7)F(EY, Z7], o, ZE oz tid 43 o2 9 243y
P& dolrr] 98] RT-PCRES 43 Z3} BrANS1S 2l E7]3 AA A wu g HdHES
BAom QoA =5 ¢ B HIAES HYT BrANS2E AAZHo=RZ A&7 U5y
F kol Aglom, 53] dolxe= TAS A9 A &tk BrANS3S #e, £7], o, £5
g EFoA ddEAoH, YAYE Wt BrANSAE= oA s ofgt sy EE
g oA Bol YASATHIH 68).

){u

OO

BrANS1
BrANS2

BrANS3
BrANS4

Br-Actin
13 68. 2] &E 7]&o] gk BrANS & #e] RT-PCR A3}
(R: root, S: stem, L: leaf, Fb: flower bud)

BrANS1 37t w7u) 5=(P.beachw)®] <13} oA = Wol WASAA T 805334 <
Hj 5=(Seoulbaechu) @] <13} FHjoll A= Ed ol qui , F1¢1 3®(red color)¥} 5¥(red color)
A LA oM, AFEe Al71a A= 7TH(green color)9} 8W(red colonol A & st =,
53] 8¥(red colonolA A-SstAl LA Fo]l @tk BrANS3 A= 87wl 5(P.beachu)2]
A Aol Al BrANS1# HlS=shA] @ol WAk ar, 80530041 MWEAQl oA TE kol
FAATE ZAQ1 FHo A= o] ATk o8 Al ZAR] AMeuFdAs A3
G BT THGe] Ao, WiF FolAs AL o wHo] ZHJAR, Aol Al 29
(green colon)®@} 7H(green colonoll Al W@ Fo] =27 ARom Pl 9¥(green colon 10
(red colonN= W& Fo] =7 ZUth 1 9o BrANS2¢} 49] ¢ Fzixte] @do] MAZHo =
ol oju| 7t IATHLH 69).

wEla Ao W3S = FAAZE BrANS1F 30] 1o, BrANS1-S whzha o] H =7}
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l P.baechu “ 8053 H Seoulbaechu | l Chinese cabbage |

LR MR LR Mr¢ LG MG 1R 2G 3R 4R 5R 6R 7G 8R 9G 10R

BrANS1
BrANS3
Br-Actin

-
- -
BT LT T T T e

3 69. A 9 = A 3o th3t BrANS 2 #ke] wtd 2AHG: green color, R: red color)

wrA o] Amrt AR W), wAle] Jmrh $3kel 8053, HAIQl AEMFE AL
(4C)Hel 0, 8, 24, 72h =74 A2kl BrANS fraxte]l wd-& AvE A3} BrANS1 3
L =

>
2
=)
2
g
ek
2&
R
2
w
=
o
Z
(@p]
[\
o
o
=
o
Zz
(@]
N
rr
M
o
o2
o

A

1

olsh ge A3 BrANSl FAAE WMol Z@ Agel wENE fFaAolgon,
BrANS3 372+ ZFeolgtx wWxtAo] Qe g0 Id %l

WA A ks) Aol Qi FAAR HelAR, o= A4
L
-

18
ot
o J
ol
ol

8053 Seoul baechu

Palgangbaechu
Oh 8h 24h 72h Oh 8h 24h 72h Oh 8h 24h 72h

BrANS1
BrANS2

BrANS3

BrANS4

Br-Actin

a7 70. A(4TC) 2EH 2 AE 9 37FA] wjF(@7du) ==, 8053, A-&n)jF)ol it
RT-PCR A3}

22bd ol FasAE 2 2l
2 BrTT8 fFHAES o] &3te] STRING & S8ttt 1 A3 BrANS1 39| whul o)
LDOX ©¥dx} uf-g- AsAdo]l Hhom, BrANS2¢9t 49 w@ae 20G-Fe() oxygenase
family T Z(AT2G38240)7 wll-¢- &2 454S JEPNATHE 37). =g w2t of7)1 ) 7t
T2 FEES ol B A BrMYB2-29} BrTT8 QFEAJold AygpAde] w9 Fa3sh
S ot oS AT F UAJTHH 7D.

L
A B FHAE F BrANSAE 7@l AR dEsta 9

A

BrANS4AZS )93 27

2
ok

O T e gul 9
Soll et BILAS FHsIATE A FF5 BT WIAQD MR, IRk wRAQl "8053
Wi} F5 BF BRI ASHFE AR St AL AEd AZ st AMAdd fHAE
7}A] 1L real-time PCRE& 38t 1 A3 BrANSIol A= A Al dtol A mh7dnj 5o A




o

AeFol 7 =kow, 8053004 Aoz o2 e ko] AUtk BrANS20 A= A=242] 72
Sof] bl el Aol A B go] E3kom, 80530 Al AAFow Ykt
BrANSBTJr BrMYB2-2= 8hxg]l® wh-7ufjdo|A & ko] 71 =9kt BrTT8S ¢ &
A== A2 Foll A D58l EA ol EUdtHE 72).

3 7<110ﬂ A3 A AR A2l % Alsel dBAS ol &5t A2 st
microarray HoJEHE 7|22 AMAAH FHAAEL] WSS vlws] B A BrANSIS A H
il :qmoﬂ/q A ez @ sl wa ko] HA3 Aol M, BrANS2: 3& A oA - A

< ul FFo] w$- =gtk BrMYB2-2& AA|FH oz ARG x| HoA %640‘:0] =%
Otﬂ A APetA] &L AFolA e EEFo] 7HE =3t BrTT8S A 9 Aol A&
XMB‘MW HTHE Aol S Holx| FUTHLH 73).

WM IH FHAAE F BrANS], 2, 3, BIMYB2-2= A4 Ao FHH
9} _m BrTT8L 544 Ao gk kg0 Yojyteh, whae] 2o o
o B3 A3} BrANS29h 3¢ A|9)% e FHASME SolHe 3¢ & Q)

P B >
ook B

P

=)

37. 93 A #E §AALe] STRING £4

Query STRING protein Identity Bit
sequence score

LDOX (leucoanthocyanidin dioxygenase); encodes
BrANS1 LDOX leucoanthocyanidin  dioxygenase, which is involved in
and 3 proanthocyanin biosynthesis. Oxidation of

leucoanthocyanidins into anthocyanidins

92% 669

BrANS2 AT2G38240 20G-Fe() oxygenase family protein; oxidoreductase,

and 4 involved in: response to salt stress 84% 622

MYB2 (myb domain protein 2); DNA binding / calmodulin
binding / transcription activator/ transcription factor;
Encodes a MYB  transcription factor that possesses an
R2R3 MYB DNA binding domain and is known to
regulate the expression of salt- and
dehydration-responsive genes.

BrMYB2-2 MYB2 86% 495

TT8 (transparent testa 8); DNA binding / transcription
factor; TT8 is a regulation factor that acts in a
concerted action with TT1, PAP1 and TTGl on the
regulation of flavonoid pathways, namely
proanthocyanidin and anthocyanin biosynthesis. Affects
dihydroflavonol 4-reductase gene expression. It is
thought that a ternary complex composed of  TT2, TT8
and TTGI is necessary for correct expression of BAN in
seed endothelium. Also important for important for
marginal trichome development. ; Transcription
activator, when associated with MYB75/PAP1 or
MYB90/PAP2.

BrTT8 TT8 73% 740
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Y AT2G38240
_(BIANS2 & 4)

o
T

=2 = o oH A} e) Z Al A © AN T g A& A2
" 71 v 2 o7 ANS FRA FAAoE A dY fAAte dEEhg
BrANsS1 BrANs2
250 1600
.§ 200 - § 1400 a s
2 2 1200 2
g 150 £ 1000 £
x a x
® 100 s oo °
= 2 600 2
2 050 - 2 400 b o
I3 (3 c @
@ &€ 2004 cab @
0.00 0.00 Hbg L° 1S o
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BrTT8
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,% 10.00 ~§ :::x
L 2 om
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5 4 £ 1500
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0.00 000 =l

19 72, e, 8053, Ao
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2 22| microarray &&

I4d 429 realtime PCR
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Control  4°C
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. Brassica rapa Dihydroflavonol 4-reductase (DFR) gene

= dlo]Hulo] 22 RE A3 Dihydroflavonol 4-reductase (DFR) f##Fe] ORF Zol=
255~1 O92bp Aol ar, 2¥ ¥ 3, 6, 8, 9 FAA S Sttt TlE S 84~363aa AtolRaL
A 9.60~40.45KDoll o, T 42 5.20~8.650] ATHE 38).

¥ 38. w53 & dloleulo]~2XE 743+ Dihydroflavonol 4-reductase (DFR) -fr& el o3k

AR
Name Accession | ORF | Chromosome Protein

Number (bp) number Length (aa) | Mol. Wt. (KD) pl
BrDFR1 Bra038342 978 A02 325 35.52 541
BrDFR2 Bra031666 951 A09 316 34.76 5.66
BrDFR3 Bra026600 966 AO2 321 35.42 5.49
BrDFR4 Bra024747 711 A09 236 26.32 8.65
BrDFR5 Bra024746 255 A09 84 9.60 5.26
BrDFR6 Bra024744 | 1,092 A09 363 40.45 5.45
BrDFR7 Bra023231 978 A09 325 35.86 5.20
BrDFR8 Bra020021 969 A06 322 35.91 5.36
BrDFR9 Bra020020 969 A06 322 35.42 5.90
BrDFR10 | Bra020019 981 A06 326 36.15 5.21
BrDFR11 | Bra019062 | 1,065 A03 354 39.65 6.09
BrDFR12 | Bra010535 933 A08 310 34.86 6.20

RE fxztel] digk 713002, =271, 9, 2822 Sol4d<5 dotir] 98] RT-PCR= 3
aF¢ith BrDFR2:= #ejel ol Mwt ddskgla, BrDFR3= HelE Ald 271, 9, 2828 olA]
LSt BrDFRSE #ejet E7]dAe ofstAl ddstaial, 3t mEeeldAe AeiA 23
3t4th. BrDFR6-S BrDFR5S} HlZ=atA] A3 £R-oglox] 7atA wdstgch BrDFR7S %
oo Rt B BrDFR8S #tejoh el nt &3, BrDFRI= oA
dd ol 78 wWokew, ymA B, 27], FELdME ofsiAl wdstid. BrDFR10
sejeh YA o] wrorm E7|9k #EeeldA s TAE ek BrDFR11%} 12+ BrDFR73%
o] ReleoATt ol og ddstes A & AAHIH 74,

m
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BrDFR1
BrDFR2

BrDFR3
BrDFR4

BrDFR5
BrDFR6
BrDFR7
BrDFR8
BrDFR9

BrDFR10

.

BrDFR11
BrDFR12

Br-Actin
= 74, A& 713 tg BrDFR & #}2] RT-PCR 23}
(R: root, S: stem, L: leaf, Fb: flower bud)

ol

1 w

l | 2
z— 2

DRF frzdzte] s dolrr] 93 AFAEE FAo] 23 Wbl w7k, $3b
AEo] WEAQl 8053, FAo]l HAQ AguFet A HjF ST AHSE= EAC A
2 7 Z2Ae AFEs4 T BrDFR &34 & BrDRF2E 919 AMZ o xqt BHdstg s, a4
Zol|&= w7kAo] 713k chinese cabbage®] 10R¥} P. baechu®] MrRojl A gk L& 3 a1 4421
Ao M= HHS 1A ekokt) BrDFR6-S E3] whzkAlo] 733k P. baechuol| Al ¥H& ofo] @
AL & 4 AUt BrDFRI= chinese cabbagee] wWzkAlo] Qe B2 AWFo ATk WS AL,
BrDFR102 & L Az

|4 HAH o2 AP 53] A Gl BF whghAQl
rom, wrkAlo]l w7} Pbaechu Bk 9F3k 8053011 s o)
Fol AJTHH 75). ©]<}

i
T
hined
1=
2

o0
ol
A

x
0

baechuol| Al @& ol

i
O

Seoulbaechuel Al Q& =% ZatA F@stg o JHdHE 2@
22 A3 BrDFR2, 6, 9, 10 #8A= AA AMaoh Add A2t Boxin. 53] BrDFR2=
4 Yavd fAAE Bod

’ P.baechu || 8053| | Seoulbaechu H Chinese cabbage |

LR MrR LR MrG LG MrG

Br-Actin

%Y 75, A 2 ZAm|So] ofgk BrDFR 3 AFe] 2&d F3H(G: green color, R: red color)

1 dso] WFoM BAT FEAChT M AFAY Aol FAF JTL s DRF
A

il
fAAol tiste] Thkd FolAo) 7] FEAS MBI FEAe] At AT A
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TEX Vitis vinifera, Medicago truncatula, Arabidopsis thaliana, Cicer arietinum, A.
lyrata subsp. lyrataZ7} 2™, Z+7] vl DFR FZ Aol tiste] AsAdo] 56~87%°13H. 4
AE FHA=Z=  Dihydroflavonol/flavanone  4-reductase, Dihydroflavonol — 4-reductase,
Dihydroflavonol 4-reductase putative, Dihydroflavonol4-reductase-like7} ) THEE 39).

3 39. w5 1270¢] DRF fxd2kell thet ad 4

: Top matched . Identity E- Top homologous
Protein clones Top matched protein %) value species
BrDFRI XP003633516 bihydroflavonal/flavanone 61 5e-134 Vitis vinifera
BrDFR2  XP003633516 Dihydroflavonal/flavanone 62 de-136 V. vinifera

XP002269382 Dihydroflavonal/flavanone 72 1e-170 V. vinifera
BrDFR3 Medi
i - _ edicago
XP003594438 Dihydroflavonol 4-reductase 61 le-145 truncatila
BrDFR4 XP003614640 Dihydroflavonol 4-reductase 56 3e-81 M. truncatula
XP003614640 Dihydroflavonol 4-reductase 69 3e-37 M. truncatula
BrDFRS5 Dihydroflavonol/flavanone -
XP003631221 Y A-reductase 70 2e-35 V. vinifera
Dihydroflavonol 4-reductase Arabidopsis
BrDFR6  AAGH0819 putative 83 0.0 thaliana
Dihydroflavonol/flavanone .
BIDER7 XP002285368 A-reductase 77 0.0 V. vinifera
XP003598002 Dihydroflavonol 4-reductase 75 0.0 M. truncatula
BrDFRS ~ XP003633516 Dihydroflavonal/flavanone 59 le-132 V. vinifera
BrDFR9  XP003633516 Dihydroflavonol/flavanone 59 3e-127 V. vinifera
BrDFRI0  XP003633516 Dihydroflavonol/flavanone 59 6e-124 V. vinifera
XP002282842 Dihydroflavonol4-reductase-like 60 2e-144 V. vinifera
BrDFR11 ;
XP004505424 bihydroflavonal/flavanone 59 4e-136  Cicer arietinum
NP195268 Dihydroflavonol4-reductase-like 87 0.0 A. thaliana
BrDFR12 . A. lyrata subsp
XP002867074 Dihydroflavonol4-reductase 87 0.0 ’ Iyrata )

DRF Az the 72 842 433 A3} BrDFR6, 7, 11, 12 FAAEL 6719 &3}
570 QEROoZ FAH d9lem, BrDFR], 2, 4, 8, 9, 10 FAAESL 5719 &3} 47) 9
JEEOZ FAH JAJth &= BrDFR37 5 F-3A= 2719] A& 9] JIEECZ 34
ol AUJTHZH 76).

S g o713 & tE FE39 DFR fFAAkel et AlTrE A8 & A3 o7
et w3 AZE g2 152 FAEHaY 77). o] A= F B3 o]F ujF AL 3
=< H71EHY AL RS 22 a5 Soldor sHAe 7= AR Al
AL fFx750] &3 5 Iof diste] opmsglt @V ES vlws) £ A w¢ #e 97E
7FA 3L 1= BrDFRGE Al9)stals dl-¢- FARGE ofniqto =z FA4 5o Ao, 3719
A ZHQl BE FHo] A sATHTE 78).

l
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% To &8 de FAAE g g Aol motif 99L& vlws) ¥ Az F 10719
motif7} ZA) sl Motif 7, 10& ®RE AR &A3F e, motif 1, 4, 8&
BrDFR5E A|9)3 RE fAAbl ZA3sI) motif 6-& BrDFR11E A|2)3 BE FAAlol] &)

= BrDFR59} CAR645302 Al9)dt wE FHAbo &A3t9 . motif 9=
BrDFR4¢} 11& A ¢gF =& FAAbo] EA)3+9 2, motif 3= BrDFR4, 5 2 CAR64530% A 2|3+
RE FARA 2439t =3 motif 55 BrDFRY4, 5, 125 A3 nE FH) 2434
o wmEA IF 19 F 17708 #AA F 570 A AHBrDER4, 5, 11, 12, CAR64530)0E A 2]
st 12709 FAAELS 10719 motif & =5 7FA 2L JAJATHLH 79).

s
32
oD

BrDFRI —8—8-En-a=
BrDFR2
BrDFR3 D =
BrDFR4 L -ue—.
BrDFRS &
BrDFR6 --a---5-am
BrDFR7 o—8--a8-a-aum
BrDFRS *—a-8-En-a=
BrDFRS oo
BrDFRID F— ST
BrDFRH & &6 S
BrDFRI2 >-8—8-a-.-an
L2 ; X X . K 3
%) kb kb kb &b Sk 6kb Tkb Sib
Legend:
@ Ccps WM UTR — mbron

19 76. ¥ 1270 ¢] DFR Al gk % 4

I

@ BrDFR1-Bra038342
@ BrDFR2-Bra031666
@ BrDFR8-Bra020021
@® BrDFR9-Bra020020
@® BrDFR10-Bra020019
@® BrDFR7-Bra023231
@ BrDFR3-Bra026600
@® BrDFR11-Bra019062

@® BrDFR4-Bra024747
E @ BrDFR5-Bra024746
@ BrDFR6-Bra024744

Group |

@® BrDFR12-Bra010535
CAR64530 Dendrobium
AGP50170 P iaxhybrida

ABU93477 Helianthus annuus
NP001268144 Vitis vinifera

AGL50917 Pyrus communis
CAP08825 Arabidopsis thaliana

BAB10636 Arabidopsis thaliana

CAP08826 Arabidopsis thaliana

CAP08824 Arabidopsis thaliana Group Il
CAP08817 Arabidopsis thaliana

CAP08823 Arabidopsis thaliana

CAP08813 Arabidopsis thaliana

—
00s

19 77. DFR XA el that Als<F
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: g
1 { ;) o - TETSLAOTVLSLKE]
Fm i T
, :
)
1 3
'~ IMREL = ====EIIYEVCVERVI 18L 322
LEXKL L 310
=y =
— ,
:
) -
)

TIHQLAR-
L IPIPA~ === === n == EKTEAAEESHLVDVEVGG- - ~347

MALT 1 oLy

a9 78. 1 Io gk ofu| 4k @r)e] AE vl

[DMotit 1 [Jfmotit 2 [ motit 3 [l motit s motit s [l]Motif & [fimotit 7 [JjMotif 8 [l Motif 97 Motif 10

BrDFR1 [ 1 Heeees W B W W=
BIDFR2 N S . | N B
BrDFR3 I E—— I | W W]
BrDFR4 N N . | ee— O

BIDFRS L B

BrDFR6

BrDFR7
BrDFRS L Eee— B B NN NN C—

BrDFR9

BrDFR10 I N . | [—— ] fo )
BrDFR11 L S — — B — I =
BrDFR12 I E——— N N mmm—— I .

NP00126314. NN DS I o I . O

AGP50170 L8 Eee— B B e NN BN TOa—
AGL50917 L 8 Eee— 8 B NN NN OE—
CAR64530 l— BB S| I NN oE——

ABU93477 L Ee— R B I . O

' '
% 100 150 200 2% %0 130

29 79. 25 Iol tie @ E o) motif £

ANS §AAE #4937 Zo] DFR Aol tsiAE AMadd A& 7du) 57, '8053' %
e Fe] AL A3 AMEL o] &3lo] real-time PCRE E38 fxate Bd@S go}
Btttk S 1270¢] DFR FAAF FollA A4 #d-EaA 6719 FrAtoA dA e Aol &
B3tk BrDFRZ, 8, 9 FAAES Aol FolxS wl WA FoAT Solzog TH ol
E=Th BrDFR4 At whdn] 39} 805304 Aol Fox & uwl HdFo] Fol Hrh
BrDFR62 A-&xjglo oJaf A& 8AZFellA] 80533 Al &ujFoA wa ko] 714 =ghtirl Mt
Zr 238ttt o5 FHAEVIE 28 BrDFR3S A2x @S &A1 &S 0AIZF wfol A w7}
Hj 3=, 8053, Al &H]FE EFoA E& WS Koty ALy Fo| o3|y Yol Hx}
ZrotF e, 53] A28 8AITtAlA ]S} 80539 WHYF- 0AITtA Hls| Hwro =
ol & Ao vl AguiFolAs 0AIZEE A HIS=g ks FASIT7E 1 o] Fof W ghol
AP THIH 80).
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=g Aed ¥ AFA AF L ALl 3 AR AUS ALAHAT Bl skl
miroarrayE ¥ A F 12709 wWjF DFR #2474 F 87 fAASo] Wagel
}olE Hgith BrDFR3, 4, 5, 6 f44E A% 2 @4 BF Aeo] Folxg u FHgkol

rastglom, I % BrDFR3, 5, 62 -4T oA ofgt A Fo A Wdgke] F7lste A3 BT
BrDFR1 Aol dAlo] A2xjgol] oJs) Hdatzo=w wadgho] F7letaAAINt, A Fod A+
4CAAX FA3 FdFo] S/ T AE =& TIPS FA3A T BrDFR2 FH A=
A2 g el o3 AATG AR 25 FASHA FAAe ddgto]l Eobxon, 4T A=
ARl LAZS FASHA ol o FAe WAFel AHI w2HS FASATH
BrDFR9 3 2b= A FoAnt Boldoz Wagte] =gtom, 53] AA g 93] 1 Ftol
71k A4S R BrDFRI0 f3dAt= A A s A2l 2 wdeke] =folrf
AR, AFAT HLo] FoIHS w HHYo] FTUtste AFS RATHIH 8D.
9] DFR fAAE9] ddL 25 AT Aol ofle} /i e wapA oE Aeks
Hol HAl 4ol Ao o HEdleE FAAES EAMES B g ERE &

AN

BrDFR2 BrDFR3
& 120.00 - 1.40 ]lPaIgangbaechu 8053 = Seoulbaechu
Fe a
% 100.00 2 120 | aab a
i @ 1.00 — I
£ 8000 o |
& 60.00 z 0% b
o o o 060 i b 1 c b
= 40.00 = c z
3 2000 < - ol c <
ia dbd dc aa . chb @ 020 ] i d
0.00 +——— — : e 0.00 + - -
0h 8h 24h 72h Oh 8h 24h 72h
. 800 ,BrDFR4 1600 . BIDFR6
S | a b = a
@ 100 1 ap S 14.00 1
2 6.00 1 b £ 12.00 I
% 5.00 4 I g 10.00 a »
S 400 © 800 - _ I
> | o |
Z 300 4 2 6.00 b
iz, ! c © |
& fgg lags b c %:gg | bdec 2 -
o gen B - BE @20 nic ol oal ols
Oh 8h 24h 72h 0Oh 8h 24h 72h

engy | BIOFRE 80.00 | BrDFRY ,

70.00 -

b b
15.00 - = B 6000
50.00
10.00 - 40.00
30.00 &
5.00 i B 20.00 4
dcd a:2 2 b 10.00 a6 d " 8 b
= T d & B c iy
0.00 S = — 0.00 L
oh 8h 24h 72 24h 72h

h Oh 8h

Relative expression
Relative expression

ho

[
o
(@]
S
12

73l 3=, 8053, A LH3e] AL 8o thd DFR &4 =+¢) realtime PCR
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350 - BIDFR1 2000 | BrDFR2 4500 - BrDFR3 uchifu = Kenshin
1,800 a §4;onn o a

(Y

b
Hao

Ho
hg

@ 300 ab a a 8
g . § 1,600 i - 8 3,500
5 250 ab S 1400 = £ Joa | B
c | 3 3, o=

S 200 § o S 1.200 2 b
2 b ] 1.000 2 200 T -
5 180 | I 2 800 | b £ 2.000 H T O
S 100 c M g 60 {fg £ 1500 N &
= :[ C 400 c C 1,000
& 50 o I =
= = 200 500

Control 4'C  0°C  2'C 4C Control 4C  0'C -2'C 4C Control 4C  0'C -2'C 4C

3000  BrDFR4 o 5000 | BIDFRS 8000 - BrDFR6

o o = o | a
£2s00 | S 4000 { 2 grom 2 &
2 o000 | 2 g} T b S 6.000 | z

1 =
2 I b 2 3000 { 5 : z 3 5000 - b8
< 1.500 3 B . B B B . & 4000 JB S ©
= c c = d =
8 1.000 1 I 1 ; T EZODO = & dx = 5 3000 = ed
& g S 1,000 5 § 2000
= S0 = = 1000 |

Control 4'C 0'cC -2'C 4°C Control 4°C 0'C -2'C 4°C Control 4°C 0c  -2C 4°C

4,500 1 BrDFR9 3,000 | BrDFR10

g 4000 { b i 1 8 2500 2 a
8§ 3500 I § b & nt
S 3,000 - g £ 2,000 13
® 2.500 '8 Wisdo I be b be
2,000 = i z N s
§ 1500 { g 5 1.000 i
& 1000 - & s d
= S 500 | o
= s00 { M, b a a be

Control 4'C  0C -2'C 4C Control 4'C 0'C -2'C 4'C

I8 81 AR 2 A Aexgd wE DFR #2229 microarray 23}

t}. Anthocyanin A FZ L A2/UTAH =2 AR 4

Anthocyanine ThFgh 2, <G, FA), A4 ol WA oA g gghs -3 B4
o2 4#HA Atk Anthocyanin @Al thsiA olu] FHLSHA LdHA doH, F= =%
2 zd TS = FEA|KGrotewold, 2006; Harborne and Williams, 2000;
Quattrocchio et al., 1993).

Arabidopsis thaliana®) 73-%- LDOX ZTZ®E|e] =7 9 BHLH 24 EGL3%} TT8ES X33t
MYB-BHLH-WD40 ZARQIA}S] Jsabgo ofz #4" 4 ArhAppelhagen et al, 201D.
Brassica oleracea®l 733 bHLH #ZA= BoTT8¢]™, MYB ZHARIA= BoMYB27}
anthocyanin A4 7 =2olA =4 FAAY el BuEAKYuan et al., 2009).

£ A= wiFolA anthocyanin A H2E 2dste FAAES 45t =S A2 4
WEsdol #oste fFAAEd o BA4sIAT A& AREE w5l “wAAu ", “8053%,
A FTE ol &St e, dVIAYE A4S 98, primary structure= http://expasy.org/
tools/protparam.html&  =w<¢l &4 93 http://smart.embl.de/smart/set_  mode.cgi?
GENOMIC=1& 714 ¥E ®uE 93 #HA- http://www.ncbi.nlm.nih.gov/BLAST/E ©] &3}
on, ©F ©wiE AV|HE HnE $Js]  http://pir.georgetown.edu/pirwww/search/
multialn.shtmlS @23 eid 710 F52h8-& dolrr] ¢faf STRING Z215E o] &
AT =3 ciselements XS 93] Plant CARES Abg3tglon, @Hd BEAS Qs
RNeasy mini kit (Qiagen, USA)E AF&3] total RNAE FZE3}e] RNase-free DNase
(Promega, USA)Z genomic DNAE A A3}a] RT-PCR ¥ Realtime PCRE 4333} t}.

HjF=e] Q13 F5 FiES AMESIR o, ol AATE WAl "whAw) S HEx o s Wyl
ARl “8053°, HMAHoR Z=FMQl “XNLuFE AMESIATE I o]Ldl o] WIEAQ] 67
AMET 28242 2719 BES ARE AT

| 5=oll 4] anthocyanin A& BAZE ZASt= BrPAPI, BrPAP2-1, BrPAP2-2, BrMYB2-1,

u
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BrMYB2-2, BrMYB3-1, BrMYB3-2, BrMYB4-1, BrMYB4-2, BrGL3, BrEGL3-1, BrEGL3-2,
BrTT8, BrbHLHI151-1, BrbHLH151-2, BriTGl1, BrTT16-1, BriT16-2, BrHY5 +37 % 19/0&
AR e, olE Al ekl BIMYB2-2 fridabe " Ee] SloAnt Sojxow
FAson, BriT8S "wiul ] 3 FHARt Sojxoz ddste, o] F FHa=
anthocyanin Agtdol Slo] a3 FHAUS Attt EZF o] & realtim PCRE <13
A3 BrMYB2-2¢} Br7780]l "wujS oMt Hojzxoe wds &S FAstAT
(29 82).

Eulbauzhﬁ B)

A) L Mr L Mr
servt s BrMYB2-2
BrPAP2-1 . oo
o
BrPAP2.2 7 0.80
L]
BIMYB2-1 E 0.60
BIMYB2.2 b
> 040
L]

r r
evvesz [ Palganghaccin Seoulbaschu
weocs ' artT

&060

2 040 1
BrTT16-1 2020 4 i
BrTT16-2 0.00 - —
e L w L
Br-Actin = | Palgangbaechu I Seoulbaechu |

a9 82. vF=oll A anthocyanin A A& A3t FAAE g Td 24
(L: leaf, Mr: midrib)

Anthocyanin A4S =4dst= &
zlo]l & Hol= 270 FRAE Ao, A S50
K - 1 “AEHlE", a8 871e] W
ZAQ 241%F 2, D& ABEE o] &

Ql
1w

ste] XMW3y BrMYB2-2, BrTT8 7 Abe] tier ia S dolrtty. 1 Ay BMYB2-2= “w7}
3= 2] QoAut EolH o7 WP, Br778E A3 »E WAl A 7o thste] EoA
o2 FFHHE 83).

| Palgangbaechu | 8053 I Seoulbaechu || Brassicarapa lines (Leaf) |
L Mr L Mr L Mr 1 2 3 4 5 6 7 8
BrmYB2-2
BrTT8
Br-Actin
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o8 ATsae] Td 24
(73 u) 32 leaf 9} midrib-2 WZFAY, “8053" 9] leaf+ WXHAY, midribe =AY,
‘A& 9] leaf9} midribe &4, 1, 3-6, 8 WA ¢l 2, 7 2EA 9))

T3h, anthocyanin A AR #ASteE F2 FAAEQ BrPALI, BrCHS, BrF3HI,
BrF3’HI, BrFLS, BrDFRS, BrANS1, BrUFGT, BrBAN2] 9/] A A& tiste] 3 F=9]
RF WEZRARQL WA ST, Qlo] wWhRhAlol i FEE 2 EAQ] "8053°, A FEo] BT &
1 “AgulE", aga /1Y HlF Alsg Addste], lo] WhzkAjl 645 (1, 3-6, 8), $io]
FA1Q] 2A41% 2, D& ARE ol&ste] LARAS 3 Ao A 9vde dolEHe At
1% 84).

B

B

~

lPalgangbae(hu I 8053 I Seoulbaechu H Brassicarapa lines
L Mr L Mr

,_.
<
o

.

N

w

=y

[

o

~

©

BrPAL1
BrCHS
BrF3H1
BrF3’H1
BrFLS
BrDFR8
BrANS1
BrUFGT
BrBAN

gractn iRl Ll
719 84. Anthocyanin &4 2 2o #Ast= %
(“m-73u 5“9 leaf ¢} midrib WEZFA, “8053°2] leaf+ W
‘A9 leaf@F midribe =AY, 1, 3-6, 8 WIHA

R CE L T T T LX)
T T
o - e e e e e
E N L T N
0 | e=s & =™
L
C N ey
——-  |eeSeessse
B T e ]
- - - - - - -

:{o
2
>
fo
"
(ol
St
1

N
=
3
g
o
rlo
B

il
=

Ho -

[\

\]

B

u

& A
o

BrMYB2-29} BrTT8 s+ Ak 3abd =l A2 Heg w5 AdIZolA ddgo] =of
Hom, BA wiFQl ARk A v FQl A FoA LBAGS vas BokE wW A
o} ARoA B gus FAsAn. webA wiFel A2 2EH27F Fo e u
of F+ FAAEL A= WgstHA anthocyanin AEPY A2E 2Hst= she A8
st Ao oA

HjS=ol A A2 2~Ed 2 oA anthocyanin A3A HAZE ZHste fA7F w-8-31H,
ol L a7 FAAEY ZERY FEo ZAdste AL 2d fFHAESES 20H, o
Z-goll o3 HIAHES FIAZ & UK H 85).
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Cold

Basic helix-
loop-helix
(bHLH)

Transparenttesta 8 ]

expression (ICE) (TT8)and/orMYB2-2

{ Inducerof CBF

Binding ™,
3
{ C-repeat/dehydration- J [ Dihydroflavonol 4-Reductase ]

responsive element- (DFR), Anthocyanidin
binding factor (CBF) synthase (ANS)

/

Cold-regulated
genes

| Increased freezing tolerance |
713 85. CBF A &-wkg A 2o A anthocyanin A4 ZdEZ Eo] B
i

AL bsA = 28 71H)

6. 2FXAHF X EAUAE E83 1FF AEA D A w3 g

2159 F Qa3 o]xt AAHEE 2= anthocyanin, beta-carotene, glucosinolates, nutty smell,
pungency s°| Atk I F AEAIILE FetRols AHioln, AEd lo] AETZ
71 gted 8% IS ok FEAHE T o] FE B3 GEA oIS it
Ao zHE 3te] ARE R3idF+= 7|sol Auh wlF(Brassica rapa, 100% AA
genome)®} A kvl F(Brassica oleracea, 100% CC genome)Z wjj vl ek(embryo rescue)d}ed,
TS F1 A EAGO% A + 50% C genome)E 39704 A%loem, AC genomes vlAZ &
S TH1E 86, 87, 88). F1 7RAI(AC genome)oll 3]z A glo)| o8] A3 FIAAES 8
SFATH™E 89). A& F1 ZiAlol tiste FAIEZEA(Flow cytometry)S T3l &3]3 A&
Z 4 A (tetraploid) 2 EQlstF ™ 90). 4¥iA] FIZRAI(AACOE w2t o alvlsho]
FIBCl& #Aste dAAl, E3Agst e Folth, I & A LA )] Hmicrospore
culture)sted, FEA oM A wpACHESE LS oot

*Tel

A B C

D
1Y 86. wiFoF A ko] wiujefel o J537 F1 A&l

At i
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ST74 Bo-TS BrdTS

1% 88, HjwjFow A& F1 7ZfAel tist nA HAS=Z AC genomeHl
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(7 74

Lo
) \-w o /‘ N

AA '} cc
2

AACC
298 90. FAIEZEXN(Flow cytometry)oll &3] F3]Xe A 2s F1 7/HA7} 49 A4S &<l

N
o

GEAOPA(M ) A wpAL TS 98] GEAORD AP ARel e F2 FHAAE
Aurste] 35 sete] primerE T]ARQl 819 0.H, realtime PCRE w3} & ku3 7ho] wHlju)
o] 93 =3 F1 AEA 39700 tste] QtEA oM 3FeF AL & QEAolY Ak ulA
N Folt.

o
O

Ll

7. §AHE Vector 75 € FHAAS T3

2EY 27t FRAH M Eato A QIA|te, Zg AlA7}F 379 kinases X+ phosphatases=
5 Byt o] AAHA HAste SEEe] Wdo] 2EH 29 Hhgo
o &3 2Ef 2o g fFAASES WEA RSk early ARt
delayed AR T2 & Qth early FHAAES @ B oY) 2EH LS
A Ao g2 Tt Wl delayed S-S s A, E AT
s, BE WAL FAste AFES EAdth early FAAEE AAEAH
delayed FAAEZE AAIZRHE FHAA] oA A4S EH= AA 2EH 2 93
). delayed F3x==Z+= RD, KIN, COR, RAB18, RAB29B 5°] HE i %o] Qo1

I8 Ao ®kgsleE T8 FHA% COR frzd=te ‘:‘”‘4 AAe AHEY
(inducer of CBF expression) +##Fe] bHLH =w?le] CBF(CRT- binding factor) -f-7x}<]
I20H YYo| EA5t= cs-element?] CANNTGS 7]l bindingste] CBF F3dAE &3}
A o] &A3tE CBF A9 AP2-domaine] ©HAl 8t FHell EA38k= COR FA A9
Z2RE YY) EA3+= DRE/CRT (C-repeat/drought-responsive element)ell binding= o]
COR fFAAE TAANZIEEZN Ao AgHE 7IxA AH(dE 92).

olo QR
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o o N —1N
2 i
ol
)

£ o> X fo

i :\o
>
X
X2 o
o gz
=~ i (o et R
o H ot o rlr we
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E [Ca?*]ext
EARLY GENES
/ PLC

PIP2 —» IP; + DAG ‘
J’ T Encode proteins like
Ca2* Transcription factors/
and other Calcium sensors.
second messengers (InsP, ROS)

2+
Ca?* Sensors (CBLs/CaM..) ACTIVATE

Kinases/Phosphatases  cipks/s0s2, CDPKs,

-PO./de-PO; |, MAPKs and various
Transcription factors Protein phosphatases DELAYED GENES
V (RD/KIN/COR/RAB18/RAB29B)

Major stress responsive genes
‘ MODULATE

Physiological response
STESS TOLERANCE EFFECTORS

) e.g. LEA like proteins, antioxidants
Stress Responsive Genes Osmolyte synthesizing enzy

T 9L MBS AEd sl WS AR fAAe] AR

BriCE1 — Sy poly(A)

‘ Binding
BrCBF CACCTG  jmmmmmesen poly(A)
Potential MAC domain ‘ Binding
BrcoR14 {(CGCCGTC J——— poly(A)

‘ Potential GCC box

Increased Freezing Tolerance

13 92. B1AF w39 CBF cold-response o4 A=

7L =

e 2= pCAMBIAolA <FzF wWa® ®El & backbone Zfoll Spectinomycine resistance
gene?l aadAZ} UTHZ®  93). FXMWE|E= pGRP1# pZRT3-Barg o] &350
pZRT3-Bar& Bar FAAE HI7IAA AdvtAZA o] &S 4 A stATHIH 94). Z==H
FRoE UFole= Hndlet Xhdg FZEAd+w Kpnla Nodel adaptorg £ Oom, target
gene FEOZ G&o= Kpas}t Nods& FAZEAe BamHlz} Smale] adaptorg ZHzb #7713k
zZ2RE 9 target geneS FE3ITH
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N()[[
E';s

rep and sta from pVS1

: replication (rep) and "
stability (sta) regionin \®
Agrobaterium

geal H3 RI

S,

1% 93. pCAMBIACIA 4471

PGRP1
X Pm Scl
\4

RB LB
Spectinomycine
resistance gene
pPZP200
6,700bp
from pBR322
rep
/ Notl

NotI Clal

£ £ E

. .
se(M) x &(Bs@
&

SScISh NcHIIISpNcSpS B §
BR P P P

PZRT3-Bar T

&

BL

1@ Sh @@ :

% LS
P Nc RV SScll RI
[

EK BL

RbcS3 [

X Sp NcP P

BR
HIILHindIII, Xh;Xhol, K;Kpnl, N;Notl, B;BamHI, Sm;Smal

O Target gene site restriction enzyme

19 94, St E ¥ (pGRP1, pZRT3-Bar)

O Promotor site restriction enzyme

U Ao Hhgele 8 FAA FF B
Ao "W$3t= [CE, CBF, COR ®AAEF 1 ZZEREH FIo d7|A<LEq S+
elementE #A43tA . ICEAAME ZEREH Y| CRT/DREY ABREZF e A= AL

e FAAE AJATHTHE 95). CBF a regiond} b regiono] o™ AP2 domaing 7}A
Ae=d 1714 FAAE a region® b regiono] {1o™ AP2 domain¥he A Il AATH L
96). CORE 2% E <o) CRT/DREY ABREZ} thii f-Adx}e] 5% 7l7to]l Ao
Ae & F AAHTH 9IN.

fr oot Rl
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ICE

Brac03050(EST)

Brac19934(EST) L o—1 H I I
Bra032947(99%)
Brac09826(EST)
Bra034246(98%) 1 H I
Bras07655(EST)
Bra025226(99%) & 1 1 I
@ CRT/DRE
® ABRE 500k,

79 95. ICE G4 @ ZzwE oo 2z

CBF Braozszoo ——INIEE——
Bravzz770 —— IR ——

Bra022573 — [
Brao19162 —— N |——

Brav10461 —— N
Brav10460 —— NI}
Bra010463 — |

DQoz2955 —— NN
DQRo22954 ——IR—

AtcsFl ——
Atcer? ——
AtCBF3 o |
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I AP2 domain
| b region 100aa

19 96. CBF &AL #+x%

COR
Bra000265 o—-o—1 [ ]
Bra000263 B oo— B
Bra013992 o—I I

Bra008661 .-b.[: 1 1

@ CRI/DRE | |
® ABRE 500bp

12 97. COR 44z @ ZazwE 9o 7z

2E I=2Y
409 ZolwE ALg3te] of 1ol A Ao W3 AtRd29a T2 RE F o
ZZ3 3 924351 9715 sk AtRd29a TERE 99| cis-elementE
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223 A3 AtRd29a T2 RE 998 DRE, C-repeat/DRE, ABRE, TC-rich repeatss 2]
T Fgt cis-elementES X3t JAJTHE 4D. 97171 &0¥ AtRd29a ZZRE FE20=
2E plasmidE F% % Z3F #E <l pGRP1 WEIY PGD1 49S AAT T AAD =g o
AtRd29a T2 R E 99 ligation AlFHTh. ligation® F&2-& PCRE o] &3t &5t th

(g 98, 99, 100, 10D).

¥ 40. Z2TH AZ2Y primer AR

, ) Tm | % Pro.
Promoter 5 -3 ) | gc | Length Size(bp)

FW AAGCTTCTCGAGCGACTCAAAACAAACTTACG 58 | 48 32
RV GCGGCCGCGGTACCAATCAAACCCTTTATTCCTG 99 | 56 34

AtRd29a 850

< pCR2.1 (3.9 kb)

< Rd29a (850 bp)

1% 98. topo TA cloningste] Rd29a¢] insert &<1

>AtRd29a promoter

AAGCTT CGACTCAAAACAAACTTACGAAATTTAGGTAGAACTTATATACATTATA
TGTGTAATTTTTTGTAACAAAATGTTTTTATTATTATTATAGAATTTTACTGGTTAAATT
AAAAATGAATAGAAAAGGTGAATTAAGAGGAGAGAGGAGGTAAACATTTTCTTCTATTTT
TTCATATTTTCAGGATAAATTATTGTAGAAGTTTAAAAGATTTCCATTTGACTAGTGTAA
ATGAGGAATATTCTCTAGTAAGATCATTATTTCATCTACTTCTTTTATCTTCTACCAGTAG
AGGAATAAACAATATTTAGCTCCTTTGTAAATACAAATTAATTTTCGTTCTTGACATCATT
CAATTTTAATTTTACGTATAAAATAAAAGATCATACCTATTAGAACGATTAAGGAGAAAT
ACAATTCGAATGAGAAGGATGTGCCGTTTGTTATAATAAACAGCCACACGACGTAAACGTA
AAATGACCACATGATGGGCCAATAGACATGGACCGACTACTAATAATAGTAAGTTACATTT
TAGGATGGAATAAATATCATACCGACATCAGTTTGAAAGAAAAGGGAAAAAAAGAAAAAA
TAAATAAAAGATATACTACCGACATGAGTTCCAAAAAGCAAAAAAAAAGATCAAGCCGACA
CAGACACGCGTAGAGAGCAAAATGACTTTGACGTCACACCACGAAAACAGACGCTTCATACG
TGTCCCTTTATCTCTCTCAGTCTCTCTATAAACTTAGTGAGACCCTCCTCTGTTTTACTCAC
AAATATGCAAACTAGAAAACAATCATCAGGAATAAAGGGTTTGATTGGTACCGCGGCCGC

13 99. AtRd29a¢] Promoter & dA7|Ad AA

3 41. AtRd29a¢] Promoter H-¥°)| cis-acting elements 49

Cis-acting elements Position Function
DRE (+552,+609) dehydration, low-temp, salt stresses
C-repeat/DRE (+604) cold- and dehydration-responsiveness
ABRE (+712) ABA responsiveness
CE3 (-656) ABA and VP1 responsiveness

HSE (-52,+203) heat stress responsiveness
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TC-rich repeats (+154) defense and stress responsiveness
5UTR Py-rich stretch (+156) high transcription levels

< pGRP1 (6.7 kb)

«Rd29a (850 bp)

29 100. Plasmid & % #E 2 Z22E g9 9l

<+— Rd29a(850bp)

% 101. AtRd29a Z2XH ¢4

tlo

pGRP1ef ligationdt ¥ insert &<l

2t B4 AAe 2249

Ao s+ ©A  +d1A 1070BrCBF1, BrCBF4, BrZAT10-2, BrCORI15B-1,
Bra0293396, Bra039558, Bra001449, Bra022722, Bra001043, Bra012845)2 Xdsl & % 429]
zgpolHE ol gste] BA FHAE FHAT 59 Ao AHES TA #HHo| F8Y9
g & GUIE FASATHE 102, 103). 11 ¥ FlH FEY plasmidES ©]&3to] A
FHH gAHES st = Folth

342 B2 RS zefoln] FH

No. Gene Sequence (5> — 3) SizGeer(lgp)

2 BrCBF4 fw GGTACCGCGGCCGCATGGATCCATTTTACACTTC 663
v CCCGGGGGATCCCTAAAAACTCCAGAGTGACACGTC

3 | BrZAT10-2 fw GGTACCGCGGCCGCATGGCGCTTGAGGCTATCAG 690
v CCCGGGGGATCCTTAAGCTTTCTCCGAGAAGTC

4 | BrCOR15B-1 fw GGTACCGCGGCCGCATGGCGATGTCATTCTCAGGA 390
rv CCCGGGGGATCCTCATGCCTTTGTAGTGTCCTTATC

5 | Bra029396 fw GGTACCGCGGCCGCATGGGCTGCTCTCTGTCGAA 666
rv | CCCGGGGGATCCTTAGAAATATAGGTTTTGCAACTCC

6 | Bra039558 fw GGTACCGCGGCCGCATGTGCAGAGGTTTTGAGG 204
rv CCCGGGGGATCCTCAACTCGTATCTTTATC
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7 | Bra001449 fw GGTACCGCGGCCGCATGGATTGTTATACGGGAAG 708
rv CCCGGGGGATCCCTACTGCACTCTCTCTGGTAG

s | Bra022722 fw GGTACCGCGGCCGCATGGAGAAGATGAAGTGTG 606
rv CCCGGGGGATCCTCACAGTCGTTTGATTTTTA
f TA ATGTTGAAAGAAGAGACCAA

9 | Bra001043 W GGTACCGCGGCCGCATGTTGAAAGAAGAGACCAAC 637
rv CCCGGGGGATCCTCAAAATGAAGGAACAATTC
fw GGTACCGCGGCCGCATGCCTTGTCTTTATATTAC

10| Bra012845 v CCCGGGGGATCCCTATAGTTTAGAAGGAAGAG 339

A B
M1234567 8 M1234567 8

D

M1 23 4567 8 M12345¢67 8
E F
M1l 23 45 67 8 M12345¢67 8

H
M1l2345¢67 8 M1l 234567 8

M1234567 8 M1 234567 8

13 102, el 571 #e] TA cloning®$ insert &<l
(A: BrCBF1 amplicon 696 bp, B: BrCBF4 amplicon 663 bp, C: BrZAT10-2 amplicon 690 bp,
D: BrCOR15B-1 amplicon 390 bp, E: Bra0293396 amplicon 666 bp, F: Bra039558 amplicon
294 bp, G: Bra001449 amplicon 798 bp, H: Bra022722 amplicon 606 bp, I: Bra001043
amplicon 687 bp, J: Bra012845 amplicon 339 bp)

>BrCBF1

GGTACCGCGGCCGCATGACCTCATTTTCTACCTTTTCTGAAATGTTGGGCTCCGAGTATGAG
TCTCCGGTTACATTAGGCGGAGAGTATTGTCCGAAGCTGGCCGCGAGCTGTCCGAAGAAACC
AGCCGGTCGTAAGAAGTTTCGGGAGACGCGTCACCCAGTTTATAGAGGAGTTCGTCTGAGAA
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ACTCAGGTAAATGGGTGTGTGAAGTGAGGGAGCCAAACAAGAAATCCAGGATTTGGCTCGG
TACTTTCTTAACCGCCGAGATCGCAGCTCGTGCTCACGACGTCGCCGCCATAGCCCTCCGCGG
CAAATCAGCTTGTCTCAATTTTGCTGACTCGGCTTGGCGGCTCCGTATCCCGGAGACAACAT
GCCCCAAGGAGATTCAGAAGGCGGCTGCTGAAGCCGCCTTGGCTTTTCAGGCTGAGATAAAT
AATACGACGACGGATCATGGCCTGGACATGGAGGAGACGATCGTGGAGGCTATTTTCACGGA
GGAAAACAACGATGTGTTTTATATGGACGAGGAGTCCATGTTAGAGATGCCGGCCTTGTTGG
CTAGTATGGCGGAAGGAATGCTTTTGCCGCCGCCGTCCGTACATTTCGGACATAACTATGAC
TTTGACGGAGATGCTGACGTGTCCCTTTGGAGTTATTAGGGATCCCCCGGG

>BrCBF4
GGTACCGCGGCCGCATGGATCCATTTTACACTTCTTTCTCAGACTCGTTCCTCTCGATCCCTG
ACCACAGATCTCCAGTTTCCGACAGTAGTGAGTGTTCTCCGAAGCTAGCTTCGAGCTGTCCG
AAGAAACGAGCAGGGAGGAAGAAGTTTCGTGAGACACGTCATCCGATTTACAGAGGAGTTCG
TCAGAGAAACTCAGGGAAATGGGTTTGTGAAGTTAGGGAGCCTAACAAGAAGTCGAGGATT
TGGTTAGGGACTTTTCCGACCGTCGAAATGGCCGCTCGTGCTCACGACGTCGCCGCTTTAGCC
CTTCGTGGCCGCTCCGCTTGTCTTAATTTCGCCGACTCGGCGTGGCGTCTCCGGATTCCTGAG
TCTACTTGTCCTAAAGAAATTCAGAGAGCTGCGGCTGAAGCTGCAATGGCGTTTCAGAAGGA
GACGGCTACGACTGAGACGACTATGGTTGAGGCAGTGAAACCGGCGGAGGAGACGGTTGGGC
AAACGGGTGGGGAGACCACGGAAGAGAACGGTGTGTTTTATATGGATGAAGAAGCGGGTTT
TGGGATGCCAAGGTTTCTTGAGAATATGGCGGAGGAGATGCTCTTGCCGCCGCCGGAACTTG
gégGGAATCATAACGACTTGACCGGAGATGCTGACGTGTCACTCTGGAGTTTTTAGGGATCC
GGG

>BrZAT10-2
GGTACCGCGGCCGCATGGCGCTTGAGGCTATCAGTTCACCGAGATTAGCTTCACCGGTCCCTC
CTCTGCTCGAAGATTCTTCAAGATTCCACGGCGTCGATCACTGGACCAAAGGTAAAAGATCT
AAACGGTCCAGATCCGACTTCCACCACAAGAACCTCACAGAAGAAGAGTATCTCGCTTTCTG
CCTCTTGCTCCTCGCTCGTGACGGCGATCGCAGCAACCGTAACCCTCTTCCTCCTCCTCCGGTG
ACGGTGGCGGAGAAGTCGTCAACCTACACGTGCAGCGTCTGCGACAAGTCCTTCTCGTCTTAC
CAAGCCCTCGGGGGACACAAGGCGAGCCACCGGAAAAACTTATCACAGACCCTATCCGGCGGA
GGAGATGATCAATCGACGTTGACCACATCCGCCGCGACAACCGGAAGTGGGAAGTCTCACGT
CTGCTCGATCTGTCACAAGTCGTTTCCTTCCGGCCAAGCTCTCGGCGGACACAAGCGGTGCCA
CTACGAGGGGAATAACAACAGTAGCAGCAGCGTGGCTAACTCCGAAGGAGCGGGGTCCACCA
GCCACGTCAGCAGCGGTCACCGTGGGTTTGACCTTAACATCCCTCCTGTACCGGAATTCTCGC
TGGTGAACGGAGACGACGAAGTGATGAGCCCGATGCCGGCGAAGAAGCCCCGTTTTGACTTC
TCGGAGAAAGCTTAAGGATCCCCCGGG

>BrCOR15B-1
GGTACCGCGGCCGCATGGCGATGTCATTCTCAGGAGCTGTTCTCAGTGGGATTAATTCTTCT
TTCCCCAGCGGCGTAGCCAAGCAGAGCGGCGTTGGCGCCGTCAGATTTGGCCGGAAAACTGAG
CTCGTTGTCGTCGCTCAGCGCAAGAAGTCGTTGATCTACGCCGAGAAAGGTGATGGAAACAT
TCTCGATGACATCAATGAGGCCACAAAGAGAGCTTCAGATTACGTGACAGACAAGACAAAGG
AGGCGTTGAAAGATGGAGAGAAAGCAAAAGACTACGTTGATGAGAAAAACGTTGAAGCCAA
AGACACTGCATTGGATGAAGCTCAGAAAGTTTTGGATTATGTGAAGGAAAAAGGAAACGAA
GCAGGAGAGGATAAGGACACTACAAAGGCATGAGGATCCCCCG

>Bra029396
GGTACCGCGGCCGCATGGGCTGCTCTCTGTCGAAGAAGAAGAAAATTGCAATACCACCGCCG
GGATATGAGGATCCGGACCTTCTTGCATCCGTTACGCCGTTTACGGCAGCAGAAGTTGAAGT
TTTGTACGAATTGTTCAAAAAACTAAGCAGCTCAATCATCGAGGACGGTCTTATTCATAAG
GAAGAGTTTCAGCTGGCTTTACTCGGAAACAGGAACCGGAACAATCTTTTCGCTGATCGGAT
ATTTGATGTATTTGATGTGAAACGTAATGGAGTGATCGAGTTTGGTGAATTTGTTCGGTCT
TTAGGTGTCTTCCATCCAAATGCACCTGTCCATGAAAAGATCAAATTTGCTTTCAAATTGT
ACGATCTAAGGCAAACTGGATTCATCGAGCGAGAAGAATTGAAAGAGATGGTAATAGCGCT
TCTTCACGAATCTGAACTTGTTCTTTCTGAAGATATGATCGAAGTAATGGTGGATAAGGCG
TTTACTGAAACAGATCGCAACAATGACGGGAAAATTGATGTAGATGAGTGGAAAGATCTTG
TGTCCATGAATCCGTCGCTCATCAAAAACATGACTTTGCCCTATCTAAAGGACATAAAGGCG
ACGTTTCCAAGTTTTGTTTTATCTAGTGAAGACGAAGAACTGGAGTTGCAAAACCTATATT
TCTAAGGATCCCCCGGG

>Bra039558

GGTACCGCGGCCGCATGTGCAGAGGTTTTGAGGAACAAGAGAGAAGAAGAGACGACGGAGGA

TGCCGGAGAATCAGAGCTCCGGTAAGCTGCGATCTCTGCGGTGAGAACGCAGCCGTGTATTG

TGAAGCCGACACTGCTTTCCTCTGTAGGAAATGCGATCGATGGGTCCACTCTGCGAATTTTC

TTGCTCGGAGACATCTTCGGCGCGTGATCTGCACAACTTGCCGGAGATTAACTCATCGTTTT

8TTGTQ%&Q&?TAATTTCAGTGTCGTCTTACCAGAGTCCAAAGATAAAGATACGAGTTGAG
ATCCC
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>Bra001449
GGTACCGCGGCCGCATGGATTGTTATACGGGAAGGAACTTTGAAGATTTTGTTGTGCCTACT
TATCAAGAAACGTCACCATCTAATGGTATGTGGGGTGGTGGATGGAGCATGAACTCCCCTGA
AGCTACTGAGAAATGCTTTGATTACGATCGTTTTAATAGCCAGATGGGTATGAGGACAAGC
GAAGAAGAAGAAGAAGAGTCTAAGAGAACAAAAGCTTTCTACGGCGCTTCTTCGCTTCACG
AGTTCGAAGGAATCGAACAGATGGATGATATGTTCTTAAGTTCTATCTTGGAGGATGTTCC
TGGAGATGTACACCGTGCTTCAAGCAGTAATAACAGTGTTGGCTCTTCGTCAATGTATGGTG
GTGGTGAAGTCCCTATGTTCCATTGTCAAGCCGTGCCTTTAAAGGAAGAGGCTCCTTTCACA
ATCTCAGATCTGTCTGAAGAGAACATGTTAGATTCACAGTATGTGGATGATGAACTGTCCT
CTGAAGAACTGGTGTTGCAGGATCTACAAAGAGCTTCAGAAAAGTTAACTGATGAAACAAG
AAAGTGTTTCCGAGATACGTTTTACCGGCTTGCAAGAAGCTCACAAGAGAAGTTGGATTCCG
ACAACAACACTAACTCAGGAGAGTTCCATATGCAAGCATCCAGATATGATGATTATGGTGA
CAACACTACCAGGTTGAGTAGAGAGGAAGAGATTGAATCAGAAACAAACTCAATAGACAGA
GCCGTTGCAAACCTTACTTACAACAAGATGGAATCCAACATAAGCAACTTTCCTCTACCAGA
GAGAGTGCAGTAGGGATCCCCCGGG

>Bra022722
GGTACCGCGGCCGCATGGAGAAGATGAAGTGTGAGCTATGTGAGGGTGTGGCGAGAATGTTC
TGTGAGTCAGACCAGGCGAGTTTATGCTGGGACTGCGACGGTAACGTTCACGGAGCTAACTT
TCTGGTGGCTAAACACGCGCGCTGCCTTCTTTGTAGCGCGTGCCAATCTCCTACGCCTTGGAA
AGCTTCTGGCCTTCGGCTCTGTCCAACCGTTTCTATATGCGAGTCTTGCCTTGCTCGTAAGA
ATAACTCCGGCGCCGGCAGCAATAGTTACGGAGAAGACGACGGCGCAGAATCTTATGATGAG
GATGAGGAGGAAGAAGAAGAAAGTGATGATGAGGAAGAAGAAGAAGAAGAAGCGGAGAATC
AGGTGGTGCCATGTGATGCGGCTGCGGCGGTGCAAGAATCTCCGGTGATGAGTTCATCGTCT
TCCGTTAGCAGCGGAGAGGAACGTTTCAGTTTGGTAGCGAAAAGGACGCGACAAGATTCAGA
ACTTAACTCCGATGATGAAGAATCAAACGACGAGTCACGACCTTTGAAACGGCTGACGAGAG
ATGCAACCTTGCCAAGATCAGCGGCTATGATGAAATCAACCTTAAAAATCAAACGACTGTG
AGGATCCCCGGG

>Bra001043
GGTACCGCGGCCGCATGTTGAAAGAAGAGACCAACGAGAGTGGCTTTGTGGCGGGTAAAGAA
GACGATGAGGCTGATAGAGAGGTGGCTTCATGGTTGATGCTGAATGCAGAGAAAGACAGTG
ATAATCACAACAATGGGTTCTTGTTTGGTGTTGAGTATCTTGACCTTGTGGACTACAGCAGC
AGCGTAGACAACCAGTTCGAAGATCAGTACAGTCACTACCAGAGGAGCTTTGGGGGAGAAGA
TGGAGTTGTACCACTTCAAGTTGAAGAACCAAAAAGTTACCAAAAACAAAGCCATCACAAC
TATGGTCACTACAACTACAATGGTTCCTTAAAGGACCTAAACCATACTGTATCTGTTTCATC
AATGGACATCACTGTTGTGCCAGAGTCAACAGAGAGTGACACAACAGTCCAATACTATAAA
GAGACGATAGACCAACTATTTGGCCCACCTACTCAGATGGTGCAGCAGCTAACTCCAGCGGA
CAGGGAGGCTAGGGTCCAGAGATACAGAGAGAAGAAGAAGAGGAGGAAGTTCGAGAAGACA
ATAAGGTATGCTTCAAGAAAGGCATATGCAGAAATAAGACCACGGATCAAGGGACGTTTTG
CAAAGAGGACAGAAACTGAAGCTGATGCAGAACAACTCTTTTCAACATCTCTAATGGCCGGA
TATGGAATTGTTCCTTCATTTTGAGGATCCCCCGGG

>Bra012845
GGTACCGCGGCCGCATGCCTTGTCTTTATATTACAACTAACGTCAATTTGGACGGCTTCAAA
ACCGATCCGTTCTACTCGGAAGTCACCAAAGCCGTCGCTTCTATCGTTGGACGGCCTGAGAAC
TTGGTGATGGTGGTGTTGAAGGGGTCAATAGAGATAGTGTTCGGTGGAAACAAAGAAGCAG
CTGCATATGCAGAGATTGTGTCGATGGGAGGCATCACCAAGCAAGTTAAGAGGCAGCTTATT
TCAACCGTTGGTTCTATTCTTCACACTCATTTTTCTATTCATCCCACTCGTTTTATCTTTAA
AGTTTTTGATATCAATTCTTTGCCTCTTCCTTCTAAACTATAGGGATCCCCCGGG

1% 103, EFAl 53 A 107000 ek M E 2A
nh Zhdd WE TS g FEHS
(D A A 9 primer A X
ARG AFLH FA12e] exond intrond] TEE HW introno] {UE FAA 270, 1749
introng 7HA 2 e FAA 270, 7709 introng AT Y= FRAA @ AR FAH Ak
(19 104). o] 571A o] A Aol tfgh primer AR = ofg] & 433 Zt}.

r_>rL ot
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Legend:

. £XON 01 2: intron phase
Bra0l19162 e e—
I

Bra028290
Bra029396 NEN————aa———a T

Bra016286 —0——
Bra012845 N

il ! L L L v
5 obp 200 bp 400 bp 600 bp 800 bp 1000 bp 1200 bp 1400bp 3

3 104, A A3 AFEEH FAHAFS] exon-intron TF £4

E 43 FAABe) A& FAAS] Primer AR

No. Gene Sequence (5" — 3) Size (bp)
fw GGTACCGCGGCCGCATGACCTCATTTTCTACCTT
1 | Bra019162 637
rv CCCGGGGGATCCCTAATAACTCCAAAGGGACACG
fw GGTACCGCGGCCGCATGGATCCATTTTACACTTC
2 | Bra028290 689
rv CCCGGGGGATCCCTAAAAACTCCAGAGTGACACGTC
2 | Braopases | ™ GGTACCGCGGCCGCATGGGCTGCTCTCTGTCGAA o2
ra v | CCCGGGGGATCCTTAGAAATATAGGTTTTGCAACTCC
fw GGTACCGCGGCCGCATGTCTGAACTTAGAGATAC
4 | Bra016286 1,034
rv CCCGGGGGATCCCTACTGAATCTCTCTTCTTC
fw GGTACCGCGGCCGCATGCCTTGTCTTTATATTAC
5 | Bra012845 365
rv CCCGGGGGATCCCTATAGTTTAGAAGGAAGAG

¥ GGTACC: Kpn I, GCGGCCGC: Not I, CCTAGG: BamH I, GGGCCC: Sma I

FAHg A FRAAE JHAL 7Rt FEAS blastE Fa ot B A,
AL R &4 2Ed e AFHdS 7HAL d= FHAES] CBF(C-REPEAT/DRE BINDING
FACTOR), calcium ion binding protein, zinc finger domain-containing protein, MIF family
protein so] HAMEJATHE 44). 1213 FH S o] AHEH FHAES DNA 2 wuld 7]
Ad AR 29 1059 Atk

3t 44, N 71Z o} FAAS ] AR wiF A Ake] blast A4 Ay}

S. no. | B rapa gene | A. thaliana | E. value A. T annotations
CBF2(C-REPEAT/DRE BINDING FACTOR 2),
1 Bra019162 AT4G25470 | 2.00e-81 DREBIC, FTQ4, ATCBF2, DNA binding,

transcription activator, transcription factor

CBF4(C-REPEAT-BINDING FACTOR 4),
2 Bra028290 AT5G51990 | 7.00e-81 | DREBID, DNA binding, transcription activator,
transcription factor

SOS3(SALT OVERLY SENSITIVE 3), CBLA4,

3 Bra029396 AT5G24270 | 4.00e-100 | calcium ion binding, calcium-dependent protein
serine,/threonine phosphatase

4 Bra016286 AT1G26790 | 2.00e-100 | Dof-type zinc finger domain-containing protein

5 Bra012845 AT3G51660 | 2.00e-56 macrophage migration inhibitory factor family

protein, MIF family protein
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>Bra019162
atgacctecattttictacettttictgaaatgttgggetecgagtatgagtotecggttaca
M TS F S TPFS EMLSGSEYES PV T
ttaggcggagagtattgtecgaagctggecgcgagctgtiecgaagaaaccagecggtogt
L6666 EYCP KLAASCUPIEKIKUPATIGR
aagaagtttcgggagacgcgtcacccagttiatagaggagttcgtctgagaaactcaggt
K K F RETZRH©PVY RGVYV RILIEREUNSSG
aaatgggtgtgtygaagtgagggagccaaacaagaaatccaggatttggeteggtacttte
K wvc<cEV REPUNIEKIE K S RTIWLGTF
ttaaccgoecgagategecagetegtgetcacgacgtegecgecatagecctecgeggcaaa
LT AETI AAZRAHTDV A AT AL RGIK
tecagettgtectecaattttgectgacteggettggeggetecgtatececggagacaacatyge
S A CLNU FADS AWI RILIERIPETTC
cccaaggagattcagaaggeggetgctgaagecgecttggettttecaggectgagataaat
P KEI QK AAAEAALATFQAETIIN
aatacgacgacyggatcatggectggacatggaggagacgategtggaggectattttcacy
N TTTDHGILIDMEZETTIUVEW ATIUFT
gaggaaaacaacgatgtgttttatatggacgaggagtcecatgttagagatgecggoectty
EENNDVF Y MDEE SMILEMMPA L
ttggctagtatggcggaaggaatgettitgeegecgecgtecgtacatttieggacataac
L A S MAEGMT LT LUPP?PSVHUEFGHN
tatgactttga

Y D F -

>Bra028290
atggatccattttacacttecttticteagactegttecctectegatecctgaccacagatet
M DPFY TSV FSDSVFULSTIUPDHT RS
ccagtttceccgacagtagtgagtgttectecgaagetagettegagetgtecgaagaaacyga
p v sDS S ECS P KL AS S CP K KR
Jeagggaggaagaagtttoegtgagacacgteatecgatttacagaggagttegtcagaga
A GG REKIKFRETI RHPI Y ZRGV R QR
aactcagggaaatgggtttgtgaagttagggagectaacaagaagtcgaggatttgatta
N S G KWV CEV RUED©PUNI KIE KSERETIWL
gggacttttocgaccgtegaaatggecgetegtgetcacgacgtegecgetttagecett
¢ T v P TV EMAAI RAUHUDV A AL A L
cgtggoegotecgettgtettaatttegocgacteggegtggegtetecggattectgayg
R GRS ACLNUF ADS AW RTULIZRTIPE
tetacttgtioctaaagaaattcagagagetgeggctgaagctygcaatggegtticagaay
S T ¢ P K E I Q R A A A E A A M AT F QK
gagacggctacgactgagacgactatyggttgaggcagtgaaaccyggcggaggagacggtt
ETATTETTMV E AV K P A E E TV
Jggcaaacgggtggggagaccacggaagagaacggtgtgttittatatggatgaagaageg
G Q T 666G ETTEEUDNGVYVYVFYMDEZE A
ggttttgggatygccaaggtttctigagaatatggceggaggagatgetettgecgecgecyg
G F 6MPRVFLENMAEEMTLTLUPZPTP
gaacttggatggaatcataacgacttgaccggagatgetgacgtgtcactctggagtttt
ELGWNUHNDTLTGDADV VYV S L WS F
tag

>Bra028396

atgggctgetetetgtegaagaagaagaaaattgeaataccaccgecgggatatgaggat
M ¢ ¢ S L S K X K X1 ATI1IWU©PU©PU©PGYED
ccggacettettgeatecgttacgecgtttacggcageagaagttgaagttttgtacgaa
P DLL AS VYV T PVF TAAZEVYV EV L Y E
ttgtitcaaaaaactaagcagctcaatcategaggacggtoettattcataaggaagagttt
L FXKKULS S S I 1T U EDGILTIHIEKETETF
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cagctggctttactcggaaacaggaaccggaacaatettttecgetgateggatatttgat
Q L ALLGUNU RUNIZ RUNUNILU FADIZERTITFTD
gtatttgatgtygaaacgtaatggagtgatcgagttitggtgaatttgtteggtetttaggt
vy D v K RNGY I EFGET FVZRSULG
gtctteccatecaaatgcacctgtocatgaaaagatcaaatttgetttcaaattgtacgat
v ' H P N APV HEI KTIU KU EFALIF KLY D
ctaaggcaaactggattcatcgagcgagaagaattgaaagagatggtaatagegettett
LRQTOGPFIEZREZETLI KEMVI ATLL
cacgaatctgaacttgttctttetgaagatatgatcgaagtaatggtggataaggegttt
HESELVLSEDMTIEUVMV DI KATF
actgaaacagatcegcaacaatgacgggaaaattgatgtagatgagtggaaagatettgty
T ETDU RUNDNDGI K I DV DEWI KDTILV
tecatgaatecgtegetcatcaaaaacatgactttgecctatetaaaggacataaagacy
S M NP SLII KXKUNMTILU®PYLI KTUDTIIE KA
acgtttccaagttitgttttatctagtgaagacgaagaactggagttgcaaaacctatat
T F p 3 F Vv L S S EDEETLETLQQ@NTILY
ttctaa

F_

>Bra0l6286
atgtctgaacttagagatactccgataaaattgtttgggtggacaattacatettetety
M s ELRDTUPI KLU FGWTI TS S L
tetectgttocttaaagattettcagatcacageatggagtattet tectegtet ettt
s P VL KDS S DHSMETYSS S S S F
ccetcacttggactacacatgatgaacaaccaatcagetactgataacagtgaacaagac
P S LGLHMMNINGSATIDNSE QD
attacaagtcettaacatatcatetgatettaacaaagagtcaaaagaaacatetgagaac
I T S L NTISSDIULNIE KEZ SI KETSEN

agctacgaccaacacagcgagatcacaacaacaactacgteggaagagaaaacaactygag
S YyDQHS EI TTTTTSEZEIE KTTE
ctgsagaaaccagacaagattcticcgtgtoctagatgcaacagcggadacaccaagttc
LXXPpPpDKIULUPCOCPIZ RTCOCUNZ SIGDTIEKTF
tgttactacaacaactacaacygttagccagccacgtcacttctgcagacactgecagagy
¢c Y Y N NY NV S QP ZRHTFUCRUHETCA QR
tattggacttcecggtggatccatgaggagegtoccggteggttecaggecgecgcaagaac
Yy wTSGG SMRS VPV G S G RZRKUN
aaaggatgggtttecacagacaattacaagcacatcagtteccgagaataacgattataat
Kewv s TDUNVYEKHTIS S EDNNDYN
agctcectcecgactaagatteteagetttgaatettcggactettgtattagtgagaaaggt
s S TKI LS FESSDS CI S EKG
aagcatcaaccaagegattcaaacataaccaaatattetgtttectcaagatttcaagaay
KHaQ@PSDSNITIE EKY SV S QD F K K
ttoccacgggtttcttectgtgeaagtaacatectetgtttegectecttggecttateat
FHGeFLPVQVYV TS S VS P P WP Y H
cagtacccetcetaaacceetagtttctaccacatacecgtctactggggetacacggtgeca
Q Yy pPLNPSFYHTIUPVYWGY TV P
gtttcegtetactetagagacttecacatgtetaggaaaaagygacaagagacgagettcac
vy S S TLETSTOCCL G KU RTU RDELH
acgeaaatgttagagagcagagacactictgtgagagcaagattggaticaccctctgay
T XML ESXKXKDTSV R ARTILUDUSP S E
agtattaatgatygacgtgagcgtagaagacagagcaactcagcaaagagcaacaacadygy
S I NDDV SV EDIZ RATA QQTRATTG
agagcatgtaacygtcaaacatacactaagaagaagagagattcagtag
RACNUVXKHTIULI RIRTERETIAQ-

>Bra0l12345
atgccttgtetttatattacaactaacgtcaatttggacggectticaaaaccgatecgtte
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M P CLY ITTWNWVNILDTGUEFIZXTDUZPTF
tactcggaagtcaccaaagecgtogetictategttggacggectgagaacttggtgaty
Yy S EV T K AV a5 1V 6 R P ENTILVM
gtggtgttgaaggggtcaatagagatagtgtticggtyggaaacaaagaagcagctygcatat
vy v L K¢ s 1T E I VvVF 666G N KEAAAY
geagagattgtgtcgatgggaggcatcaccaagcaagttaagaggcagettatttcaace
A E T VS MG 6 I TKQV KIRQLTI ST
gttggttctattettecacactcatttttictattecateccactegttittatetttaaagtt
v S I LHTHUPFSTIHU®PTZ R EFTIUFIE KUV
tttgatatcaattctttgectcttecttictaaactatag
F DINSULPLPS X L -

19 105 FEAS] A" A DNA 5 el driAd AR

2 W
ZAE 50ml tubeol <¢F 4-5miv 3z, 30-40mle] 1.2% sodium hypochlorited 22 %
ALoA FeA EE0] FAS A53t) 30-40mle] BHFE 53] FAE A FH I,
FTAE ZE FHo|xo] BA Fof ’%79—‘.‘ Do FAPEol HjA e 109 A FAE XA
sto], 497 A4 & WS ok 3A] LB(with antiboitic) ®i=e] FAAZE
agrobacterium-2 streakingsled 28C oA 2€3tF W& 3 single colonyE #H3sle] 10ml <4 A
LB(with antiboitic) ®j*]ollA 250rpmel] 28CollA 3641t F<F wjeksich dE v oFsh
agrobacteriumg 103t A2 A4 5500xg=2 YA E2dked MS minimal organic liquid (without
antibotic) HiXZ o] &3}l ODgodte 0.052 ZAIcH 497 F vlge A EA A =F9
1-2mm ofzf FEE dEd 22 Adgt & 29 HH-& agrobacterium suspension(0.05%k &=
ZzZ ") 30 FeF 7ol ZFEAA 25T ¢ dim light(eF 660 lux)oll A 2L3E vjeFsic) 2
6°ﬂ ) AHS 22 F5 Ao &A 7Y3F 25C Y dim lightoll A wj<Fgit}. Aej 27}
ZEE FE f% Ao &4 25T 9] 33(16h, ~3,300 lux) ol A 253F vk & 2F3F 3 A

Eﬂ Adujekslr FE AR &4 Al T 2~4F3F vjeksit) o] & FAAGA AL
el A2 FES 443 AAst FAASA A vjAd 5~6 NAAY &A 25T dim
lightol A 2(~3)F3F wiFgith. Add AEAE2 ¥y f= A 1~27/0A% &A 25C 9]
ﬂ(lGh ~3,300 luell A BE7t v& wj7bA] oF 253 b kgt ““1‘47} Z wo] U2 A&
= BE7l AshA =S Hol A =E WAE AAL F EYCE A4 159 1

A

H]EOX]E 29 5 21 FAANZIEA =32 H.

_|_4

30
Al

_IEL' Hm 1>
r?E o m{u

—_

(3) FAABA FHL AT e
FAHEA $HL 9% WEZE pCAMBASIA P42 mHEel FAAe AL 9%
35S ZEREE 7HAA Jom, 9o 47FA] -7 xHBra019162, Bra028290, Bra029396, Bra016286,
Bra012845)% AFistglor] WAABAZA A0 @ AzA A bar FHAE TP

AT,

f

=

ol AREA TO B4 9 T E4 55
22PA oA F=% Ut #FAd /531 AHBra019162, Bra028290, Bra029396, Bra016286,
Bra012845)7F Soizt HEo] tiste] wlFol FAATL St 37 HaAHBra029396,
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Bra016286, Bra012845)91AE #FAARAES FSakx Fatdz, veA 279 A

(Bra019162, Bra028200)el 4= BAHAA & 5ate] 4d A A ing A

sttt Bra019162 #AAE =Ust] 4 F 32709 oA FEHS AEA=FEH T/HA A

A9 vﬂx}ﬂ gl = ek 106). =& Bra028290 A4S =94 & 16719 o Pz
| )

H
A%k A=A FolA 2719 A ANA AdE FAATE EATS Qf‘l‘é}oiﬂr(lﬂ 107).
A4 Bra019162 F3AE =S 77H9] FAASA 2 Bra028290 FHAE =4 2719
ARG HEATOANA &3] Tl FAE F3tAth
M1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
a9 106 EHZ A EA ] Bra0l9162 FAA A4 oF &<l
M1 2 3 456 7 8 9 10 1112 13 14 15 16
a3 107 2 A3 A EA S Bra028290 A A4 AR <l
A HAASA o] MUl A 2 homo eventsh
Ao WiHde Hole 1 —sste FRAAE AR FEXSAE A=, I-sst AR

A EA WA fuctano] FAPEE HAA A &ho|th o] Ahe] 93] fuctano] FAEHH
A48 fuctand A& o2l 2Zd FAHEO T3 2EF 2o AIPAHES UEIH O ZA
Watd s SN Z & Aok @A [-sst TS Brassica carinata 52 W53 A5 P
ato], FAMSAZE AYE T1S T2AIhol A A Foh Z2ke] FAAgA ] T2 TAE o] &3
Q) A copy 5 Flstgon, 312 FEE T2 AEAE THUZ AAA7T Y=
. 2% A= homostd AEAE ol&as) WIAE HAS F3F Aotk Homos}t
FAASA S A - A2 FAS HUEs] el AR A = AEZA A o] 7A
=4 9 AC AL AHY F I-sst FRAL SEFES AT o Fo)H, SCI =& Fud
Al &g o]t

10

—_

4
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o2 Wi o S AlRe Wtel] wet FATadME ATNE

T AT A A
Zxol 2HFF A4 R FFAe] FAMFEY 2 F), FEA R EFE )
I FE wFrE 2 5E), FEE 9 WA & uFrs 2 7§, AFolH AFEAFE S]]
B H

2(F% 9 Bdoh, AENF, WS yel AFY MFEY 2 FD) 5o F4ARE

1, 3% 5ol Bl AMEE AEFF U AZEFFS 20129
(1) 894, 2013WQ@KAD 303, 201493 297, 20159@AAD 355, 201696 307,
% 2139 ¢ FASATHLY 108-117, 5 46).

108. 53 G2F9le] EAAR0129)

a9 109, 5 Ak el 5494782013

- 179 -



,((
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 TJFAUY WF SHEALY 2 FEUER 5
o “AEBEHEA 72 o Fahel 2%, 9%, 9%, 32

EERES
A, Ao A=, 9|45, AT, BE 5o Ueld FAL EASACHE 46)

1IAPE =012l = Y fAxYe] ddxd FHS AR Ay, 2Fe BRx:=
286+59mmeol gy, Hu AL 592mmolgoern, HA =&AL 8emmeo|Fth =3I FAe

267+58mmeo] L, HF-2 186+55mmeolom, F57E 110+32mm, 5532 25+6mmeo] ATt
23 2 ARG FARAL GFRE FPoR 9go] 10v] o4 FAHAY 3FEF, ATFY
A8 HAAY BEL,
A FFo2 §AsHE
AEk I CHE 46, 11
I EFe kel wa) ATE <o) PR FSAQEA D) Bdo] S5 W3l
Wl E(N090)" s} 9lo] HMolm F4tst el $84 GEAOIIS TOF Ffd olAolFRe]
“AEHNIDT EFFL WHIFORE ZASIATH Nod0e AT &£E7b =3 Prb thh Be
Hol Ak AT %o J7hA Bedo] $4¢ 54¢ BT, Nogle F4sh 4R 84
oA A gEoe] o, 9o ggos

le EF0E ATV ol HEOE o] 8ay]d

-:l;nm

A FFe] EAL ofge} 2t

Nole Wakaol s, Bel A% EAL 744 Aol £& Ao Az A
sheick. No2e Wkl 4sta Bole] Ag AMoln A7l T3 Pel7h BEESNN AKF)
A FASA AR AL 3
o] $5EAT DEANI Fsd BB FFOL Boy

O
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w47k BAL SR Aol U wMFE FAsed ule Fod A4
o2 BUHUT No3de 2UL 7 HA40]1 o] =gt UFY WMFZA, T HYOE
=4 9 F3ek7)0] £YsT wol Tom PAMF AEOE AET F Ue Aoz A7
A £@ AL AT Holfu drdgos 45Y ATAF BT Gy sd=

3
583t o AHo|th Nodde Aol Zata Foizt
Stk Nos5= a4, whaoid 2 A= o

o
e
48

o
a2 &I AFoltt. Nob02 Wt ol Zstar Aol 3t WA

=
11 ol H

o A3 2 Y5y AdY FFS At S8 FAAYe] € A=

T AT No74 ~ Nod9= HiF o529 FFoIaL, Nodd= 717k 2ol Aol A 2414

o1 A

Aol 953 FA7|E Aujrt A oGtk No8ses &AL =77 2 =¥ &

olW, Z7|7} FA: AxMo|ytt. No8d: ZAo] Fustw 7|71 2e 74

Exo B33 EAS 71K 6345 TANAE HEH o2 Adsiich
22AE(2013)0 = £HE FHAYe Yo FALS FAE @l,]- =Ao] Ry 226~380

mmeo]Fa, AL 421~546 mm, §ZL 236~384 mmo|F o, Zo 128~440 mm,
FT5ZL 52~71 mmo| 9t —"r—é] FAALL ThFst fPo = ﬂ%ol OUH o]l A
23%F, =717F MEAY =& FF0] 44 15T, FE FELLE 2AE 8] e
TRy 255, A HH"N%%OE Aol sk FAlo] AR

1w
gao] A4 FAAAe] 9FFOE 2AFNOR 242 FF K4 B
\l}

SATHGE 46, 19 114). SPHIFEF S ukilFol Ha Hea)

obAobERY “WEHNoD I ol HAjolm Fatsh B FE84 GEAohIS tha
G obrlolEEe “AERNID FEE HIFOR EASATH No2sk No.20e 4ol
=Aol A5 27t 23 ATHe] FAY 2AEFY FAT 540 Yol FF UTY A4

Z
] fFAAdoR 8] Hojd AR AT No2d= XAA | <
23 %77 ey 2go] gle 5o glo] My=goz st £E8 FE/NT

AR e AR AN

a9 114 Ade 9 AN {§4204(2013'3)
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3APA =010l = E AR ddF g 2AR A, 29 FE= 239~599

mmo| PG, FALS 302~580 mm, FEL 206~340 mmo] PO

TEZL 40~73 mmeo|th. T FAAYLLE gdF} FIFoE fge] 107 o) Fd FHAd
4%, =717 ME FT 15F, =2FF 35T, H TEELE &A1 E0] Ve FRE
2FF, AA wFNEg s aAZEo] JHed fAo] AM] FAAY] 1FF, A
FRAAYRe] 25For AENCH 44 5S4 Fxo] StFo] AASATHE 46, 19
115). thHlFF2 LRkl W8] F2M(AEAoF) Bdo] 53 ofrolFRe| "I Z4
(No.1)" F&& WHIFToE ZASIATE No2e 99 U48H, 50 BF g HF240H
2ol glon vAT e 553 guAdoesyn kor g &8o| VdHe At
No. 32 X3 2] o g AJH s FFToE AN A7HF2 82 Ao=w oA
A3 Ao No. 4= «717F w2v A7 Asty 28o] fle AdE 3 AA o= A
st et ith No182 WAl A slAjo] jt=Ao) denjFgdos dew+8 74
Adoz Attt No282 FH2Mo Ty A7wF=2 w77F AFste] fdAde=
Z8&7s & A2 AAXNT No. 295 A3 7)o fFRF|H Lo g o=w J7pSu5
gl oz Adatdnt

A

Y 115 ARe - FAA(20143)

AZPA (2015 = FHE FAAY BEFZFL oA FA S A A
286~470mmo] R, FAL 347~500mm, FZ& 227~410mmojPoH, T=
19 T3 FAAYe sk doz 5402 A3 o)

22 Z o 46~80 mmo 97t 12F%F,
Z3to]l 16%%F, A7 8FFE ZAEUT ® 2ol 10 o] dl FHAY UFF,
717 ME FF 135, =2FF 35T, 7 TR &AERo] Vs FRE 3FT,
A HjFE TR o m AAFEo] THeRE GM o] ITAMRI FHAYLC] 8FFOE FA
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RNow o] FAADES A4 FF §4 Fxo| g5o] AEstATHEE 46, 17 116). thH]
At S vl H2MQEEA oY) HEHo] 57 oA otFH Y AZRT FFTE
HFo 2 AT IE/S do] g Aoz AL 9 d2oix HAEHo| o
i, A7 =o] ALoEE AW, odd]

0.6= A9 Fol7} 470mm= M A
Fol $F3tal AEAR BT wFde f
FoMolal, RAFTORE AU w21 TRFH O FAAUSRE
g Zol7} 500mm=E 7Hg A P A7 S0 WG
Holuw oad 299 wiF fFrxdelth. fAo] =A<l
No.16~N0.18, N0.20~22, N0.26~No.34 °.& & 21EF¢ fAAYS 3
FAAYL L No0.13~No.15, No.19, N0.23~No0.25, No.35C.2 F 8FFo RFAAYoZN =
FA4 &&o] ZIdEE= FHAdelth No.3de Pro] X3k =41 15

o8 Bolsi, AFgo] Hojya Wi FH& A=
SAo 23 fAAYelgr & & Uk No. /e M-S A3AMo| 1, F20] F791,

Hgo] glo] Fug fHAdos 388 AFolt}

5

N o |o

L 2 o 1

Z

[e]

ko
x o0
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SAHA =016 = fd FAAd 30552

Aold FAS AT A, 24 BEE
310~550mme] a2, FAH2 348~584mm, PFF2 236~390mme]HoH, F5H2 145~285mm
SEEe 4582 mmoldth +1 UMY T A Sdoz A7del w085,
Ego] 18%%F, WATI} 25F0E 2AHUG E o] Inj 18FF, A 8EF, Svle
1EF o193, 717t ME EF L2FF, 2EF 3EF, FUEF LEZOIYL 41
FEgoR AALE r——o—f& TRy 3FF olgon, o fAAUSTS A% FF &4
% 320

a9 117 A

A (2016%)

= 45 57 FAAYL 542
2% | 4% | 8§F | FEH | TEE | 9N | Ax | g9 | 27E | B8
(mm) | mm) | (mm) | (mm) | (mm) a b ea C d
2012 1356 289 279 207 126 23 2 A 9 A -
1363 314 302 231 132 22 2 ok 4 ok R
1369 | 343 | 328 | 244 | 139 18 2 | 7 4 oF &
1371 347 327 226 134 33 2 oF 5 A -
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5078 423 445 320 198 74 3 = 12 HkA e
5079 340 446 306 210 63 3 ul 12 Lzl i
5080 450 480 310 200 67 3 = 10 Lzl i
5081 390 400 295 164 51 1 = 10 ) S
5082 345 437 325 165 68 1 = 12 x3E &
5083 410 455 352 181 65 1 = 12 23t e
5084 353 410 323 175 60 3 = 10 HkA r
5085 419 500 400 190 70 1 z 12 Z 1 F
5086 410 440 275 200 55 1 = 14 Z 1) r
5087 415 440 300 198 50 1 = 10 3} i
5088 423 390 278 150 50 3 = 12 ukA 5+
5089 419 405 270 156 54 3 = 14 ukA i
5090 395 404 253 170 48 3 13 14 HkA 7
5091 410 456 380 178 77 1 = 14 B e
5092 440 420 275 166 57 1 = 20 x3t e
5093 378 422 290 194 62 1 z 18 x3E %
5094 381 413 310 172 57 1 = 14 ) S
5095 390 410 287 172 61 1 = 16 z% S
5096 328 347 242 180 50 1 = 18 x3t o
5097 358 412 320 158 57 1 = 12 x3t o
5098 286 353 298 120 53 1 z 10 3z S
5099 342 380 300 147 60 1 = 8 3z 1
5100 390 403 227 180 46 3 LS 16 HkA 5
2016 | 5234 430 500 370 236 70 1 = 4 HkA r
5235 510 584 360 280 70 1 = 3 B hin
5236 500 548 350 270 60 1 = 5 B ais
5237 530 532 380 285 82 1 E3 4 x3t &
5238 360 402 298 180 58 1 = 5 x3t Ris
5239 390 470 321 235 70 1 E3 3 x3t &
5240 425 460 310 210 60 1 E3 3 x3t r
5241 420 455 320 180 64 1 = 5 I ain
5242 405 463 357 215 48 1 E3 4 2% F
5243 340 365 250 265 70 1 v} 3 x 3} hia
5244 390 424 270 205 66 1 u} 5 x3t s
5245 340 390 265 170 65 1 B3 4 Lzl r
5246 360 452 323 200 67 1 = 4 x3t §is
5247 330 385 250 180 60 1 = 4 z3t r
5248 310 348 290 180 70 1 E3 3 x3t 7
5249 365 445 334 220 65 1 = 3 Zx AN
5250 330 420 340 180 52 1 = 3 xy 5+
5251 380 465 390 190 60 1 3 3 x% hin
5252 430 480 310 235 60 1 = 3 x 3% Ris
5253 340 418 290 180 60 1 Eis 3 B ain
5263 320 365 270 145 60 1 E3 3 B r
5264 440 455 305 205 65 1 = 3 x3t Ris
5265 350 465 380 180 72 1 E3 3 x3t &
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5266 310 367 270 180 64
5267 490 450 285 185 50
5268 400 450 320 210 72
9269 990 475 280 280 70
5270 345 410 290 200 68
9271 395 480 390 210 65
9272 365 400 236 175 66
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oNRY A B AT 2 A

Wty wiFs T FF daAgH iy e, AE, 9, A, AFlA w2

F aHAZ) 12958 o5 297 87 F9o Asn TRAE L ATHo|
F5E EF BT HEESL Fo} 0B AT FF AWl 8T Bk meb Y AL
Ad R AFEAGNA FA7] GAFo] Hu, YRAUNE FOom TFAFYC] 5T
5 AUSACh e AuHoR 1R 4944 AP FF) <@ FH Aol
A% WS ALH W7 L0] 34T oItk o] A el FREFFATLNA A7
a2 Bl on, Wy A4e T WHgol oF ATEL SHAAL 4 ASS
4% AIHATHE 46)
E 46 WA AH 2 ATE SFAT
. o | BT e e
45 No A% Fojda |4 4ab| e | AT EEC g v
& | FD |G| °

2012 1 24-3-51-51 5 3 3 5 3 1

2 8004-51-51-51 5 3 5 4 3 1

3 8006-51-51-51 5 7 3 5 3 1

4 8007-51-51-51 5 7 3 5 3 1

B) 8009-51-51-51 5 7 3 3 3 1

6 8053-52-2-51-51 3 3 3 5 3 1

7 8053-52-2-51-52 7 ) 5 5 3 3

8 8053-52-2-51-52 3 7 5 5 3 1

9 8053-52-2-52-51 5 ) 5 4 3 2

10 8053-52-2-52-52 3 5 3 4 3 2

11 8067-51-51-51-1 5 7 5 4 3 1

12 8067-51-51-51-2 5 7 5 4 3 1

13 8093-51-1-51-51 3 7 3 3 3 1

14 8093-51-4-51-52 S 3 5 5 3 1

15 5434-51-1-2 7 5 3 5 3 2

16 5436-52-2-3 5 7 5 5 3 3

17 5439-51-1-3 5 7 5 4 3 3

18 9442-52-2-2 5 ) 3 4 3 2

19 9426-51-1-2 7 3 3 4 3 2

20 5428-52-1-2 5 ) 5 4 3 2
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21 9430-3-51-1-2 7 2 5 5 3 2
22 9432-3-52-1-2 7 7 5 5 3 2
2013 | 23 5256-51-51-51-51-51 7 3 5 5 9 1
24 5256-51-51-51-51-52 3 7 5 5 9 1
25 5230-51-51-51-51 5 3 5 5 9 1
26 0163-51-51-51 3 7 5 5 9 1
27 0164-51-51-51 5 7 3 3 7 1
28 0166-51-51-51 5 3 5 5 9 1
29 0167-51-51-51 3 5 5 4 9 1
30 0170-51-51-51 5 3 5 5 7 1
31 26-1s-51-51 3 5] 3 5 5 2
32 27-1-51-51 3 5 3 5 5 2
33 28-3-51-51 5 7 3 3 5 2
34 29-1-51-51 5 7 3 3 7 2
35 31-1-51-511 7 7 5 4 5 2
36 34-1-51-51 7 5 5 5 5 2
37 34-3-51-51 3 ) 3 5 5 2
38 38-2-51-51 7 5] 3 5 5 2
39 5322-51-51 5 5] 5 3 7 2
40 NJ-56-51 7 ) 3 3 5 2
41 WC2-56-51 7 3 3 4 5 2
42 B19-1-51 7 3 3 5 5 2
43 61-1-G6-51-51-51 S 7 5 5 9 1
44 72C-3-G4-51-51-51 7 7 5 5 9 1
45 341-6-51-51-52-51-51 7 7 5 5 9 1
2014 | 46 5404-51-51 7 7 5 5 9 2
47 5407-51-51 7 7 5 4 9 2
48 5408-51-51 7 7 5 5 9 2
49 8053-52-2-52-51-3-51-51 7 3 5 5 9 1
50 9413-51-51 S 7 3 5 7 1
ol 9053-52-1-51-51-51-51-51 S 3 3 5 9 1
52 8093-51-1-51-51-51-51-51 7 3 5 5 9 1
53 8004-51-51-51-51-51-51 7 7 5 5 9 2
o4 8006-51-51-51-51-51-51 7 7 5 5 9 2
09 8052-51-51-51-51-51-51-51 5 7 5 4 7 2
96 9505-51-51 7 7 3 5 7 1
o7 9515-51-51 S 5 5 4 9 2
o8 5515-52-51 7 ) 5 5 9 2
59 5526-51-51 7 3 5 5 9 1
60 8002-51-51-51-51-51-51 7 3 5 5 7 1
61 5400-51-51 7 3 5 5 9 1
62 25P-5-51 7 7 5 5 9 2
63 25P-26-51 5 5 3 4 9 1
64 25P-118-51 3 7 5 4 9 1




65 35P-258-51 3 7 5 4 9 1
66 35P-293-51 7 5 5 5 9 2
67 3SP-96-51 3 7 5 4 9 1
68 3SP-159-51 7 7 3 5 9 1
2015 | 69 5013-51-51-51-51-51 B} 7 3 4 9 1
70 5013-51-52-51-51-51-51-51-51-51 7 3 3 4 7 1
71 9018-51-51-51-51 7 ) 5 5 9 2
72 9018-51-52-51 7 7 5 4 9 1
73 5021-51-51-51-51-51 7 7 5 5 7 1
74 5023-51-51-51-51-51 7 3 3 4 7 1
75 5023-51-52-51-51-52 7 7 3 5 9 1
76 5050-51-51-51-51-51 7 5 5 5 9 2
7 (8053X §)-51-G3-51 7 3 3 5 7 1
78 9191-51-51-51-51-51-51-51 S ) 5 5 7 1
79 (8053X & )-51-52-52 7 7 5 5 7 1
80 5387-51-51-51-51-51 7 5 3 4 9 1
81 5388-51-51-51-51-51 5 7 5 4 9 1
82 5388-51-51-52-51-51-51-51 5 3 3 5 7 1
83 5388-52-51-51-51-51 7 3 5 4 9 1
84 5388-52-52-51-51-51 7 3 5 5 9 1
85 9407-51-51-51 7 5 3 5 9 1
86 5407-51-51-52-51-51 7 5 5 4 9 1
87 5408-51-51-51 3 3 3 4 7 1
88 5408-51-51-52-51-51 7 3 5 4 9 1
89 AW $-2-51-52-51 7 7 5 4 9 1
90 AW % -2-51-52-52 7 ) 3 5 7 1
91 AW % -1-51-51-51-53 7 7 5 5 7 1
92 AW % -1-51-51-52-51 7 3 5 5 7 1
93 WC1-51-51-51-51 7 3 5 4 9 1
94 WC1-52-51-51-51-51 7 7 5 5 9 2
95 WC1-53-51-51-51 3 7 3 4 9 1
96 WC2-52-51-51-51-51-51-51-51 3 ) 3 5 9 1
97 WC2-52-52-51-51-51 7 ) 5 5 9 2
98 WC2-54-51-51-51-51 3 3 3 4 9 1
2016 | 99 8052-G7-51 7 3 5 4 3
100 8052-51-51-52-G5-51 3 3 1 5 3
101 5505-51-51-51-51 7 3 1 5 3
102 8053-51-51-51-51-51-51-51-51-51 7 5 5 4 3
103 8053-51-51-51-51-52-51-51-51 7 7 5 4 3
104 8053-51-51-52-51-51-51-51-51-51 3 7 1 4 3
105 8053-51-51-52-51-51-51-51-52 3 3 1 5 3
106 8053-51-51-52-51-51-52-51-51-51 3 7 5 3 3
107 8053-51-51-52-51-51-52-51-52-51 3 5 5 4 3

- 193 -




108 8053-51-52-51-51-51-51-51-51-51
109 9512-51-51-51-51
110 8053-51-54-51-51-51-51-51-51-51
111 5515-51-51-51-51
112 9515-52-51-51-51

113 8053-51-55-51-51-52-51-51-51-51
114 8053-51-55-52-51-51-51-51-51-51
115 8054-51-52-51-51-51-51-51-51-51
116 8066-51-51-51-51-51-51-51-51-51
117 8066-51-51-51-51-51-51-51-51-52
118 8067-51-51-51-51-51-51-51-51-51
119 8067-51-51-51-51-51-51-52-51-51
120 8067-51-51-51-51-51-52-51-51-51
121 8067-51-51-51-51-52-51-51-51-51
122 8067-51-51-51-51-52-52-51-51-51
123 8067-51-51-51-51-53-51-51-51-51
124 8067-51-51-51-51-53-52-51-51-51
125 5526-51-51-51-51
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1-523d %(2012-201613) A F7]17+5< W3k
$3FE dnFoRE FAStY %, Y
Hlwate] skt
A== FAT Al 5 W8 2AH AxZ 7ol we Jg57F B2 AlsNol, No3,
No4, No6, No7, No8, Nol4, Nol5, Nol6, No2l, No22), A+ =7} 53 AENo2, No7,
No8, No09, Noll, Nol2, Nol4, Nol6, Nol7, No20, No2l, No22), A x o] 3 AT
(No3, No4, No5, No8, Noll, Nol2, Nol3, Nol6, Nol7, No22), HFthide] 43 A&FNo7,
Nolb, Nol9, No2l, No22) & &3] YA ¢FAEe = Aastgth No§e A2FINE7}
FEstA L, T Aol AetAAT, HFHAd o] oFstth N011° AFTY A=7 4=
st} al, =7 ?%oP%‘xofﬂ ATFNE7F GFsta ARl itk Nol22 =57
AR, ATV B, TAAAAL] Aon, A7 E7E ¢kt Nole2 27
A 74 o] UH—r R s 1A @—?7157 Fon, FT7E B w5271 dAst IWAE
AREGT Nol7e =7t 2Lstan, TgAgdol Fakgon, ATFNEI S4319 3
AE AdstHTh No22e A& AGA, =57 k] 2AAE
T a, =] YFHF 2 B z
A Z 227415-4 IMA= AsrEow At 47).
2APA =013 = AT AT T T % 7|l wet gt B2 AE
(No23, No24, No25, No26, No28, No39, No3l, No32, No36, No37, No38, Nod2, No43, Nod4,
No4b), 27 =7} 3 AlFNo23, No24, No25, No26, No28, No29, No30, No35, No36,
No039, No43, Nod4, Nodd), ZAA7do] -3 A ENo24, No26, No27, No33, No34, No35,
No43, Nod4, Nodb), WFthAdo] -3 AE(No23, No3b, No36, No38, No40, Nodl, Nod2,
No44, Nodd) & FTHstq Uty FAls o= Adstdt. No23e W uid, 27057}

pesl
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Frstgom 99t Be Bl Ao EFAAl kF Wil ATk No2bs ¥
AR, AFAEI Bhom 9|47t Betow WFthgel 4 @itk No3be wwrt ofzt
"ol ok, WY, TAAY BTN} Sragon 45 £ gobd Auds
56 <58 EA0W EFS WEY ATl B sbsel UUTh Nod, Nodse 91957}
gom Wi, ALY, AFNE 8 S5 0 $5ekel WaY 2FA4A0l A8
59 ZoR ARG HEAoR HAH F 23AFY BAAE 4EEEow A%

A THE 47).

3AAE(2014) 0= FAT AT T WIA HAA AR 7IE o A9t g AT
(No46, No48, No49, No50, No51, No52, No53, No54, No56, No58, No59, No60, No61,
No62, No66, No68), AT =7} $-43 A5 (Nod6, Nod7, No48, Nod9, No52, No53, No54,
No55, No57, No58, No59, No60, No61, No62, No64, No65, No66, No67), E7* %A o]
-3 A% (Nod6, Nod7, No48, No50, No53, No54, No55, No56, No62, Nob64, No65,
No67, No68), H5thAd o] $-=3F A5 (No46, No47, No48, No49, No52, No53, No54, No56,
No58, No59, No60, No61, No62, Nob6, No68) &< FTEFsted WA 4 234158 A
319 No46, Nod8, No53, No54, No62, Nob6,> WFAd, TAAAA, A4 %E, 5,

TEF0 BT dmste] AdEdon, No49, No52, No59, No6le WFAd, 2FI=
ofgr B ==V Fhoy 2AAGEl FA BT Nob4, Nobb, Nob7= EZAEA,
ATRE, ©27F oy HFdidel 4 ke, ddaE BA Stk Nod7, Nos0,

No51, No55, No56, No57, No58, No60, No63, No68& WFth4, TZAAZEA, 271 E,
T, ¥ 5T 44 bgdet 5SS Hola Ay TE Ao F FHo] st At
A THE 47).

A2 AE(2015)0 = 197 B2 Al5No71, No73, No74, No75, No76, No77, No78, No79,
No82, No84, No85, N090, No91, No92, No94, No96, No97), 27 =7} 53 ASNo7l,
No72, No73, No76, No78, No79, No81, No83, No84, No86, No88, No89, No9l, N092, No093,
No94, No91, No97), ZZA 7ol -3 A&Nob9, No72, No73, No75, No79, No8l, No89,
No91, No94, No95), WjFthide] -3 AFNo70~77, No79~80, No83~86, No88~94, No97) &
< 3t WA ¢ 30A15S AdstAnh No73, No76, No79, No86, No89, No9l, No97
© WFud, 2ZAARAE, A710E, g, €550 EF HunF S5t Adstdon,
No84, No88, N092~93+= WFthA, 271 % o9 2 &7 Fdou TAARAE] F
23k} No69~72, No74~75, No77~78, No80~83, No85, No87~88, No90, No94~98 W Fth4d, 4
AR, ATNE, AT, R =504 424 tFesA dRe Holal Ao 7Er A3
FHo] st AR THEE 47).

52 =(2016)9 = Y F57F Z33$E AlENol00, Nol01, Nol05, Nol08, Nolll, Noll2, Noll4,
Nol118, Nol20, Nol22, Nol23), 2731 %7} 53 A&FNo99, Nol02, Nol03, Nol06, Nol07,
No108, Nolll, Noll2, Noll3, Noll4, Noll6, Noll8, Noll9, Nol20, Nol22, Nol24, Nol25),
IR Aol 43 AlF(Nol03, Nol04, Nol06, Noll0, Noll3, Noll6, Noll9, Nol23,
Nol24) U=t e] 3 AlSMNo99, Nol0l, Nol02, Nol03, Noll2, Noll3, Noll5, Noll9,
Nol24) &< T&std W3k ¢ 21415 L8ttt

No103, Noll2, Noll3, Noll9, Nol24+= WFoid, EZARA, 2775, AT, €550

NN

b of
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Hlw A Fsate] Aursbed om, Nollo, Nol04, Nol23: ZAAAM T} =Ert £ghou
q

7
o} )G ol A Aste] Mwatgith Nol06, Nollee AALAT AFINE, £/t 9
31, No99, Nol02& WHd4, A7 E, €57 53841, Nol00, Nol05e <<,
7} $-73k9 AL, Nollse Uistid s <571 $53ate] Adstgith Nol09, Noll7, Nol2l&
Wi, AGE, A70%, 95 S 4 vdstAl @S Bela ey 7lE
doF FHo] g-sto] A ATHE 47).

O

ojsh Zol 1-5AEE ATFVIEL HEF $HAFL ATINEL ALHOo2 ARAAL
Saste] o} o AskE AFHE Ao olE A4 ATiie EFx §4¢ 99
AAZ BESGOM, FF FAHOE FFNBO 4854 18 Bolnk.

Way 2FASARE F 1182TS A5kl A o) ool FR(F) YR EFTATA
oA 892097 HE, 98 1597 B4 F UF F 29 2o SHRAE NG F 45AYS
SRS WEHY, TAAGY, AFAEE 1 3, 5, 755 WFE 12 Y, & FPos
EAS] 2ASEL, EE L 3,5 WFEE 12 o, 5% FFOE AYstel AT
WE Y, EFAGY, ATFAE, I T 52

523t (B001, BO11, B013, B053, B012)& %3
o 118-123).

T o H o] =
8 27 | AT | Y9F | €5
No. AEH Fida| A44b | =c| d e | A |
G | D |G| GED | (F:3)
1 8053-45-7 X AW-55-1 7 7 3 4 5 O
2 8067-45-2 X NW2-2 7 7 5 4 ) O
3 319-52S X 5227-51S 3 5 3 3 1
4 5227-51S X 319-52S 3 5 3 3 3
5 5239-52-51 X 5239-54-51 1 3 7 4 ) O
6 5239-52-52 X 5240-51-51 3 3 3 3 1
7 5239-54-51 X 5239-52-51 1 3 3 4 1
8 5239-555-1 % 319-52S 5 7 3 3 ) O
9 5240-51-51 %X 5239-52-52 3 3 5 5 3
10 8009-51-51-52-51 X 8067-55 3 3 3 4 1
11 8053-2-52-51-1 X AW23% -1 7 7 3 4 ) O
12 8053-5S x 8085-5S 1 3 3 4 3
13 8053-5S x 8060-55 3 3 3 4 3
14 8053-52-2-25-1 X AW1-1 7 5 5 5 5
15 8053-52-2-25-1 x AW2-1 5 5 5 4 5
16 8053-52-2-25-1 x AW2-1 3 7 7 5 5 O
17 8053-52-2-25-2 Xx NW1-2 5 7 5 5 5
18 8053-52-2-25-2 X NW1-2 7 5 5 4 5
19 8053-52-2-25-2 Xx NW2-2 5 7 5 5 5
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20 8053-52-2-25-2 X NW2-2 7 5 3 S 5
21 8053-52-2-25-1 X AW1-1 7 5 ) 3 3
22 8053-52-2-25-1 X AW-1 S 7 7 B! 5
23 8053-52-2-25-2 X NW1-2 3 5 7 6 5
24 8053-52-2-25-2 X NW1-2 5 7 5] S 5
25 8053-52-2-25-2 X NW2-2 S 5 7 3 5
26 8053-52-2-25-2 X NW2-2 5 5 5] 4 3
27 8053-52-2-35 X 5166-2S 3 5 ) B! 1
28 8053-52-2-35x58067-5S 5 1 3 S 1
29 8053-52-2-35 X 5067-55 S 1 3 4 1
30 8067-45-1 X AW1-1 7 3 5] 4 3
31 8067-45-1 X AW1-1 7 5 ) 4 5
32 8067-45-1 X AW2-1 5 5 5] 4 5
33 8067-4S-1 x AW2-1 3 7 ) B! 3
34 8067-45-2 X NW1-2 5 5 7 3 5
35 8067-45-2 X NW1-2 7 5 5] S 3
36 8067-45-2 X NW2-2 7 5 ) 3 5
37 ARCP2-14MS X NW1-1 S 7 ) 4 5
38 ARCP2-14MS X AW1-2 S 5 5] S 3
39 8053-52-2-51-51-1 X AW ¥ -1 7 7 ) 3 3
40 8053-52-2-51-51-1 X AW ¢ -1 7 7 5] 4 5
41 8053-52-2-51-51-2 X NPW % -2 5 5 5] 3 5
42 8053-52-2-51-51-2 X NPW § -2 7 3 ) 4 3
43 8053-52-2-51-51-3 X HMR § -1 1 3 3 4 3
44 8053-52-2-51-51-3 X HMR % -1 5 5 3 S 3
45 8067-51-51-51-51-1 X AW & -1 3 3 ) B! 3
46 8067-51-51-51-51-1 X AW -1 3 7 5] 3 3
47 8067-51-51-51-51-2 X NW & -2 7 3 B) 3 3
48 8067-51-51-51-51-2 X NW -2 3 3 ) 3 3
49 8067-51-51-51-51-3 X CY ¥ -1 1 7 3 4 3
50 8067-51-51-51-51-3x CY § -1 5 3 3 4 3
ol 8067-51-51-51-51-3 xHM ¢ -1 S 7 3 B! 3
52 8067-51-51-51-51-3 X HM ¥ -1 7 5 3 S 1
93 8053-52-2-52-51-1 X AW ¢ -1 7 5 5] S 3
54 8053-52-2-52-51-1 X AW ¥ -1 7 7 ) B! 5
95 8053-52-2-52-51-1 XNW & -1 5 7 B) S 3
56 8053-52-2-52-51-1 X NW ¥ -1 S 5 ) 3 3
o7 8053-52-2-52-51-1 x HM % -1 S 7 3 4 3
98 8053-52-2-52-51-1 X HM § -1 3 3 3 S 3
99 CG¥%-1xHMJ -1 3 5 3 3 1
60 8053-G3-51 < 8067-G4-51 3 7 ) B! 1
61 8053-G3-51 X 8067-G3-52-51 1 5 B) S 3
62 8053-G3-51 < 8067-G4-52 7 7 3 B! 3
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63 8093-G4-51 x 8067-G4-51 7 3 5 3 3

64 8093-G3-52-51 x 8067-G4-51 5 5 3 4 5

65 8009-G4-51 X 8067-G4-51 7 5 5 5 5

66 8053-G4-51 X 8054-G4-51 3 1 3 3 5

67 8053-G4-51 x 8060-G4-51 7 7 5 3 1

68 8053-G4-51 x 8067-G4-51 7 3 5 3 1 | o

69 | 5166-525-52-51-51 x H$-2-51-51 7 7 5 5 3 | o |Boo1
70 | 5166-525-52-51-51  J3 % -1-52-51 3 5 5 4 3

71 | 5166-525-52-51-52 x H ¢ -2-51-52 7 5 5 4 5

72 | 5166-525-52-51-52 x J3 % -1-52-51 5 7 7 5 5

73 5166-525-51-51 X H¢ -2-51-51 5 7 7 4 5

74 5166-525-51-51 x J3-1-52-51 7 5 5 4 3

75 5166-525-51-52 X H¢ -2-51-51 7 7 7 5 3

76 5166-525-51-52 % J3 % -1-52-51 5 5 3 4 1

7 5166-525-51-53 X H¢ -2-51-51 7 5 5 5 5

78 5166-525-51-53 x J3 ¢ -1-52-51 5 7 5 5 5

79 [WC2-52-51-51x319-525-G3-51-51-51-51 5 7 5 4 5 | o [Bo1l
80 WC2-56-51-51 X H$ -2-51-51 7 7 7 4 5

81 5166-525-52-51-52 X 3 -52-51 7 7 7 5 3 | o |Bo13
82 WC2-58-51-51 X H$ -2-51-51 7 7 5 5 1

83 WC2-58-51-51 X J3%-1-51-51 7 7 5 5 5

84 | 5166-525-52-51-51 X W -2-51-51 5 5 5 4 3

85 | 5166-525-52-51-51xJ3%-1-52-51 7 7 5 5 3

86 |5121-51(5)-52-51-51 x 319-525-G3-51(4) | 7 5 5 4 3

87 | 5166-525-52-51-52 X W ¢ -2-51-52 7 7 7 5 5 | O |Bos4
88 3SP-258-51 X H$ -2-51-51 7 7 7 5 5

89 5166-525 X H% -1 7 7 5 5 3

90 H$-1x5166-525 7 7 5 5 5

91 WC-2-525-51 X NP % -1-51 7 7 5 5 3

92 NP % -1-51 x WC-2-525-51 7 7 5 5 5

93 |8053x 8)-51-51-51-51 X 25P-265-51-52-51] 7 7 5 3 1 B012
94 | 2SP-265-51-52-51x5388-51-51-52-51 | 3 7 3 3 1

95 | 2SP-265-51-52-51x5388-52-51-51-51 | 5 5 3 4 3

96 | 2SP-265-51-52-51x 90535P-30-C1-C1 | 7 5 5 3 3

97 | 2SP-265-51-52-51 X 90535P-64-C2-C1 | 5 5 3 3 3

98 | 2SP-265-52-51-51x90535P-51-C2-C1 | 5 5 3 4 3

99 | 2SP-265-52-51-51x5388-51-51-52-51 | 3 3 3 3 3

100 | 2SP-265-52-51-51 X 5388-52-51-51-51 | 3 3 3 3 3

101 | 3SP-258-51-51-51 X5388-51-51-52-51 | 5 7 3 3 3

102 | 3SP-258-51-51-51 X 5388-52-51-51-51 | 7 5 3 5 3

103 | 5SP-318-51-51-51 X 5388-51-51-52-51 | 7 5 5 3 1

104 | 5SP-318-51-51-51 X 5388-52-51-51-51 | 3 5 3 3 3
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105 | 55P-318-51-51-51 x 5388-52-52-51-51 | 3 5 3 4 3
106 | 55P-318-51-51-52 x 5393-51-52-51-51 | 3 7 3 4 3
107 | 5SP-318-51-51-52  5408-51-51-52-51 | 5 5 3 3 3
108 | 5SP-318-51-51-52x 5410-51-51-51-51 | 5 5 3 3 3
8085-51-52-51-51-51-51-51-51-51
109 5408-51-51-52-53 S 3 5 5 3
8085-51-52-51-51-51-51-51-51-51
110 5410-51-51-51-52 7 5 3 5 3
111 | B44-2-51-51-51-51 XCG 4 -2-51-51-51 | 5 3 3 4 3
112 | B19-1-51-51-51-51 X 90525P-8-51-51 | 5 3 3 5 3
113 |B19-1-51-51-51-51 x 5166-525-51-51-51| 5 5 5 5 3
114 | B19-1-51-51-52-51 x 90525P-14-C2-C1 | 3 3 3 5 3
NBBO-8053-52-2-51-51-50-2-1-5151
115 % 8067-51-51-51-52-50-51-2-51-51 3 ) 5 5 3
MSBC3-8067-51-51-51-52-52-51-1-51-51
H6 1 8053-51-51-52-51-51-51-51-51 3 3 5 5 3
MSBC3-8067-51-51-51-52-52-51-1-51-51
a7 8053-51-51-52-51-51-51-51-52 7 3 5 4 3
115 | MSBC3-B067-51-51-51-51-53-6-1-6-1-51-51 , - - 5
X 8053-51-51-52-51-51-51-51-51-51

1% 118. oM FER(F)

2t A sid el oM otFE(F) ERSTF

4F F 24 2o SAHARAE AN F A
L 35 7w MFE 12 o 72 4%
& Ao AAst] A
3} LH@.A&] 23;:]- )\-1.__7—1}4 g‘,,]_‘_—.
%3 (B001, BO11, B013, B053, B012)& X F32 o
118-123).

- 199 -




B001) €

(

19 119. No.69

A

L7

4202

o)

9]

o))

el

]

Ao

S
L

o HRE
ol iy

A 7
ZER!

2ol

AT

AR

o o

Al
A

A

iy

M
vze]

X
oy
G5

=

4

1o

T
—

J 24 No79

3ol

L
) .

2717} #olA]

- 200 -



Fozm s

dF =

=
a

==
T=

Ll

ISR

o

5

|

A

SH

(B054)

19 122. No.87

Bigkon]

ol A 24 7}A]

W ATAEsl A8 9947}

A o

1

- 201 -



BOL2: S1947h B ATNEs} ZHow WHEHAY L 29744 EFAGH0] HojubA
ABHY S, Frh AT AT HUol A FAL BAol W glom 7ol Holw
A5 & WFE AP 2ol YAL(1Y 123)

U 2940 2 =3kad
D WA v AT <3

A sigdels g #d fAAdEs tdezs g AAde & 23 Add 20129
yigkgol 3k 2241%, 3671412 AsmE, 20139 Wghgo] 3 2341%, 3BAe] As
B, 20149 53 2371F, 337049 AR, 20159 5% 3041, 307HA 0] ASRE,
20163 =3 32A1F, 327HAE FE2HEE &1 F 7tk FHAHA, e e 54
o= AldieE wujstdth. FS(flower selfing, 7Q&t<=i)= 1570, BS(bud selfing, <) 2574
ol d<S st on, AT, TAY, dAS Z=ASIATHE 49).

IAPE =012 Add 22A154 Hd FAFS oF 1008 ooz, Ao FAFS
2568, H4& TAFS LYol =3 Hd 2 209 oo w, A 2das 38, A4
A¥4E 149 Nol, No2, No9, Nol2, Nol3, No22 A5S AYE AFAF 2728 o
st 4Ado] ol BSEyE wHjstH . "HH Nol7, No20 A% A7FEstgde] o9 73she
FS Tx= 94 Xatdla BSE 242 1509, 21089 45 4tk =3 U Als = A7t
=3}t o] Aste Tk ol AU olek o] FS YA 0~7, BS YA 0.3-8.1& HERH
SAAHE ] ZpolE HAJATHEE 48).

2APA (20130l = A8 E 23415 B FAFS oF 117TH ooz, Al FAE2 2104,
Ha FAFS 60doldH. =3 Ha 2 1689 ooz, A A< 20, H4
AT+ 1009t No26, No3l, No36, Nodd A& Ad= AFA5 Arhasietdoel st
BSZ9F wHllst k. No37, No39, Nodl, Nod2 AlFe AVMEsgAdol m$ st FS FAE
A A FRa E=F UM A AFE A7HESFA ol Aste T &l A2 B¥S UE
Witk 221, No29 No30 No32 No33 No35e A7pEsigtadoel Az oz ofatgitt. ol s}
2ol FS 914d-& 0-3.58, BS 942 3~10.55 UEho] TAE4EE 9 Ato]E EITHE 49).

AP =201 = Add 234 5o Bt FAEFS oF 2509 ol Fo®, HU AT 6009,
Ha TAFEL SodHolAdH. =3 HE A 289 oldew, A 2¥E 35 AL 2F

i
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T 1601 Nob53, No60, No622 A7HE3SIgHAdo] wl-¢- Zste] FSEAE A dA X
3tR o™, Nob55 No56, No63, Nob5, Nobb AlF A7FaEstgtdol Attt =3 U=
ATE A7HESEAFo] At FA #Fol AL AFES UEAY. 134, Nod6 Nod7
No49 No50 No51, No57, No58-2 A7HE31gAdo] Atz oz oFstt). o]e} o] FS JA &
0~6.4, BS 94 2.3~20.55 YERf o] TAALE Y 2o]E HATHE 48).

42PA = (2015) 0l &= AldE 30415 <] FS(flower selfing, 7N8tF8) Ha FAFS FL3YH o4
o7, HAY ZAFL 6Y, AL FAFS 040}tk BShud selfing, 8 B FAHFS
°F 1509 oldo=, HUl FTAFES 480% HA FAFL 32olAth =3 HT AT
18 ooz, AUl AT M4, A& A¥F+ 6olATh WA Aeta, AVtEEEA
(SI, self-incompatibility)e] BE=7F 3 Ales Adstr] st YA AR A3 No76,
No83, No852 A7}&&tgH/dol ul-g- Zste] FSEAE Ao 4A o, No78, No79,
No86, No88, No89 #Hl&2 A7&EsgAdol w743 H3Fs At = A AE= &7}
E3lgtdol Asle SIAES A REOE AYGS Asds ¢ F AJh olef o] FS
A2 0~0.3, BS dA2 2.2~19.25 YEtfo] SAAAH Y] 2ol & BHATGE 49).

52 =(2016)0ll= AE 324159 FS(flower selfing, 7/M8t-E) B FAHFS oF 239
ooz, Hu FTAFLE F10¥, Ha FAFL 0ot BS(ud selfing, ¥ ¢E)
FTAFS of 1799 oo 2, Hol TAFS oF 4309, H4 6Holdh =3 Ha 2
FS B+ 4%, BS H+ 179 oo =2 Ho A4+ FS 115, BS 279, 4 A<= FS
BS 6 olth kAol sk, A7EStA (Sl self-incompatibility)®] A =7} 723 AlF<
Adkslr] 98t JAS AR A3 Nol0l, Nol02, Nol23, Nol24, Nol25& wf-¢- 7+sle] FS
FAE A9 ¥A 392, Nol00, Nol03, Nol04, Nol05, Nol07, Noll0, Noll5, Nol22

o]

w2
ol
o

A A7besgdoe] wiedd AdFe Eiv =3 A AFE Artesgdel 7"5}04
SI%H = 9% REo® AGY ATde & F AV ook #Zo] FS 4B 1.9%

S AABE2 828 YEIU o TAAH Y 2ol & HATHEE 48).

oj¢} Zo] 1-5x4dE AF7I|Ed A5 AT ATVt TR FoE A3
oz AAde st B ¥ Astd ASIE JAFoeEH FF FIHHOR FF
W&ol F8&skAl °l&2 Aolth

4= | No. e T 3 | AT TAH o443 -
FS | BS | FS | BS | FS | BS | FS | BS
2012 | 1 24-3-51-51 - 25 - 21 - | 120 | - 4.8
2 8004-51-51-51 - 30 - 21 - | 150 | - 5
3 8006-51-51-51 9 21 5] 14 | 20 | 110 | 2.2 | 5.2
4 8007-51-51-51 10 | 25 | 11 | 24 | 30 | 89 3 3.5
5 8009-51-51-51 8 25 8 22 | 56 | 200 8
6 8053-52-2-51-51 12 ] 30 | 11 | 27 o | 180 | 04 6
7 8053-52-2-51-52 10 | 24 8 20 | 15 | 120 | 15 5
8 8053-52-2-51-52 14 | 26 | 12 | 24 | 29 | 130 | 2 5
9 8053-52-2-52-51 - 19 - 14 - 45 - 2.3
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10 8053-52-2-52-52 12 | 15 | 11 | 12 | 20 | 60 | 1.6 4
11 8067-51-51-51-1 15 | 17 | 13 | 10 | 42 | 42 | 28 | 24
12 8067-51-51-51-2 - 20 - 12 - 68 - 3.4
13 8093-51-1-51-51 - 32 - 15 - 1120 | - 3.7
14 8093-51-4-51-52 10 | 16 | 10 | 12 | 36 | 63 | 3.6 | 3.9
15 0434-51-1-2 22 2 13 0 64 - 2.9
16 9436-52-2-3 24 4 20 7 | 150 | 09 | 6.3
17 5439-51-1-3 15 | 31 0 24 0 [150 | - 4.8
18 0442-52-2-2 13 | 24 1 24 4 8 03] 0.3
19 0426-51-1-2 14 | 26 1 22 0 | 210 | - 8.1
20 5428-52-1-2 12 | 20 0 19 0 86 - 4.3
21 9430-3-51-1-2 13 | 23 1 19 3 | 150 | 0.2 | 6.5
22 9432-3-52-1-2 - 32 - 24 - | 100 | - 3.1
2013 | 23 5256-51-51-51-51-51 10 | 20 1 19 2 110 | 0.2 | 35
24 5256-51-51-51-51-52 10 | 20 2 18 3 | 130 | 0.3 | 6.5
25 9230-51-51-51-51 11 | 20 4 20 7 1160 | 0.36 | 5.2
26 5163-51-51-51 - 20 - 17 - | 100 | - 8
27 9164-51-51-51 21 2 16 8 75 | 0.88 | 3.97
28 5166-51-51-51 22 3 17 7 | 180 | 0.87 | 8.18
29 0167-51-51-51 10 | 20 4 16 | 12 | 120 | 1.2 6
30 5170-51-51-51 10 | 20 9 13 | 34 | 130 | 34 | 6.5
31 26-1s-51-51 - 20 - 14 - 1100 | - 5
32 27-1-51-51 11 | 19 7 12 | 20 | 70 | 1.81 | 3.68
33 28-3-51-51 11 | 20 | 10 | 10 | 39 | 115 | 3.54 | 5.75
34 29-1-51-51 10 | 21 3 12 7 87 | 0.7 | 414
35 31-1-51-511 10 | 25 2 15 | 10 | 120 | 1 4.8
36 34-1-51-51 - 20 - 12 - 90 - 4.5
37 34-3-51-51 10 | 20 1 13 0 60 0 3
38 38-2-51-51 10 | 20 2 17 3 | 110 | 0.3 | 55
39 9322-51-51 10 | 20 0 18 0 [100| O 5
40 NJ-56-51 10 | 20 1 20 2 | 170 | 0.3 | 85
41 WC2-56-51 10 | 20 1 19 0 |20 0 |105
42 B19-1-51 20 2 18 0 75 0 |37
43 61-1-G6-51-51-51 21 1 19 3 | 150 | 042 | 7.14
44 72C-3-G4-51-51-51 - 20 - 18 - 1100 | - 5
45 341-6-51-51-52-51-51 10 | 19 2 15 6 | 130 | 0.6 | 6.84
2014 | 46 5404-51-51 11 | 26 6 26 | 42 | 400 | 3.8 | 154
47 5407-51-51 10 | 28 8 25 | 61 | 420 | 6.1 | 15
48 5408-51-51 9 38 4 35 | 25 | 600 | 2.8 | 15.8
49 8053-52-2-52-51-3-51-51 11 | 22 | 11 | 20 | 46 | 70 | 4.2 | 3.2
50 5413-51-51 11 | 28 | 10 | 24 | 70 | 300 | 6.4 | 10.7
ol 8053-52-1-51-51-51-51-51 15 | 25 | 14 | 25 | 61 | 100 | 4.1 4
52 8093-51-1-51-51-51-51-51 11 | 27 5] 20 8 [250 | 0.7 | 9.3
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93 8004-51-51-51-51-51-51 13 | 29 0 18 0 [170 | O 2.9
o4 8006-51-51-51-51-51-51 12 | 24 | 11 | 20 | 28 | 56 | 23 | 23
95 8052-51-51-51-51-51-51-51 17 | 21 4 16 4 1100 | 0.2 | 4.8
o6 5505-51-51 12 | 26 ) 23 4 1100 | 0.3 | 3.9
o7 9515-51-51 11 | 28 | 11 | 26 | 56 | 300 | 5.1 | 10.7
58 5515-52-51 11 | 21 | 11 | 21 | 45 | 350 | 41 | 9.5
99 9526-51-51 12 | 31 8 25 | 16 | 200 | 1.3 | 6.5
60 8002-51-51-51-51-51-51 10 | 29 0 26 0 [150 | O 5.2
61 5400-51-51 9 22 2 22 | 12 | 200 | 14 | 9.1
62 25P-5-51 11 | 22 0 22 0 [170 | O 7.7
63 25P-26-51 10 | 26 2 26 2 1320 0.2 | 123
64 25P-118-51 13 | 22 6 22 6 | 450 | 0.5 | 20.5
65 35P-258-51 11 | 22 2 22 2 | 300 02 | 136
66 35P-293-51 13 | 25 1 24 2 1280 02 |11.2
67 35P-96-51 11 | 22 8 22 8 220 0.7 | 10
68 3SP-159-51 11 | 20 | 11 | 20 | 32 | 260 | 2.9 | 13
2015 | 69 5013-51-51-51-51-51 10 | 27 1 20 1 93 | 0.1 | 34
70 15013-51-52-51-51-51-51-51-51-51| 10 | 26 1 26 1 | 140 | 0.1 | 54
71 5018-51-51-51-51 9 22 2 22 0 80 0 3.6
72 o018-51-52-51 11 | 28 2 28 1 129 | 0.1 |10.3
73 5021-51-51-51-51-51 10 | 21 1 21 1 120 | 0.1 | 5.7
74 5023-51-51-51-51-51 12 | 22 3 22 2 122001 10
75 5023-51-52-51-51-52 9 49 1 44 1 | 400 | 0.11 | 8.2
76 5050-51-51-51-51-51 13 | 23 5] 15 3 130 | 0.2 | 5.7
7 (8053X §)-51-G3-51 10 | 24 1 24 1 | 130 | 01| 54
78 9191-51-51-51-51-51-51-51 9 34 0 30 0 74 0 2.2
79 (8053X §)-51-52-52 12 | 36 2 20 2 | 120 | 0.17 | 3.3
80 5387-51-51-51-51-51 11 | 22 1 21 1 | 160 | 0.09 | 7.3
81 5388-51-51-51-51-51 11 | 20 2 16 2 1260 | 02 | 13
82 9388-51-51-52-51-51-51-51 17 | 23 1 14 2 240 | 0.1 | 104
83 5388-52-51-51-51-51 11 | 25 5 23 6 | 480 | 0.5 | 19.2
84 0388-52-52-51-51-51 12 | 21 0 12 0 35 0 1.7
85 5407-51-51-51 10 | 24 | 13 | 24 1 | 120 | 0.1 5
86 5407-51-51-52-51-51 10 | 20 | 10 | 18 2 1340 | 0.2 | 17
87 9408-51-51-51 11 | 23 8 22 1 ]210]009]| 9.1
88 5408-51-51-52-51-51 11 | 48 0 7 0 32 0 0.7
89 AW ¥ -2-51-52-51 12 | 20 1 6 1 78 |0.08 | 3.9
90 AW % -2-51-52-52 13 | 21 2 12 0 86 0 4.1
9 AW $-1-51-51-51-53 10 | 29 5 12 0 [100 | O 34
92 AW % -1-51-51-52-51 11 | 21 3 12 1 o8 | 0.09| 2.8
93 WC1-51-51-51-51 11 | 26 | 10 | 16 1 | 160 | 0.09| 6.2
94 WC1-52-51-51-51-51 11 | 22 9 11 1 89 |0.09 | 4.04
95 WC1-53-51-51-51 10 | 53 3 17 3 80 | 0.3 | 15
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96 | WC2-52-51-51-51-51-51-51-51 | 15 | 24 4 13 4 87 | 03 | 3.6
97 WC2-52-52-51-51-51 10 | 24 0 18 0 7 0 3.2
98 WC2-54-51-51-51-51 9 22 0 15 0 [ 180 | O 8.2
2016 | 99 8052-G7-51 10 | 24 | 10 | 24 | 60 | 180 | 0.6 | 7.5
100 8052-51-51-52-G5-51 10 | 25 0 21 0 [180 | O 7.2
101 9905-51-51-51-51 13 | 23 1 14 1 | 110 | 0.08 | 4.8
102(8053-51-51-51-51-51-51-51-51-51| 14 | 45 2 15 2 1190 | 0.2 | 4.2
103| 8053-51-51-51-51-52-51-51-51 | 11 | 22 0 20 0 74 0 34
104{8053-51-51-52-51-51-51-51-51-51| 13 | 30 0 11 0 11 0 0.4
105| 8053-51-51-52-51-51-51-51-52 | 12 | 27 0 18 0 18 0 0.7
106 [8053-51-51-52-51-51-52-51-51-51| 11 | 23 3 23 3 | 200 | 03 | 87
107{8053-51-51-52-51-51-52-51-52-51| 10 | 26 0 25 0 [230| O 8.9
108(8053-51-52-51-51-51-51-51-51-51| 10 | 24 7 15 | 16 | 35 | 1.6 | 15
109 9512-51-51-51-51 10 | 21 9 21 | 26 | 200 | 26 | 9.5
110{8053-51-54-51-51-51-51-51-51-51| 12 | 22 0 16 0 [30 | 0 |159
111 9515-51-51-51-51 10 | 20 8 18 | 28 | 200 | 2.8 | 11.1
112 9515-52-51-51-51 10 | 20 | 10 | 20 | 130 | 350 | 13 | 17.5

113|8053-51-55-51-51-52-51-51-51-51| 10 | 20 | 10 | 20 | 190 | 430 | 19 | 21.5
114(8053-51-55-52-51-51-51-51-51-51| 10 | 24 3 22 6 | 210 | 0.6 | 8.8
115|8054-51-52-51-51-51-51-51-51-51| 14 | 23 0
116 (8066-51-51-51-51-51-51-51-51-51| 10 | 20 3 20 8 | 100 | 0.8 5
4
6

117|8066-51-51-51-51-51-51-51-51-52| 10 | 20 19 6 | 370 | 0.6 | 185
118(8067-51-51-51-51-51-51-51-51-51| 10 | 20 16 | 30 | 300 | 0.3 | 15
119|8067-51-51-51-51-51-51-52-51-51| 12 | 29 | 11 | 27 | 36 | 300 | 3 | 104

120(8067-51-51-51-51-51-52-51-51-51| 10 | 24 7 19 | 18 | 280 | 1.8 | 11.7
121|8067-51-51-51-51-52-51-51-51-51| 10 | 20 7 20 | 15 | 400 | 1.5 | 20
122(8067-51-51-51-51-52-52-51-51-51| 13 | 25 0 11 0 87 0 3.5
123(8067-51-51-51-51-53-51-51-51-51| 13 | 27 1 16 1 ol | 0.08| 1.9
124(8067-51-51-51-51-53-52-51-51-51| 15 | 16 1 13 1 | 100 | 0.07 | 6.3
125 9926-51-51-51-51 10 | 21 1 11 1 11 | 0.1 | 0.5

@ vy, F2, 44T )3 A5 =5y

A% o]H AWELLFATANA 20123-20169 AT WY, T, A AP E
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SHATHE 49).
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FAbeFe] AQaL, No2, No6, Nol0, Noll, Nol5, Nol8, No24, No25, No26, No27, No30, No3l,
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No032, No33, No34, No37, No40, No42, No43, No46, No49, No50 Al5<& Adx AdAx =7}
E3}gtAd o] Zbslar dAdo] ol BSEF wufsld Tt No3, No4, No7, No8, Nol3, Nol4, No22,
No023, No028, No29, No35, No36, No38, No39, Nod44, Nod5, Nod7, No48A &S #A71E313HA
AEE eofstA] Fahe] FS, BSE 3l¥th No3 Al A7HEststdo] ksl FSE F3l 8001,
BSE &3 1008 % 9009€e] TAE AUtk Nob AlsS A7tEEGAo] w9 st FS
T AA X3kl BSE 50089 FAE AT No27 Al ArhEsteidol 7l BS
FTAR 174E 4t ol F 94F TAFES 1Yt 15Al5S Adston, Add
< JEHoRE 15 o) S dErHa, o] 2001420 AlES 5AE, 100143
2 10A1% olFoHH 124, & 49).

22 A E( 2013)01]h Ak 2074159 B FAEFE oF 1609 ooy, A TAF
260, H4& FAFE 80HolRN e Z4zpef AdbE 204 5ol A *ZMH/‘PE'—%A 2ol 7F A=
& = AAUTE Nod8, Nob67 Alee Ad= AFAH ArHEsEdo] ZFstar dAdo] wol BS
Zo+ wujstsoh No51~57, No59~66, No68~70A1F2 A7FE3sttd AEE getstx] sho
FS, BSE 3&t3ith NoS6 A2 AH oz A7lEEF/do]l o3k Ho|Hom|ESYAE 1.3),
No59, No62 AlEL A7IEsgdAdol w9 Zste] FS SAE A A Es1¥ 3 BSE 180,
1208 ¢ A5 47 A2 ™ 125, 3 49).
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& 4 AT No76, No77, No82, No82, No84 AlF2 Hd% AdA3} A7pEstgAdo] 7
dAdo] vro} BSEwF wust ol No71~75, No78~81, No85~92A| 52 A71&Eststd AEE
52| E3sle] FS, BSE 3tttk No73, No74, No78, No88 Al Aoz Ar/EsigtAido
oFgt Ho|g om(FSYA 1.6~3.6), No80, No8l, No86, Nod0 A& #7313 o uHT AL
FS A& A9 €A Est¥ L BSE 55~1708 ¢ FAE Z+2 A28 126, 3= 49).

AZPASE(2015)0 = A1HrE 30452 FS(flower selfing, 7Wst<r&) H AL ¢Fl.39 oA
o7 HY FAFL 6Y, H& FAFLS 08olAd BShud selfing, ¥ 4+8) B SAFS
°F 1509 ol¥do=, Hul FAFE 48048, H4 TAFL 2HoIdn. =3 F AT
18 oo =, Hdl AT+ 44, HA& A+ 6olAuth Ao Aeta, ArHEsEA
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Nol07, Nol09& A7tEstgtAdel wl-¢ Zsted FSTEAE A9 dA X3t o™, Nollz,
N0103, Noll0, Nol12, Noll3 AEe A71EsgAol d9As e Rk EF Ymx
ATE A7FESIFA ]l A3t SIAIES 2% RECE AGg ATYS ¢ & A o9}
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AR A" 30AF el ATHESEA A=E FofekA kate] FS, BSE wulsiit
No123, Nol25, Nol26, Nol30, Nol34, Nol36, Nol37, Nol39, Nol42~Nold4d H&F 2 dHido=
A7t EsgAdo]l ofdk HolFom(FSY4d 0.3~5.9), Nol24, Nol28, Nol29, Nol32, Nol34,
No135, Nol38, Nol4l, Nol45, Nol46, Nol49, Nol50, Nol5l A& A7tE3tdo]l w5
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st FS FAE A9 dA XA BSE 51-4008 9 FAE Z7 AAoHad 128, &

gustcr 2 Hoz BuE UdH =
]_

A3
SN &83tRoen A7Vt F

=
o L
S el EuA e AEAE Y

= AL =)
Ae st w3ladgdes gsst] & F AUNddd 28

e
ofld

as/n . Fests | A9 | 4w | 94 ..
FS | BS |FS|BS|FS| BS | FS | BS
2012| 1 5388-82-5 24 | - |32 - 360 - | 15 -
2 5389-81-3 - 130 - 22| - 1120| -
3 5390-51 32 | 25 | 36|23 (800|100 | 25
4 5390-52 8 |24 |4 (20| 7 | 15009 6.3
5 5391-92-3 24 | - |26 - |390] - |16.3| -
6 5395-78-5 - 23| -121| - |500| - | 217
7 5396-51 19 | 24 | 24 | 24 |500| 200 [26.3| 8.3
8 5396-52 23 |27 |4 19| 5 |109]|02]| 4
9 5397-57-1 171 - 24| - |500| - [294] -
10 5397-57-3 - |31 | - 24| - |150| - | 48
11 5398-22-6 - |31 - 27| - 1280 | - 9
12 5399-59-1 22 | - | 21| - |450| - |20.5| -
13 5400-51 181201 (19| 3 |200|03]| 10
14 5400-52 51211 (17| 1|28 (01134
15 5406-22-7 - 131 -123| -]106| - | 33
16 5407-59-7 22 | - | 14| - 250 - |114] -
17 5408-98-6 27 | - | 26| - [400| - |14.8| -
18 5409-56-8 - 132 | -120 -1]18 ]| -1 06
19 5410-25-4 21| - |30 | - |125| - 9 -
20 5411-23-2 23 | - |24 - |190] - |83 ]| -
21 5418-64-8 13| - | 13| - 1200 - [154] -
22 5424-51 15129 | 7 123]18| 150 |12 5.2
23 5424-52 131243 |16]10| 60 | 1.8 ] 2.5
24 5425-27-8 - |15 - 115 - 120 - 10
25 5435-34-5 - | 28| - 125 - |150| - | 54
26 5438-59-2 - |21 |- 17| - |100| - | 3.8
27 5440-24-8 - 116 | -123| - |17 | - | 26
28 5441-51 20 | 28 | 5 |20 16| 149 |05 | 5.3
29 5441-52 14 |1 26 | 7 |26 | 13| 300 |0.9 115
30 5442-31-8 - |24 - |24 - 8 - 103
31 5443-14-7 - |23 -121] - 8 - 103
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32 0446-27-8 - |21 |- |17 - [280| - | 10
33 5447-16-5 - 132 -124| - 10| - |31
34 0448-14-9 - | 28| - 27| - | 430 | - | 153
35 9455-51 12 121 |11 |16| 1 | 150 |0.08] 7.1
36 9455-52 1022|1211 |35 ]0.1]159
37 9456-95-1 - |23 -]10] -9 | - | 39
38 9457-53 15 28 |10 | 17 | 321200 | 21| 7.1
39 9457-54 11 139] 9 |39|27]210|55]| 54
40 9459-35-7 - 122 - 119 - 1200] - | 91
41 9439-35-8 10 | 25| - [ 22| - | 400 | - | 16
42 5462-45-6 - 129 -119| - |120] - | 41
43 0465-98-7 - |19 -]16] - (210 - |111
44 9466-51 8 | 235|123 ] 30 |03]| 13
45 0466-52 10 | 24 | 3 |16 | 4 | 130 | 0.4 | 54
46 5469-65-4 - | 34| -128] - 1300]| - | 88
47 0471-51 16 | 23| 5 |21 |10| 36 |06 | 16
48 5471-52 131253 4| 7130 05| 12
49 0472-48-2 - | 23| - |13 -3 | - | 16
50 5473-26-5 - 123 -|5|-110] - |04
2013 51 NDG-56-51 10120 - | -] 2 (250 |0.2] 125 | AlYujFA T
52 NDG-56-52 10119 -] -1 3 1]210]0.3|1105| ®Yuj+AS
93 NDG-52-51 10120 - | -] 6 (2306|115 | "YujFA%
54 NDG-53-51 20 | - | - | 3220 (033 11 |"YuiFAF
95 S5G-51-51 21| - | - [ 8150 | 1 | 714 |"YuiFA%
56 S5G-52-51 10120 -] - 113160 13| 8 |HYuFAZ
o7 S5G-53-51 9 20| - | - | 7 ]150 [0.77| 7.5 | ®FYulFA T
58 SSG-53-52 - 12| -] -1-180| - |363|vYuFAF
99 WDC-51-51 100120 - (-] 1|18 (01| 9 TEAE
60 WDC-52-51 9 20| - | - 11]150]011| 5.4 FTE2AF
61 WDC-53-51 100121 -|-1]2|160]02]| 7.5 FEAE
62 WDC-54-51 10120 - | -0 ]130| 0 | 26 T2A%
63 0422-51 10120 - | -] 31]120]03]| 65 |ANAFAT
64 0422-52 1019 -] -|51]100|05]526 | ANAFAZ
65 9423-51 20 | - | - | 4| 110 |044| 55 | FAAAFAF
66 0424-51 18| - -15] 9 [0.55 AN A A F
67 9430-51 - 120 - | -] -1]100]| - 2 A TA &
68 5430-52 1020 - - | 7 ]120|0.7 2 A A7 F
69 9433-51 10119 -] -1 8126008 |13.68| ANATAS
70 9434-51 10120 -] - |6 (2306|115 | ANAFAZ
2014| 71 5060-51 1121 - -111350/009]|16.7 24T
72 5114-51-51 11 | 43| - | -] 2 |100|0.2]| 23 ANAT
73 5116-51-51 13121 | - |- |64]| 67 [2.08] 3.2 2 A4
74 5119-51-51 10| 28| - | - |36]140| 36| 5 2 A A
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75 5120-51-51 22 28| - | - | 3[250/01] 89 2 A A A

76 MSBC7 % 5164-515-G8 - 13| -|-1]-|4 | -1]15 2 A A T

77 MSBC3 x 5239-54-53-51(3) - 31| - -1-]119| - |42 2 A A T

78 61-1-G6-51(4) 10 | 25| - | - | 18230 (18] 9.2 LRAE

79 5239-52-52-51(3) 1030 | -1]-1]1]33]01] 11 ERAE

80 5239-54-51(3) 14120 -] -10]5 |0 |28 LRAE

81 5239-54-53-51(3) 11 (28| -] -]0/[100| 0 | 36 ERAE

82 MSBC8 x 61-1-G10 - 25| - |- -1]23%| - |92 LRAE

83 MSBC8 x 61-2-G10 -3 |- -]-1]120| - |71 ERAE

84 MSBCO0 X 61-1-G10 - 61| -|-]-1[8|-|14 LRAE

85 5147-51(4) 11 (20| -1]-1]21| 78 [018] 3 ERAE

86 8004-51(6) 13129 -1]-101]170( 0 | 59 LRAE

87 5239-555-G3-52-51(3) 421 -]-12]25[01] 12 |9Uml3A%S

88 235-1-G3-51(4) 10 (24 | - | - [16]300|1.6]|125 | mUui3A%

89 OMF-G4-51(3) 10 (28| -] -191200(09]| 71 |mUuFA%

90 5240-51-51-1-51-51 8 |10 -] -101]120( 0 | 12 |HUHFASE

91 8010-51(6) 12023 -] -1 719 [06] 39 |mUuzA%

92 8316-51(4) 10 (27| -] - | 51100]05]| 3.7 | mUuFA%E
2015/ 93 5013-51-51-51-51-51 10 (27 |1 ]20( 1|93 |01]| 34

94 |5013-51-52-51-51-51-51-51-51-51| 10 | 26 | 1 |26 | 1 | 140 | 0.1 | 5.4

95 5018-51-51-51-51 9 [ 222 1]22]| 08 | 0 |36

96 5018-51-52-51 11 [ 28| 2 [28| 1|29 |01 ]10.3

97 5021-51-51-51-51-51 10211 (21| 1120[01] 5.7

98 5023-51-51-51-51-51 12 (223 [22]2 /22001 10

99 5023-51-52-51-51-52 9 | 49| 1 |44 | 1 | 400 [0.11] 8.2

100 5050-51-51-51-51-51 13235 [15| 3 |130|02]| 57

101 (8053 x $)-51-G3-51 1024|1241 |130[01] 54

102|  5191-51-51-51-51-51-51-51 9 [34[01[30]| 074|022

103 (8053 < 9 )-51-52-52 12 13| 2 (20| 2 |120(0.17] 3.3

104 5387-51-51-51-51-51 11221 [21| 1 |160(0.09| 7.3

105 5388-51-51-51-51-51 11120 2 |16 2 | 260 |02 13

106|  5388-51-51-52-51-51-51-51 17 (231 [14| 2 240 |01 | 104

107 5388-52-51-51-51-51 11 (25| 5 23| 6 | 480 |05 |19.2

108 5388-52-52-51-51-51 122110 [12{0 |3 | 0| 17

109 5407-51-51-51 10 (24 |13 ]24| 1 |120/01| 5

110 5407-51-51-52-51-51 10 | 20 |10 |18 | 2 | 340 | 0.2 | 17

111 5408-51-51-51 11 (238 22| 1 |2100.09| 9.1

112 5408-51-51-52-51-51 11 [ 48 | 0 03] 0|07

113 AW % -2-51-52-51 12120 |1 1| 78 |0.08] 3.9

114 AW % -2-51-52-52 13212 (12,08 | 0 | 4.1

115 AW % -1-51-51-51-53 1029|5120 |100] 0 | 34

116 AW % -1-51-51-52-51 11 (21| 3 [12| 1 | 58 [0.09| 2.8

117 WC1-51-51-51-51 11 (26 |10 16| 1 | 160 [0.09| 6.2
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118 WC1-52-51-51-51-51 111229 |11 1 | 89 [0.09] 4.04
119 WC1-53-51-51-51 10 (53| 3 [17| 3|80 [03| 15
120| WC2-52-51-51-51-51-51-51-51 | 15 | 24 | 4 | 13| 4 | 87 | 0.3 | 3.6
121 WC2-52-52-51-51-51 10 (2410 (18| 0 | 77 3.2
122 WC2-54-51-51-51-51 9 [ 220 [15] 0 | 180 8.2

2016(123 2SP-5-51-51-51 13 | 24 76 | 280 [ 59 [ 11.7 | HMATF
124 2SP-24-51-51-51 10 | 24 0] 9 |0 | 38 A AT
125 2SP-26-51-51-51 10 | 23 201410 | 2 [17.8| AHMNATF
126 2SP-91-51-51-51 10 | 20 14 1120 | 14| 6 A AT
127 2SP-118-51-51-51 10 | 21 11160011 7.6 2 A A T
128 2SP-119-51-51-51 10 | 19 0 300 0 |158| =#HMAF
129 2SP-120-51-51-51 10 | 24 0180 | 0 | 7.5 2 A A T
130 2SP-122-51-51-51 11 | 19 21 {100 | 1.9 | 5.3 ERAE
131 2SP-123-51-51-51 13 | 25 9 110007 4 2 A A T
132 2SP-126-51-51-51 11 | 23 0 30| 0 |131| HAAF
133 2SP-127-51-51-51 12 | 26 1| 36 |0.09] 1.4 A AT
134 2SP-128-51-51-51 11 | 27 0210 0 |78 2| A A -
135 2SP-129-51-51-51 10 | 20 0 130| 0 | 65 LRAE
136 2SP-131-51-51-51 10 | 25 5130005 12 A AT
137 2SP-133-51-51-51 10 | 25 221200 (22| 8 LRAE
138 2SP-134-51-51-51 10 | 23 0180 | 0 | 7.8 A AT
139 2SP-135-51-51-51 14 | 26 4 125003 96 A AT
140 2SP-137-51-51-51 12 | 26 1 |150 [0.09] 5.8 2 A A T
141 2SP-143-51-51-51 10 | 28 0 400 | 0 |143| F=ERA%
142 2SP-182-51-51-51 10 | 23 4| 96 | 04| 42 |vUmFAS
143 2SP-229-51-51-51 12 | 20 31130 (03| 65 2 A A T
144 2SP-265-51-52-51 12 | 20 28 | 200 | 2.3 | 10 2 A A A
145 2SP-265-52-51-51 7 120 0 | 200 10 | wYul A%
146 2SP-272-51-51-51 11 | 20 0 | 66 3.3 [ HYHiFAF
147 2SP-275-51-51-51 10 | 21 1180 |01 86 |vYuFAS
148 2SP-311-51-51-51 11 | 23 2 125002109 |vyuisA%
149 2SP-324-51-51-51 11 | 24 0350 0 | 146 | mIUmMFAS
150 2SP-328-51-51-51 10 | 25 0510 2 |FYmFASE
151 3SP-124-51-51-51 8 |23 0 1300 0 | 13 |vYumFASE
152 3SP-150-51-51-51 14 | 22 1 |200{0.08| 9.1 LRAE
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A%, BulE ABolth Node A7HEsl@A A7 Foli, Gael Haolx, Fol %o
Mol 5 ofg BulE: AFolth Nose @ale] Aol Fuj7h BEAE Bl W= Yol
Qe dRANMER At RAe] AR F ABoth Nob AEES Gl iAol
Fu7}h mor AbREEAdel FEr} F A MY HlFolTh NoTe @] Hao]n]
Zojz} F3tola AZRES Aol F749l mUuiFolth, Node @ale] A% Aajolm, Fuhs}
g Hol glom, AZFREEA HET} ol A A4 mu HFolth Noge o] g4
ofm] Frl7h Fztolw ATMREHFAH HEsh F2h) A ulFolth Nol0o& gaje] 24
ol Ftiz} oM A MEEFA ) HEsh F3rol A WpE AFolth Nolle Aol
Aol Zri7} F3kolw AZREFA) FEst FIH A4 E U H] Fo| THE 50)
2APAEQ013) FAAAES AR 4AS, MF TATS 011AEAA &8 TN, 56
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ol ZAo] Ax Ful7} FIHA AFA otk No.lse Falo] Zaolw Fthrl wE A7)
o|t}. No.16w= ZAe] FAtmpa®E o] gk wjF=o]™, No.l7+ A&o] wErm Fojrl F31<l
A F=o|th, No.182 «7]7F w23 Z74o] &2 AMujFoltth No.192 %77} wE F3t
Ax ol AZHESFEA el HAu|Folth No9e F7|7F way SR A7FEsgAd ol
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HjFolth. No.22-& FTiAI717F BEolm 8= ArtEsgidolr e ofst 549
FA G A Al S0l tH(3E 50).

3APA=(2014) FH AL Pakchoi 3A41%F, W5 5Al5 e 20129 =74 &3F LAHAIA, S6
A o]l 8AF S 2014 2€~4o S48t TE3SIAH. Nola Aol gkAtAolm
A&y Szt mE AZASAEIAZCMS)olH ZAo] F3H Pakchoiolth. No.24+=
FAo] dAAoly Aol w2y Fo= FHHEA CMS HAAlTh No2s5& Ao
A@AMoln o7} F3kolw ZAo] 71 Pakchoi©lth No.26&= FAlo] ZAo)n Fujet
FAMAE S SR WS Roln a3 S8 1A F viFo|th No27&
FA o] g=Aolm T FIkolW, AHS wEn, Yido] 3k g Folut Belsyy

e oFg S wiFolth No2st ol Hae] %77k wax 2go] e 539
7ol

4= | No. %;] :ji Az | E3Y | AFY | YA | AUTR | SHYE | 7Y
2012 | 1 PT12-8 | 217 <A | RP-771 6033 &Rl = AE 2012 1HF
2 PT12-9 | 27 <A | RP-772 6034 o el = AE 2012 18F
3 CCl12-1 Hjj & CC-3011 6003 o gkl = Al 2012 IHF
4 CCl12-2 Hj = CC-3012 6004 o gl = Als 2012 IARF
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5 | cc12-3 Hj) 5 CC-3022 | 6007 | digt9l= | A% 2012 3%
6 | CCl2-4 Hl) 3= CC-3031 | 6001 | oi@9= | A% 2012 3%
7 | CCl2-5 Hj) 5 CC-3032 | 6002 | tigtal= | A% 2012 3%
8 | CCl2-6 Hjj 5 RC-321 | 6017 | Wh@91= | A% 2012 13F
9 | ccl12-7 Hjj 5 RC-322 | 6018 | oigtdl=r | A% 2012 I13F
10 | CcC12-8 Hjj 5 RC-332 | 6014 | wigtdl=r | A% 2012 I13F
11 | CCl12-9 H) RC-341 | 6015 | digvl= | A% 2012 13F
2013 | 12 | K222907 | A7 | PT13-1 | 9037 | gz | AE 2013 ke les
13 | K222908 | 744 | PTI3-2 | 9039 | thgtw= | A% 2013 14F
14 | K222909 | A= | PT13-3 | 9041 | gi&w= | A% 2013 1%
15 | K222910 | #3744 | PT13-4 | 9034 | g&w= | A% 2013 14%
16 | K222911 Hl) 3= CC13-1 | 9001 | wigw= | A% 2013 ke les
17 | K222912 Hl) 3= CC13-2 | 9016 | wigw= | A% 2013 3%
18 | K222913 Hl) 3= CC13-3 | 9020 | Wigw= | A% 2013 3%
19 | K222914 Hj) 5 CC13-4 | 9032 | whgw= | A% 2013 ke les
20 | K222915 Hj| 5 CC13-5 | 9012 | whgw= | A% 2013 ke les
21 | K222916 Hjj 5 CC13-6 | 9014 | igw= | A% 2013 I13F
22 | K222917 Hjj 5 CC13-7 | 9017 | Widvi= | A% 2013 13F
2014 | 23 | PT14-1 | A7 | DH-5ms - o kel = A& 2014 IHF
24 | PT14-2 | %7 | DHBPms - o gk el = A& 2014 IHF
25 | PT14-3 | AAA DH-10 - ERl= | A% 2014 3%
26 | CCl4-1 Hjj 5 5166 - g | A% 2014 3%
27 | CCl4-2 Hl) = 47-2 - ERl= | A% 2014 13F
28 | CCl4-3 ujj 5 3SP-15 - ERl= | A% 2014 3%
29 | CCl4-4 Hjj 3 8605 - dsnl= | A% 2014 13F
30 | CCl4-5 Hj) 5 8607 - gsvl= | A% 2014 3%

4. AMAFUFA T &L W

7h A EAE AT B Az wek gy

kAl 29 S AFHsk] 2% sodium hypochlorite o 1087F AL o] 5 BA4E
33] o] FAEAT. EUAT B EE 8= 13%9] sucrose’t H7HE BSE A 2
HA7bste] wxpab g Baste] 45me] sieve®E o #g A4S JA B sl AZAE B
AT FHE 2FAE v Aol Yo 60x15mm petri disholl 2.5 ml¥ EFa90 (19
129). Axe €% @ A7HE Aot wjekulx] 24 wE wpags zAbEky] 9s & 529
533 e AgE Fa WS F=EAT. 4 A & 3070 buds AFAEE ARES
P
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% 129, &332 Hj Okiﬂr@ WA E; B, AFEE = budel =71 C. &= # bud; D. 2x}

Apde] &AX HH#E bud, E. =HAb /\}%i 2238k bud; F. 45um sieveol] Az A%z} G.
AR, H vk R|o] &3 A= L 60x15mm petri dishell &5

HAE W25 E 471" FAEAE AAREAT HA7EA e MS HiAE &A e
FESIT F718 FAEAZ 6F% AAAR F 8C o 23 A g AAdo A wjgstTh
87 = A EH HEAE S &4 450 AAH &FAHE AXNEA FHE FE5HA
arfel o] g3ttt

¥ 5l &¥A g =4

B.N. Felid Label Culture medium Temperature condition
Temperature(C) Time(d)
AS20 2 1,2 34,5 30, 32.5 1d, 2d, 3d
AS21 3 1,2 3,4, 5 30, 32.5 1d, 2d, 3d
A23 4 1, 2 30, 32.5 1d, 2d, 3d
AS24 5 1,2 34,5 30, 32.5 1d, 2d, 3d
AS34 6 1, 2, 3, 4,5 30, 32.5 1d, 2d, 3d

S

52. 2 vlokel] o] §H Fa WA o A E

i
W5 Hj A] 24

NLN + S13% + AgNO; 1.0 + CaNO3  0.5g/l + NAA(Q.5mg/ml + BAPO.5mg/ml

NLN + S13% + AgNOs 1.0 + CaNOs  0.5g/l + NAA1.Omg/ml + BAP1.0mg/ml

NLN + S15% + AgNOs 1.0 + CaNOs  0.5g/l + NAA1.Omg/ml + BAP1.0mg/ml

1/2NLN + S13% + AgNOs; 1.0 + CaNOs  0.25g/1 + NAAQO.5mg/ml + BAPO.5mg/ml

Ol W (N

1/2NLN + S13% + AgNOs 1.0 + CaNOs;  0.25g/l + NAA1.Omg/ml + BAP1.0mg/ml
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. a2zl w23

IAFAE@012@)N = AT A3 Ao ©2 9 vl 53 A= Zatdod, A 22
AxA W FA-S A WC1-51, WC1-52, WC1-54, WC1-55, 5004, 5043, 5045, 50034 % ]
i A8 AFE AJTHE 53). AS-1AIELS 70719 £E 3kl 2709 w7} WAy
o, 1719 vlE MS X3ttt oluf wix] 2742 NLN + S15% + N - B0.5ol| A A& glomH
30T AA 24/7F 255 APttt AS-2A152 60719 &8s AFsted 119 w7t
AP oy ASAAE 7 FA] ol MSAE 1A &tth AS-341F2 180719 E£&odE
A3t 1709 wizE A oH, 119 #iE MS XA4sdd. wiA 271 NLN + S13% +
N - B0.5oIA A& om 30TAA 2447 225 AP stAth AS-4A15L 90712 & s
Agstg ot vzl #ASA Zokth AS-6AIFS 60719 EEEE AF3t 10719 Hi7h
A om, 5709 wlE MS iAol X33t ATt. ol wjx] =72 %NLN + S10% + N -
oA AP om 30TAA 4843 =5 A3YH AS-TATL 60719 EEeHE
sted 15709 w7t Al o™, 10712 wijE MS wiA|ol X5ttt ol wjx =
Z71& 9ol A T AS-8AIE T AS-9AIZA 27 607]9 ZEQHE A
zyzy 2709k 470 9] v 7F SR o O eIV $A ol SR AIFATH

- _
£ A3

£ 53 W% 2EA ek MRS (20124)
; A 5] 7] 2= HFA AP

foa | “dud | e | MR M= A
AS-1| WCIsL | 70 2 1 NLN+S15%+N - BO5 | 30°C 24n
AS2 | WCI52 | 60 1 - NLN+S15%+N - BLO | 30°C 24n
AS-3 | WCI1-%4 180 1 1 NLN+S13%+N - B0.5 30°C 24h
AS-4 | WCI55 | 90 - - NLN+S15%#N - B05 | 30°C 24n
AS5 | 5004 | 60 | 10 5 VNLN+S10%+N - BO5 | 30°C 48h
AS6 | 5043 | 60 | 12 10 | NLNSI0%N - B05 | 30°C 48h
AST | 5045 | 60 | 15 10 | NLNSI0%N - B05 | 30°C 48h
AS-8 5003 60 2 - 1LNLN+513%+N - B0.5 30°C 48h
AS-9 5004 60 - 1LNLN+510%+N - B0.5 30°C 48h

22PA (20139 ®)oll = 5AIEC] HIAEE HA T

T 9 H(Y 7T wfR ZA ] wE

Z 307FA] ATl A ste] vt S ZARFATHEE 54)
X 54 AT AT &= 2 AT wiR| A w2 wdAy (20139)
2 Al AAE &5 2 AT AR wE u)dAy
AAY &= 9 AT N
vl x| %A = dj 3=
=% 30C 30C2d 30C3d 32.5C 32.5C2d | 32.5C3d <
1 427 184 42 0 0 19 672
2 171 56 26 0 0 23 276
3 6 2 0 0 0 0 8
4 0 0 0 31 55 0 86
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5 0 0 0 5 27 0 32
& Wi 604 242 68 31 55 42 1042
3 AT dAE 25 9 ARE wjA A wE wiE Ay
AAeg =5 8 A3k .
Hj) ] 2243 & Wi
30C 30cC2d 30C 3d 32.5C 32.5C2d | 32.5C3d
1 253 175 59 0 0 45 532
2 2 0 25 0 0 41 68
3 31 0 0 0 0 38
4 0 0 0 42 41 0 83
5 0 3 0 18 37 0 55
< Wi 262 209 84 60 78 86 779
4 AT AAY =25 3 ARRE #jAE=A 0 wE wiE Ay
AAY &= 2 A7 .
DEESY 5 W
30C 30cad 30C 3d 32.5C 32.5C2d | 32.5C3d
1 39 0 0 0 0 0 39
2 23 0 0 0 0 0 23
& Wi 62 0 0 0 0 0 62
5 AT Ay 25 9 ARE wjA A TE wiE A
Ay 252 2 Azt .
W] %) 2 A & Wi
30C 30cad 30C 3d 32.5C 32.5C2d | 32.5C3d
1 166 96 0 0 0 0 262
2 19 7 0 0 0 0 26
3 2 37 0 120 21 0 180
4 3 0 28 39 23 0 93
5 0 1 0 33 43 5 82
& Wi 190 141 28 192 87 5 643
6 Ao dAY 25 9 ARE wjA A wE wiE Ay
A 2= 2 AIZE -
EES 5 W4
30C 30cad 30C 3d 32.5C 32.5C2d | 32.5C3d
1 241 245 0 0 0 0 486
2 72 0 0 0 0 0 72
3 38 85 0 120 125 0 368
4 0 0 0 12 0 0 12
5 0 0 15 2 6 12 35
& Wi 351 330 15 134 131 12 973

AA = 32.5CdAHET 30C ol A

Eokom Al AR 1904 7 =2 A S

UERTE 325C A2 A w2 A3 doppon 33Ut Agt 2, 3 AFolMRt

ko] f=5th vl A& 13% sucroseo] 2+ 0
SAE == 5go] 74 Hon Imgloes &
| R

=
A5 ol th 1mg/le] NAAS} BAPe & 32

0.5mg/1e] NAA<} BAPZF H7Fd 19w x| ol A]
2o E7b golAWA Wy 2w o4
22 =X A& sucurose FE7} 15%=E
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H Hj Ao A= B o] dAF] wolRth =T NLN&=7F oAl 30T A g
HHE Aol Aol o] Fo|A A Ggtom 32.5C Ao dF F= HAUATH
ASE g2 28 AFolA 1072712 7HE wkew A& ®ol AFskA X7 49

AsS A2z 7#]501]/‘11: 6 97370, 3W 77971, 5 649NE UEtHT ZE AlFlA
30C oA 143 HAg & 1 wix|2A oA vjefet 45 vidAo] 7ha @3tom 1 o]

Z71& 7+ AFE Aol uet mjEAyEo] AolstATh HHHE}% o AEZre] AAE &=} AZE
o) To wal A Aoldtgd om sucrose HEo| Wt 2po]rt LAY S-2] ol

3x}ﬂ£(2014vﬂ)oﬂt ASE oAy AS2 ASA 985/1= 713 %))z  AS1 AES
8437, AS3 AT 6987l, AS4 Ale-S 349719 ui7t DA EHAT AlTHEE Aolsht 11 e
2 wFH A S ARSI 30TolA 297 AAYE I AS H?—i*ﬁ%ﬂ =
control¥f A & A3 19, 291 s A ] v @AY Eo] olstar 1 9o wjFujA A= vl
LA EC] v Hoes HoA ATEE =X st HiA= 24U 579 cytokinindt
Auxin H7}ste Ao] HI7MEES DElste AXRT 880 52 A& & F Ao NAAS
BAPZ} 2lE 7 1mg o4 H7IEH 23|89 O && GolR = AS AL F A
(3 52. 59 HlA)) 2% 2 A E 582 2 Aol gla ATEE Aolsiy 30T oA
147 AP Aes e Aoz e ia%& =
Z2 HjF A= 30TCAA 2¥
[e)

=& As & 7 AUHE 55)
3 55, A A ulek A u) EA 2 A EA f7]E& (20149)
= AN Agul = S 2 A 1€ 21 EA]
=88 T A ® 21EA419] A0 | fF718(C/A)
AS 1 130 843 814 29 23 2.7
AS 2 150 985 923 62 58 5.8
AS 3 120 698 681 17 15 2.1
AS 4 100 349 342 7 5 1.4
A 500 2875 2760 115 101 3.5
421220153l = ATHEE AFst AdEo] Ed sEes EIQF FES AAS L
AZEE AR £o] 70% EtOHO] 30%, 2% sodiumhypochlorite-& o] 1587 THAE I
HBrE SRTE 33 ol FASAT AlE+ 13% sucrose’t H7HE BS AAfR| &} A
Hol HAb g Eafste] 45um sieve®E oFH I 2ZAS Ao dAEYE S AxAE
(o)

B39t Tubedld EEH A= 2AE2QAZAA7F A7FE woka]x o] activated
chacoal® &7 60X15mm petri dishell 2.5m# EF3stgch 129 7+ Ax g Foe 25C
F2E71NA 15~2093F hefeksty vl S #wEEATE EAAE wiE % °

= 60~70rpmO = shakingal™ WHujst@on 74 £ w & A=A ZZHA
MSHIA 2 &7 TS F=3ATHE 56).

r[r

—|~
uN'
N
n
Y
&
rlo
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3 56. AlTE AAY 2= B A AR mE w4 (20153)

, Temperature condition(‘C, hour)
B N. Media Total
32.5C 24h 30C 48h
A 34 41 75
B 10 0 10
412
C 255 13 268
D 0 0 0
Total 299 54 353

SAPAE (2016 ol = A AT A4S g vl AEAE 47] s Fliayes =3
(AZold ANAE X ATEZAFA5, BN412, 19 1300 oz F 1,2627012 axA}
HlE 853t FAEAE {71 & FAHEE B3l FUE =39t 35 & 2o 7-8v)
AN AEAE AH2Asta sty AZRE budgE AFASI stEel Aoyt =5 Zol9
1/2~113 7} H+ ST st A&t AlesE=E AFHT 3159 70% EtOH 30z,
2% sodiumhypochlorite-g<j ol 2083t A3l THAES & W S/HFE 338 o4 A
stATh A& 13% sucrose’b H7FE BS AAWAE Ho] wAAMLR EHg ohs 45m
sieve® o3 AL A ARG e A2xZAE BYsiAth 2EE A2xAE A EAA
ZAA 7 H71E wjeku Aol Yol 60X15mm petri disholl 2.5ml 2 EF3F5 ) 1~29 3 AR
o= 25C F2dF7IA 20~30€7E i Faly widA S B PL A = ¥
A ZHE Aot vk o] AEAGZEA 2o TE iRl S ZASHATHE 5.

£ 57 ASHE AAE 5 I A wE ujEAy
, Temperature condition(‘C, hour)
B N. Media Total
30C 48h 31C 24h 32.5C 24h

A(control) 80 112 122 314

B 19 54 19 92

412 C 21 86 30 137

D 17 12 4 33

E 2 7 - 9

Total 139 271 175 585

HlgaEsS Ewol7] fste] dAY 2EE IHAE sl AdxE 4¥2394E n"e
= o

BEo] Y wioklA] 24 R AEE 2AHCE AP S A5 HAAE vl SUS
gtolo] =™ 60rpmOE shakingsl® =Hrjstgom 79 3 FAEAES 2 EAAZAA 7}
A7HE A g2 MSHIAIZ &4 T2E =R U Folv mddolA EGESANAT

= 2
(BJ:16h, H5:8A1ZF, 25C, 19 130). wjdulA] ¥ 442 AlcontroD)H|] =]
F2 885 4o yUrA A= B3t v HAAES BT v
SEAIEE 32.5C 24h A4 2 &5 BYd dAdx wikdaet 28 A= F7i4 31C
24h HgollA o & &S Btk Iy v E o]F BAAQ AFSE ojojx&= w9
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G 32.5C 24h M7k o @Al oo} EXwstA olojzl A A 325C 24hol| A

@ & i,

74 ol AMp|Fe] L xHd &

1)
o

<1, BNA12 F1xh4) uj 3=

=3
A77|HEd £2XANSE Bl 1A =ols 474, 22 d= 34994, 3ad= 28754, 43}
WX 3534, 5xpd % 585% 2] ujE WA FH O, o]F AEAE fF5 T 3l o] U £3}
AT olF 717t FS, BSHES Tl 14959 A I AL AFHoE R
(28 131-132). 5 el FAG wlo] A¢ ABAZ FEdte Ao on o) AL
A2 % wstud 2 AFse AL FRF ool

-

R g

a9 131 E3AEE S7 F F5E A,
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9

ol A

48 SO
230l gol
2040l

A3 A

HstE

gl 2ol g Mtz

]

7

42 AARL FAD

hed wWE = by

A=

, si52

M =22

I AaL A

o Aas

Z]
= fg=

%]

Hip

°

.

ol
o
_i_l
ny
e

glo] A7) =2

HH
T

g

FA 71 A,

FEAR e WlF S AT
Hes AA 4. ole &3FU}
3L =X
< N

2]

HH

=0
=

J %
A o2 7hA

3|

3

WAl o

sk

o

[
e

1A

1o
hul

ol
el

o
BR

3

o
2%

49

al

ks

S
=

3

—~
;OO
—_—

__ofn
™

A270 A 312d ] uj

A

o
24 A

=

3

ok A

4] Race® A

3]

5

]

25t 60<

5
T

z:;-_]__

Bk o

}od Growth chamberol A 15U

3

=
o

5134

]
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TRt HF AP A 133), IAdEd = Race 11 B8 AFAF FFA ¢
v, " E, RV o] d el AFAE S UER A AMSE ¥+ Race 11(E 13)E FF
3R, 22d % Williams ¥HE7]F 43520 Jersey Qeen(WCD1), Badger Shipper(WCD2),
Laurentian(WCD3), Wilhelmsburger(WCD4)E AF-83}o] Race¥HE3tHth 1 23} B hostsl
WCD1, WCD2, WCD3, WCD4ol A B% AlgFZo] tiate] o|HAa<S Ugun 9gee g9l
St B A A AA APolA AR #F7F Raceb(T18 13)4S A oH, 3ad = By
W T F(Race) HH 2 RacedE FHEHEJOH, 4315, 5AdE 3 #F 94| Raced
(28 135 BHE= )
oA &3 BT F3Fo S By oy FzZ & -80C deep freezerol X #3}HA]
Ao RAFA #FE 7Aoo FHTE Tk Al H s
A& 7MFo] AAR F HATE HUbet misith 18a AEXAE AAS] 95k
Ao 7HAE Agatgoen o 10h/mLe] =2 HEF AL utEo] ALgsgth By
HZzo| o] 89 AEAE 50cmx30cm #HEAA 5cm £ HFow 9EI F 9Y
E ARgSAT BeEH 4 JEE ﬁﬂo}ﬁiﬁ‘r T+ AT 0HE 334 Y /R
Majo]l 3 "Hol\l & ¢F 30x HAF o 1057 Edold o]A3 & 48417t 70
St sy HE 10¥9 & 1x ¢y =3
=5 ZASIAT BElSy o] WYHe Foz AHEsigon Fo Zo] A

g
3
ol AE), Mol o] FHHAAY FZo| o] 7|FHor ASd A2 T3
o
£

Do

=

o

—{o
N
ot
oX,
=
o
fu
SiA
=il
=)
;8{
£
&
o
—
g
b
o

o] A & HAoH FZo| wiEd A
T 2AZIEE o Axol wet SAFAED, AFAEQ), BE0G), 1AM, S84
9 To= /s 13 32 AJAY FF, 73 9 o|HAd FFTo=2 TESIATHE 58).

o o

% 133, o]~ FE EFEFS o] 83k gol2~ FH(racell)
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WCD1 WCD2 WCD3 WCD4

19 134. Willlams B 7|F 458 0|83 ®g]5 8 Race #H¥(raceb)

o= Mugy 48

173 135. Williams #®87]F 452 o] 83 ]S W Race ¥HE(raced)

1A 2201200 = e 5 HEFS flste] AL w3 AlFS BeSy o¥A el

(CRO1, CR02), W¥ A thuIZE=2(CR38, CR39, CR40), +HAE(CR27), Sy S5 AhR A 741 5
(CR0O3, CR04, CR05, CR06, CRO7, CR08, CR09, CR10), S; Althx & A% (CR36, CR37), A&
4 #%3HCR11, CR12, CR13, CR14, CR15 CR16, CR17, CR18, CR19, CR20, CR21, CR22,
CR23, CR24, CR25, CR26, CR28, CR29), 4l=% (CR30, CR31, CR32, CR33, CR34, CR35)%
T 40Al 5o YIS AIYH AFE ZAstEd ARESHA T (B 58, 18 136). ©]W A
HIZEZ 2 olAolERe “Ima”, “FU3THYi, WHA UHIEFZS NWALY “WR*,
“SWR®, "MC*"Ath. A5 7 F&AA FHst 1, AFAH =72 2d sy
ol A3 Ssold At IHE WA AlE %0%%M$&”&%G_QZ§£°1

WHAS 71zl AleS ol8dte AR ZFS AASAT oA divlEF “HMS,
2 olgo] 27t 89%, 81%clyaL, WHEA i % “WR“, “SWR“, “MC* % RS
FEE QT Sy, S5 At A A% £ CR09S F MAIS FEste] AFA 5704,

<
o

=

m Lo
@ booxd

1“
Aoz &

o~
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o3 PHAZ 64%2] oE&S HolH ojBdor WIFHUL. AJAY £ F CRIGS A
A, oA 137HAZ 65%2] clB &= Hlor B 5 Race 11 tishA Addo] fl=
ZAog Bt EZF CR202 A I7NA, oA 1270AE 57%2] o|BEE STEAFAES 71X
z3to g Azt Q)

3 4
“H*El“, “%“ﬂ 3§“ E}% H ol okt FF
st T Race 119 ol 2+2}F 89%<f 81%
Bz HdAo] AR HAYE AS ﬂo]@' 9)\13]' CRO3 CR08 CR11~16 CR21~25&=
Zt7y “CR7FE", “CR7F&AIL”, “CREFFH- A&, "CRE=UF" Fo= 5y APA
F=0°]lH CR1HE A3ty m5F 1%‘*&]2% Uelgth CR16= “CRES” o2& ZF 2070A)
AN A 7TAA, oBA 13MAZ ol & 66%E YEAT CRESS NHAA U2
Fo2 YHAAET o|HAATY 2FTAHSE AdHTY. CR30~CR372 AFAHA F X
W AAE, o|WAAEXAGHAESL 2oz T gom me o AL Hd
Fxlo] AP AFE Y 2FoE FHHAT FH ALY AH A CR20 oW
FFolla CR17, CR18, CR1952 A4 FFoIATH olet 22 AARAAE vg o= A3
Aol A3 AFS F BAAE ALSATHE 58).

12
o
N oE, ON
mlo
f
9;
o
2 _E
ﬂ
£
of,
Z:
l'ﬂi
s
e
i,
2

o’
;u

2 }65(2013)01] ey HJF:ES st AHEE WiF Al AdE ST 32379
AFs ¥ FFHCRI32), 1957 FHFZTCR33~SDS AHEon sy WEAd b
FE(CR52, CR53), oA thH]FZF(CR54, CRS5), HEHEFZF(CRS6~59)F F 5S59A T =

me sy AP BB mAShEE ASSHATh oA THIETE olAolEEel “HR',
“JS3-15 T, EA OuIEZS NWAS] “WR®, “SWR'Th oA dulEE HM",
“J83-1°¢ ol &o] BF 100%A, WHEA tHEE WR', SWR'S BT AgHOoR i
99tk W% W25 Racello] AG4O2 Uehdl 324 F(CR1-32E &3] 5313 Race5
ZFolE AL A dopfr] 98] HAES A3 R2AF F 19450 ATHAL
e 9 4 Atk o8 3l 54 Raceol tA WEAHS Rol: AFYARE gE
Raceol :=Z®® 4947t Mol thal A4S 9l P 8 5 Joon, tord P
G Ay HaES] Fdo] WA RS AN T F YUk
a9 B AFE T <ol CRI, 3, 4, 5, 6, 7, 8, 9, 12, 13, 14, 15, 17, 18, 19, 20, 21
A% e W5 Racellsh Races BFol AGAHL /M4 Q7] Weo] G5 Welgy Ho4
4o A BET 5 e Ao YT Uk CRB-5L, F AT 25 AE7
st AlF o2 Racebwol thall 4415(CR36, 37, 43, 5D¥o] A&gAHS YR AU
FE 28 AR ol AR ATS AEANGES Bl TATS FRF T U
Fgol B8 A Lo|THE 58).

|

Lol
o
=
5
D
4>
D;g
:i
o
M 2
ol

A=A E Bl 5y HES st ALE WF AFL ddE AUd 2
5 (CR1~18, CR41~43), 29 ® 9 3 FF(CR19~40, CR44~50)* AbgEtR o BElsH
4 oEEF(CR51, CR52), ©1®¥4d4 oh¥lFF(CRE3, CR54), #EEFF(CR55-58)5 ¥ 5
o WEY AYY oFE =AS=H Aesch ww o
“HR*, “JS3-13°9 3, B4 thulEFS NRALS “AM", “AR“Ath. ©]
“JS3-1"2 ojgo] BF 100%IL, WHA tHIEF “AMY, "AR"S AEA
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vheh= 2] ol 3 dol disiA A=

Racedol] Agdo= yepd 25 = &3 33 8y F505E Add s dehdll=A <ot
7] S8l Bl=ER A3 21A1F & 1A%l AdAd= w2 5 A olE w54
THAY ol tsiM Ui dAEtE OE A9 dFo =W 4T
7F Wl wsl Adde %A H Aom, et B 51 Race T ol
ek Ay BB o] v = .

13A1% % 1041831 CR4, 5, 6, 7, 8, 10, 11, 16, 17, 24°] ¢ & MAVF AFAEES
B 5L molx STk :L%?q W FU RS HE CR4L, 42, 439] A AR S
| = 100%< Z= /WAZE AGAE derisle BRE okt ool s3d g

T AYEE el ARE Hola itk wEpA FF ol AR Ase FEsA
Nz

4

2

= |

+ AT 2E e st e EE WA F3MEe TS AFoth(E 58).
AP E=(2015) 0= HEEH HFS Hstd AR WS Ase AdE ARd 265/
| (CR1~CR2, CR5~CR9, CR11~CR30), 2052 3 #FF(CR31~CR50)& AH&3tlom e
= WA tRlEFFCR3, CRY), o184 thulFI(CRI10, CR22), #¥EFF WCD1, WCDZ,
WCD3, WCD4 & = 54A| 507 maldy a4 B2 zAst=d AF&3tac). (F 58, 19
136). ©1BA tHFETS obAoFEES “NRMN®, TARS] “MS*Ril, WA diuEFTL JAHS
“DKMK", SAHe] “CHIK" %t

ﬁ

o8 tHIEFF obrokE R "NRMN®, TARS] “MS"2 o &o] 25 100%31xL, W84
thHlES JARe] "DKMK®, SARe] “CHIK"& 5 sfidelr 33 5o teix Add<
YERH AT 2hdel Addrd e 5 Racedo] APz e 2645 < <3 R sig

Foll AFde dehleAl dohdr] ffal Bl=Ed A3 26A41F S 1645 AFEd<=
sl & o QAT ol T 5AH FHAY dFel M WS Hole =
& Ao #Feo 2= ™ 47t Hol el A 84 2 Fd < 5 e,

- 226 -




Sekd W5 Race 51T olo] H@ AGY HAEY Fdo] MeA BRFL AT
& g AAY. =3 Ado] AxdrE AlE(CR1I~CR2, CR5~CR9, CR11~CR30), & CR1, CR2,

CR5, CR6, CR9, CR12, CR15, CR16, CR28, CR30-S 50%m|qte] o] &S Hojx Awksiala
I 9o ol &o] UL FF AF &S f3 AEd A= Aok CR02 A4 Ad=
FHAFAAME 100% AFFS YEFHAS Bt ofye} o] =33 dld dFolA o8&
0%S YeERgo] 270A1S Attt =3 L8] - EZ2 CR3IZE 100%9] AFAHS 2
NAE At webr &3 o) Al A5S 83l N2 AFS SA43) <
zZhgdste] BEsy yHAd F3MEs 3T AYolt(E 58).

52d = (2016) 0= HElEH HES st AHEE w5 ATS ddxE AUs AF, 3
FETEXY 60AFS Ao BElsy WA tvFSCGdshdw, Akimeki), oA tiH]
EZZ (oA olgrY), FHEEZF WCD1, WCD2, WCD3, WCD4 % % 67AI5 o= HMg 3y
A AFE AbskEH AFSSEATE 1Y 5AF AR AMSS AR ATl %
B 7o gl 2E A, AV ol E UERTHAZAE EFL, HEES, o84
FE X3, mEtA Aol BI7bs st ol Sad R TR AMATFIL V)Eol ARG
o HE] % ZEs #FYSs & 7 URen, oo ik AP ATHHde ool
FF A7IE AR AlsdTh

=58 RSP AE F olPe 24

HA o
ME | BN Pt A ol | A | 9| A
2012 | CRO1 2 17 2 17 19 89 S
CROZ 3 2 | 5|6 3 13 16 81 S
CR0O3 | 21 21 0 21 0 R
CR04 | 16 1 16 1 17 6 R
CRO5 | 19 19 0 19 0 R
CR0O6 | 20 20 0 20 0 R
CRO7 | 21 21 0 21 0 R
CRO8 | 19 19 0 19 0 R
CR0O9 8] 2 13| 4 5 9 14 64 S
CR10 | 11 11 0 11 0 R
CR11 | 21 21 0 21 0 R
CR12 | 20 20 0 20 0 R
CR13 | 21 21 0 21 0 R
CR14 | 21 21 0 21 0 R
CR15 7 2 | 11 7 13 20 65 S
CR16 | 18 18 0 18 0 R
CR17 | 21 21 0 21 0 R
CR18 | 21 21 0 21 0 R
CR19 | 21 21 0 21 0 R
CR20 9 715 9 12 21 57 S
CR21 | 21 21 0 21 0 R
CR22 | 15 15 0 15 0 R
CR23 | 20 1 20 1 21 ) R
CR24 | 21 21 0 21 0 R
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CR25 14 14 0 14 0 R

CR26 | 21 21 0 21 0 R

CR27 12 12 0 12 0 R

CR28 | 21 21 0 21 0 R

CR29 | 20 20 0 20 0 R

CR30 | 19 19 0 19 0 R

CR31 | 21 21 0 21 0 R

CR32 19 19 0 19 0 R

CR33 15 15 0 15 0 R

CR34 | 20 20 0 20 0 R

CR35 17 17 0 17 0 R

CR36 16 16 0 16 0 R

CR37 | 12 12 0 12 0 R

CR38 21 21 0 21 0 R

CR39 19 19 0 19 0 R

CR40 | 21 21 0 21 0 R
R BN o= A& | oA | @A | At H] 1
= 1 3 5 7 9 oo [Shge} = 1=
2013 CRO1 15| 6 21 0 21 R

CRO2 7 |14 0 21 21 S

CRO3 14 | 3 1 2 18 2 20 R

CRO4 | 21 21 0 21 R

CRO5 18| 2 1 20 1 21 R

CRO6 |20 | 1 21 0 21 R

CRO7 17 2 17 2 19 R

CRO8 14 | 5 2 21 0 21 R

CR0O9 14 | 7 21 0 21 R

CR10 1] 20 0 21 21 S

CR11 3 |18 0 21 21 S

CR12 3 (14| 3 1 20 1 21 R

CR13 18 | 2 1 20 0 20 R

CR14 | 18 18 0 18 R

CR15 19 19 0 19 R

CR16 21 0 21 21 S

CR17 19| 2 21 0 21 R

CR18 16 | 3 2 21 0 21 R

CR19 16 | 5 21 0 21 R

CR20 14 | 2 4 20 0 20 R

CR21 | 10| 5 | 4 1 19 1 20 R

CR22 21 0 21 21 S

CR23 21 0 21 21 S

CR24 1] 20 0 21 21 S

CR25 1 1|19 1 20 19 S

CR26 21 0 21 21 S

CR27 21 0 21 21 S

CR28 15| 1 16 0 16 R

CR29 3 18 3 18 21 S

CR30 5 | 16 0 21 21 S
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CR31 14 2 21 21 R

CR32 2 |19 0 21 S

CR33 21 0 21 S

CR34 21 0 21 S

CR35 18 0 18 S

CR36 10 21 21 R

CR37 21 21 21 R

CR38 19 0 19 S

CR39 21 0 21 S

CR40 21 0 21 S

CR41 2 |19 0 21 S

CR42 6 15 0 21 S

CR43 6 21 21 R

CR44 21 0 21 S

CR45 19 0 19 S

CR46 21 0 21 S

CR47 11| 9 0 20 S

CR48 15| 3 3 21 S

CR49 15 5 20 S

CR50 4 | 17 0 21 S

CR51 16 1 1 21 21 R

CR52 15| 6 21 21 R A

CR53 17 20 20 R U= A

CR54 5 | 14 0 19 S o] AJ

CR55 20 0 20 S oA

CR56 20 20 S HHEZ

CR57 19 0 19 S HEHEZ

CR58 16 0 21 S HEES

CR59 18 0 20 S HHEEZ
dE | BN 57 - g4 | A | A3 Ak
2014 CRO1 21 21 21 S

CRO2 15 20 20 S

CRO3 3 18 18 S

CRO4 1 1 3 21 R 1

CRO5 3 18 R 1

CRO6 10 1 4 20 R 2

CRO7 2 2 21 R 2

CRO8 14 2 1 3 21 R 2

CRO9 1 1 2 2 S

CR10 1 1 20 21 4 R 1

CR11 3 1 1 20 R

CR12 20 20 0 S

CR13 1 6 7 7 S

CR14 2 5 7 8 S

CR15 12 13 13 S

CR16 2 9 2 9 21 R

CR17 6 2 1 4 15 R




CR18 2 18| 5|6 10 11 21 S 1

CR19 3 | 4 0 7 7 S

CR20 11417 1 11 12 S

CR21 4 0 4 4 S

CR22 1 1416 [10 5 16 18 S 1

CR23 1 | 2|12 3 12 15 S 1

CR24 5 | 7181 12 9 21 R 2

CR25 5 |1 ]14 1 6 15 21 S 1

CR26 2 1614 |7 8 11 19 S 1

CR27 21 0 21 21 S

CR28 21 0 21 21 S

CR29 313 |11 3 14 17 S

CR30 5| 3 |13 5 16 21 S

CR31 19 0 19 19 S

CR32 1115 2 1 17 18 S

CR33 19 0 19 19 S

CR34 113 ]15 1 18 19 S

CR35 8 | 10 0 18 18 S

CR36 10 | 10 0 20 20 S

CR37 1 121410 3 14 17 S 1

CR38 1110 7 1 17 18 S

CR39 11| 8 0 19 19 S

CR40 1112 ] 7 1 19 20 S

CR41 |20 | 1 21 0 21 R 3

CR42 | 19 19 0 19 R 3

CR43 | 20 20 0 20 R 3

CR44 19 0 19 19 S

CR45 18 0 18 18 S

CR46 1[5 4 1 9 10 S

CR47 2 11|18 3 9 12 S 1

CR48 1 3] 118 4 9 13 S 1

CR49 2 | 1|12 2 13 15 S

CR50 11717 1 14 21 S

CR51 5 | 15 5 15 20 S | H¥A tiHlF

CR52 2 1314110 5 14 19 S | H¥A diHlF

CR53 1 |17 0 18 18 S oA WHlF

CR54 2 | 18 0 20 20 S oA HIF

CR55 20 20 0 20 S AHES

CR56 19 21 0 21 S HEHEZ

CR57 5 | 16 21 0 21 S HEEFT

CR58 2 | 18 20 0 20 S HEET

= BN | A&A | olBAEG%) | EA ol E A H] 2L
2015 CR1 9 9 0 WA tiHES

CR2 7 1 8 13 WEAE tHEF
CR3 9 9 0
CR4 11 11 0
CR5 9 3 12 25 1
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CR6 7 1 8 13 oA v FF
CR7 5 6 11 55 1
CR8 4 6 10 60 1
CR9 9 1 10 10 1
CR10 10 10 100
CR11 3 4 7 57 1
CR12 5 2 7 29 1
CR13 2 4 6 67 1
CR14 4 4 8 50 0
CR15 7 2 9 22 1
CR16 4 2 6 33 1
CR17 5 5 10 50 1
CR18 3 6 9 67 0 ol UnEFF
CR19 3 7 10 70 0
CR20 5 4 9 44 0
CR21 8 2 10 20 0
CR22 0 7 7 100
CR23 3 5 8 63 1
CR24 5 5 10 50 1
CR26 5 5 10 50 0
CR27 3 4 7 57 0
CR28 5 2 7 29 1
CR29 3 7 10 70 0
CR30 7 7 0 2
CR31 18 1 19 5 1
CR32 18 2 20 10 1
CR33 21 21 0 2
CR34 17 6 23 26 1
CR35 12 8 20 40 1
CR36 18 18 0 1
CR37 9 3 12 25 1
CR38 12 2 14 14 1
CR39 13 6 19 32 1
CR40 19 5 24 21 1
CR41 23 1 24 4 1
CR42 7 16 23 70 1
CR43 8 14 22 64 1
CR44 12 10 22 45 1
CR45 9 12 21 57 1
CR46 3 16 19 84 0
CR47 1 20 21 95 1
CR48 3 20 23 87 0
CR49 9 13 22 59 1
CR50 12 10 22 45 1
WCD1 14 10 24 42 Race #EEF
WCD2 14 9 23 39 Race ¥HHEEF
WCD3 19 2 21 10 Race #HEF
WCD4 21 3 24 13 Race #HEEFF
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13. 7154 AshF 2 A S4ELHCMIOAT 574
o =3 2ol A Al %‘é%%‘(CMS' Cytoplasmic male sterility)& o] &% NZA A7} wo

A}%QL leE o 1 L ooed 2 A AR ASAYL AT £ YL, F AR
4 omgl o@ ANBes Az ou}uw AE BAABL BE 5 glow, A
HWHE wesh AuE A0E & 9] el CMSE o83 FlAEe] Bus o 2oid
Ak AL SEEYATE BEV) AN SHRYNTAE 1 FFE 2p02 o
FAAES FEDoE o] Ao oqwg i sﬂzlsﬂfs}oq S38loF ). 4-5%)

U= cAnye AN 2o AN 5

A qugts dAskd 17551 °’“%°17115° de  AaL, uF" &4
5 g f

2YAFE ANEE A 209 FAAUCE gt AelF Fdo] Hojum
AZAGHRUEL 717 I AT $HL 9ste] 1S 245, 249% 2AF, ;-4

dE 2AE, S 2A4F o o
a9 13D, AmF FAE He BN
g Awstel IAHNA 12 A olu,

BEIATE o1& Ange AASATHE
of Aristy WA Hj Aol ¥ 74]%

o £
oo
[e5

Y= No. A% s eSS A DR T
2012 | 1 MSBC5 X 323-565-G4-25 2188 BC | 27 | 19 | 30 | 11

2 MSBC1 % 5239-3S 2189 BC | 28 | 29 | 210 | 7.5

3 MSBC7 X 4-M-G6-2S 2191 BC | 58 | 28 | 21 | 0.4

4 MSBC7 X 3-M-G6-2S 2192 BC | 33 | 18 | 28 | 0.8

5 MSBS5 X 5164-515-G4-25 2194 BC | 34 | 31 | 32 | 0.9

6 MSBC7 X 25 -3-G4-25 2195 BC | 50 | 21 | 12 | 0.2

7 MSBC3 % 341-85-51 2197 BC | 33| 9 | 20 | 0.6

8 MSBC3 % 341-55 2198| BC | 42 | 11 | 29 | 0.7
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9 MSBC1 X 5239-3S 2199 BC | 30 | 4 | 23 | 0.8
10 MSBC1 X 5239-3S 22000 BC | 35 | 19 | 167 | 4.8
11 MSBC6 X OM-13%.-G4-2S 2289 BC | 31| 14| 5 | 0.2
12 MSBC4 x 235 -1-G2-2S 2337 FC | 34 | 22 | 19 | 0.6
13 MSBC4 x 235 -1-G2-2S 2338 FC | 34 | 31 | 400 | 11.8
14 MSBC4 x 235 -1-G2-2S 2339 FC | 23 | 20 | 18 | 0.8
15 MSBC7 X 61-1-66-51-51 2457 BC | 72 | 58 | 200 | 2.8
16 MSBC7 < 61-1-G6-2S 2460 BC | 35 | - | 60 | 1.7
17 MSBC2 X 5239-3S 2470 BC | 16 | 16 | 38 | 24
18 MSBC2 x 5239-3S 24711 BC | 17 | 15 | 93 | 5.5
19 SMSBC1 X 4-M-G6-2S 2502 BC | 15| 14 | 80 | 8.8
20 MSBC2 < 8053-6S 300 | FC | 20 | 20 | 40 | 2
21 MSBCO X 8053-2-2-3S 301 | FC| 22 | 19 | 35 | 1.6
22 MSBC2 X 8053-5S 311 |/FC| 15 | 14 | 24 | 1.6
2013 | 23 MSBC6 X 5164-51s-G7 661 | BC | 29 | 25 | 80 |2.75 MU F &
24 MSBC2 x 5239-G3-51 662 | FC | 30 | 26 | 120 | 4 |vUF=
25 MSBC5 X 5266-51 742 | BC | 30 | 27 | 200 | 6.66 |»]YFX
26 MSBC8 X 61-1-G9 752 | BC | 28 | 28 | 180 | 11 |H|YF=
27 MSBC2 x 8010-G4-51 770 | BC | 30 | 23 | 60 |6.42 | A4
28 MSBC3 x 8053-G5-51 771 |BC |30 |24 30| 1 |32+
29 MSBC X 8067-G5-51 1341 BC | 30 | 24 | 110 | 3.66 | A4+
30 MSBC2 X 3-M-G9 1342 BC | 29 | 25 | 40 |1.37 |*2AF
31 SCMSBC X 5166-52s-G2 1343 FC | 30 | 29 | 250 | 8.33 | *+-2A &
32 SCMSBC6 < JA99 1500 BC | 30 | 28 | 270 | 9 |F-RAE
2014 | 33 MSBC8 x 61-1-G10 350 | BC | 35 | 30 | 250 | 9.2 |F|YFR
34 MSBC4 < 5239-54-53-51-51 362 | BC| 28 | 28 | 90 | 3.2 |MYF=
35 MSBC3 X 8010-G6 834 | BC | 28 | 12 | 102 | 3.6 | A=Y
36 MSBC4 x 8053-G7 835 | BC | 30 | 19 | 166 | 5.5 |[HAA &
37 MSBC1 x 8067-G4-52-51-52-5 844 | BC | 42 | 26 | 150 | 3.6 | A4
38 MSBC4 X 8053-51-55-G5 845 | BC | 29 | 26 | 270 | 9.3 | A AF
39 MSBC3-8010-G6 846 | BC | 37 | 33 | 170 | 4.6 | A=Y
40 | MSBC4 x 8085-52-54-51-52-51-51-51 | 847 | BC | 39 | 35 | 320 | 8.2 | & A&
41 | SCMSBC1x2%-1-G3-51-51-51-51 |1010| BC | 41 | 30 | 30 | 0.7 | YA T
42 | MSBC3 X 8053-52-2-51-51-51-2-1-51 |1100| BC | 32 | 32 | 320 | 10 |HMA S
2015 | 43 MSBCO X 61-1-GH 1752 BC | 31 | 26 | 98 | 3.2
44 MSBC1 X 8067-G8 2286 BC | 30 | 6 | 16 | 0.5
45 MSBCO x 8067-G3-52-G4 2288 | BC | 34 | 23 | 180 | 5.3
46 MSBCO x 8053-52-2-G6 2291| BC | 48 | 32 | 350 | 7.3
47 |  MSBCO x8067-G4-52-51-52-51-51 |2294| FC | 30 | 6 | 12 | 04
48 | SCMSBCO % 5166-525-52-51-51-51 2441 BC | 35| 6 | 35 | 1
49 | SCMSBCO X 25.-1-G3-51-51-51-51-51 | 2444 | BC | 37 | 14 | 14 | 04
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50 MSBCO x 8067-G4-53-1-1-51-51 2557 BC | 30 | 15 | 130 | 8.6
51 | MSBCO X% 8067-G3-52-52-51-1-51-51 | 2558 | BC | 30 | 28 | 74 | 2.5
52 | MSBC0O X 8067-51-51-51-52-6-1-51-51 | 2559 | BC | 41 | 21 | 35 | 0.9

2016 | 53 MSBC5 X 5237-54-52-51-51-51-51-51) 653 |B.C| 18 | 18 | 30 | 1.7 "YU FX
54 | MSBC6 X 5239-54-54-51-51-51-51 |1074|B.C| 22 | 20 | 100 | 4.6 |FIYF =
55 ISMSBC5 x 5239-54-51-51-51-51-51{1081 | B.C| 29 | 29 | 100 | 3.5 [FIUF-=
56 | DHMSBC4 x CG § -1-51-51-51-51 |1370|B.C| 29 | 9 9 |03 |[FYF=E
57 | DHMSBC4x CH § -1-51-51-51-52 |1372|B.C| 28 | 4 4 102 HYFR
58 | DHMSBC4 x J3H § -2-51-51-51-51 |1373|F.C| 19 | 2 2 101 | HAHY

59 | DHMSBC4 x J3H § -2-51-51-51-52 |1374|B.C | 45 | 31 | 123 | 2.7 | &A=y
60 | DHMSBC4 X AW % -2-51-51-51-51 |1375|B.C| 27 | 16 | 350 | 13 |&HA=|Y
61 | DHMSBC4 x AW ¥ -2-51-51-52-51 | 1376 | B.C | 54 | 26 | 210 | 3.9 |HAAF
62 | DHMSBC4 X AW & -2-51-51-51-51 1378 | B.C | 37 | 27 | 150 | 4.1 | A&
63 IDHMSBC4 x W(C-2-52-51-51-51-51{1381| B.C| 37 | 18 | 240 | 6.5 | &A=&
64 IDHMSBC4 x W(C-2-52-51-51-51-52{1383| B.C | 35 | 20 | 500 | 14.3 | &A=&
65 | DHMSBC4 X NP ¢ -2-51-51-51-51 {1384 BC | 20 | 6 | 61 | 3.1 |[HAAF
66 | DHMSBC4 X NP § -2-51-51-51-52 |1385| BC | 33 58 | 1.8 |AMAF

©

14. F1 29244, 523 A
A AT WF 2T58 A4 7he 2719 1098119200 24 Pk Adsiginh
o) I

AH3Y 1Ad%® 52% 23 d =
523, 3AUE 623, 4AUE 623, SAUE 3230 52T AISAThE 60, 19
138-140).

IAdsddE AMAT S5z A AwkEl BN5015, BN5016, BN5017, BN5018, BN5023,
BN5037S =57 &1 X3 AMS 7k ZAo] 216~31ommE HHFA o|ga, ATFHo)
3l Th BN5026> HAddo] Hata uigtAdel Al 7 AAEuFE ARESH] 9
A3e FFolth. 53] BN5037e ZAFToE ARESEI waEw Ao eyt [k Aol
H FF20 "gExo]"E HAT  Ae 2Fo2 AZ4HY "HENET

MATF 2P A AEE Nol, No7, Nos,
=1 X3 A 7AW 2Ao] 238~297TmmE FHA o|Pa, AT o]

3= AMAF FZ3o| A AEH No2, No3, No5, No7, No8, Nol02 <=%7}
=3 A% HAL 7R A o] 333~429mmE HFA o|fa, AFHo| It
138). 4zxtd o= AMAT B T FFPeE AdE BN5025 BN5115, BN5116,
BN5118, BN5146, BN5155+ ==7F &3 A 9 A4S Holm ZAo] 351~524mm, 7-5°|
1490-3200g2.2 48 9 Fgo] vuwd Fetdge] AuFIAHE 139). Sxd o= A
AT 1123 5 2T 2 BN5103, BN5105, BN5133ES A3l th(2d 140). BN5103-& 7}
Aoz FeEtd el £o] F& HrEngolm, BNHI0SE T el Ay e=
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olgdth. BN5133& A F71A)
oz gaEon, =3 =3

sfof F5 4

Feslofd FF

19 139. A

1=

I 7aek 2 A==
oA K3t
I Tk BN51132
2 oA

2
4y od
=

T7F Bl
Y 2%
Hold =3
4E T3

e A&
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CHH| S (TIS4) BN5103 BN5105

ChE SR B BN5133

7 140, HAMAT 2T 42016'3)

ZA | AR | AX 5 | 5 o3 A
BN | Gmm) | mm) | amm) | E2) | AR Y| =8| e= | ae
5010 | 316 | 302 | 231 | 132 | 22 | 2 | 3 e 5 O
5015 | 308 | 291 | 204 | 130 | 26 | 2 | 3 & 5
5016 | 315 | 304 | 214 | 124 | 19 | 2 | 3 e 5
5017 | 267 | 262 | 154 | 93 | 25 | 2 | 3 e 5
5018 294 285 142 114 26 2 3 + 5
5023 | 305 | 294 | 218 | 118 | 26 | 2 | 3 B 5
5026 | 338 | 323 | 249 | 122 | 33 | 2 | 3 o 5 O
5037 | 216 | 210 | 190 | 200 | 25 | 2 | 3 e 5 O
5056 | 225 | 218 | 198 | 114 | 26 | 2 | 3 % 5 O
5068 | 235 | 221 | 199 | 116 | 27 | 2 | 3 % 5 O

22t Az @z | ST | T =

No. A% ()| 01 1514 o [peeEy
1 | 8053-G4-51x8085-G4-51 | 297 | 375|220 | 134 | 54 | 3 |1400| & | 1 | O
2 | 8052-G4-51x8085-G4-51 | 294 | 496 | 309 | 334 | 55 | 3 |1400| & | 5
3 | 8053-G4-51x8060-G4-51 | 257 | 493 | 298 | 314 | 57 | 3 |1500| & | 5
4 | 8053-G4-51x8067-G4-51 | 220 | 424 | 202 | 246 | 63 | 3 [ 750 | & | 5
5 | 8067-G4-51x8053-52-G4 | 314|432 [ 290 | 304 | 55 | 3 |1900| & | 5
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6 | 8067-G4-51x8053-53-G4 | 226 | 448 | 298 | 266 | 64 | 3 [1250| f | 5
7 | 8067-G4-51x8009-G3-51 | 275|521 284|346 | 64 | 3 [2175| f+ | 1 | O
8 | 8067-G4-51x8010-G3-51 | 282|520 | 340|330 | 59 | 3 [1320| &+ | 3 | O
9 | 8067-G4-51x8085-G4-51 | 288|511 333|311 | 75 | 3 [1800| & | 3 | O
10 | 8067-G4-51x8053-G4-51 | 238|410 (268 242 | 56 | 3 [ 900 | &+ | 1 | O
- z=[5% -
Y= |No, A5 (| G| | 21 01 | 324 | 5 e g
2014 | 1 | 3SP-258-51x5116-51-51 | 338 | 378 | 279 | 185 | 33 | A [2350| ¥
2 | 5116-51-51x2SP-256-51 | 377 | 496 | 340 | 294 | 53 | A4 [1750| + | O
3| 5SP-165-51xH¥-2-51-51 | 395 | 462 | 251 | 146 | 50 |F1AA[1450| & | O
4 H T -2-51 X 2SP-265 439 | 481 | 328 | 309 | 67 | AA 2350
5| WC2-52-51x3SP-258-51 | 333 | 426 | 273 | 269 | 60 | A4 [2050| f+ | O
6 | 25P-265-51 X W(C2-52-51-51 | 355 | 465 | 304 | 250 | 62 | Ak 1400 |
7 [3SP-258-51 X 319-525-G3-51(4)| 428 | 517 | 307 | 326 | 70 | AA [1550| f | O
8 | 3SP-258-51x341-20S-51(4) | 429 | 510 | 305 | 297 | 69 | A4 [1450| | O
9 | 3SP-258-51xHE-2-51-51 | 420 | 462 | 284 | 322 | 62 | AA (2760
10 [35P-258-51x321-4-51(4)-52-51(3) 358 | 414 | 258 | 222 | 45 | A4 |1300| - | O
. TH | TF = | =
| BN A% e G e R R R
2015 5025 | 2SP-265-51-51x 35P-15-52-51 | 370 | 430 | 236 | 175 | 64 |ZI=}A4|1490 |
5115| 8004-G6-51x5413-51-51-51 | 524 | 540 | 310 | 280 | 54 |ZI=}A4 13200 |+
5116 | 8004-G6-51 X 8085-52-54-52-G4 | 456 | 469 | 327 | 214 | 39 | AA |2450 |+
5118 | 8004-G6-51 x 35P-258-51-51 | 476 | 520 | 288 | 205 | 60 |=ZI=}44|2600 |+
5146 | 3SP-258-51-51%319-525-G7 | 457 | 486 | 343 | 227 | 60 |ZI=}44 12050 |+
5155| 8067-G7x8053-51-51-52-G4 | 351 | 426 | 272 | 190 | 55 |ZIAkA|1700 |
Y= BN A5 A i H Sol S| 514 EE
(o) (mm) & e
2016|5100 5102-52-51 X 9052sp-14-c2-cl 370 1447|389 | 240 | 73 |x1A-A13500|
5101 | 5074-51-53-51 X 5170-53-51-51-51-51 | 400 | 480 | 310 | 210 | 55 |ZIA}44|2400|
5102 |8053-51-51-51-51-51-51 X 25p-265-51-51-51| 368 | 450 | 270 | 230 | 48 | =} | 950 |
5103 | 2sp-265-51-51-51 X 5388-51-51-52-51 | 490 | 520 | 380 | 250 | 59 K1 A}AH[2500| | O
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5104 | 2sp-265-51-51-51 X 5388-52-51-51-51 | 410|450 | 300 | 220 | 52 |1 =}44/1100
5105 |3sp-258-51-51-51 X 5388-51-51-52-51| 480 | 510|290 | 250 | 60 | A} 1542 o)
5133 5408-51-51-52-53 X 5413-51-51-51-51| 500 | 600 | 335 | 234 | 65 |24 2550 0)

5134|5410-51-51-51-51 X 5388-51-51-52-51| 400 | 498 | 275 | 260 | 57 | -4 1450
5135 [MSwd-2-51-51-51-51 X 9052sp-14-c2-c1| 415 | 480 | 360 | 220 | 62 | -4 2600
5136 |5408-51-51-52-51 X 5404-51-51-51-51| 500 | 240 | 330 | 275 | 68 | A4 2150
5137 |5164-51-51-51-51-51 X 36-51-52-52-52-52| 340 | 445 | 310 | 240 | 68 | =4 2380

do|do|do|do|do|do| o
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17. A4 A7 F o) A%E FT-R =¥ EY DB 7%

7}. AT E 2 wn) AlFE A8 FT-R 29 EY DB 75 9 o g A4
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Zele 124 BxdS & 4 QAtHT™E 143B). PCA loading value &A] FT-IR 23 E & o 4
B = A3 1500 - 1700, 1300 - 1500, 950 - 1100 cm™ 2ol A = o)/} Y&
& F UAAJTHIH 1430). PLS-DA 4 A} 2t AFHE H=o] IJobs FA4stA i FA=
ﬂ%ii BAE 508 FIstH olE9 FlE2 AT Z#gle]l S 2xgs
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phenolic content®} anthocyanin®] &2 AlF7kel A& Aol7t ¢ 28] AE zol7f E& & F
AANTHIZE 145) B2A AlF< 5389 71548 HEECl +2 =4 e Anthocyanine]
A5E 7= 5086 MA S0l =A UESTHEE 61).
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25+

20 -

A B C D E F G H A B C D E F G H
03
S Phenolic contents (ug/mg dw) anthocyanin (Agy/mg dw)
40
02
30
20
0.1 b
10+
0 0.0
A B C D E F G H A B C D E F G H
145. 459 A4 275 UV-2HE4 HolHE o] &3 7|4 4& T &4
U AEY 44 A7F 754 AREY FLIR 2923 doleste] JaEde 3
7154 AEd ¥ oS PLS 29 ¥
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45y AN AFuF 7154 5T FT-IR 29 EF dolg et FHAAAE
q =A YErSTh Total carotenoids®}t ¥ TAE

% = 0972 = A YEY I, total flavonoidsete] A @A 4 T3 R = 09602
vebsE Al phenolic contents®™ R = 0.96, anthocyanin® R = 0.99% =74 vebyoh(1d
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5

] 7
3 yd £n =
E- 20 7 ; w0} ///
§3 ‘8 2
T 1 f -
N 2 ) ) ) g ‘P , ; , ,
" Estimate c:l;s'l'olal carotenc;;s (ug/mg ::rm)M i oITotall“ ‘: gl :!dw) :
t F| T s
: |8 4
ige A %! i
Pl e = v mm‘*‘“’" o g
" Gutimate ofTota phanolic contant fuphng ) i Ny
29 16 9EF AN AR 7164 A8 PLS A% % a8 7R
6L 958 M4 ATuF UV-2E wolElE ol 43 T B4
Samol S caré?é%loids g(})lrel‘?e?}}tg fla\t/(c))tr?éids &gg&%gggl)
Nargee fgll%ff (ug/mgdw) (ug/mgdw) (ug/mgdw)
value average sd |average sd average sd
386-1 1 1.3 33.7 0.04 4.6 0.16 0.2 0.001
386-2 2 2.0 379 0.05 7.0 0.09 0.5 0.002
386-3 3 1.8 47.6 0.06 6.4 0.06 0.5 0.000
386-4 4 2.0 32.5 0.03 7.2 0.11 0.4 0.001
386-5 5 1.8 30.9 0.02 7.8 0.10 0.5 0.001
387-1 6 1.8 24.2 0.07 6.3 0.11 0.2 0.001
387-2 7 1.4 28.2 0.01 6.2 0.10 0.2 0.001
387-3 8 1.6 27.1 0.01 7.5 0.11 0.1 0.000
387-4 9 1.7 317 0.03 6.7 0.10 0.2 0.002
387-5 10 1.4 2.1 0.01 6.2 0.07 0.1 0.001
388-1 11 1.7 27.7 0.03 7.0 0.08 0.3 0.001
388-2 12 1.4 11.1 0.01 5.0 0.09 0.2 0.001
388-3 13 1.7 4.0 0.06 6.1 0.11 0.2 0.001
388-4 14 15 22.3 0.04 59 0.07 0.2 0.001
388-5 15 1.6 23.2 0.04 6.0 0.08 0.3 0.001
389-1 16 2.5 58.3 0.00 8.3 0.04 0.4 0.000
389-2 17 1.7 56.6 1.20 6.6 0.06 0.4 0.001
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389-3 18 1.7 43.4 0.44 6.3 0.06 0.3 0.001
389-4 19 1.9 32.2 0.23 8.3 0.06 0.5 0.001
389-5 20 1.8 58.3 0.00 7.3 0.12 0.4 0.001
395-1 21 1.9 48.5 0.22 7.4 0.05 0.4 0.001
395-2 22 1.5 24.9 0.01 6.3 0.02 0.4 0.000
395-3 23 1.6 45.2 0.26 6.3 0.02 0.3 0.001
395-4 24 1.5 33.5 0.19 6.2 0.02 0.3 0.001
395-5 25 1.6 54.2 0.59 6.4 0.07 0.2 0.000
396-1 26 1.9 30.8 0.13 5.9 0.32 0.2 0.001
396-2 27 1.5 18.7 0.13 9.5 0.04 0.1 0.001
396-3 28 1.7 27.2 0.05 6.2 0.04 0.1 0.000
396-4 29 1.7 21.5 0.15 5.8 0.06 0.1 0.002
396-5 30 14 21.8 0.03 5.2 0.07 0.1 0.001
397-1 31 1.6 35.3 0.09 6.1 0.05 0.3 0.001
397-2 32 1.6 27.3 0.10 6.4 0.09 0.1 0.000
397-3 33 1.5 56.4 1.58 6.0 0.08 0.2 0.000
397-4 34 14 214 0.11 6.0 0.08 0.2 0.001
397-5 35 1.5 33.2 0.03 5.5 0.10 0.2 0.001
398-1 36 14 30.4 0.09 4.7 0.05 0.3 0.000
398-2 37 1.3 17.9 0.53 4.7 0.07 0.2 0.002
398-3 38 1.5 27.3 0.06 4.9 0.10 0.2 0.001
398-4 39 14 51.9 0.43 4.4 0.04 0.3 0.001
398-5 40 1.7 48.8 0.25 5.3 0.13 0.3 0.001
400-1 41 1.1 17.2 0.16 3.3 0.07 0.1 0.001
400-2 42 1.5 30.3 3.35 4.9 0.09 0.1 0.001
400-3 43 1.3 30.4 0.39 4.3 0.09 0.1 0.000
400-4 44 1.5 31.8 0.03 5.2 0.12 0.1 0.001
400-5 45 1.3 28.2 0.17 4.6 0.07 0.1 0.000
399-1 46 14 40.0 0.03 5.2 0.03 0.2 0.000
399-2 47 1.5 44.2 0.39 4.4 0.03 0.2 0.001
399-3 48 1.5 32.0 0.37 5.1 0.29 0.2 0.001
399-4 49 14 32.7 0.25 6.2 0.09 0.1 0.001
399-5 50 14 33.8 0.01 9.5 0.07 0.2 0.002
434-1 51 1.3 21.6 0.22 5.8 0.35 0.0 0.000
434-2 52 1.5 28.1 0.07 6.0 0.07 0.0 0.000
434-3 53 14 23.5 0.19 5.7 0.08 0.0 0.000
434-4 54 14 24.8 0.14 5.3 0.11 0.0 0.000
434-5 95 1.1 254 0.05 5.6 0.09 0.0 0.000
390-1 56 1.5 28.8 0.09 6.3 0.11 0.2 0.000
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390-2 57 1.6 31.9 0.15 6.0 0.07 0.2 0.001
390-3 58 1.6 28.6 0.56 5.7 0.12 0.2 0.001
390-4 59 1.3 25.6 0.15 5.9 0.05 0.2 0.001
390-5 60 14 38.2 0.08 5.4 0.09 0.2 0.001
391-1 61 1.6 41.8 0.29 5.8 0.07 0.2 0.001
391-2 62 1.6 29.6 0.05 5.6 0.12 0.1 0.002
391-3 63 1.5 33.5 0.03 6.3 0.07 0.1 0.001
391-4 64 1.5 30.2 0.03 9.5 0.11 0.1 0.000
391-5 65 1.5 33.3 0.05 6.0 0.10 0.1 0.001
071-1 66 1.7 43.2 0.19 6.1 0.07 0.5 0.001
071-2 67 1.7 47.2 0.23 6.6 0.07 0.3 0.001
071-3 68 1.5 43.5 0.16 5.1 0.03 0.4 0.001
071-4 69 1.1 17.9 0.05 5.0 0.12 0.2 0.001
071-5 70 1.0 224 0.03 3.8 0.16 0.1 0.001
436-1 71 1.2 29.0 0.11 9.5 0.08 0.0 0.001
436-2 72 14 39.1 0.10 5.6 0.08 0.0 0.000
436-3 73 1.3 52.5 0.25 5.0 0.05 0.0 0.000
436-4 74 1.1 26.4 0.07 5.4 0.13 0.0 0.000
436-5 75 14 34.3 0.16 5.8 0.08 0.0 0.000
440-1 76 1.2 15.3 0.01 4.7 0.08 0.0 0.000
440-2 7 1.0 35.9 0.05 4.2 0.18 0.0 0.000
440-3 78 1.2 43.6 0.15 4.6 0.06 0.0 0.000
440-4 79 1.3 23.7 0.07 4.8 0.07 0.0 0.000
440-5 80 1.3 26.2 0.43 4.5 0.07 0.0 0.000
442-1 81 1.2 26.5 0.25 5.1 0.08 0.0 0.001
442-2 82 1.6 25.9 0.16 5.4 0.11 0.0 0.000
442-3 83 1.5 26.7 0.10 5.6 0.03 0.0 0.000
442-4 84 1.5 26.7 0.09 5.4 0.09 0.0 0.000
442-5 85 1.3 55.8 0.00 5.0 0.06 0.0 0.000
086-1 86 -0.1 55.8 0.00 5.3 0.10 0.5 0.001
086-2 87 0.9 48.3 0.20 4.1 0.21 0.5 0.002
086-3 88 0.9 55.8 0.00 5.2 0.11 0.5 0.001
086-4 89 1.1 55.8 0.00 4.5 0.04 0.6 0.001
086-5 90 1.1 34.0 1.33 4.4 0.02 0.4 0.002
087-1 91 1.7 55.8 0.00 5.9 0.13 0.1 0.002
087-2 92 1.7 32.4 0.19 5.8 0.07 0.1 0.001
087-3 93 1.3 20.6 0.44 5.1 0.07 0.1 0.001
087-4 94 1.6 21.2 0.26 9.5 0.07 0.1 0.000
087-5 95 1.8 22.7 0.10 6.3 0.07 0.1 0.000
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19. A2 ZAFulF inbreeding line?] total flavonoids, anthocyanins 33 o mdzm o
1715881 ASAEAA g9

7} AAA T F 9 A5 2 5E total flavonoids $F&F A}

AMATHE ASHE 57048 AZHA ASTAA #lF Yo EA 5= total flavonoids
shaFs A A F 9870 AlE9] W total flavonoids %S oF 9.3 ug/mg dwolATh
Zy AER shEo] v =& gele 066-29 i 2 total flavonoids gHEFo] 13.7+0.3
ug/mg dwollth. 5o =2 FeFo] =2 Zkele 034-3, 036-4, 012-4, 018-2 183 060-2¥H
o7 FFgdFHo oF 25% 71 &2 total flavonoids F§FS 7HEE & F AATHE 62).
008 Algoll &3h= 7NAIQ 008-61H 7)A|2] 7% total flavonoids &&e] <F 1.2+0.1 ug/mg
dw=z 3+ ff}%koﬂ njste] ¢ 780} o] WSS o 4 AT Y5O F total flavonoids
shaFo]l v JiA= 008 AlEl 438k= 008-5 2 008-7¥1 /WA & total flavonoids $F&Fo] 2.7
ug/mg dw °l3 & & F AJTHE 62). o] AF=E E of HAAFHF A Al 5olA
A7kl total flavonoids gH&Fe] Hol 11471 Zfol7l Ee & 4+ AN

AM AT F inbreeding lineEE total flavonoids &S vl HA3% éﬂ 0184 5-©]
11.8 £ 1.8 ug/mg dw= =A}3 207 Al ol Al total flavonoids fé, o] 714 =& g
oF 4= ggith TR o= 0603 036 AEo] zHz 11.2 + 2.3 ug/mg dw 9F 11.1 + 1.9 ug/mg
dwe] =S el total flavonoids 3HeFo] 3k AEYS & F 9}95\@(1%] 147). Y=
008 AZLS 41 + 3.7 ug/mg dwoz =AE 2078 AlE7F-&d A total flavonoids g+#o]
7h e AL & F AbG. =3 074 L 035 AEe S total flavonoids geFo] Zt
ZF 6.9 @ 7.3 ug/mg dwoE 0080 o]o] 71 dreko] Yo AEYS & F AJATHH
147). Total flavonoids &#Fo] 7 =& AEA 018AI5F 71 & AE<Ql 008452 sFe

Hiwdl Az oF 298] AX total flavonoids $HF =z}o]7p o] Fo AL & 4= AT o)A+
A3E v FojE o total flavonoids FFol -3 ATOE 018 Aled< ol &3t A
Aol o] FojhH gaFo| flavonoid AlE 75 ete] Aol 75 Ao = 7|

3 62. Contents of total flavonoids from leaf of Chinese cabbage inbreeding lines.

Total Total

Number  Sample flavonoids %}/ego%%? I;I;Jrg]fa Sample  flavonoids %}/ego%%?
of line  number contents Aok | e number contents e
(ug/mg dw) (ug/mg dw)
001-1 9.1£0.1 018-2 12.8+0.1
001-2 8.8+£0.2 018-3 12.7+0.0
001 001-3 9.2+0.3 9.0+0.3 018 018-4 8.7£0.1 11.8+1.8
001-4 8.5+0.2 018-5 12.1+0.1
001-5 9.2+0.2 018-6 12.7+0.1
002-1 7.7£0.4 033-1 10.4+0.2
002-2 7.9+0.3 033-2 9.7+0.2
002 002-3 57£0.3 8.3£2.0 033 033-3 8.8+£0.0 9.5+0.7
002-4 9.4+0.2 033-4 9.7+0.1
002-5 11.0+0.2 033-5 8.7+0.1
003 003-1 6.8+£0.1 8324 035 035-4 7.7£0.1 7.3£0.9
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003-2  11.3+0.2 035-5  7.9+0.2
003-3  9.3+0.2 035-6  7.9+0.1
003-4  5.1+0.3 035-7  5.8+0.3
003-5  9.0+0.2 035-8  7.1+0.1
004-1  10.9%0.1 036-1  12.6203
004-2  6.5+0.2 036-2  115+02
004 0043 107402 15,0, | 036 036-3 10202  1L1%19
004-4 112401 036-4  13.0+03
004-5  13.0+0.2 036-5  8.2+0.3
007-1  1.6%0.2 047-1 107401
007-2  10.0+0.2 047-3  8.7+0.2
007 007-3 58403  102+27 | 047 047-4  10.0+0.3  91+12
007-4  11.0+0.2 047-5  8.4+0.1
007-5  12.8+0.1 047-7  7.7+0.3
008-1  4.9+0.2 0522 10.9%0.2
008-4  9.0+0.1 052-3  10.4+0.2
008  008-5  26+02  41+30 | 052 052-4 120401  9.6+2.2
008-6  1.2+0.1 052-5  6.3+0.4
008-7  27+0.1 050-7  8.4+0.4
009-1  1.7+03 060-1  7.3+0.2
009-2  11.2+0.1 060-2  12.8+05
009  009-3  7.3+01  87+27 | 060 060-3 125403  11.2+2.4
009-4  8.1+0.2 060-4  12.9+05
009-5  5.1+0.1 060-7  10.6+0.2
010-1 11201 066-1  52+0.1
010-2  8.1+0.1 066-2  13.7+0.3
010 0104  125+01  109+18 | 066 066-3  9.9+02  9.0+3.2
010-5  125+0.1 066-4  9.5+0.3
010-6  10.4+0.1 066-5  6.8+0.1
011-1  12.0%0.1 074-1  8.4+0.3
011-2  9.2+0.1 074-2  3.6+0.1
011  011-3  103+02  10.6+16 | 074 074-3  7.8+03 69422
011-4  127+0.1 074-4  9.1+0.3
011-5  9.0+0.2 074-6  5.7+0.2
0122 7.1501 0342 10.5+0.2
012-3  5.6+0.1 034-3  13.240.2
012 o10-4  129+00  98F37T | O34 ooy s 9140y 109FLT
012-6  12.7+0.1 034-6  10.9+0.1
Average 9.3+0.2 9.3+2.1
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9 147. AN AT S AlE5E total flavonoids $FaF W] m E-4]

. AAA e A|BEZ5E total anthocyanins $HEF ZA}

AAATFH T AFEE SAAY AEFE ASTAA wjFde  EAStE total
anthocyanins 3+#S xAg Ax & 987) A 89 ¥+ total anthocyanins S oF 0.352
(A53-0.25"Aesp)img  dwolth. thx7<¢ HMLFH]9 total anthocyanins &2 0.011
(As30-0.25%Aes7)/mg dw= ofA|oFEH oA ST A A Fulj S0l Hlste] 3hFo] 328 kTt
AMAT =] 72+ JRAEE total anthocyanins o] 7FA Eo #1ele (074-4W WA=
heFo] 1.516 (As30-0.25%Agsn)/mg dwollom Highe Hoh 43w} 7hg o]l E=UHE
63). 507 ghEFo] =& gele 052-29, 35-6H JRAIet 033 Al £H3t= MAEZHA
033-4, 033-2, 28] 033-11 7fAl2 =5 total anthocyanins 3$F&Fo]  0.936
(A530-0.25*A657)/mg dw ©o]/do]lATHE 64). RIHZE 066 A Sl &st= WA 066-1, 2, 3,
4, 9} 59 7 A|= total anthocyanins g&Fo] 0.007 (As3-0.25%Ag7)/mg dw ©]3t=2 wl}-§- FgFo]
wSokom Ao iz A o] HITES & F AUJTKE 63). 4 MAEE total
anthocyanins & bol= thix+-¢} HlwstH oF 0.6¥1-137v) A= FEFxtol7t vYepds &
T Ay o] AF}E wFojE w HAAMAFHF d AEEFEH 4 NAEERE total
anthocyanins 3ol £ 2pl& A&sA A & + & Ao AIsHTH

2} A A Tu) 3 inbreeding line £ total anthocyanins 3H#FS wlm HA13+ A3} 03374 Fo]
0.921 (As30-0.25*Aesp)img dw= ZAMSH 207 Al&Foll A total anthocyanins ¥&Fo] 7Hg &2
RAUS & F APTHITH 148). 2o = 035, 0349} 052 AlEo] Z+ZF 0.705, 0.657 2
0.655 (As30-0.25%Ags)/mg dw= F+ FFHT o 198 A= =2 AFLs & F UG
(19 148). w2 066 2 008 AES total anthocyanins 3dheFo] Zz+zh 0.007 2 0.06
(As30-0.25%Ags)mg dw=Z tiZTRO GAY dzFRY ¢F 55h] 555 ¢ 4 ATk Total
anthocyanins o] 7H =2 AlS< 0334158 78 22 AFU 066415 FFs vl
A3 oF 13199 = Aol IS ¢ T UAT ol AFAE v FoE o total
anthocyanins &&o] 3 AFSZ 033 AFE o]&3td MA o] o]FoFud
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63. Contents of total anthocyanins from leaf of Chinese cabbage inbreeding lines.

Number Sample %Egg(())%%rgg Average of |[Number Sample ?ﬁ;gg%azrgf Average of
of line number A657/mg dw) anthocyanin| of line number A657/mg dw) anthocyanin
001-1  0.271+0.000 018-2  0.070£0.000
001-2  0.441+0.000 018-3  0.138%0.000
001 001-3  0.357+0.001 0.393+0.102] 018 018-4  0.035%=0.000 0.116+0.061
001-4  0.357+0.000 018-5 0.164%0.001
001-5  0.541+0.001 018-6  0.174%0.000
002-1  0.553%0.001 033-1 0.9360.001
002-2 0307+0.000 033-2  0.946+0.061
002 002-3  0.233£0.000 0.293+0.155] 033 033-3  0.831%0.000 0.921+0.053
002-4  0.222+0.000 033-4  0.966=+0.000
002-5  0.153%0.000 033-5 0.928+0.002
003-1  0.055+0.000 035-4  0.823+0.000
003-2  0.17940.000 035-5 0.930%0.001
003 003-3  0.079£0.000 0.096+0.048 035 035-6  1.007%0.001 0.705+0.302
003-4  0.084+0.000 035-7  0.340%0.000
003-5  0.081+0.000 035-8  0.427£0.001
004-1  0.070%0.000 036-1 0.815%0.000
004-2  0.044=0.000 036-2  0.668=%0.000
004 004-3  0.127£0.000 0.120+£0.062] 036 036-3  0.658+0.003 0.646+0.148
004-4  0.182+0.000 036-4  0.683=0.000
004-5  0.177+0.000 036-5 0.406=%0.000
007-1  0.222+0.000 047-1  0.824%0.001
007-2  0.243=£0.000 047-3  0.7160.000
007 007-3  0.034%+0.000 0.165+0.086] 047 047-4  0.249+0.000 0.552+0.225
007-4  0.203%0.000 047-5  0.517£0.000
007-5  0.121£0.000 047-7  0.454+0.001
008-1  0.071+0.000 052-2  1.157%0.001
008-4  0.105+0.000 052-3 0.678=%0.062
008 008-5  0.068+0.000 0.061£0.031] 052 052-4  0.485%0.001 0.655+0.350
008-6  0.028+0.000 052-5 0.206+0.000
008-7  0.035%0.000 052-7 0.747£0.001
009-1  0.34940.000 060-1  0.029£0.000
009-2  0.419+0.001 060-2  0.227£0.001
009 009-3  0.250£0.000 0.283+0.102] 060 060-3  0.117£0.000 0.109+.078
009-4  0.243+0.000 060-4  0.124+0.000
009-5  0.15540.000 060-7  0.049+0.000
010-1  0.156+0.000 066-1  0.005%0.000
010-2  0.071+0.000 066-2  0.007=%0.000
010 010-4  0.226£0.000 0.204=+0.098] 066 066-3  0.007£0.000 0.007=+0.001
010-5  0.234+0.001 066-4  0.007=%0.000
010-6  0.336+0.000 066-5  0.007=0.000
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011-1  0.425-+0.000 074-1 0.135+0.000
011-2  0.109-+0.000 074-2  0.933+0.000
011 011-3  0.190+£0.000 0.277+0.151] 074  074-3  0.241+0.000 0.607+0.602
011-4  0.448-+0.001 074-4  1.516+0.002
011-5  0.213-0.000 074-6  0.207=+0.000
012-2  0.170+0.000 034-2  0.616+0.002
012-3  0.133-+0.000 034-3  0.312+0.000
012 0.280-+0.149
012-4  0.408-+0.001 034  034-5 0.827+0.001 0.657%0.256
012-6  0.409-+0.001
- +
control 0.011+0.000 0.011=+0.000 US| DUSTASEROLL
Average 0.352+0.002 0.341+0.146
1400
2
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13 148, HMAFHS A5 total anthocyanins $HEF B a4

AA G 9 A5 2 FF total flavonoids 2 anthocyanin 33 &= PLS =dd 2
o

ghel A B A%

AMAdFv) o] o A5 FT-IR =HEY HolEE ZABIATHIE 149A). 72 Al59
FT-IR 2~¥9E"Y nuid Az ~¥HEZ 29 1,700-1,500 cm'#$], 1,400-1,300 cm™ 9],
223 1,200-1,000 cm Yol A Alg3te] ~HEY ztolrt A o] FolFL & 5 Ut
(¥ 149A). ol =HEGUH B Y Tz TAZAZAT F 987 glFodA R A=

NHE 2 A 8] PCA score plotol A BE7E At o] £oh e L4 9

Aol AdAel 5S¢ & F AATHIY 149B). 2 o ¥ Ame 4
o $x7} ul$ ot R AAE Holve Ao yehy Ws
ol &ake Amet strigE A A Aeol whe dolrt A olRolH vehte
olgti AtRHETh EF PC score 13 298] A dvlolgAle] Wo] AWAHL=T} 2+2t 9.6%}

o
<>
5

2 > T
ox ol K dz rlo
e
e
Ho I

o,

S~
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8.2%% Ao = yeht PC 13 29 A9y o] 17.8%° E3ste] zk AZEZHl FT-R
2HEH oA o]y} AR $SS ¢ = AUtk PCA score plot ollA Z A RETHY
ATE FEo] o|FAAX=H #As= L3 HFTE ZASH7] 915k PCA loading valueE
ZAEE A 2 ER oA SAAEE Aolr) o] R HY RfoA ZF A|lEEZtel Aol
AA olFoFEs & & AAJHZHE 1490).

T3 AT &3} - 2(PLS-DA) score

ANEEd digt AITAHEE Fa B4% 3

gk AdAel AA FrHeA e I Al9" total anthocyanins

A% Ay HAAT e S SAAESAA total anthocyanins &3F©]
+ AlEE°] PLS-DA score plote] #= stdio] =2 Ex3S

149D). 18 8B¢} 8D9] 3 EE 7F A|E S| A total anthocyanins ko)

E2 ANE7E EA8tE WEFS UERAT o] AAE mRoE o HANZAFu|FY HolA

EFaHERe gAdF FA RS 53t PLS-DA score plot’de] £

E Al3Yldl =A38l= total anthocyanins o] Wil HSS vlwd A3 A ST &

S AoE ASHHIH 149D).

A 12 B 0.0020

182
‘ 86 0.0015 |-

0.0010 -

§

PC2(8.2% )
i

Absorbance

&
g

&
3
2

0.0015

-0.0010 -0.0005  0.0000 0.0005  0.0010 0.0015
PC1 (9.6%)

O

Loading value
Comp2

L 1 1 i L
1800 1600 1400 1200 1000 800 -20 10 0 10 20

Wavelength (cm")
13 149. AMATEE A AR FT-IR ~2FEHH B thAZEA R4, AFR-IR spectra;
B: PCA score plot; C: PCA loading value; D:PLS-DA score plot.

(2) AMAFu|FE o A BERE total flavonoids & o= PLS =l
T 987 AAATEFY o ANEERE o FT-IR 2FEFY HolEH$ o] A9
total flavonoids &% ®lo]E] Abo]e] PLS regression RHE 45 sty 2 Huj+ Alg9]
total flavonoids &&F o= PLS melg)S /st tH2e 150). Total flavonoids 3H&F PLS =2 &
oA AHAFR-square)= 0.946= vll-¢ =A YEeERSH( ™ 150A). Total flavonoids =
o Zo e PLS m=de] AHIAHL ZAE7])9)38] cross-validatione 4335k A7) 9
PLS gt PLS =do <7 sto] 10702 AAFuj5 A2 25F total flavonoids $Hd&
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dZFatgom =3 olE AR AHF IFHY HFF
(R-square)= 0.7122 e} PLS =& cHA| oA 2] 34
150B). ¥ Aol /M PLS Rl wjFe] o =3
& REAE ALgo] 7led ZoE gy o
FT AY FHoR F8o] Vs AR J|dE.

AENE I A9 ZAAAF
o] Mg =S & F AAHTH
S 2 BE total anthocyanins 3%
T SAS A% 74

I‘TF
Ll fl
N
or
ox
=
ol
e

18.0 ——

—_— e 13

Y=0.95x + 0.50 184 [ Y»0.00"x + 1.40
1255 p2u0048 12} R'=0.712

Predicted contents of total flavonoids
(ugimg dw)
~ 3
L L]
Mo &
TR
>
of total f
(ug/mg dw)
s
3
-8

~
@
-

.5

Predicted

o 2 4 & 8 10 12 1 s s w0 1 12 n

Estimated of total fi i Estimated of total fla id
(ug/mg dw) (ug/mg dw)

38 150, AAMAFuFE & AlE FT-IR 23 EdG ol ZXE total flavonoids & o=
PLS ==&, A: PLS regression modeling of total flavonoids; B: Cross-validation of PLS model.

(3) AMAFHF A AFEHE total anthocyanins ¢ o= PLS =4
& 9878 AMAFHFo] o AREHFE dojx FT-IR = EZ HolE g o5 A &2
total anthocyanins $H& ©®|o]E A}o]e] PLS regression & HEAS F3ste] ZF HAuj+
Al 29] total anthocyanins & o= PLS =d&gS /sty ™ 151). PLS =& o A]
AR AFR-square)= 0.9612 w]$- =4 JeERFTHZE 151A). Total anthocyanins g o Zoj
i3k PLS mdlo] HFAS xAs7 8] cross-validations 433std k. 4719 PLS 3
o & PLS ;%101] =7 OPOC] 107H 7‘““753—?3]1—5? /\]Eil‘i—ﬂ total anthocyanins gEFs o=

-ll

0.701= Yehd AHgAHol WS =55 & -’F ‘2113}(:1a 151B) 0] éﬁri PCA%*J.OH/H
A &9 F-&o] anthocyanins & G¥do]l e A= vebd AR EAEA A3t 43
st Ayel AgdEt. B Ao sg® PLS 2d# e total flavonoidse}t w7 tA] 2
o] 9 22 o 27 total anthocyanins & oS AR Algo] 75 ZOo=E 7|thEH
I+ 27154 M5 FF5 S4S AT 7IsH FF5 A% FHoE &80 7t Fe=E

7t g,

p

o
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>
o

I Y=0.96x + 0,01
R'=0.961

38,
| EY
wa ?,“.
08}

L
’ll}.ll

T
00} s‘
L 0.0

N . . a " - a _ . " " N M " "
bnd o4 o8 12 . 0.0 0.2 0.4 0.6 08 1.0
Estimated contents of anthocyanin Estimated contents of anthocyanin
(A530°0.25"Agg7Vmg dw (As30-0.25"Ags7)Vmg dw

a7 151, AAATuF 4 AR FT-IR 2~ EHHo]H 28 H total anthocyanins 3 o=

PLS =@ 8. A: PLS regression modeling of total flavonoids; B: Cross-validation of PLS model.

. 1S
08} Y0.64'x+0.18
R'=0.701

06+

04}

(Ag30-0.25"Agg7Vmg dw

0.2+

Predicted contents of anthocyanin
(Ag30-0.25'Ags7¥mg dw
&
%%
Predicted contents of anthocyanin

20. FEAZIE(AE, 7HS) AA A5 ¢ anthocyanins &% & =4y 2 1754
2] ISALAA &9
7h ARG E, 7F) AN 2782 anthocyanins @ oS 2EE 3 3754
2l & A A &9
D 7Fs ANA 3 o A5 2 HF total anthocyanins &3 ZA}b

AT S Ade 9 23714 AIBEZ JMAY MEY @ ASE(G5140AFLE 270A)
oA w3 <lo EA)3t= total anthocyanins &3S ZAFSA T total anthocyanins®] &3
ZAS A3 F 687) A =9 B total anthocyanins TS <F 0.716 (As3-0.25%Aesr)/mg dw
olAtt. thx7<2 AA control ¥iF (F1-5112)2] total anthocyanins $F&FS 0.008 (Aszp - 0.25
Agsimg dwE opAlopFHolA FAFQA AMAFuF F1-5047] wHlste] FheFo] 150.649H
vhotth AAATuFo] 7z JRAEE total anthocyanins &so] 71 &L #ele 15-3
(5726 %) MAZ ko] 1.987 (As3-0.25"Agsp)/mg dwolom B3k B} 2.8u) 713
o] HUTHE 64). 15-3 (5726%) 7WA| ] anthocyanin =S A iz w32 F1-5108
(22)¢F ¥t oF 14} £2 FAE Bt o2 o] 2 el 16-3 (Fl-red
chicory)# 7RA1¢} 22-2 (F1-5108)H 7HA| 2 total anthocyanins &#Fo] z+zh 1.878%} 1.647
(As30-0.25%Ags7)/mg dw ©]UATHEE 64). ¥ 2 540393 AlEo &35t /AL 2-1, 2, 33 5417
% AZol &3h= 3-17RAl= total anthocyanins o] 0.005 (Asz-0.25%Aes7)/mg dw ©] L=
of-g- gheEFo] wgkom Aol =4 thxT A9 o] HIEE & 7 AJKE 64). 7
MAEZ total anthocyanins & =tol= =] thx=FoF wlwstd oF 0.4v]-248.4v) A%
steFatol 7 YebEdS & 4 AT o] AR n|FojlE uw) HAMATHF J AS2RE 7t
MAEE total anthocyanins o] &2 1S A& A & + IS Ao =E AsdHTh

3 64. Contents of total flavonoids from leaf of Chinese cabbage inbreeding lines.

Number Sample ‘?‘Egggfgazrgﬂ Average of |[Number Sample ?Eggg%’azrgg Average of

of line number A657/mg dw) anthocyanin| of line number A657/mg dw) anthocyanin
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1-1  0.008+0.002 13-1  0.159+0.003
1-2  0.009+0.001 0.008+0.002 55;?_10 13-2  0.144+0.006 0.165+0.026
1-3  0.005+0.002 13-3  0.194+0.002
2-1  0.005+0.003 14-1  0.471+0.019
2-2  0.003+0.001 1 555}4 14-2  1.047+0.043 0.759-+0.407
2-3  0.003+0.003
3-1  0.004+0.002 15-1  1.500+0.050

5‘#_17 3-2 0.006--0.000 0.005=0.002 57%26 1.608£0.012 ERLERNIT
3-3  0.007+0.001 1.987+0.099
-1 1.170+0.028 16-1  1.198+0.016

54$8 4-2 0.985+0.008 1.112+0.110 fﬁi;{)erd 16-2  1.221+0.021 1.432+0.018
4-3 1.180+0.024 ¥ 16-3  1.878+0.049
5-1  1.040+0.012 17-1  0.878+0.034

54697 5-2  1.142+0.018 1.056+0.079[F1-5039 17-2  1.187-£0.009 1.112+0.014
5-3  0.986+0.012 17-3  1.272+0.010
6-1  0.873+0.014 18-1  0.915+0.017

54599 6-2  0.942+0.022 0.804+0.183F1-5040 18-2  0.896+0.016 0.879+0.013
6-3  0.597+0.021 18-3  0.82840.039
7-1  0.756+0.036 19-1  0.773+0.020

5‘%‘1 7-2 0.835+0.047 0.677+0.209F1-5041 19-2  0.744+0.017 0.682+0.019
7-3  0.440+0.031 19-3  0.528+0.051
8-1  1.058+0.016 20-1  0.615+0.055

5‘$0 8-2  0.702+0.044 0.954+0.220[F1-5044 20-2  0.679+0.005 0.6080.027
8-3  1.103+0.025 20-3  0.530+0.010
9-1  0.890+0.118 21-1  1.312+0.087

545?2 9-2  0.897+0.011 0.860+0.059F1-5047 21-2  1.459+0.033 1.205+0.039
9-3  0.792+0.058 21-3  0.842+0.011
10-1  0.404+0.024 22-1  1.455+0.016

5‘53 10-2  0.619+0.024 0.486+0.116F1-5108 22-2  1.647+0.047 1.444+0.015
10-3  0.434+0.006 22-3  1.230+0.033
11-1 0.249+0.004 23-1  0.008+0.002

546524 11-2  0.306+0.010 0.262+0.039F1-5112 23-2  0.008=0.000 0.008+0.001
11-3  0.232+0.009 23-3  0.008=0.000
12-1  0.204+0.009

5%56 12-2  0.314%0.007 0.256+0.055 Total 0.7160.023
12-3  0.25040.010

AMATHF line'¥ 2 total anthocyanins &S H

1.698 (As30-0.25%Ags7)/mg dw= ZAFSH 2371 Al
gelge o

%9l F1-5108 (22)9} wlmshd

<

TR AR

I |2 BA3 A3 5726-F(15A &0l
% ZoAl total anthocyanins &Fo] 7}

ZF =0

o 3T

18 152). 5726% (15) A% ¢ anthocyanin H# FS A tfx

oF 1.24)

o
2 W

TAE Bt oo = FI-5108 (22),

F1-RC (16)2} F1-5047 QCDASo] z+z; 1.444, 1.432 2 1.205 (As30-0.25%Ags7)/mg dw= o] &

$9) AN AT B FFe AA B FYRG o 240 A= £LL G 5

AR (14

152). Wi & 5403-3 (2), 5417-% (3) & 5390-% (1) A=< total anthocyanins ko] zhzt
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0.004, 0.005 % 0.008 (As30-0.25*Aes7)/mg dwZ =4 thz=7 F1-5112 ®Roh @AY dizF<
H 23S & 4 A3k Total anthocyanins o] 714 & Ale<l 5726-% (15A 534 7}
S A% 5403-0 OAES FHFE vwd A oF 425819 FF zo|r) LS &
ATt ool AxE mFolE uf total anthocyanins o] 43+ AE2 5726-%
(15 A%E ol &3t MA Aol o]FAXTH thZF o] H3)] cyanidin F&Fe] H2 1754

Anthocyanin
(A530-0-25"Ag57/mg dw)

a9 152, A4

) 7Fe AMAF S d AR FT-R 29 EY doly g ® A4

AMATFaFo o Ao FT-IR 2 EY ©HolHE ZAFATHE 153A). 24 A89
FT-R 29EY vuiy Az ~9E9 249 1,700-1,500 cm™ ¥, 1,500-1,300 cm™
W9, 123 1,200-1,000 cm™ WYl A AR 7hell 2FEY o]} A o] FolPL & F
AATHZE 153A). o] ~HERH oo Tz SAEAZAN F 687] &l FollA tiFE2
ANEEL WS ZHAFE 2 PCA score plot’dollAl X7} AH3l o]Folde &
A2 9 AR @Al =5 ¢ T AJHIH 153B). Tyt IF A
59 BX7F wl$ Aolste AT HAAE Houe ALE UEY HE F
4 AT &3l ARG stugts A AR AdHO wE Aolrb A ol F
Uetys dolgta Algsdth =3 PC score 13 29] A dolgale] ol A=y}
ZvZy 34.7%F 10.9%%1 Ao = YEelhg PC 13 29 238 o] 45.6%Ath. PCA score plot}
Zt Al€¥ total anthocyanins ¥3F ©lolEle} A#-S B4 A HAAZAF6F S4AF
Z oA total anthocyanins o] vHlwd &2 AlFol &3l AEEC] PCA score plote]
FSetdel vl @Fe Al &3t AREC] HSAT FE EEIE & F AAT
(718 153B). PCA score plot “gollA Z+ ARE Ite] AEE FEo] o]FoX=H FTHAs}
Q3 HEE ZASH7] 918ke] PCA loading valueE ZAMSE A3 ~HE AoA &
2 zpol7} o] FojHH Tt 900-800 cm” Mol Z+ A EE Fholl zpolrt =A o]

&G F JdAHZH 1530).
P Al &3le AREC U ASAHRE F3 43 FHEX(PLS-DA) score

f
lo
o,
o
L2 e Z o

l

O

S
Q2 >0

Ju 2

offt o
e
ok
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plotell A= Hb5 S8 vt Adgo] A S7hstdem 2 ADR total anthocyanins 3

dolg et das B4 A3 ANATHSF §4AF53lA total anthocyanins &3Fo] Hlu

A score plote] FHEZAthe] BHlmA X A 43}

&g F2 PEFS & 5 AATHIY 153D). 17 15389 153D spabs

So| A total anthocyanins 3HeFo] =& AlF9} Yo A g7} EAsh= wake Jehdd

4ol ARz wFolE wf HAMApuFo] HAHNEFAHAER ] AT BARYE T3

PLS-DA score plot’de] E£EXE ZARICEA o]5 AR Yo EAst= total anthocyanins
Fe) 21 Aeg vad AP A58 5 AL Aow AudtiLY 153D).

fe e 2 oM

f ]
i

7 Az

O

12 0.0012
\ 15 High
gl / §2 anthocyanins
L 3 0.0008

08
g oo o
& § 0.0004 i %
£ o8 o
8 =
g i o~

04 S 00000 -

; ¥ 3 Low
02k 4 3 anthocyanins T X
; W i | l;:,_:&ks}:,
I [V
0.0 L L 1 A PENA K . X ) .
1800 1600 1400 1200 1000 800 20,0015  -0.0010  -0.0005 00000  0.0005  0.0010
Wavelength cm-1) PC1(34.7%)
020 | —PC1 .
l PC2 I wr ::?:ocyanim
0.6 |- J \

‘]QJ TR .1,,*'.‘_ ol
:::f:wr‘”' e 1L

-0.16 -

Loading value
Comp2

1800 1600 1400 1200 1000 800 30 20 10 o 10 20 30 40

Wavelength cm-1) Comp1
19 153, AAMA T F A AE FT-R 29 EdM ol vt eEEEA 24 AFR-IR spectra;
B: PCA score plot; C: PCA loading value; D: PLS-DA score plot.

(3) AMATF o ASERE total anthocyanins 3 o= PLS =d# = wghHekel
Ak gl HE

% 6870 AAMAFHFo o AREHEH dojxl FT-IR 2HEY HolE g o5 A8
total anthocyanins & ©lo]E] Alo]e] PLS regression B8 228 F3ste] z+ Huj3
Al=9] total anthocyanins 3+ o5 PLS RAE S /WAStATHLE 154). PLS R o A]
ARAFRYE 09822 )¢ =74 Jeldth 23 154A). Total anthocyanins 3+ o Zof ok
PLS =H9o] AEgALS ZASH] Y3 cross-validationg <33ttt 4712 PLS o=
PLS mdo] A3l 237 AMATH|S: A|EEHE total anthocyanins eS¢ =319 o
EF o]E AR A= FFFo] NFIARML £33 A7 ZHAFRIE 0.822 JERY
Aol mE S ¢ F AJTHITH 154B). o] A= PCAEA A AR FEO
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anthocyanins 3= F3#do] U&= Zifli el A FEAIEA Aol A= At
otal anthocyanins 2] 7WA|zt xto]7} =LA
o] Foix|7] Wi EdH FFErt At Aoz AlsdT B AT A" PLS
g8 HjFo 9o xFO total anthocyanins & o|Z ZdZ Algo] 7}sd Zo=
7= ol V)54 WiF FF SAS S 7158 FF5 AL o &8o] Jted
Aeg 7o

>
ki
A,
I
K<)
i
v
1
2
i
-
=
o
L X
o T
i
N
Fi?

Y=0.98x + 0.01

5 16 Y=073x+047
1.5 L R?™=0.982 bl

R%0.82

0.8

T _Aes
04 | %

(A 0.25'A,,)img dw
)

0.0 |

Predicted contents of anthocyanin
(A;0.25"A,,)img dw
B
Predicted contents of anthocyanin

1 s s 1 L L L " L L
0.3 0.6 0.9 1.2 15 1.8 4 0.0 0.5 1.0 1.5 2.0

Estimated contents of anthocyanin Estimated contents of anthocyanin
(As3p0.257A ;¥ mg dw (Ag,,-0.25%A ) )img dw

oo| &
a2
0

L
0.4

Y 154, AMATEFE 9 Alg FT-IR 29 Eddo]e 5 H total anthocyanins $F&F o =
PLS =4 &, A: PLS regression modeling of total anthocyanins; B: Cross-validation of PLS
model.

U, oE HAATHF A AZ2RE total anthocyanins g3 1 gHFrekel A 2 PLS o=
PR
D) 71& AT A ASZHE total anthocyanins & FA}
A 117FK 9] A5E=E 7H;‘(-"&]| MZE B AeTo A H|E o 25t total
anthocyanins &S ZARE A3 F 3371 A= B+ total anthocyanins &S °F 0.13

(As30-0.25%Ags7)/mg dwo| At A4 ?Hﬂ—r«] ZF A EZ total anthocyanins &#Fo] 7H &<

ANEL 306 AEol &3l= MASZA 306-1H WA dFaFo] 0.552 (As30-0.25%Ags7)/mg dw
2 7P =33 ggoez &2 306-29F 306-3 A= A7 o]l 043290 0.325
(As30-0.25%Ags7)/mg dwoldth. deFo] 71 =& 306-12 H 3= B 428 713 =&
dEFSs RATHE 65). o2 ol w2 /A= 310-11 /A= total anthocyanins
ghaFo] 0.292 (As30-0.25%Agsn)/mg dw UTHEE 65). WHZ 3249} 369 Aol &3t= /A<
324-1~3, 369-1~3 7WAl= E5 total anthocyanins &aFo] 0.003 (As3-0.25 A657)/mg dw o]st=
¢ Fo kS HATHE 65). ZF JRAE  total anthocyanins  HEF-S- 0.001-0.552
(As530-0.25*Ags)/mg dw= 7RAIZEe] & & ApolE HAJ o] AF}E w|FolE wf HAAT
vl 2 ANE2XE ZF /AEE total anthocyanins o] & #11S Al&sHA Al & 4
Ae Aew Asd

ZI A A w5 inbreeding line® & total anthocyanins ¥ #&#< Wla 23 Az 306
Al Eo] 0.436 (As30-0.25%Ags7)/mg dw= ZASE 117] Al%E Foll A total anthocyanins $FaFo] 714

=2 ZIYS & F JJTHE 65). thso=2 311, 310 ¥ 312 AFo] 27+ 0.170, 0.169
0.163 (As30-0.25%Aes)/mg dw= H+ TR ¢F 128 B 52 Aleds & F AT
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(298 155). HiglE 324 2 369 Als2 total anthocyanins ¥3Fo] Z+z+ 0.001
(A53-0.25"Aesp)img dw=  wlj-¢-

7} odee & %

1} O

R

A7 ERel Adjte] 7hed ALz TdiEn.

3 65. Contents of anthocyanin from leaf of 11 Chinese cabbage inbreeding lines.

j=i]
=

ShekzkS B ith Total anthocyanins F&o] 714
AZQl 306 AT 7FF Fe AEQ 324 AT kS nwdk A oF 436u19]
UAAT. o] AF}E v FolE # total anthocyanins o] ¢
©F 306 AlTE ol&ste] A Aol o]FoXThA thxTol HS cyanidin 3ol

0.002

Number of ne  Sample mumber 50 SRR o) vy
~ o 306-1 055240045

306 306-2 0.432+0.003 0.436+0.113
306-3 0.325%0.007
310-1 0.292+0.013

310 310-2 0.129+0.007 0.169%0.108
310-3 0.087x0.020
311-1 0.166+0.002

311 311-2 0.151%0.006 0.170£0.022
311-3 0.195%0.003
312-1 0.137£0.007

312 312-2 0.181+0.013 0.163%0.023
312-3 0.172%0.007
313-1 0.075%0.003

313 313-2 0.081+0.004 0.086+0.014
313-3 0.102+0.003
315-1 0.150£0.015

315 315-2 0.15340.004 0.160%0.016
315-3 0.178+0.019
316-1 0.052%0.001

316 316-2 0.128+0.004 0.092+0.038
316-3 0.097+0.004
324-3 0.002£0.000
331-1 0.004£0.000

331 331-2 0.003+0.001 0.004+0.002
331-3 0.006+0.001
353-1 0.095%0.002

353 353-2 0.231%+0.014 0.150%0.072
353-3 0.123%0.008
369-1 0.003£0.000

369 0.00240.001

Total

0.13+£0.128
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o
o

0.2

(A530'0.25 *AG 57)/mg dw

0.0

306 310 311 312 313 315 316 324 331 353 369

19 155. HAA i3 A5 total anthocyanins &3 H]w E4

(2) 3187 HAAFHF A S ZFE total anthocyanin &% &= PLS =dd 2
g A W HE
O HAMATF A AR FT-R 2 EY 4do|g thid¥® SA &4

117FA] Al AAAduw3e] 9 Alge FT-IR 2HEF HolHE ZASIATHIH
156A). zt Al&e] FT-R 2¥E" nuiEAd Az ~9E8 Ao 1,700-1,500 cm 89,
1,500-1,300 cm ™8 9], 723 1,200-1,000 cm ol A A8zt ~FEY zto]7t FA
o]FAHE & F JUTHIH 156A). oI5 ~FHEHTolE iz FAENAR T 3371
el FollA FEEY AEES W5 FAHA 5 PCA score plotdolA 271 AH s
ojFojF S & F Ao AR ¥hE =AY AFAPl Eee & F AU
J8y 5 AR AF e S8 AREY 271 v Adolst A AAE Bl
U= Aoz Jeht Hlﬁ TS 54 &3k A s stH s AR l A7 el
2 zo)7} ZA o] FolA UEhtE datolgta Alg®th 3§ PC score 13 29 A Hlo]
EAle] ol AEATI} Z+7F 18.2%2F 9.0%%1 AC & e} PC 13} 29 Aw& dlo] 27.2%9
Este] ZF AEE bl FT-IR 2HEZ Aol Ao|7t 37 & &  UYTh PCA
score plot3} ZF AI9® total anthocyanins & wlolE]e] A#-e B3 Az} A4 u|: §4
Als FollAl total anthocyanins $&Fo] Wla % w2 Aol &3h= A&S°] PCA score ploto]
S vl Ee A5l &3t AEEC] HFo FE BEXIS ¢ AATHTH 156B).
PCA score plot oA 2 A& 119 AleE F&°] o] FoA=H #AoAste T8I HTE
ZAFsl7] 918t PCA loading values ZAMGE A3 2HER] oA SHAE=E Afo]7) o] Fof
AW 529191 1,400-1,300 cm ' H Sk 1,200-1,000 cm ™Sl M 2 ARE gkl Zolrt A
o]FofRS & F AATHH 1560).

YT AT &F3he ASEC g ASAHEE Fi 4% HEEA(PLS-DA) score
plotol| A& Wk ﬁxé of thet Aol IA FrIstR e Z+ AE total anthocyanins &3
tlolEle} s A A AAAFF {§4A FFolAl total anthocyanins F&Fo]
H w2 %2 AZd &£3t= A ZE0] PLS-DA score plote] #HZAghio] Hlwzd e A%
o &3t+= AlEE°] PLS-DA score plotd] $-ZFdtdFolFzE 23S & F JYJHIH
156D). 18 156B¢} 156D2] 3}axk= 2k A|E 5ol A total anthocyanins §H&Fo] & A&

E‘r 13 156B).
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S NS 2AsE W dehith oo ARz vfolR o HAPTuF 9
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@ HMATH|F 2 A E2RE total anthocyanin 3 o= PLS =dlg @ w3522l

A 9 HE
= 33N HAAFHFo o AREHE dojx FT-IR 2~HEH HolE o]& A89
total anthocyanins &= ©lo]E] Alo]le] PLS regression 2@ 24S S8t z+ AHujx

A Z9] total anthocyanins & o3 PLS =43 -& /NIt ad 157).
ARAFRYE 09692 v]¢ &4 Uebt2d 157A). Total anthocyanins
PLS =dlo] H&A& ZAsH7] 938l cross-validation2-

PLS = dl & o) A
SheF o Zof )3t

TR 471e] PLS &&= PLS

2o ZA sk

1174 2kl

2} A8 ) 5

A B ZRE total anthocyanins $HFS o=

stgom EF ols Almo A el MY AEAL Y3 A AAHAFR)E 0.582
et} AgAdo] AZ 55 & F AAHITH 157B). ©] AF}e PCARA A Al79
FEo] anthocyanins ezt A#Ao]l 9= oz Uehd g FEA RN Azlel dx)sh=
A} Atgdth o}2# total anthocyanins ﬂﬁbl NAZE zpol7y AA| o] F X[ 7] Wil
R HAGETt At AoE Als"ET B AT JigE PLS REE-e wiFe 9
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Y 157. 7] AMAFHE A A FT-R 2" EHHolg Z5E total flavonoids $HF
o= PLS =&, A: PLS regression modeling of total flavonoids; B: Cross-validation of PLS model.

21. vl AloiE AHA AFER(EEAS R wuj)E9 anthocyanins 13 2l Al
2 FT-IR 29 EY DB +=
7b wel AoiE AAaATeE o) AE2RE  total anthocyanins ¥ XA UV-VIS
spectrophotometer< ©]-8-3F total anthocyanins $H& ZA¢
(D) A AFu)E ) A8 Z5E total anthocyanins 33 A}

AT F XS 98] 19714 AFSHEG205E A Axol wel 37] 2Dz 374
AZE B AF oA HiSE Yo A= total anthocyanins S FAFSFITE  total
anthocyanins®] 3teFS A A3 & 6370 A159 ¥+ total anthocyanins - ¢F 0.549
(As30-0.25%Ags7)/mg dwo Ak thz+<2 A control ¥3+(5233)2] total anthocyanins $F&F-&
0.112 (As530-0.25%Agsnimg dwollom HA 58] 5(5437)¢] total anthocyanins &2 0.021
(As30-0.25%Ags7)/mg dwolA T} ©]E HAuj32] total anthocyanins &2 713 &2 total
anthocyanins &3 H<l AF(595)e HIs] HA o 2745233)+ 25.98], 54 LF5u 545
Q1 54372 135u) Ut = BE AlFe W+ total anthocyanins FHEF2 A o =F
(5233)° wis] 4.99), A LZu]5 A% 54370 Bl 25.68) EdTh HAAFuFe] Z+ )
A Z total anthocyanins o] 7H &2 2402 5595-12 gaFo] 3.158 (As30-0.25%Assn)/
mg dwolom HFsFrT oF 588] s o] EJUTHE  66). 5595-1 A
anthocyanin &2 A4 of 27(5233)¢} Hlwate] ¢F 283w wL FAE Btk Teo=E
Shefo] Ho FolES AR 5595-3, 5595-2, 5763-1 7HA| & total anthocyanins $HeFo] zt
32} 2.5, 2.2 (As530-0.25%Ags7)/mg dw ©]ATHEE 66). ©] =4 total anthocyanins &&Fo] 7H4 =
37 MAE BF 5595 AZolon tgoz Fho] HL JfAlE 5763-10%th HIE
5205-L, 5437 A% MAEF 5414-2 MAE= total anthocyanins ko] 0.03
(As30-0.25%Ags7)/mg dw ©]3t= ®f-¢- sheFo] wrorom o]E9] ¥t total anthocyanin $F&F-&
A o) 2752330 s 5.3u] SAtHE 66). 2+ /AAEE total anthocyanins 3 x}ol:=
=2 279 Blwshd o 0.2v)-28.3u) A= FEExtol7E vEbES & AT o] AR

Fas
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v olR ) HA)d T

AEFA AT T F 9

3 66. Contents of anthocyanin from leaf of 19 Chinese cabbage inbreeding lines.

Number Sample Anthogyamil Average of |[Number Sample Anthoc_:yamil Average of
of line number (A530-0.25 anthocyanin | of line number (A530-0.25 anthocyanin
A657/mg dw) A657/mg dw)
1 0.278£0.004 1 0.079+0.013
5042 2 0.294+0.023 0.296+0.019] 5516 2 0.097£0.016 0.098+0.020
3 0.316+0.026 3 0.118+0.012
1 0.401+0.018 1 3.158+0.089
5205_H 2 0.420+0.010 0.428=+0.031 2 2.510=0.051 pPAEIELIURR]
3 0.463+0.065 3 2.998+£0.152
1 0.232+0.011 1 0.077+0.028
5205_M 2 0.311£0.015 0.239+0.069] 5609 2 0.078+0.008 0.248+0.297
3 0.174+0.020 3 0.591+0.046
1 0.087+0.013
5205_L 2 0.027£0.004 10.022+0.005{ 5711 2 0.484+0.023 0.340+0.220
3 0.022£0.007 3 0.448+0.017
1 0.201+0.072 1 1.130+£0.014
5233 2 0.058+0.019 0.112+0.078| 5644 2 1.085£0.011 1.090+0.038
3 0.076 £0.026 3 1.054+0.034
1 0.203+0.027 1 0.141+0.016
5409 2 0.129+£0.025 0.145+0.052| 5713 2 0.110£0.031 0.102+0.043
3 0.102+0.027 3 0.056+0.013
1 0.037+0.018 1 0.396+0.039
5413 2 0.040£0.023 0.045+0.012] 5764 2 0.357+0.052 0.405+0.054
3 0.059+0.022 3 0.463+0.049
1 0.048+0.021 1 2.154+0.035
5414 2 0.018+0.008 0.040+0.019| 5763 2 1.672+0.033 1.730+0.398
3 0.055+0.028 3 1.364+0.034
1 0.020+0.016 1 0.963+0.059
2 0.021+0.006  [oX0 M4 5602 2 1.064£0.023 1.149+0.240
3 0.024+0.010 3 1.420+0.049
1 0.237+0.028 1 1.474+0.029
5505 2 0.198+£0.061 0.246+0.053| 5761 2 0.524+0.046 0.933+0.489
3 0.303+0.047 3 0.801+0.045
1 1.151+0.021
5511 2 1.124+0.019 0.946+0.331 Total 0.549+0.717
3 0.564+0.027
2 AT F line@E anthocyanins &S wlw B3 Ay 5595 AFo] 2.9

(As30-0.25%Ags7)/mg dw= ZAFSE 1971 A% Foll A total anthocyanins &&o] 7} =& g9l
4 AJTHZH 158). 5595 A& 9] anthocyanin B FFS AA AE HFdeko

[e)
e % 4
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Hls 538 =g 322 5763 AlE2 1.7 (As3-0.25%Ags7)/mg dw, 56022} 5644 A5
1.1 (As530-0.25%Aesn)/mg dw2 o5 79 4/ AlTEY H+ FHF2 A H+ FHFERT oF 31
H A% 98 & F JAHTE 158). w2 5437, 5205-L3} 5414 AlFe] z+zh 0.021,
0.022 2 0.040 (As530-0.25%Ags7)/mg dwZ A )z 5233 Eop =5 <o) 0]/‘]'9] A3 E
n]Fo] & o total anthocyanins §&Fo] $-<=3F A5l 5595 AlE3} 5763, 5602 2 5644= o]-&
st ZA] Adbo] o] otk tizto] Wl cyanidin o] w2 ar|sAdEtel Aol
7153 Aoz syt

= g w W
o n (=] n (=] n
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% 158. AAZAH]SF 19714 Al total anthocyanins & Bl &4

o wE) AtE A S o ARERE FT-R 29E8 A 3 e 5484
(D wef At 42703 o A8 FT-R 29 EY ol sk FAEA
AN AT EE 23 637] WF A A5 FT-R 2HE3 HolEHE ZASIATHIY
1594). 7+ Al®9] FT-R 2#HEd Wwgd Ax ~AEed o 1,700-1,500 cm™ ¥,
1,500-1,300 cm™ 9], 2l 1,200-1,000 cm™ WSlolA AlZ zhol] 2FEY Hfo]rt =A
olFolFE & F AT (2H 159A). o5 =FEHuoIH | thiF TARHZETL F 6370
ghol FoA thREY ABEL B =AHA T PCA score plotidolAl X7} <14 &h]

oFHE & 4 o] AR W A ABHC] BSE ¢ & AATHITY 150B). 1}
Uy AR A WE Y AREY REI} 0l Holste] AT FAE Mok O
GERE NS SUT §4 AB Sote Ase Stigs AAT] 4% dee] mE o)zt

A olFAA Yelus dolgta Als"th ®=3F PC score 13 29 A dlo]E{Ale] o]
AHATTE 247 10.2%%F 5.7%%) Ao = yehd PC 134 29 499 o] 15.9%AHT1H
159B). PCA score plot “dellAl 2 A EE 2+e] ATHE F&°] o|FoA=dH #Ast= 8%
HEE xA4E7] 9)stke] PCA loading valueE A A3 ~#HE Ao 9 'Héi
o]7} o] 2 HE K29} 900-800 cmt WMYdA 7 ABE T o]} o] FojHG
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AJT. 53] 1,200-1,000 cm™ W ollA Al837ke] =Gol7t 7bg A YEhd Ao s YEehgth
(29 1590). ¢ gl &Fste AEEdd g BRE F1 &A% BEEA(PLS-DA)
score plotellA= HHE SA o gk QAo A U8t ol 3o AR nFoE o

ATv|Fe] ARG AHER S tpHe BEAEAS 53] PCA, PLS-DA score plot’2]
AXE ZAFOEA olF AFE 18§ 75 AEE5Y &2, 23 Aolg 45

Aoz AgdH1E 159D).
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spectrum; B: PCA score plot; C: PCA loading value; D: PLS-DA score plot.

(2 A, 2A 2 F1 FT-R 29 E3 do]g o gy SAE4

HAMAFFE E3H8+= 637] viF U AIRE T 22 cross combination groupol <8k
BA(5644) 370, =A(G437) 370 2 F1 37 k915042, 5644 X 5437)¢] FT-IR ~FEH o]
B2 ZARBIATHIZE 160A). 2+ A 8¢ FT-IR 2HE" vluid Az ~dEzy Ao
1,700-1,500 cm™ ¥$], 1,500-1,300 cm™ ¥, 283 1,200-1,000 cm™ HYdA A B3I
2HEQY Fpol7t A o)FofAE & & YA (2 160A). FT-IR =HEH ] 1,700-1,500
cm™, 1,500-1,300 cm™ 2 1,200-1,000 cm™ F¢= ZHzF Amid 19 18 2338t ofnest &
Gl Ade] 3FE, A W4aky carbohydrates AlE9] FHFEELS YERHE HYYR o]lE
S AR, F3F Aozl wiFo A%, AUE UAESY AolE AAIE F2F
AELS Yulste At AsET AT BAEAZAY PCA score plotidoll HA(5644),
EAG437) Z F1(5042) A 5E He] 2ol & =2 &Y™ 160B). PC score 13} 29 A
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tolElAle] wWol AMATr Zhzt 8.4%F 7.8%¢ Ao g veht PC 13 29 AwE o]
16.2% % AA] FFolA AIEE 2HY Zol7t AR ¥2 A2 Yewti(1d 160B). PCA
score plot oA 2+ Al5E& e F&o] o]FAA=H #AsE T8I HFTE FASH]
$3te] PCA loading valueE ZASH A3 ~HEY Ao A g zpolr} o] Fo MW
BoolA Z+ ARE Zbol|l Apol7t o] Folhe & 4 Tk 53] 1,200-1,000 cm™ W ] ol A
AN JZEe] Zpol7h 7HE AA YEhd Ao = UERtHE 1600). L3 el &t Als
o 3 ARS Fu BAF FHEA(PLS-DA) score plotoll A& HA1(5644), =A(5437) 2

2Ho] WEkslA 2 o] FolHTH 1 160D). PLS-DA score plot Zoll
1 59 &=, Comp2 9] 3tdol] HXstH o A G437 FRAE
Comp2 =& 7|Fo 8 Avtd] 9 x3tHtt F1(5042) 2+21E-S Compl 9 $¢=, Comp2 %9
. PLS-DAEA 9] Z 9 PCARA | Hl3] 72 AF Jde £x HLrF Ao
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(3 FA, A, F1 ¥ F2232H dojzl FT-R 29 EH dHo|E 9 i FAEA]
A AAR FT-IR = EHHolH e gid AR 23 480l & o]Fo3 cross
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combination group(FAl, ZA|, FDol F2 Al%(5205-H, 5205-M, 5205-L)2] AlgE°] F7}EAUS
o ARA] FFol A AT, AltiEE Aol HeA dotrr] 93] FT-IR 23 ERHolH 9
OE SAENS N/\lo}"iq Zt Almel FT-R 29 EQ vHluid Ay ~FAEF 49
1,700-1,500 cm™ ®$], 1,500-1,300 cm™ ¢, 283 1,200-1,000 cm™ Mol Al g7k
2HEY Zpo|7} AA o] FoAFE & F AT (O™ 161A). FT-IR 2= EH 9 1,700-1,500
m™, 1,500-1,300 cm™ 2 1,200-1,000 cm‘1 Bl 247 Amid I3} 18 Z st ofw]iit &
E1r"‘“‘ Alge] stetE, AW4kd carbohydrates AlEe] 3IFEES UEUHE FAE olE
=59 24, &3 Zolrt wiF AlF, AthE thribEe] ZolE AAste T8
A oln|st= Axte} ArgdETh A, 24, F1 2 F2 A 83k FT-IR 29 E# do|g 9
238 Axt, PC1 3 PC2 score:= Z+7} 8.3%, 6.0%9 AH=EE ztyw glom AHA
oF 14.3%2 w93t o 1¥ 161B). PCA score plot Aol ¥4, 24, F1 ¥ F2&&
A Z ALA ol FABAT ol A2 FHHE EES E 4 AU PCA score plot
gl A 2 Al ko] FEo] o]FoA=H #Ast= T HFE FASH] 98t PCA
loading values ZAMSH A 2HEF oA SAAEE Zo]7l o] FojHE F9follA
7t ARE 7holl Zol7h o] FolAE & & Utk 53] 1,200-1,000 cm™ ol A Al Z7He
zpol 7} 7FA 3A Aoz Yt 1610). 5¢€3 2ol &ol= AlsEd gt
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@ A4 Fd A=7F g F2 /iAER FH o3l FT-IR ~HES Holge) i
EAEA

AAAFHF A AEE T A4 Hd A=7F OE 5205 ASe F2 371 24<1E(5205-H,
5205-M, 5205-L)2] FT-IR 2~2HEH ©do]El S ZASYTHIY 162A). 72+ Al=9 FT-IR 29
EY nuRA Az ~H9EH Ao 1,700-1,500 cm™ M, 1,500-1,300 cm™ M9, 181
1,200-1,000 cm™ ¥ joll A AZZEe] 2HEY o]zt AA o] RS & £ YUY (1Y
162A). FT-IR 2= E8¢] 1,700-1,500 cm™, 1,500-1,300 cm™ 2 1,200-1,000 cm™ #¢&= 7+
ZF Amid [ & Zgsts obr| =4t 2 awld Ald o] g3+, A W4+ carbohydrates AlE

S SIFEEY FF, & Aot wlF A AR
T Fad ARy owshs dyel Agdch 53], 1,200-1,000 cm” -
o] F2 g91EL anthocyanin ol wel 13fE £ 2HEHS A
=2

fre 9 2HERS Zhes AYS Bt A 2 A=r o8 F2 AR Ztel FT-IR 2~
HEZY ©HolE e PCAE BA3% Ax, PCl ¥ PC2 score= 27t 8.8%, 7.4%2) A& zka
Nom x| WHolgFe] ¢F 16.2%E HHY3HH1H 162B). PCA score plot ‘gl F2 &IES
ALA FEAA FABAZE Fot AR SHEE BEFS & 5 AUtk PCA score plot 7ol A
Zy ARE He] FEo] o]FofA=H #BA3t= T8 AFE FAEH] 98t PCA loading
valuegs FAIG A3 ~HEZ oA A dd A wEl &ekoz Aolrt AW
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1,200-1,000 cm™ WAl A E7Fe] =tol7t A =ZA UERG Aoz wE ATHY 1620).
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9] & st AEAe FUHEEY AA BHES HQl 5205-Mol| &H3te #BRIES
ComplZ< 7|Fo2 = sigel] AsAth =g A ddo] 7} oFdk 5205-L ZRIES
Compl=g 7|F2o 2 FHZo| Comp2 F2 7|Fo2 Aot HASATHI™E 162D). °]d<2

2
AA}E v FolE o vjF I AEERH 42 FYHEFAIAERDS] Y FAEA S T3l
PLS-DA score plot’de] Ex& =2
anthocyanins e Bi AL wnd AYSA 435 F
ol thekdt 29 ¥

& O
=
gelg A4E M srow

A B
1.0 0.0012
m 5205H1
{ e s205Hz
A 5205H3
0.0008 | v 5205-M1
08 & 5205-M2
[ < 5205-M3 -
» 5205-L1 H
0.0004 |- & s20s.2 |
é 0.6} = # 52053 [ #
4 S 0.0000 [
5 = i\
é 04} ] ] :
0. -0.0004 | g
< 'ngh
0.2 -
-0.0008
0.0 L L L -0.0012 1 L 1 L I
1800 1600 1400 1200 -0.0010 -0.0005 0.0000 0.0005 0.0010
Wavelength (cm™) PC1 (8.8%)
C D
= s
12 meee. e sas
P s, 2 Shosin
I Low .~ % v 52051
¢ \ & 52052
8+ & ». < 5205-M3
/ » 5205-L1
o I ’ Hial 5205-L2
2 figh 7 Sosis
[ AF 1 o T s, X
> o8
-] t ,
= E L L
'§ 8 0 . L] i
L) L g
] L hay -‘.}, %,
ab a
g ,.3',.
8+
-0.3 L L 1 L Il I 1 1 |
1800 1600 1400 1200 1000 800 10 5 0 5 10 15 20
Wavelength cm-1) Comp1

T 1620 AA B ARTE & s Ao AN e #0205, F2)EE FEH f& FT-R
»~HEHHEY otz EAEA. (A) FT-IR spectrum. (B) PCA score plot. (C) PCA
loading value. (D) PLS-DA score plot. 5205-H, 5205 F2 line contained high content of
anthocyanins; 5205-M, 5205 F2 line contained medium content of anthocyanins; 5205-L,
5205 F2 line contained low content of anthocyanins.

- 283 -



22 Wi 2 ule] AAE inbreeding lines) AMAA FFL % FT-R 29 wo|E |
g EA R4

Zh A8 w3 9 gl o AEERE FT-R 29 EF A 9 o SA 4]
1) 4438 w3 o A= FT-R J—i‘~“%§ tlolEl e T FAEA
A4 inbreeding WlF 23%F9 A ASEZHE FT-IR 289 EY HolHE ZAEIAY
(29 163A). ZF A 89 FT-R 2¥9EH HuiEd Ax ~¥E" A9 1,700-1,500 cm™

W] 1,500-1,300 cm™ <], 283 1,200-1,000 cm™” W oA A|E Tl ~HEH 2}o]r}
A olFAHE & F AUHIH 163A). o5 ~HEHUoIHL AT FARNEAY F
237 2kl FollA tiRrEo] AZELS HkE = A F o] PCA score plot’doll Al 37} Q73]
o] FojHE & & Qlo] AR WHE ZALY] AFAFo] EFS ¢ & AAHTH 163B). =
PC score 13} 29| A wo]Elale] Wol MAHATI} 7+z; 455%9F 22.0%9 Aoz veht
PC 13} 29 A g 3to] 67.5%FtH1H 163B). PCA score plot’e] EEXA & A= njF
o] Mt whel FARSEA UERtth gl 3= PCA score plotidol 9= 7h-dlol $1X

st om AqujFo} A5 FE QAR HS5 A, LA F BEuFE HSshd
AAEFAT ARk v Fo] wlE] wjE U R ¢lo] ¥ =TS HE wE-7IER 1F8FuFe
PC2E 7|02 Uuhil|F9] AFoho] X8ttt PCAEA Ay} Ao} 52 An)] 59
BXAX = AR FHEE AFS B o] ARE Aol tiAL AHE9 Aol AR &S
Ao 2 oAdr)

PCA score plot “dellA 2t AEE ko] ATH F&o] o]FojA=H HAsts F8%
HEES 2ASE7] 98le] PCA loading valueE AN Az ~HEZ Aox] Se2EE
zpol 7} o]F)HW 1,700-1,500 cm ¢ 9} 1,100-800 cm™ WA ZF A BE 7l x}ol7}

A olFfge &+ AU ﬁ°l 1,100-800 cm™ WSlelA Azl ztelzk sba A
UERRTHZ™ 1630). &L 2heloll Fsle Alss Wi BEE Fi 243 dEE4
(PLS-DA) score plotell A+ Al5E9] %E X7} PCA score plote} fAFSHAl UES O™ 7+
AFel W St AdAde] HE Skt Complat Comp2E ©]&3te] 233k
PLS-DA score plot “dell dubujF= #=5 7hedlol] YAl en 2 *—‘l‘ﬁﬂ—r% 42 A=
© AR %5 std, LA Fo} ESHF ATt s AuFo] EEX2HE
Ftell AAstR o WE-7I2E agRelFs HSsdel XS o) de A% v Fo
& Aol tE miF inbreeding 2HRlE9] HHEFAHAER ] Y FALH S S5k
PCA score plot¥} PLS-DA score plot’de] #EAE ZAFOEHN o]F A RoA A 4HE
=9 ¢4, A3 " Aolz AZE WS AT AEo] Ve & AlE Asdt(d 163D).

_|>~l

r_u
ﬂm

- 284 -




A B

e — o1 0.0004 ———— SR
— Red. .-
14} e e
_::3 0.0002 - %‘q;me
2 L ¢ s
- 5108 H
10 L8187 =~ 00000 |-
@ = )
B b ey
g =it o
-0.0002 [
2 os| - 3
= - 6142
148
o4l T
L 4 ot
00 . . ; " A R Iran
1800 1600 1400 1200 1000 800 0000 00002 0000 DW00Z 000 00006 00008
Wavelength {cm") PC1(455%)
c D

Loading value

Comp23

. A . 1
1800 1600 1400 1200 1000 800
Wavelength (cm’™)

% 1630 AE wiF ) AR FT-IR Z2FEfHolH Y gz FAEA.
spectrum; B: PCA score plot; C: PCA loading value; D: PLS-DA score plot.

(2 w3 F ufF 4 A g9 FT-R 29 EQ HolE o thy FAEA

ekl 3= 2% (5036, 51613 AAul 3 3% (5134, 5148, 5154)3 Lxkekl 3 15 (3848), w7t
il F 15 (1106009 o AMNES=2FE FT-R 2 EY HolBE ZAMSIATHIE 164A). 7}
A7 FT-R 2~¥HEZ nmis Ay ~"EZ 4o 1,700-1,500 cm™ ¥, 1,500-1,300
em™ WY, 281 1,200-1,000 cm™ WY olA AlF 7re] AFHEZ o]} =AA o] RoFS
& 7 AAT (IF 164A). o5 ~HEFHE S g SAZANAYN e A 852 PCA
score plotdellA RbE ZAHA TS BX7F JIFsHY o] RS & & o] A= W&
ALY AEA o] =SS & = AJTHH 164B). =3FF PC score 13} 29 AA ©lo]E| A9
Ho| AT 2+t 54.9%9F 28.7%% Ao 2 Yehy PC 13 29 Ao=s o] 83.6%=
AR FFolA AIBE 719 Aoyt & Ao Z eyt ¥ 164B). PCA score plotitel
XA = AR T3 Qo] Aol weta AdEe AdS Bt PC1y PC2E o] &3t
o] 2443k PCA score plot’dol] thialZ PClE 7|Fo 2 HiFe =, dlFE 39 X
= 7 B m=3 e} S ARE BT PC2E V|Eo2 L& A5 4, =
9 741%—% ‘8P o $x3t3 .

PCA score plot oA 2 A5 o] ATE F&°] olFoiAcH #As= F
HrEE A Ho}‘-‘ﬁ PCA loading valueg =AHRE 23 2HAER oA SAAE=
Zpo]7} o] FolH W 1,700-1,600 cm™ Mk 1,100-1,000 cm™ WY olA ZF A BE Ztol] xtolvt
A JeEREo® 1,000-800 cm” MY =3 AIRES FRIE=Y A 7]9E M2 VEeRgT
E3] 1,100-800 cm™ ®WolA AzE7re] o)y} 74 FA YERGTHIE 1640). U3 ol

ol

Jfu
&
14 oﬁ?L’

e ru[o

5 (o
o

- 285 -




&£3tE AREC 3 ARE F3 243 3EEA(PLS-DA) score plotoll A& ABES] X
#1x17F PCA score plotet frAekAl Uepstom Zb Algo] whE S tigk AQddo] oS
Z7Fet Ao Compl¥t Comp2E 0]%2‘5}04 k43 PLS-DA score plot /‘POH il F= FHF
Aol gAeon ME ARSES £ s AAsts AFL R = PuF
ABE F U2 FFE QRPN Asno gl AxstEn A HH% ANEEE bl
NEESol us) £ Adel 95T AU ol ATz v]FolR ) e} g rSel
HAXMEFAHERS Ty FAREAS 53k PCA score plot#} PLS-DA score plot’d<]
PEAANE 2AFORH oF AR A HES FH, AH Y oz F2 o]
s wu opUel 7 Fo) Al AR M) sbs & Ao ARATHLY 164D),
A B
0.0006
i i
0.0002 L . ... 110K
3 F ‘m ';'Cabbage
i o o oww T
g § ‘._.stﬂ.inese cabbage u v
ey " cnmnunw"‘.‘. hﬂ »
$ mechmeeommie Ll
1800 1600 1400 1200 1000 800 O oo oood  oowo  oooed 000
Wavelength (cm™) PET{SAIS)
(4 D
03
R \ jyosen § ‘s coboee wiari
02} ----Pc2 1 l ; 0 e T e semase
o Of ' 10| Cabbagev-..‘ -
X ) YA o Yoo ameitas
S ’ g o s
§ D4k ‘I' © Chinese cabbage W
02t T Tt aor :"
03 : . - v 20 i o A . L
1300 1600 1400 1200 1000 300 i T — s 10 2 20
Wavelength (cm™) Comp1

9 164 w5 2 o5 ASEE FE 42 FT-R ~HEHHoHY Oz FA 4.
(A) FT-IR spectrum. (B) PCA score plot. (C) PCA loading value. (D) PLS-DA score plot.

- 286 -




A 4% sEEYE 9 AFFore J|o=

2011

| | D-06
g2 AT Hx A4S
E73 AEFF =5
e T |FIAY EFRI AR 71 €}
- Y55 | BA |FdHEq 5= SCI H|SCI |(Bt&23E)
= Az | &9 | TF
=3 9 1
=
24 2 2 11 3
=3 8 1 2 2
=
g4 1 1 1 11 3 0 6
23| 1 1 8 2 1 2
Ad=
24 1 1 8 1 1 3
3] 1 1 2 1 2 1 2
a=
941 0 0 2 2 0 1 0 3
x| 1 1 1 1 2 1 2
= 2
g4 0 0 1 1 3 1A 2 4
Revision%)
23| 3 2 4 2 25 7 5 9
24 1 0 7 7 4 30 7 3 19
AxE AT H3E, U8 9 G4
A= AT H3E AT7NEel W& Echs
- A2 WA #A9¥E f42 A LD|- GeneBank, of7]AtH 2 w3 database
H71EH o] g3le] 7] Rid FQ AL W34
- AL kA FIE FAx] e B fFRAES 2AFA S

- 7] Rad AL Hk3 FQo {FHAF SST,
COR, CBF x5 w5 databaseE &
&oto] A BEE FHEUF
- i AddolA Hasial e A2A e
HH"F AB5E |83 v5 135K microarray
datas O]%OP"% there] A2 whg
}—% 5;“ o}%‘i -
genomlc DNA 2l CDNA A7 = ’
database® & 3 PCR AHEe| 22YE
T3t 47 X*EE ﬂio}%“i%
- EH’F-"J Aol wgsh= FAA
Solde Flshr] Ho}oﬂl “HE]

- 287 -




oF Ao E Aol A
AFE AFE ookl LA @2C,
-2C, -4TC, -6C) & A=

EARoNA AEr Je €58 L oE
i, B wl35S AsE QAT
48 g5 fAAES o83y
RT-PCR ¥ Real time PCRE o] &35}
A Lo Hkgale= A S 3l 3PS

o
)
ﬁ&
d—of
ojf
2

ey *
o
ki
o
x
=

o
op
o
)
_>|~l_‘

RS

)

o
=
st
A
oX
N
>,

o
o

=

A

[0

do

8 ol

o

[N

M

L3

o m

ox o0,
oy
ol

=

)
ofl off ok &, L

4o Q42 oz &
o Mol
ot g,
ox M

o
o

-
BN
o
X, Ho off i yd, °F

i
SE
o
ofN
T
}o[t
i
e

At & FeAd
B7F A=
Wzt wAE o] &3

7B FAEH ALASS ol &3 ulw
gl ugs o] &3t
2XxA wges 5 §F9T 95 2
As 54

W A A Bl
AEZzd SHELS ©

100%

A AFE ASE 754
(Fgtrwol=s AY) A
2y 5 arsAds
AA 2

o
ki o
b

w2l (4AF F 1002k<]
A Au s wel Alth
powder library =%}

A At wwl Ao
~HEY A4

A A vl AloiE Alge] 7154
=dE TR0l AY) AF I A
A A3 Al 5.2 FT-IRH o] 247-F
7154 Ed AEE PLS A o= =d

ks

100%

2012

w3 databaseo| 4] WRKY AT &4
DNA % Protein ARE T I3 £A2ZE
o] Z o]g3] WRKY FHAT 54
Genebank HAM-& T3 O dg AEF
(h 7174, 20|, W3s)# w39 WRKY
TAARE vl 4

Aol 73k A H(chiffuel Ao <F3h
A4l (kenshin)& A2* (22, 4, 0, -2,
-4, 22C)3+ AEE ©]&3F microarray
A3} Aol ¥hES Bl th2] WRKY
ke Y A
Hj 5 database=ZH-E A4 FHA]
Anthocyanidin ~ syntase (ANS) %A},
Dihydroflavonol 4-reductase (DRF) 2
=

BrANS, BrDRF §77t9] 7|8 Eo|4d<
dotr 7] s A 7B/, E7],H.E
o h)¥EZ mRNAE FE3o od o
HE RT-PCR=Z &<l

S I E It = R G G oA e
8053) H =T (A ulF), €58 HA
Wl &30 AH8E OYd As(=2A,
FA4, FDE ol&std fFZ2HBrANS,
BrDRF)9] @& S RT-PCR Ago=
gl
PFAAZES At Ao F&3 FHA
(CBF,CBLMIF 5)E cloningsle] 355&
ZEZRESt 7 Wy A &

o i

EAl

100%

U 2 SR, G9), ANEA, A
A SA AT 8 A4 £ o

100%

- 288 -




=
o
= = A
)| Mo ‘leE S
= W T W %MM oD = ¢ =
Hog ® R NGRSy K AT N
B N H_Aﬂ R o_H,A]‘i N oy ‘W_ xa _w_)lﬁo\@ m%ﬂ AT WLEKT B S
) i ) o 70 0 _— N B _\}‘l - ! f ~
PR W N o @@1%%% 2 7w FeT U XML 5w A RWE R a
o ALon_oloL =lE w) 9 N X B]ﬁAuHEﬂ_.me_/n_ = o  Beol o =K =
o aL \Iﬂ . - aiﬁa X HK T %# _.E ZL N OT.—_ R — ) ]L.O —— iy ‘_.vmu lo EO ‘N_._._
i, T £ wHoézﬂWHM C S P H@%ﬂ%zuw TE 7 < il o T oy
i ) ; ~ To — T — — ~ — 0
TR & 7 i D # Bl B e - Ao W W
HWOT o ol k) MY x0T —Zr <R K| r oW Ommuﬂ aJEImﬂ‘_._bIO H._.um‘_ N n_Ho,L o ol N 1:0 -
= o N o oy n_mowA ,HE ,l&l7 o - o L.om] ].lmwag ﬂ./l% B domR RO %0
daﬁm ﬁo = o %@._z_.é% _ W.ufzg% e 2 m W .Zﬁaeura o%ﬂ%dﬁ@@@wr&w T o X ™ON
LB ﬂ%%ﬂzwyM% %H%@a%% o w@%mwataﬂﬁﬁﬂmaéﬁﬁ% ”%i o TR
— o = 0o~ ~H° = ~ mﬁ Sl or ,l_leo = ,ﬁ_-. o oj o B o =
o © T o %o w ,m.@a?_ T | o = =N o NHm 3 ORI S oo jabrd o e
i . T W g~ NN o = 2y 5= X r_ oF o Mo T
T o = % W&o ﬁoﬂﬂﬂu H*MH._ &XO}EMEMEH L:__EJﬁTon_qﬁm_nﬂaﬂ.@ mﬂ W%ovfﬂ%m&ﬁﬁwﬁ o ﬂATio ol TS o
ﬂ%ﬂ%l} N o%@gé%ﬂ%mgyiﬁulgA%B%yV%%mm%;H%%m B fE BTw B
Yl T NaN=l8_ n ) o~ = zuNm X o= o HR=a e L g _ = i
o~ F S I,_ o,._.az_oqoﬂﬂwl S]H mw 1_,_A|0W KN ,Q.E B = —_— qofhm k) O oK ~ O e o= 1o — )
20 o T | m?mealemh PRI T%x émamyo&omwﬂwmmﬂ{@m ln_au %%HWHMJI L\ﬂ%m oo_a 0=
I | _ T HrunT o= A ol A =KX X ﬂ.lﬂX.Jlo_n_b mbl.mﬁo‘_ﬂmaT T < W oy
| Coa N HO_HA_A AﬂOi o HﬁLMﬂ_i ‘ﬁ XL.O X mei_ﬁmxzmqqﬂh = Eoo leru Jl]vAr
T o Rz LRIV BT oy, =gl wE T Eie
s ; R R (Wﬂ%@tﬁ%@%%%éimL}%%%ﬁ} L
o . o ! I S SR R X ou_E zo7H._ﬂ£ﬁSZ ToH
- a L ! | S Lk L P o
X mﬂ To < o ! R N 4 o IR
< i .E %Nﬂ_ Gl ﬂL E.M HA_h | | L
%é¢ o 7w T o o M
ol lo ! X T = X i
<+ ﬂ]ﬂé He e R P B or T
o_l,L§|o X = ﬁllz_o oF = =K o~
A T T T K ow %
@ﬁﬂ g WK o <M ﬁ_
B o e FR o 4 %éi e
T T E o R HRAR 70 o & % 1 ! Mo
TR o ok dory T W M,

Tiew 4 AET Pagxd g =
Th o 2 &5 oF [ CRONCH0S o_u oy W PR B u,_A N
L e=3 o 4 o R o 2 s et
_ T E L o TR =5

1@ _HoT_lﬂn ~ o °
L LR M%%%J %%
ELazo ﬁ_ﬁ
A‘_o_uﬂ_wmutoq,uam ﬁ.]&
Bl ! [ "D
= | | | ~
N |
i K
o T

- 289 -




= 5 s &R 44 AFuE AZEwolE

AA =t FeF o= PLS mdl¥ &g ]

- 7JIRExolE AlE 1dH A AFulF
al

ne

=4

ot EY AAEEe Fo Apel o= = ! =
Nopet mits welel e Az yan| o3 LEAE S A S AS
B FEo| 7S uA I
- Aawd FAAY 24 : anthocyanin B A=E EAshe
- Ao uhe B faiAbe WA 2| FAAY TE 24
- vl yigky wdulA AR - HiFo 4] anthocyanin A4 =] #osh=
- PEAAe Azl %2 homo| FE fFHAY] EEH 4

events} - Br7TEDZX-E 90370 unigene A 2 GO

B8 E3) abiotic stimulus (AS)3F 1137)¢)
SR A 7709 unigeneo] thEk dE BA

- 59709] aquaporin A& A F W
of thgh vhd B4

- 475709 MYB 779 4 2 Ui
e wd 2

- BrTEDE XY BrCRG2 3 5 Y3 dant#
gk 100%

- BrAQP SAA=ZRY BrPIPlla, 15 2:.3b,
2:d4a, 2:6, 2:7b, 2:7c W3A EantA Ak

- RIR3-BAMYBC 22Xl BMYRS, 12 77, 81, 88,
121, 166, 169, 217 W3+A & ntA A

- BrMYB-reiated=25-¥] BrMYBIR25, 1R44,
IR70, IR77 W3 e mp Ak

- A #H [-sst FRAATE ANE FAAEA
T1 2 T29] AthxA

- ZYzke] YHAAEA Y T2 FAE o] &3 A

2014 229 copy &4l

- J1E ¥ T2 AEAY T3 At 1A

- Homoz}d 2]EAE o]-83 W3 AA oA

SAT 58 AAAA A @ EAEA- 2 9 s, g9, e, @4
§279 52 A% BolA AT 8 fARY 24 9
S BAAR D ST A 771
LRk - RAAET AUASS ol & Wi o
- 53R UEE T axA Y | AFE 088 $4AF A
- o) Wejzly - WRE ojwiE B@ AASL
- CMSAS §4 CMSA 54 100%
- PR Y 8 FEHEE - XA e B 39 95 B AE
o
S A ATWE Bele] AsE 23
A=
- U AR oled Wy Ad

[e]
= el ()
S GtEgwolE AY 7154 24 1- PLS A% o= ndg ol &w sl
S AM ARl Aw 2 rolSAY vA Bd g A4 AP
AA 5E A% WE 2ol mAlw .
* AN e ARl hREwols Al H A4 ATHF gele] stzE o x| 100%
& dalsiel WY AMuFe Fa 48| ae S)ua BA gAA] 2 A=
SGEAOMD 3§ gRRle] Ade IFste A = o’ = T wme

- Az FAR B4 - Anthocyanin A@3 A=E =Ase 370
f217ke] 8
- WS x AR FB)e] FL, F2, BCIFIAHE | 09,

O]}%;?} Anthocyanin A2 24 FH4
a4
2015 - w3 A4 2 key HHA 5F
- Al 8 AR R B SARAL- =u B (S, f5), AabA], @
FARY 5= A Tl AT 78RR 3 3
- @A 8 AT A 37t 100%
- 24T 2 %3 uA - 7125 AEY AEAEE o]&e ww
- SFAY D22 YT ¥ WY Angts ol & FAE A

- 290 -




100%

o W
o R o Nlo|2”
o Ca O = _yTl.
o o RTE
M moN TH E
o oor TR|m &
TS5 P ‘
. o Mo
B Mo fT T/ pa
EO Orl :IW‘_ = _zT
- N %o_a i A
i ﬁo M ﬂ& Hffﬂ
= CRek !
Hzoon W ooy mnT B
g o o0 WXI|E X
L
ot " =
WEx N wod =
L o w o T (R
T O < TR F |V F
! | 1 RN |
T PR
m M R
jze)
m U mﬂro
oxl o
mn 5 oy mmmu
o & BeZs
.H_._ ,Am_ I:NH_WMILLl
Mo m ol ﬂ
IS <o)
Hin [ i =70
R oY = oE
I_ﬁﬂ . m “nUDH o TN
™ %o T ST ghes
o WA
el ok PET
Q- o ML T2 5
Sor NAT T §

L | x PoITE

- 291




H 5z A g9 U s A=
| D-07
1L a7 AL B3
7F 53 =4
- 215 DNA9| Ao £33 2HEY BEAE 0|83 F2x We] AEAE FEst= WH
(FUEd, =935 : 10-2013-0108816)
U oy FAaAAEAAEH fFRAAY 55 2 7"
- AA 0FF FdAY T
71

d4= & EFEH A A | AT | SFAYE| YA
#AYWH s

2012 | PT12-8 | 7= | RP-771 6033 el | AlF 2012 IAF
PT12-9 | A7 | RP-772 6034 el | Al 2012 IAE
CCl12-1 wl CC-3011 6003 Hetl= | A% 2012 IAF
CC12-2 v 5= CC-3012 6004 el | AlF 2012 IAE
CC12-3 w5 CC-3022 6007 el | AlF 2012 IAF
CCl12-4 Ll CC-3031 6001 el | Al 2012 IAF
CC12-5 Hj = CC-3032 6002 el | Al 2012 IAE
CC12-6 Hlj = RC-321 6017 el | Al 2012 IAE
CC12-7 Hj = RC-322 6018 el | Al 2012 IAE
CC12-8 ul = RC-332 6014 hetl= | A% 2012 IAFE
CC12-9 Hjj 3 RC-341 6015 hetel= | A% 2012 IAFE

2013 | K222907 | 7=} PT13-1 9037 el | AlF 2013 IAE
K222908 | “473 =l PT13-2 9039 el | Al 2013 IAF
K222909 | 37 PT13-3 9041 el | Al 2013 IAF
K222910 | 37 PT13-4 9034 eel= | A% 2013 IAF
K222911 Hjj 3= CC13-1 9001 el | Al 2013 IAE
K222912 v 5= CC13-2 9016 el | Al 2013 IAE
K222913 Ll CC13-3 9020 el | Al 2013 IAF
K222914 Hjj 3 CC13+4 9032 el | Al 2013 IAE
K222915 Hjj 3= CC13-5 9012 el | Al 2013 IAE
K222916 Hjj 3= CC13-6 9014 el | Al 2013 IAE
K222917 Hj| 3= CC13-7 9017 hetel= | A% 2013 IAF

2014 | PT14-1 742 | DH-5ms - heel= | A% 2014 IAFE
PT14-2 74z | DHBPms - Hetel= | A% 2014 IAZFE
PT14-3 A7 A DH-10 - el | Al 2014 IAF
CCl14-1 Hl = 5166 - el | AlF 2014 IAF
CC14-2 Hjj 3= -2 - eel= | A% 2014 A=

- 292 -




3SP-15 - = | Als 2014
8605 - W= | Als 2014
8607 - W= | Als 2014

O
=4 %9{_ 2012-552), '3 EA(FH-2012-554)

d

015-527), W] 2~ElE" ZU(59-2015-528)

=H4(&9-2016-337)

EH(FFTHEIT A 5342%)
THS A 62825)

SHASTEH(EFTHES A 6284%)
TE(FTHI A 6283%)

s ;.T.‘.'ﬁ-. - 1 p“/_‘-.{,\\,‘
] @ TS
= 1 :
ESHSAUSEE
- = I
Hieay, qiad e LR & raRa X2, MS4ad GG FPEL
&8 TN
=0 F N |
P P,
9. & FAFPLEY, 4z S §9 A FRE TATAFPLE 54, *
Sk Fs U EE PTG FRUFA B E PATIS
=9 4 G % 9 % A v

=
of\
22
lof
A
ol
J
olN

- 293 -

K|k |
o [ o | o
o oht | o




ol =83 0 F 1038 (SCI 7%, 8ISCI 33H)
St =) 5 2FHs SCI
Al =27 senn | GO RY | 3
Enhancement of resistance to soft rot .
2013.06.01 (Pectobaccterium carotovorum subsp. Eu;;th%fmt 3117%%‘22 =9 SCI
carotovorum) in transgenic Brassica rapa
Characterization and expression analysis Phpé%g 67:
2013.06.01 | of dirigent family genes related to stress yand gy 144-153 =9 SCI
In Brassica Biochemistry
Fourier transform infrared (FT-IR)
~spectroscopy of genomic DNA to . 33.
2013.09.28 discriminate F1 progenies from their Mol Breeding 453-464 = 2] SCI
paternal lineage of Chinese cabbage
(Brassica rapa subsp. pekinensis)
Characterization of self-incompatibility .
2014.03.08 genes in the intergeneric hybrid Plaggoslyst 190%(1%911 e SCI
xBrassicoraphanus
High-purity seed productifm of doubled
haploid chinese cabbage [Brassica rapa Plant Breed 2:
2014.06.02 | " "osp pekinensis (Lour.)] through Biotech 167-175 | =4 | HIscl
microspore culture
Monthly metabolic changes and PLS
prediction of carotenoid content of Plant 9:
2015.07.08 citrus fruit by combined Fourier Biotechnol 947-958 =9 SCI
transform infrared spectroscopy and Rep
quantitative HPLC analysis
Rapid metabolic discrimination between
Zoysia japonica and Zoysia sinica based J Plant 43:
2016.06.30 on multivariate analysis of FT-IR Biotechnol 213-222 = HIsC
spectroscopy
Rapid discrimination system of Chinese
cabbage (Brassica rapa) at metabolic J Plant 43
2016.09.12 | level using Fourier transform infrared Biotechnol 383-390 = | H|SCI
spectroscopy (FT-IR) base on
multivariate analysis
Simultaneous estimation of saponin
contents from soybean seed using Plant 10:
2016.10.20 | Fourier transform infrared spectroscopy Biotechnol 403-414 = 9] SCI
and high-performance liquid Rep
chromatography analysis
Establishment of plant regeneration
system via somatic embryogenesis and Plant
- shoot organogenesis from leaf, petiole Biotechnol - =2 SCI
and stem explants of Gynura Rep
procumbens
np, gkt o F 199
2w | ez WA = i 5t<3) o] o]
Characterization of calcineurin B-like (CBL) 2012 3= o) 83
1| 2012.05.17 genes of Brassica =4 =A< 13
Characterization and expression analysis of 10™ International
2 ] 2012.10.22 | Dirigent family genes related to stresses in = A Cogresson Plant
Brassica Molecular Biology
Molecular characterization of stressresponsive 6™ International
3 |2012.11.12 family genes in Brassica rapa = Symposiumon Brassica
Fourier Transform Infrared (FT-IR) 5 1B 5
4 | 2013.04.04 spectroscopy of genomic DNA could = X?;;‘;]qi; Lﬂfﬂqﬁg
discriminate F1 progenies of Chinese cabbage cHAEAE

- 294 -




(Brassica rapa subsp. pekinensis) depend on
their paternal lineage
Characterization and identification of stress 51.52.0] ol B3
5 | 2013.05.24 | resistance related potential genes of Brassica | =4 ZOiSﬂ]%ﬁ%i%ﬂ
rapa TR S
Rapid discrimination of CMS cybrid lines
between Brassica oleracea var. capifata and 2013~
6 | 2013.06.20 | Raphanussativus L. using Fourier Transform | =uj A Z A 3-8 3]
Infrared (FT-IR) spectroscopy of genomic FATgEUES
DNA
High efficiency a method of microspore )
71 9013.10.01 culturef or Breeding of Chinese cabbage 2y | 2013, gHg 2L 2] &5} 3
o (Brassica campestris L. s%p. pekienesis (Lour.) FA = 13
Pupr.
Expression profiling and characterization of = 515
8 | 20131101 | Calcineurin B-like (CBL) family genes in | =) 20%]‘&;&%;;__}154
Brassica rapa under abiotic stresses AR S S
PLS prediction of total flavonoid and 2013
anthocyanin contents in Chinese cabbage . | TN TS
9 ] 2013.12.05 (Brassica campestris ssp. pekinensis) combined = @ié‘] gﬁ'@ggﬂ
by Fourier transform infrared spectroscopy B =S
Characterization and expression analysis of 251.9) ol B 3
10 | 2014.05.28 | alfin-like transcription factors in response to | = U 20;2%&&125
biotic and abiotic stresses in Brassica rapa ATTE S S
Characterization of anthocyanidin synthase S110 25 S
11 | 2014.07.02 (ANS) genes correlating with cold and = 201é§§ = ;{fo? 5
freezing stress in Brassica rapa ° o mTE
Characterization of Dihydroflavonol 210 =35
12 | 2014.07.02 | 4-Reductase (DFR) genes in association with | = U] 20%_;‘% = x°o§i} i
cold and freezing stress in Brassica rapa oo m=—"1w
Discrimination of varieties by multivariate
13 | 2015.04.02 analysis of FT-IR spectroscopy in = 201575?15‘5?1 /\E}ngi}ﬁl
Raphanussativus =
Analysis of regulatory genes for anthocyanin
14 | 2015.09.14 biosynthesis pathway and cold/freezing = A SABRAO chgl ference
tolerance in Brassica rapa
Rapid comparison of metabolic equivalence )
15 | 2015.10.29 from standard medicinal parts of medicinal e 2015 3= o &3]
Y plants and their adventitious roots produced FA ST %3]
in vitro using FT-IR spectroscopy
Development of stable red col(%red 1291 o} 8
anthocyanins rich chinese cabbage (Brassica 2016 3= g
16 | 2016.05.26 rapa) through introgression of genes from = FA ST ES
red cabbage (Brassica oleracea)
Interactive effect of flowering pathway genes
17 | 2016.10.03 | on regulation of anthocyanin biosynthesis and | = | Brassica 2016
accumulationin chinese cabbage
Establishment of plant regeneration system
18 | 2016.10.26 via somatic embryo genesis and shoot 2 2016 3= o] 8} 3]
Y organogenesis from leaf, petiole and stem FA &= 13
explants of Gynuraprocumbens
Development of molecular markers for 15t
detecting lateral and vertical introgressed 2016 St es
19 | 2016.10.26 anthocyanin genes in Chinese cabbage = FATET RS
(Brassica rapa)
A ER AT
D dEZTE
No| TRLA | TRFE |9 o] %)) 3 Al &
1 2014.09.23| AEIAZNAL | =] | Sk WIAIE |ofAol B AN S IS8 I45

- 295 -




2
2013.06.27 | A EI 71 AL | 2 | SEso] AR (e 3 A

2 o A .. s 2
3 12014.09.22 | JEIN 7] AL =) AP E ISR A254EZ A7
4 12013.06.28 | JAEAZIAL I | FFHTAE  |FAoEE, WERHF A7
5 12014.09.12 | JAEIU 7 A Y | F2AAAE  (REpA AulE AA52EZ A
- - SAZS ] AAE A R ™
6 20410021 QB | S |RgsEaAae GEY g ST A s

o WO HHALE

244 - AL - 0 - Ut - KT BN

OIOISE T Weis UBY D45 0§ 24T
oK [Sf[¢]s14]

NG ASHE 2 xfelof)
T ER L

YoESHINE SR
= s S L gl

(Sl 1]e ]}

- AR E Bl 5% AT AxA vl Y& 27 SA8H AlES ol&E A
AT TE FAA= A3V 7Hed g 1Az FFol AdE Aotk ol
FTE ol 8FCEA AMNAA T TA FEo] HEZFHOE FUHE Zo=E JdE

- XA Y Tles ol&d W] T sS4 AAe vdFd F3NLd &80l Vb
g 8 olyg} B} AEAE E8E 5 IS A

- FE A 2 SAASE FHAFIIHAA AT TE TR AKZFHOE HE
stHA FHES 40 282 A

- 7Y AR 2 SA8AFE $EFET S0 882 Aoy FHAujx T N
FTREH, vx2% FI2EY F) P AIAXIEES ST lefroyvalley, ¥

- 296 -




o=

kobatashi seed 52 A#HAZ FE F2 AL Q75 W1 o, Fx &8 ¢35}

ABAN L AGAES AEPLE AH AONF el FE4E FAY Aol £
B IAE Fael $4% SFATEL 154 MFAES AR 5 At FE ol
28 39

£ oA Aranz Aee

of 2% WYY 5 Y S Foksel =B AYFEY A
o
AR W B AAASY BALS 5 U MF A= §40 E2ARE

FEAOPI AT AR Belals FHAES
SloM BEPAR BE 5ol £,
gele) 7R AUt F8 dAES ta
b

R Aol st )

i
e
ca
Mz
Y

2 Batel, HAF Al

hARA B R 7|8E 7154
8.
HA ATE Rl 8 AR B9 B, F9F 5 AARE dre ddlE
kel &8 7hsAdol =5
M FoufE
AlZ A / : A Y
o7 gdst y e, Ef ZtEo| FHelst
- CHARAM| JIl;i_I- 8 HE 7tsd

B

A 27
S8 287}

=E 85

QUH| He ofd/X = B
Hio|2 LHed Edst

- 297 -




Sk

Fra A U #H sl

S

-7l EEES B

Brassica rapa®| Tt

=
=

ARNOH o

B
N

oy

<

A

X

2 AA

A AA A FL7E

S
L

Fi&570d

)2 o

Z] AR
Zl

Zle2 st

o
o

__OL
o

o)
™
o

o] 7IthH.

R

=
T

100%F$ <] o]

o
T

< 4

- 298 -



A6 x ARAPoIN $HS Aol |SH=

| | D-08

- Ao Fo} A ZFE o AE GEAOID AFA T2 A0 BoMYB29} BoTT89l A
o] =xE 2 WA oko] Z713 tiYuan et al. 2009; Chiu et al. 2010).

- A A Y(Brassica oleracea var. acephala)ﬂ] A& R2R3 MYB  ZHARQIAl  BoPAP1
(promotion of anthocyanin production 1) &7} # -2 2|3 w&deFo] FA3 =7}
st o, QtEA ol FHeFo] F78 tHZhang et al. 2012).

- AE dAAS dFEoks 5Y w2 33 A4 Fiehn #Hab 2F94 GC-MSE
o]-g3te] EntE F7]AA AL £ 2—3%—% Hugh o], @A FHA G@ thAHA <
TH B4e T AE WA dojus ANkl A FRE B4sks FEHA JYH L

9l tHKind et al. 2009; Kumari et al. 2011) o Yolrt A& A E =-stE A
YA UESH T EAo] 7Mesllfon, fFAS B o2 ZARA (transcriptome)e} o] ARA] 2]
T E4E T3 AR A4 7S Heule FE7HA JAgEHT A

- 53|, &3 2 EQl Arabidopsis thalianadl X AR &d 3} 221 giARbEe] 53 B4 S
F3ll AtMetExpress development dataset& =3t ©l A&F3R o o]= A& iAA
Aol 94 =R o4 shsAde]l SuiE HolTHMatsuda et al. 2010).

Am

¢

- HZ AE UAMA wEE 2dse
(quantitative trait locus, QTL) Ao
A AES A HolH A4S T8l dS5ste A

el i AE P R
ol A the B2
2 Aoz Aud

A e = _
A 8 & =rhitel|=Zeld=2AIAH S58t HTAIA
stul Slg c sEAle oS
| EETES | D-10
- H] 21 =
T e ST | Gaw | | P ea | TR G o TR

- 299 -




AN S = — =
H o Z AN sdo ME ApA 52 oFE=X|
_ . = _ o
OlAN : HAE US
| D-11
@
H O IL KA Al X
H 10 & AHAPHE AN xS A AE
| AEWE D-12
ARAfOI - | E7]AFEE
N e = X o | =EAAA)/ Impact| =FAANLY | (GHEARA (SCIod R/
o/ E g W o1 5}
ME T RS | Y szamt [Factor| /5829 | E= | olass
TEARD| B
Enhancement of resistance
to soft rot European
(Pectobaccterium <= |4l | Journal of sy SCI/
=R 3 R
1 ew carotovorum subsp. skl | 4] 2}F|  Plant 1.4942013.06.01 ARAE[13] Q1
carotovorum) in transgenic Pathology
Brassica rapa
Characterization and
expression analysis of 23 | A |pp PSI?OI}E) o= SCl/
2 | =& | dirigent family genes | 5 150 [TV R 08V 12,9281 2018.06.01 ) 41 |64 ela
related to stress in e Biochermist =
Brassica Ty
Fourier transform infrared
(FT-IR) spectroscopy of | _
genomic DNA to %’i A | Moleeul E SCI/
o |discriminate F1 progenies| &% |x1l4l olecular =5 N a
3 | = from their paternal lineage| &% | A=} | Breeding 2.10812013.09.28 ARA} 5% 218
of Chinese cabbage A3
(Brassica rapa subsp.
pekinensis)
Monthly metabolic
changes and PLS .
prediction of carotenoid f‘ﬁi i Plant N scl/
wr | content of citrus fruit by g | % . =5
4 o combined Fourier %5_!_ 741;(]' Bl%e(:hnology 1.490]2015.07.08 /\]_/\]_ 5§:] ?l%
transform infrared A eports
spectroscopy and
quantitative HPLC analysis
E = -{\—T‘—IEE ﬁfx = © §_ A =
5153 "o wo) Huge pe | T | W@WE | - 12013.09.11 -
e Y A 79
(o) - HlC (=) o
H 11 2 J[EfALE - dliSAle QIS
| ER=tE D-13

- 300 -




A1z & gasEd

| | D-14

Ahn MS, Min SR, Jie EY, So EJ, Choi SY, Moon BC, Kang YM, Park SY, Kim SW (2015)
Rapid comparison of metabolic equivalence of standard medicinal parts from medicinal
plants and their in vitro-generated adventitious roots using FT-IR spectroscopy. J Plant
Biotechnol 42:257-264.

Alexandrov NN, Troukhan ME, Brover VV, Tatarinova T, Flavell RB, Feldmann KA (2006)
Features of Arabidopsis genes and genome discovered using full-length cDNAs. Plant Mol
Biol 60:69-85.

Appelhagen 1, Jahns O, Bartelniewoehner L, Sagasser M, Weisshaar B, Stracke R (2011)
Leucoanthocyanidin dioxygenase in Arabidopsis thaliana: characterization of mutant alleles
and regulation by MYB-BHLH-TTGI transcription factor complexes. Gene 484:61-68.

Cao MQ, Li Y, Liu F, Dore C. Embryogenesis and plant regeneration of pakchoi (Brassica
rapa L. ssp. chinensis) via in vitro isolated microspore culture. Plant Cell Rep. 1994
May;13(8):447-50.

Cheng F, Liu S, Wu J, Fang L, Sun S, Liu B, Wang X. BRAD, the genetics and genomics
database for Brassica plants. BMC Plant Biol. 2011;11(1):136.

Chiu LW, Zhou X, Burke S, Wu X, Prior RL, Li L (2010) The purple cauliflower arises
from activation of a MYB transcription factor. Plant Physiol 154:1470-1480.

Dong X, Kim WK, Lim YP, Kim YK, Hur Y. Ogura-CMS in Chinese cabbage (Brassica rapa
ssp. pekinensis) causes delayed expression of many nuclear genes. Plant Sci. 2013
Feb;199-200:7-17.

Falgueras J, Lara AJ, Fernandez-Pozo N, Canton FR, Pérez-Trabado G, Claros MG. 2010.
SeqTrim: a high-throughput pipeline for pre-processing any type of sequence read. BMC
Bioinformatics. 11:1-12.

Fiehn O, Kopka J, Drmann P, Altmann T, Trethewey R, Willmitzer L (2000) Metabolite
profiling for plant functional genomics. Nat Biotechnol 18:1157-1161.

Grotewold E (2006) The genetics and biochemistry of floral pigments. Annu Rev Plant Biol
57:761-780.

Gotz S, Garcia-Gomez JM, Terol J, Williams TD, Nagaraj SH, Nueda MJ, Robles M, Talén
M, Dopazo J, Conesa A. 2008. High-throughput functional annotation and data mining with
the Blast2GO suite. Nucleic Acids Res. 36:3420-3435.

- 301 -




Harbaum B, Hubbermann EM, Wolff C, Herges R, Zhu Z, and Schwarz K (2007)
Identification of flavonoids and hydroxycinnamic acids in pak choi varieties (Brassica
campestris L. ssp. chinensis var. communis) by HPLCESI-MS and NMR and their
quantification by HPLCDAD. J Agric Food Chem 55:8251-8260.

Harborne JB, Wailliams CA (2000) Advances in flavonoid research since 1992.
Phytochemistry 55:481-504.

Heng S, Shi D, Hu Z, Huang T, Li J, Liu L, Xia C, Yuan Z, Xu Y, Fu T, Wan Z
Characterization and classification of one new cytoplasmic male sterility (CMS) line based
on morphological, cytological and molecular markers in non-heading Chinese cabbage
(Brassica rapa L.). Plant Cell Rep. 2015 Sep;34(9):1529-37.

Kanehisa M, Goto S. 2000. Kyoto encyclopedia of genes and genomes. Nucleic Acids Res
[Internet]. 28:27-30.

Kind T, Wohlgemuth G, Lee do Y, Lu Y, Palazoglu M, Shahbaz S, Fiehn O. FiehnLib: Mass
spectral and retention index libraries for metabolomics based on quadrupole and
time-of -flight gas chromatography/mass spectrometry. Anal. Chem. 2009, 81, 10038-10048.

Kim DO, Padilla-Zakour OI, Griffiths PD (2004) Flavonoids and antioxidant capacity of
various cabbage genotypes at juvenile stage. J Food Sci 69:685-689.

Kim H, Jo EJ, Choi YH, Jang KS, Choi GJ. Pathotype Classification of Plasmodiophora
brassicae Isolates Using Clubroot-Resistant Cultivars of Chinese Cabbage. Plant Pathol J.
2016 Oct;32(5):423-430.

Kim JK, Ryu TH, Sohn SI, Kim JH, Chu SM, Yu CY, Baek HJ (2009 Metabolic
fingerprinting study on the substantial equivalence of genetically modified (GM) Chinese
cabbage to non-GM cabbage. J Kor Soc Appl Biol Chem 52:186-192.

Kim SW, Cho SH, Chung H, Liu JR (2007) Genetic discrimination between Catharanthus
roseus cultivars by multivariate analysis of fourier transform infrared spectroscopy data. J
Plant Biotechnology 34:201-205.

Kong X, Lv W, Jiang S, Zhang D, Cai G, Pan J, Li D. Genome wide identification and
expression analysis of calcium-dependent protein kinase in maize. BMC Genom. 2013;14:433.

Krishnan P, Kruger NJ, Ratcliffe RG (2005) Metabolite fingerprinting and profiling in plants
using NMR. J Exp Bot 56:255-265.

- 302 -




Krogh A, Larsson B, Von Heijne G, Sonnhammer E. Predicting transmembrane protein
topology with a hidden Markov model: application to complete genomes. J Mol Biol
2001;305(3):567-80.

Kumari S, Stevens D, Kind T, Denkert C, Fiehn O (2011) Applying in-silico retention index
and mass spectra matching for identification of unknown metabolites in accurate mass
GC-TOF mass spectrometry. Anal Chem 83: 5895-5902.

Kwon YK, Kim SW, Seo JM, Woo TH, Liu JR (2011) Prediction and discrimination of
taxonomic relationship within Orostachys species using FT-IR spectroscopy combined by
multivariate analysis. J Plant Biotechnol 38:9-14.

Kwon YK, Ahn MS, Park JS, Liu JR, In DS, Min BW, Kim SW (2014) Discrimination of
cultivation ages and cultivars of ginseng leaves using Fourier transform infrared
spectroscopy combined with multivariate analysis. J Ginseng Res 38:52-58.

Lee SH, Hong MY, Kim S, Lee JS, Kim BD, Min BH, Baek NK, Chung YY. Controlling
self-incompatibility by CO2 gas treatment in Brassica campestris: structural alteration of
papillae cell and differential gene expression by increased CO2 gas. Mol Cells. 2001 Apr
30;11(2):186-91.

Letunic I, Doerks T, Bork P. SMART 6: recent updates and new developments. Nucleic
Acids Res. 2009;37:D229-32.

Mancinelli AL, Rossi F, Moroni A (1991) Cryptochrome, phytochrome, and anthocyanin
production. Plant Physiol 96:1079-1085.

Masoudi-Nejad A, Tonomura K, Kawashima S, Moriya Y, Suzuki M, Itoh M, Kanehisa M,
Endo T, Goto S. 2006. EGassembler: online bioinformatics service for large-scale
processing, clustering and assembling ESTs and genomic DNA fragments. Nucleic Acids Res.
34:W459-62.

Matsuda F, Hirai MY, Sasaki E, Akiyama K, Yonekura-Sakakibara K, Provart NJ, Sakurai T,
Shimada Y, Saito K (2010) AtMetExpress development: a phytochemical atlas of Arabidopsis
development. Plant Physiol 152:566-578.

Quattrocchio F, Wing JF, Leppen HTC, Mol JNM, Koes RE (1993) Regulatory genes
controlling anthocyanin pigmentation are functionally conserved among plant species and
have distinct sets of target genes. Plant Cell 5:1497-1512.

- 303 -




Shoresh M, Spivak M, Bernstein N. 2011. Involvement of calcium-mediated effects on ROS
metabolism in regulation of growth improvement under salinity. Free Radical Bio Med.
51:1221-1234.

Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F., & Higgins, D. G. (1997). The
CLUSTAL_X windows interface: flexible strategies for multiple sequence alignment aided by
quality analysis tools. Nucleic acids research, 25(24), 4876-4882.

Trygg J, Holmes E, Londstedt T (2007) Chemometrics in metabonomics. J. Proteomes Res.
6:467-479.

Wold H (1966) Estimation of principal components and related models by iterative least
squares. p. 391-420.In: K. R. Krishnaiah (ed.). Multivariate Analysis. Academic Press, New
York.

Wong RS, Zee SY, Swanson EB. Isolated microspore culture of Chinese flowering cabbage
(Brassica campestris ssp. parachinensis). Plant Cell Rep. 1996 Feb;15(6):396-400.

Yan M, Liu X, Guan C, Chen X, Liu Z (2011) Cloning and expression analysis of an
anthocyanidin synthase gene homolog from Brassica juncea. Mol Breed 28:313-322.

Yuan Y, Chiu LW, Li L (2009) Transcriptional regulation of anthocyanin biosynthesis in red
cabbage. Planta 230:1141-1153.

Zhang B, Hu Z, Zhang Y, Li Y, Zhou S, & Chen G (2012) A putative functional MYB
transcription factor induced by low temperature regulates anthocyanin biosynthesis in
purple kale (Brassica Oleracea var. acephala f. tricolor). Plant cell reports, 31(2), 281-289.

Zhang H, Feng J, Manolii VP, Strelkov SE, Hwang SF. Characterization of a Gene Identified
in Pathotype 5 of the Clubroot Pathogen Plasmodiophora brassicae. Phytopathology. 2015
Jun;105(6):764-70.

Zhishen J, Mengcheng T, Jianming W (1999) The determination of flavonoid contents in
mulberry and their scavenging effects on superoxide radicals. Food Chemistry 64:555-559.

- 304 -




N

A7 EATAY o) AR P

3ok 3t

AT A %

A <)

ol L.

1
s

3ol

3. =A% 79




	월동형 적색 결구배추 품종 육성 및 분자육종지원체계 구축 최종보고서

	요약문
	목차
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발 목적
	제 2 절 연구개발의 필요성

	제 2 장 국내외 기술개발 현황
	제 3 장 연구수행 내용 및 결과
	제 1 절 연구개발수행 내용
	1. 국내 시판 F1 품종을 이용한 지부계 및 권심계의 분류
	2. EST 및 Br24K microarray를 이용한 내한성 관련 유전자의 발현분석
	3. Br135K microarray를 이용한 내한성 관련 유전자의 발현분석
	4. 저온 및 색소 관련 유전자군의 발현 분석
	5. 소포자배양을 이용한 고함유 안토시아닌 적색 배추 개발
	6. 형질전환 Vector 구축을 위한 promoter 및 유전자 선발
	7. 수집 유전자원의 특성 검정 및 선발
	8. 우수계통 육성
	9. 우수 F1조합 작성 및 선발
	10. 선발조합의 종자생산력 검정
	11. 적색 결구배추 교배 계통별 FT-IR 스펙트럼 DB 구축
	12. 적색 결구배추 계통별 기능성 물질 정량 예측 모델링의 확립
	13. 적색 결구배추 inbreeding line의 total flavonoids, anthocyanins 함량 예측 모델링 및 고기능성라인 고속선발체계 확립
	14. 수확시기별(여름, 가을) 적색 결구배추의 anthocyanins 함량 예측 모델링 및 고기능성라인 고속선발체계 확립
	15. 교배 세대별 적색 결구배추(부모계통 및 교배라인)들의 anthocyanins 고함유 라인 선발 및 FT-IR 스펙트럼 DB 구축
	16. 배추 및 양배추의 색상별 inbreeding line의 식별체계 확립을 위한 FT-IR 스펙트럼 데이터의 다변량 통계분석

	제 2 절 연구개발 결과
	1. 국내 시판 F1 품종을 이용한 지부계 및 권심계의 분류
	2. EST 및 Br24K microarray를 이용한 내한성 관련 유전자의 발현분석
	3. Br135K microarray를 이용한 내한성 관련 유전자의 발현분석
	4. 저온 반응성 관련 유전자군의 발현 분석
	5. 색소관련 유전자의 분석
	6. 소포자배양 및 분자마커를 활용한 고함유 안토시아닌 적색 배추 개발
	7. 형질전환 Vector 구축 및 형질전환 수행
	8. 유용 유전자원 수집 및 평가
	9. 우수 계통 육성
	10. 유전자원 등록
	4. 적색결구배추계통 소포자 배양
	12. 뿌리혹병 병리 검정 및 저항성 계통 및 조합선발
	13. 기능성 강화배추 및 신규 웅성불임성(CMS)계통 육성
	14. F1 조합작성, 우수조합 선발
	15. 우수선발조합의 종자생산성 검증 시험
	16. 품종보호출원
	17. 적색 결구배추 교배 계통별 FT-IR 스펙트럼 DB 구축
	11. 적색 결구배추 계통별 기능성 물질 정량 예측 모델링의 확립
	19. 적색 결구배추 inbreeding line의 total flavonoids, anthocyanins 함량 예측 모델링 및 고기능성라인 고속선발체계 확립
	20. 수확시기별(여름, 가을) 적색 결구배추의 anthocyanins 함량 예측 모델링 및 고기능성 라인 고속선발체계 확립
	21. 교배 세대별 적색 결구배추(부모계통 및 교배라인)들의 anthocyanins 고함유 라인 선발 및 FT-IR 스펙트럼 DB 구축
	22. 배추 및 양배추의 색상별 inbreeding line의 식별체계 확립을 위한 FT-IR 스펙트럼 데이터의 다변량 통계분석


	제 4 장 목표달성도 및 관련분야에의 기여도
	제 5 장 연구개발 성과 및 성과활용 계획
	제 6 장 연구과정에서 수집한 해외과학기술정보
	제 7 장 연구개발결과의 보안등급 : 해당사항 없음
	제 8 장 국가과학기술종합정보시스템에 등록한 연구시설, 장비 현황 : 해당사항 없음
	제 9 장 연구개발과제 수행에 따른 연구실 등의 안전조치 이행실적 : 해당사항 없음
	제 10 장 연구개발과제의 대표적 연구실적
	제 11 장 기타사항 : 해당사항 없음
	제 12 장 참고문헌


