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SUMMARY

In order to achieve highly efficient soybean transformation method, genotype
screen of Korean soybean cultivars for amenability to Agro-infection and diverse
experimental trials have been introduced in the current study such as hormone
pre-culture and various selection techniques. The active genome projects from
several academically and economically important plants have provided sequence
data of many genes and accumulated in Gene Bank data base promptly. Some of
those genes reported have high potentials to improve plant quality in
agronomical and industrial uses. However, difficulties to achieve the successful
introduction of those valuable genes into plant can be found in recalcitrant
genetic transformation procedure of some agriculturally important crops.
Especially none of research group in Korea have succeeded to report any formal
results on the production of genetically engineered soybean variety or research
publication, even though there have been several GMO soybean varieties
released from abroad soybean seed companies. To achieve long term goal for
producing high-value soybean variety by genetic transformation, there are
couple of procedures to be improved. First, genotype screen of Korean soybean
varieties whether they are amenable to Agro-infection and tissue culture
responsive has to be done. Second, efficiency for genetic transformation has to
be increased. In this study various experiments have been carried to achieve both
proposed goals.

To determine the amenability of Korean soybean cultivars to Agrobacterium
infection most commonly grown 31 Korean cultivars were used for genetic
transformation. Cotyledonary node was used as a explant and inoculated with
Agrobacterium strain LBA4404 harboring pTOK233, super binary vector. After

placement on selection media containing 10ppm of hygromycin, 4 to 6 week old



shoots(0.5 - 1cm) were stained with GUS solution. Shoot formation rates were
high in Muhankong(12%), Manrikong(10%), Eunhakomg(19%),
Daewonkomg(23%), and high frequency of GUS positives were observed in
[lpumkumjeongkong, Muhankong, Eunhakomg, Daewonkomg. In addition that,
strong GUS expression was found in Jangmikong and Baekwunkong.

A series of experiments were carried to determine optimal condition for
soybean transformation. For washing reagent, timentin had chosen because of its
positive effect on regeneration and clear removal of Agrobacterium over
cefotaxime. Hygromycin was used as a selection agent. The result indicated that
best concentration of hygromycin was 30ppm in shoot induction media and 10 or
15ppm in shoot elongation media. In another experiment, three different agar
concentrations(0.4, 0.6, 0.8%) were tested. Among three tested, high shoot
formation was observed in 0.6% and 0.8%, and overall transformation was great
in 0.8% agar concentration. For better selection of transformants at the early
stage, orientation of placement(flat side up or down) was investigated. The GUS
result showed that higher transformation rate was obtain when flat side(adaxial)
was placed down by directly contacting Agro-infected area on the selection
media. In two different wounding methods, either using scalpel or using a
bundle of needles, wonding by needles gave high frequency of GUS positive.

To increase transformation frequency hormone pre-culture during
co-cultivation was applied. In shoot formation, the highest rate was observed
from the non-treated(18%) and BA(6-benzylaminopurine) 5ppm(13%) and BA
10ppm(11%) followed, unexpectedly. And no clear difference in GUS positive
ratio was confirmed among three treatments. However, strong GUS staining was
found in hormone treated ones as well as better survival of transformed shoots in
later shoot elongation(SE) media. No survival of shoots was observed in
non-treated ones. After introducing hormone pre-culture during co-cultivation,
hygromycin concentration for optimal selection was reestablished. Hygromycin
5 & 10ppm were effective for shoot formation and emergency of GUS positives
than hygromycin 20ppm. Like the previous result, all the shoots from the
non-treated ones died during later selection in SE media. In the experiment to

determine proper orientation of placement, higher GUS positive were observed



in the placement of flat side down direction. The results of hormone pre-culture
during co-cultivation indicated that high frequency of early shoot formation did
not always lead to high frequency of genetic transformation, as shown in
non-treated shoots; high frequency of shoot formation but no survival in later
selection. Therefore, much effective selection method to minimize early escapes
was searched. We introduced liquid selection instead of selection in solid media
with limited contact. The result showed that GUS positive ratio was nearly
double in the hormone treated(80%) after liquid selection than in the
non-treated(44%). And survival rate of transformed shoots was also high in the
hormone treated(33%) than in the non-treated(10%).

Recent reports on soybean transformation revealed that addition of thiol
compounds, L-cystein, dithiothreitol(DTT), and sodium thiosulfate, improved
T-DNA delivery by inhibiting the activity of plant pathogen- and
wound-response enzymes, such as peroxidases (PODs) and polyphenol oxidases
(PPOs). We compared regeneration frequency of shoots with or without thiol
compounds addition to co-cultivation media. The efficiency of regeneration
significantly increased from an average of 14.7% to 23%. We also observed much
higher survival of transformed shoots in long-lasting selection on

hygromycin-containing media and enhanced proliferation of multiple shoots.
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tester® =& U¥ro], AZ ttE adapterE ligationdt TS 2xd 9 hybridization
AAlgtth A WA hybridization A2 T adapterg 7F{ tester ZHZbe]  tubeol]
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ZEHE specific primers WHEo] WA A & E7HA FE35t= WOt 2 ugol
mRNA®F 1 x02 c¢cDNA synthesis primer (10 pM)S 2 42 3 70 CTolA 283 A
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reverse transcriptase (100 U/w)E SFAIZ Fo 42 CTolA 1A]7FE<H HH-&31
first-strand ¢cDNAE w531, o]ojA 16 ule 5X second strand buffere} 1.6 w02
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A 2A17F ek Wre A7l o] 10 unite] T4 DNA polymeraseE oA 2o 20
A 1A1ZF HES-A]A  second-strand ¢cDNAE THETH o]# A wHE  double-stranded
cDNA9] 2 uf cDNA adaptor (10 pM), 2 2] 5X DNA ligase buffere} 1 w2 T4
DNA ligase (1 U/u)E & 43 16 TelAl overnight ligations <33ttt adapter
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o]m & full sequence® RACE (Rapid

o 2 Mr
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[e]

i
rob

At Petri-disholl oF % 24T wjFdolA 1641 G203 8AIF dhxde= 54
b kol Al Z Tk

Fo] FAAHTES 95t o] &H AgrobacteriumS supervector pTOK233& 7}A it
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ook lem¥ = oA AE F & " Ao]m WAE Ho] stuSbA] FHow A
23 A2 U2 BS AAGAT. " 7Rl f12 oF 05emet ok st EE o
2 °F 0lem oW H-9E scalpels o83kl 7-123] REESS] A AT
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vz ol 2 ate] 24T wjFAelA AxUAS #AFsAT. 1% 25 HF o= SI-Q
(cefotaxime  200mg/ ¢, hygromycin  10mg/¢), SI-QO(cefotaxime  100mg/ ¢,
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TA cloning vectorell AF§ste] oizdatel] A3 A1zl A Ao ALAe, T4
Al Al ZH2E 150099 714, =3 450099 7] YA colonyE RS TE. SSHe A
g H3 FAA library25-E differential screening HH o2 3009749 2EH X &
% cDNA % 100979 FAapgde Sol% {xa MdWstitt. SSHEE differential
screeningS A dojz 400719 ¢DNA cloneE9 9714 ¥ES ZAAS blastx 4
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Z+ ribosomal proteins, cold-stress protein, asparaginase, metalloproteinase,
translation elongation factors, granule-bound starch synthase, RNA helicases ] 3
olE At FAEYE  Z7]d WEE= §dAZ+= aluminum-induced  protein,
dormancy related protein, terminal flower TFL1, proline-rich protein, phosphate
transporter 5°] &l F A} a8y, FALE I FE HHE = {FHAAES BF
conglycinin, glycinins ©|v] 2 <& % seed storage proteine ©] AT},

StEAlold#HE Fa/AAE2 full-length cDNAE EH3}7] 98, H TYUE
o yeast elicitor® 2 Hgdte] FHAALHASE FETHH hypocotyloﬂ /\1 mRNA%
E25te] RACE® cDNAZ 433t SSH database®} Genbank database, TIGR
databaseE A& chalcone isomerase, dihydroflavonol reductase, anthocyanidin
synthase (leucoanthocyanidin dioxygenase), anthocyanidin reductase®] 97|14 <L A
BE gpdt & O dAVAEARE EdZ RACE PCR primerE A 2Fshslar, <bA]
T3 cDNARYE PCRE T 7 #3749 cDNAE SHusgith. Z2F cDNA&
pGEM-TEasy vectorol Aste] 2 4714 <E& et} Blastxk @AM Z2Y zt
cDNA7} B} =9 Y Fdxet & s Boli o] gH 3t

GmCHI (chalcone isomerase) == 775 bp2] Zolo] 218 aad] WAL <3 3lst

NS, Pueraria montana®] chalcone flavanone isomerase¢} 85 %<9 d&4d& HA
t}. Chalcone isomerasex= chalconed flavononel & WHIAAFE 4 =EA, ZTH
wol= Aol 9o]A  bottleneck o2  FEITE Hurb dvk. GmDFR
(dihydroflavonol reductase)& 1181 bpe Zold] 348 aa?] @& S <5 3sta o
W Lotus corniculatus®] dihydroflavanol reductase 3¢ 87 %9 &AL HS
Dihydroflavonol reductaser= SFEAJoPZA 9] key enzymel & B2 AF7} ol F
A &4o]tlh, GmANS (anrhocyanidin reductase)= ¢ 1.3 kb =7|o]H o} A
sequencing®] Y& F A LIAW AR FU|H 4L  Blastx search A3, Vitis
labrusca®] leucoanthocyanidin dioxgenase (anthocyanidin synthase)®t 80 %2 A&

S Bt} Anthocyanidin synthasex= DFRel €8] A4 ¥ leucoanthocyanidine Ak

=
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S}AlA anthocyanidine A StE S4ZA, SFEAlobd Aol glo] AA A 9&
gk}

GmANR (anthocyanidin reductase)= ¢F 1.2 kbe] Z7]o]H ©¢}& sequencing®] €&
2 FAA T blastx search 23 Medicago truncatula®] anthocyanidin reductase2}
84 %9 A%AS Bt Anthocyanidin reductase:= & ol MEFA THE TALEA
anthocyanidine QA A ZZQFEAJoL ] AFA Q] flavan-3-0lS FASE E4E
A, ZEAEAoA A key stepl®E  WrolEolx i 9lth.  Anthocyanidin
reductase gene (BAN)o] 7|52 3l 7| FAd sdWolAe ZHg, ZZEOFEA o}

W FHo] Zolut tlal FAWG 27N E kEAcle] FHo] o] Fol At

lleS

31 A o8 FrEEE A

Clone # | Homology to (% identity) Clone # | Homology to (%identity)
. . CCAAT-binding transcription factor subunit B
0,
W12 pathogenesis related protein [H. vulgare] (48%) | W157 IN. tabacum] (70%)
) . Similar to receptor-like serine/threonine kinase
& 0,

w23 heat shock-like protein [P. glauca] (45%) W179 [A. thaliana] (50%)
W33 beta-amyrin synthase [G. glabra] (93%) W244 | Pentameric polyubiquitin [N. tabacum] (98%)

Zinc metallothionein class Il homolog . . o
W37 [P. hybrida] (40%) W274 | Vegetative storage protein [G. max] (98%)
W51 Cytokinin-repressed protein CR9 W313 Retrovirus-like element calypso2-2

[C. sativus] (74%) [G. max] (93%)
We6 putative alanine aminotransferase W320 Retroelement diaspora gag-pol polyprotein
[A. thaliana] (74%) [G. max] (85%)
N . . Cell wall protein (SbPRP3) precursor
- 0,

W107 | Proline-rich protein [A. thaliana] (42%) W328 [G. max] (100%)
W114 Lipoxygenase L-5 [G. max] (84%) W463 | Nodulin-26 [G. max] (93%)

Oligouridylate binding protein Putative glycine dehydrogenase
WI123 | IN. plumbaginifolia] (61%) W646 | [ thaliana] (93%)
W139 | Acyl-CoA synthetase [B. napus] (62%) W732 | Histon H2A [A. thaliana] (96%)

Dihydroflavonol 4-reductase-like
W143 | "[A thaliana] (67%)
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® 2. Ao efs FREE A
Clone # | Homology to (% identity) Clone # | Homology to (“ddentity)
Putative retroelement pal polyprotein Lo .
LT3 [A. thaliand] (33%) LT216 | ATPase a subunit [L. japonicus] (94%)
LT39 Vegetative storage protein [G. max] (96%) LT222 | Cytochrome P450 CYP93D1 [G. max] (64%)
Retrovirus-like el t Calypso2-1 " . .
LT50 [G_r"n‘:a“)‘(j"(éﬁ% )eme” Yps LT248 | RNA helicase, putative [A. thaliana] (73%)
LT66 Cold stress protein SRC1 [G. max] (85%) LT253 | Nodulin-like protein [A. thaliana] (56%)
LT60 Putative transposase [Oriza sativa] (45%) LT258 | Glycolate oxidase [L. esculentum] (88%)
LT98 Putative ABC transporter [A. thaliana] (81%) LT375 | Nonsymbiotic hemoglobin [G. max]
3 Putative MYB family transcription factor
LT100 | eEF-1a[G. max] (97%) LT383 [A. thaliana] (51%)
LT110 Acetyl CoA beta-carboxyltransferase subunit LT410 Granule-bound starch synthase
[G. max] (97%) [P. frutescens] (82%)
LT114 | Metalloproteinase [G. max] (36%) LT479 | Fructose-bisphosphatase [P. sativum] (98%)
Retroelement pal polyprotein-like . . .
LT121 [A. thaliang] (82%) LT629 | Cold stress protein Peaci11.8 [P. sativum] (74%)
LT171 | Rubisco activase [M. domestica] (91%) LT667 | Nodulin-26 [G. max] (93%)
LT182 | l-asparaginase [A. thaliana] (91%) LT698 | 60S ribosomal protein L37 (80%)
. . Translation elongation factor EF-G
LT199 | Phloem specific protein [V. faba] (36%) LT731 [G. max] (99%)
LT211 | p80 TNF-alpha receptor [M. musculus] (44%)
¥ 3. FALEEA 27l HAFEE FAA
Clony# |Homology(% identity) Clony# |Homology(% identity)
GR1 Sali3-2 protein, aluminium - GRS2 Dormancy related protein, putative
induced [soybean] (98%) [Arabidopsis thalianal (67%)
GRog | Glycnin chain AT [soybean] GRI3 | Bd 30K [Glycine max] (100%)
. phosphatidylethanolamine—binding
GR31 F(Sﬂ Sceii% %ll(;l;):]lh(nlo%rﬁc)ur sor GR20 domain-containing unknown protein
Y ° [Arabidopsis thaliana] (63%)
GR44 Lip‘oxy_genasefl GR39 hypothetical protein CP0987
[Glycine max] (100%) [Chlamydophila pneumoniae] (50%)
Proline-rich-like protein
GR530 [Asparagus officinalis] (66%) GR40 26s rRNA
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M1 M 2 3 4

Figure 1. Full-length ¢DNAs of GmCHI, GmDFR, GmANS, and
GmANR, which are cloned in pGEM-Teasy vector. M, size marker; lane
1, GmCHI; lane 2, GmDFR; lane 3, GmANS; lane 4, GmANR

>gi 15921724 |sp| Q43056 |CFI_PUELO  Chalcone——f lavonone isomerase (Chalcone isomerase)
0i1944815|dbj [BAA09795.1]  chalcone flavanone isomerase [Pueraria montana var. lobatal
Length = 224

Score = 362 bits (928), Expect = 4e-99
Identities = 187/218 (85%), Positives = 193/218 (88%)
Frame = +1

Query: 13  MATISAVQVEFLEFPAVVTSPASGKTYFLGGAGERGLT | EGKF IKFTGIGVYLEDKAVPS 192
+AT | SAVQVEFLEFPAVVTSPASGHTYFLGGAGERGLT | EGKF IKFTGIGVYLEDKAV S
Sbjct: 7 VATISAVQVEFLEFPAVVTSPASGRTYFLGGAGERGLT | EGKF IKFTGIGVYLEDKAVSS 66

Query: 193 LAAKWKGKTSEELVHTLHFYRD! | SGPFEKL IRGSK | LPLAGAEYSKKVTENCVAHMKSY 372
LAAKWKGK SEELV TL FYRDI ISGPFEKL IRGSKILPL+G EYSKKV ENCVAHMKSY
Sbjct: 67 LAAKWKGKPSEELVETLDFYRD | SGPFEKL IRGSK | LPLSGVEYSKKVMENCVAHMKSY 126

Query: 373 GTYGDXXXXXXXXXXXXXXNVNFAPGASVFCRQSPOG | LGLSFSEDAT I PEKEAAVIENK 552

GTYGD NVNF PGA+VF RQSPDGH+LGLSFSED TIP+ EAAVIENK
Sbjct: 127 GTYGDAEAAA|EKFAEAFKNVNFQPGATVFYRQSPOGVLGLSFSEDVT I PONEAAVIENK 186
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Query: 553 AVSAAVLETMI|GEHAVSPOLKRSLASRLPAVLSPGI IV 666
AVSAAVLETM| GEHAVSPDLKRSLASRLPAVLS GI 1V
Sbjct: 187 AVSAAVLETMIGEHAVSPDLKRSLASRLPAVLSHGI IV 224

Figure 2. Blastp search result of GmCHI, chalcone ismerase gene.
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10 20 30 40 50 60 70 80
TTAAATAGAAAAGAGGAGTTTGAGAATGGCAACGATCAGCGCGGT TCAGGTGGAGTTCCTGGAGTTTCCAGCGGTGGTTA
MATI SAVQVEFLETFPAVY

90 100 110 120 130 140 150 160
CTTCACCAGCCTCCGGCAAGACCTATTTCCTCGGCGGCGCAGGGGAGAGAGGATTGACGATTGAGGGGAAGTTCATAAAG
TSPASGKTYFLGGAGERGLTI EGKTF I K

170 180 190 200 210 220 230 240
TTCACAGGCATAGGAGTATACTTGGAGGATAAGGCGGTGCCATCACTCGCCGCTAAGTGGAAGGGTAAAACTTCAGAGGA
FTGI GVYLEDKAVPSLAAKWKG GEKTSETE

250 260 270 280 290 300 310 320
GTTAGTTCACACCCTCCACTTCTACAGGGATATCATTTCAGGGCCGTTTGAAAAGCTAATTAGAGGGTCGAAGATTCTGC
LVHTLHFYRDI I SGPFEKLIRGSK KL

330 340 350 360 370 380 390 400
CATTGGCTGGCGCTGAATACTCAAAGAAGGTGACGGAAAACTGCGTGGCACACATGAAGTCTGTTGGGACTTACGGTGAT
PLAGAEY SKKVTENCGCVAHMKSVYGTYGD

410 420 430 440 450 460 470 480
GCTGAAGCCGCAGCCATTGAAAAGTTTGCTGAAGCCT TCAAGAATGTGAATTTTGCACCAGGTGCCTCTGTTTTCTGCAG
AEAAAI EKFAEAFKNVNFAPGASVFTC CHR

490 500 510 520 530 540 550 560
ACAATCACCTGATGGAATCTTGGGGCTTAGTTTCTCTGAAGATGCAACAATACCAGAAAAGGAGGCTGCAGTGATAGAGA
@QsPDGILGLSFSEDATIPEKEAAVIE

570 580 590 600 610 620 630 640
ACAAGGCTGTATCAGCGGCGGTCTTGGAGACCATGATTGGTGAACATGCTGTTTCCCCTGACTTAAAACGCAGTTTGGCT
NKAVSAAVLETMI GEHAVSPDLKRSLA

650 660 670 680 690 700 710 720
TgTCgAT[GCgTGgGGJAT[GA%CCSCG%CATTATAGJCTGAGAAATGAGAAGGATCAACTTTACCTTTTTCAAATATTC

730 740 750 760 770
TTGTTTTTCTCCTTTCTTTCTTGTCGCTTGTCATGTATTTCTACTGTTTAATCAC

Figure 3. The nucleotide and the derived amino acid sequence of GmCHI.

>gi 131324464 | gb | AAF23884.2|AF117263_1  dihydroflavanol reductase 3 [Lotus corniculatus]
Length = 336

Score = 289 bits (740), Expect = 2e-77
Identitieg = 137/156 (87%), Positives = 146/156 (93%)
Frame = -

Query: 645 WKFAKEQGLDF IT I IPPLVVGPFLMPTMPPSL I TALSP | TGNEDHYS | |KQGQFVHLDOL 466
WKFAKE G+DFITIIPPLVVG FLMPTMPPSLITALSPITGNE HYSIIKQGQ+VHLDOL
Sbjct: 175 WKFAKEHGIDF I TI IPPLVVGSFLMPTMPPSL I TALSP I TGNEAHYS | IKQGQYVHLDDL 234

Query: 465 CLAHIFLFEEPEVEGRY | CSACDAT IHD I AKL INQKYPEYKVPTKFKN | PDALELVRFSS 286

CLAHIFLFE PE EGRYICSA +ATIHDIAKLIN KYPEY +PTKFKNIPD+LELVRFSS
Sbjct: 235 CLAHIFLFEHPESEGRY | CSASEAT IHDIAKL INSKYPEYNIPTKFKN IPDELELVRFSS 294
Query: 285 KKITDLGFKFKYSLEDMYTGA|DTCRDKGLLPKPAE 178

KK| D+GF+FKYSLEDMYTGAIDTCHKGLLPK AE
Sbjct: 295 KKIKDMGFEFKYSLEDMYTGA|DTCKEKGLLPKAAE 330

Figure 4. Blastx search result of GmDFR, dihydroflavonol reductase.
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10 20 30 40 50 60 70 80
CTAGCTAAAAAAAATGGGTTCAGCATCCGAAAGTGTTTGCGTTACAGGAGCTTCTGGTTTCATCGGGTCATGGCTTGTCA
MGSASESVCVTGASGFI GSWLYV

90 100 110 120 130 140 150 160
TGAGACTCATCGAGCGTGGCTACACCGTTCGAGCCACCGTACGCGACCCAGTAAACATGAAGAAGGTGAAGCATTTGGTG
MRLIERGYTVRATVRDPVNMEKEKVKHLYV

170 180 190 200 210 220 230 240
GAACTACCAGGCGCAAAGAGCAAACTGTCTCTGTGGAAGGCTGATCTTGCTGAAGAGGGAAGCTTTGATGAAGCCATTAA
ELPGAKSKLSLWKADLAEEGSTFDEAIK

250 260 270 280 290 300 310 320
AGGCTGCACCGGAGTTTTCCACGTGGCCACCCCCATGGACTTTGAATCCAAAGACCCTGAGAATGAAGTGATAAAGCCTA
GCTGVFHVATPMDFESKDPENEVIKP

330 340 350 360 370 380 390 400
CAATAAATGGGGTACTAGACATCATGAAAGCATGCT TGAAGGCAAAAACTGTGCGAAGGCTAATATTCACGTCCTCAGCC
TINGVLDIMKACLKAKTVRRLIFTSSA

410 420 430 440 450 460 470 480
GGAACCCTCAACGTTATTGAGCGCCAAAAGCCCGTTTTCGACGACACATGCTGGAGTGACGTTGAGTTTTGCCGTAGAGT
GTLNVIERQKPVFDDTCWSDVEFCRRY

490 500 510 520 530 540 550 560
TAAGATGACTGGTTGGATGTATTTTGTTTCTAAAACACTGGCGGAGAAAGAAGCATGGAAATTTGCCAAAGAGCAGGGCC
KMTGWMYFVSKTLAEKEAWEKTFAKETA QS® G

570 580 590 600 610 620 630 640
TGGACTTCATCACTATCATTCCACCTCTTGTTGTCGGTCCCTTTCTGATGCCAACCATGCCACCTAGCCTAATCACGGCT
LorFI T1L 1T PPLVVGPFLMPTMPPSLITA

650 660 670 680 690 700 710 720
CTATCGCCAATCACAGGAAATGAGGACCATTACTCGATCATAAAGCAAGGTCAATTCGTCCACTTAGATGATCTCTGTCT
LSPI TGNEDHYSI I KQGQFVHLDDPD

730 740 750 760 770 780 790 800

TGCTCACATATTTCTGTTTGAGGAACCAGAAGTGGAAGGGAGGTACATATGCAGTGCATGTGACGCTACCATTCATGACA
AHI FLFEEPEVEGRY I CSACDATTI HD

810 820 830 840 850 860 870 880
TTGCCAAATTAATTAACCAAAAATACCCTGAGTACAAGGTCCCCACCAAGTTCAAGAATATTCCAGATCAATTGGAGCTT
I'AKLINQKYPEYKVPTKFKNIPDAOQLETL
890 900 910 920 930 940 950 960
GTGAGATTTTCTTCCAAGAAGATCACAGACTTGGGATTCAAATTTAAATACAGCTTAGAGGACATGTACACTGGAGCAAT
VRFSSKKITDLGFKFKYSLEDMYTSGA I
970 980 990 1000 1010 1020 1030 1040
TGACACATGCAGAGACAAAGGGCTTCTTCCGAAACCTGCAGAAAAAGGGCTTTTTACTAAACCTGCAGAAACTCCAGTGA
D TCRDKGLLPKPAEKGLFTEKPAETPV
1050 1060 1070 1080 1090 1100 1110 1120
/’\}TG/(iCAlTCAJGCQTA}Q\ATAGGCATTCATATCTTTGTATCTGTGTGATGGCTGTGCAACTTGCTTTTCTTATTCCGTTTCT

1130 1140 1150 1160 1170 1180
TGATTAACGTTTCTGTTTTATGAAAAATTAGAAATGTGAGTGGCTTGTAAGGCCAGGTTAG

Figure 5. The nucleotide and the derived amino acid sequence
GmDFR, dihydroflavonol reductase.
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>gi 22266677 |dbj |BACO7545. 1] leucoanthocyanidin dioxgenase [Vitis labrusca x Vitis vinifera] Length = 355

Score = 231 bits (590), Expect = 1e-60

Identities = 112/140 (80%), Positives = 123/140 (87%), Gaps = 1/140 (0%)

Frame = +3

Query: 3  EELKSIGNVFEEEKK-EGLQVPT | DLRE | DSEDEVVRGKCREKLKKAAEEWGVMHLVNHG 179
EEL SIGNVFEEEKK EG QVPTIDL++|+SEDEVVR +CRE+LKKAA EWGVMHLVNHG

Sbjct: 29 EELTSIGNVFEEEKKDEGPQVPT |DLKD | ESEDEVVRERCREELKKAAMEWGVMHLVYNHG 88

Query: 180 |PDEL |ERVKKAGETFFGLAVEEKEKYANDLESGK | QGYGSXLANNASGALEWEDYFFHL 359
| D+LI RVK AGETFF L +EEKEKYAND SGKI GYGS LANNASGQLEWEDYFFHL

Sbjct: 89 ISDDL INRVKVAGETFFNLPMEEKEKYANDQASGK | AGYGSKLANNASGQLEWEDYFFHL 148

Query: 360 AFPEDKROLSFWPKKPADY!| 419

FPEDKRD++ WPK P+DY+
Sbjct: 149 |FPEDKROMT IWPKTPSDYV 168

Figure 6. Blasx search result of GmANS partial cDNA sequence.

>gi 127966032 | gb | AAN77735.1]  anthocyanidin reductase [Medicago truncatulal
Length =

Score = 310 bits (795), Expect = 8e-84
Identities = 151/179 (84%), Positives = 163/179 (91%)
Frame = -3

Query: 646 EYLSTAKPPTWGYPASKALAEKAAWKFAEENHIDLITVIPTLTTGPSVTTDIPSSVGMAA 467
E+L+TAKPPTWGYP SK LAEKAAWKFAEEN+IOLITVIPTLT GPS+T DIPSSV M
Sbjct: 158 EFLNTAKPPTWGYPVSKVLAEKAAWKFAEENNIDLITVIPTLTIGPSLTQDIPSSVAMGM 217

Query: 466 SLITGNDFL INALKGMQLLSGSISITHVED|CRAQIFVAEKESASGRY | CCAHNTSVPEL 287
SL+TGNDFL INALKGMQ LSGSISITHVEDICRA |FVAEKES SGRY|CCAHNTSVPEL
Sbjct: 218 SLLTGNDFL INALKGMQFLSGSISITHVED | CRAHIFVAEKESTSGRY | CCAHNTSVPEL 277

Query: 286 AKLLSKRYPQYKIPTEFDDCPSKAKL | | SSEKLVKEGFSFKYGIEE I YDQTLEYLKSKG 110
AK LSKRYPQYK+PTEFOD PSKAKLIISS KL+KEGFSFK+ | E +DQT+EYLKHG
Sbjct: 278 AKFLSKRYPQYKVPTEFDDFPSKAKL | | SSGKL IKEGFSFKHS |AETFDQTVEYLKTQG 336

Figure 7. Blastx search resulat of GmANR partial cDNA sequence.

SQEAI FFFIS A E TASIH HHES FEST e A E
HE] Alz~®le] Fgsith, £ AFoAE dy2elEs CAMV 35S Ei_‘?_ﬁtﬁ’ﬂ
seed-specific expressione H.°]&  beta-conglycinin® ZEZEEHZE o] &35
pCAMBIA1301 vector®] beta—conglycinin EEUH (Ppep)E A Y3te] daAxzg Wl
1= 1\]/\‘5“Q ﬂa%‘}oﬂ‘?}. StEA ol ##H FHAE A Chalcone isomeraseE <3 3}3}
i 3E CHIFA f3#E dlF Yol Awy DNAETH PCR %3l P23
Bo] A3ttt etEAold &4 #¥ transcription factor?l 24 B-Peru &=}
AA] pSKI111 FepAan =2 e duste] PP a8 wEol 4Fistact
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(A) (B)
a9 8 . B-Peru FdA7F A
SiR] pCPC-B plasmid 2]
Restriction pattern. (A) EcoRI
digestion (B) Pstl digestion

Xh  Xh P Xb,BSmPR Xb Xh Xb R R
B | | ] 1] |
HygR — Pscr (863 bp) H Petunia CHI (853bp) M Tnos [ GUS

pCPC-PCHI (~14 kb)

RB

99 L #F Yol CHI-A +34s Ader 3 424488 ¥y pCPC-PCHL
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#9110 . #F Yol CHI-A
FAA F29. (A) HAFYo}
genomic DNAZHXE¢ PCR
=2 (850 bp band) (B) # ¥
of 24d% CHI-A 3z

Xb,Sc,Hp, K,Xh,S,C,H,Rv,R

b Xh p P Sc H RP R
~
.| A T | Re
HygR | Pacr (863 bp) B-peru (1.97 kb) Thos GUS

pCPC-B (~15 kb)

Ll
o

13811 . B-peru #AAE A4

T ¥4 -8 ME pCPC-B.
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M3 & a7 =g s H gt

A 1 4 hygromycin®

=
=3 "A= 9F

I

AMzZE nree] dAd7E/ids A g Az dds 9fste] A
Wty T, ZEA Ay 5o JHEAS =S F= hygromycin® A4
FEE rHe=H AdEA v

2. A&

o] 4Ee dAste] AAF2E, YEAAT YA ARZ FAABS FP3AY

3. 3
71 9F
FAHE 70% ethanoldl 3027 w7 12 EWAFS o1 1% sodium
hypocloride®] 30%3F shaking stHA] A%3 & 108 (tAo = WS
2 33] FAMeAT. Petri-dishel #& = 24T wjFAolA 16413 #x

A A7 pxA o7 597 wolA H ),

W) Agrobacterium preparation
T YPAAINS st ol&W  Agrobacteriums  supervector
pTOK233S 71A a1 9+ LBA4404= AH83Fdtt. Agrobacterium= &
A3 39 A hygromycin 50mg/ ¢ ©] E3H 114 YEP v} A (yeast bg/
¢, pepton bg/ ¢, NaCl 25g/¢, pH 7.0)°l streaking 3t %, 28T

incubatorol| /] 393+ vl &3FA T}
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t}) Agrobacterium infection and Co-cultivation

T F ¥l A 2= 100uM e acetosyringone®] E3$HE AAM HIA]{AAM
salts and amino acids(Toriyvama and Hinata, 1985), MS
vitamins(Murashigs and Skoog, 1962), casamino acid 0.5g/ ¢, sucrose
68.5g/ ¢, glucose 36g/ ¢, pH 5.2}& AF&3stSlch @3 ©d 449
A& Agrobacterium= 50ml FJFE AAM AAWAE 30ml S
% spetula® ©]&3te] OD#L 05 =] &0 HLEE Zo Yt
Tobgk A& A 9] hypocotyls B ¥ oF lem¥ &= oA A& = 4 9
A Abel= WS Yol ShuE7MA FH R A2d AR U2 E2YS
AAstATE "8l 7] Fol A 12 oF 0.5eme}t of#f shufEEF o= °F O.1cn
ojtje] HF9E scalpele o]&3te] 7-123] wHESlo] A Wit
Agrobacterium= 3AAZ1 AAM HjA|d FAHE WH HAS 2087 A
A7l ¥ flat sides MAIZOE Xgete] 39 1F 24Tl A Sha FAI A
t}.

2}) Wash-out and shoot induction
397 Fujek & Agrobacterium® ATt 9Ete] Wi R 23] A A g
¥ 500mg/ ¢ 2] cefotaxime®} 0.05%<] Triton X-100°] ¥&¥ HdF=
53] AlFetnh 30mee] M &As ¥ 50ml FY FHo Hels ¥
o, mini 3D-shakerE o]&3te] w3 203+ A38t=2 shaking 3%
t}. 53] AlxE" w"Wole Sl(shoot induction; B5 salt 3.16g/¢, BAP
167mg/ ¢, sucrose 3%, Agar 0.6%)-D(cefotaxime 500mg/ 2,
hygromycin 30mg/¢) iAol 2]gato] 24T wjFdeolr AMzLAS #
2t 2% 25 Ao 2 SI-@f(cefotaxime 200mg/ ¢, hygromycin
10mg/ ¢ ), SI-Q)(cefotaxime 100mg/ ¢, hygromycine 10mg/ /)% =71
st BEE A

N
ot

of

vl) GUS expression assay
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1

o= skt GUS
Ly Jefferson(1987)2] W& AF&3FAth Imle] GUS 218
S THE7] 95| 3mge] 5—bromo—4—chloro—indoly1 glucuronie (X-Gluc)
S 15040 dimethyl formamide®] 91 3 850u02] solution B(1% Triton
X-100, 0.IM phosphate buffer, pH 7.0, 5mM potassium ferrocyanide)=
A7 etk SI wi Al 214 & 05em 7] 2 A+ shoot ¥ callusi= A
slo] GUS 24 gos H7k3 3 37C incubtorol Al overnight 2] 3}
Att. 28] 3 destaining solution (ethanol 2.5m¢, 10% formaldehyde 5
ml, 5% glacial acetic acid 2.5m0)<s F7Fste] 4T Bt GUS &y
Aot A=E AFsAH

FAHe a8 HAst7] st GUS WAt
n o

4. A3}

Alvt FAA Cefotaxime?t Timentin®] ZHzF Z7bel SIuj=] vl A E oA =
Timentin H 7t A Al WatdFS B o, Cefotaximeo] F7Fe vl =] o] A
© 2uE &7F vEuA gokk o] ¢k #-sto] Timentino] F7He wiA ol A
Shoot ¥ Callus A &(0~9%)°o] dA3| vtkom, Cefotaximeo] 7} Wl
Al A1 9] Shoot % Callus HAE(0~18%)°] =¢kt}. Cefotaxime 37} SI Hl
A 9] hygromycin 37} %8 vl AFd A hygromycin H7} =0 wE
Shoot AL HAAF25 0]+ hygromycin =27} G&55 F33A1L U+
HAATLE w5 #AG ] shoot7} FAsHA T  Callus HA &2 hygromycin
10ppme] A FEoA 10~18%= =dth. HAS diFF<9 Shoot ¥ Callus®l
A GUS positives @28 4 S0, L5 sto] 1Enpo] oA Bl ulA
=2 GUS positiveZ YEFH AT Timenting o] &3 AL A Fo =4
& WA FE Ho] AFPS Tl TSk

=<

1. AFFABA v 2@ AA hygromycin A% 59 v
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Cefotaxime Timentin

Shoot(%) Callus(%) Shoot(%) Callus(%)

Shoot GUS Callus GUS Shoot GUS Callus GUS

918 positive kA& positive 98- positive U8 positive

hvaro, 30 /146 0/146 1/146  0/146 0/33  0/33 2/33  0/33

4 e 0%)  (0%) (1%) (0%) 0%)  (0%) 6%)  (0%)
4 hoaro, 15 V137 1137 9137  8/137 1/33  0/33 0/33  0/33
o VB0 (1%)  (1%) (7%) (6%) (3%)  (0%) 0%)  (0%)
z o Y14 3124 16/124  14/124 3/32  1/32 /32 1/32
YEro. (2%)  (2%) (13%)  (11%) (9%)  (3%) (3%)  (3%)

0 poaro 30 V58 3/58 1/58 1/58 0/29  0/29 1/29  1/29
= YEro. (5%)  (5%) (29) (29) 0%)  (0%) (3%)  (3%)
2 tvaro 15 /68 3/68 0/68 0/68 0/29  0/29 0/29  0/29
. VEro. (6%)  (4%) (0%) (0%) 0%)  (0%) 0%)  (0%)
:‘j vero. 10 3/71 2/71 13/71 7/71 0/30 0/30 0/30 0/30
R (4%)  (3%) (18%)  (10%) 0%)  (0%) 0%)  (0%)

(2d) AFFAA v A
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<YFHAAZZT>

zt19 #F: cefotaxime ESHH]A], $- timentin 3 3Huj 4]

(19) d2AAd3t & callus A ( hygromycin 10mg/L A7} HiA])

4.

<AFHAT> <HABF2Z>

A
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Al 2 d Agar 5=, AGHY, AT H] FAAEA
Adged A= 9F
1. 25

M2 13589 FAAMVENES 3 g Az €S 935H]
solidifing agent] agar®] s=¢ 74 Wk AAnk &

#
Mz nAE 9 FEsted 4@ 2Ho] gt

2. A8
BoA3S 9l AAF2E, dEAATS IHADAEE AL
3. 9y

71 uF

T 70% ethanolell 30&%F w4 12 FWHATS stal 1% sodium
hypocloride®] 30%%F shaking stHA A%3 3 108 HZd o=z Wit
2 33] FAeA. Petri-dishol & $ 24T wigAolA 16A17F F=x
A% A7 dxA0R 5UZF WolA A

) Agrobacterium preparation
Fol FHAEAZS  9ste] o]l &w  Agrobacteriums  supervector
pTOK233S 7121 94& LBA44042 A3ttt Agrobacteriume 3
A3 39 A hygromycin 50mg/ ¢ ©] E3H A YEP HiA](yeast 5g/
¢, pepton bg/¥¢, NaCl 25g/#¢, pH 7.0)°l streaking 3+ 5, 28T

incubatoroll 4] 343t wj &t}
t}) Agrobacterium infection and Co-cultivation

SHj ¥ HiA 2 100uM @] acetosyringone©] XE3FE AAM HiA{AAM
salts and amino acids(Toriyama and Hinata, 1985), MS
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vitamins(Murashigs and Skoog, 1962), casamino acid 0.5g/ ¢, sucrose
68.5g/ ¢, glucose 36g/ ¢, pH 5.2} 5 AF&3tA Y. A A Gd 4A 3
A& Agrobacterium= 50md ZYFE AAM HAAZS 30ml AL
% spetulag °]&3te] OD3t 05 =9 Tgdo] HES Fof Ytk
dhol sl A & A 9 hypocotylQ g ol W oF ]

o Apolz WlAE Wol shEhA FHoE A2a 2 o
AASAT. Hd 7] f2 o 05emet of o2 °F 0.1cm
ol o] H-91& scalpel® needles ©]-&3to] 7-123] ¥HESte] A it
= AgrobacterlumE SIAAZL AAM v Ao GAE W HlS 2081
AEAIZN & flat sideE up T downo =z 2|733te] 3U IF 24Tl A
FHl A H T

2}) Wash-out and shoot induction

o)

3U7F T 3 Agrobacterium® AS 5t W R 23] A FH g
% 500mg/ 2 ] cefotaxime®} 0.05%¢] Triton X-100¢] EZ3te Hir+=
53] MAetArh 30mee] AMAH §HES ¥ 50m A FEO Hels ¥
o™, mini 3D-shakerE ©]-&3te] uj3 20837 3= shaking 3t}
t} 53] A E "L Sl(shoot induction; B5 salt 3.16g/¢, BAP
1.67mg/ ¢, sucrose 3%, Agar 0.4, 0.6, 0.8%)-D(cefotaxime 500mg/ ¢,
hygromycin 30mg/¢) ®iA|oll 2]74dsto] 24T iAol xS ¥
23k 2% 25 7HF o2 SI-@(cefotaxime 200mg/ ¢, hygromycin

10mg/ ¢ ), SI-@(cefotaxime 100mg/ ¢, hygromycine 10mg/ ¢ )= =71 A
AetH A B

GUS expression assay

FAAe] 285 AR Adted GUS EAEEEE st GUS
HEAES-2 Jefferson(1987)2] WH S ARSI T 1mle] GUS A8
S "HE7] 918k 3mge] 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)
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S 1500 dimethyl formamide®] =<1 % 850402 solution B(1% Triton
X-100, 0.IM phosphate buffer, pH 7.0, 5mM potassium ferrocyanide)&
A7Fsk Ak SI wiA] 2% § 05em 2712 A shoot ¥ callus= A
ko] GUS A golS H7tsk & 37C incubtordl Al overnight * @ &}
Gt A8l ¥ destaining solution (ethanol 2.5ml, 10% formaldehyde 5
ml, 5% glacial acetic acid 2.5ml)<S F7Fste] 4T R#AstH GUS 2y

o] o} AEE wasrt
4. A3

Zt7] & Al %9 agar iAo wE shoot E callus TS 0.4% HUF=
0.6, 0.8% =% agar WA oA ETt}l Shoote} calluse] WAL F FF &
T 08% FX9 agar WA 7} 7P @&F ot} flat side upd flat side
down®. & o] SI iAo 2743k A9 flat side?7} wWiAl o] =3 =5 2|43
3-5-(down) "ol #& st A4 A¢(up) BTt E&AoAth 4
3 385 277 93 scalpel?t #(needle)e] W] A& o)A = shoot WA

o]
=
M= HE AL A7 E4a, callus HA A= scalpelS AFE3E 7
(o]

-7} E9kth. Shootoll A o] GUSHAAS] A& dFAZITS Ane IS
AL4319] flat sideE downo & X438t9S wrb 714 =4 JEbga, o1 o
o] AARFF2E & & 7HA flat sides downdtel AFEAE Wi
Callusell A o] GUSHrx7e] Hd&2 dFHABITSE A5E S AHEsHY flat
sideE downo = HAsA S W, 06% agars®= ZAA 7ME =A ysko
8 =
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¥ 1. Agar

559 shoot

9 callus S

=
0.4% 0.6% 0.8% Total
shoot callus shoot callus shoot  callus shoot  callus
AR ZS 0/269 0/269 7/608 2/608 40/742 5/742 47/1619  7/1619
Heo (0.0%) (0.0%) (1.1%) (0.3%) (5.4%)  (0.6%) (2.9%) (0.4%)
QEAYZ 0/229  4/229 11/577  16/577 20/537 5/537 31/1343 25/1343
=wRTeTe (0.0%) (1.7%) (1.9%) (2.7%) (3.7%)  (0.9%) (2.3%) (1.9%)
Total 0/498  4/498 18/1185 18/1185 60/1279 10/1279 78/2962 32/2962
(0.0%) (0.8%) (1.5%) (1.5%) (4.7%)  (0.7%) (2.6%) (1.0%)
¥ 2. flat side A& ¥ shoot % callus FA
AHFT2s dEFAAT Total
up down up down up down
shoot callus shoot callus shoot callus  shoot callus shoot callus shoot callus
0.4% 0/187  0/187 0/82 0/82 0/156  2/156 0/83 2/83 0/343 2/343 0/165 2/165
e 0%)  (0%) (0%) (0%) (0%) (1.3%)  (0.0%) (2.4%) (0.0%) (0.5%) (0.0%) (1.2%)
0.6% 0/356  0/356 7/252  2/252 0/331  0/331 11/246 16/246 0/687 0/687 18/498  18/498
e (0%) (0%) (2.8%) (0.7%) (0%)  (0.0%) (45%) (6.5%) (0.0%)  (0.0%) (3.6%) (3.6%)
0.8% 26/394 0/394 14/348 5/348 8/277  0/277 12/260  5/260 34/671  0/671 26/608  10/608
T (66%)  (0%) (4%)  (1.4%) (2.9%) (0.0%) (4.6%) (1.9%) (5.1%) (0.0%) (4.3%) (1.6%)
Total 26/937  0/937 21/682 7/682 8/764  2/764 23/589  23/586 34/1701 2/1701 44/1271  30/1271
O 28%)  (0%)  (3.1%) (1.0%) (1.0%) (0.3%) (39%) (3.9%) (20%)  (0.1%)  (35%) (2.4%)
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¥ 3. Ao 2 shoot ¥ callus A4
HAEFT2s AZAAF Total
scalpel needle scalpel needle scalpel needle

shoot callus shoot callus shoot callus shoot  callus shoot callus shoot callus
0.49% 0/215  0/215 0/54 0/54 0/177  4/177 0/52 0/52 0/392 4/392 0/106 0/106
e (0.0%) (0.0%) (0.0%) (0.0%) (0.0%) (2.3%) (0.0%) (0.0%) (0.0%) (1.0%) (0.0%)  (0.0%)
0.6% 2/382  2/382 5/226  0/226 5/398  9/398 6/178 7/178 7/780 11/780 11/404 7/404
D7 (0.5%) (0.5%) (2.2%) (0.0%) (1.3%) (2.3%) (3.4%)  (3.9%) (0.9%)  (1.4%) (27%)  (1.7%)
0.8% 19/420  4/420 21/322  1/322 5/348  5/348 15/205 0/205 24/768 9/768 36/527 1/527
070 (4.5%) (0.9%) (6.5%) (0.3%) (1.4%) (1.4%) (7.3%) (0%) (3.1%) (1.1%) (6.8%)  (0.2%)
Total 21/1017  6/1017 26/602 1/602 10/923 18/923 21/435 7/435 31/1940 24/1940 47/1037  8/1037
Ol 019 (06%)  (43%) (0.2%) (L1%) (2.0%)  (48%) (16%)  (L6%) (12%)  (45%) (0.8%)
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¥4, Agar ¥%, X AxuRo] shoot, callus, F QAT E L0 VA&
J
scalpel needle
up down up down

shoot callus shoot callus shoot callus shoot callus

shoot GUS callus GUS shoot GUS callus GUS shoot GUS callus GUS shoot GUS callus G

Hl A8 positive FAJ-g positive WAYS- positive FAY S positive HFAI-E  positive BFAY-S- positive A positive A S posi

0.4% 0/170  0/170 0/170 0/170 0/55 0/55 0/55 0/55  0/27  0/27  0/27  0O/27 027 027 02T 0/

AU 00 0%) (0% (0%)  (0%)  (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (0O
]

; 0.6% 0/243 0/243 0/243 0/243 2/139 2/139 2/139 2/139 0/113 0/113 0/113 0/113 5/113 5/113 0/113 0/]

; T0%) (0%) (0%)  (0%) (%) (1%) (1%) (1%) (0%) (0%) (0%) (0%) (4%) (4%) (0%) (O

5 0.8% 15/228 1/228 0/228 0/228 4/182 2/182 4/182 2/182 11/156 3/156 0/156 0/156 10/166 1/166 1/166 1/1

70 6% (0%)  (0%)  (0%) (%) (1%) (2%) (1%) (7%) (2%) (0%) (0%) (6%) (1%) (%) (1

0.4% 0/120 0/120 2/120 2/120 0/57 0/57 2/57 2/57  0/26 0/26 0/26 0/26 0/26  0/26  0/26 0/

d TP 00 (09%) (%) (2%)  (0%)  (0%) (4%) (4%) (0%) (0%) (0%) (0%) (0%) (0%) (0%) (O

z 0.6% 0/242  0/242 0/242 0/242 5/156 5/156 9/156 7/156 0/89  0/89 0/89 0/89 6/89 6/89 7/89 5/

‘j T00%)  (0%)  (0%)  (0%) (3%)  (3%) (6%) (4%) (0%) (0%) (0%) (0%) (7%) (0%) (8%) (6
zO

= 0.8% 3/174  3/174 0/174 0/174 2/158 2/158 5/158 0/158 5/103 3/103 0/103 0/103 10/102 10/102 0/102 0/1

O 2% (2% (0%)  (0%) (1%) (1%) (3%) (0%) (5%) (3%) (0%) (0%) (10%) (10%) (0%) (0"

<flat side down>
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<flat side up>



(2¥) flat side down ©ll A4 2] shoot 243
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Al

—

o

4 FAAFE ol&3 T FAH =(embryonic

axes) J & A3

=4
= Q= AEFAR] VedE 1Mk JHAdAREES T FHAAS
o] &3 AL VIl o] A FH HEolrt

A8

AAE flote] dFALFTE AEE AHEsAH

A

*1}* e oF A FdsA TRlEAT. At Fx= 50ml falcon
tubegtol sterile ddH-O°l soaking® JEj= 24A17F H A AT 2443
soaking® FAE-S clean benchel Al scalpel#} force p% AR&-sto] wl =
(embryonic axes; 0.5cm in length)o] Ae&E S Autwl vj=L apical

region®] 9= & L=Z MSLA HlA o] 4% A

1}) Bombardment preparation

F 709 plasmid, pPCAMBIA1301 ¥ sGFP DNAZE miniprep kitE ©]&
sto] FE3F¥ Y. FE3 DNAE bughuld] % F550ol gold
particles coating3dt+=d AFEFH A 7ol DNAZE 50ul®] 0.6um =7]
9] gold particle] 599+ 0.5ml microfuge tubeo] Y2 3 <F 5&E3H
voltexZ 3}t = 2 microfuge tubeol 50ul®] 2.5M cacl: 2F 20ul9]

0.IM spermidine(base-free)S dolA &2 AlZFE<t voltexg stthrt, +
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tube?] WEES mixsle] 3-4%3F F712 voltexE T TFH Al
= 10,000rpmell A ¢F 10%%t spin downdt Fo A5 HS A AL
250ul®] 100% ethanole #7}she] particles dissolvedtAtl. thA] 22
o2 dAFEYE 3 Fof, A5 dAS AASHA, 100ul®] 100% ethanol
S H7}Ee] particles thA] dissolvestith. g o] bombardmentE ¢
3ol 10ul®] coating® particle® 942 macrocarrier®] dropste] AME3FA
t}.

t}) Microprojectile bombardment(PDS1000)
MSaA|uf A o] 2% wj=oll bombardmentE =3 th 4w E 10ul
9]  coating®  particle £9%&  macrocarrier®]  dropste] 13
bombardment®] A}-&3}th. Bombardmente] 7%=+ 1350psie] rupture
diskE ©]&3t9a, A59 239 bombardmentE FaSFATE HHS

chambert] 7} 9 7boll X AA WAL H 439 bombardment?]

2}) Shoot induction
FAAZES o] €39 bombardment® HIEE-L 24475 ot wj o] HF
X gt & slolz2utE]al A kel X (MSH]A], hyg 15ppm)ell A

W9 ARSE FEs,

w}) GUS ¥ GFP expression assay
o A3 FAdskA 8 P},\#Et] bombardment ¥, 72A]7to] 73w

Ao ARE AAde] EARAAL] HARAG ALLY S FAch

23}

=99 fAAe] wARBS FYRAL. GUS FAA wd A¥,
& ]

staining $-° AAdATHLS o] &3te] A& A L, GFPFAA &Hd s
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=
=

microscope

A A3 v 7 3} confocal

-
T

SER

9

AL skl A (MSHIA], hyg 15ppm)ell A 7%ske] 3

== O
=T

0
o

0
o
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A 4 A 28 BA (6-Benzylaminopurin) A= g7}
JAAE a&FUA vAE FF (AL
2 48

1. &34

oA gA HYPdH Ao T oFAAN HAH AT FAAA

hygromycin & %:10ppm, agar &%: 04%, < o] &3 AWy 5)& ngt

o2 st TEEBAY AAHYZE FAHE a&TUl vA= dFS Lo}

Bz Aol Ay E A

2. A=
A]UxHEill:_ OE]

AF-8-3F AT

AAZS A 8391 o1z E S pTOK233/LBA4404E

i

3. ¥4

7h 3F
TA= 70% ethanolell 30&3F 99 12 #WAATS st 1% sodium
hypocloride®l] 307} shaking 3tHA A%3% & 108 (Ao w Hrs
2 33 FAsth 9t d Petri-dishol 9% %
F BRI AT dxA o s 5U7F wolA AT

W) Agrobacterium preparation
T FAAZS st o]8¥  Agrobacterium->  supervector
pTOK233< 71# 11 9+ LBA4404= ARS8}t Agrobacteriums

243 39 A hygromycin 50mg/ ¢ ©] X3%H 1A YEP 8] A (yeast 5g/

¢, pepton 5g/¢, NaCl 25g/¢, pH 7.0)°] streaking 3 F, 28T
incubatoroll A 3¥ 7t v &3S T}
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t}) Agrobacterium infection and Co-cultivation

T w2+ 100uMe] acetosyringone®] X3HE AAM ¥l X{AAM
salts and amino acids(Toriyama and Hinata, 1985), MS
vitamins(Murashigs and Skoog, 1962), casamino acid 0.5g/ ¢, sucrose
68.5g/ ¢, glucose 36g/ ¢, pH 52}5 Al&3Adtt. AATE 93 =28
2 Ful" AAM A9 BA 5, 10ppm, TDZ 2, 5ppm9 s== #H 715
At FAAAS Fd GAS A Agrobacterium=S 50ml ZYFH &
E AAM AAWMAE 30ml A= F spetulas °]-83F9] ODzk
058 %8 o] HER Fo] YAt Agobactgeriumo] iLEZA
AW EH ot petrifoﬂbzoﬂ 10mle] 4& o petri-disholl eFA 2]
Tk woldt A& hypocotylS ®W U oF lemEE o

A AE 5 F "ol Aolr vAE Yol shjE7bA AR A=
Az e E24E AAsE "l 7%l f1= oF 05emet ofel 8t
%02 oF O.1lem oo F9E needles ©]-&3te] 7-123] ¥HE-3}o
A WAk Agrobacteriume 3|2 A1Z1 AAM HiA| o] AAHES W wel

t sideg WIAZFOR x]73ste] 3d 7F 24Tl A ball FA A T

2}) Wash-out and shoot induction

397 ¥l & Agrobacterium® ATS ¢kl Wit R 23] Al g
% 500mg/ ¢ €] Timentin¥} 0.05%°] Triton X-100°] 2% HdF=
5-63] MHstAh 30mee] AH &HS ¥ 50m ZY FERO HAES
2o mini 3D-shakerE ©|-&3to] w3 2087F st =

Gtk 53 AFE "2 Sl(shoot induction; B5 salt 3.16g/ ¢, BAP
1.67mg/ ¢, sucrose 3%, Agar 0.6%)-D(cefotaxime 500mg/ ¢,
hygromycin 10mg/ ¢ ) vjx]ol]l X AF&te] 24C wjFEAo A AxyyS o
Zsld. 2% 25 A S =E SI-Q(cefotaxime 200mg/ ¢, hygromycin
10mg/ ¢ ), SI-@)(cefotaxime 100mg/ ¢, hygromycine 10mg/ ¢ )%= =7 X
Aot A A

shaking 3}
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u}) GUS expression assay

PAAEY 2885 AAsH] fet] GUS EAgkES F3skgit. GUS
ANE-S-2 Jefferson(1987)8] W& AF&SEATH 1mle] GUS A8
S WHE7] 938ke] 3mge] 5-bromo-4-chloro-indolyl glucuronie (X-Gluc)
< 15040 dimethyl formamided] <1 %, 850409 solution B(1%
Triton X-100, 0.1M phosphate buffer, pH 7.0, 5mM potassium
ferrocyanide)S #7}atdth. SI wiA] X4 % 05em Z7]|&2 Agk shoot
9 calluse= Adste] GUS @A g5 FH7Fst & 37T incubtorel] A
overnight 2] 39 th. A 2] $ destaining solution (ethanol 2.5m¢, 10%
formaldehyde 5ml, 5% glacial acetic acid 2.5ml)S H7}sle] 4T B
st GUS 23 ofF-of A=s5 AFseih

S22 AA8 & shoote] A& BA 5 10ppme &%= % BA 10ppme &
TolA ¢ FEst AxE RAY. o9} Ayt GUS positive Al BA
10ppme T2 FEolA 99%%E BA Sppme wEHU 33} s =282
= AgeA F2 controlT-o Bl AFol] oAM= TEES AP sHA &
745 shoot A 2 GUS positive & HAEZ} =& AS & = ok 184y
GUSe| HaAE7l = Al Hla] ofF oFstAl yetwtar $of shoot

elongation B Aol ] B A}etE AEFS Bvk(old] 1

oS,

fult)
N
B
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F1 LA A AR A o] T2 Z(BA)A 7 A2 R A v A

Ilpumkumjung BA O BA 5ppm BA 10ppm
Shoot Formation 268/1472 174/1505 211/1554
(18.29%) (11.6) (13.6%)
» 191/268 127/174 154/211
GUS positive/Shoot (71.3%) (73.0%) (73.0%)
191/1472 127/1505 154/1554
GUS/Total (13%) (8.49%) (10%)
‘9 3 -
— - == | ™

T - (1) 2) 3)
(4)

Ol FAR 2 328 A Fo GUS Y vl

;3 T2 A Fo GUSEH;(4) FHE} s=

(1), (2) FAe GUSE
= Ag el v
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A5 A TEE BA (6—Bensylaminopurin) A
hygromycin =7} A AE J & VA=
G (LA A ) A ALE)

1. 534

a2 Axg F, ST WA (A =)ol A 48] hygromycin®] =& 7}
7] gefete] A AA seo mE FHAAS TETHE dotR A Ao
Y = AT

2. A=

AEAREs dFAGFo AR-EE Sl o o} 71 Z¥HH| 2] &

pTOK233/LBA44047} AF-8-= AT,

3. 1Y
7" =¥

o A} BUY

o

W) Agrobacterium preparation
* AP FLH

t}) Agrobacterium infection and Co-cultivation
* AP FLH

2}) Wash-out and shoot induction
Al el e ok A3 sk, SI viAel Z+zF hygromycin &=
(5, 10, 20ppm)E 27 2 FH7lste] 3F72 SI wiAE EHIsFth
SI-D ®j Ao 2|43t & 2774 02 hygromycin 5 %5 5, 10, 20ppm
ow ZgF SI-@9 SI-Q@uiAlYl AT FTEE AAY F
hygromycin®] ##s=% 7353

ul) GUS expression assay

F AP} BAY
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N
=
oftt
X,
2
riet
o

shoot & callus &4y

#HAHE ¥ hygromycin FEo] wWE shoot LA BA HAz F
hygromycin 5ppm #7} wjA A F& sttt BA A<t F33td
hygromycin 20ppm®] iLF5X o)A 9] shoot TA &S 2.3-0.0%= #f-F @
¢kl BA 10ppm @A el 4% hygomycin 5, 10ppm + &%= w&
shoot ®A4-(10.4-20.0%)<> BA 5ppm A &l¢] 749-(10.6-16.3%)X.t} &

A% 2olE B+, hygromycin 10ppm A 7Fu) R o] 4 2] shoot® A4 o]
2o 2 w9 A5t A A3 F hygromycin T =] wWE callus &
A& hygomycin %7} %2 5SppmolA 71 F5eSa, BA A
% hygromycin 20ppm& FEoNAE callus7t AF AR ekttt
Callus Aol A9 A shoot HA¥} A+ste] BA 10ppm A ]9
B57F F=skith. BA Sppm A F ocallus A AAD
hygromycin %% =Zo]7} =X %o BA 10ppm HAE

2
hygromycin &%=% callus ¥4 At 2o]7} ).

) BA AAE § 23t39 FAHE 1l
BA AA2]$ hygromycin %% GUS &2 shoot HA&¥ A3}
o] shoot WA&o] %53 hygomycin Hppm FEolA =& HIE
GUS 2d& Bt BA dAAg sw2¥® GUS ¥3dS BA 10ppm 7 A
o] 4§ GUS wd&o] =gt

ki
g _lm,
ol
@)
c
wn
Sh
i
E SN—"

o} A3 shoot & GUS & el Wk
WFASE shoot 5 GUS =& (GUS ¥d/shoot ®AY)e] Wl BA 5ppm
o B57t M s sHA ‘%E}%% T Atk M A ZE0
=< A2l = BA 10ppm A 2] §F hygromycin 10ppm®] B #]ell |73
A9-7% 77.3% 2 e shoot ¥A 2] 9= hygromycin 5ppm &%=
o] wjA|e A 7HE E&o] Ekoy controlHE HIEEY TEE AT
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o FAHZ &2 ATFAA AAH s %< hygromycin 10ppme]
Ael el 2SS, A HA A A A
5

s 3
UElytar, stol 12 wkol Al 10ppmS E$HSH
=

¥1. nAAEuxolA  s2E  BA (6-Bensylaminopurin) AA# &

hygromycin et SRR ey g & n| 2] = R
(&+9):ppm)
BA 0 BA 5 BA 10
hygh hygl0 hyg20 hygb hygl0 hyg?20 hygh hygl0 hyg20
Shoot 160/614  108/628  0/230 106/653  67/633  1/219  140/699 66/637 5/218
Formation  (260%)  (172%)  (0.0%)  (162%) (10.6%) (05%)  (20.0%) (10.4%) (2.3%)
GUS 109/160 82/108 0/0 78/106 51/67 1/1 96/140 53/66 5/5

bos/Shoot  (631%)  (759%)  (0.0%)  (736%) (761%) (100%)  (69%)  (80%) (100%)
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A 6 A 32X BA(6-Bensylaminopurin) AA & & X
Areke wE FA A v (AN L)X AL )

T2 HAAY F SI wiAo] A4 & AF flat sideE up == downo =z Lo}
%,

% shoote] W4 2 FE&Thel #ale] Lolr At =y

rlo

+ AdS fste] HeEAEe dEAATE AFEsa ofazvrE e

pTOK233/ LBA4404E A}-&3 3t

5

>
k%)

Al &
=2

HS

I sdet

d

W) Agrobacterium preparation

01— /\164‘1/}‘ E 6]—

=

t}) Agrobacterium infection and Co-cultivation

2}) Wash-out and shoot induction
Aol e o Ay} Fde, SI-O wiA o flat sideE up¥}
downo. & o] 43 & 25408 SI-@9 SI-@wA &AF
of 528 AAY F APLFUD] e ASAEE vusis o9

.
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"}) GUS expression assay

o AYI} BY

4. 23

BA 2% AAg F x4 Wk shoote] TAELS BA 10ppm A &9 45
= A9sla flat sideEs upl & A3 H9-7F downo 2 xAsE HA9-Hh
33kt BA 10ppm # 2 ¢ shoot WAL ttE F ZH$-9 & A4S
B+ flat sideE downo = |43 A5 o ¥Ao] FEstArt. Shoot
A Adste] GUS 23 94| flat sideg uplo.2 A4
BA 10ppm Ao 3¢ vk ¢3S ®Belvh 23 shoot
5 Hud 2 BE AP+ S flat side downo 2 XA A9-7F I
3o flat side down®] X|dWwo] 28 AAg Fox FAAS] a&3F
o EH7F ASS HAFATH GUSTEL Al7|9F AEEd oAM= ¢

AAAITo} VAR FA s ofg A BEE

e
o
o

0
fol
ol
pats
i
=

. E2E AALE,  APPgel  FRAB nAE 9
(&9]:ppm)

BA 0O BA 5 BA 10

flat side flat side flat side flat side flat side flat side

up down up down up down

. 130/503 138/739 102/536 71/759 88/635 118/701

shoot formation (25.8%)  (187%)  (190%)  (94%)  (139%)  (168%)

. 87/130 104/138 72/102 54/71 58/88 91/118

GUS positive/Shoot  (66.9%)  (754%)  (10.6%)  (761%)  (659%) /(771%)
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1. &3

AAg & MA N wjo] FAAMEA Mo B} g7 Y& o= I
Tste] T28 dAA & AA] wjfe] A giE dolr ux A o] 7y
ATt

2. A8

= A7E fste] HEAEe dEAATES ARSSal ofaRdH Y ES

pH11/EHA1052 A}-&34

3.
1) %
F P} FAY

W) Agrobacterium preparation
=89 Agrobacterium< FAX3 39A kanamycin?Bmg/ L+rifampicin
2omg/Lo] ¥3dH 1A YEP v A9 streking $F $ 28C incubatorel A
3UTF st

t}) Agrobacterium infection and Co-cultivation
TulF Wi A= 100uM acetosyringone©] ¥3HE AAMHEI A, AAM+BA
5ppm, AAM+BA 10ppm, AAM+TDZ 2ppm, AAM+TDZ 5ppm<] Bl =]
s HlskA

sufeF A ele] Addme o A9 v

-

1

juis)

2}) Wash-out and shoot induction
W2 23 A& & 500ml/Le Timentin® 0.05%2] Triton X-100
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o] x3tyl Wy =E 208 Aoz 53 MAHS T Liquid A3u]= <l
Shoot induction WA=  SI-@(SI+cefotaxime  100ppm+timentin
100ppm+hygromycin  10ppm), SI-@)(SI+cefotaxime 100ppm+timentin
50ppm+hygromycin 10ppm()¢] FF7F WA & A&t =, liquid SI
A= 100ml AHZFEeh==e] 20ml% uro] wEste] AREskth
A Hde SI-O liquidii Aol 10714 vrel xde § 24T Wi
Aol A 110rpm o2 18413 Fx23 A3 dxdozm AFAZGY. 2
T+ ¥ SI-@uA & o] 45kl shoot SEWIAIRZ o] A3t AY GUS #4

"}) GUS expression assay

ok A wdE

4. 23
BA, TDZ AA2 % shoot ¥ callus WA FAHS H=ZAo] Ayl BA,
TDZ HA8 % shoot #A2 BA 5ppme] F%7}F BA 10ppm®] FERT} Q
3393 TDZ 94 2ppme H=lA TDZ 5ppme & EHET} shoot A o]
Fsote] LEEo sES ARus AR sE2ES At GEE B
T BA, TDZ HAe % callus 242> BA Sppme| FEoA+= Bl uH
JastAd oy 10ppme FZ=A = callus?t A A %9}31, TDZ A&l A=
TE EFoA callus7t AR gkol BA AA el Aol tha AolE W
itk BA9F TDZ dA# § shoot T2 TDZ 2ppme] F=olA 71 4<%
St IL callusi= BA Sppmol ARt WA SHATE Shoot AL S=228 A s}
A FE A O FEst oy calluse] TS SEZ A7 B ¢Eskd
a1, B shoot] size R FEI7E 2] AP oA FAS AolE HolH
Yd53dT. BA, TDZ 7t 5% GUS #4723 shoot WA A#ste] BA
5ppm, TDZ 2ppm F=o]A GUS o] %4331 BA SppmolA1¢] callus
= GUS #4243 2dW =7t d35stitt. TDZ 2ppm®] &%=l A shoot T4

o

O

D



&< 7 FEstdey GUS 2de 49 z=28 dAe e oA 2
Aol S HolA ga e e Ay AT dfFEe] shootoll A GUS #
& Hol = AAY7E a7 Se BTk 2R shoots GUS
HALE 2 A Aert dRedlen zE2 AL di e GUS
HHS B HAuiete]l 7] Aol 3 des WERNAT o] 29
A3 22 AAe Foll, AT A Ads & F5 S Y=
o A F7MATIE Aol FHste] o] BAe] B3 537F Sd T ol

Cont BA TDZ
on
Sppm 10ppm 2ppm Sppm
: 17/368 20/350 19/345 23/384  20/368
Shoot Formation (12.8%) (5.7%) (55%) 65%)  (54%)
GUS bositi 21/368 16/350 15/345 18/348  17/363
postve (5.0%) (4.6%) (4.3%) (4.79%) (4.6%)
i 21/47 16/20 15/19 18/23 17/20
GUS positive/Shoot (44.0%) 80%)  (78.0%) (780%)  (85.0%)
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A8 A ZT2E AAHY liquidil A Aol FAASA 9
9 mA= IF

I

T2 dA g} liquid WA A e o] FAMRAZE FAYA A A LA
A il E7hA AEsteEd Ae TS Ldotry] fate] AdS s
ATt

2. A=

v A HEAszs dFEHEITS AMEsHen otamwH S

pTOK233/ LBA44045 AF-&-3t it

3. 4H
7 %F
S APy I

W) Agrobacterium preparation
oL /\164 J,]. Eo z‘ﬂ—

=

t}) Agrobacterium infection and Co-cultivation

o] 3}

o _
o A L9

2}) Wash-out and shoot induction
o Ay FAE

o) AEE BA

F717 FAA ste] 1R ukol Al 10ppme EFFF AT Sl Aol P

NEES A4shel AEelng 2SS,
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31wl
Ao A o] AlLGE Aol = FAHEe] Hls] 953 =2 AEES UEY HY
. 53 Z2E Auglel dAMRAAE o] §ate] 457 HUS AL o
= BE ARE BEsg.
%l AP 28 A7t EASA AEE A= G
Control hormone treated

Agar Liquid Agar Liquid

3/30 - 15/46 41/130

(10%) (0%) (33%) (32%)

_63_



N

B
ot

1. 322 e} HAFAA A ] Auks

A&EES] EF
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a2 EEAE 2 AAFAA A AT 5 AEstAel E GUS 4
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A9 d FHFA FIdE HUPE T FEAE

n| X &= F g
1. 25

A=
obR i, AA7ZEA AP 2 HAPLe F FAHIHAY wwd
Hop 2 1880 A Adys st & Ads s

o},

2. A&
A3 E Qe AEARRE dEAAFTS A olaRdtH e

pTOK233/LBA44045 A}-&3} T

3. 1
7 3F
70% ethanol XA+ 9 12N HCI 3.5ml3¥} 5.25% sodium hypochlorite
100mle] &80l & vlAAolEH o 24X 3F 258 § HrE petri-dish
of BF F 24TujgANA 16A17F Fx03 A oz AFA
Atk

W) Agrobacterium preparation

o A TAF

t}) Agrobacterium infection and Co-cultivation

FAds Jd A3 AP AgrobacteriumsS suE wix| 7} H7bH

50ml ZYFHo| OD# 054 x=e o] Hr=E Fof FHS FH 9
A9 =d3 W oz HE: 3 5 AgrobacteriumsS A A7 AAM
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2ol Al Hels YW 3D-shakerE o]&3to] Ast= 2087+
A CCM v Aol flat sideE oF# = 3dFo] 34 7F 24T

shaking 3+ %
I tHCo-cultivation medium: A FA % Fa1).

Ay okl et
2}) Wash-out and shoot induction
A Aol AFE A3 o] 3 E ALt

0
T hygromycin®] 7t A & SI-@uiA el 10714 7
o flat side up® 273 F 24T viFA oA 18A1ZF Fx3} 847
ol 2 A0 2 14U 7 A2A AL 2
@ A & hypocotylS A7 3Fe] o
SYsHA 1443 AFAZ T A4

hygromycin 10ppme®| 323t SE HjA|Z o] 2435} shootE A FAIF

=
k3
t}. 4em o)A shoot”F AHEFH root medium S E o] XA 71 & A EH @

% hygromycin 5ppme] % 7}¥ SI-
21gk & SI-@uf Aol A 9] AS=73)
289 A cotyledon®} callusE #| A3+

N

1—4_4

el AADALE Fof APRS AfFA e F 49 ds Ya wA &
o} 2t} DNA extract Buffer [7M urea(210g/500m¢), 0.3M Nacl(30m¢
/5SM stock 500me)] & 6ml H7kste] # 41e] & $, phenol/chloroform

6mi= H7bskar Hds HpowA s 4o FAvh 12000rpm o=
1027 dAEdd 5, F5d9S wA A tubeoﬂ wATAY. 4
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A)

volume? chloroform¥ 7} &, AAH3s FAFem 1 12000rpme = 10
w3 AR F AFAE WA Af tubeol &AFIAT 1mee] 4.4M
ammonium acetate(pH5.2)& 2 3iL, 28] F3 9 et&S Hrts o &
wkste], Wi a4 208 o4 B #Eth 12000rpm o2 1587 94
2 sto] pellets 2o, AS5HS Heg ., ZF pelletS 1087 2%
t}. TE buffer 0.5méol] =o]i, RNase 1ulES H7Fste] 37Co 1475 <t
A8 stA k. 218l 3, phenol/chloroform 05mlS Hir HFH3] 4o F%
o &S 12000rpmo = 103 AAEE i dEAS wA Al
tubeoll =71 & %< volume? chloroform? 7}&to] A A3 ke 23
stk oAl 12000rpmo.2 1023 A EEe &, A5 el 1/10
volume®] sodium acetate®} 1m¢e] 100% ethanols ¥o We el 20%
o] H¥sA k. 12000rpmo.2 1577 dAlE8sted DNAE pellets)
gths TE buffer 50utel DNAE =3t HSA o2 FREs F43)
o] DNA9 4& =439 southerns 2 AlSFHATH

PCR ¥ Northern £4

TR Qo g dotr 7] flskel Hyg 342l sequences ©]-6
stod PCR primers #2439t 2743 primerg ©]-§3ted PCRS 3
3tk PCR %748 WA 94ToA 587 denatureE 3lal, THA
denatureE ¢3le] 94Col A 45%, annealingS 9 3te] 55TColA 45%,
extention 72T 13 30% A#g AAES 353 wHEg & mixgo= 7
2T A 733 Akt =g EdFdare] #d of

st FA Al FAHIANZEE RNAS FE39 3 Northerngnstjr<
3tk ERNA F&& 93sle] SOL DMUM guanidinium thiocyanate
23.63g, 25mM sodium citrate pH7.0 1.67m¢ of 0.75M, 0.5% sarcosyl 2.5
m¢ of 10%, DEPC-treated water up to make 50ml) 10ml/g%}
2-Mercaptoethanol 755 92 50m%2] tubed A& 1gs HAADAALE

Fol7t  FA Zol Yo vortexste] A2 10~15% & F, 2M
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Sodium acetate(pH 4.0)2 0.1 volume(lml)S 22Ut I F, phenol
(water saturated)S 1 voulme(10ml)S ¥ i, chloroform/lisoamyl
alcohol (49:1)% 0.2 volume(2ml)& ¥3il, 159 inversiondle] icedl
1587 A3 & 4T, 12000rpme. 2  20%-7F  centrifugest A t}.
A A tubed &7
chloroform/lisoamyl alcohol (49: Asde] 05~1 volumeo] U
Y3 185< inversiondt gt 2 & 4T, 12000rpme 2 20%7F 3
FE e WA Al tubedl &7
, 1 volume®] isopropanol< % il inversiondte] 5 4ol -207TC 9l
A IAIZE AEsd. 1§ 4T, 12000rpm o & 20%-7F centrifugest
t}. centrifugeE 3 & FFYES WElal RNAE HolA 750409
solution D(or DEPC water)E& %] pelletS =t} Isopropanols &%
volume®. & Y% 4T, 1200rpmol A 15%7F centrifugest it 5
S g1, 70% ethanoleS 1ml¥ 12 4T, 8000rpmoll 4] 10&7F centrifuge
3}, 70% ethanols ®g]al 7j3to] ity 13 DEPC - treated
waterE 5000 ¥ ZF =9 FH AHEFI T membraned WHEO]
northern blotS A A]3F%1th Nylone membranes %Heon 1 Wy
Ut 2
HA719%53 Ae Ha3 wF ZEA] nylon membraned transfer & <Y
of 5% WA downward alkaline transferyHoz AXd &
overnights ¢t transferstth. =2 5 Neutralization& 2ol 10%#3F A €
gk %, 107 AF=AA UVA et
Northerne] 223 proveE TE7] 98] HygHdAE PCR3H
Accuprep” Gel Purification Kit(Bioneer)S AF&3}e]  elutiond} 9 .
PCR %71 denaturation 94C 45%, annealing 55C 45%, extention 7
2C 1% 30% A3 HAS 353 wbEs o™ 19 agarose gelS THE
o] A71Fse A HAHg Afo]=e] WHETE LERRL

centrifuge® 3 & A

o[}Jr

N aL
D<=

O mlo

N

O centrifugedt i t}. CentrifugeE 3+ 3
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4. A3

wdl e} ojete] 4
1$ﬂﬂ1

2] shoot7} A3} =Hl

ko]
o}
% SE

wk o
5

Hygromycin A14to] o] Fo] x| =
=

Zoj7hm

o) O
=

ddo] A&
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Ml =8 Fx)oz A3 Adw
73

shoot/callus pad”7}
g A3} shoote] HHAY 2 FAAE ofF

Agh H2] g

= shoot 9 o3k GUS

BEEDEREE

A3} z7]9| hygromycin®l <]3%+

Hjx] 2 o]2]3 ¥  shoot/callus pad’} T ZAEATH
SE A o] ZHke] @A gk shoot

F 2
F48 Aot Aol @

7d$-2] shoot= hygromycin

AT

o~

=2 T
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Soybean Transformation by modified lab protocol

’ Germination ‘

1
— ’ Agro-infection & wash out ‘ — ’ Thiol-compound
1

’ Liguid selection w/hyg ‘

0 & [4weeks]

’ Shoot elongation ‘

0 & [4-7 weeks |
= [2weeks|

E1 AT Wy muiE o R FHPES MAES] AxFAHE v
Minnesota Lab. Proto

) 200/778 87/590

Shoot formation (95.7%) (14.7%)
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a2 A A FAASNNZEEH =Y FHdx2 PCR &9l
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JEHAY: AFZE GEAUEAN 2 7Y
marker 7l

[. A453

A4Fe HAZRE FFole sho] Yo nE o §3A, AT Flo] thael
FEAolo] FfElo] drke Aol a4 T AABAE T F Jonw
AEAMA 2 AQH 9REE ol §H7} ok WA B AEAAE 447 E9
of Gid HEAobde F- 44 BA J1ES AR, d4F FA4Ae FF
A B4 BAstel 2 gEAChd $i AA4F AN Austuddd, £3 <
EAold §Ee et faAs AvE oA GAS F2 AT o A 9 ®
21k b4 Woli SSR mAE Awsta, Avtd wAE o gate] F2 FdelA e
FARY P 2AEE, F2 AAE $4 EACR @ 2Ae st @l

I A5 9 94
1. 3 GEACY ¢ T $ARY Auw
7F FAAYL =3 2 A

T FEAeh §F fAA4US Awets] sl 44T fAA9e TpAR
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2. StEA LY &F AdAvHA &
7 RES A

= AR AdE vAE FAE 7] 95k CHEA]

ool 8ol A 2= vt oA RE ITI’305(FE=FEH G427 = 5

el A FIHAS 7 A EA F5ES ol &5t IT182305+ 3fAjo] wlAlo]
TE O

=]
W 10095 L 470 AR AMES] F7 FHE moln, F5L o] 2]
e

2001 4ol F RIS 24 mFate] 5o wujsiA 7ol F; seedE T
gstadtt. Fg3g Fr seeds A 3E5te] Fy plant®] A2 F4& Abste] FF
AEe AR ZFEAl #1TE MAE ArrAske] 2001 11299 Fy seedE ¥
53ttt 88 Fy seedi= B 7 2002 52 249 x| mEste] RS
AASFATE AA 27070A1 2] F FollA =2 1INAE Adste] AdvtA g4
o] &3ttt}

. Genomic DNA F&

Genomic DNA®] F&2 20029 A x oA ZE I F, JaoA At 119
MAN A i S AF s CTAB WHow FE3uth AHT oJdel 2~-3%S
WAoo -270TC ] HstHAAE A9 Fo] g5 WEsAzl vs vAg 7
2 wE9] 15ml Polyprophylene tubeo] 200~250mgS Y1 5mle] CTAB extraction
buffer [ 1M Tris - HCI(pHS.5), 1% Alkyltrimethy ammonium (CTAB), 5M NaCl,
0.5M EDTA, 1% [-mercaptoethanol 15 Yol ¥ 60C=E FXA & F2F30 14
A% T@HAA shaking Al ZHTH F2FxoA AW FH A2olA 3074
m¢ 2] Chloroform : Octanol(24:1)& Yo 20 A% 2ol shaking sllsvh. 94
2]7]e] ¥ol 3200rpmo.® 257 FF A EE AlFTh A Fom e A &S
S gy or FA~HA NEZE 5m Polyprophylene tubecl 74%&o] &AFaL 2}71S
Isoprophyl alcohold 0.8~1.0 volume HE=E Yo DNAS AL 3Heldtdc). 3l
S o] &34 FHE DNAE M= Micro tubedl &7 with 1me] 76% ETOH -
0.2M NaOAc o 20% &<, 76% ETOH - 10mM NHOAc ol 1% &<t AFA
mpA o 2 70% ETOHZ 1% &<t AlFstn 9ARe 7|8 o] &84 pelletd el 2 Z
HAAAA ZFds W d2dA dxA3T 443 34121 DNA TE[10mM

= Al3E]
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Tris-HCI(pH7.5) - ImM EDTA]E A3 ¥ol4 A2 F 4Col Stock DNAS X
st

Genomic DNA®] 55 #lst7] 91314 Agarose geldll B&S& sttt WA A
28 tubed EFF 602t ZF sampledl A Stock DNA 105 ol Hil Sample
buffer [ 0.25% (W/V) Bromo phenol blue, 0.25% (W/V) Xylene cyanol FF, 15%
(W/V) Ficoll ] 3uE =33t th. 05X TBE buffero]l wE 1.0% Agarose gelo] 1
THFAE FFEA 100Vel 30+ E H719s Azl ¥ EtBr(Ethidim Bromide, 70u0/
2)ol 208AE FMA7 L FFHg A A A Image Analyzer System= ©] &3]
Genomic DNARF5 #Hdstdith. Aol S017b7] el Stock DNAE A48 &o
2 37171 Y8l UV-vis SpectrophotometerZ ©]-83}] Stock DNAY F=Z
el 26ng/m 22 TER NS WolA A A%

Z}. SSR #A A

FolA FA s Aujets wp FAAE FEA O
= Aoz dHA Ao (Hegstad et al, 2000) FEA oA
AHE mAE FAs8H7] 98t dAH o E wp FAASE <

2 Awstgt. wp FA8AE A Soybean? ﬁ%ﬂrﬂ+ D1b+Wel A3
131 3li= SSR w7 2770 & Adeivh. Awd 277§¢] SSR vkl
, 971 <€e Table 13 2t}

no{l FL

=t
J

r&ﬂ

po)

o

fru

o 1o
A

™

w

wn

=

PCR % %S9 1040 Genomic template DNA 2u0(25ng/ul), Primer 2p0(2uM/
©l), 5 unit Taq polymerase(Fisher Biotechnology), dNTP[ 25mM MgCl, 25mM
Tris(pH85), 25mM dATP, 25mM dTTP, 25mM dCTP, 25mM dGTP ], 5X
reaction buffer [250mM Tris(pH 85), 5mM MgCl, 100mM KCI, 2.5mg/ml BSA,
12.5% Ficoll 400, 1%(W/V) Xylene cyanol 15 Z%3}3th. 10x02] HES-o1S PCR
tube (96wells MJ Research, INC)ol| &F38la F& S-S HXs7] 98] 102
Mineral oil (Sigma)S w3383 t. PCR $&  thermo-cycler (M] Research
PCT-200)S AF&3tth. ols 7199 DNAZF & 7F=e] DNAZ =+ Denaturation
A A 94C 45sec, 3+ 7F=He] DNAO primer’} A sl annealing™@ A= 47C 45
sec, AH7Ieo] A EH = extentionth Al of A 68°C 45secE 38t cyclez A 2% cycle
S ZZ3rt =ZH fHNE 4T AHE HA T 6% acrylamide gelel]l 7] =3

A silver stainingS A A3+

r@":l~

.ﬂ
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B},  Gel Electrophoresis and Silver staining

DNA sequencing plate set(35cmx*45cm, Owl separation Sequencing system)<]
inner plate®} out plate® WA 7ZL5HA Al F A Ao ZHT 70% ethanole] 3~
43] AX kimwipes tissueZ 7§33} A inner plate®t out plateE @&ttt A2 =
inner plate®ll = binding solution [ 1m¢ 100% ethanol absolute, 10x¢ bind silane, 5x0
acetic acid ]& o] &8l xHo AHestar Fs] 4 F thAl EH 70% ethanol
S Agd FAY}. out platex= Repel-silane Es 1m{S pre-warmingdlo] ZTHol ]
3ol R g o 2 ddH.0E o] &34 A g stgth A=0 A plate setE &3] wd &
4dmm spacerZ plate Alolo] ¥ sealing tapeE ©| &AM tapping A &S dF T}
6% acrylamide gel solution [ 18ml 40% acrylamide, 12m¢ 10x TBE buffer, 50.4g
Urea, 48m¢ ddH-O, 2510 TEMED, 0.025g ammonium persulfate ]2 gel plateo] -]
A oA 2A1ZF T geldS =3 &3] Z3F gel 1800 Voltage, 30mAcl
0¥ 4 %= Pre-warming*l #t}. SSR PCR products 6x05 3X loading dye [ 10mM
NaOH 4.9%, Formamide 95%, Bromophenol 0.05%, Xylene cyanol FF 0.05% 1 30
9} Zgsk & 100TCe] 58 AHAE #E2A F icedl 53 YA FHY. Pre-warming ®
gel?] tooth combel proucts? 6ulE EF3te] A7|GFE AASYHT. loading
condition2 1X TBE buffero] 1800 Voltage, 30mA, 2417t 5<t loading® &S 3%

t}. loading® DNA sequencing gelZ%E out plateE £23 ¥ Binding¥ inner
plate®] gelS fix/stop solution(10% Acetic acid)ell 20%3F fix A @A Z o} fix =2 &
gelS ddH.O9 284 33] AHstgth. 728]2 Silver staining solution [ 2 ¢ ddH»0,
3g silver nitrate, 3m¢ 37% formaldehyde]ol 30% &< A4S A3 F ddH0°l of
2F 10 AE MAAZY. A2 % gelS Developer solution [ 24 ddH:0, 60g sodium
carbonate, 3ml 37% formaldehyde, 400x¢ thiosulfate Jol ¥ o] A band”’} A™H3A H
& w7}A] DeveloperAl A th. Developer’} €4 & ZA] fix/stop solution(10% Acetic
acid)oll FolA 5EAE fixA| Itk vpA o2 ddHO°l 3= A HA T 2o A
gel& T3 ZHFAY. Ax¥ inner platew A =79 FFAd Qo Fx
APC(Automatic Processor Compatible) film< gel®lol T gel Aejol wab ik
40~50% AEZ FFELUS AFstgr Aa3d APC filmEs Developer solution
(Kodak developer)oll ©#A band’} AwstA yWeld w7« @4sk $o] ddH.O0
MAH A A} Kodak rapid fixer solutiono] 5&7F 14 A71% mpA vt o 7 ddH,00 Al
Atk AlF o] 2 52 A2olA Sds A EE A bandE A data® At
&3k
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Al. Linkage Map Construction
% ZEZF polymorphisme ©A&9 L %

Adkgk SSR WA E o] &3ste] WA

R adAds Hole wres Fo AldielA mkA Zeju)7F &4 5 At Interval
mappingS ¢t AR datax MAPMAKER /EXP v. 3.0bZ Al&3] 42 A
T2 ZAsgtr. LOD (logarithm of odds ratio) 4.0, maximum recombination
distance 50 cM2. 2 grouping 3+ ‘Compare’ commandE AF-&3F] groupti ol A
A ES] A7 AAHA-NY. 144 AElE mapping functions AF8-3Fe] centi-
morgans (cM)Z A% 7HAS 331927 Ripple’ command® A& 75 38F% o

of, A# wA &A

dojz AdE 119719 FoAIE 83 & AA T3S 7H 6371¢] 7iA=
g s 9 JRAE QFEAlobd 3heE mbA o] - e]H] datag o] &kl FEAJoA
nl7] = 213191t} Single Factor analysis< SAS program(proc glm)<
Interval mapping< MAPMAKER/QTLS ©] &35t}

ok

H
T

3} A

[e]
o] &3] aL
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Table 1. Name, linkage group, and sequence of SSR markers selected to detect
parental polymorphism

Marker Group Sequence

Forward CGACCAGCTGAAGAAA
Reverse  CTGAATACCCATCATTACTTAA

Sat_069 D1b+W

Forward AATTTTTTCTGTTGTCAGTGT

Sat_089 D1b+W
Reverse TGGAAATGTTAAATGTATGG

Forward GCGCCTCGCCTATATTAAATTACAAAA
Reverse = GCCTCCGCCTCCGAAATACACTTA

Sat_135 D1b+W

Forward TATCCTAGAGAAGAACTAAAAAA

5 DIb+W
Satt005 Reverse  GTCGATTAGGCTTGAAATA

Forward TGTTGTGTGGCTTTATTATT

41 D1b+W
Satto Reverse TTAAGGTGGGATATGGTC
Forward CGGTGGTGGTGTGCATAATAA
Sattl41l D1b+W
Reverse CCGTCATAAAAAGTCCCTCAGAAT
Forward GGGCTCACTCTCGATAGTAGGTATAAAG
Satt157 D1b+W

Reverse ~ GGGATACCAAAAGGAATAATTGTCTT

Forward AGCCTCCGGTATCACAG

172 DIb+W
Sattl? Reverse CCTCCTTTCTCCCATTTT

Forward CCATACGCAGCATTAGAG

Satt18 DIb+W
Sattlsy Reverse GCTATTTGCATGTTGAGAA

Forward TACCCTTAATCACCGGACAA

Satt216 D1b+W
Reverse ~ AGGGAACTAACACATTTAATCATCA

Forward GCGAAACTCTACGGGTCAGTAGTTAT
Satt266 D1b+W ) o . . .

Reverse ~ GCGTAAGATGGCCTAGAAAGAGGATG

Forward GTTGCAGTTGTGCGTGGGAGAGAG

Satt271 D1b+W . .
Reverse ~ GCGACATAGCTAATTAAGTAAGTT

Forward TGCGGGACAATTTTAGATTTAT

Satt282 D1b+W
Reverse  AGATGGATGAAAGTTGGAGAAAG

Forward GCGGATTTATAAAACATTAAAAATCA

Satt290 D1b+W o o
Reverse  GCGCGCACGGCTGAAACACTCTCTCA
Forward GCCCCACAACCAGAAACAC

Satt296 D1b+W .
Reverse GAAATTTGGCGACTAAAAACTGC

Forward GCGGGAGTTTAAAATATGCTTTTG

Satt350 D1b+W
Reverse ~ GGCTTAGGCTTTGTGTCTGGAAGT
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Marker Group Sequence
Forward CGACCAGCTGAAGAAA
Satt412 D1b+W ]
Reverse TTCCTTTTAATTCTAACATTGAG
Forward AATTTTTTCTGTTGTCAGTGT
Satt428 D1b+W
Reverse GCGGACCAGCTAGTTTTTAATGTG
Reverse AACTGCATACCCTTTGTTTGAA
Satt459 D1b+W
Reverse  GCCTCCGCCTCCGAAATACACTTA
Forward GCGAATTGGCATACATAGTACC
Satt506 D1b+W N e .
Reverse GCGTGAATTCGCCTAAGTTTAT
Forward GCGTGTACATCAAAATGGTGTATTC
Sattb37 D1b+W .
Reverse GCGGGAGGAACTTTGTCTCAGTAA
Forward CACCAGCACAGAACAATCATTT
Satth42 D1b+W
Reverse CACGGTCTAACCTTTCCTTCTA
Forward TGAGCGATCAAGAAGCACTTA
Satth46 D1b+W ) N
Reverse TTTGGATCGCATAACACTTTA
Forward CTCACACCCTTTCATTATCTA
Sattbs8 D1b+W . .
Reverse AAATCGCGCATCTAAATTTAC
Forward GCGATTGGTTATTCTGATTAAAT
Satt579 D1b+W . . .
Reverse GCGGTTACGAAAATCGTAAATTGATG
Forward GCGCAGGAAAAAAAAACGCTTTTATT
Satt600 D1b+W o A N,
Reverse GCGCAATCCACTAGGTGTTAAT
Forward GTGGCTCACAATCAACGTGAGCATCAGA
Satt604 D1b+W

Reverse

CTGTGCCACTTATGATTTGGTAA
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U, AT ALY AEAI THF 4

1) % 1 1%94-20% v ghe & e 48 A HF=
2) o3} : Toyo 5B 2 0.45¢m membrane filter

3) M&= EA : hunter L. a. b. ¥4

4) Mg o 94 HPLCEA (530nm, ODS-120T)
5) ZAMEE @ QEEAJob ek 9l e

3. 84z

£ L #2808 44F 59 34 dEAohe) F¥ L FY 54 v
=z 22 0u) FAE Hunter value (D65/2°) SFE Ao}
(@ 530nm) L a b (mg/g)
1% HCI-H0 0.119 83.56 11.30 291 399 at
19 HCl-202%MeOH 0.151 82.19 14.23 2.58 425 a
445 15 1% HCl-409%MeOH 0.159 81.34 14.82 1.96 382 a
19% HCI-602%6MeOH 0.190 80.01 17.61 1.16 401 a
19 HC1-802%MeOH 0.168 83.00 1597 0.22 3.38 ab
1% HCI-MeOH 0.229 78.67 21.78 -2.33 2.44
1% HCI-H0 0.230 80.21 20.80 3.57 7.33
1% HCI-202%6MeOH 0.292 76.39 25.67 2.29 761 a
EAGT 19 HCI-402%6MeOH 0.315 76.45 28.09 0.13 755 a
1% HCI-60%MeOH 0.370 70.43 32.14 -1.76 772 a
19 HCl-802%MeOH 0.343 73.17 31.39 -4.20 6.76 a
126 HClI-MeOH 0.443 69.09 38.42 -6.06 4.80 b

¥ Means followed by different letters are significantly different at 5% level of probability by
DMRT.
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E 2 FEWEE AT $9 W dEAchie g% % §% 54 wa
=z =z 3T Hunter value (D65/2°) obE | o}y
(@ 530nm) L a b (mg/g)
’$2(25C, 72hrs.) 0.143 82.19 14.23 2.58 4.25 at
#]&(4°C, T2hrs.) 0.133 82.53 13.63 1.81 4.08 a
AT 15 7H2(60°C, 72hrs.) 0.058 83.93 2.69 7.91 0.76 d
2H7(80°C, 3hrs.) 0.125 8340  10.79 4.27 240 ¢
25925, 3hrs.) 0.126 84.85  12.60 2.27 3.38 b
’$-2(25C, 72hrs.) 0.292 7642 2567 2.29 761 a
#]&(4°C, T2hrs.) 0.237 7751 21.66 1.46 6.82 b
dEALF 7H2(60°C, 72hrs.) 0.082 83.46 3.93 9.46 0.65 d
2H7(80°C, 3hrs.) 0.245 78.23  20.36 4.22 370 ¢
2 9H25C, 3hrs.) 0.336 7556 2910 2.65 6.15 b

* Means followed by different letters are significantly different at 5% level of probability by

DMRT.
% 3. 1% QA-200EE o & AeRE A EAohd 3 U FAEA
- o TR Hunter value (D65/2°) OFE Ao}y
e FEAE (@ 530nm) L ) b (mg/g)
3 hr 0.105 82.28 10.34 1.53 3.40 bt
6 hr 0.130 83.95 12.62 2.00 3.98 a
12 hr 0.150 85.35 14.23 2.58 4.08 a
A4Z 1% 24 hr 0.144 82.51 13.65 2.45 4.04 a
48 hr 0.158 80.70 14.91 2.4 411 a
72 hr 0.152 84.89 14.42 2.51 410 a
96 hr 0.144 83.23 13.69 2.22 4.07 a
3 hr 0.227 76.40 20.79 1.63 6.38 d
6 hr 0.283 74.74 25.11 1.97 785 a
12 hr 0.301 72.69 26.20 2.25 8.06 a
dEABF 24 hr 0.298 71.17 26.11 2.16 7.80 ab
48 hr 0.293 74.67 25.96 2.28 779 ab
72 hr 0.266 73.69 24.81 2.22 7.45 be
96 hr 0.264 71.37 24.53 2.11 711 ¢

* Means followed by different letters are significantly different at 5% level of probability by

DMRT.

% 4. HPLC ol % 249

Y 1,0 : MeOH : Formic acid

2)

+++++: excellent, +++: good, +:

THE EA

bad
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Peak Rt.(0.7m{/min.) )

o] =AY 7z & Hal EXN Aar?
15 @ wlem) D3G | C3G | PBG =F 5% T
%0:15: 5 n-Bondapak C18 1168 | 1384 | 1822 | Rt A4, EaE8= | +++

Nova-pak C18(15) 782 | 1154 16.56 ol Ry EF +H

u-Bondapak CI18 884 | 10.10 12.19 e B3 T

005 Nova-pak C18(15) 4.44 6.04 7.46 2 45 ++++
ODS-120T(30) 12.00 | 1652 20.38 Rt A <A +H+
ODS-120T(15) 6.79 | 9.58 | 12.29 8 43 T+

0955 ODS-120T(30) 876 | 11.22 12.65 g 43 ot
ODS-120T(15) 6.12 795 9.21 e 4% +++

65:30:5 ODS-120T(15) 434 513 6.88 =y EF e+

D3G

C3G

P3G

2

4

6 8 10 12

14 16

18 min

9 1. HPLC H& EXzA(EY - ODS-120T(15), o] A - 75 : 20 : 5 = HO
MeOH : Formic acid) oll41¢] ¢tEAJobd #2] chromatogram

4. AT /ALY FENIY FF £
¥ 5 QHEAON @, FRE W Aue gy w4
FE= H71(L) A E=(a)  FA=D) tEAoR FHeF
FEE 1.00 —0.9173:x 0.993s: 0.929s 0.994 3
w7 1.00 —0.918s:x —0.8283: —0.909:
e 1.00 0.895% 0.983s#:
A = 1.00 0.9465:
FEAlOb T 1.00

(n= 198, 0=0.05 r=0.13662,

1=0.01 r=0.17919)
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K
o))
o
o
ol
Ho
L
)
(o,
of\
=

AEAloh B So] 24 AE

T & AE4 Source (IT No.)
186084, 178374, 178739, KLG10686, KLG10681
T 1g% 19 178751, KLG10680, KLG10702, 177417, 186058
QFE AJo}yl 15mgo] At KLG10701, 177360, KLG10727, 180852, 180856
177295, 177321, 180141, 180220
€3G 9= 3o 3 171140, 175950, 183899, 183908, 183928, 177283
177379, 177383
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oD @ Hunter’'s value Anthocyanin(mg/lg, seed coat)

No. Source 530nm
L a b D3G C3G Pt3G Total
1 170989 0.33 77.03 | 28.39 3.09 2.50 8.09 0.34 10.93
2 170991 0.03 91.66 2.88 1.23 0.56 0.56 0.00 1.12
3 171016 0.38 7295 | 3197 3.36 2.62 851 0.88 12.01
4 171044 0.01 88.01 0.78 0.37 0.46 0.23 0.00 0.68
5 171044-1 0.04 89.36 411 1.36 0.46 0.95 0.00 1.40
6 171117 0.01 88.63 0.95 0.64 0.44 0.27 0.00 0.71
7 171138 0.01 91.81 0.63 0.38 0.48 0.24 0.00 0.72
8 171139 0.06 87.08 5.89 1.48 0.80 1.05 0.16 2.01
9 171140 0.01 93.40 0.64 0.39 0.00 0.27 0.00 0.27
10 175855 0.37 7471 | 31.14 3.81 2.08 10.32 0.51 1291
11 175950 0.18 85.19 | 16.70 2.62 0.00 6.28 0.00 6.28
12 1759501 0.15 84.43 | 14.41 1.14 1.75 2.63 0.40 4.78
13 175993 0.11 83.05 | 10.86 1.03 153 1.75 0.06 3.35
14 176012-1 0.05 90.59 5.05 0.57 0.71 1.45 0.00 2.16
15 178368 0.28 79.98 | 2553 2.40 2.11 6.99 0.60 9.70
16 178374 0.44 7379 | 35.39 457 2.71 11.67 0.78 15.17
17 178375 0.11 87.83 | 10.82 0.69 1.32 1.88 0.36 3.55
18 178376 0.41 7419 | 3361 4.36 2.17 11.63 0.64 14.44
19 178513 0.22 82.68 | 21.10 1.87 1.23 6.04 0.23 7.50
20 178609 0.24 81.70 | 22.31 2.32 1.54 6.37 0.45 8.36
21 178695 0.28 78.60 | 2544 2.40 2.21 7.03 0.35 9.59
22 178701 0.22 81.60 | 21.15 1.63 1.87 5.23 0.29 7.39
23 178703 0.23 81.40 | 21.60 1.65 2.01 5.34 0.64 7.99
24 178705 0.36 76.93 | 30.95 291 3.00 7.96 0.95 11.90
25 178707 0.18 83.70 | 17.60 1.40 2.22 3.26 0.48 5.95
26 178708 0.23 83.25 | 21.73 1.73 2.08 5.46 0.30 7.85
27 178710 0.33 76.39 | 2863 3.33 1.79 9.29 0.57 11.65
28 178711 0.35 7478 | 29.79 3.48 2.74 8.81 0.26 11.81
29 178712 0.21 82.12 | 19.67 1.53 1.62 5.12 0.32 7.06
30 178716 0.17 82.17 | 1654 1.14 1.73 3.27 0.52 5.52
31 178739 0.44 7451 | 3532 478 2.25 12.29 0.63 15.17
32 178740 0.21 80.90 | 19.59 1.53 2.46 3.66 0.46 6.57
33 178751 0.44 72.44 | 3550 4.79 2.44 12.16 0.84 1543
34 179942 0.18 82.81 17.32 1.64 1.21 4.08 0.50 5.79
35 180080 0.32 7756 | 27.69 3.04 1.88 8.18 0.29 10.35
36 180082 0.25 82.69 | 2271 2.22 1.73 6.22 0.24 8.20
37 180084 0.45 73.01 | 3556 485 2.89 11.07 0.29 14.25
38 180086 0.28 79.76 | 25.20 2.88 1.69 7.61 0.14 9.44
39 180102 0.28 81.40 | 2518 2.59 2.50 6.06 0.14 871
40 180108 0.24 81.10 | 22.40 1.78 157 5.62 0.63 7.82
41 180141 0.62 63.10 | 44.63 6.14 5.94 11.84 0.63 1841
42 180205 0.44 7298 | 3560 3.73 3.94 8.93 1.00 13.87
43 180220 0.57 7066 | A9 -| 6.79 3.71 14.80 0.30 18.81
44 180253 0.30 80.42 | 26.29 2.66 2.18 7.11 0.10 9.39
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FoE 11148 FdAdS ol &ste] FyolA el dEAohd & £45 83
% F9 01gs Aee] HHFstar 1%9A-20%M e &9 30mlE #
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2. StEAolY F AdAntA &4
7F RE o M

FEAo FFE AAstes FAA} Avd viAE FAG] fske] FEA
obdo] FHFuo] 1 FTI A R ITI82305(8 =184 A= 5F
Tk A THAE T ANTA S5S ol 83Tk IT182305+= o] wAo]
10085 472 opAP 3 Aujge] T3 FEE Holn, F5& sho] Ao

o OlgEeln A% Aol et

50
e
b
e

oo 2 /A

o

j=s

2001 4€e] F RES 240 gFsle] 594 wuaA 7TE F; seedE T
g3t 83 F) seedE A0 3F3lo] F) plante] A4 dAS 2AEY]
S A, ZFEAol A=H A= A7FEASe] 2001E 1199 Fo seedE &
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$88 Fy seeds RET @7 20024 59 242 Tl HEde] BATS
AA 27070 A 2] Fo SolA Aoz 1197445 Awste] dAdntr] g2

t}. Genomic DNA #&

Genomic DNA®] F&2 2002 A3z RE 2 Fy JeoA Mgt 119
MANA Ad8dS AHFHSte] CTAB WH o= FE3Arh AT o4 2~3%FS
Hapapdkol] Har -270TC ¢ AspALE ATe] Fo] 55 dEA v vAg 7
2 "kE5o] 15ml Polyprophylene tubec] 200~250mgs %1l 5mle] CTAB extraction
buffer [ 1M Tris - HCI(pH&.5), 1% Alkyltrimethy ammonium (CTAB), 5M NaCl,
0.5M EDTA, 1% [-mercaptoethanol 15 ¥ol& § 60C® A= 25300 14
B Ax @AM shaking AlZ T 27204 AW 5 Aol A 30EAE A3
ml2] Chloroform : Octanol(24:1)& o] 20 A% “F-2°lA shaking 3|t
g 7le Fof 3200rpm o & 258 FF A4l AFTh Al FoE FEjE Hef A
S o g FA~HA AMEF 5ml Polyprophylene tubed] 7|%to] &AL =}
Isoprophyl alcohols 0.8~1.0 volume AEE Yo DNAC HAS Felstgdr). @
S o] &34 2 xE DNAE M2 Micro tubedl &7 w=th 1me] 76% ETOH -
0.2M NaOAc ° 20% 59 76% ETOH - 10mM NH4OAc © 18 &9 A A A
rpAl Rt 2 70% ETOHZ 1% &<t AlHsta d4Ee]71E o884 pellet’d ez 3
AAAA Sde wga oA Az ¢d3s AdxA121 DNAC TE[10mM
Tris-HCI(pH7.5) - ImM EDTA]E A3 Yol A2 F 4Tl Stock DNAS X
st

Genomic DNA®] 55 1s7] 91314 Agarose gelell B&S& sttt WA A
2 tubed =FF 6 ZF sampledl A Stock DNA 10E Bolx w1 Sample
buffer [ 0.25% (W/V) Bromo phenol blue, 0.25% (W/V) Xylene cyanol FF, 15%
(W/V) Ficoll ] 3utE &3%3tdtt. 05X TBE bufferel W& 1.0% Agarose gelel
Es B A 100Vl 30248 %= H719s 2121 F EtBr(Ethidim Bromide, 700/
2)e 208A-8% AMATIL ZEHF AH&A Image Analyzer SystemS o] £3)
Genomic DNAfr7& 3ttt Add 507}l el Stock DNAE A% Fo
2 X771 Y8l UV-vis SpectrophotometerZ ©]-83}] Stock DNAY F=Z
Z7gel A 26ng/um o= TE] NS wolA A A%

o,

1‘
EONL o o> o

(

i Ho 12 Mo o

I

2}. SSR w7 A
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FolA A S Auiste wp FAAE AEA AR FFS PA
Aoz 4HA 9ol (Hegstad et al, 2000) tEA ol S AAs= A}
A i AE FHAEH] et dAH o wp TR AdE AR &

nAE AUEAT wp FAAE A Soybeand A A E D1b+Wol X3 U
18] = SSR whA 27/E Adstadct. AdE 2771¢] SSR vk el
st wAY, AT, A7 LD Table 13 Zoh

il

PCR & %S9 1040 Genomic template DNA 2x0(25ng/ul), Primer 240(2uM/
), 5 unit Taq polymerase(Fisher Biotechnology), dNTP[ 25mM MgCl,, 25mM
Tris(pH85), 25mM dATP, 25mM dTTP, 25mM dCTP, 25mM dGTP ], 5X
reaction buffer [250mM Tris(pH 85), 5mM MgCl,, 100mM KCI, 2.5mg/ml BSA,
125% Ficoll 400, 1%(W/V) Xylene cyanol 1& &3ttt 10 wH8-91S PCR
tube (96wells MJ Research, INC)ol EF3tx 8 FTES WX &7 f3 1002
Mineral oil (Sigma)S EF3Atk. PCR ¥+%2  thermo-cycler (M] Research
PCT-200)S AF&3tth. ols 7199 DNAZF 3§ 7}=e] DNAZ =+ Denaturation
Ao A 94C 45sec, 3+ 7F=e] DNAO primer’} A ¥l annealing™@ A= 47C 45
sec, FH 7ol FAEE extentiont Al A 68C 45secE §F cycle® 314 2% cycle
S ZEZEYT. =Zg AL 4T AHE B T 6% acrylamide gelol] 7)< %5

o

A silver stainingS 2 Al 3} T}
B}, Gel Electrophoresis and Silver staining

DNA sequencing plate set(35cmx45cm, Owl separation Sequencing system)<]
inner plate®} out plateE WA 7| ZL3HA Al F A A= ZHT}, 70% ethanolel] 3~
43] A% kimwipes tissue® 71%3}Al inner plate®} out plateE @ 3stgct. A=
inner plate°ll = binding solution [ 1m¢ 100% ethanol absolute, 10x{¢ bind silane, 5x0
acetic acid ]& o]l &&fA FEHol AHelsta sl ZH 5 thAl FH| 70% ethanol
S Ay FA}. out plate= Repel-silane Es 1mlS pre-warmingdto] Z ol A2
st x| Eto 2 ddH.0E o] 834 A2 stsdth A=Al plate setE 3] ¢ &
4mm spacerZ plate Alolo] ¥ il sealing tapes ©| &84 tapping A& =S 3
6% acrylamide gel solution [ 18ml 40% acrylamide, 12m¢ 10x TBE buffer, 50.4g
Urea, 48m¢ ddH:0, 2510 TEMED, 0.025g ammonium persulfate ]2 gel plateo] ]
A AL 2417 T geldS =3 A #3870 gel 1800 Voltage, 30mAc°l
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30&4 %= Pre-warming*l #1t}. SSR PCR products 6405 3X loading dye [ 10mM
NaOH 4.9%, Formamide 95%, Bromophenol 0.05%, Xylene cyanol FF 0.05% 1 30
oF &3 & 100Co] 58 AE #<l % iced %3 WAA Y. Pre-warming®
gel®] tooth comb®l| proucts® 6uE B3t A7|FFS AAEACY. loading
conditione 1X TBE bufferoll 1800 Voltage, 30mA, 2417t &<t loading*] 8] & 3}
t}. loading® DNA sequencing gelZ5FF out plateE £ 3 % Binding¥ inner
plate?] gels fix/stop solution(10% Acetic acid)ol] 203t fix A A fix A=
gelS ddH.O9 284 33] A&ttt 181 Silver staining solution [ 2 ¢ ddH:0,
3g silver nitrate, 3m¢ 37% formaldehyde]oll 30% &< A4S A3 F ddH0°l o
2F 10 AE MERAZT. Al2E gelS Developer solution [ 24 ddH:0, 60g sodium
carbonate, 3ml 37% formaldehyde, 400u¢ thiosulfate ]ol ¥ o] A band”’} AH3&A ®H
o wj7}#] DeveloperX] ATl Developer’}t &4 & =A] fix/stop solution(10% Acetic
acid)ol FolA 5FAE fixAl 7tk wpA 2o 2 ddH00) 38 %= Al H A5 Aol A
gele FH3 ZEHFAY. AZFH inner platex 4 ZA9 HIAH Yo T
APC(Automatic Processor Compatible) film< gel?lol] ¥ gel A Hlol whala oj=f
40~50% AEx=Z FFEUS AHFSAY. A APC filme Developer solution
(Kodak developer)oll ©#A band’} Aw3lA yeld w72 @4dst ol ddH:00
M2 A 74t} Kodak rapid fixer solutionel] 53#3F A A|Z13 upzluto 22 ddH,0°l A
HatAnh AlFo] 2d F5E A2dA 4AdstA dH A bande QIS4 data® A}

43t
Al. Linkage Map Construction

Adksl SSR PEAE o] &35te] WA 4 REZF polymorphisme B 4
TR gdEAS Kol mAE Fy, Aol vz vzl &5tk Interval
mappingS 93] 2] datax MAPMAKER /EXP v. 3.0b2 AF&3le] 14 A
== FAAFA. LOD (logarithm of odds ratio) 4.0, maximum recombination
distance 50 cM2. 2 grouping 311l ‘Compare’ commandE AF&3Fe] groupyol A
ntAEe] &7 AR EA R §FH44 A= mapping functions AF&3ko] centi-

morgans (cM)® A% 7+AS FA8H 2™ Ripple’ command® A& #5331
oh. d# mA &4

ez Add 119719 FolAlE 83 5 A4 TS 71 63704 7HA =
FE s gl JfAE QtEAebd $HEE wiA ] EelH] datas o] -&8he] SFEAobd g
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F3l A3 vfAE ©AE99 Y. Single Factor analysise SAS program(proc glm)<
1831 2 Interval mapping< MAPMAKER/QTLS ©]-&3}%t}.

[
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Table 1. Name, linkage group, and sequence of SSR markers selected to detect
parental polymorphism

Marker Group Sequence

Forward CGACCAGCTGAAGAAA
Reverse  CTGAATACCCATCATTACTTAA

Sat_069 D1b+W

Forward AATTTTTTCTGTTGTCAGTGT

Sat_089 D1b+W
Reverse TGGAAATGTTAAATGTATGG

Forward GCGCCTCGCCTATATTAAATTACAAAA
Reverse = GCCTCCGCCTCCGAAATACACTTA

Sat_135 D1b+W

Forward TATCCTAGAGAAGAACTAAAAAA

5 DIb+W
Satt005 Reverse  GTCGATTAGGCTTGAAATA

Forward TGTTGTGTGGCTTTATTATT

41 D1b+W
Satto Reverse TTAAGGTGGGATATGGTC
Forward CGGTGGTGGTGTGCATAATAA
Sattl41l D1b+W
Reverse CCGTCATAAAAAGTCCCTCAGAAT
Forward GGGCTCACTCTCGATAGTAGGTATAAAG
Satt157 D1b+W

Reverse ~ GGGATACCAAAAGGAATAATTGTCTT

Forward AGCCTCCGGTATCACAG

172 DIb+W
Sattl? Reverse CCTCCTTTCTCCCATTTT

Forward CCATACGCAGCATTAGAG

Satt18 DIb+W
Sattlsy Reverse GCTATTTGCATGTTGAGAA

Forward TACCCTTAATCACCGGACAA

Satt216 D1b+W
Reverse ~ AGGGAACTAACACATTTAATCATCA

Forward GCGAAACTCTACGGGTCAGTAGTTAT
Satt266 D1b+W ) o . . .

Reverse ~ GCGTAAGATGGCCTAGAAAGAGGATG

Forward GTTGCAGTTGTGCGTGGGAGAGAG

Satt271 D1b+W . .
Reverse ~ GCGACATAGCTAATTAAGTAAGTT

Forward TGCGGGACAATTTTAGATTTAT

Satt282 D1b+W
Reverse  AGATGGATGAAAGTTGGAGAAAG

Forward GCGGATTTATAAAACATTAAAAATCA

Satt290 D1b+W o o
Reverse  GCGCGCACGGCTGAAACACTCTCTCA
Forward GCCCCACAACCAGAAACAC

Satt296 D1b+W .
Reverse GAAATTTGGCGACTAAAAACTGC

Forward GCGGGAGTTTAAAATATGCTTTTG

Satt350 D1b+W
Reverse ~ GGCTTAGGCTTTGTGTCTGGAAGT
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Marker Group Sequence
Forward CGACCAGCTGAAGAAA
Satt412 D1b+W o
Reverse TTCCTTTTAATTCTAACATTGAG
Forward AATTTTTTCTGTTGTCAGTGT
Satt428 D1b+W
Reverse GCGGACCAGCTAGTTTTTAATGTG
Reverse AACTGCATACCCTTTGTTTGAA
Satt459 D1b+W
Reverse  GCCTCCGCCTCCGAAATACACTTA
Forward GCGAATTGGCATACATAGTACC
Satt506 D1b+W . B .
Reverse GCGTGAATTCGCCTAAGTTTAT
Forward GCGTGTACATCAAAATGGTGTATTC
Sattb37 D1b+W .
Reverse GCGGGAGGAACTTTGTCTCAGTAA
Forward CACCAGCACAGAACAATCATTT
Satth42 D1b+W
Reverse CACGGTCTAACCTTTCCTTCTA
Forward TGAGCGATCAAGAAGCACTTA
Satth46 D1b+W i .
Reverse TTTGGATCGCATAACACTTTA
Forward CTCACACCCTTTCATTATCTA
Sattbs8 D1b+W . .
Reverse AAATCGCGCATCTAAATTTAC
Forward GCGATTGGTTATTCTGATTAAAT
Satt579 D1b+W . . .
Reverse GCGGTTACGAAAATCGTAAATTGATG
Forward GCGCAGGAAAAAAAAACGCTTTTATT
Satt600 D1b+W o A N,
Reverse GCGCAATCCACTAGGTGTTAAT
Forward GTGGCTCACAATCAACGTGAGCATCAGA
Satt604 D1b+W

Reverse

CTGTGCCACTTATGATTTGGTAA

oI 23 2 n3

L3 GEAohd F§ BT #7

QFE Aol

O.>~

al
Fog ohEAlold

QFEAol el A

steFs B3t A= Table 29 2ok §3A
5 C3G, Pt3Ge Al 7IAXE g3

I~

L

—

¢
_>|~l_‘
e,

S

< Adsty] fls) 111789 HAEF
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AET i3 A Pez HEHO*E} AA FdHEHL 058 mg/g YA 1665
mg/gel HYZE gSFstatt. F+3A4LY =3 A9 Japan F31ALe] Ht

i

< 6.88 mg/gelH, vl=y IFuUl= 2z o] 6.10 mg/g, 6.46 mg/go] Atk
THAGE GEAoPd g Wol= vz AT

A el A FelHd 5oz A3 7 Bol o8I v FFY
JFEAoPA FHeFo] 523 mg/gelAth. ©] FF& 7|FOE FEAoP FHEgo]
10 mg/gol’del A& AL OPEMO}H_ g Frxdez Awsdth 10 me/g
0]2¢1l Japan980<9] 177] SAALS Hualga, 15

& mg/go] el GS04€] 378
o] FAAYLS Ao AA 207H° FAALES 1 tEAT g FHA
Qo g AEsty AdtE fFRAY 2 otEAJold SRS Table 23 2t}
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Table 2. Anthocyanin content in seed coat of 111 black

soybean germplasms used in this study

Genotype D3GY C3G Pt3G Total(mg/1g)
Japan 766 0.73 6.25 0.20 717
Japan 777 0.97 12.67 0.18 13.81
Japan 795 0.00 11.59 0.00 11.59
Japan 809 147 4.08 0.60 6.15
Japan 814 0.58 1.30 0.16 2.04
Japan 816 1.05 1.46 0.19 2.70
Japan 840 1.06 2.75 0.40 4.21
Japan 849 0.75 2.00 0.34 3.09
Japan 852 1.02 1.42 0.00 2.44
Japan 853 0.59 0.91 0.00 1.50
Japan 869 1.26 4.51 0.50 6.26
Japan 879 0.88 2.37 0.11 3.37
Japan 886 0.74 1.92 0.16 2.82
Japan 902 0.89 1.45 0.34 2.68
Japan 912 0.58 1.20 0.23 2.01
Japan 933 1.03 2.61 1.32 4.96
Japan 964 1.59 1312 0.41 1513
Japan 970 1.29 4.49 0.32 6.11
Japan 972 2.49 13.42 0.42 16.33
Japan 973 1.94 7.85 0.96 10.74
Japan 980 2.01 11.55 0.82 14.38
Japan 997 2.52 4.95 0.64 8.11
Japan 1006 0.86 6.97 0.57 8.39
Japan 1011 1.79 11.27 0.72 13.79
Japan 1012 2.31 6.60 0.79 9.70
Japan 1014 1.23 3.56 0.22 5.01
Japan 1021 0.67 3.52 1.14 5.33
Japan 1031 1.54 4.57 0.38 6.48
Japan 1036 155 4.15 0.64 6.34
Japan 1055 1.42 3.66 0.26 5.34
PI 232991 0.67 1.36 0.14 217
PI 437662 0.19 2.76 0.54 3.48
PI 438073 0.28 1.97 0.36 2.61
PI 438312 0.47 2.34 0.56 3.38

a) D3G : delphinidin-3-glucoside, C3G : cyanidin—-3-glucoside
Pt3G : petunidin—-3-glucoside
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Genotype D3GY C3G Pt3G Total(mg/1g)
Japan 063 2.21 5.73 0.41 8.35
Japan 080 1.59 7.70 0.97 10.26
Japan 117 0.00 1.99 0.00 1.99
Japan 210 0.00 1.72 0.00 1.72
Japan 221 0.86 1.46 0.14 2.45
Japan 258 0.78 1.57 0.29 2.63
Japan 263 0.28 1.49 0.19 1.96
Japan 295 1.30 2.18 0.30 3.79
Japan 340 0.80 6.32 0.26 7.38
Japan 351 0.47 4.00 0.82 5.28
Japan 374 1.92 6.38 0.98 9.28
Japan 416 2.52 9.82 0.40 12.74
Japan 417 2.67 10.21 0.37 13.24
Japan 442 0.69 1.59 0.26 2.55
Japan 498 0.00 6.32 0.00 6.32
Japan 499 0.00 11.83 0.00 11.83
Japan 502 0.00 10.78 0.00 10.78
Japan 523 0.30 7.84 0.49 8.63
Japan 559 1.33 4.54 0.57 6.44
Japan 569 0.22 6.86 0.34 7.43
Japan 5838 1.29 1.70 0.55 3.54
Japan 609 0.76 4.84 0.19 5.79
Japan 610 0.14 0.44 0.00 0.58
Japan 611 0.00 4.36 0.00 4.36
Japan 629 0.71 7.29 0.35 8.36
Japan 645 1.73 10.34 0.83 1291
Japan 646 1.80 8.61 0.84 11.24
Japan 701 0.74 3.37 0.32 4.42
Japan 702 0.64 9.14 0.15 9.93
Japan 726 0.00 12.01 0.00 12.01
Japan 729 0.37 5.52 0.20 6.09
Japan 732 0.76 7.29 0.25 8.30
Japan 745 0.82 5.59 0.21 6.62
Japan 747 0.64 2.08 0.25 2.97
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2 D3G : delphinidin-3-glucoside
C3G : cyanidin—-3-glucoside
Pt3G : petunidin—-3-glucoside
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Tabel 2. Continued

Genotype D3G?® C3G Pt3G Total(mg/1g)

PI 506800B 2.08 9.42 0.41 11.90
PI 79648 0.99 1.49 0.33 2.82
PI 84751 0.00 9.77 0.00 9.77
W46 0.00 294 0.00 294
W47 0.00 6.39 0.00 6.39
W48 0.00 5.17 0.00 5.17
W66 0.00 3.26 0.00 3.26
C153 1.62 6.06 0.88 8.56
C155 1.66 6.00 0.82 847
C156 2.08 6.58 1.09 9.75
C205 0.00 8.44 0.00 8.44
Cc221 1.44 4.07 0.74 6.26
C259 1.42 4.91 0.74 7.06
C292 1.60 5.86 0.73 8.19
T16 0.00 2.81 0.00 2.81
T102 0.84 7.03 1.52 9.39
T152 0.00 5.84 0.00 5.84
T221 0.00 7.84 0.00 7.84
T272H 1.70 3.52 0.59 5.81
T309 1.42 2.48 0.20 4.10
99MO06 1.60 13.92 0.65 16.17
99M15 1.24 9.08 0.40 10.72
9OM28 0.80 1.86 0.19 2.85
99M33 0.37 3.24 0.26 3.87
99M35 0.55 1.17 0.14 1.86
99M40 1.21 10.46 0.39 12.06
9OM73 0.78 2.46 0.22 3.46
9OM74 1.16 2.33 0.32 3.81
99M110 1.22 7.93 0.32 9.47
99M116 0.86 8.01 0.31 9.18
20M128 1.63 3.26 0.36 5.26
20M129 1.55 2.83 0.31 4.68
GS04 2.08 14.08 0.50 16.65
GS05 0.1 6.87 0.24 7.92

2 D3G: delphinidin-3-glucoside,

C3G:cyanidin—-3-glucoside

Pt3G @ petunidin-3-glucoside
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Tabel 2. Continued

Genotype D3G¥ C3G Pt3G Total(mg/1g)
GS06 0.00 4.92 0.00 4.92
GS10 1.17 2.61 0.35 413
GS11 0.4 1.90 0.20 2.64
GS13 1.14 7.47 0.37 8.97
GS15 0.86 8.28 0.33 9.47

GS129 0.00 4.34 0.00 4.34
TE 1.20 4.02 0.25 5.47
A & 3 0.60 2.47 1.33 4.40
k3l 1.06 2.76 1.41 523

A D3G : delphinidin-3-glucoside

C3G : cyanidin-3-glucoside

Pt3G : petunidin—-3-glucoside
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Table 3.Selection of high anthocyanin content genotype from 111 lack soybean

genotypes used

Genotype D3G¥ C3G Pt3G Total(mg/lg)
Japan 080 1.59 7.70 0.97 10.26
Japan 416 2.52 9.82 0.40 12.74
Japan 417 2.67 10.21 0.37 13.24
Japan 499 0.00 11.83 0.00 11.83
Japan 502 0.00 10.78 0.00 10.78
Japan 645 1.73 10.34 0.83 1291
Japan 646 1.80 8.61 0.84 11.24
Japan 726 0.00 12.01 0.00 12.01
Japan 777 0.97 12.67 0.18 13.81
Japan 795 0.00 11.59 0.00 11.59
Japan 964 1.59 13.12 0.41 1513
Japan 972 2.49 13.42 0.42 16.33
Japan 973 1.94 7.85 0.96 10.74
Japan 930 2.01 11.55 0.82 14.38
Japan 1011 1.79 11.27 0.72 13.79
99M06 1.60 13.92 0.65 16.17
99M15 1.24 9.08 0.40 10.72
99M40 1.21 10.46 0.39 12.06
PI 506800B 2.08 9.42 0.41 11.90
GS04 2.08 14.08 0.50 16.65

) D3G : delphinidin-3-glucoside
C3G : cyanidin-3-glucoside

Pt3G : petunidin—-3-glucoside
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Fig. 1. Seed coat color of parents and Fi.» seeds
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Table 4. Segregation of flower color in IT 182305 (P;), Korean

Gokteuk (P2), and 119 F» individuals

native cultivar

Line Flower color Line Flower color Line Flower color
P W 34 P 69 W
P, P 35 P 70 P

Fo -1 P 36 P 71 W
2 P 37 W 72 W
3 P 38 P 73 W
4 P 39 P 74 P
5 W 40 P 16 P
6 P 41 P 76 P
7 P 42 P 77 W
8 P 43 P 78 W
9 W 44 P 79 P

10 W 45 W 80 W
11 W 46 W 81 P
12 W 47 W 82 P
13 P 48 P 83 P
14 P 49 P 84 P
15 P 50 P 85 W
16 P 51 P 86 P
17 P 52 P 87 P
18 P 53 P 88 P
19 P 54 P 89 W
20 W 55 W 90 P
21 P 56 P 91 P
22 P 57 P 92 W
23 P 58 P 93 P
24 P 59 P 94 P
25 P 60 P 95 P
26 P 61 P 96 P
27 P 62 W 97 w
28 P 63 P 93 W
29 W 64 P 99 W
30 P 65 P 100 P
31 P 66 P 101 P
32 P 67 P 102 P
33 P 68 P 103 P

W : white, P : purple
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Table 4. Continued

Line Flower color Line Flower color Line Flower color
104 P 110 \W% 116 P

105 P 111 W 117 P

106 P 112 \W% 118 \W%

107 P 113 P 119 P

108 P 114 W

109 P 115 P

W @ white, P : purple

Fo|A e AAAE locie WI. W3, W4 Wm, Wp 57} A 2 M:s_er
£3le] ettt dH AU FolAe e 1ol purple(W1) =

white(wl)o]t}. 3F o] pinkQ] A2 dominant WI19] E?‘ﬂ% homozygous wp
alleledl] 93k ZA3}olt}. Clark isolines parents® ©]&3F A3 FojA 3 o]
pinkJLNRI-5322-2  (¢WI1w3W4Wmwp)e+ 32 o]  purple?l Clark 63
(TWIw3WAWmWp)E wujsiA L& ZA3YE EBEWH FeolAxe EE plant7}
purple UJEI AT Fy plantdlA] pink 3H48E 293815 recessive allele®l
oef A purple’ pink7} 3:19] Hl&E Yt 2HE Faf o] EYH= ¥
olo] t& 3 fAHAL} dABE Ao] ol AEA 93 PEdE old A
S st B AFdA e e wide] FHHE weba] A 4
o2 3E FdHe 2345 AT

FollA wp locust FEAICH pathwayel @AW | Aol @ shakat A
AAA 7 dota 8- A o (Stephens et al, 1993). wp allele®} THAE =}
vl = USDA MLG D1b+W(Cregan et al., 1999)] XAt} #Hzj& o
StEAJold pathway 7o d3H A viAZ ¢HZ wp AV =50]
g Aolgtx HaF o}t (Hegstad et al., 2000).

r”l

1}, BEZF Bg4¢ Holk SSR wA A% % F, AVlAY Ry

_‘L_l‘

F9] st A pink M7ZS YEIUE wp allele> FEAJOLA A #
do] A= A7 4HA wp FAAZE A A= DIb+W A#TFo U=
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SSR A 270 E dstol(Table 1), & 283 B@AHS 4% 23 107
o} SSR whACNA Trg/de]l HAHAT. FAE 10709 vl Wt S

ok >Sequence
£ Table 59} 2t}
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Table 5. SSR markers with polymorphism between IT 182305 and Korean native
cultivar Gokteuk parents from D1b+W linkage group

SSR markers Sequence

Forward AGCCTCCGGTATCACAG
Reverse CCTCCTTTCTCCCATTTT

Sattl72

Forward CCATACGCAGCATTAGAG
Reverse GCTATTTGCATGTTGAGAA

Sattl89

Forward GCGAAACTCTACGGGTCAGTAGTTAT
Reverse GCGTAAGATGGCCTAGAAAGAGGATG

Satt266

Forward GCGGATTTATAAAACATTAAAAATCA
Reverse GCGCGCACGGCTGAAACACTCTCTCA

Satt290

Forward GCGGGAGTTTAAAATATGCTTTTG
Reverse GGCTTAGGCTTTGTGTCTGGAAGT

Satt350

Forward TCGTGTTAGATTTTTACTGTCACATT
Reverse AACTGCATACCCTTTGTTTGAA

Satt459

Forward GCGAATTGGCATACATAGTACC
Reverse GCGTGAATTCGCCTAAGTTTAT

Satt506

Forward TGAGCGATCAAGAAGCACTTA
Reverse TTTGGATCGCATAACACTTTA

Satth46

Forward GCGCAGGAAAAAAAAACGCTTTTATT
Reverse GCGCAATCCACTAGGTGTTAAT

Satt600

Forward GTGGCTCACAATCAACGTGAGCATCAGA
Reverse CTGTGCCACTTATGATTTGGTAA

Satt604
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Hegstad et al.(2002)= &9 H3=3 3tAS Auidl= wp A Soybean
Genome Mapoll A o] #x|o tig AFAHE ERHeAT. & AF9 23}
S st AEE 10789 kA F 6789 mhATE dAs T

F BEAA PSS Bole 10719 SSR wAE o] &3te] Fo A 7

HE npAL BEYH|E ZASFA Y. Figure 2+ Satt 189, 266, 506 v} <] Fs
Aol el EeddS vekd el 119789 Fr 7RA1E 1070 SSR v}
71 £ data> Table 63} 2t}

PIP2! F2 I

z i ' - -
y “-- -——-d'_—ﬂ--—-

ABHHAHHBBHAHHHHBHAHHHHBBAAHHHHHA AHHBHABAHAAA
satt189

PIP2! 2 1

ABAHHHAAHBB BBB HAHHA HHAAA HHHABBA AAHHB HHHHHB
satt266

P1PY 2 '
-

el ST
iy S

q e ————
-.. ___':__... —— e ————

ABAHHHHHHBHH A A A BHHHH HA A HHH HH B HHH H HH H B HH HH A H AH HH H
satt506

Figure. 2. Patterns of segregating DNA fragment for Sattl89, 266 and 506 markers
in F2 population. P; is IT182305 and P» is Korean native cultivar Gokteuk. A is P,

allele and B is P» allele. H is heterozygous.
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Table 6. SSR marker data segregated in 119 Fy progenies derived from the mating
of IT182305 (P;) and Korean native cultivar Gokteuk (P2) parents

Marker P; P, 119 F2 individuals

HHAAHBBAABAHHBHHHHHBBHAAHHABAHHHHBBHAHAA
*Sattl72 A B AHHAAAAAAHHHHAABHHAHBHBBHHAAHHBAAHHBHBHH
HHAAHAAAHAHAAHABHHHHHHHHAAAHHHBHHHBHAAA

HHAHHBBHHHHHHBHHHHHHBAAHHAHHAAHHBHHBAHAA
*Sattl89 A B ABHBAHAAAHHHHHBHHHHHHHBHHHHAHAHHHHHAHHAA
AHHHAAHAAAAABHHHHHHHHHBBBHAAAHAABBHBBAB

AHAHBHBBHAHAHBHHHAHABAABHBAHHAHHHHHBBHAA
*Satt266 A B ABHBHBHAHBHHHHBHHHHHBABHHHBBHAAAAAHAHHAH
HBBBHHHBAABBBHHAHHHHHBHHABHAHHHHBHBBHAH

HHHHHBBHHHHHHBHAHHHHBAABHHHHAAHHBHHBAAHA
*Satt290 A B ABHBHHHAHBHHHBBHHHHHBHBHHHHABAHHAHHAHHAA
HHBHAAHHAAAABAAABHHHBBBBAHAAAHAHBBHHBAB

HHAHHBBHHHHHHBHAHHHBBAAHHHHHAABBBHHHAHAA
*Satt350 A B ABHBHHHAABHHHBBHHHBAHHBHHHHBHAHHHHHAHHAA
AHHBAAHAAAAABAHHHHHHBBBHAAAAAHAABHHBHAH

HHAHHBBHHHHHHBHHHHHHBAABHBHHAAHBBHHBHHAA
#*Satt428 A B AHBBHHHABBHHHBHHHHHABHHHHHHBHAHHHHHAHHHH

HHBBAAHHAAAHBHAAHHHHBBHHAHHAHHHHBHHABAB

HAAAAHHHAHHHHMBHABBHHHAAAHABAAHBHBBBHHAA
*Sattd59 A B AHHAHHAHAHHHAHABHAHABAHAABBBAAHHBHHHAAHB
BAHAABABHHAAHAHHHAHHHHHHHAHHHAAAHHBHBBB

HHHHHBBHHHHHHBHHHHHHBAAHHHHHAAHHBBHBAHAA
*Satth06 A B~ ABHBHHHAAHHHHBBHHHHHHHBHHHHAHAHHHHHAHHAA
AHBBAAHAAAAAHHHHBHHHBBHBHAHHHHAAHHHBBAB

BHAAHBBAHHHHHBHHHHHHBHAMAHHHAAHBBBBHHAAA
*Satth46 A B HHBBAAAAHHHHHHHHHHAAAABHHHBHAAHHHAAAABAB
HBHHAAHHAHA AHHHBBHHHHHHHHAHA AHHHHHHHHHH

HHHHHBBHHHHHHBHHHHHHBAHHHHHHHHHHHHHHHHHA
*Satt604 A B ABHBHHHAHHHHHBBHHHHAHHBHHHHHHHHHHHHHHHAA
AHBBAAHHHHAHBHHHBHHHHHHBHHHHHHHHBHHHHAB
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Table 7. Segregation of SSR marker data in the Fs progenies

Marker MLG Hypothesis Expected Observed 12 p?
Sattl72 DIb+W 1:2:1 2975 1 5950 : 2975 41 : 59 :19 8134 0.017

Sattl89 Dlb+W 1:2:1 29.75 5950 + 2975 33 :67 119 5179 0.075
Satt266 Dlb+W 1 :2:1 2975 1 5950 2975 28 : 61 : 30  0.141 0.931
Satt290 D1b+W 1 :2:1 29.75 15950 : 2975 31 :62:26 0.629 0.729
Satt350 Dlb+W 1 :2:1 2975 159650 2975 34 16223 2.243 0.325
Satt428 Dlb+W 1 :2:1 29.75 5950 : 2975 23 :72:24 5268 0.072
Satt459 Dlb+W 1 :2:1 29.50 : 59.00 : 2950 41 : 55 :22 6.660 0.037
Satt506 D1b+W 1 :2:1 29.75 5950 : 2975 27 71 :21  5.049 0.080
Satth46 D1b+W 1 :2:1 29.50 : 59.00 : 2950 33 :67 118 5982 0.051
Satt604 Dlb+W 1:2:1 2975 05950 1 2975 12 :91 116 3361 <0.01

a) P (Chi—square <9.21, df=2) > 0.01

SSR v}lA #78 bandE codominant marker24] AH:BE Egu|7} 1:2:12
A=At Fo HeelA #F A= Table 73 £t F, JdolA #ZFA <=
Satt 6045 A2 U] 9719] vlAE 99% fFolgFolA] 1:2:19 ¥&S w
Ede AL ¢ F AU B89 marker datas A3 ZAI StEAJold
I FAAe} AHE vhA G o] &3t AT

o Fp AAE 42 GEA I FF £4

SSR w7 ®Ae] o] gd EE 9 119 F, /RAE FEA b g
gk 3= Table 83 2t 119709 AAF A T84S 71 A
Gar,  SFEAlobd  FEFolA ko] WME  HloJUE transgressive
segregation®] YEl}E Ao g A&

F9] linoleinic acid ol g AFNXM= F, 7HA TolX FE
linoleinic acid &3] M E Wojb= transgressive segregation®] o=

AT2H7E Ak
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Table 8. Anthocyanin content of IT 182305
Gokteuk(Ps), and 119 F

individual seeds

(P1), Korean native cultivar

Genotype D3G? C3G Pt3G Total(mg/1g)
P 0.00 0.00 0.00 0.00
P 1.98 4.39 0.32 6.69

Fy progeny 1 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00
3 0.00 0.00 0.00 0.00
4 0.00 1.72 0.00 1.72
5 0.00 0.28 0.00 0.28
6 0.11 2.25 0.00 2.36
7 0.00 0.00 0.00 0.00
8 0.02 0.35 0.00 0.37
9 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00
11 0.02 6.15 0.00 6.17
12 0.02 9.11 0.00 9.12
13 0.02 0.19 0.00 0.21
14 0.23 8.90 0.11 9.23

15 0.00 0.27 0.00 0.27
16 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00
18 0.36 13.03 0.27 13.67
19 0.00 0.44 0.00 0.44
20 0.00 8.17 0.00 8.17
21 0.40 11.25 0.23 11.88
22 0.00 0.00 0.00 0.00
23 0.00 9.02 0.00 9.02
24 0.00 0.00 0.00 0.00
25 0.00 0.27 0.00 0.27
26 0.00 0.00 0.00 0.00
27 0.00 0.00 0.00 0.00
28 0.00 0.21 0.00 0.21
29 0.00 0.00 0.00 0.00
30 0.00 0.00 0.00 0.00
31 0.00 0.00 0.00 0.00
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Table 8. Continued

Genotype D3G® C3G Pt3G Total(mg/1g)
32 0.00 0.00 0.00 0.00
33 0.00 058 0.00 058
34 0.00 0.00 0.00 0.00
35 0.00 1.29 0.00 1.29
36 0.00 0.69 0.00 0.69
37 0.00 0.00 0.00 0.00
33 0.00 0.00 0.00 0.00
39 0.00 0.00 0.00 0.00
40 0.00 0.00 0.00 0.00
41 0.00 0.00 0.00 0.00
42 0.00 0.00 0.00 0.00
43 1.01 455 0.32 5.33
Y 0.00 0.00 0.00 0.00
15 0.00 6.79 0.00 6.79
46 0.00 0.00 0.00 0.00
47 0.00 0.37 0.00 0.37
48 0.00 11.13 0.00 11.13
49 0.00 0.20 0.00 0.20
50 0.00 0.71 0.00 0.71
51 0.00 0.00 0.00 0.00
52 0.08 0.73 0.00 0.81
53 0.00 0.00 0.00 0.00
54 0.00 0.64 0.00 0.64
55 0.00 0.00 0.00 0.00
56 0.66 8.24 0.42 9.32
57 0.00 1.17 0.00 1.17
58 0.00 0.00 0.00 0.00
59 0.00 0.00 0.00 0.00
60 0.00 0.00 0.00 0.00
61 0.65 5.39 0.39 6.43
62 0.00 0.20 0.00 0.20
63 0.38 841 0.19 3.93
64 0.00 0.00 0.00 0.00
65 0.00 0.32 0.00 0.32
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Table 8. Continued

Genotype D3G? C3G Pt3G Total(mg/1g)
66 0.00 0.00 0.00 0.00
67 0.00 0.59 0.00 0.59
68 0.00 0.00 0.00 0.00
69 0.00 0.27 0.00 0.27
70 0.00 0.00 0.00 0.00
71 0.00 9.32 0.00 9.32
72 0.00 0.66 0.00 0.66
73 0.00 0.00 0.00 0.00
74 0.15 2.32 0.00 2.47
75 0.62 3.69 0.32 4.63
76 0.00 0.40 0.00 0.40
7 0.00 0.31 0.00 0.31
78 0.36 6.32 0.29 6.97
79 0.00 0.49 0.00 0.49
80 0.00 0.00 0.00 0.00
81 0.00 0.00 0.00 0.00
82 0.00 0.39 0.00 0.39
83 0.00 0.00 0.00 0.00
84 0.24 7.29 0.13 7.66
85 0.00 3.38 0.00 3.38
86 0.00 0.66 0.00 0.66
87 0.33 7.27 0.24 7.84
88 0.00 0.00 0.00 0.00
89 0.00 742 0.00 7.42
90 0.98 5.02 0.54 6.54
91 0.00 0.00 0.00 0.00
92 0.00 0.29 0.00 0.29
93 0.00 0.00 0.00 0.00
94 0.00 0.00 0.00 0.00
95 0.00 0.00 0.00 0.00
96 0.00 1.27 0.00 1.27
97 0.00 0.00 0.00 0.00
98 0.00 272 0.00 272
99 0.00 12.50 0.00 12.50
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Table 8. Continued

Genotype D3G® C3G Pt3G Total(mg/1g)
100 0.14 2.64 0.00 278
101 0.31 343 0.11 3.86
102 0.45 4.39 0.18 551
103 0.00 0.00 0.00 0.00
104 0.00 0.00 0.00 0.00
105 0.00 0.00 0.00 0.00
106 0.00 0.52 0.00 0.52
107 0.00 0.00 0.00 0.00
108 0.00 0.00 0.00 0.00
109 0.00 0.13 0.00 0.13
110 0.00 11.46 0.00 11.46
111 0.00 0.98 0.00 0.93
112 0.00 0.00 0.00 0.00
113 0.29 9.67 0.18 10.13
114 0.00 0.00 0.00 0.00
115 0.00 0.00 0.00 0.00
116 0.00 0.00 0.00 0.00
117 0.35 7.26 0.14 775
118 0.00 0.00 0.00 0.00
119 0.00 0.00 0.00 0.00

2 D3G delphinidin-3-glucoside
C3G : cyanidin—-3-glucoside

Pt3G : petunidin—3-glucoside
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F, Aee) gtEAlobd # 37 2T dREe) A4

s S Fig
7} 0.00~0.20 mg/g Atololl EX=Ho] AU, FF E¥E(normal dlstrlbutlon)
E mE2A Zge=d ole 119719 A F AEAoldo] A= AR TS
7R A= 6370 7] Wl Ao E ASHAG wetA, ol gt AFe UE
Alobd g AT 2 AdvtA A EHEe WA T 2R THNE T
A gF] MAE WA Adelof & Ao=m AT
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Anthocyanin content(mg/g)

Number lines

Fig. 3. Frequency distribution of the phenotypes for anthocyanin content in Fs
population

. GEACHI FF ABneiA P4
Polx SSR FhASH EAORI Fywe] BAE BNF A

(Single factor analysis)& Table 99} 2t} Sattl72 v} A7} StEAJolA &+
%2 243 4849 AnE Aoz g4 =,
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Table 9. Single factor analysis between the marker locus and anthocyanin content

Marker Linkage group R? F value Pr>F
Sattl72 D1b+W 0.057551 3.54 0.0321
Satt189 D1b+W 0.014902 0.88 0.4186
Satt266 D1b+W 0.0163 0.96 0.3855
Satt290 D1b+W 0.017773 1.05 0.3534
Satt350 D1b+W 0.031833 1.91 0.1527
Satt428 D1b+W 0.019222 1.14 0.3244
Satt459 D1b+W 0.059438 2.42 0.0695
Satt506 D1b+W 0.013252 0.78 0.4613
Satt546 D1b+W 0.010888 0.42 0.7376
Satt604 D1b+W 0.018081 1.07 0.3471

StEAJobd gho] th3t Interval mappingS 913ted, 107§¢] SSR mlAES
o] &3ty FAAREE FAI Ade 29 49 2o}l Integrated linkage
map(Cregan et al., 1999)2 370¢] =€ ¥ I&F(USDA/lowa St.Univ, Univ. of
Utah, Univ. of Nebraska)2ZXE do]g|E A s TE mapo|th. 3719
OF EFdA F2E vAS A= FUaL IF Aol vk Ag
= S2A

wp gene®] 91 X3t Integrated linkage map(Cregan et al., 1999)2] D1b+W
I B AP A 8 miAE 2}E FAAAEE HlastE whA 9
AA7E v AR SASRAL, AT A”YE Zolus AS AT F

AT

- 126 -



D1b+W
—+ satt546

8

61— satt189
9| satt506
5 | satt350
6 | satt290
s | satezs

Satt604

Var.ex:84.2%

—— Satt266

Fig. 4. Map location of the QTLs detected for anthocyanin content using
Mapmaker-QTL

Mapmaker/QTLE ©]&3} Interval mappingS 3+ 23} Satt6042}Satt266
Abolo| Al QEEAloMT e AdE she] QTLS B4tk LOD kol
5.040] 1. Variance-explained= 84.2% % B EH Q=6 Satt6042} Satt266v}7
£ Single factor analysisollA] StEAJold Shafkyl ARAEA] Fe Ao E AT
Hol, @A ¥slxl QTLe| gk B&3s Aol 8T Ao E AR HUTH

=
N

AA 11789 A S o83 dEA o] I £443 10 mg/g
2

= [
o9l 3 EAORI T UF FAAY

- 127 -



2. Aolx 107} SSRuFAE o] &3 StEA|obd dteknlA & Ax MLG
DIb+W o] ¢x3t Sattl72 v}# IS Adrst gt

3. UEAl Py AdtE 10719 wAES ol&slM QTLEAZAR
Satt6049} Satt266 vl Alelol A sty QTLS BT 4 JAd. LOD gk

o] 5.04°]3 variance — explained= 84.2% ©]t}.

B AR AuE 1 dEAchd §AXAE BUH FAGse oE
s RE, HEACh §F AT EE HHHY 1 FEAl FEOE o
7 ogolm, Aw8 wAL B gud o§dM WAZ AZd

- 128 -



0

ay

2=l
Hr

~

ﬁo

A% (%)

gyl

100
150
100
150

100
100

130
120
120
100
100

&

¥ A}

2}

=

=

database T

vl
=

H.(100741%F)

=

3}

A2} library gFH

A7 5

o

H.
i3

3}
hn

S
!

3

&

(¢}

full sequence
=i
=N

]
o] &3k
vector A2}

o

i

0]
yul

3}
o}

[e)

_(H

1

o

O FI1, F2
O F4 7]
O RACE 7|4

=
i

=K

o

N

Al

—

<

B
X

<N
0

O O

)

12hd %(2001)

22 &(2002)

150
100
100
100
100

- 129 -

le)
OStEAlobd ## {129 data base &

ot}

3 &(2003)



pild

o

o]

<
=

0SS

!
olo

N

Aol A oL F-7E7EA] b o = A 9

- 130 -



ol
S
090
ol

A5 E

B
_E_l
N

{J

3|

o

7K

il

g4

=1
=

Fo FAA 22

}

kel
o

A el

2} database:= A7 7

Zoltt.

A

o]
ol
T
o

A 7t

*

24, 7]

o)

N
H

i

/)

K

H

=

[a13

A A

[e]

=

4 Gap

3}
<1

AREE

3}
of

3} 412

1

°
o

oFst §§SHF ROkl BBl Wi w7}

g
al7)
ol

¥
A

N

e

%7} 7))

h=i}
=

stn

TR

2 alEdel = A} 15

B2 =7} v

3}
s}

F8 A

1.
= A7 A

X
N

THo

< M

- 131 -



o
=0

g8

III.

AEAFO R

{5}

715 Aol o

al
=

3]
pud

e 4%

7eS

oo

7K
50

‘_mu_.o

- 132 -



TAHOZ AAF

St

°©

o >~
T

L=d - &Joll A 7edEE dd F422 717 o

L= -9 #d7&9) 253 A

M6 &
Ho4 wrt i

==

&H

%)

= o
9=

37

S|
ZS|

Eis

A77F APk,

2, ol A QtEAlobd ] o

)
Mo
gl

Jo

o

!

Ll

—_
o

el

g ol e

-

.

5t

°

o glofof

Z A el Ut
=
o

4. AA ol A
Agrobacterium2/

oH
o

—

<M
B
m-

X7

X

B

N

—_
file)

Kl

el
o

oH

veel

ol

er
re
H

o
7o
o
ol
Mo
Hi

THo

Fozo A

IT.

X

)A
W

B

Gl

-

el

- 133 -



—_
fite)

ZlRro 2 Al

=
=

1soflavonoid pathway

o

7}a-ol wh

=K

o

i

A, 2

RETA
[}

d

el
i
ey

T
o

]_

Tor
Mo

oy T

- 134 -



HN7E Fal

o
Ao
o

Chung, M.G., Han, W.Y., Kang, S.T., Baek, 1.Y., Shin, D.C., Kim, S.D., Kim, S.C,,
Moon, H.P., Kang, K.H. 2001. Isolation and Determination of Anthocyanins in Seed
Coats of Black Soybean(Glycine max(L.) Merr.). J. Agri. Food Chem, 49: 5848~
5851

Chung, M.G., Han, W.Y., Kang, S.T., Baek, 1.Y., Shin, D.C.,, Kim, S.D., Kim, S.C,,
Moon, H.P.,, Kang, KH. 2002. Structural Analysis of Anthocyanins in Black
Soybean. Korea Soybean Digest, 19, 2: 68~77

Cregan, P.B., Jarvic, T., Bush, A.L., Shoemaker, R.C., Lark, K.G., Kahler, AL,
Kaya, N., Vantoai, T.T., Lohnes, D.G.M., Chung, J. and Specht, J.E. 1999a. An
integrated genetic linkage map of the soybean genome. Crop Sci. 39: 1464~ 1490

Hegstad, J.M., Tarter, J.A., Vodkin, L.O., Nikell, C.D. 2000. Positioning the wp
Flower Color Locus on the Soybean Genome Map. Crop Sci. 40: 534~537

Hegstad, J.M., Vodkin, L.O., Nikell, C.D. 2000. Genetic and Agronomic Evaluation
of wp-m in Soybean. Crop Sci. 40: 346~351

Kwon, T'W., Song, Y.S.,, Kim, J.S.,, Moon, G.S., Kim, J.I., Hong, J.H. 1998. Current
Research on the Bioactive Functions of Soyfoods in Korea. Korea Soybean Digest,
15, 2: 147~160

Stephens, P.A., Nikell, C.D. 1992. Inheritance of Pink Flower in Soybean. Crop Sci.
32: 1131 ~1132

Stephens, P.A., Vodkin, L.O., Nikell, C.D. 1993. Pink Flower Color Associated with
Increased Protein and Seed Size in Soybean. Crop Sci. 33: 1135~1137

Yoshida, K., Sato, Y., Okuno, R., Kameda, K., Isobe. M. Kondo, T. 1996.

Structural analysis and measurement of anthocyanin from colored seed coats of

Vigna, Phaseous, and Glycine legumes. Biosci. Biotechnol. Biochem. 60: 589~593

- 135 -



Dixon RA and Steele CL (1999) Flavonoids and isoflavonoids- a gold mine for
metabolic engineering. Trends in Plant Sci. 4:394-400.

Kim SR and Kim SD (1996) Studies on soybean isoflavones. RDA J. Agri. Sci.
38:155-165.

Kim YH, Kim SD, Hong EH, and Ahn WS (1996) Physiological function of
isoflavones and their genetic and environmental variations in soybean. Korean ]J.
Crop Sci. 41(S) 25-45.

Herrmann A, Shulz W, Hahlbrock K (1998) Two alleles of the single-copy
chalcone synthase gene in parsley differ by a transposon-like element. Mol. Gen.
Genet. 212:95-98.

Feinbaum RL, Ausubel FM (1998) Transcriptional regulation of the Arabidopsis
thaliana chalcone synthase gene. Mol. Cell Biol. 8:1985-1992.

Colliver SP, Morris P, and Robbins MP (1997)  Differential modification of
flavonoid and isoflavonoid biosynthesis with an antisense chalcone synthase
construct in transgenic Lotus corniculatus. Plant Mol. Bilo. 35:509-522.

Oommen A, Dixon RA, and Paiva NL (1994) The elicitor-inducible alfalfa
isoflavone reductase promoter confers different patterns of developmental

expression in homologous and heterologous transgenic plants. Plant Cell
6:1789-1803.

B. Yan, M. S. Srinivasa Reddy, G. B. Collins, R. D. Dinkins. 2000. Agrobacterium
tumefaciens — mediated transfoemation of soybean [Glycine max(L.) Merrill.] using

immature zygotic cotyledon explants. Plant Cell Rep 19: 1090-1097

C. A. Meurer, R. D. Dinkins, G. B. Collins. 1998. Factors affecting soybean
cotyledonary node transformation. Plant Cell Rep 18: 180-186

E. R. Santarem, H. N. Trick, J. S. Essig, J. J. Finer. 1998. Sonication-assisted
Agrobacterium-mediated  transformation of soybean immature cotyledons:

optimization of transient expression. Plant Cell Rep 17: 752-759

Paula M. Olhoft, Lex E. Flagel, Christopher M. Donovan and David A. Somers.

- 136 -



2003. Efficient soybean transformation using hygromycin B selection in the
cotyledonary—node  method. Planta 216: 723-735

P. M. Olhoft, K. Lin, J. Falbraith, N. C. Nielsen. 2001. The role of thiol compounds
in increasing Agrobacterium—mediated transformation of soybean
cotyledonary—node cells. Plant Cell Rep 20: 731-737

P. M. Olhoft, D. A. Somers. 2001. L-Cysteine increases Agrobacterium-mediated
T-DNA delivery into soybean cotyledonary—node cells. Plant Cell Rep 20: 706-711

Tae-Seok Ko, Sangman Lee, Sergei Krasnyanski, Schuyler S. Korban. 2003. Two
critical factors are required for efficient transformation of multiple soybean
cultivars Agrobacterium strain and orientation of immature cotyledonary
explant. Theor Appl Genet 107: 439-447

Tae-Seok Ko, Sangman Lee, Stephen K. Farrand, Schuyler S. Korban. 2004. A
partially disarmed vir helper plasmid, pKYRT1, in conjunction with
2,4-dichlorophenoxyactic acid prometes energence of regenerable transgenic somatic

embryos from immature cotyledons of soybean. Planta 218: 536-541
Zhanyuan Zhang, Aiqiu Xing, Paul Staswick, Thomas E. Clemente. 1999. The use

of glufosinate as a selective agent in Agrobacterium-mediated transfoemation of
soybean. Plant Cell, Tissue and Organ Culture 56: 37-46

- 137 -



Tl EA o

Ul

3. =7hs = 71E A

SREE-IRICH

_97_



	표지

	요약문
	목차
	제 1 장 연구개발과제의 개요
	I. 연구개발의 필요성
	1. 연구의 배경
	2. 연구의 필요성


	제 2 장 국내외 기술개발 현황
	I. 국내․외 관련기술의 현황과 문제점
	II. 앞으로의 전망
	III. 기술도입의 타당성
	IV. 현기술의 취약점

	제 3 장 연구개발수행 내용 및 결과
	I. 연구개발 목표의 달성도
	II. 연구수행 방법
	II. 연구수행 내용 및 결과
	세부과제명 : 식물유래 기능성유전자 클로닝
	1. 안토시아닌 관련 유전자 library 확보 및 database구축:
	2. 형질전환용 벡터 제작

	세부과제명 : 검정콩 형질전환 기술개발
	제 1 장 연구개발과제의 개요
	제 1 절 연구개발의 목적
	제 2 절 연구개발의 필요성 및 범위

	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발 수행 내용 및 결과
	제 1 절 hygromycin농도가 형질전환체 선발 및 재분화에 미치는 영향
	제 2 절 Agar 농도, 치상방향, 상처방법이 형질전환체선발효율에 미치는 영향
	제 3 절 유전자총을 이용한 콩 종자배축(embryonicaxes) 형질전환
	제 4 절 호르몬 BA (6-Benzylaminopurin) 전처리가형질전환 효율증대에 미치는 영향 (고체선발배지사용)
	제 5 절 호르몬 BA (6-Bensylaminopurin) 전처리 후,hygromycin 농도가 형질전환 효율에 미치는영향 (고체선발배지사용)
	제 6 절 호르몬 BA(6-Bensylaminopurin) 전처리 후 치상방향에 따른 형질전환 효율비교 (고체선발배지사용)
	제 7 절 호르몬 전처리 후 액체배양의 선발효과
	제 8 절 호르몬 전처리와 liquid배지 선발이 형질전환체의생존율에 미치는 영향
	제 9 절 공배양시 황화합물 첨가가 콩 형질전환에미치는 영향

	제 4 장 목표달성도 및 관련 분야에의 기여도
	제 5 장 연구개발 결과의 활용계획
	제 6 장 연구개발과정에서 수집한 해외과학기술정보

	협동과제명: 검정콩 안토시아닌분석 및 관련marker 개발
	I. 연구목적
	II. 재료 및 방법
	III. 연구 수행내용
	(시험 1) 검정콩 증식 유전자원의 안토시아닌 분석
	(시험 2) 콩 종실 안토시아닌 함량 결정 유전자 연관 마커 탐색

	IV. 적 요


	세부과제명 : 검정콩 형질전환 기술개발

	제 4 장 목표달성도 및 관련분야에의 기여도
	I. 목표 달성도
	II. 관련분야에의 기여도

	제 5 장 연구개발결과의 활용계획
	I. 기술적 측면
	II. 경제 · 산업적 측면
	III. 활용방안

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	I. 국내․외 관련기술의 현황과 문제점
	II. 앞으로의 전망

	제 7 장 참고문헌



