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SUMMARY

Onion 1s one of the important vegetable crops grown commercially
worldwide for its fleshy bulbs which are used as flavoring, health food
and medicinal purposes. Increasing comsumption of onion probably
caused the area onion production to increase.

Onion(A/lium cepa L.) is the heaviset import—dependent crop. Japan
cultivars are occupying over than 70% of total seed amount of medium
and late maturing onion cultivars. Therefore the development of onion
capable of substituting Japan cultivars needs. Also the development of
onion cultivars for export to China is required to enlarge the overseas
seed market.

It is hard to produce lots of seeds because onion growing seasons of
South Korea from May to July are often encountered by unfavorable
growth conditions such as high temperature and high humidity during
progressive seed development. It takes long time in the development of
cultivar. Also the selection techniques capable of improving the selection
efficiency in breeding program should be introduced.

Therefore this experiment was carried to utilize in seed production
and cultivar breeding by searching the way improving the seed
production efficiency and the selection efficiency for breeding.

The main research objective was for development two medium and
late maturing red or yellow onion cultivars can grow in Korea. The
development of domestic onion cultivars can substitute import cultivars
and can contribute the acquisition of foreign currency and the expansion
of foreign market such as China.

Also this study aimed for the development of parent lines and the
search of the way capable of improving the seed production efficiency.
The technique development in improving the Dbreeding selection
efficiency would be applied for the development of onion cultivars.

We developed two medium maturing and high yield red onion cultivars
named "Lucky Red" and "Happy Red". These cultivars were early
maturing, high vielding and high storage ability compared to Japan
cultivars which is late in maturing time and is inferior in storage ability.
Therefore the developed cultivars could be replaced for Japan cultivars.
"Lucky Red" cultivars made sales amount money of about 6,000,000won
in 2008 and "Happy Red" cultivars will be distributed as trial cultivar in
2009.
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Developed four yellow onion cultivars can replace the Japan cultivars
occupying over than 70% of medium and maturing onion seed market
among total cultivars grown in Korea. The medium maturing cultivars
"Saeromi" is earlier 10 days in maturing time, is similar to in storage
ability and higher in yield campared to Japan cultivar "Terbo". We
expect that this cultivars can settle the problem such as labor shortage
and labor cost rise occurring because of late maturing time and the drop
of quality during rainfall season. The medium maturing cultivar "Eourlim"
1s similar to Japan cultivar "Terbo" in yield, storage ability and maturing
time. So this cultivar can substitute Japan cultivar "Terbo" and can
reduce to impotrt dependence of foreign cultivar. The total sale money
of "Saeromi" and "Eourlim" from 2006 to present was 339,000,000 won
and has been increased every vyear. The medium maturing cultivar
"Dungzi" registered in 2008 was realesed as trial seed on farmhouse
and the medium maturing cultivar "Y—ball" registered in 2009 will be
distributed as trial seed this vyear. Regional adaptability test on
developed cultivars have been carried in China. We will distribute
selected cultivar for export use.

In order to test effect on seed formation, the effects of unfavorable
growth conditions on seed production and bulb production were
investigated. Three different stress treatments reduced seed yield in
three onion cultivars such as early, intermediate and late. Especially,
seed yield of the late cultivar 'chunjudaego' under high temperature and
high temperature + high humidity treatments significantly decreased,
compared to other cultivars. RT—PCR analysis showed that high affinity
S transporter and  Glutathione  S—transferase genes were  highly
expressed 14 days after high temperature and high humidity treatment.
Furthermore, 2 D gel analysis revealed that protein spots in onion
bearing stage was suppressed over time by different stress treatments,
compared to control plants. However high number of protein spots were
observed under the high humidity condition, when it compared to high
temperature condition. Overall, the results of this research revealed that
stress  treatments (high  temperature, high  humidity, and high
temperature + high humidity) significantly reduced seed yield and bulb
production. These data indicate that technology of efficient onion seed
production 1s required to avoid high temperature and high humidity
conditions. For example, onion transformation with stress resistance
genes would improve the productivity of onion seed.

Allium interspecific hybrid was used to develop pest and disease
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resistance lines and new Allium crops. The goal of the experiment was
to improve the storage of onion and to breed pest resistant onion.

We developed DNA marker to distinguish cytoplasm related to mail
sterility of onion. PCR amplification of DNA marker was able to
distinguish N and S—type in cytoplasm. 28 lines out of 35 BC; lines, 32
lines out of 68 BC: lines and 17 lines out of 20 BCs lines were turned
out as maintainers(N/ms ms). Using DNA marker saves time and cost
of Fy hybrid production and new onion variety breeding.

PCI(participatory crop improvement) system is that major producing
farmers in onion cultivation areas were involved in the local adaptation
test of selected onion lines. Because this breeding system gives a
chance for breeding institute and farmers to select proper cultivars in
different areas. this breeding system 1is likely to be effective for
breeding new cultivars and their dirtribution.

Cold tolerance examination on onion nursery stage was accomplished
by ion leakage, TTC and proline content assay and all of those method
had an effect from conclusion degree of tolerance. It was more stable
method to extracting a sample with liquid N and sulfosalicylic acid better
than extract only sulfosalicylic acid that promote efficiency of selection.
Suitable seedling stage of cold tolerance examination had some different
with maturation period, growth term of late—mature onion needed
shorter than early—maturing onion. For the efficient of examination parts
were use the root rather than leaf and treat on low temperature with
exposure the root.

The chlorophyll content measurement method wusing the DMSO
extraction method was little amount of analyze the samples and the
required time less than the tissue vigor test by the TTC on selection
criterion, of the excess moisture tolerance. The efficient method was to
use the length of roots and damaged by plant activity compared with
excess moisture tolerance of selection index. The excess moisture
tolerance of selection effect when the treatment of moisture injury was
treated with the 10A/ ABA solution instead of the water. Suitable
seedling stage of excess moisture tolerance examination were growth
term of late—mature onion needed shorter than early—maturing onion.

The induced moisture injury was effective the high temperature compare
to low temperature and to block the oxygen supply rhizosphere. Nursery
test by breeding line of cold tolerance showed strong compared to the
check wvarieties, and excess moisture tolerance on the comparisons

check the red varieties 1s strong, but the yellow varieties was a
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difference between selection indices.

Breeding lines and cultivars have more tolerance on cold in field than
check varieties Powerball and Red Sun. The planting period for selecting
cold tolerance was more effective when it is later than established
planting time and in the northern part, which has below zero
temperature on soil during the winter. Moisture resistance in field was
higher in breeding lines and cultivars than that of comparisons. The rate
of withering by the different timing of water treat was highest at the
most vigorous period of onion. The damage was more significant in wide
ridge than that of narrow ridge and in clay soil than in sandy roam. The
content of pyruvic acid, which is sweet, was decreased as the onion
grows in field. In the earlier stage of growing, the content of pyruvic
acid and sugar content was more focused on leaves and leaflets and
later, it was more focused on bulbs. The content of pyruvic acid was
higher as temperature rises, but it was lower as the intensity of
radiation rises.

Sweetness character examination was annalize into established six
kind of methods, those of them Yoo etc.(1995)'s method was most
efficient. But it had a deviation problem during analyze a sample, So
change of extracting way with liquid N and use of centrifuge that could
be control enzyme activity and improve extraction method. There's
correlation PA/TS and dry matter with pyruvic acid, but total sugar and
sweetness were not. Result of storage examination bulb rot rate were
increased by water treat were more late as well as compost amount
increased at condition of cultivate environment. Bulb Rot Correlation with
sugar contents but among the bulb hardness was negative on selection
index of storage character.

After harvest pyruvic acid contents was increased untill bulb planting
time. The sampling part for analysis that can represent a whole onion
bulb in pyruvic acid content was upper part of the bulbs or 3rd~4th
scales from outside for medium—maturing and late—maturing cultivars.
Samples for pyruvic acid contents analysis at least 0.5g. It could reduce
the rot late when bulb hardness was high on storage. When storage
environment conditions to induce for rot of bulb with P.E covering,
shade treatment were effective induce for rooting and sprouting.

Regional adaptability test for cross combinations of red onion was
carried at Muan, Changneng and Andong of main onion cultivation area.
Cross combination S&P 5294 and S&P 5295 were lower in bulb height,

but were earlyer in harvesting, higher in yield and better in storage
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ability compared to check cultivar "Red Sun" at three regions. We
registerd S&P 5294 and S&P 5295 named "Lucky Red" and "Happy Red"
respectively.

Useful composition on red onion were investigated. Cross combination
S&P 5294 was the highest in sugar content and sweetness among
planted cultivars. Also selected cross combination were lower than "Red
Prime" and higher than "Red Sun" in total phenol content, total flavonoid

content and quercetin.
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R 3¢ XA 8 7 1.5 - 6/8 85.7 7.7 8.9 0.87 10.8 328 100 7
6/1
Ty gl L Al = 7 8 1.3 ) 83.7 8.3 8.8 0.94 11.0 343 105 8
6/1
nrE XA 7 8 2.0 0.3 5 80.7 8.2 8.7 0.94 11.0 334 102 8
6/1
FAnsnan= s A 9 7 20 1.5 ) 90.9 8.2 8.7 094 10.6 348 106 8
6/1
07-125 5 9 8 7 - - ) 84.0 8.1 8.7 093 104 334 102 7
07-134 5 3 7 8 - - 6/9 814 83 8.6 096 10.0 337 103 7
6/1
07-140 T3 8 7 0.5 0.8 ) 84.0 7.9 9.0 0.88 10.8 350 107 7
07-113 T3 7 8 - - 6/9 834 80 9.2 087 10.6 337 103 7
24 0 1ePH~9(), *T : WEH~9(FD), FEAF  FA/R, HIE o 1ED) ~ 9(FD)
FEZAF L 20079 6€ 9€ (1A, 6¥€13L(2Ah)
% 5. AZIE A A (%)
FAA 7]
= 2007.6.20 2007.11.8  2007.12.10 2008.1.7 2008.2.11
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A 51 0 99.0 99.0 91.7 42.6
g L 0 97.1 95.2 88.9 51.0
RIS 0 96.4 92.8 86.3 55.4
7}E}vb5- 0 97.6 96.7 88.7 56.1
07-125 0 95.7 92.7 81.9 38.4
07-134 0 98.7 93.9 70.3 21.6
07-140 0 98.7 96.8 91.6 43.2
07-113 0 99.5 97.2 84.9 47.2

FALAFLE 1 0 ~ 2T, A4
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4. &3 AH9HIAH A
7h 12bdx g 9 A
(D) aAAR 2 HREF, sEFTWEY, o&7), 2529
(2) AEN8

Adde A 3 3 4 R
[e]
2007. 7. 2
| fe) -
F 9k 2006.9.13 2006. 11. 12 2007. 6.7 =4 200 %000 1)
I 7 2007. 7. 2
1 = w
§ W 2006.9. 11 2006. 11. 15 2007. 6.7 =4 200 5000 1)
e §  2006.9.7 2006.10.26 2007. 6. 15 A 200 007 020
F 9 2006.9.8 2006. 11. 1 2007. 6. 13 =4 200 29017(-) 7202
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FHAGH A EE L)

$F°06. 9. 7, A2:10. 26, FFAL07. 6. 15

FHAFHSAACE A

3F:°06. 9. 8,

411, 1, 7807, 6. 13

a9 11 FHA $ AR A ks, 39)

£ 8. ¥ AR APYH
24 @5 74 pm gy o TH BT Sake/100)
%3 ;;r;) (t‘lﬂ};; (CII(l)) (cm) ZV; 7! =T TE Az ~
29 @) (2 gu AT
kil 81.3 7.5 9.1 8.4 0.92 - 1.5 343 10,135 95
k22~ 85.0 7.8 8.9 9.0 1.01 - 0 357 10,710 100
o oJ&H 82.7 7.7 9.4 8.7 0.93 - 2.0 360 10,584 99
A 21 75.3 7.1 8.7 8.1 0.93 - 0.5 317 9,402 88
NO108 81.5 7.7 9.0 8.3 0.92 - 1.0 325 9,653 90
NO1342 72.3 7.5 9.3 8.3 0.89 - 0.8 345 10,267 96
KR 79.7 7.0 8.7 8.5 0.98 - 0.3 325 9,721 100
jrub22 85.3 7.4 8.8 8.7 0.99 - 0.1 323 9,680 100
.. o&H 74.5 7.9 8.9 8.4 0.94 - 1.1 330 9,791 101
A 2] 68.9 6.6 8.7 8.2 0.94 - 1.5 308 9,101 94
NO108 68.5 5.4 9.1 8.3 0.91 - 0 343 10,290 106
NO1342  70.0 5.6 9.0 8.1 0.90 - 323 9,690 100
FrkE2~ 78.1 7.6 7.3 7.6 1.04 5/27 1.0 237 8,172 100
oyl 77.8 7.7 7.5 7.1 0.95 5/25 0.4 258 8,197 100
et A=A 78.7 7.7 7.4 7.1 0.96 5/27 1.7 275 8,416 103
NO108 80.9 7.8 7.7 7.1 0.92 5/20 0 282 8,602 105
NO1342  79.9 7.7 8.0 6.6 0.83  5/21 0.2 233 8,177 100
wFuk22~ 87.9 7.3 7.7 8.2 1.06  5/31 0 259 7,746 100
o&d 80.3 7.2 8.3 7.3 0.88  5/29 261 7,829 101
2+ Al 21 72.2 6.1 8.0 7.5 0.94 5/20 245 7,317 95
NO108 70.0 5.6 8.0 7.5 0.94 5/17 0.5 248 7,550 98
NO134 69.3 5.7 7.9 6.8 0.86  5/17 0 233 7,529 97
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F 9. A7 AL (%)
= 2007.7.2 2007.11.8 2007.12.10 2008.1.7 2008.2.11 H| 11
2 31} $ 0 65.7 56.4 48.6 10.0
R 0 51.5 41.5 30.0 21.5
T o] & ¢ 0 66.4 60.0 31.4 9.3 A 2
oF A Em 0 73.1 58.7 48.1 13.1 2] %
NO108 0 72.9 62.9 43.6 8.6
NO1342 0 85.3 81.3 67.3 25.3
% 3} 9] 0 78.6 65.2 53.6 17.9
FopE 0 78.9 73.4 67.9 45.0
L) o] 0 91.2 87.7 80.7 36.8 A&
%3 A Z v 0 81.2 76.2 63.4 38.6 Rk
NO108 0 98.0 72.2 52.8 23.1
NO1342 0 91.4 90.5 80.9 23.8
2007.6.20 2007.7.20  2007.8.20 2007.9.20 2007.10.20 =AY
b FmlE~ 0 97.4 90.7 88.8 86.5
5 o] & 0 94.4 916 89.5 80.2 o,
F A=Y 0 96.4 91.1 89.8 87.4 ;;
g NO108 0 94.3 90.0 87.3 85.7 °
NO1342 0 95.2 88.2 86.9 83.3
*A2AF 1 0~2C(07.7.2~'08.2.11) HF A T4 A4 4L,
sk A L Ak oA AA('07.6.20~'07.10.20) Fd SAFA A
v 22bdE g 2 A9
(1) FAAE @ 1 d¥EFE, T5FTAMEA, o]&d), 327
(2) BEM8
DT TN 4 4 woa TR
3)
3 3 2007.9. 14 2007. 11. 2 2008. 5. 29 =7 200
oF & 2007.9.10 2007. 11.9 2008. 6. 12 =% 200  2008. 7.12
2 9 2007. 9. 10 2007. 10. 26 2008. 6. 13  =# 200 ~2008.12.5
% = 2007.9.13 2007. 11. 10 2008. 5. 31  =A 200
(3) AAA%

7 AF (2% )= FFo] HFHL AR Fso] Tt A= of
gl Au 7t ek EFoly, Fdols S o] thA Eokth(E 10 ¥
a9 12, 13)

(WH) 07-113(5A Yo 52 AdgJeol nls] Ao Hstar A7}
dste] o7k )b o] Al e dgs HERIAT(E 10 B 1§ 12, 13).
2008del] “FAGH'R FF AAIuALE Sglom AFAEFE sk
Fip FAe AR Fola 2009 FEH AFAAE EAHow & A
o] o},
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(th) ol=de 227 Adoz Fo-E57F A9 glo] b X“d Ay 7}
7beetal, MEe &7] wEal dFgo R
o} ZHHH‘:'PHH N CEASE, 3EA7])
(% 10 ¥ 13 12, 13).

(2h) 07—119—5 S 7|7F wE SR o] %lz‘s}.ﬂ T oE voy &
24 AE)oA 7 Aes HIste] 3AdE ANFEES AA Tl T
FE27M5AS AEIA SCH(E 10 2 19 13).

3 10, %y} XA A A A A A

=

o rd- AY @y Fke/10a)

_— s D S B S
R O B CO R CO R L EI A
& 75.4 9.1 8.5 0.93 6/3 6.1 94.8 360 10,141
e 85.6 9.7 95 098 6/12 76 90.0 423 11,726

S A 81.0 8.9 8.7 098 6/10 1.7 76.9 320 9,437
£ il - 8.4 7.4 0.88 - 4.7 - 291 8,320 0
W¥ 807 90 85 094 - 51 872 349 9906
07— 9B 76.6 9.4 85 090 6/3 0.4 96.8 367 10,966
113 s 80.4 9.6 94 098 6/12 0.2 87.6 425 12,725
= ) 89.0 8.9 8.8 0.99 6/11 6.7 75.0 320 8,957 A
XT; il - 8.4 7.4 0.88 - 1.3 - 291 8,617
BF 823 9.1 85 0.93 - 2.2 865 351 10,316

R 79.4 9.0 8.1 0.90 6/10 1.4 96.9 347 10,264
°] HE 89.0 9.5 9.4 0.99 6/15 0 90.3 392 11,760
= 33 82.4 8.6 9.0 1.05  6/15 0.2 65.4 307 9,192
4

T - 8.4 8.1 0.96 - 0.3 - 279 8,345 0

B 83.6 8.9 8.7 0.98 - 05 84.2 331 9,890

4 71.5 9.4 8.4 0.89 5/28 10.1 939 382 10,303
AT 84.2 9.8 9.5 0.97 6/8 6.8 79.5 427 11939
2 24 78.0 8.8 8.7 0.99 6/8 4.4 80.0 310 8,891
T - 9.2 8.2 0.89 - 21.7 - 387 9,091 2

B 77.9 9.3 8.7 094 - 10.8 84,5 377 10,056

4 73.8 9.5 7.7 0.81 5/27 8.7 97.0 353 9,669
07- QHE 82.2 9.8 8.6 0.88 6/8 3.1 91.3 412 11,977 4
119 G 82.7 9.2 8.3 0.90  6/6 0 70.4 318 9,540 9

il - 9.6 9.0 0.94 - 1.7 - 442 13,035

B 79.6 9.5 8.4 0.88 - 34 86.2 381 11,055
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1 1
THd F 50Nk o R dE FFRT AHIA FEToEA F7F dAHlE A
et a3E T
] Al 2 7] SER-) % o
RIESESEI)) 22,387 28,017 50,404

U 2xd e Sauye 9 Ay}
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Atk 7 FEF FUlek MsAI7IVE gsken g st § A sk A9
=3 Aol EaeE Sotow sty st Wo| Ho|ZE {Fo] R AISHS
t. AHEe 59 31YUFE 79 297bA] giFT (31.840.5°C/43.2£1.2%), il
(41.4£0.7°C/52.3£1.0%), 1% (36.1£0.6°C/ 56.5%£1.0%) % 1-&+1l% (37.9£0.6°
C/56.6+1.1%)°] 4x2]& Zet2Y BF O R digsto] Attt LA g]= 3

Ihe

AHES s

HE AMgste] 55 2dstal aH5A e 7HE71E AHSete] 58 24318
=3

AEAo AezAbE A2 2709 391 20061 129 4o BAF, A5, 9%
T H AxAE AT I, A5 2 1 + 35 AP $ 3294 2007
W 72l AgE-et AAYTFE FEste] £ YS, 92, x4, ¢, 74,
i, T oo SAsRIT ATFS Ak SsIA sE el S
s TAE Adste] T2 FAE S48l

o
AX o7 xpo]= Holx kx|t i
A3 olv} FAEQ WAISY EFo vl o] Both ol#st Ax= whAEe F
b 2AFH FAFA AlE 2

5 (2002)9] Wacl A9} o] EEe] B4l o@ Aw AztAr),

Fig. 2. Growing features of three onion cultivars at 2 months after transplanting.

Table 2. The growing stage of the three onion cultivars grown in the glasshouse at
two months after planting.

Cultivar Tiller Mean leaf Mean leaf Leaves
(no.) hec1rgnht diameter (mm) (no.)

Shinsunhwang 4.8%ab 53.2a 13.0a 33.0a
Maebsihwang 4.4b 50.7a 12.2a 28.8a
Chunjudaego 5.7a 51.8a 12.3a 36.2a
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’Each value is the mean of thirty plants. Means sharing the same letter are not
significantly different by Duncan’s multiple range test at 2 < 0.05.

FT A 2ol s g FolAv g A ol Aot EFe] Ay
S FEA YERAY 3, 1% 18a a+35 AE § g fxde
Fro|ats HolA FAAT JxAS AHEHANA e A HlE 9 T
o T A% 22+ aEA A o 9k FAS 123 2+ 3E5H
Tol A 2FzE ZFEIAAIE FeAtE Holx] gkt Yt FFE2 Ao]|E Ko
A EIAT aFH AN He ol M w2 AE Bt 1% A
A AR A g AT T Aake]l HXE QT

TAEQ AU FEolA EES, 92, d4xF AS Tol HXHUL
HEo] B4 i o2 FFdd vs)] wo] AAEAT. Ty 2AAF A48 o
U FAE YA O vlE] HFdare] g, 4, FFo] dASA del EF
of wel v whgE F Aoyt UE e 4§ U gEY B UL
Wolo] we} 2o FHo] "WolXle= AyE YERI T (Table 2). Kwon &
(2002)2] AFtol oJstH FRhAE “Addiar’e] A9 BF&0] mof AT FF
of Hl3l] dEAdel EolA AL AAARl Alvl= E7bsstrkal Bl SGith E Huh
S (2002)° ojetd TAFR ‘~FYETE ZAAE STl et ‘e 1570l
3l - B REgol] & XolE YElgd 53 A 2o mal wkgo] tE
thar 3Qltt. olelgk FEIe 8% zo|rt 2-F-WHAFE 54 wE AAA
A WA, HFd FEES ARG SAJA A o e giARt
O thget 2-F- v FEE50 diste] thdst A geA Alge] Had ZloR
Azt gtk

Table 3. Effect of three cultivars of onion grown under various environmental
treatments on shoot growth and mother bulb parameters after 32 days.

) Leaf Leaf . Mother bulb
Cultivar Trt T1llerz bt dia Ht Dia Mean Total Total
(no.) (cm) (mm) (cm)  (mm) wt (g)¥ (no)* (\g)tx
Control 4.5 123.6 19.2 103.2 78.8 311.2 17 5290.4
Shinsunhwang H. T 5.5 112.0 18.8 102.8 64.6 171.7 22 37774
H. H 5.0 115.0 22.3 104.2 75.4 213.5 20 4270.0
HT+H H 4.3 118.3 21.5 102.7 76.3 233.2 17 3964.4
Control 4.0 114.7 19.7 90.4 57.1 130.7 16 2091.2
Maebsihwang H. T 4.8 124.9 22.2 93.2 71.0 223.9 19 4254.1
H. H 4.8 125.7 23.6 101.4 72.1 232.9 19 4425.1
HT+H H 5.0 127.9 20.8 113.0 72.1 222.5 20 4450.0
Control 7.0 134.4 21.2 63.7 45.2 71.0 28 1988.0
Chunjudaego H. T 5.8 119.3 21.0 61.5 45.7 67.8 24 1627.2
H. H 5.8 123.3 25.3 89.0 50.2 87.8 23 2019.4
HT+H H 5.8 131.3 20.6 89.2 51.4 90.2 23 2074.6
ANOVA
Cultivar (C) sokok * ns s$okok Hokok $okok
Treatment (T) ns Ns * ook ns ns
CxT ns Ns ns ns ns ns

"Each value is the mean of four plants. "Mean weight represents mean fresh weight
per bulb of four plants. *Total number and total weight indicate total bulb number
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and fresh weight produced four plants. H. T, HH, and H'T + H.H represent high
temperature, high humidity, and high temperature plus high humidity, respectively.
Treatment effects were not significantly (ns) or significant at 2 < 0.05 (%), or at P
< 0.001 (%),

Foko] st F a1, 3F, AZ+iFAgd mE AFHF A3E AHEA O
Zo vls) a2, 355 18 a1 +agA A @A Wtk a1, a5
a3 1 + unEAY = 22 AQFTe] pol2 YEuA &gl w1,

AFAYE Qs 35C oo a2 xe] & ‘q% JJr s}-7F vt
3 2 B ozt Wakrsl ¥
i o] Faste] dEE0 Hoernw Fu qIFHS ?ﬂ?ﬂ%}ﬂl g Ao

EE Shinsunhwang
[ Maebsihwang
I Chunjudaego

Mean seed weight (g)

“TEr 1l I T

Control H.T H. H HT+HH

Treatment

Fig. 3. Effect of high temperature, high humidity and high temperature plus high
humidity on mean seed weight of three onion cultivars. H.T, HH, and HT + H.H
represent high temperature, high humidity, and high temperature plus high humidity,

respectively. Vertical bars denote the standard error of the mean (n=4).

Na F EFF WE AEF 2nS Ayrd AT WA A7
Frol ks HolX| FAA T THAE ool vlE)] ‘s WA dA 5]
A F7kete] FE wel ATl ZolE BT oledt A= AT AT

7F FA & GAlel nd 1 2 2EHW OE X, FAT v
A7FskAl REgE W oofyer Tt AA gk HEE Y ATl HahE A=
A zto]l "ol kAR AFHHE SHetr] AdlA= vIZFE &2 AR o), &
o G AFEE NS 7 (12958 oh53l 3971A]) aF-9-2=e vd 958
ARgEte] ATl feEld 4gd2xet A (Lim 5, 2002)S & -3t 7)she}
St FA Aol nevyn 2SI F e FAxo] Fodrid A
F&o] Wol Tt Ao w duHE H 2o R E Ku 5(2007)2 A 93}

ok 7/_1

ox 1



= g5t °H94°ﬂ*1 FHEAS AFse PHS detn

A Fute] Y AT sl Y] S5

Ad71e] 95 39 = 3l
= et ® she-avEAulrE AEEe gut APl AHwe F5E 5 UA
oo R EgelA Apjets Sy AFe aEgHoR FIsE o A
goluh, 3 FHFAE AFTetr] s BAE 108l AA ko] olFdl Bl F
t, 7H3}sto] of Foll AdH o] ATk A AA=H 7 A el

7b 9€1e] 5] impotence’t Lolut SropEatsl AAH % Gk Fo] Apye
3 WO o) fold FRI Aol o] FolAW 674e] Aste] WE AL
BEE 3~47), FVAEL A~50e] YY) AF EEol ARHE AYL
nelth oleld A91e AAsy] e stolwat 4, Fu W Aspye, duL

Assts 99 52 AU, YRR on sl Y A BA0) W 5

o1F B )5 HAstel AP FTaA APS FASHA

A T AE TEA AL A% el HE ZE B Age] A&
A Aue A4 (2AF), WAFHETAT) ot ZEARG foledd A5
ol AN YA Az, wAst, o, AnFel % srE ekl
Aol sl B e aslusi. E g A4S 4 87 Ads
el At feedelA 150 ¥EO GEH 78 S 971 AgA
A the A AR FRRE b2 AR ol (1) control (2)

High temperature (HT, 43~46°C) (3) High Humidity (HH, 80~85%)°]t}. =]
1443 2549 35 T3t vy 22 e Astes wvbg S, F 9
2ol dhy ok}zﬁﬂr l—ET;ﬁ A AFe] Wk S Ay Bkt

*‘“Xﬂ 05ga SRS o] g8t A HAE o] e JHEE HES
Glinding® 1.5ml tubeol] Ho} A Hio B3}al, Buffer &84S FH| Y1
2 Aol § 4°Col 30~60 HEs3lith 4°Coll A 7000rpm O 2 1027 214
2] shlvh. sl @Rt g3ls ol &dte] e FHE olFAl ¥ U

A g ALgsta Tt
(4) A719%5 (1-D Electrophoresis)
G dS HFsk &, SDS-PAGEE oF#|9} o] AAJeF3ith 10 X running
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bufferE o]&3ste] 719 5S Atk A kol 3ul9] markerE loadingAlZ]l ¥
T WA 75 2X running buffer®} A &3F proteins 2+ 4] o)A loading3d}F$i th.
Castero] 20mAE H7]E Zo] F1 1A 508 % A} Zo A7]d% F gel
< stain &N AT, G E gelS destain Aoz G A7 & FF
sttt

(th) @715 (2—D Electrophoresis)

12} Isoelectric focusing(IEF)E ¢t IPG stripse 7M urea, 2M
thiourea, 2% 3—[(3—cholamidopropy)dimethyammonio]—1—propanesulfonate
(CHAPS), 1% dithio —threitol(DTT), 1% pharmalyte® % reswelling £
o7 Ao 12—-16A17F AE reswelling 3t} Strip B A5+ Z2H2F 200ug®
S AFE-3F9 2™, Amersham Biosciences AF2] Multiphore II system< ©]-83}¢]
A Z3|ALe] AL ML S = ske] 20°ColA] IEFE F8slqlth. [EF =12
150Vl A 3,500V7HA &) =AM 3AIZE S A 8kl e ™, 3,500Vl A 2643 A
HEES gto] HFHOR 96kVh 7F HEF AASITE 234 22 SDS-PAGE
= F33}7] Aol IPG Strips= 1% DTTE &3k equilibration buffer(50mM
Tris—Cl, pH6.8, 6M urea, 2% SDS, 30% glycerol) & 10%%} incubation 3%
W, FHE 2.5% iodoacetamideE $F-3F equilibration buffer® 10&%F ¢
incubation 3}$ T Equilibration®] €5 % stripse SDS—PAGE gels(20x24cm,
10—16%) $ol Wi A]7] 2L, Hoefer DALT 2D system(Amersham Biosciences)<=-
o83t 20°CellA HFA o2 1.7kVh7F A A7t olxkd 7] 5o
SaE o)z Ao T AL Oakley(Anal. Biochem. 1980, 105:361-363) &9
Wiio] wel Mo R AlZtstElom, AgEA 7| og dMd sAHS 95t
o glutaraldehyde #¥] @Al AFHAT. 2948 ofxkd A2 AGFA A9
Duoscan T1200 =7V Z 270 o F4x7} TIFFS 9249 )2 715FE
of A7gste] A k3T

(2}) Western blot analysis

G E S EF BSAE o83 wwEe] LS st HZFsido
(Bradford, 1976). ®3 12% SDS—PAGE=Z #7|9ds3st dwde
PVDF (polyvinylidene difluoride) "o 2 271 thS western—blotS 98 =44
H'—ATPased] taste] w50l A1xF A (DL @ Ftokult) 3t Sasagawa il
FRYEH BEL)E 1:1,000 W2 848k ALgERglaL, Bl H - ATPase 4
=2 alkaline phosphatase—conjugated anti—rabbit®l A2z} &A= 1:1,500 v =
sl Alslo] AASEIA T

O



1-D A7 so=m FRlgk F dwmde] By Fifol= & zol7) gl ot 51|
A% A3t 4ol induced G A deduced @A o] FEHAA YESLT
Induced®} deduced &1 sj®1S Fig. 59 &t Figs, 4A,B,Col 2333
o gulFEe] FEYAA FolEAa AA UM @A EL Figs, 4D,E,Fol
YUERY Fa Tk Ald sk WiAlsk (ko] & Apol= B U gl ol
ToA EXEE st e AT a8 XS A% T8 Vx AREA 53] F
2A7F TEmEe]l FomM T Yde T8
SWohe A3l AR 1 d Aol st D ° Ely
HelE R Z47be] dmde] zpAMeh dHel 1 7])FS welA] X
ol 2ydxte] 2—D @Wl A A7|d5S HAAEAT
Before Half Full Seed
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Fig. 4. Protein patterns of before, half, full flowering and onion seed bearing of two
onion cultivars 'M2' (Shinsunhwang) and 'M4' (Maebsihwang). Before, half, full and
seed indicates before flowering, half flowering, full flowering and seed set,

respectively.
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Fig. 5. Protein patterns of before, half, full flowering and onion seed bearing of two
onion cultivars. First and second columns—before flowering, third and fourth
columns—half flowering, fifth and sixth columns—full flowering, and seventh and
eighth columns—seed set. Odd and even columns indicate Shinsunhwang and
Maesihwang, respectively.
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Feluebell A guke] st AAV)E 69 FEke~7dddl o] A7]elE B

2 w7k wol WelAl wrh Fuhe FUSGERMEZ ASIel W ] Se)
SHGHE)7E Wokol AU &(RFR)0] obA el 7k o wAFel wat 2
wol

b FoE W ohleh st 2o AE At BIFHAN AT
A

oAt FRAFL FESA] oFolAE AR 6 Tl AT

olol7h= A%719 79 Fakeol WA Anrle ALHE 9o e
H5S ol AJAdo] Hasdith B Ao Ayt fEete A7)l UE

AE A B Aelel o8] ke 77} A
A wobes 2 Aol 2 wart o A

C HH

Fig. 6. Figures of high humidity (HH) and high temperature (HT) on umbel with
flowers of two onion cultivars 'Shinsunhwang' (A) and 'Maeshihwang' (B). C, HH,

HT indicates control, high humidity and high temperature, respectively.

oeFst B Ao T o @y s wged vk oFge] wWsteE o
(Figs. 7, 8). A& 1443} 2547 o] 245z W A
o] wd o] AASHA Tadhe A4S RStk
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Fig. 7. Effect of high humidity and high temperature on 1—D Electrophoresis of two
onion cultivars 'Shinsunhwang' and 'Maebsihwang' at day 14 after treatment. C, HH,

HT indicates control, high humidity and high temperature, respectively.

Shinsunhwang Maebsihwang

M © HH HT C HH HT
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Fig. 8. Effect of high humidity and high temperature on 1—D Electrophoresis of two
onion cultivars 'Shinsunhwang' and 'Maebsihwang' at day 25 after treatment. C, HH,

HT indicates control, high humidity and high temperature, respectively.
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AFA7 S B Dol Pt Tl AL B@ oW JFL MAA 2
FE Aol Fig. 9olth. 4 ool & dezl FAAE FAA Frlole £

O

I} #H o] 9= High affinity S transporter®} Glutathione S—transferase gene]
T, nE Al mE HA} FEeA o] Lo JEE RT-PCRE XASIGIT
A2l 1497M A= Aeld aga F5Hb & Aol& Kol 534 2o} A
25940 = 2.2 AlA3te] w2 Aol A High affinity S transporter®] &
o] 7{9] g}g% o] }o:hq. o] 7ﬂJ,].‘~ _,4,] lﬂ—uﬂ;d /\16401]}\1 %1-% 7g6;r% =k
o &= Ao] wj§ FuFH
Shinsunhwang Maebsihwang
C HT HH ¢ HT HH
High affinity 5 transporter
A
Glutathione S transferase
& High affinity S transporter

Clutathione 5 transferase

Fig. 9. Effect of high humidity and high temperature on specific genes of two onion
cultivars 'Mokpo 2' and 'Mokpo 4' at day 14 (A) and 25 (B) after treatment. C, HH,
HT indicates control, high humidity and high temperature, respectively.

A 1443} 2590 F7E FEEe] 1-D W79 F F T @A vy Ay
= ol Buslglal, ojojA 2-DE AASAT. 1 A3E B

AA] e e A T EFF R
down-regulation ¥& Z¥}E RHoF3 Qi 15Fe F

F7re vhE Y-S HoFa rh 2-D AR B AHEUE 3
sh-o] w2 whlEo] down— regulation® At
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Fig. 10. Effect of high humidity and high temperature on protein expression of onion

two cultivars through 2—D (First row—Shinsunhwang, Second row—Maebsihwang).

Fig. 11. Effect of high humidity and high temperature on induced or deduced protein
expression of onion two cultivars through 2—D (First row—Shinsunhwang, Second

row—Maebsihwang).
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< w2 AdAsA Ak

Hzret 158 v st gFEE spotES G

w3150 A 278 spotst= WET; W

|
12). o8 7FA] spotE<S Quantity #hto= HA33F Zo] Fig. 130]t}. A d o=
al-2-0] T T EToA HoFa
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H) 8] 11l A up—reguationdts= AY}E F =2

]
" 1114R 1y 41TOR .“‘EEE A
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Fig. 12. Effect of control and high humidity on protein expression spot of onion two
cultivars through 2-—D. High humidity treatment was more induced compared to

control plants.
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Fig. 13. Protein expression spots of high humidity and control treatment.

h2ToF 2L Hustd hiEE SpotES Down—regulation ¥ AT 2% 8
7N spot®k el Hls) o wdde stk (Figs. 14, 15). L3 1o
F-5o] Down—regulation®] ¥+ A%¢S HUIL

A& vt i
oA FE FAE

Fig. 14. Effect of control and high temperature on gene expression spot of onion two

cultivars through 2—D. High temperature treatment was more induced compared to

control plants.
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Fig. 15. Protein expression spots of high humidity and control treatment.

AT WAL, FASZ WA WAF AT we, uF g
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BIAS a5 A 5d

down-—regulation ¥+ 23S RolFa Qr}, 1, 159 1+
A= FELPolvt A Eztol] ApolE HolA| ekttt (Fig. 16). Ls5Ale] 18YA Al
Mol BF EFoA vz whekato] o HlE down—regulation A4S
HAL aFA oA A grEe g dkgo] o A H At vhwol Al
Agdolu Aol M= thxToF ' AolE HolA| FAINE HFrharol A
A el A {9 (Fig. 17).
AP A H ~ATPase?] @) A1x} 55540 984 H' —ATPase=
e AE oz FEEte Axe AR A FEE s T4 92S
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5 et L2+ agA el A H Aﬂhwﬁgﬁﬂ%v12ﬁkﬂﬂ%ﬂ
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Shinsunbhwang+ I&fiaﬂhﬁmmn;gd Chunjudaego
™ ™ = T HIEH 4 S~ ¢ S~ - T 7

Fig. 16. Effect of high humidity, high temperature and high humidity plus high
temperatureon on protein expression of three onion cultivars 'Shinsunhwang',
'"Maebsihwang' and 'Chunjudaego' at day 5 after treatment. C, HH, HT indicates

control, high humidity and high temperature, respectively.

Shinsunbwang Ilaeksihwang < Chunjudasgo
I < W o . =0 S T A T M e (e T T
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i v

40
M Con HT HH HT+HH M Con HT HH HT+HH M con  HT HH HT+HH
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Fig. 17. Effect of high humidity, high temperature and high humidity plus high
temperatureon on protein expression and western blotting of three onion cultivars
'Shinsunhwang', 'Maebsihwang' and 'Chunjudaego' at day 18 after treatment. C,

HH, HT indicates control, high humidity and high temperature, respectively.
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Fig. 18. Effect of high humidity, high temperature and high humidity plus high
temperatureon on protein expression of three onion cultivars 'Shinsunhwang',
'Maebsihwang' and 'Chunjudaego' at day 25 after treatment. C, HH, HT indicates

control, high humidity and high temperature, respectively.
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Fig. 19. Effect of high humidity, high temperature and high humidity plus high
temperatureon on protein expression of three onion cultivars 'Shinsunhwang',
'Maebsihwang' and 'Chunjudaego' at day 32 after treatment. C, HH, HT indicates

control, high humidity and high temperature, respectively.
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Table 4. Characteristic of flowering and growth at onion mother—bulb culture for seed

production.
Tz FAg AT =7 x4 st | Azl | A | ASA | AER
° M (/=) | (em) (mm) (2D] (4.9) [(&. )| Nsks) | (g5
3.3 8.1 52.1 22.2 3.3 3.25 5.23 254 8.03
_ 3.6 8.5 53.4 22.8 3.6 3.26 5.23 354 10.41
2148
3.3 8.6 51.5 21.0 3.3 3.28 5.26 454 10.92
3.0 8.5 50.4 22.7 3.0 3.27 5.25 55 11.23
6.5 10.2 50.8 21.1 6.7 4. 6 6. 4 25 9.43
6.5 10.1 51.0 19.0 6.8 4.7 6. 5 354 19.2
AFF
7.2 10.3 50.9 18.8 6.8 4. 4 6. 2 459 21.3
7.3 10.6 51.8 22.3 7.3 4.5 6. 3 55 20.8
Mt & AHRdaE AT mE HolES A He A o] Al
85.4%, WFFL 89.2% % LT 4590l wolfro] Fehow] 5590 o] 2¥ o358l
Asshs Ae 2 4 Atk Q4% Aoz
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[
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_w g
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& —— R (HHE =
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g L (HEFEn 2
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i E

_/ w 132 » 296« - 139
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o5 = a5 a0 a5 50 23
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Fig. 20. Comparison of germination rate and germination days as flowering period
after flowering.
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Fig. 21. Process of seed maturating after flowering.
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Table 5. Behavior habit and pasturage number of flies as a pollination vector.

AT A
AL S 2= g% 7)7¢ o i
pNEES (%]7)17 Gy 5} %
13] A7) o] F 71 20] 25~27C HNER &uo] <y} Lo
(7H§]'7]) 15 100,000 H]EH7}— 70-0]- /\]:\UH7HE i/\]—a—] 3]_
Nsg7] o]F 7]Lo] 27~30C AFE Aol uwie} 3
28] i3 100,000 | FE el mleishs WEsk A9, 08 10~114, &F
(a4 7)) ’ 4~7A9) 227k 25~27C AFE Grold wyk SRS
)

AFFe 24F R B
A AY whe] FAE B
g Ld6kesl FAE Y59

kd

Table 6. Comparison of producted seed amount.

= & o L 23 |[Fu71| ]| nEaE | S | AT | dE5EE | d2E | ATH
—nee (7H) (cm) |(2) (€Y |((F-Z2shH| ) (cm) (mm) (%) |(kg/20m?)
24 ZAMS| 3.2 85.4 | 3.18 | 5.20 23.4% 3.5 145 78.5 56.7 1.07
IS
Fi (2A) 2.8 82.4 | 3.15 | 5.15 43.2% 2.5 135 76.4 - -
=) ZAMS| 5.8 954 | 3.22 | 5.24 0.9% 5.9 161 87.4 63.2 1.46
s
Fi ﬁlf4i 5.4 92.7 | 3.20 | 5.22 1.3% 5.2 157 85.2 - -
(F4)

IS, ZA4AHE MS 3: 33 1

(4) g°f =
el 7)Aol b AFol =eld ALIAGeZ s A

W $717F A S ARGl Ak olF FHey] As) vdsgry
3 R ke ARl 9% A% 2 AE S05] Assh FAAAe
FER 1BAAE 2PAIE Pl AFF Pl mabgolgont =4F}
FRASAE thael Aolrt ke Aol AARAY. FuAEe A9 =
BED ol 12978 o5 287 WY AE Aeste] hael mean
2 AAeA s FAGIN, A RIS AAss 1195E o8 397}
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Fstel AR R WHAL FEEY) kel Fnude B fAMlE @
detazt el fAAL (Pt AR)S ST 54S 2T
AR FRYEER 24 & AbolE Heola glon, dAQ] e
o 2] Hgw BN UEHs FPFe AUtk IS vgs
1%, 5U50F 2 oW £33 ANE 9A% T £ATES NS o
ATHE 8).
Table 8. Characteristics of collected shallots(A/lium ascalanicum L.).
] R N N A I SIS E A
=3 - Zo = Al A - o) X
B emy | omy | BT A A T e [em) | () | A | B
(cm) | (mm)
yea= 70.2 | 84 | 224 | 205 |FE | ¥ | AA 5 4 2 4 18 | A | &Y
T 1 52 5 15 12 |&s=| = | 3| 3 5 3 5 | 16 | &4 | 719
F 2 48 6 13 14 |55 5 | 34 3 3 5 7 25 | 3| &4
5AdFAT 50 7 14 25 | FE | 05 | A | 4 5 2 | 2.8 16 | &4 |71y
ZYAFHET | 35 | 6 13 | 15 | x| dx | A4 4 5 2 |28 | 16 |4 |7+
S A S, Y stol=E, g 1430, =FW 4%Fo] FAoIANa, =, g
B 410, gtH] 418, 22 99] & 3)718], Y 515, gHE] 505, A A o], A A Fut

=9}, IS11115, ISI 2130, 2895, WOLF F1, € =7,

BelwE

—

21210, 72, Fhg) v}, thololRe 21EFo] ZwhAlo|glon, Zabw

IST 836104, ISI

59

2001—35, 29 2001—33, 5-¢ 2001-29, ¥ 2001—-13, < 2001—2, 52}, HSO
108, ZAAls vk, =, deEEeR, G4 SAE 125%F0] oA
T2 FTA, T Ao A FE2 FAY AS wa Rtk FdES
Ze a1 74.4%, 36 515 55.4%, HSO 108 37.1%, 34y} @A &2 28.4% -O =7
=4t

Table 9—1. Characterisitic of collected onion varieties.

. A5 -y Azx7% FulE E57 T T% = A

o (w) (cm) (mm) (%) (£.9) A4 (g) T
29 6.5 46.1 21.3 0.1 5.14 86 235 5
st 7.7 52 23 18.4 5.8 84 162 ”
T3l == 7.7 51.9 22.6 16.8 5.8 89 137 ”
3E] 410 7.1 50.6 21.3 18.5 5.22 89 231 ”
SHE] 418 7.8 49.3 21.5 3.7 5.16 92 226 ”
ZepaL 6.4 41.5 17.3 74.4 6.3 17 89 ”
wp2 s 8.3 54.9 22.7 0.0 5.21 100 241 ”
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Table 9—2. Characterisitic of collected onion varieties.

Tz Sehen e A= FoE 7] T3 TE | g
(=) (cm) (mm) (%) (£.9) A4 (g)
99 E 8.1 58.5 22.7 1.0 5.26 90 309 ”
5] 7}e] 7.7 56.2 21.7 2.8 5.24 95 146 %
e 1430 8.7 57.8 24.3 8.1 5.9 87 258 ”
3E] 515 7.8 60.3 24.2 55.4 5.19 83 193 ”
3E] 505 7.9 68.7 22.9 1.0 5.16 82 231 ”
=z 8.3 59.3 22.5 0.9 5.9 85 167 ”
z 7 o] 8.1 59.1 24.1 0.0 5.18 89 241 ”
2 Al QFu}-2u} 8 58.5 23.1 0.0 5.22 84 216 = 2}
591 2001-35 5.0 36 17.6 0.0 6.5 94 113 ”
591 2001-33 6.1 37.7 17.1 0.0 6. 6 117 84 ”
A 2001-29 6.5 43.8 18.3 0.0 6. 8 133 60 ”
B 2001-13 6.3 45.5 19.8 0.0 6.9 123 56 ”
B 2001-2 6.7 46.4 20 15.3 6.9 128 71 ”
ISI1115 7.0 50.7 20.9 0.0 5.26 96 220 2 2}
254 7 47.2 20.9 10.0 6.15 78 164 2 2}
ISI 2130 7.5 51.1 23.2 0.0 5.30 72 61 2 2}
HSO 108 7 46.8 21.3 37.1 6. 8 90 141 3
3% 7.5 47 4 21.9 0.0 6.5 96 238 %
S 7.7 51.9 21.6 0.0 5.28 88 265 ”
WOLF F1 7.3 50.9 21.2 0.0 5.26 84 211 ”
A ohot 7.5 49.4 22.2 0.0 6.5 97 176 ”
Y= 7.2 47.7 21.5 0.0 6.11 102 264 2 2}
A=) 8.5 59.5 25.6 0.0 5.26 87 254 3}
e Ee 7.2 47.7 20.7 0.0 6.12 96 246 2 2}
JdHE 7.4 48.6 21.5 0.0 5.21 102 216 3
ISI 836104 7.4 49.1 21 0.0 5.30 62 127 ”
ISI 21210 6.9 49.3 20.4 0.0 5.23 82 154 ”
gofuh aA = 6.2 39.9 17.8 28.4 6. 4 92 169 ”
Fh 7.6 47.2 21.1 0.0 5.26 105 185 ”
I} 20} 7.6 50 20.9 0.0 5.27 102 161 ”
tholoh = 7.6 50.9 22.9 0.0 5.19 97 157 ”
Gool AR, Gutel sixre] Fmik wulis wxtAsgol Fualel AT F

FAE Qe 2 AFE 2UeH kot FI(FTxI), (Fohxah) <G Tte]
wgtoll A WA 7S] ELA R AFTaEC] vA oA = A BAT(5E10)

Table 10. Interspecific crossing between oninon and shallot, onion and welsh onion.

_ e e AMEE8
A By Z‘—%]'l: Z:%o_,': | (o%}:;g Remark
A/C 10 10 100 - A &Y
FIH(C) X AFZ(A) A/C/IIC 25 25 100 - JENF
C////A/C 77 77 100
C/F 8 8 100 - HalF AgA
. . C//C/F 15 7 47 - JAF7A
OJJ]r(C) x u’]’(F) C/F//C 10 6 60 — /(]-3]_1?__ 7HEOI:
C//C/F 14 14 100
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61~95% 7k 2 Wulgl Fuht ARRRTE 4G Fol Rast date] FPF
) G Fuhh AR urk Agyel 458 P W 9 wolF

Table 11. Characteristic of interspecific crossed line between onion and shallot.

FE R =7 A+ S EE7] T3 TE =) AR
A58 (cm) () (mm) (4d) A5 (g) B (%)
A 69 7 17.3 6.3 82 291 2 43
EN 51 5 16.5 5.10 67 351 2 28
H(AEE) 57 6 13.9 5.28 80 299 % 38
H6 56 9 18.3 6.9 83 252 =} 70
H18 65 7 15.2 6.8 80 287 3 69
125 51 9 16.6 6. 1 125 200 2} 95
H41 56 8 17.9 6.6 91 276 2 61
H53 59 8 16.6 6.9 86 222 2} 70
H55 60 10 18.9 6.8 78 226 =} 75
H105 62 6 16.5 6.1 80 255 2 82
H120 44 6 13.4 6.5 87 222 2 38

HY1-16 HY1-6  MA=Ol - HY1-16 HY1-6 A=

Fig. 23. Comparison of interspecific crossed line between onion and shallot.

Fatel H3t FRRPANE F2 g A AurE AAsn FUE %
FolA o EFeA7IE AEsted fEd THuPgT S Adste e 54
gt TURE) AS 2 FFEAS @A CF167 CF17& Al9je v
A Fzvuzt 67%(CF2, CF3, CF4, CF8, CF10, CF11)o] %x%go] Ax G270l
Zo] AwRg Agsted® a9t ds Zloln HdE2AE dHEFE] Fdolut
AR o TEA ASE Aoz RHol 7)F9 3 HiubE AENAIF =L A
o2 AAHAY, CF17S ALt Z7h4=E 7450 AA=% Bon E3] CF2
o} CF32 4% F4el vlste] 3u] = Eodrh FU&E AR dHETE
Bt} ¢k ol CF4, CF8, CF10, CF11, CF17& wtie] EAS Holx A

tHE 12).
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Table 12. Characteristic of interspecific crossed line between onion and welsh onion.

5 2 2% A+ AxA Ax7 A ZE FoE
A& (cm) (=) (cm) (mm) (g/7) (%)
34 68 7 16 12.3 71 35
=% 67 6 15 12.6 68 63
CF2 109 9 26 21.9 202 31
CF3 118 8 28 23.4 236 25
CF4 94 9 22 20.2 157 0
CF8 89 10 18 21.8 137 0
CF10 106 8 22 18.4 144 0
CF11 100 8 22 16.4 127 0
CF16 59 9 17 17.0 105 9
CF17 69 9 14 15.6 80 0

P ABE D A3 ELRE AAE BANE 02D

AMA 5= on= 160|91, 3] AMA S o} 7o on=

= ARARE debel] el wlE| =

7HAA i ew gutet mko] HF AME GAA T 16712 FF19
S

M5 om
(0]
2

Fig. 24. Mitotic chromosomes of onion(A/lium cepa), welsh onion(A. fistulosum) and

their interspecific hybryd.

Shallot®] A AF+= 2n=16°]%0 3L, shallot¥} Adu}e] F=£2]E shallot/% 3o
AAATE= 2n=16 W= FHAFA F3H8} shallotd] AMAFo FLdtq o,
A o] Aol e WA Eokar AAA Y Hol= T Tkl FF
AEo A ZzE 270 FA7E @l A7 SR E AT

S} shallot FA7F gl l=0l shallot/F 9ol &A1& A
of 2709 FEA7F EAETE Ao| shallotdt Fupzre] E7h5E

2 dAsk=d 4% S8 AANE A
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Fig. 25. Mitotic chromosomes of onion(A/lium cepa), shallot(A. ascalonicum) and their

interspecific hybryd.

o

o % BB A% P14

ShallotZ} %3 2 259 FusdE Q1A HS
A8 T Shallotoll A 4 o) A& 178 5 2— propenyl metyle sulfideE ¥
Z3F 15709 Aol 4=l Fufol vlal thket r)dite] A& HAL, T4
H o Zy7¢

& methyl propyl trisufide, dipropyl trisulfide®} dimethyl trisulfide® Z}Z}
5.87%, 4.55%, 3.59%°]% 1,  %3+= methyl prophyl disulfide, dimethyl
thiophene 2} methyl prooyl trisulfide®] =4 E°2 = Z+2F 1.51%, 1.33%, 1.01%9°]
At FFAEL 9FWo] A=EH o™ dimethyl trisulfide®t dimethyl disulfide
o] FARo R 747 3.37%, 1.90%E YEFIL)

Table 13. Volatile sulfur—containing compounds in chopped scales of onion, shallot

and their interspecific hybrid. (unit : %)
Peak No. Compounds onion shallot hybrid
1 2—propenyl metyle sulfide — 0.14 —
2 1—propanethiol 0.41 0.49 -
3 Dimethyl disulfide 0.63 1.45 1.90
4 Dimethyl thiophene 1.33 1.21 0.60
5 Methyl prophyl disulfide 1.51 1.72 0.69
6 Methyl Z—1—propenyl disulfide 0.14 0.26 0.25
7 Methyl E—1—propenyl disulfide 0.05 0.12 0.53
8 Methyl 2—propenyl disulfide - 0.56 -
9 Dimethyl trisulfide 0.70 3.59 3.37
10 Diprophyl disulfide 0.43 - -
11 Prophyl Z—1—propenyl disulfide 0.07 0.14 0.07
12 Prophyl E—1—propenyl disulfide 0.02 0.74 0.05
13 Prophyl 21—propenyl disulfide - 0.25 -
14 Methyl prooyl trisulfide 1.01 5.87 0.79
15 Methyl 1—propenyl trisulfide - 0.28 -
16 Dipropyl trisulfide 0.31 4.55 -
17 Dially trisulfide - - -
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3. DNA markerg ©]-&% &3 IAHEY Alxd
7 AatEA
Futs 29 AR S0 Aaxgte]l dar B A= (B4 S 73~100%) =
A A 2ol ket A A AZE Askrr =R Fulk= polygenedl] 9]
1

=
57301 9lof Adolup Aol oAy ok 53 Alxd &

o] Wty = E
W7} FEEte] 37 o] kS wol] "=t} Jones®t Emsweller(19254)+= Italian
Redete= #FFAA AxAY e sAHEALS [t 427 EAst

=3

NS HAATE Joness} Clarke(1943W) & 43t SAEJAL Y FA7I4+8 +
= i 3AEY AE(A-line)} F4719) AE(C—line)& EA35te] $A&E

oA ATY TAE AFSH F1 TA7F He duids ANAAE 2483l
Fte] FAEYD AFS ol&ste] ddiFET Akl o]&sty] fEAE Hd
100% A4 E9S VehlE E237(A-line) ¥ ©] A—lineS FA8l7] 3 A E
A A A (B-line) Al 5ol D42 ot} vk dAJo] A A ol FAHEY A%
ANA sHEo]l WS MATE A AS BS 1 ATS ol &ste] kg Fy ¥
a2 ¢l EAJo] Agol Audt 2gaE #Fol7k vl "
e AZE SAEY AETS e fdlAe AddA fr1EHE SAHEY
AA L} A0 A kel walE T3kl 100% S8 EUHES FAdstofof st
1t o] #} o ozt g gt AlES abe] Algste BAS
AA = - B A 2 A, Q7o) &g
=3 s = 94 & (B-line) 9] o
F(back—cross)ol Basty 1 FojolA H4st= 58S 7 AlEs et
AAEA A S Sote] FAEY AR 24d0] ‘Nmsms'l A& Zrolof ghry,
AEQ AR Aol S/MSms, S/MsMs HE N/MSMSY 4% o AA=ZE
B-line< #2l8] W@ 7} §lth o]5S AAFA ] S/msms? A-lines EAZIC
2 oto] mitstd MEd QA= 'N'o] Hi W 1A= MS9 ms7h HAE
heterodBl7F ¥ 22 N/msms'?l A&S & 95 9ok wEkA 43 F1oE

oo E



FTRANE A% =LA (A-line) S P37 AT &4 E<
71 Sl AlEEo]l HE=A] NTolojopstn] Eu fdAAo] MSms, =
msms & °F gkt

i 19 DNA markerE ©l&ste] Fyp ad=dat e AXds Sddd
oz 7)Ee] ozt Wl o] FAEAA(S, msms)F AN, msms)E
Wt e ARk =Ee dARdoRA dn s F(FES)H

AAE FENE &S SAATIALA Sl

DNA marker ¥ A5 ST AAAE 19146 2 429 286715

o]-§3t3th. DNAES FE37 &dute] ofd &7]9 25-E5 AFF 5 qAd4
£ o] &3 HxAEE Gyl oS A ZolA microcentrifuge tube®] 100mg?
2v7 Aok

ofo
o
_
)

Quiagen plant mini kitE ©] NAE F=3HH(3F sampled 100ul <]

DNAZS F=).

PCR¥EYH O 2 T. Engelke methodE AHE-3F3I T
(1) primer : orfA501% PCR 43 A] 473bp = YEIT}.
(OF) 5'-=ATGGCTCGCCTTGAAAGAGAGC-3'
(OR) 5'-=CCAAGCATTTGGCGCTGAC-3'
(2) reaction
template DNA¥ 100ng=S AF&3}1 3L final volume 20ul = 3o},
0.25uM®] primer, 5mM¢e] dNTP, 2ul 2] 10x buffer, 2units ¢ rTaq
polymerase(Takara)E 23l UHA| &= BHT2 volumes 9HEth
- reaction mixturet thermocycler (Primus)olA 94C 5%, (94C 30%,
53C 1%, 727C 2%) 40 cycles, 72C 5% WHgAZITh
- PCR producti= 1XTAE bufferol]l 1.2% agarose gel’doll A loading3dtt}.

= e B s <
Gt A(AAAE 191715, A 28671%8) o Ao EHES A=ES
al, o]% Oﬂxﬂﬂj\oﬂﬂ ulx}/\]_uli .:_7_" 71-01_}\1 /R]U HJEJ_ .
Plant mini kit(QIAGEN)ZE |83}l GeDNAE F%3}% 31, PCRS 33
PCR w}# = Harvey (1995) ¢ Sato (1998) = 5-¥
7F YA ekl 1elste] Engelke et al (2003)9] Yuto| 473bpE HE}
primer (orfA501)E o]&3e] PCRE 333} t).
Primer+= sense’} 5'-=ATGGCTCGCCTTGAAAGAGAGC—-3'% annealing
7} 60CS a1, antisenser= 5'—CCAAGCATTTGGCGCTGAC—3'%= annealing<
7} 57.1CS k. 28y} o] Z 3 annealing Z3A = SEo] A ko,
o L5 YUFo] 53T 9 annealing &%oA PCRES 33+ A3} S— AxE
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orfA5010] A-&3f= 821 473bpoll band7} AW3A FZHQaL, ¥ ‘?ioﬂ — A
EAL 473bpel AE FFo] ¥A] skt PCR 2312 94T 5&3F A F 94T
3027t denaturation, 53C 1%-%F annealing, 72C 2%t extensione 40 cycles
TP 72C 5%3F final extentions 33tk °]&= 1x TAE bufferdl 1.2%
agarose gel2 W13l 6x loading dye®} $H74 loading 3+ th a2 EUA Q]
MEO1043A, MEL108A<} A A¢l MEO1043B, MEO108B<2] PCR productE 5ul
A loadingdt ZAolt}, B A= 473bp H-Lo FE o7 13Y] band’} YEMRL
w FA A= 473bpR-o] wig- ARESHAl SFAHEC] v AS ¢ AT
83l gel AFRQ] slek HEo w3t A H.o)i= bandi: primer dimer® HOJFE
=3

A73bp—>

S N S N
MEO1043A MEO1043B  MEL108A MEC1088B

Fig. 26. Amplification of orfA501—marker in (N)— and (S)—cytoplasm.

AT A= MS FAAE(4470), 3t A2 AE(3271), 3o ok AlE(1370),
szl AE(970), FFA2 AE(1371), w324 ASBA), &8 AS(23
), Red#k2] A& (2270), BAM AE(2170), SW.G.(670) AE, A A%
(2867H) T ATTAES g oS A}ﬁaoﬂﬁ} MS FAA 44A1%F & 11452
N-3, 26452 S—&, 74182 N-,S—-8 5 Yepith 3ux14] 3241% 5 12715
& N-&, 1648 S—&, 4452 N- ,S S YEE Y 3l 1341%F 5 87
2 N-9, 345 S-4, 2452 N-S-85 et} 33 945 F 645
< N-&, 3482 S—&, N=,S—& & vehbx] &gt #5424 13415 T 3A%
S N-3, 7A%5e S-3&, 345S N—, S—-3& et 3z A% = 2741
T2 N-8, 6415 S, N—, S—82 YehA gt 354 2371
AL N-F, 1445 S—8, N—,S—& & YJehA &gt Red#H4 2274]%— %

Fl

OO

N-g2 hex] &9kaL, 207152 S—=9, 27152 N=-,S—g& Yeploh H4M 21
A% F 11AES N-98, 5AES S—-8, 54158 N-,S—-85 et S W.G. 6
AL Z 1AELS N-3, 4415 S-3, 14ELS N-.S-38S Jepth §4x9

N-3, 135415 S—&, 5241 5& N- ,S B =y 1%E} o]
S 7<



Table 14. Cytoplasm types distribution in accessions of bulb onion.

NAAES AL

N S NS
MS A4 44 11 26 7
3ok 32 12 16 4
3 13 8 3 2
szl 9 6 0
FEAA 13 3 3
&3z 8 2 0
=35 23 9 14 0
Red#}4] 22 0 20 2
LM 21 11 5 5
SWG 6 1 4 1
Az 286 99 135 52
Table 15. Distinguish of Nucleus gene in onion.

SR 33 As T MSA& 2] B] (ms/mf)
CMS—N(BC1) ms ms 28/35 100/0
CMS—N(BC2) ms ms 32/68 100/0
CMS—N(BC3) ms ms 17/20 100/0

TAEAAY FAAZ FAE= AT I wH] wdjSgieA EEH| =
AP S FAsTh. MxEdo] Nl HutollAl A lineo] EF 7k

W FA2E2 MSMS, =5 2992 49 msms(B—line), 50%7} &<%1<1
MSms® 3}ttt = A3z BCi(ouzd 1Ad) e 3541% 5 2841%, BCo
M= 6871 T 3271%F, BCollA = 20A1%% & 174180 FAA1%(N/ms ms) o2
E = Sl
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4, N8 3Fug D A¥ 8-S F3 vEA )
7]_' oﬂ?-E_ZJ
&% A3 G4E=S 93 doubled haploid A7 /e 1th&%9 hybrid
71 83 homosh}t A8 H szl A& (c—line)S At

=
st Hasttt
Fube= S AR A= S5l vleke] Aokl ATt wlg- Alsie 1
olfr= FAWH Bt FAAEC] A ZX O ZA Au7}r) ofF B
wolth., weba Fuk= Ag A okAl witol AVt A S T3 inbred AT S
THEo) A pure lines ¥+ AS A

2 dgot=d oa A7 HrE g
R = E LI DI

t}. Doubled haploidi= #-2 7|7t &7 d 2 I
7] androgenesist} gynogenesis & ©]&3tt}, el A9 wtAE A7) ¢
3 W2 A=l ol Okﬂﬂok Aol Ao 5 Aasiala v
Zbgolut wiFE o] &% WAl f7e AUt AT STARE WEAE o
&st7] feiA = REEA vﬂﬁg‘éo] T A oR QHA A olojof slH bk
AE w7tA717] F9¥oF star wi7tE vbEAlE SH A8, A A, 94
< 7FAoF gttt

DH A'§2 OPAlEl Hl&] 2714 Wol= oy AWl glal 23%
go| ol #2 7|t H#dAAY IFAATE =
} genotype—dependent induction ®! ]

= AFdA = kel wEeA| TOrEH
AAA 7} vl 7FE doubled—haploidE 2HAd 317]
sl ko] adE Hvlasklal, 0}37177}%] AAEk A7 gl AR [ g
TS Al =SS

Fute] FFL FHINE FFr] 23 webs ddA, TLA

o| v‘i—i}ﬂﬂ A A SA7F A HA Fo
|3k gl s AFAT o shE dol7t 2~3mm Wl v As
o] 1% NaOCl& o2 HfslQlrt. Wit Fo "Wl 3~43] AlH
AlZ1 3 inositol 500mg/L, proline 200mg/L, 100g/L 7} &=3%t¥ BDS7]
Aol agar 7g/LE FH7Fete] mALEIS] wiA|o] A3 vhe 16/8A13Fe] F
F715 -8t 21~23CE 2x7F 2dY = vjFd oA wjgsti.

7t FEHE AR st el A el o] HA stA T ol 17 FAES wWE
71%38ke] S AFHE F 3o ZdolE 2.0~2.5mm, 2.5~3.0mm % 3.0~
3.5mme] 37| FJoR o], olE 77t JuomRE 207 AEe IEE
70%2] EtOHe 30%%F 253 t4S Tween 202 1~2W<% 713 1%<] NaClO
Gofofl 1513 WA & HigRE 43 AFHSIGY. AdE sEE v A

H
2
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Yl 13%9 sucrose’} A 7FE B5H) A (Gamborg et al., 1968) 10mlE& H7}3 &

272 3FE ool AXEAE Halste] 42 me] nylon mesh® o 3}3&}ar 15

ml 2] falcon tube®] Fol 1,000rpmol Al 5&-3F AAE2 & Sttt 4TS e

I Imle] BoWiAIE e & &¥o] H& AZANRS FEshr] fshe

24/32/40% 2] percollS Zt7z} 2mlA F 5ol wz} 15ml2] falcon tubeoﬂ == olF
o]

S G F LA AR L U 3

oA 5 ¢ }L JJr/\E]E,qJﬂO
ol g3ate] 4 0}93\‘4. O] 8ol 5ml 9] B5HH A& 7hste]l @EAIZL 5 0.1 ml&

71

FAstel EFAIF 7] (haemocytometer) & ©]-&3ste] A¥ALe] WEE FSAHsIA
1,000 rpmellA 5&3t MRS & § FSAES WPl JA" 2xAEs
13%9] sucrose®} 1mg/L NAAS} 0.0mg/L BA7} &% NLN HJX|](Nitsch &
Nitsch, 1967)2 2¥4} W7} 5x10Y/mnl7F S == dEsle] 35mm X 10mme
A Aol 3mlA E5=sko] 32.5Ce] oF Aejol A 3UR wjeFgh 5, 25C HAH

= &AM AL wlgsadh

w3 A wds B WA A AnE AT VI ARE duA ¥

=

P2 DAPIE o]&ste] sk 3e XAlsts WS T A Gn vivo)dH

= il

SR A5 24l REAel mlsko] WkEA] widAge] mjgo]l A3
Soksd oA SRAEE e Fu FukAul SAC Y oAdE AE
shlve As & AgH

2T TR = dkEA S 5HEel v AolE Hl=dH A
gdol AL FAA A G- Fuhe] A el =A<l w7l pe]
2 AT A9y SHAT AYol o] Hi = AS #HAE o Aolrt
e T AT A= BoFal Uitk

aeu 24, T 2 SRS BE Ao HES w4 FANE wEA
ko] hesithe AL 2 Ao 40| Fukel o o] &

Aee] Ak Wl el 276 £AE S4B 249
2 Aot
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Table 16. Formation of gynogenic embryos as a inbred lines.

e WA WA
357] 20 A% A g a5 =

g5 %

F8xA 2-1-2-5 200 12 6.0

ot g e 6-3-4-2 200 11 5.5

t

o FeEd 8-4-1-4 200 16 8.0
(=4) -

=% 2% 200 15 75

27 135 6.7

=% 4% 200 18 9.0

termedinte d =% 5% 200 12 6.0

ter t ~
(I;eui;)lae “ SRFA-1-2-5-3 200 19 95
K-

FHFA-4-3-1-5 200 13 6.5

B 16,5 7.7

Red 1-2-3-4 200 7 35

Red 2-5-4-2 200 9 15

Long day White—3-2-3-2 200 6 3.0

(F704) - :

White—2-5-1-3 200 5 25

RE 6.7 3.4

F 1590 AE B BEAAUA w5
F 9, 1590] AL Slwgos Fie] b
A=A 7E A e Al |k 259 o] Foll FA = A
71970 S| wgA HEAS QA Ak

o Ny,

Fig. 27. Haploid explant formation from genogenic embryo.
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Fig. 28. Comparison of microspore development on onion i vivo.
Table 17. Embryo formation of from microspore culture of inbred lines.
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Table 18. Characteristic of selected lines.
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Fig. 29. Bulb shape of selected lines.
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Table 19. Characteristic of growth with cultivation regions on two cultivars of

Mapshihwang and Choeunball.

o] 2= = X} qj%\ﬁ A=

l-?_ =T a7’y az’s 2T 38 nl =1

T T (al) (cm) (cm) (%) 1t
W A] & 6.0+£0.7 | 34.745.2 [1.2840.18 7.1
ot zoH 6.0+0.7 | 31.7+4.2 [1.03%0.19 5.8
Z(dH]) 5.6%0.5 36.64+3.5 |1.20+0.14 14.1
W A] & 7.0+£0.5 | 41.7+3.7 |1.5240.24 12.8
3 o 7.240.6 | 47.6+4.1 |1.53+0.25 5.8
2 (dm]) 7.0+£0.5 47.74£5.1 |1.46+0.08 4.5
A S} 6.440.5 56.4+4.2 |1.40+0.28 4.5
1 ZoH 6.840.4 | 48.8+3.9 |1.5240.29 9.0
2 (dm]) 6.6+0.7 51.646.9 |1.78+0.35 9.0
T A] =) 6.5+0.7 | 52.2+6.0 |1.85+0.47 13.5
3] Zos 6.3+0.7 | 53.6+3.6 |1.2940.20 8.3
Zr(tiH]) 6.3+0.8 58.0+6.1 |13.1£0.17 5.8

Gto] Fult) VA & FEUE AA e BEV|e WA 2B 2%S
5 e A K Hef| A tiu]EFel 2Rt s welom S X Ao A WA|E
I 2B 2~3Y wE AR H T FAA

TP A= WASo] 0.982 F2Eoly 29 0.97 B 7 73 (BU) ol
MR B A A B o WASy 2252 aFoly R Hel A3t
shait.

BT AT 2R ge WAy 2280 FoF &g, 15T 2 &3
oA EF "WolX= FAoR Hol MASY 2282 FALT Hue AT Tt
7hE wEolE A B ¢ AT AT AEAS 2 Y 52 200g W9
olal, A= 0.950]749] Aol An[RLY] Ao ok Atstnz WAy X
2B 440 Ao A3 FFoE ALRHATH
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Table 20. Characteristic of bulb with cultivation regions on two cultivars of

Mapshihwang and Choeunball.
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Fig. 30. Assessment of active onion farm for supply of new variety onion.
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FIAAEE FRAFTOEA FAQ FFT(A, ‘=ANGE)I A
FECFEdel), FRHAZToRA FAl  FE(wA=r,  dYdE)
I A2l %%( )T T 65T ol&ste] ABEEE FX AR 128
& plug trayell 159 HA o= vhFale] Alm=E o] &algitt Hsd HAS 9
sto] AlmE —10C9 Wsarel A 3AIF &t A2 e o AAgsielon,

AIZE s

ion leakageW oAl FZ&uo] W& ztolE FHst7] 91 Al5e 1~4
ob Azlsldth. WsA AAYHE Dexter 5(1932)2] ion leakageM S W3S
o ECE =433, Colowick®t Kaplan(1957)2] Ninhydrin ¥ ©]&3}9]
Proline &%S A3 o™, TTC HS Steponkus ¢ Lanphear(1967)2]
He Wdste] S48k o5 37HA WY 5842 ¥ HESIH.
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cekute FAET AV pyruvic acid®] FFe A7I7E Aol whEt
&

T RS BT fdasdleon A wiRlEzolA Zth 549 9Y XAt A
QLAEFES pyruvic acid o] W AL F FFY AL @AY Aol F
g T,

It AEAY] A%, A4 2 FAE pyruvic ac1d9)r g o] AolE

fo it Kl

SN
-
= o op I

39 269 HFElsk xfo)7} gig}\gur’ o] & &
T TEAT A AolE YERY. Hd=E&S 49 10974 S7ksuvh
Fe7lel] ol22 FHthrE 5438 o] FojAMAM il

L

F 28 AV <S9S
A 7] Z7Hem) 75 (g) - H] o A T A A=5(%)
349 264 50.8 28.2 4.10 1.7 8.4
44 10¢ 63.7 98.0 8.63 1.2 8.6
4 23¢ 60.6 111.7 14.60 1.1 7.9

AE717E Ao wE F JxF 2 P9 pyruvic acid FE2 TH] U]
o= o B8] P FZ=H9 pyruvic acid TFFo] ¥ Egdow, E3F
o] pyruvic acid % %‘E 45 k. S| 7 JSEEA S g %7

T9] pyruvic acid $HS 2w %‘i‘é}c}ii’, A AxH= Z W) gt

2 P e
T A

ol
mr

100% g
) 1 F N H
E o _l .
S - AHx
£ o §0%
= o0
24 b= E o %
< S 40% =
o o
22 E v
s 2 0%
0% ‘
KR 48102 43 3826 4810y 42423
M zA
% 2-25. &3 F-91 pyruvic acid ¥ R H]
et o] & pulgirl $43 A8EE $3v)6] ol2eME Q3 Frre
3 -

pyruvic acid &S AR, T2 pyruvic acid TFFL ta Frlsle]
7] & A=A 9 pyruvic amd sheke oA 7H detvh(2dy 2-25).
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60.0 100% .

g
= 8%y g oz
SH0 g = oz
o i+ 60% |
£ o FE
o Bt
ol L N~ - — — — — — — ] ][]

S 1o ||
Ko o-9x 20% |
-9 T
00 0%
R 4d0d 482 38262 48102 42232
e N

AE717F Aapel g -, dAxF 2 o F F I 13 2-269F ol
TFHg 27l o d9 T 3 FH2 A FARR AL, 2] pyruvic acid
oF mp AR JxHFo F & ol 7MY =gk ey ey &) 3
FEHA Fo F F S & Fow TN Y dExEFe v E A
SR gl e ol2YAM e o F 9 g & Aol7t gldley 4
W GzA= pyruvic acid g WSke} vV R 548 Faskqivh

FHlg 271G A5 4.1) A9 wE 9 Wl pyruvic acid®t 93 S
o 9 9-973 7t} A 5\7]01] A7 vEE =0l pyruvic acidet F%
sheFo] 7H ko ofgiclo g s molX| = gt

80 2.0
[T S - | 2 I e D

g =150 | [

sao b4 -4 - || -1 | E

> 0100 t

=2 o

52.0 L . - ___ I _ | o

b Ko 50 |

00 ‘ 00

1(old) 2 3 4 5 (young) 1 (old) 2 3 4 5 (young)
= TAY

a8 2-27. %9 JdYE Pyruvic acidet & 2 &

olAe] Axtz & uf Fubafujol A pyruvic acid FHS Z7]o= wj$ Fo
v F87)d = skt o Fubel vl wi FutelA AT Ak A
91 Y99 pyruvic acid B & FFS A st Adstr] flgk F9l= - v
x7lol= x5, 7 HlgF7ldd= - Fato] Ea& 4ol
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Arf= 99 77U 9 o 128% plug trayol| 3F3d}o] EJo] 3~4nf, %
Z 35cm AES 11¢Y 993} 11¢Y 27 AEisn Y fg22e 23S
gHlZ 6, 12, 18, 24um01m s PAR AEE T4 of

o

% 15T A2 fA5E a2 A8t 35 £42 20084 1€
304l AAlst3lt

>eAg s FrAget 22 FFS olfste] 10¥ 17 wFete] 12€
139 15C¢} 20C= 32 FAHE F=7]d A8t o o F =&
7] el Aabg P35S Axste]l FHe 74umolm s PAR AER F
Ao, HFE B4 2008d 2¢ 20Ul AAEA

gra Ao 2 7¢l pyruvic acid FHFAE Yoos(1995)9 HhHo| 3]
spectrophotometer(485nm) 2 =A3slg o, EA A A8 +74, Fu U
=S AP Y. 83 2 sucrose, glucose, fructosed R E2=E 3
o]  HPLC(Waters 2695)E o]&3}e] HEAs1G o, BEHZHAL  Waters
Sugar—Pak 1(6.5%30mm) columne AF£3l% 3 column &%+
3tk Ao AF83E  mobile phasex= HPLCE 3% &7/, flow rate
0.6ml/min, injection volume 10ul®= 3}o] RI detector (Waters 2414)=% 7
=ttt

[o
X O

)

(2) dAg=r34dst
FEFe 2ysdis b 24 2AMYE 3 HAFS] HEsd F59
ok 2L #F 2-939 2o =AY S Gl i A5 27t flle

=]
U, 9237 E22 129 18umolm s ' PAR Hgo|Al wlmA ALo] Z9
o

427 ZAy eﬂﬁ% 923 }Jf
A=) Z(cm) A <=(al) Z(cm)

A 3.8 49.7 3.6 50.3
6umolm %s™' PAR 3.4 51.4 3.4 47.7
12umolm™ -s*l PAR 3.6 48.3 4.0 49.0
18umolm “s™' PAR 3.6 48.1 4.0 54.4
24umolm %s™! PAR 3.8 49.1 3.8 48.6

gy FAY e 5o Aol A AFo] @& AL EF

[e)
& FEfo] FolASFLE FHo] Ht gﬂrﬂomgb} THAE EEo AT
ol & Wshr gdoh(2s 2-28, 2—29).
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10.0
8.0

€ 60 [t - T T T T Bl -

E

)

T 40 - - - - - - - - - -
20 -- - - - - - - - - - -
0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

‘ 6 ‘ 12 ‘ 18 ‘ 24 Aol g ‘ 6 ‘ 12 ‘ 18 ‘ 24
EUPUI=E HESd
a9 2-28. FF mE FFEH A Aol
LTI EEE)
25 1 25

7o of & £

Bk L BEES

% 2-29. F] WE A H5

e vl 774 (mm) T+ 3(mm) T3 (2) THA

A 5.6 19.3 0.45 3.4
6umolm *s' PAR 6.3 17.6 0.44 2.8
12umolm %s™' PAR 11.8 22.2 1.53 1.9
18umolm *s™' PAR 13.9 24.7 2.54 1.8
24umolm s PAR 11.5 22.5 1.67 2.0

A ST 9o #el 18T uAFAR 12umolm %s”! PAR ©]Aol A
T Age & Aol7t fIATHE 2-10).
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¥ 2-11. 3o wWE pyruvic acid ¥ F3|< S+

Total

. Pyruvic sucrose glucose fructose
| . sugar
acid (ppm) (mg/g) (mg/g) (mg/g)
(mg/g)

A4 13.89 13.18 0.14 5.73 7.31
6umolm %s™' PAR 13.66 23.43 0.39 10.39 12.65
12umol'm %s™! PAR 11.96 40.64 2.49 19.00 19.14
18umol'm %s™! PAR 11.41 38.69 2.74 17.40 18.55
24pmolm %s™' PAR 12.42 31.57 2.80 13.56 15.21

weFut kel glo] A E= o]&% = pyruvic acid ¥ el FHe A
HEWH, S deste] Ausials W FFol 7= pyruvic acid &%
o Faskivh. el e FFelA sucrose FFL =3 wHlEkglod,

E I s 3

total sugar ¥+ Z 43S v X]+= fructose S 129 18
2 =

umolm s

350 ¢ EAIZ 06 W12 018 m24

30.0 +

25.0 -

20.0 -

15.0 -

10.0 ~

5.0

0.0

PA/ 7& (ppm) F /7% (mg)

9 2-30. Fo] whE FFo] gk pyruvic acid 2 fructose T o]

GFu SFS AT AAAA T Qo] AFFet= AFEE pyruvic acid O]
wdowA fE9 s, 53] fructose FFol =2 MAE A= Aot} o
g 22l HFE FHAeR AAEY S x oM o= AL FIFS
b=t} o]2ld BelA Eohd 12umolm *s”! PAR ol o® #S xAMEH
™ % Y] pyruvic acid S SO WA fructose FFS Folx| Al Hu)

¥ 2-12. 250 u}E ASEx}o)

ex %14 =% 77 9x7  FumAS
15T 3.2 33.0 11.38 4.72 2.41
20C 3.2 32.7 10.18 4.81 2.12
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-

a8 oA Eupel 7+l 24umolm s ' PAR Aol A pyruvic acid g
Fol A =3 FEd FgFo] *dd AL Fd o - vjdrr FE38] o]F
9, 7

2x 77 T T TR AT
15T 14.54 28.10 3.76 1.93
20C 13.54 31.44 3.26 2.32
s dEsids v 24T =AY E 5359 ASS 1 2-129 Zrh
At 24, x4 F Al 9 Abelvt L}E}Urx] gkov, 43
o A= 16C Aol A vlald Fokvh a2y 5 Al 743 T,
L= A=

= Zfol7b IR TH(EE 2-13).

T 2—-14. €%d WE pyruvic acid & Fald =k
o= Pyruvic acid Total sugar sucrose glucose fructose
. (ppm) (mg/g) (mg/g) (mg/g) (mg/g)
15T 3.87 38.83 5.15 18.06 15.61
20C 5.12 42.50 3.89 21.38 17.23

Pyruvic acid &% #8d &S AyHHA,
W &%7t 5% pyruvic acid @Fol =%kal
sucrose S 15T A golA H

=%
acide} PIR7IA R 257t &= g

71.60 -

71.20 -

0.80 -

0.40 —

PA / 2= (ppm) F /% (mg)

¥ 2-31. 259 wE o] o3l pyruvic acid 2 fructose HF =}o)

LEZAS YRS Wl 759 W3t pyruvic acid I} fructose THS

R
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a9 2-3194 B 4 Qxol Al I fructose FFE T Aol7F fle
pyruvic acid &% 20C Ao 453 =t wepx] 252373 10|
S Ed dHAA et FoldyE "t HlE)] wjute JFES mA=

=
PAo Bdo] ¥ GrHoT FgaE HOo AR

3. AFGANA Y 832 Adre ML

ZAAFR] ool 300 FEH AT FHE FES FIAME 80%7t
TEEe AEA 49 2393 59 27d¢ FEet AlRE o] 8313t pyruvic
acid #AuHol 84S HEFIA Schwimmer®t Weston(1961)¢] HA1HH
Wall and Corgan(1992)¢] EA1W¥ . Randle (1992)9] #A¥ Randle and
Bussard(1993)¢] EAHIH Yoo 5(1995)°e] FAHMH  Bacon 5(1999)9
FANHE vuste] FERSY A0S 2SS

2 23] AF8-FE DNPH (2,4— dinitrophenylhydrazine, KANTO)+ 2N <
Aol BaiAlA 0.0125% &N RSOl ARESIQlAL, pyruvate EFEFOEE
sodium pyruvate(JUNSEDE A}-&3lt}t. 7]& EAAHAA Alg wha 2 F
WA HHES Rt A Yoo w(1995)e] wAWHS giv|Z o] &

o]
AANEE Smm 272 A9e 9 58 5 4o BAH F AAALE

ﬁzﬂ

ot @Al &4 AGAA wista, Fdgt o] miA s A v
THTE HUMe EFAE 158 EU¢ F2ol & F 4T 15,000rpmol A 158
o AAEEEt 1 dEas MEAER o] &3l pyruvic acid HES Al
Z A8 100ulel DNPH 4mls 9ol 37C deFxoA wk$A]7]a, 108 o
WS

T8A7171 0 gkl IN NaOH  8ml& Y& %
spectrophotometer(UV—1201, Japan)E ©]&3le] 485nmolX FH=E 4
3h= Yoo §(1995)°] <& Wgste] HESIT.

Az o] s Aula kel mE pyruvic acidet 9§ @] HasE S48k
el wE dEFel WilE HEIA a3 SR2 2u), 3u), 4u), 5u), 10
v, 204, 30w, 4049), 50w = FAE F pyruvic acidet T FFS FA5HA
Hlal HESATE pyruvic acid e A4 Ao WIWHoR si3lal, 7 9

1

&g 28 pyruvic acid 4S5 ¢33 A|EHS Sep—Pak cartridge®t 0.45um
syringe filter® of3}3fo] AME3LH T @2 sucrose, glucose, fructose® %
L =

sdE S4dxde e dntdd 2ol 7y Ay 4 dHoew

49,

(2) A543
Schwimmer and Weston(1961)°l 23k A+ o] = pyruvic acidE +4
= oayEe] geeA ATEeld gl oled s F b andela

%N' o
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=880 & WS AFHE 3 Ay g4h8HS JAA7]+= trichloroacetic
acid(TCA)E AFg&3F+= Wall and Corgan (1992), Randle and Bussard
(1992) % Bacon & (1999)9 el H& Yoo & (1995)¢] WHo] %o
HEs FEE EdT

Yoo 5(1995)¢ wWHo] Schwimmer®t Weston(1961)¢] =l H]s] 0.3u
molg—1(5.6%) =4 uWEwen,  Wall#t Corgan(1992)¥  Randle?t
Bussard(1993)¢] ol H]8] 2k 8%, Randle(1992)¥ Bacon %(1999)9]
Wil misiE oF 6% 8= A YERR TR 3-1).

71 HHEY A seHE AS SA 2 A3, Schwimmer®t
Weston(1961)2] W 74~90% Ax A29¥tx  39+=dl(Randledt
Bussard, 1993), & A@dA= 1AZF 102 AL AQHAvh o 9 Walld
Corgan(1992)9] W2 1Az 308 o]do] A8HAN
He 775 H7hste] mhlel & 208 A% A & TCAE H7bstooF st
R BA AQ8%E AZko] 2A17F AER 71 Ah Bacon £(1999)¢]
HE Wall#t Corgan(1992)°] W& WPg WHo= AAAE giil s4A %
g 1A 4

ol g3t om, Bale] 28¥E AT

H

T

il

[$a]
o
g

~
o

|

|

|

|

|

|

]

|

|

|

|
8

I
=0 e i -

w
o
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o1
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o
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IH

pyruvic acid &2 (ppm)
|

OA
o o
|
|
|
|
|
|
|
|
|
|
|
|
|
o4
o 8 8
e
e
e
e
=

|

|
|
e
e |
e
[

S & W & R& Yoo& Bacon Randle S & W & R& Yoos Bacon Randle
W(1961) C(1992) B(1993) (1995) S(1999) (1992) W(1961) C(1992) B(1993) (1995) &(1999) (1992)

18 3-1. BAY 2 o] x] EFH] wE pyruvic acid 3 o)

Jey A7) 47 IES |8
3 ARE 1R ol HAAACk =
Randle?} Bussard(1993)% o]2ldh @S H stz #2534yl A
o d O

Ba AAAAAE o fate] WAl BT BBAI AA control o
gon, Azl vhpabg A 3 A

34 5ol wAE Fol A
M e 5 el 30%

=g,

- 139 -



s goll wE pyruvic acidst T FFE AT dn, F T FHF
pyruvic acid & E5F s|Au]&o] S7ESE Aaste Ado|Roy F9
F2 AsHoz AikE meEFded A9l ek HbAE, pyruvic acid

T

SHA wldd o2 F7}8l+= sugars, quercetin ¥ 1 g 3}3tE9
ok e =w Qe 10% Ax HustA SHEAL
A A7IHEtE HAE A= ZoF(Yooet Pike, 1999
A WEbsoH( " 3-2).

&) 6714 A

fels
Schwimmer®} Weston(1961) &9 WWHE¥ vl A E pyruvic acid &
el
Al

(o]
o
k)
o
_EL
B
rlr

=2

=]
BES WA AF FAA] Yo} AAALE o] &% HLBA oA L A
BB o] g3 FEE WIFORA ofed FAMS ANGI BA ARzA
o A} A, AEFHAY BEAN FEEEE BY F AND, EF G
s} !

—o— EESM —A—Sucrose
100 FRE-———---7... [F-- Glucose —O—Fructose | |

o b o e ] 0
oo ouf  3df 48)  5eH 1084 2084 3084 40sH 50uH

SR

a9 3—2. A& WE pyruvic acide} & o] W
ok FEhlke QR 7Ro] AMaaA|
g

FEE 80%7F ERHE AHE VIEoR
G =

0.7, fructose 1.1)°] uz} @&
2001), wi&vre] A
Aol & 3 5ol Wigh pyruvic acid ] &S A= AFE-EFATH
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(2) A4
Pyruvic acid %ol S7ighel wet &S S7lske Bo AaaA
(R*=0.85)2 Yelygon, meue] HEE2 Jelhgls X% pyruvic acide}
Z 29 B (PA/TS)HE Ao A#A#AA(R’=0.34)Z YERH] pyruvic acid
o] dhaFo] A& AHo] ujeuto] Hojd Aow F33 Ayel & AL WAL
a9y F 3 g v =r S pyruvie acid®] S S7bSheE H-
o] AVAAE FFaP oy F F FF(R’=0.098)7 M E=(R*=0.068)E A
HABATE gl AR YERT
meba Y FE FAAES A ARE o] &St
2 ARR o]&3e AL =
o] & Ao AR H}

pyruvic acide} ¥ ¥HE
8 7

WEh] H9BE F AEE BE o

200 020

180 f==——m oo 015 | V=0é2133; ;321-0314
of
o 10.0

~

5.0
0.0 0.00
2 4 6 2 4 6
Pyruvic acid Pyruvic acid
100 80.0
80 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
600 r
" * o .
OR) - - __________
Wn;n @ v * H _
o v S0 [T E I CRR
U TR S e N ¢ ¢
y =2.57%x +32.653
P y=350CH30R e RE=0088~ "~~~
R? =0,0982
0 0.0
2 4 6 2 4 6
Pyruvic acid Pyruvic acid

LI O O ™o
(D) A= 3 9y
Aujebgd =del wE A4S A8 ekl HuAES dado] Bl
ol e =wEY AEFE 2Hd @43 SIS 2elete] A
d7de Fol A Fupel ot A8 AA-e AAlskin
= EHH Al mE AFAYd HAAS AT FAESTLEE FATA A
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A7) 7k WE pyruvic acid ¥ W3}
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BlegzsxE® Sgk T ophy =
< %oTﬂuw o .m_]_mnmo B mmﬂﬂﬁl (wdd)pioe ojAnIAd
Dmoioﬁowwmﬂmmmﬁ mwﬂ;w%
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o) N 8T A X Mo 3
UENIETINE S (gt e Mo =

00
2 Aol 7k fglort Aztol

-

7t 7bg sk,

o}, A7|Zkell w2 pyruvic acid
stalew, =1 <7t
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10.0 120

00 F-—-(go---"——s----—-——-----

] =
) T
H ofu
0 ol
Bl I T
00 boce -O-#HE |
' —-o-s524d
0.0
7Eng el 108032
ENATH EALSA

aY 4-2. 78 F A7)0 wE 9= H dEae] Wi

Lo dntdd AEeAs A 2849 AAFS # A7
&

(D As 2 g
ok} Fo] R pyruvic acid I 2po]E HAES Y] 9t FAE EF
A MF=Ee} UYL FTA A R AL FITA FHALE TS
° e 7R 649 3, 69 59, 69 12l 77}

(2) A5 A}
Frb FF RN, FH L SRR I5R
A pyruvic acid I 7 wRk, ol ARG om FHE] FFo

AT (E 4-1).

T R T ¥ & &5
A 4.99 5.12 6.67
& 5.19 4.90 5.43
=5 4.25 4.00 5.23
Sk 5.73 5.96 7.36
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&k o] Q1| pyruvic acid FFS Al FF BT IEFH 2HA Q1A
oA 7HE wekow, 3WA JQUFE= 7o WRE ZASF pyruvic acid
o] T7FSFATH(3E 4-2). HA T2 pyruvic acid = FAFS 1AL FAF
9 FUAE FE2 FERYH 3~4HA, A FT TS 4~50A AdHoIAT
webs ot - AAE xS ¢ = pyruvic acid FEF= 7o AT 4
sto] HAstA & oo EAARS F9= A 2 ST F52 7Y A
5 EE YRERE 3~49A 09, RAIFE FE5E 7Y S e oFE 5y
4~5H7A AAHE o]&sh= slo] vigr4] & Ao g dAerET

Pyruvic acid & 13] FA4A 2 H = AlgdsS A7 f3 FHa A5l
0.5g0.2 BAAS wo] pyruvic acid IFFS 45umol'ml'Pem 1.0g 2
1.5g9 A5 Z Auds ZAEtY #A45%S W 0.5g02 #A48S wo
Hlal zHzb 0.16 2 0.18 "= Al YEHTHEE 4-3). olggh Sn|=&F Afol&= &
St FEFAEN FATE gl AR AlREHER SuRo FsE A4S st
A BAE S Jde A7]E 0.5g0 EE4Y AS=E AtgdY
¥ 4-2. %43 AHE pyruvic acid T

7o <14 2] == T & &gt
2 A 4.35 5.31 5.66
1 9] 3.99 6.30 6.38
2 | 3.53 4.44 4.86
3 | 4.14 4.98 5.10
4 | 4.70 5.73 5.32
5 | 5.21 6.43 5.97
6 ! 5.44 6.77 6.26
7 U7 5.36 7.35 6.60
¥ 4-3. pyruvic acid A1A] A FZ 2] WE pyruvic acid T
N5 S22 0.5 1.0 1.5
pyruvic acid & (umol-ml™) 4.51 4.67 4.60
o 7o =Yg wE A8 HA
(1) A= 2 3y
TAFETOEE TAZT A= F59 VAT 7S F5 2 A
T FTU FEES FIaAuete] dnt vldekg-2o A AR GG o A7
HE Foj&s AT AR mE A7PE Fal&e TAEe w9 #F
TS o) 8ste HAE AEAR (3.5 ©4), F(2.5~3.5), (2.5 °JshHE +
Frote] A7 FaEs AT
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Ex
=

[e]
E=1
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b S&P5294

h 6

457
[e]

PSke
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s

}7]

1
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(1) 1x3a%(2006. 4 ~ 2007. 10)



o 1 =<

329 i e T ()
S&P5294 3.7 44.3 3.87 6.03
S&P5295 3.9 29.1 3.99 7.55
S&P5296 3.5 36.3 3.72 6.93
g =x 3.7 33.7 4.01 6.41
7 = 32 g}¢) 3.1 35.1 3.34 6.27
dHEY 3.6 43.1 4.38 6.16

gy d, dxAL 2
AN#EFHT 7 Be Aoy 1 zpolE wv]Ed )

A2 A = A Az —T’—o?j =&} Az —T’—O?j

O | em) | 2| & | oD [ em)| (2 & | 0 | em| (2| &
S&P5294 | 3.9 | 24.6 | 3.77 | 29.9 | 3.3 | 20.5]4.78 | 33.5| 3.0 | 22.7| 4.36| 36.6
S&P5295 | 4.0 21.8 | 4.14 | 28.5| 3.5 | 19.0|4.37|22.6| 2.7 | 18.1| 3.40 | 33.5
S&P5296 | 3.9 | 21.2 | 4.056|32.5| 3.7 | 20.3|4.84|29.8| 2.7 | 17.5| 3.58 | 37.1
gl= | 3.8(18.43.74(28.1] 3.3 |17.9(4.47]30.8| 2.8 |19.8]4.37|33.7
gezeel 4.1 121.2(3.75|27.7 | 3.6 [ 19.8[4.91]28.9| 3.0 |19.8|3.55]33.3
dEEY | 3.9(23.2]4.09|24.2| 3.6 |20.5]4.37|17.0| 2.7 |24.5]3.79|27.5

o 1L AAGE 4o d AP &R A, ke, e
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AujR| o] w2 8] AS 9 G 5L 1 33 Zuh AuixgE S
2 Ard o=z d|szslk Aol oy} AL Fokx|Hofl A okgE FRIg Fdko]l
o SAAxE 2 533 8 5L ST S&P5294¢F d=xEjle Y
A 47F 0.69~0.76 =2 HHYP] EAS HO whH U2 FAFEL 1780
oh AL S % BETek dude A9l ubd Y=z glqle Aol
TE7)E= HYyQl S&P5294¢9F P etdlo] okt wE wbhd fyugo] 7 =
A =dEAcH
¥ 3. A =2§¢4E 879 A5 2 - 54
P o RY 9RF ) PR | Fa ) FYAF |, | =R
() | (em) | (cm) | (cm) | (cm) | (FF32/77) (&/4)
S&P5294 | 8.3 | 84.7 | 17.4 | 87 | 6.5 0.75 &S| 5/30
S&P5295 | 8.7 | 83.0 | 19.1 | 85 | 6.9 0.81 K| 5/30
A | S&P5296 | 8.7 | 89.2 | 19.7 | 83 | 7.4 0.89 &S| 5/30
= 89 | 8.9 19.1 | 7.8 | 7.5 0.96 K| 6/1
d=xalel | 8.3 | 84.0 | 186 | 86 | 6.5 0.76 Azt | 5/30
S&P5294 | 89 | 828 | 196 | 82 | 5.8 0.71 &S| 5/29
S&P5295 | 84 | 769 | 17.8 | 7.6 | 6.5 0.86 K| 5/30
oF% | S&P5296 | 9.1 | 85.7 | 19.9 | 83 | 74 0.89 &S| 5/30
= 88 | 838 | 205 | 84 | 7.7 0.92 K| 6/8
gexalel | 8.3 | 84.1 | 20.3 | 80 | 5.9 0.74 Az | 5/28
S&P5294 | 7.9 | 695 | 17.7 | 9.3 | 6.3 0.68 kS| -
S&P5295 | 85 | 726 | 188 | 9.4 | 7.0 0.74 k| -
ot | S&P5296 | 9.5 | 77.8 | 186 | 8.2 | 7.1 0.87 ) -
= 9.4 | 77.8 | 20.6 | 8.4 | 8.1 0.96 % -
H=zekel | 83 | 78.1 | 196 | 84 | 5.8 0.69 A=} -
AR 7 FAANEEH FHEAS T 4049 Zo] AuiAgE Fof 2L B4
2 F QtsolA HAE HhE Fokx] Yo = e WA EA| oo &
THZ = SAZXFAA LA ETE wokoy 3gn| o]t s AluA]
IHE 2= okzol MY a1 AW, Foke9l whH FF7 Zpol= AuiR| Ao whek




Aol ABE BT v AFE e Ferelx 53 @t ol Au el
EQGzAd F8A7e Axd )% @A Aow FAEY 7 3949 o]
AEF7)0] Pt dekA EAES AAskEs AT wol WS,

/—qo_c]' 1—;_4 Z:%L %ﬂ]—% E‘?“% jé Eiy ‘}F‘ ‘%k (kg/lOa) §
(%) (%) e | A E AR AE | BT
S&P5294 2.2 0 268 7,922 98 231 8,153
S&P5295 0.8 0.2 260 7,400 92 218 7,618
A3 | S&P5296 0 0 260 7,724 96 132 7,856
g = 0 0 219 6,831 85 284 6,872
7 = 32 2}¢) 0 0 268 8,061 100 40 8,167
S&P5294 0.9 0 314 9,750 113 124 9,874
S&P5295 0.7 0.2 246 7,712 90 166 7,878
ehE | S&P5296 1.3 0.4 305 9,378 109 206 9,684
g = 0 0 296 9,085 106 93 9,178
7 = 32 g}¢) 0 0.2 272 8,591 100 75 8,666
S&P5294 0 0 271 6,058 85 1,674 7,632
S&P5295 0 0 286 7,684 107 185 7,869
ek | S&P5296 0 0 272 6,227 87 1,433 7,660
g = 0 0 254 6,367 89 385 6,752
7 = 32 g}o) 0 0 291 7,170 100 | 1,434 8,604

FAzFY A x bolAe Bk FAES AL ARETSH
ol wAEgon FFIbd= 10¥ 20¢ FAFlA dinjEFQ] dl=Alo
44.7%, d=2gdo] 31.3% HAE wH SAASS oF 17H=d o &4
AEgboll= 2 Zpol 7} glo] F-ufj7- o] A ATh
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E 5. A7 HuE W)
e 6/20 7/20 8/20 9/20 10/20
S&P5294 0 5.1 9.8 11.7 16.2
S&P5295 2.7 9.3 12.1 17.5
S&P5296 0 5.4 13.4 14.3 17.2
= =] 0 4.5 22.6 30.8 44.7
=z 9] 0 6.8 12.3 17.6 31.3

+ W b

wP4 EPR BPE RP RE

Y 4 AT LAY F P wEAE

(SP4: S&P5294, SP5: S&P5295, SP6: S&P5296, RP: #l=xekd), RS: #H=4)

(2) 22PdA%(2007. 11 ~ 2008. 10)
(7h) BE4d 2 g23 Y EA
FA7) B A &G S&P5294A1% 3%3%F, S&P7270A1% 3%y A%
2% T HAELS F 6oAM 2o g4 2 x4 FAAE el 2 Zolv)
& wbd giu]EFo] oft ¢

of

(o

H - =
S&P5294 3.7 42.1 3.7
S&P5295 3.1 37.8 4.0
S&P5296 3.4 35.8 3.9
S&P7270 3.6 32.9 3.7
S&P7273 3.8 32.3 4.1
S&P7276 3.7 29.1 3.5
g =3 eksl 3.5 28.6 4.0

g =xl 29.0 4.0

r ooX iy
_>|.1_|‘
©

o M
.
£
)

2§
33

o M
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b
~
m |
EY

o
Ao
r [*]

of

RES

yike
(v1)

A

(v

)i

g

3
(%)

At
&

~
2
~—

g

o
(%)

S&P5294
S&P5295
S&P5296
S&P7270
S&P7273
S&P7276
H=areil]

H=x

2.7
2.7
2.9
3.1
3.0
2.9
3.0
2.9

3.7
3.5
3.3
3.5
3.3
3.7
3.1
3.0

17.7
17.8
16.0
17.1
16.4
15.9
17.7
19.5

e~ o o |§ el
'@'Npgoﬁm.om

5.3
4.9
4.8
3.7
3.6

37.5
35.3
35.7
37.8
28.7
33.5
57.2
46.6

W
—

2.9

3.0
3.3
3.2
3.4
2.8

w o a5 e
o L @S/Oﬁm.oﬂ

4.7
6.2
4.7
5.3
4.5

36.4
33.5
34.6
43.2
37.3
30.9
29.5
32.9
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AefA el & 8] A5 D F 5L 1 8¥ Aok AujH g S
< 97, 2%, dx2A BT e, 3, AEAY £ow 9T 4% ¢
FE0 7Y EALS SAET S&P52949 A=zl X4 7F 0.66~0.82
AeZ ARGYo EAS wol v v 2§ aprgo|drh. AL 349 ¥
3 SAxI YA Al i HExai e AU Y 7). B
7l AYGHEE 3, A, b fow W =uEfa HEYQA S&P5294
o} gl=xgbdo] ofzk w2 Akl whd o] 7 =ATHI™E 6)

8 AMAAT 23 8710 A D T 54

- . = | A | A=A 7 Il SR =4
Ao R =9 (1']?)— (crrcl)) ?cm)o (:(I;erf) (T::Lm) (:—rr_LLﬁ/:lL%) A (%/?:_‘])
S&P5294 6.3 65.9 | 1.19 | 8.32 | 6.78 82 2 6/4
S&P5295 6.8 67.7 1.16 | 7.73 | 7.68 99 2 6/7
S&P5296 7.1 69.3 | 1.20 | 8.11 | 7.03 87 2 6/6
Par S&P7270 7.2 70.9 1.28 | 8.23 | 7.29 89 2 6/9
° | S&P7273 6.8 70.3 1.26 | 7.75 | 7.59 98 2 6/9
S&P7276 7.0 75.2 | 1.26 | 7.57 | 6.86 91 2 6/9
=4 7.0 72.6 1.24 | 7.79 | 7.41 95 x| 6/9
=zt 6.8 68.8 | 1.25 | 8.66 | 5.92 68 il 6/4
S&P5294 6.9 82.6 1.59 | 9.04 | 7.35 81 2 6/8
S&P5295 7.9 91.7 | 1.84 | 8.31 | 8.62 104 Xs| 6/14
S&P5296 8.5 90.3 1.98 | 8.68 | 7.64 88 2 6/11
or | S&P7270 8.2 95.1 2.06 | 8.77 | 7.81 89 2 6/14
“° | S&P7273 7.9 88.2 1.82 | 8.32 | 8.26 99 2 6/14
S&P7276 7.7 90.3 | 1.96 | 8.20 | 7.79 95 ! 6/14
H=x 6.9 82.9 | 1.56 | 6.82 | 7.61 116 ! 6/15
=zl 6.9 81.4 1.61 | 8.68 | 5.97 69 A=} 6/8
S&P5294 6.7 69.4 1.24 | 9.31 | 6.44 69 2 6/3
S&P5295 6.7 784 | 1.33 | 9.17 | 8.24 90 ! 6/5
S&P5296 6.5 65.9 | 1.35 | 8.84 | 6.82 77 ! 6/5
553 S&P7270 7.6 79.8 1.35 | 9.33 | 7.16 77 2 6/3
° | S&P7273 6.7 76.6 | 1.37 | 8.92 | 8.07 90 2 6/5
S&P7276 6.8 72.3 1.42 | 9.14 | 7.29 80 2 6/5
Y =x 7.2 72.9 | 1.41 | 8.42 | 7.81 93 ! 6/8
=zl 6.7 80.2 1.72 | 9.18 | 6.04 66 A=} 6/3
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AulA st §2EE FFEHL E 9olAst Bk AuiA gy Fu 2 B
TEE A el BAE wbE hs A gel s S0l wWiton §A=
ol M S&P 52947F 7 wWol AAHAT. e AMAGEEE bl

ESN

=)
7 w3 ek, A oo FFHEEE S&P 5295, S&P 7273
A Fo|A F3| Hhu]EFFe] Hle F5FEHE Ay =&Y 8
S&P 5294904 53] BT o= FudAZd mE Jog iy
o Yr7) HoldiE FUd e Hojxi= Ao® Hol AH7 I
of w& o]z AZtE] St

n{kl
oft

&2 A oo
=

oo
ox X rlo e

o}l R

T 9. AMAG 2T S5

/—qg]:] ‘g‘l }_%L —"FEH% ?‘f‘.‘?"% ﬁé ki ‘ﬁ: ao]: (kg/lOa) ]
(%) (%) T | A E | A | MAE | 5
S&P5294 | 7.6 0.7 260 6,813 95 1,044 7,857
S&P5295 1.1 0.3 258 7,190 | 100 777 7,967
S&P5296| 0.8 0 236 6,339 88 753 7,092
24 S&P7270| 3.0 0.5 264 6,692 93 1,373 8,065
S&P7273| 3.8 0.2 270 7,409 | 103 844/ 8,253
S&P7276 1.1 0 245 6,846 95 879 7,725
Y= 0 0.2 232 6,347 88 689 7,036
d=xgkdl 1.0 0 254 7,204 | 100 812 8,016
S&P5294 | 0.3 0 413 12,238 | 129 1500 12,388
S&P5295 0 0 434 10,766 | 114 441 11,207
S&P5296| 0.3 0.3 397 11,048 | 117 159 11,207
obie S&P7270 0 0 437 12,203 | 129 190 12,393
T 7 | S&P7273 0 0 398 11,736 | 124 181 11,917
S&P7276 0 0 386 11,868 | 126 216 12,084
= 0 0.3 303 8,756 93 317 9,073
P =)o) 0 0.3 381 9,452 | 100 846/ 10,298
S&P5294 | 25.7 2.2 295 7,118 85 1,856 8,974
S&P5295| 3.7 0 319 8,709 | 103 191 8,900
S&P5296 0 0 267 8,559 | 102 72 8,631
g9 | S&P7270)  10.4 0 307 8,295 98 1,065 9,360
Y0 IS&P7273]  13.0 0.6 340 9,175 | 109 673 9,848
S&P7276| 0.9 0 270 7,166 85 222 7,388
Y= 0.7 0 237 6,773 80 405 7,178
# =)o) 0 0 291 8,430 | 100 522 8,952

g Hlﬂ(#iflﬂ S&P5294, S&P7273, Fl=xgkel, g=x)

N
iy
ﬂ
-
dot
>
-
J[m
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(th) A7

FSAZFY AFEE E 10049 2k FHEe AFdsrr dAdEsS
ol wAEom FF ol 99 259 ZARA diH[EFS H=A
61.2%, d=Xgdo] 42.0% dAE vH SAAFS F 28~34%G=S]
S %ol 9ol S&P52947F 28.2% % 7FE AAal S&P5295014 tha
ol HA s

E 10, A7 Fos W)

A 2T 6/20 7/20 8/20 9/25
S&P5294 0 16.4 24.8 28.2
S&P5295 0 19.3 29.7 34.3
S&P5296 0 23.1 26.6 29.6
S&P7270 0 21.7 29.4 32.0
S&P7273 0 18.3 28.6 32.0
S&P7276 0 18.9 30.1 33.2

g = 0 27.9 47.1 61.2
gl =z el 0 20.8 32.0 42.0

(3) 32Pd%(2008. 11 ~ 2009. 4)
(7h 544 2 g3 5 AS5EA

TR BN A FAE S&P529471%F 3%, S&P7270A% 3T AlH

2¥%Fe] Hade i 119M9 2o 9 % 9242 34 AFztl & Aol
7b §lol dEaplont 242 1, 2ahd AEESeM F2 W b EEel
o7t WolA = gl Aulel] = AFe AT

S&P5294 2.1 31.7 1.94
S&P5295 2.6 27.7 1.78
S&P7273 2.1 28.8 1.77
S&P7275 2.1 26.1 2.03
S&P8220 2.1 30.6 1.89
S&P8221 2.0 29.2 1.59
g =32 2)ql 2.3 24.1 2.33

g =x 2.6 22.5 2.31
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i 12, 987] A5 54
ARG AE e A 399

FAER | A | 2% [ 922 | 95 | 2% | 923 | 95 | 2% | 9=A

() | (em) | mm) | () | (ecm) | (mm) o) | (em) | (mm)
S&P5294 3.5 15.4 3.98 3.8 22.5 4.89 3.8 21.0 4.65
S&P5295 3.5 16.0 4.14 3.7 20.8 5.02 3.6 19.4 4.70
S&P7273 3.7 17.1 4.10 4.0 20.6 5.15 4.2 19.9 5.24
S&P7275 3.3 16.3 4.33 3.9 21.2 4.65 3.6 18.5 3.98
S&P8220 3.3 15.2 4.30 3.8 20.3 4.67 3.6 18.2 4.31
S&P8221 3.3 14.8 3.92 4.0 22.1 4.52 3.8 18.3 4.28
gl=aresl 3.5 15.1 4.16 4.1 22.8 5.15 4.2 23.1 5.69
g =x 3.1 14.7 3.83 3.8 20.9 5.04 3.6 20.5 4.97

2. A%y} 8% £4

HoAEe 1xdxsE FHr)dA A% S&P5294, 5295 2xpd o=
S&P5294, 5295, 5296 3xpUdEE= S&P5294, 5295, 5296, 7270, 7273 9

72769 627 £ ARHDL A= HAAE HEA,

gl AA
QA HILE YuEToE Sl
pyruvic aicd &%, B &%, T ¥HE, T FetHolE ¥
=5 5433t pyruvic aied S
2 DNHP #7F & 485nmellA A 3 T

anthocyanin &9 A
< Texas A&M the} 9o HH

sucrose,

glucose %

dezehdd, A
AgE(es, B3, FAHEHE)R 7oA

=, 10 0>"

fructose @& thdle] 80% oEr2= 80CNA 3087 33 A4 F=38to 3

s

S Folin—Ciocalteu colorimetric methodS A}-&3}o]
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'O
FEAZ] & HPLC(Waters 2695, Sugar pak column)® FA13}31
th F dE 9 F FgHolE d52 80% WEEE 243 FESFY F 5
=
=

catechin(Sigma Co,



USA)S EFE4= 760nmolA FHEE AP o & ZotEol=
o WO R quercetin(Sigma Co, USA)S X+=2d = 3o 420nmolA
A =5 43 rutin, myricetin 2 quercetine 1.2M HCI-50% ™ &2
= CoAl 2243+ &< FE3 U symmetry column(150%3.9mm, 5um
C18)& AF&3ste] 30% acetonitriles o] S2 UV-vis HE7](Waters
2487)%2 HPLC(Waters 2695)= Z438}3lth. & <tEAobd ek 3-8
(NEE: SHT 94 = 85:13:2)5 ALEsl AMArE FE53 L

o
A2 535nmoll Al #2418k o}

o T

. A7) A
(1) 1xd%=(2006. 4 ~ 2007. 3)

b B g

FEY FO4%0 @ @9 54§ 1A% 2ol 18y nERRee

AT W FAAT] ko] AAANAE AREFA v FH2G

o) WAl UEh} vjgure] A Aom RANAY. B g A va A
S

A7 =A JEltom AAA o HE SAZT S&P5294, S&P52957)
747} 522.9, 511.3mg/gO.2 A N "=, dexeqlel Hls =A e

71
4
of

s

%1 F3E 8459 7 FqF
7184 F stk (mg/g, DW)
T " VY EF .
(°Brix) sucrose glucose fructose T A
S&P5294 7.8 12.2 43.8 44.0 522.9
S&P5295 7.8 12.3 45.3 42.4 511.3
2 =R 8.1 13.9 45.5 40.5 492.2
gl =zeky 8.1 13.2 46.2 40.6 501.0
74 119 8.9 14.1 48.6 37.3 470.6
-9 8.4 14.6 49.9 35.5 467.1

a9 12 9 3 EYE e o= sucroseg] 7|27 19]
glucese, fructoses= Z+Z} 0.7, 1.791¢ v =5 Yellz Jo}. 54
A Z3% S&P5294 2} S&P52959] fructose ?}%ﬁﬂ]g | =% AdrA o

AZE Al vl 29kt

N m
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EE sucrose
[ glucose
I fructose

80

x 60
H
H
00 40

S&P5294 S&P5295 de M de & ety Moo 9 o 9 =2

a9 1. FEA EF3E 3 gF B
S8 49 Fo Aw FEW, wed 9 FWE e EEuUE:
S&P5294, S&P52957F # =) vl mol FIAZT FAx| 9} e HIFS H
Ak ANH o Fuhi= FHAF A skl ANVEH G FPo| HojH v
3EE wF % ol Al Mal Ao AFHEE KAABAIN 27
we Agoldrh. § ERY FFe 84F 220 AnEFF vis) A et
wom, 53] S&P5294+= #ER vlE] W=7 AL glucose AS BYE o}
o} 7 =7F 2& sucrose, fructose® SHHE A UEyTh 19 2% 9y
A R Y FFS e Ao FE AW W TR AN
olHNA G F&Fo] A YElwoerw & FHEEE glucose, fructoses HPE
Z QoA sucrose St QHANA A YElUYE Aol
X 2. 78 4E F E3E, 9 9 3% mg/g, dry weight)
T ® sucrose glucose fructose oA
outer scales® 89.8 213.5 206.8 510.1
middle 98.0 215.0 198.2 511.2
S&P5294 Scalesb ' ' ' ’
inner scales® 110.2 158.5 142.2 410.9
o9t 99.3 195.7 182.4 477.4
outer scales 93.6 189.5 190.7 473.8
middle scales 118.9 186.3 180.8 486.0
S&P5295| .
inner scales 105.0 155.1 139.8 399.8
ot 105.9 177.0 170.4 453.2
outer scales 771 150.7 140.2 368.0
g = % middle scales 97.7 2121 184.9 494 .6
~ " | inner scales 92.6 170.1 151.1 413.7
H 89.1 177.6 158.7 4255
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400 A
I outer scales

[ middle scales
I inner scales

300 +

(mg/g)

3

70
70
00

sucrose glucose fructose g A

(W) Edr o= g

FZA] quercetinF(E  3)> FF ol Aol7k gle] 16.7-
18.0mg/100g(dry weight)©]1al rutin®=S  4,4-18.2mg/100gl. 2 HA 5
A, AHbygor  AHAGHO]  quercetin$HS  15.6-191.7mg/100g(fresh
weight), kaempferol@d%<S 15.4-190.0mg/100g(fresh weight)® X i1% Il
A= B AP A quecetineH2 YA A HEH I kaempferoldHES 1

Asd A2 29 queceting B wFAlZ EAstne Al FEUH

% 3. F8A] ==Y quercetin, rutin, kaempferol &= (mg/kg, dry weight)

T = Quercetin rutin kaempferol
S&P5294 17.3 8.0 -2
S&P5295 16.8 4.9 -

A =4 18.0 18.2 -

) = 3 g9 17.2 4.4 -

Ho}so] 17.3 11.0 -

A 31}-9] 16.7 - -

a:v@E

H 3)e A F%l S&P5294, S&P5295+= 7+
7} 119.8, 101.4mg/100ge.=2 #H =3zl Hls] F Z3 =¥ 3.08] oA g
o] okt HEA e Ag- tEAolU ] shEFo] V1Y A YER oL A o]
al o
T

AL LA =
A¥e Mow AEAQ FHxF wd iu EEst dold Ao i
Yo odael s AR BAS Fohe] T Ui AES $AY At



150

1385.2
119.8

120 -
8, 101.4 101.4
=
Py
I
o}
L
0

32.8
N -

al == atel S&P5294 S&P5295 =Hal=o0|

% 3 I g FEY HEAC F

O9 4. SR 2ASI A 2FF 0] AdEA ol FEA

X4 FE ANE T FTEH, B tEA o st
9k 3 B 9(mg/100g, dry weight)
= & iddl
% 9 |outer scales®| eb inner scales®| 7H-&-% % ¢
scales
S&P5294 3588.3 993.9 373.3 251.9 539.7
S&P5295 2930.1 462.4 227.3 99.8 263.2
g = A 2427.0 397.8 156.7 96.8 217.1
at T ZIOA 2~320, bra AA F 1~2%9, cra b AA F S A
d: 295 AQle 35Ee] Bt
T 471 E F orEA|olS] e 3EFT BT SUISIY o 53] el A
S RSACl Bl 4v AR Fo] AL RAW AEA BIL A
g A 7 =A YElger F UiE=E A4S ko] A4S
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(2) 22PA%(2007. 4 ~ 2008. 3)

7hH) ¥, A9H 18 E, % % pyruvic acid I

¥ 5 %3 %2 AYE 8% 385 dX 9 pyruvic acid &
. . o E (OB pyruvic
T W Dry Material(%) 3 %= (°Brix) acid(umol/mD)
oHs 12.5 9.1 4.4
2}
S&P 5294 ] 11.5 8.5 4.9
K-oF 12.2 9.2 6.8
o+t 12.0 8.9 5.4
oHs 12.0 9.4 5.1
g 10. 2 4,
S&P 5295 | °° 0.9 8 8
ok 10.3 7.6 5.4
e T 11.1 8.4 5.1
oHs 11.2 8.7 6.8
AT
S&P 5296 ;4 11.4 8.2 6.1
K-oF 11.3 8.6 6.4
o+t 11.3 8.5 6.4
ot 11.9 8.8 7.0
2}
_— 24 12.4 9.4 6.2
K-oF 11.6 9.0 7.9
o+t 12.0 9.1 7.0
oHs 11.0 8.4 4.4
2}
B 24 10.9 8.0 4.4
ot 10.8 8.0 5.2
S T 10.9 8.2 4.7
oHs 11.3 8.5 4.9
AT
FEr ;4 11.6 8.8 6.5
ot 11.2 8.3 6.8
S T 11.3 8.5 6.1

1 = ] A=k
8.2 “Brix o]4tolglar #=xlol 9.1 “Brix® 7P =4 vehwa Awxd =
M= S&P52947F 8.9 °Brix® 7MY EkTh ¥ dwlEe He] F&9

acid & g=xgdo] Hla] MEFsto] 0.4—1.7umol/ml A= =kor} d
=e]  HEIAE 0.6-1.9umol/ml AE @A UEton  S&P5294 ¢}
S&P5295% A1 A ke] B} vk},
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% 6. w5 2 A9E ¢ ¢ o 3} (mg/g, fresh weight)

= Sucrose Glucose fructose Total

oHs 10.4 25.3 23.6 59.3

2 10.5 20.3 19.7 50.5

SEP 5294 -of 11.8 20.1 21.8 53.7
At 10.9 21.9 21.7 54.5

oHs 11.4 20.9 18.5 50.7

] 8.6 17.5 16.4 42.5

SEP 5295 et 9.4 19.2 18.5 47.2
H 9.8 19.2 17.8 46.8

oHs 8.7 23.6 22.1 54.4

] 8.9 22.0 21.7 52.5

S&P 5296 et 9.5 19.0 19.3 47.9
At 9.0 21.5 21.0 51.6

oHs 8.9 24.9 22.3 56.1

Al % 7.6 22.6 20.5 50.7
-of 9.2 23.0 20.4 52.5

At 8.6 23.5 21.1 53.1

oHs 9.0 21.4 21.2 51.7

A o) ] 8.6 20.1 19.8 48.5
et 9.6 19.1 18.2 46.9

3+t 9.1 20.2 19.8 49.0

oHs 10.8 18.5 16.3 45.5

S 3 13.1 17.8 15.5 46.4
A5 et 7.2 24.3 20.8 52.3
At 10.4 20.2 17.5 48.1

A, #5H T FF L & XS5 63 19 59 Zuh EF5E o I
2 S&P52947}F 54.5 mg/go® #l=A, d=xEql 2 Aukg]e nlE| 7+
5.5, 6.4 mg/g Hokor AAHI = dEAGo] b2 AHe H|g E& o]
At oFule Al sucrosed] W E=7F 1o]8} 7FA A glucose, fructoses
0.7, 17908 Hr=Z ‘/}E‘rﬂ%ﬁ Utk T BEES HAATE A |
fructos®] H|&o] Eotom Mubx3te] - dleA, dexepd ) vssh
5 HSoW Hw=rt 7W @& glucose® H|Eo] A w7}
sucrose®] H]Eo] Fo} MAH R 7= ke giuFe H3 =& Ao

[e=]
=

A=)

rlo
Ex
o

>4

0;5 o Hr M = 1N
oo pi &

godEn, AY9gEa s FAAIe] A AIA 9ol sucrose +fructose O]
61.6%= 7} =9kar A9l 4§ Fekx]Ho] 595%=2 7MY =okom Axt
23 GA] TR oA 60.7%= 7V =3kt

- 165 -



T S&P5294¢} S&P52957F =X
2 ? & 9 dEs Fd>des>Fd £o= =
< FFE HA(E 6, 7). kEARhd g o
S&P5294>S&P5295>S&P5296 > Al =2 ekq] Fow FheFe]l Hokth(1d 8).

Al =Rl T kAL

slek
= O
AGHEE TR o] =2 FFS B o} S&P52949 A9 FIH o] 7}
2 e s Bt 19 9% A7 anthocyanin 3O
st7)o) Frtetes Aol Przaly]
o

Kol
b gFe nglon Auag 3

3
o

=
glol 59 g F &
2

g

o
R
2
Ae
>
)
=2
)
ko
O
)
S
=
o
(@}
<
QO
=4
=
RLe
off
4



1
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L
S8P5204 S8P52%5 S8P526  ciEM 2fE

T

et

S8P5204 S8P5295 S8P5296  dEM 2

§ 8§ § 8 8 8 &8 ® °
(M4)6/6n ‘sjousyd |ejo
1o ™0
Sl &0 OF
] |
88 § 888 8§ 8 °

(M4)B/6n ‘sjousyd [ejo

o

TR
H
=y
.&O

VPN BPRH BPRB  fENM EZ I M IIE <

T

g

T T .

8 g g °
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ol

juy E%O

o mo &)
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I

SBPA BPH VPB o

T

g

T T T

g & B
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Z ek
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(3) 3xA%(2007. 4 ~ 2008. 4)

TIA 1Y E 2 I

T A9 9 FF3HE 185 G g 1 7 Ao gy s Al
st A7 FEE0] AR ALl Hl&] nFE FFo] ko A A Y
A HEM, S&P52967F 7HA = ek Wolth Ahnidt Leel dFab 3
a1, &2 shallot, 1% shallot 3F% YIE FYste] dwbPdRES 243
A 8 FEo] 90.0~90.8%ea H I3 Ao nla] A|FE A EFFo] F£E
shego] vl 3135 3ol =ttt W Hd drizadds ALst 4aA EE
B a9l vls] =kal S&P52960] Al Aol A T =2 S HIS
H el u8E g e A A9 BFAA 7P we 3ERS 2ol
=
749, #3E 188 4 9=

. 1Y =(%) ¥ %= (°Brix)

T T [ 9w | %9 | Bw | 9% | @W | 29 | 97
S&P 5294 11.0 11.7 11.6 114 8.7ba | 8.9bac | 9.2bha 8.9a"
S&P 5295 10.6 11.2 11.0 11.0 8.0c 9.0ba 8.8b 8.6ba
S&P 5296 11.2 12.8 12.0 12.0 8.8a 9.3a 9.7a 9.3a
S&P 7270 11.1 12.4 11.7 11.7 9.0a 9.0ba 9.2ba 9.1a
S&P 7273 10.7 11.3 10.9 11.0 8.7ba 8.5bc 8.7b 8.6ba
S&P 7276 11.1 12.2 11.6 11.7 8.9a 9.4a 8.9b 9.1a

2 R=xl 11.5 12.7 12.1 12.1 8.1bc | 8.9bac | 9.3ba 8.8a
# =)o) 9.4 10.9 10.5 10.3 7.1c 8.4c 8.1c 7.9b

2 919 9.9 11.4 11.4 10.9 7.9c | 8.6bc | 9.2ba | 8.5ba
* . DMRT 5%

(W) G sk
Alg E=Fo] 893 FAL fructose, glucose % sucrose’} T8 J&o]
A+=d, o]= Kee2t Parke] sucrose’} 3SHF-Eo] A @Il galactose,

mannose, lactose

)

=

maltose

W] felgol A mushs ol

fout Suh Sol FA el FeF 7k, Shondh Parke] Yt @ F

== 79 F

Rk BA@

235 BT
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60 -
) I
2 40 4
% 30 4
§ 20 A
10 -
S&P5294 S&P5295 S&P5296 S&P7270 S&P7273 S&P7276 =M = T 2t M Ot 2
a7 10, HEE S SR
& 8. AY, FFH T FF(mg/g, fresh weight)
= = sucrose glucose fructose total
et 5
S&P5294 7.8a 18.8a 17.6a 44 23"
S&P5295 7.4ba 19.2a 18.5a 45.0a
S&P5296 7.4ba 17.2a 15.3a 40.0a
S&P7270 6.2bac 15.6a 13.5a 35.4a
S&P7273 7.4ba 17.9a 16.3a 41.6a
S&P7276 4.9bdc 17.9a 15.9a 38.7a
2 R=wy] 4.8bdc 19.7a 18.2a 42.8a
A= 2 arel 3.6dc 14.1a 14.5a 32.2a
9} 9 3.1d 18.4a 17.4a 38.9a
3 3
S&P5294 9.8a 24.7ba 24.9bac 59.4bac
S&P5295 9.8a 23.3ba 23.2bac 56.2bac
S&P5296 9.4a 25.2ba 24.6bac 59.1bac
S&P7270 8.3a 27.5a 28.4a 64.2a
S&P7273 9.6a 20.4ba 21.2bc 51.2bc
S&P7276 8.8a 25.8ba 26.2ba 60.8ba
=] 9.1a 27.4a 25.5bac 61.9ba
A= Zarel 8.1a 20.8b 21.7bc 50.6bc
A 9 4.6a 23.0b 19.4c 47.1c
s Ic
S&P5294 10.0a 23.2a 21.9a 55.1a
S&P5295 7.2b 20.4ba 19.7ba 47.2ba
S&P5296 8.2ba 23.6a 20.9a 52.6a
S&P7270 7.0b 19.7ba 19.1ba 45.8ba
S&P7273 6.8b 19.7ba 19.4ba 45.9ba
S&P7276 7.2b 20.7ba 20.9a 48.9ba
B R=) 6.6b 21.3ba 19.8ba 47.7ba
=zl 5.9b 19.6ba 21.2a 46.8ba
A 31 9] 7.4b 17.5b 15.4b 40.3b
* . DMRT 5%




3 F T dEHS S&P52947F 52.9mg/go® 7 Egtow HAA EF
o] Ao vl 2 FFS HAD A, ezl nlE] dExgte] F
T ol vetAY =& Aol =d(Ld 10), ©]= Shon Fo] WA, s}
A2 A 3EFe] B e 3 A WA FT > A Fat > et =o
2 %ol sthe BA9 Jeong wol FAET Ao A FE|do] ko]l Eoh
= Ayt T4ttt Shon¥ Parks g2 FEE9 sucrose, glucose %

fructose &&Fo] AL 155, 209, 19.3%, AAMLS 16.1, 22.5, 21.7%etaL X
a3 Aol wha] X AP A= sFAo] 2.8~5.7, 13.6~17.8, 12.0~15.9%, =}
Aol 35~7.7, 13.5~19.4, 10.8~20.1%= tih & ks Bl xgH=z
§3Jﬂ>7e}ul >FHol sog tuf 6]—3}:0] l_'Z—O]-jj_ =9 x]Oﬂoﬂ}qu 27 x}o]ﬂ
ﬁko o 3A Y EF g4 FF Anerr 3 EBrk ofler A
FolME 7 w2 e Heon be S&P5294, S&P5295, ¥
S&P7270, 3L S&P5294, S&P5295 @ S&P5296°] iRl EFQ =4,
leszepele Hlgl] w2 IFS HATh

a9 112 sucrose®] FWEZE 1o} 7HGEA] glucese, fructoses

_YE

@

= Zt7z}t

0.7, 1.791¢] #Ar == YegtsE BaE g o® X E39H v EE # 9

+ Y w A= A #EQ pyruvic acid®] $HFS YERH Ao® A FF

ol Kupe]el A7 gu]FQl H=xgdd Hls] Azt 25 Av =t =7

L}E]-};\Lgtq ]Oﬂlﬂﬂik: St > >ots Fo 7 7iu|Ly %g};guﬂ T2 95

ARG zpol 7t A yErwTE. %99 pyruvic acid HS 1-18umol® 00—
[e)

3umol/ml  FW-2 low pungency/sweet, 3—7umol/ml FW< medium
pungency®  7umol/ml o]  high pungency® HEFHETH(sweet onion
industry Georgia, USA). ¥ Al&oA ZFH pyruvic acid THS #H=r>%
39 >S&P7270 o= 7 =A Y dE=Exgdd S&P52957F
2.9umol/ml = 7} W& S Ko sweet oniond IR UM FFE
< medium pungency©l] FEHUT. AGEZ= A >TH >9kE 2 o=
o] il 3, ¢tEd HEMo] 7P w2 TS Holu e SAA At
A7 W =2 dEE Bilon 3x9 BF guzeglo] M v dHe B
] 8

itk Yoo(2006) T Gy e AR Aol= FAAET) 8<le
St
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g ko]
» 1))
3 8%
c s
g © g
2 »
mA
2)4
- 0
S SIS SEBITIOSTIBRTI0 M2 PAMTS S SRR SIS SRPT2I0 SRT23 SRT276 i L 2 I T

g% 11 Ay, FFE A
A =8} pyruvic acid®] $FE TFHOE HES B H=H8Y A5 =
2 3 FdFow IEd FOU pyruvic acid9 o] = d=xZele] A
Wl E pyruvic acid®] S Wou | wTE Ao nlud & T
< pyruvic acid®] S 7H AdzgEe] AA ke gEA, gEx
Aol Hl&f w9 =& oz FekEw AR Hile] 9]

A |
=9} =& pyruvic acid gHFo = AA v == 7P ot

¥ 9. A9, E2 pyruvic acid T (umol/ml)

T eHE 3 33 1t
S&P5294 2.9ed 3.2b 3.3bdc 3.1bc”
S&P5295 3.0ed 3.1b 2.6d 2.9¢
S&P5296 4.0ba 3.6b 3.8bdac 3.8ba
S&P7270 3.6bc 3.8ba 4.5ba 4.0a
S&P7273 3.1lecd 3.3b 3.1dc 3.2bc
S&P7276 3.2ecd 3.8ba 4.3bac 3.8ba

g =4 4.6a 3.8ba 4.7a 4.4a
=zt 2.6e 3.1b 2.9d 2.9¢
2 311 9] 3.4bcd 4.6a 4.3bac 4.1a

* . DMRT 5%
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X 10. ==, A9 w2 &= ¥ FsF(catechin wg/g fresh weight)

T B o F s 2+ 9 o it
S&P5294 555.5¢e 751.1d 609.0b 638.5d"
S&P5295 674.1ed 911.5chd 706.7b 764.1chd
S&P5296 843.2bcd 997.9b 727.6b 856.2ch
S&P7270 1033.8ba 1016.8b 757.3b 936.0b
S&P7273 869.0bcd 938.9chd 842.5b 883.5ch
S&P7276 905.9bc 960.4ch 748.4h 871.6¢ch

g = 1177.1a 1447 .2a 1165.3a 1263.2a
f =29 685.9ecd 734.0d 619.4b 679.8cd

A 19 762.5ecd 762.9¢cd 732.7b 752.7chd

* : DMRT 5%
Mt Mt I
yezgd yezgd gezgy
Bk Bk B
7276 1276 7276
773 713 773
7210 7210 7270
5296 5296 5296
5295 5295 5295
5294 5294 5294
00 50.0 100.0 150.0 2000 0.0 50.0 100.0 150.0 2000 00 200 400 600 80.0 1000 1200
a9 12, thH] EFF B2 Awrxge] & dHE I ug
F:odag) oy, T od==Zere) ], $- Eles oy
3t gFatsl gel WA AV Jde= F A= A K H
s wl=azekql, S&P5294E Al9fstal HiRae] AHEgEe] F2 I B
a1 H=xeRel 1 H A E 22 43S BHeoy dKed nleixes A8z
25 o ks p_oﬂﬂr(ﬁ 10, 29 12). Jeong(2006) S°] 60% ol&r=2 F
=EoA A X}*“"Ur«l HAx seFe] Z47F 0.319mg/g 2 0.248mg/g=
A Qa2 gt E Y = % HE S HAus Halel Aolsk Aol
1} Shon¥} Park(2006)0] ] &, dEolAHolE W A4 FEE RTA F
A Gfukel F odlE ol ‘:H\_ A A=HAve EJ—@r Nuutila(2003) -5©]
AR @2‘01 ZhA R A wekom A ulrt Aol dlshe] oF 8%, A
L 26%E olF =A =AM Lachman(2003) ~o] WA okul 26 445mg/kg
DM, 3FM oksl 65,210mg/kg DM, A2 <3l 108,300mg/kg DMO] & ¥

[e2

TS Helvde Bagr 543 23E B9 Vinson 5(1998) EE??} A <
97} FAkstel] vlE] & T dHE FES Holw 1 olfre AMYTe] FS
AL wA sk QFEAoRd wjitolet aivh A EE I ><hE>HAY £
Eokal 349 EFoA drEAo] 7MY % S, S&P52947F 7t
Fowe s JUEle AR FolAe S&P7270, S&P7273 9
S&P7276 5]

]I
O

2 ool x
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¥ 11, FF, XY wE F ZgtRxol= = (quercetin ug/g fresh weight)
T ot & 3 3 2 9 i 5t
S&P5294 663.3d 817.4d 634.4d 705.0¢”
S&P5295 1036.8¢cb 1304.5¢b 818.8cd 1053.4¢cb
S&P5296 961.7cd 1221.6¢hd 811.4cd 998.2¢ch
S&P7270 1287.0b 1426.6b 952.8¢ch 1222.1b
S&P7273 1085.5¢h 1394.7b 1124.7b 1201.6b
S&P7276 1200.5¢b 1530.8b 917.7¢cb 1216.3b
= 2315.0a 2595.0a 2111.0a 2340.3a
g =z gkl 700.9d 853.0d 721.2¢cd 758.3¢
3} 9] 668.0d 958.0cd 773.1cd 799.7¢
# ¢ DMRT 5%
g It HIf
Hezay Yz Yz
=y 1] 1]
7276 7276 7276
nn 1713 n713
7210 7270 7270
5296 5296 5296
5295 5295 5295
5294 5294 5294

00 500 100.0 150.0 200.0 250.0 300.0 350.0 00 500 1000 150.0 200.0 250.0 300.0 350.0 00 200 400 600 800 1000 1200
a9 13, tin] FFol wE A xite] F ods ¥ e
F: Aduke] div], Foodl=zee) ], o=l o

1

=
o

;A & PR eolE Y

0

#1139 29 139 Zu. F5HEEs
d=o] 2340.3pg/go 2 7MY =2 S S&P52947F 705.0pg/go. 2 71+
o S Helou S&P5294E AlQe umx AdxFES g=xedl
758.31g/g, RIL] 799.7pg/gell WIS EF w %S HIY. Shond
Park(2006)2 3} ofghg oEolAHolE 9 A3 =
SheFo] A utel] Ml HAgFHrE 2w o] E=ot
Tang(2007) AlXAE 43 Fo  quercetin® =

36.5+£7.6~56.4+10.3mg% 2] ZgH ol= FHFS HIL

at, o

o X

2
Fe med ot FEUY L FF S0 ge Ade wolth A9 %
Fo e, dezety 2 Ane] 39 39> 3> hE wolgont Az
slo] A9+ oy >0l > Fol|rh

Quercetin glycoside®! rutin® FFTHEZE dIAMo] 1699ug/g= 7MY 2
s Hola #E=Zddlo] 118.4pg/gE 7R wkom Huke] 136.9ug/gol
Hlg 2E Aubzxglo] =& &S B S&P5296°] 152.1/g 7F¢ =3kt
A >tE o ® o] o FFHE o7t A3 <t
Zt7F 0 159.6, 190.3pg/g= 7V mdkey Aol A+

S&P52960] 17 ShFS Hela g=xegile] 3X|Y BT
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~
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5 10 =
Y 1
5)4
5)4
0
59 56 BB T 723 76 e AEIoRmMI Y 2% 56 55 20 23 726 HEAPETCRMS

a9 14, A9, F5E Rutin &%

1] |
02 00 [
0k 08 O

S
B

3
2

Myricetin, ug/g FW
(s
Myricetin, ug/g FW
o
0—«
’—o
‘—o
’—¢

0
5% 5% 56 70 728 726 dRMMETCRMIMG 59 55 595 720 728 726 dRMUEICRMIIY

a9 15, A9, £5H Myricetin %

3T

3 S&P5294, S&P7270 ® S&P7276 I 3714 WHIEE = #=Al, Y=
2}e] 2 Hutge] Hg] e S B om S&P5295, S&P72762 #l =l
Hlsl ok AI Rk Hl=smeke], Aejel nlsiA = w2 TS B =gl
11.2pg/gs 7V¢ e S Bvh A9EEE rutin? Zo] 3> >t

Myricetin (18 15) rutin®} @8 S&P5296°] 16.1pg/g= 7F4 =%
YA

==

& ol Aol mE FFIF wolzt Als Hukeled HlE e, AP BE A
AAZE =& S Rolu o] A9 S&P7273, HEAMS AL nE A A

EFol A} ve FHe wold.
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¥ 12, FF, XY WE Quercetin % (ug/g, fresh weight)
T I I 2 49 ¥ o
S&P5294 61.4dc 56.0b 70.2¢ch 62.5b"
S&P5295 80.6ba 67.1b 86.3cb 78.0b
S&P5296 52.2d 65.5b 81.1cb 66.3b
S&P7270 80.7ba 73.5b 83.9¢ch 79.3b
S&P7273 70.0bc 109.b 97.0b 92.2b
S&P7276 61.0dc 87.1b 97.1b 81.8b
gl =4 90.7a 181.3a 135.0a 135.7a
o =3 e}ol 58.0dc 56.4b 74.6¢h 63.0b
’H 9} 4] 52.2d 83.3b 56.1c 63.9b
* © DMRT 5%
Hi) H) H)
Hoza gz ]
YeH YeH YeH

176
s
nn
5296
5295
5294

176
ns
nn
5296
5295

00 500

1000 1500 2000 2500

5294

00

176
s
nn
5296
5295
5294

500 1000 1500 2000 2500 00

% 16, tib] EFF mE Adx

00 400

ol & dE I HE

600 800 1000 1200

g A giv], o d=zerd] i, o EeA oy

Quercetin FE(F 12, 18 16) #l=Mo] 135.7ug/g® 74 & =S
HaL S&P52947}F 62.5ug/g=2 7HE W RS HGlom Yz Az B
ARl o Pz eslel Hld) & e Bou A3 T
dEds AL FF gholl SAHSE Fog Aole gl AgEEE F
> >QtE wo R TRl Fal 3A 9 BT HTHo] FH 3ol
9 A9 Myl S&P5296°] 52.2u8/g2 M e S HII U=
Adell wls] S&P5295, S&P7270 % S&P7273 oA ¥ ¥
O} S&P5294%F S&P72762 st ztolrt glleom e A5
7F 7P e SRS Holu A Ed B due], dEZalat f94%1 Aol
= g A A HATHUF 56.1me/gER UMY W IS HN
S&P7273, S&P72760] EAA o E FoA =L THEFS H Yo S&P5294,
S&P5295, S&P5296 B S&P7270L H==Zgely} xpol7h 1St
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USDA Database (http//
www.nal.usda.gov/fnic/foodcomp/data/Flav/Flav02—1pdf)e] w=H 3k
3} quercetin® HF, H 2 HA ko] zZbzb 2142, 118.7, 1.50mg/100g
myricetin®] 0.02, 0.03, 0.00mg/100g, kaempferol®] 0.62, 1.00, 0.00mg
/100ge] e Holar HMFwlo]l 9 quercetin 33.43, 191.7, 0.00mg
/100g, mytricetin 2.70, 3.80, 0.00mg/100g, kaempferol 1.10, 4.50, 0.00mg
/100g Holm 3| M= quercetin®] 7.29, 63.40, 0.00mg/100g, myricetind}
kaempferol> HAEHA Levhes Ayt ol HAA FFolquercetin
myricetin®] ¥&Fo] kO kaempferole] A5 A AY, FFAA HE=HA
gt EgtH olEE 2

Wol, ek, aaA g, FAs, 8l o AYdd AE&S 7HAH o

e) Z}

AstsA quercetin®} o] lipoxygenase®} <
radical FBAELE] 285 AATFOoEN AstE AAGHA W  HEstdEe
Farete o] A e sl ICso lipoprotein®] AF3hE 50% <JAlsh:= gho=
quercetin, rutine Z+z}F 0.224uM, 0.512uMeo]™ (Vinson et al, 1995b) o]+
vitamin C, E9} B—cartene®] 1.45, 2.40 % 4.30uMET} Yo} B2 2 &
AbslE S 72 tH(Vinson and Hontz, 1995). ZglH =o]=o] tj3dt i3}
o] Ax7t He AATAse] ek AP A3 (+)-—catechino] 7HE E&
el

=

o
ofo
O/
o
&2
=g
)
@)
-
a
o
e
o)
73
IS

o
fo HU 2L o

S HS I YL O = rutin>quercetin >naringin=hesperidin %
o (7 %, 1996) superoxide anion radicalsel] tig+ dAxkshH

=L Olf

-

- 177 -



quercetin > myricetin > rutin <=o] ™ (Robak and Gryglewski, 1988)
hydroxyl radicals®l w3+ &AkstE S flavonols©] 7F¢ =A™  myricetin>
quercetin >rhamnetin > morin > diosmetin >naringenin > apigenin > catechin >
robin >kaempferol > flavone®} ZTtH(Husain et al, 1987). Nuutila 5(2003)
2> Y3 FEFE FoA t—BHPA 93] FEE AAHis oA g
myricetin > quercetin > kaempferol >luteolin > apigenin >rutin %%, DPPH
radical 27 A8 A=  quercetin>myricetin > luteolin > rutin >kaempferol
To® vt Aval Bauskglth. oo AdE Tt B ow G4 5354
Aupejoll mls] el A7 FFe b=l mal A FAE H=
o] 7F¢ Fi Hrzeglel 7 W Y-S EO]Uﬂ dleszetolele] A9 A
el vl E e ks E S B Fo=w ¥ :

SGEAloPI EFF H=Rlo] 7H wal BRE ’ﬂ‘?—lZ:QO] dezgdilo =2 3
F& HAATh(2d™ 11) ﬁ%&% oAM=

=
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