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Genetic Variation of Quercetin Glucoside Content in Onion (A/lium cepa L.)
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Quercetin glucoside content was investigated in the various genetic resources of onion (4/lium cepa L.).
Quercetin glucoside content of long-day cultivars was higher than that of short-day cultivars. Among the
long-day cultivars, Rijnsburger cultivars from North Europe and their close relatives had higher quercetin
glucoside content than those of Hokkaido and North American origins. Quercetin glucosides were undetectable
in all white cultivars. Red onions had a higher quercetin glucoside content than that of their closely related
yellow onions. In the Hokkaido, North American and short-day cultivars, quercetin glucoside content, although
low, had positive correlation with percent dry matters and bulb diameter. Hence, to breed cultivars with higher
quercetin glucosides was considered possible. When this thesis was tested by crossing pollen parents with
higher quecetin glucosides with a common seed parent, F| progenies with increased levels resulted. From
these results, we conclude that high quercetin cultivars can be bred by using Rijnsburger cultivars with high

quercetin glucosides and moderate dry matter contents as parents.

Furthermore, quercetin glucoside content had positive correlation with storage, i.c., the percent quercetin-
3,4'-D-O-B-diglucoside increased during storage. Some Rijnsburger cultivars showed high quercetin glucoside
levels even though they had the same dry matter content as those from Hokkaido.
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Table 1. Onion cultivars used in this study.

Photo-

Group” . Source Skin color Cultivars or strains
periodism
Group I
Hokkaido Long Japan Yellow Early Globe, Frontier, Iomante, Kairyo Ohotsuku No. 1, Kamui, Kitahayate No. 2,
Kitakogane No. 2, Kitamiko No. 27, Kitamomiji 2000, Super Kitamomiji, T804,
T808, Toyohira, Tsukisappu, Wolf
Japan Red Tsukiko No. 22, W-5
Northern Long US.A. Yellow Mulhause Auxone, Downing Yellow Globe, Yellow Globe Danvers, Pera Yellow,
Copra, Criterion, Infinity, Millennium, Newyork Early, Tamara, Festival
U.S.A. Red Red Wing, Red Wethersfield
Yellow Spanish Long U.S.A. Yellow  Daytona, Legend, Prince, Sabroso, Salem
US.A. Red Flamenco, Mars, Red long of tropea, Tango
Spanish Long U.S.A. Yellow  Ailsa, Altisimo, Vaquero, Ailsa Craig, Di Milano, Cebola Valenciana Tempora,
Cebola Valenciana Tardia, Sweet Spanish
Group I
Rijns Long The Netherlands Yellow  Sturon, Compas, Rijns Oporto, Sel. Westerloo, Sel. Spalding, Flintstone, Bedford-
shire Champion, Rijns.-Sublima, Wolska, Stuttgarter, Zittauer, Zwijndrechtse Poot,
Noordhollandse Strogele, Rijns. Zeeuwen, Kasticka, Rijns.-Krano, Rocardo, Gelbe
Wiener, Vsetatska, Makoi Nemestetl, Yellow Flatround, Wolska Poland, Iatrus,
Strigunovskii, Rijns Vroege, Rijns. Noordhollandse, Bronze Kugel
The Netherlands Red Improved Brunswick, Red Baron, Zur-Robal, Noordhollandse Bloedrode
Australia Long Australia Yellow  Late Brown-Spearwood, Spearwood Late Brown, Yellow Ebenezer

New Zealand Long New Zealand ~ Yellow  Pukekohe Long Keeper, Puke Kohel, Puke Kohe2

Group [T
Short day Short Yellow Skin, Shandaweel 1, Buffalo, Cimarron, Kitahayate, Kitawase No. 3,
Senshu kodaka, Awaji chukoki, Chosei, Yellow Skin, Beth Alpha Autumn, San

Joaquin, Senshue Yellow

Japan, Asia, Yellow
Europe, U.S.A.

Japan, U.S.A.  Red Shonan red, Rio Santiago
Group IV
White Long or Short The Netherlands, White

Asia, Europe

Aviv-Perlina, Pompei, Winter Over, Barletta, Blanc de paris Hatif, Hysol

* Groups were defined for convenience by origins and characteristics of cultivars.

NI | -El ectronic Library Service



Japanese Society for Horticultural Science (JSHS)

102 FIARSE - SOt - FRA-RTFBE=

B3 B, Fe7 2 ) P AREETO LEREE L
FEETHREINRTWA R =y v o B R B, B
O —HFVRFEAR= y Vo ORI SE LT EE L
PR TwASfzue—A =y a8 9 BE) & L7
F—7 1 i3Fca—uay 0, ' cigEshs
-y NFGAVAR—F—F UTF54 v AFELELT
), = —v vy NOREYEARKETEL AL T
VT7E G BB, KI0=a2—v—5 VB 3 B8
Elfk. CTEARVBEACBERMEHET S Lo
KXo BHC, 22 fAEE2RBRKCEEL, iz ot
DFER L 5 BRAER L. BRI, 7 reF vERER
GBLEYRITOVTITY, 2002 EE L, S HICEK
B ODAREDCER, | HRE, W AFEOKREEZAEL 7=
2) TIVeFUERGSBOREGH

bz, tEEEEDITE Yy 2 —-TERE iz 40
O F Wl ‘vxyy 7, ‘baes, ‘vxesy,
TV —so—7" BIV vy, L ‘bae
7 DEFETHD 29354, ‘YFeH YV L T—Y—
7a—7" OBTETHDH W2024A, 5L OEEEOTEY
HTH B K83211,CS3-12, OPP1 s X U S87-707 Z &k L
7=, 2002 B AE, RO 100G 2 RKELTr A
v VEEHEREYRE L.
2. PHEEE

AN I TBUE A RFER M SR (BN TBeE
A BE - AYREEEERN TSR LB EET
e v 2 — O T 2001 35 X U 2002 £ 2 FfH (BIE
THEHRHE LBEET OV T 2002 EDOR) it
Tir-7e. BT 2 ARy, #1160 HEBE L
W 4 A THCES~EE L7 3iEiERT, & 30cem,
BRI 10ecm OF@x & L, BERHE N:P,05:K,0 = 16:38:16 kg/
10a & EHEIEKEMA L. ERHRLEOBIIE U
T8 A TNEAL 9 A M T, BXLIERIF VR
WIZTHF 27 v I ®Fo1e.
3. Bl

MRHZIZEE 1 £ 105 D 5 b, 5 1 ¥ CHERAHE
Thotk 76 METERA L. TR ERERT
v A —ORBRE T, RE LBE ORI TH R
Do fo. FAAIE 2001 5 Xk OF 2002 O 2 [IFTL, BEEAT
(10 A TR LEEE G ATHE) Exhth, yit
F U EEAER LB YA L.
4. TIEFUOREEDOSH

hAZE, REE HFERIOCZEBLYRV O,
BRobDLa@Es ko cBEER 8§ 5EIL, Wik 5EN
HiswX 5 eER L CHAMETS 2 v &K1k
L, HEfE L. BHZ7—-F 7oty 3— (1
7 % = IFM-200) TKoG o\ WRRECY) b ZEs & [k
LT —Ib U Ml - LI cEAE 10g &
I00mL=A7 5222k H,80% x £/ — A% 80mL I
2 CERTHELL. 24 BB AK (T FAvF o2

No.2) TAHBELLH, BEXHIT=ZMA7 5 2aCREL
80% » &/ —AmLZ CTHBEEL, »BL THEKE
Lic. AREGEBE X EHET 100mL CERLH
045um 7 4+ A2 —THEL, fhHE L L. iz, »
/v 7 LiChrospher 100RP-18 7 5 4 (4mml.D. x 250 mm) %
B9 ffiFtz HPLC v = 5 & (BEBEEFF XY 7 LC-
10ADvp, HHi2% SPD-M10Avp) iZ 10uL DI &2 HEA
LTfrote. BHEMAITERER - &K (1995) ey,
2% DEEfE A B 15 25% D A & 7 — LIS OEE 4 50 4518
I 80% ¥ CHEMBACHEMZ ¥, WEIX 1.0mLmin”, &
WHREIL 360nm & Ute. 7 it F v EEGSEILy L
X F v 34-D-O-B- P/ E T LEF V-4-D-O-B-
7 ray NOEEYRPERGCHAVCIER L. 2
D2EEORFEEy v eF VEBHBRERLL, DK
Zhb 2 MOEEROBEILY KD, oA miEl
100g *REHE2% (80°C) T | BB I TEHYREL KD
Lo, SEEORE VARE I KOEX, 15
B, WAREOKELZEE L.
5. HEtaLE

7 s v EEASEORERES X OFRICHE S E
LB L Coso a1 - . 98tz ANOVA
(STATISTICA) % fl\ 7o,

®/ R
L TLEFUrERGB L EREBRLLLORCHER
BIUREY 2HEH

MR REOEAEY Y 7 A VEERE
B onwT 2 MEORIEER YR L. BEMERIIK
% <, 2001 R 0~220mgg 'FW DO&EFIC, 2002 4
FEVZ 0~2.59mgg 'FW OEPHICHAH L. ¥ FRihic
1T r=0.81 (P<0.01) DEWVIEOHBINE b, WEK

3.0

y=0.96x+8.03
r=0.81** Group I
n=105 .
25 e : oHokkaido
= aNorthern

Cruup 1 .
{ oYellow Spanish

g
o
T

j., Spanish
i aRijns
Group H<: © Australia

! oNew Zealand

Grouplll 4 Short day

Quercetin glucosides content in 2002 (mg-g'FW)
—
o

Lol GrouplV *xWhite
' g
o5 /,/,7 A'l‘i ) ‘tg:/G‘roup 1
: LN 2=l
{A}j*"‘—" A/}
/"Lé»____:_ _——Grouplll
o kGrourlV . o , ,
0 0.5 1.0 15 2.0 2.5

Quercetin glucosides content in 2001 (mg-g 'FW)

Fig. 1. The relationship of quercetin glucosides content between 2001
and 2002.
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Table 2. Quercetin glucoside contents of onions from various genetic resources.

Content of quercetin glucosides? (mg-g™'FW)

Group Skin color No. of cultivars
Ave. Min. Max
Group I 47 0.78 0.39 1.40
Hokkaido Total” 17 0.70 0.53 1.03
Yellow 15 0.68 0.53 0.90
Red 2 0.88 0.72 1.03
Northern Total” 13 0.93 0.52 1.40
Yellow 11 0.95 0.57 1.40
Red 2 0.82 0.52 1.12
Yellow Spanish Total* 9 0.84 0.67 0.99
Yellow 5 0.82 0.67 0.99
Red 4 0.85 0.83 0.88
Spanish Total¥ 8 0.63 0.39 0.86
Yellow 8 0.63 0.39 0.86
Red 0 — — —
Group II 37 1.26 0.61 2.39
Rijns Totall 31 1.27 0.61 2.39
Yellow 27 1.17 0.61 1.66
Red 4 1.92 1.68 2.39
Australia Total’ 3 1.52 1.04 1.88
Yellow 3 1.52 1.04 1.88
Red 0 — — —
New Zealand Total” 3 0.97 0.73 1.10
Yellow 3 0.97 0.73 1.10
Red 0 — — —
Group III 15 0.47 0.26 0.71
Short day Total” 15 0.47 0.26 0.71
Yellow 13 0.44 0.26 0.71
Red 0.70 0.69 0.70
Group IV 0 0 0
White Total 0 0 0
Total 105 0.86 0 2.39
Yellow 85 0.88 0.26 1.88
Red 14 1.13 0.52 2.39
White 6 0 0 0

z Avarage of 2001 and 2002.

¥ Total means all samples including yellow and red bulbs.
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Fig. 2. The relationship between dry matter and quercetin glucoside
content of onion.
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Fig. 3. Conposition of two major quercetin glucosides, Q-4'G and Q-3,4'dG in onion. []: Quercetin-3,4'-D-O-B-digulucoside, ll: Quercetin-4'-D-
O-B-glucoside. Q-3,4'dG and Q-4'G amount was converted to quercetin aglycon.
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Table 3. Correlation coefficients between quercetin glucoside content and bulb characters of onion harvested in 2002.
Quercetin content Dry matter Bulb diameter Thickness of scales Bulb weight
Dry matter 0.380**
Bulb diameter —0.405%* —0.357**
Thickness of scales —0.235* —-0.065 0.399**
Bulb weight —0.376** —0.525%* 0.874** 0.233*
Number of scales —-0.111 —-0.061 0.504** -0.154 0.432%*

* and ** indicate significant difference at P < 0.05 and P <0.01, respectively. Y = —11.98X; + 6.52X, + 145.14 (X;: Bulb diameter, X;: Dry matter).
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Fig. 4. Change of quercetin glucosides content during storage.
**: significant at P < 0.01.
BORRCHEBELTBDObR (B 4 KR), rresvi
EAAERCHENT 5 2 EAVRE N ok, WL

FFIR DA AR EEED b v iens o 1.
3. ThvEeFUERGKESEBOREDH

Fi ff & 2 OMBRHED r V5 VEEGEEXE S
RIRLE. Fl BT 57 veF v EEGESRITEO
Rl oLy, ‘Fae s ORWEL KL
W202A ZRETH LT 5 F| TBsrhhBiciatl L
7o, 2935A HETH L TH F TikREEH LD H{E-
flheB L, +ae s TEWACEEE LR L. %
PRt OWTE, YR eh ) ERGTr AT 4
DOB 74 ay FOEEHNF THEI D 2eEHL b
EHE RS Bt

70

n=76 P
y =0.60x + 19.89 7/

60 b

50

40 |

30

Q-4'G(%) after storage

20

0 10 20 30 40 50 60 70
Q-4'G(%) before storage

Fig. 5. Change of quercetin 4’-glucoside percentage during storage.
Q-4’G percentage to total amount of Q-4’G and Q-3,4°dG, con-
verted to quercetin aglycon. **: significant at P < 0.01.
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Table 4. Analysis of variance between cultivar and storage.

Source of variation df MS f;valuc P
Cultivar (C) 75 5391.41 9.256 0.000
Storage (S) 1 17490.10 30.025 0.000
Interaction (C x S) 75 484.97 0.832 0.812
Error 152 582.51

df, Degrees of freedom; MS, Mean Square.
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Table 5. Quercetin glucoside content and Q-4'G percentage of parental lines and their F; progenies.

Cross combination

Content

Content o Content o F cultivars (mg-g ' FW Q-4G (%)
e 4 gg FW)
Seed parent (mg-g FW) Q-4'G* (%) Pollen parent (mgg ' FW) Q-4'G (%)
2935A 0.52+0.03 56.5+0.4 X K83211 1.14+0.10 61.0+0.6 Tsukisappu  0.65+0.05 63.2+2.2
x CS3-12 049+£0.02 549+0.6 Toyohira 041£0.06 63.7£0.6
W202A 0.83+£0.07 59.8+04 x OPP1 0.66+0.03 60.9+1.5  Tsukihikari 0.74+0.01 582+0.3
x S87-707 0.36+0.03 54.0+1.2  EarlyGlobe 0.58+0.04 60.1+0.5

2 Q-4'G percentage to total amount of Q-4'G and Q-3,4'dG, converted to quercetin aglycon.
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CEL L w5 L#lE R, RAGEDO 7 V-7 11
(A4 VA, A—ALVFVTH, =a—V—F YV IFE)
BT AMETIE, 2Ry v eF v EBESERENS
{, BEAEBETREI R TV ATERBED 2~3 o
SEELOMELRDOR, By e F v REETROEK
HELTHEETHS EE LD, LRBENL DI
HEFBRENEEREINS 3 —o v LTI, HART
2 V) H ERBLUTNI L TV Z v 2 F0FEh 5 A
2% % (Bosch Serra * Currah, 2002; Brewster, 1994). Z O
IONERL A v xFOBMHEY L LHEI R
H, O N—FT N CEBTHA—ALF VT, =a2—
=7 v FORBIIHBEMICIIKE B> T 55,
brlbba—uy NEERTHD, BETHEGHELM
PR TWHEHHLTCH— A — 7L DT
b5, Fr—7 1 BT AAuhERER & 2 EEREGRY
BNEELIDRBIEND, Y rEeFVEBOHEL L
LICHERB IR I RS, SA—7 X, HER 7
ST, TAYVHIERE, =2—v v O BHHETENR
Xh, ThOOREILy L e F v EEEREEIMEHER
BdHote. FHFRAEEORASLHG T T, EHXR
HesfteTeBALTLEd Z &b, F0BMEY+
FRREECE e o RS S, LA LEHROM
e, AMOREAIRLET LB EORALHET TR
BELETFHEROERTIL, rres vEBEGESECK
ERENBEDLRT, ROCEBERLLERCE T
EHHOREIRABNOREL ) SEENME, - (M
AL, KRER). SHEZ THEEHFETCEWTH HRRE
G X b BSOS HERECREELEL, DARED
BERZIED, TORED ARFERI I, DAREN
Bl ixbDrelL, BABRIIARFERIEL, VAK
ERBEERND L. r At VESERL, DAKED
KEHEBCFORENE TR, FHBRCIIIBEAEE S

nicwZ Epn, HRMCERAKROEE o ERRD
HGEMEL, KRREAKOBSE EVWRAFTEERE
NEliltofcbDEELONT.
FEEIARERS I OCEALRCERRBEALE YV
¥ vEEGAYE TS, BB (Patl b, 1995; Tsushida *
Suzuki, 1996) & & —FK L7 —F, FaibflE CiiEeqs
I rres vEBERESE NG - LBEINT
\~ % 4% (Tsushida * Suzuki, 1996), ABIFEIC I\ T & L
OEEHHNCE VT, REMETEENE  RHHERA
NEDOI ik, REEC Ve F Uy REEEN
52 & (Patil 5, 1995) =, SEIOF/ETLr vrF v
fokithk % % < &8T5 MmN, HEROREEOAIE
FHHEIRD DN L0, SEIZFERARECE T,
raves VEEEERLREEORI L OB OWT
LA TALENDDIESS.
raesdvEEEEREECEE D AR, &Y
R, K | KEBICHAREDEZITH-. EH
CEERSHC L - T, rres v EBEEEE~OEY
REIBRBCILDHEGERNEEDOE L L 23% Thote. 7
LeF VEEAESELIRE | REKIOY vEEDCE
LM BEOHENME R0, ¥ e F v B
BEREABCIREAENEINEY, KERRIBERK
MBOEHAE NI T EXERE BRI LirL, 7
T v EBESRIINT AR L RBOFSE LD
T 23% BETHH, SHITy v F v EBEAE AR
D oS> TCA BT 2LERHHIEA S, —
H, rresd v EEGERASCEER, NETEME
DEWEABBD, rrteF VEEESEEL X FOD
BRICY - Tk, hbOBEEBECERL e b HE
HEEDLLERDD. Ink, EHRMEL, rrveF
VEBEAERN S AL, SERELPRIERHZ
Nish ot Lichi» T, it fRem< 214 7 (&
BTYR) TR AEFVEREREEYERTHOIE LW
EEZ bR
AECETHRICL » Tr v v EBEASEN
BT AEANRED bRt DO oW TR
o v F v EEEEAT AR I N, B AVILERE
X AR XA D B2, FE OV TIRS
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BOWFERETHDH. T, FRICID, ribeF v-34-
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F—ny T v XN —F— PR X O DB
FECALUBE 7 # U A SGREO MR L D L H W EE R
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B a R o @y v F v B SE S O B R IR
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BIEF D bt Sl OB F BRI 2 VB G,
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BHUETH LR TH . D EOKER, Jtfd
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ha.
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