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Abstract
encompasses a variety of commercial vegetables, such as the
Chinese cabbage, pak choi and oilseed crops. The LP0S of
yellow sarson (Brassica rapa ssp, tricolaris) have a distinct
morphology, with yellow seed color and a unique tetralocular
ovary. LP21 of pak choi (Brassica rapa ssp, chinensis) have
a dark brown seed color and bilocular ovary. In this study, we
generated double haploid plants by crossing the LPO8 (maternal
variety) and LP21 (paternal variety), using microspore culture.
A total of 66 accessions with various morphological

One of the most important species, Brassica rapa

characteristics were used for content analysis of flavonoids.
The three flavonoids, quercetin, naringenin and kaempferol,
showed differing contents in the two crossing parents. The
Chinese cabbage type 'Chiifu' was used as the control. The
highest accumulation of total flavonoids was observed in
LP08. The lowest mean total flavonoids were found in
'Chiifu’. Among the 66 DH accessions, the quercetin
contents of 18 accessions showed higher content than LP0S.
Kaempferol content was also high, and was found to be
79.7% of the total flavonoid content. Naringenin content was
low at 2.8%, and was not detected in 22 accessions.
Interestingly, the quercetin content positively correlated
with the kaempferol content. These results can be used to
identify genetic locus and genes related to useful traits.
Phenotypic analysis of 66 DH accessions can further be used
for natural selection of good breeding materials in B. rapa.
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Phenotypic variation of DH population derived from the F, hybrid of LPO8 and LP21
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Naringenin-2- flavonone 3-hydroxylase (F3H)l| €] 3}] dihydrokaempferol
2 3% 31 flavonol synthase (FLS)S- -3l quercetin} kaempferol
< 93} A| E th(Cartea et al. 2011). v =3} A Eof A] Sa}t
Hiol= obgf £ Mt A= AY, E2ge d B4
A7 wjFoll A Hae v qlon, Sepi ol = ARHA
7120l Il A= oF A 7HA] m] &gt A A o] th(Vallejo et
al. 2004; Harbaum et al. 2007, Olsen et al. 2009).
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Fig. 3 Flavonoid biosynthesis pathways of Brassica crops. CHI,
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hydroxylase; F3H, flavonoid3 -hydroxylase; FLS, flavonol synthase
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Table 1 Flavonoid content (ug/mg (dw)) of the two parent lines and chiifu

Variety Quercetin Naringenin Kaempferol

Chiifu 0.027+0.02 0.023+0.013 0.16 +0.084

LPO8 0.047+0.011 0.02 +0.010 0.834+0.034

LP21 0.012+0.017 0.044+0.018 0.23 +0.110
ol FHof Ut xHP EAS St viF F& FE 0.009-0.096 pg/mg O] M= FESIAI TP S S
e ) §F 9 F5 NS 6 E8 oot .91 DH19] 0.009 pg/mg> 7He 352 0.096 pg/mg =5 B
)

LPOST} LP219] WAEC] F1& 5\_*‘7\} wjokato] 2S5k 66
ABS O R Bepueols |
oFz] © & AFLE LP08T} LP21 zeq T oA A = A
B2 ARRE A i chiifud] F SehE kol & e
Z AP A 3}, quercetin@} kaemferol Hafo] LA LPOS o A &
7+ 0.047 pg/mg T} 0.834 ng/mg S LERH QL =4, o] 215t A1}
+ chiifu®} F-A| ¢ LP21 3} H] w5} o] of 2uff o] 4} =2 9hef
2 X Y th(Table 1). ¥FH of| naringenin @] $heg-2 F 2 Q1 LP21
o A 3 0.044 pg/mg O & LP08T} chiifu BT} oF 2vf) =&
shako] T E A Th E3), Kaempferol®] 73-9-, quercetind}
naringenin©| gFeF} vl wsto] A|7FA| AlE HFo A 7HE
U R 33 B §of ol
4 8.10] oo WreThT okl A 9l 58] b
4%3&?,%0 F5ol wet oo Yl EetEeolE F
T FAPSEAIEE, ol A= W& Apolrh HalE ik
(Krumbein et al. 2007; Rochefort et al. 2006). Murtaza 5-(2005)
S A\ Y(Brassica oleracea var. sabellica) @] TFFgt &2 of A
St ol O] f 4 aato wele] H skl
Harbaum 5-(2008)2 A A& vl 3=(Brassica campestris L.
ssp. chinensis var. communis)E A} 0 2 Z2} K - o] &= g
& BASGT E AF AT, FUOR AFEE 702
LPO8Y} A A 2 & LP21, L&) 21 UHlF 2 L8335 Chiifuo] A
Copg Eebrieo|= ghapol HhelE| ok B3l 44 v
Hol LRSI A] 7Py & Zebi ol GapS 1ol 2
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ol & gheF-S B4 5t A I4= Table 29} 2t} Quercetin 3 o
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o1 DH6S Akolof oF 10w o] 4¥e] 9 Aol & Bt war
187l LA Al Fof A= 2 A 2l LP08 X T} =2 quercetin $HaF
& HEHU 3let. 71 W2 quercetin @ &2 2. QI DHI A &2
0.025 ng/mg 2] 714 =2 naringenin 2] $HaF2 2 ¢ 01 10 A
5Ol A = naringenin &] FeFS 291 4= §1 91t} Kaempferol
94 - DHI149]| A 0.086 pg/mg 2] 7H3 & =5 2
o] Kt} ok 4uf =2 =% 2 712 DH64(0.350 pg/mg) A=

0] 7}A; =& kaempferol 5 =5 K ¢th
E A3 of| A &4 3t quercetin, naringenin ~1 2] 1L kaempferol
of kS ALE % BohR 0| TS BT AT, X
e % Behu o=

il
ok

A9 LP21 Kt} 5 mol AEol
2275 A 3F AL -2 kaempferol TS K2l H6474]%
M 7 = & Zatr o) §HFS B 9 r)(Fig. 4).
#6671 31 AlFof A A QI LPS B} &S “a}i
wo|E FHFS 7HA Al5-S TE 7] okt o] gt At
L LP08 Xt} =& quercetin 3FS Ho|= AEo] th= &
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;;H

Aol = =3t

O

Z Z R o) = SheFof A quercetin©]
Aok v o] W] (T Ao g2 A=t mhebA
6671 L AT WYz T S ol = gl 3o
A Z+ &2} K = 0] = (quercetin, naringenin ~L 2] 31 kaempferol)
O] H| &S B4 3 th(Fig. 5A). 1 A 3}, kampferol 79.7 %,
quercetin 17.4 % 9] $+aFH] &8-S X ¢ 37 naringenin®] 7 -
28% A9 29 ATA A e FFS Bt
Ea Sehutol = e g BT BHE AN A
quercetini’—} kaempferol &] SFeF7tof §- o5k AT A-A 7} 9l

= Q1 4= QLS tH(Fig. 5B). WAl quercetin®] gHFo] =

L A& o] A= kaempferol 9] =& $HaFS Ha-E 4= 913l
121, naringenin @] 73 9 quercetin 2 kaempferol I} G- 2] 5t
HRRA S BAEA sk 2 AR G Ak o
oFst vl 3} Z-Eof A B H} Q) th(Schmidt et al. 2010;
Rochefort et al. 2006). Rochefort 5(2006) 2 117§ 2] A A A&
W% 552 e Bohuiols Fake BAT 2}
3.2~ 6.1 mg/100g (dw) 2] quercetin & 36.0 ~ 102.6 mg/100g (dw)
9] kaempferol 32 2213} th. E 3t kaempferol-> 2 73 2|
3§ o] ZIE Bepuo|mo| Fo ROz By
v} 9] th(Harbaum et al. 2007). & AFZA T oA S| v
LPOST} A AT LP219] WAE0] AL} HjoFo 2 HE
YE3H667 117 AlsSollA St o] & kEFS H g
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Table 2 Flavonoid content (ug/mg) in 66 DH accessions derived from the F; hybrid plants of B. rapa

Dh accession Quercetin Naringenin Kaempferol
1 0.009+0.012 0.025+0.012 0.255+0.140
2 0.029+0.020 0.020+0.008 0.143+0.113
3 0.013+0.018 0.015+0.005 0.141+0.106
4 0.036+0.004 0.013+0.005 0.152+0.110
5 0.046+0.012 0.011+0.005 0.237+0.152
6 0.049+0.009 0.0000.000 0.291+0.244
7 0.042+0.004 0.000+0.001 0.162+0.150
8 0.043+0.006 0.006+0.005 0.205+0.101
9 0.040+0.010 0.000:0.000 0.14440.110
10 0.040+0.010 0.001+0.001 0.149+0.074
11 0.041+0.008 0.0000.000 0.093+0.047
12 0.041+0.009 0.000+0.000 0.127+0.073
13 0.045+0.010 0.009+0.007 0.24140.147
14 0.042+0.007 0.015+0.012 0.086+0.050
15 0.035+0.004 0.011£0.008 0.273+0.184
16 0.039+0.009 0.010+0.008 0.282+0.145
17 0.029+0.021 0.004+0.005 0.119+0.063
18 0.034+0.003 0.003+0.005 0.186+0.114
19 0.023+0.016 0.013+0.011 0.113+0.061

20 0.027+0.019 0.004+0.006 0.087+0.032
21 0.036+0.007 0.007+0.004 0.118+0.049
22 0.033+0.004 0.004+0.005 0.153+0.086
23 0.070+0.007 0.013+0.010 0.221+0.138
24 0.032+0.004 0.003+0.004 0.165+0.092
25 0.038+0.010 0.007+0.006 0.183+0.093
26 0.041+0.011 0.003+0.005 0.146+0.065
27 0.034+0.005 0.003+0.005 0.156+0.065
28 0.038+0.008 0.007+0.003 0.173+0.085
29 0.023+0.016 0.004+0.006 0.097+0.041
30 0.038+0.009 0.003+0.004 0.129+0.054
31 0.063+0.007 0.006+0.004 0.217+0.104
32 0.051+0.038 0.004+0.004 0.288+0.195
33 0.048+0.034 0.004+0.006 0.265+0.154
34 0.055+0.040 0.012+0.015 0.235+0.166
35 0.044+0.013 0.0040.005 0.270+0.209
36 0.038+0.009 0.003+0.005 0.216+0.172
37 0.062+0.008 0.004:£0.005 0.283+0.201
38 0.040+0.012 0.007+0.003 0.302+0.215
39 0.045+0.008 0.003+0.004 0.319+0.204
40 0.034+0.007 0.003+0.004 0.240+0.176
41 0.035+0.009 0.008+0.003 0.161+0.084
42 0.045+0.016 0.007+0.005 0.212+0.129
43 0.039+0.012 0.005+0.004 0.286+0.121
44 0.054+0.015 0.004+0.006 0.184+0.065
45 0.041+0.015 0.005+0.004 0.167+0.095
46 0.055+0.022 0.003+0.004 0.135+0.048
47 0.0610.009 0.004+0.005 0.260+0.166
48 0.065+0.002 0.004+0.005 0.189+0.100
49 0.040+0.002 0.001+0.002 0.132+0.040
50 0.048+0.018 0.001+0.002 0.281+0.130
51 0.049+0.017 0.002+0.002 0.296+0.159
52 0.085+0.015 0.004+0.005 0.287+0.092
53 0.042+0.020 0.003+0.004 0.198+0.060
54 0.043+0.020 0.002+0.003 0.212+0.084
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Table 2 Continued.

Dh accession Quercetin Naringenin Kaempferol
55 0.035+0.027 0.004:+0.006 0.173+0.095
56 0.037+0.012 0.002+0.003 0.326+0.109
57 0.041+0.029 0.003+0.003 0.345+0.137
58 0.093+0.013 0.000:+0.000 0.274+0.133
59 0.037+0.029 0.016+0.012 0.228+0.088
60 0.038+0.029 0.001+0.001 0.170+0.068
61 0.037+0.029 0.001+0.001 0.227+0.077
62 0.051+0.020 0.001+0.001 0.269+0.101
63 0.057+0.019 0.002+0.003 0.282+0.121
64 0.066+0.016 0.002+0.003 0.350+0.166
65 0.096+0.011 0.011£0.009 0.236+0.086
66 0.047+0.016 0.002+0.003 0.168+0.060
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