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AEXPHEREBEETNEERZENH

BAREY, R WL E OB REES ErAY

PR R B AR A B, RIS AR S, AR 4007165 2 ARV RL S B SAL ST AT, AL
100081)

B E. LL129 kA3 [Brassca campestris L.ssp.pekinensis (Lour.) Olsson] DH & #1kl, K
HPLC i, SEASRIZEN AR MK S B sp G 4L o0 A0 Sl AT TE9T 7F 129 Ubh kb 344600 5 8 Fh
BRFFRLy, A 3 FIIRITIEORTE, 4 BIIVEREHR R 1 Fho5 F mitr . F o oW R AR o 17 3 - 1
IEEERRTT (NAP). 4 - GEEGTT (GBND 2 - }22E - 3 - TUREEMTT (PRO) J&K I SRHH I = 224

s E BB 60%. ﬁﬁ$76m%ﬁﬁA%%Mﬂ WAy 225 W 6 AW, IR IGemii 1 NAP.
GmemofTHmﬁMiﬂmw% HLLCU | WREGR H SZ BT ALK, FEANIR 21T ) 25 5 0 2
FIEWAY 2 - KB (NAS) MG EEF R x uuﬂﬂllﬂi#wij AN uuﬁlﬂﬁ’ﬁﬂ%‘ﬁf*ﬂﬁ
W, NAP 5 GBN. NAP Fl GBN 5 G 1 75 PI/NMFA b B AR 2 2 IEAH K
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Glucosinolate Profile and Accumulation in Brassica campestris L. ssp.
pekinensis
LIAO Yong-cui'?, SONG Ming', WANG Hui’, XU Dong-hui’, and WANG Xiao-wu>"

(! school of Horticulture and Landscape Architecture, Southwest University, Chongging Key Laboratory of Olericulture,
Chongging 400716, China; 2 Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing
100081, China)

Abstract: The 129 Brassica campestris L. ssp. pekinensis (Lour.) Olsson DH lines grown in different
seasons were used to identify glucosinolate profile and accumulation in leaves by HPLC analysis. Eight
main glucosinolates were detected in all the accessions including 3 aliphatic glucosinolates, 4 indolic
glucosinolates and 1 aromatic glucosinolate. Principal component analysis showed Aliphatic
glucosinolates, Gluconapin (NAP), Glucobrassicanapin (GBN) and Progoitrin (PRO) were the main
glucosinolate profiles with the highest ratio of about 60.0% in Chinese cabbage, and 6 materials with a
high content of glucosinolate were identified. Combined variance analysis showed that there were
significant differences among varieties in aliphatic glucosinolates (NAP, GBN and PRO) . The
accumulation of several indolic glucosinolates was affected greatly by environment, and a significant
variance was appeared in different seasons. The aromatic glucosinolate, Gluconasturtiin (NAS)

concentration varied significantly between two different seasons and season X variety interaction.

RS ERA: 2010 - 11 -23; fEEA#E: 2011 -04 - 11
HEWHE: FHx 973" WRIHH (2007CB108803); A My el 21/ M3k A% 5 [ 1 A T I 52 56 % 30
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Correlations analysis between individual glucosinolates showed that the accumulation of different
glucosinolates was affected by each other, and correlation between NAP and total glucosinolate content,
GBN and total glucosinolate, NAP and GBN was all significant respectively in the two seasons.

Key words: Brassica campestris L. ssp. pekinensis (Lour.) Olsson; glucosinolate; HPLC

A AP (RFRAETY, Glucosinolate) &) VZAF/E T A AERHAMIM . 250 1. Flrri
—FER A TR ARSI 7Y (Halkier & Gershenzon, 2006), JLHAAZZBEY T & &K .
COR TR RMEI I R, YOE A R RIR R IR L. B RTE T e R E A T 2
/0120 PR HF (Fabey etal., 2001). fEik LpJLHAE, ARG S A X 8 7 SRR IR 400 Tk A=
PP S L = B A o . MRS DL AW R B IYER (Zhang et al., 1994; Mithen et al.
2003; Brader etal., 2006; Kim etal., 2008), 35 EI A RAZ 2 AT EM .

ik JER R AR B I 2 TR AU 1) I I AR 7 £ 2 TR AU 19 g | W A 7 AR R TR R A U5 1) 0
B . HATE WA EE N 2 miy, i, e, 23, H#ESE (Kushad etal., 1999;
Mithen et al., 2000; Branca et al., 2002; Brown etal., 2002; {iytE %%, 2002; Vallejo et al., 2002;
Kimetal., 2003; Charronetal., 2005; Xuetal., 2006a, 2006b; Padillaetal., 2007; RIEF %%,
2008; Ludwig-Miller, 2009; Jiaetal., 2009; Sunetal., 2011) MRS LS 25 T AR
Flo SRTT, DT Hp B K S i R R R IR A DGR AL 2D o

FELC R R IR (BT BRI 5 AR SR iE i A A OC (Fahey et al., 2002;
Shen et al., 2007). K, XFA H =2 1140 70 1 %08 B 22103 o AWFFEH LUK E 2 [Brassica
campestris L. ssp. pekinensis (Lour.) Olsson] A4, XIAFRZETT (KFEHHEZ) A FEMEHOH T K
RIS AT, LA K B S st s YR T DL SR B AR K B A (ARl

QY i SRS DARF

11 ##

2006 SEFIEFET 72 i K12 DH &KL (57 A5, 154 Fp), 2008 4EAKISCEE 104 43 K 3%
DH ZAMEL (64 /N ihFl, 40 A F), LU EAPEHSRIE T TR IE K At BB — A2 M i Bh sl 77 i,
A WERERIEE R 47 63 (36 ANEFL 114 F, 2 BIFE T H B MR B gk S e 7
WIFCHT HOGHR =N, RS RFN 3 4, BENLEES, 3 RIS, & 45 d JEu B I ECRE, BRI
RIS R, ELAR U IRAITE b R 4 H
12 WEHVEEUK HPLC 24

B RIS MBS (2002) 177, HMOE MBS HERIFREL 0.2 g A UR TR T
15 mL ¥R A, JGE I 5 mL Z W HEE (100%) A1 100 pL WERY CEFRERT), 83 ClHE
K 20 min, FERE 4 ~ 5 min WHE 1 K. B0 (30001 min', 10min), FiEBRSEAS R T,
VKB IRAT . DIEDI TR 5 mL 70% (1 R A R RE W vk, & 01 LI, BRA SRS B2 mL
W4 DEAE B TS Bk, SRJEH] 2 mL #KJ%4 0.02 mol - L7 BB W UeAE T 104 T4k
25— I 75 pL iR EEES (Helix Pomatia Type H-1, Sigma company), 7E% i T3 Hid#.
UH, T3 0.5 mL WZEAGE YR T 3 %, YEHIRZ 0.45 um JEfE R 3E 5 T HPLC 20#f. HPLC 43 #7
RAFMMPLESE (2002) [FHRIE .
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XA FER B S BT T U7 2200 0. U RO TEE R, ANRIZEONBENL 7, 25T T A
PRI 10 (BB 5 2500 M7 o Bt R FH SPSS 13.04 SAS 8.0 B HHEA T e it 204 o

2 HiIR 5

21 RKEXPHREMAESIERESE

KEAEPRIE 8 M EZ M (K 1D, B 3FIEIHERMET 3 - THIERT NAP, 4- &
IR T GBN Fl 2 - }23E - 3 - THILERTF PRO), 4 FRE|WEEER TS (3 - W5IEIE - FELRTF GBC,
1 - FAEIE - 3 - MWL AL NEO, 4 - 3k - 3 - BRI LR 7 40H I 4 - FI4EHE - 3 - Ik
SR IERR R AME) 11 B mIGERAR (2 - KK NAS). KA &6 1 ik & B IR,
J W R 10T 2 5 B . NAP A1 GBN 5 AR, 22 %0 1.0 umol - ¢ DW A1 0.719
umol - g DW (2006 4F), 4355 SMBRTIR 23%H1 22%. 3 Rl R RREr b, 07 emn 15 (0 2 & b
BRI 2 et Kok 60%, WHIWRIRIR 29 31%, 75 BRI/ 9%. BRILZAh, ST AR 5 ya
)7z, W NAP A2 5 0.003 ~ 6.582, f N 5 fe/IMERIAHZE 2 194 %, SB35 EARAF R
KES (B 1), PERE S8 12.08 pmol - g DW (2006 4£48) #18.01 pmol - g DW (2008 4
O A% & 0.83 umol - g DW (2006 44 ) M1 1.17 pmol - g' DW (2008 4EFK ).

® 1 4/ BAEXTREHSHUERSE

Table 1 GS composition and content in 47 genetypes of Chinese cabbage / (umol - g DW)
2006 “F-# Spring in 2006 2008 “EAK Autumn in 2008
A GS group FHME G FEIMH i E
Mean Range Mean Range
3 - THiHEAiT Gluconapin (NAP) 1.000 0.023 ~ 7.007 0.677 0.003 ~ 6.582
4 - JRIGFEEBRTF Glucobrassicanapin (GBN) 0.719 0.005 ~ 4.540 0.884 0.010 ~ 5.432
2 - 2%k - 3 - TMILGRTT Progoitrin (PRO) 0.556 0.068 ~2.285 0.518 0.011 ~2.979
3 - WL - FIERETT Glucobrassicin (GBC) 0.280 0.025 ~1.213 0.382 0.029 ~ 1.945
1 - A4k - 3 - WG| LG Neoglucobrassicin (NEO) 0.290 0.020 ~ 1.480 0.290 0.002 ~5.474
4 -3 - 3 - BIILFILERFF 4 - hydroxyglucobrassicin (40H) 0.058 0.006 ~ 0.452 0.029 0.001 ~0.377
4 - RS - 3 - WIWIEFILAT T 4 - methoxyglucobrassicin (4ME)  0.487 0.016 ~2.120 0.402 0.034 ~ 1.078
2 - KLHEBITF Gluconasturtin (NAS) 0.245 0.031 ~1.722 0.394 0.041 ~2.440

#E£: Glucosinolate fFK GS. T[],

Note: GS is short for glucosinolate. The same below.

147 B2006 4% Spring in 2006
12 F ] 2008 4EFk Autumn in 2008
10 -

s -

The total glucosinolate content

BHiH&E/(umol - g! DW)
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Fig. 1 Total GS content in the 47 varieties of Chinese cabbage sampled in different years
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22 KBXEHHRENERD D

¥ 47 i KA ) 8 P AL AT e o, a5 (K12, A) R, B4R 7 %
TR N 71.75%, 55 “HFAEAR 07 22 5Tk N 12.10%, P MFFHEAR ) SRR BTk ik 83.85%, 25—
FEIEAR IR 7 22 DTRREA 7.9%, BT 3 MFAEAR 1) SSAR DTk ZIA B 91.75%. FAR BRI AN 32 5 o3 BT
AR a B 1 B 15 B

FIFHES 1 A 2 ANRRAEAR TGS Y. (R ARF AIE i) P DA Jl AR S (1) &5 44 2

Z1=10.0084x1 + 0.8483x2 + 0.0057x3 + 0.5270x4 — 0.0224x5 + 0.0120x6 — 0.0353x7 + 0.0253x8;

72 =0.5285x1 — 0.4417x2 + 0.0171x3 + 0.6989x4 + 0.0429x5 + 0.0500x6 + 0.0587x7 + 0.1703x8.

EEC Z1 B, x2 RN NAP PRFIE & Bk, BIY NAP i, B—Elanm
35 B, PRI ARRES — 5l b NAP & K15 AR, Z2 v x1. x4 [ 5505304 PRO F1 GBN
PRFAE ) i, PRI nT DARRES — 320 4 PRO A GBN (15 18 R

DALEBREAE B s 1 i A o AR KR, 75 2 T4 2 A AR, XK S8 i 4 4y
AT . NENi GG T NAP. GBN Ml PRO 7E 15 1. RS 2 S i, RMKAZED
4l oy LU R £ o0 3 (B2, A

AR 47 43 KA RHE o 10 B 2 it (K2, B, fiiktigns b 32, 46,
45, 41, 19 A1 47 1 6 (nhitF & =8 m A KL

0.8 A 3 B
¢ GBN Y
0.6 PRO B 2 19
- * * . 45
-
.
o 0.4 ﬁ g ' 4 o4 -
z B ¢
é 41\2]_32 ‘NEO ] %’ P L T T |
: op NAS £ 2 -1 s 1 2 3 4
[ & T T T T 1 o 1o
G -02 OBS40H oo 04 06 08 10 o&F
§ 0.2 T 2 ‘s
H ol
0.4 o NAP 5 é‘ 3
3] *
-0.6 © -4
F 4431 Component 1 AT (71.75%0 45 3

Component 1 (71.75% of total variance)

B 2 KERPHEEHELS S
A RS 8 MR HFAE R 1 Ty 2 IS : Be 47 KA BRI S e 2 s 1. Es 2 sy,
Fig. 2 Principal component analysis on Chinese cabbage

A: Scores for individual GS; B: Scores of principal components 1 and 2 of the GS in 47 Chinese cabbage varieties.
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T TR, SR (G 20 RWINEH R SR & AR AN dh bl R 2257 . Pl R e
WA JT 2y AR, ANTR] R IR SRR 5 25 5 2, 3 PSRBT ekt 7 1) A AN [ ity Aol ]
AR x A AR A 22 5 B2
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S8, AOH A1 AME [ Bl < Z4 () (A AR ] 22 (3 o 07 B B HF NAS (175 BAE A [R5 A
AR > TR A A LA TR B A 3 AT O
% 2 FRAFHENRESENHESRRFATSSRMZANKE LM

Table 2 Mean squares of the analysis of variance within each season and mean squares of the combined analysis of
variance for the GS content in the Brassica rapa varieties evaluated at two seasons

WA 7 50T
25 e 2006 45 2008 £EFK Combined analysis
Group Glucosinolate Spring in 2006 Autumn in 2008 17 Season e Variety Z=AY x .]E,'qﬁ?
Season X variety

g W b NAP 37517 444" 8.95™ 10.52" 1.64"
Aliphatic-GS GBN 12117 6.39” 3.32 755" 1.52"

PRO 13.82" 2.96" 0.64 311" 3.33"
IR i B GBC 279" 1.41° 6.92" 2.39™ 0.97
Indolyl-GS NEO 277 0.93 0 1.57 0.87

40H 245" 1.55" 6.14" 1.41 286"

4ME 6.86" 2.03" 3.36 2.93 3.55"
05 R AT NAS 1.37 1.29 8.56" 0.92 1.65
Aromatic-GS
B ToGS 15.56" 224" 0.07 7.82" 1.02
Total GS

TE: AR RIRRIE P < 0.05 M1 P < 0.01 KM 2ZER BE .
Note: * and ** means significant difference at P < 0.05 and P < 0.01 respectively.
24 B—HEFEREMTEEENEFTIEMNEXME
LB T R R AEAN R 2 8] (R A R 4 SRR ] (R 3D, AT IR R &
B EVEIEA S 7 8 PHRALIIBRTET b, ANIRIZR0 18 [F)— AR (8] (1955 S ER 40H, NEO M NAS 4hJy
MR EVEAC, R PR A5 i 2R R SR K5
® 3 47 RAANFE—HHERFAMREETRFVEHEXYE

Table 3 Correlation of individual GS content in 47 genotypes of Chinese cabbage

B . PRO NAP GBN 40H GBC 4AME NEO NAS Total GS
Glucosinolate

PRO 0531 0.096 0.204 0.290° 0.037 -0.045 0.181 -0.024 0366
NAP -0.102 0.882" 0.703™ 0.121 -0.115 -0.046 -0.157 -0.006 0.872"
GBN 0.067 0.636" 0.771™ 0.205 -0.126 0.002 -0.015 -0.041 0.840"
40H 0.260 0.163 0.047 0.209 - 0.064 0.092 -0.122 -0.003 0.239
GBC 0.139 -0.117 -0.093 0.014 0.428" 0.454™ 0.414™ 0.016 0.098
4ME 0.134 -0357 - 0277 -0.178 0.390" 0.541™ 0.341" -0.008 0.205
NEO -0.103 0.195 0.293" -0.093 0.024 -0.146 0.257 0.025 0.139
NAS 0.466" 0.086 0.275 0.222 0.166 -0.005 -0.140 -0.043 0.061
Total GS 0.357" 0.743™ 0.8417 0.187 0.147 -0.130 0.386" 0434 0777

i L= 2006 (EAF SR E R AAHSCTE, N =8 2008 SERK& G HF A IAROGHE . by R = A 18] 4 R R AN R 2519 T AR AH Sk
Note: Upper triangle, correlation coefficients of GS in spring 2006; lower triangle, correlation coefficients of GS in autumn 2008. The middle

beam shows the correlation of each individual GS between two different seasons.

3 PRI GO TFAE AN 21 3 5 BB T I O IR A G . R NAP 5 BT IRAEC R
BIEF) 0.872 (2006 “EFE) Al 0.743 (2008 FFK), GBN L5 R 25 [ (AR ¢ R A 0.840 (2006
EAR) A1 0.841 (2008 AERKD, [RIESUEEH T NEMTIGOR 5 & L Z 2 m AL I 710 Hl . 74k, NAP i
GBN [i] 28 32 3% [IEAH 2%, NAP Fl PRO EHAH2% (2008 48K), X & A A& Il B NAP
W B R4 A F 42 5 PRO (Brown et al., 2002), PRO 5 NAP ACH =M e. LA =, "5l
Tt F R NG T A 5 ) 2 IR s, BRI e AT T2 R AR DGO RIR I A%, Wk Tt 1 rh A7 2 Fh ks
TR 7 it L B e R 1) T s e S S 3 MR AR G, IR R N GBC 5 4AME 145 1 {2 35 AH2C (2008
Ao TGO NAS 55 HA A 1 a) th B — 2 A S, (He K2 HRIE S B
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TEAIREG Y, 83 HPLC VATE 129 40 K E SRk SLR I 21 8 R tr,  FLrbh DUIR s gehin 7 1) &
HisE, SRR RT 60%2 £, WINRIRZ, FFE AN R, KA R R
J3.61 pmol - g DW, #5255 J& HiAb/EH) & (Kushad etal., 1999; Padillaetal., 2007) {%. KK
SEETLAM BRI N BB Er, o B AR At b DN AT I S v R 9% 1 L, DR e T e 28l K
N TR, WA T KA & BBAC, TUBREIRIEEE . A SRR R SR 8 & B A K
225 HAR a2 W—MEHEAR RIS AT T & mAm, ay LIRSS R 35 B R R 47
FE— 32 [P .

KA 1 TR 30 o, BRI NAP. GBN fl PRO & &, &KW T
R AR R R MR FIRTRE S 6 i MRt S B0 kL TR PR A DG B Rl
BEEC AR PP R EE R . 50 A e B 2L B R S E iR B, DR, AERAT R AT A
MR PR A I R P A 06 B R AN R o ) 2448

AT A FR SR R B AT T 07 220007, AT T 20 5A0RHE 155 07
FoMT. GEREW], 3 RhEAK N DT R NAP. GBN M1 PRO (#4575 AN 5] b 1) A1 50 D 2575
BT822 S 2, R WINR I R 1075 1 32 B2 oA N (s il o MR AR T 1) PR A D Tk 2 22
T T I WA G 5 114 - i B2 38 A R 7 5 0 1) ) IR B 32 SRS DR (10 59, X5 Kushad %5 (1999) Al
Kim % (2003) 585N 5. M7 F T NAS M8 BAARR BT 25 0%, K NAS &
R R IR E R R R

FHOHE AT R, [RRRR A AEAS R 2200 [ AP AEAH DG, L rb AR D et A vh IR — B AE AN [ 221
) AR R IEA G, RIS AR O 5 R et AR 3 IE A DG . AN R 220 %) g iy Tt
[ E —E A e, NAP 5 PRO #iA, GBN 5 NAP 2B IEAX, X 5ENEDE K&
% BB (Sonderby et al., 20100, WIMIARLTFT & E & &1 21%, XTSRS, HAAEENE
FEMAEL,  AHIRTERR T 22 1) (A Sk LA 5 1 05 1 R 5 B e s I RO AR S M R IR, m LIRS
PR 25 AE WG | D AR B SR ok R A AE AN v 2RI E

KEMHFFTLRY], B MR (GRA) I8 M= AT PUEIEH (Zhang et al., 1994;
Mithen et al., 2003; Kimetal., 2008), TMAHFFILE 129 43 K E MR RN 2] GRA. GRA 1
AOP2 JEF {1k T A2 NAP, NAP 28 GSL-OH it [RIE FH J5 #6248 g —Fn] 5 [EC e L sl 40 FOIR i ok
[t , PRO (Griffiths etal., 1998). AMFFLH &I, KHZEH NAP Fl PRO & &K, WAl
AOP2 & RAEH], b2 NAP S &K, [HI PRO (5 B b2 KIE s>, 1 NAP L=
Y GRA Fo KeE e, Kk, Xl 5K TR F B R oK A SR e i 4l 2y, U2
A B S EBAS AR AR AT fig
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