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Abstract. A total of 95 broccoli (Brassica oleracea L. var. italica) accessions were evaluated for the identification
of desulfo-glucosinolates and their content variation in the flower head using ultra performance liquid
chromatography, to select the potentially functional broccoli breeding lines. The six individual desulfo-glucosinolates,
including progoitrin, glucoraphanin, sinigrin, gluconapin, glucobrassicanapin, and glucobrassicin, were commonly
identified, based on the chromatogram peak comparison with those of the nine individual glucosinolate standards.
The total glucosinolate contents varied from 4.2 to 29.0 umol-g'l DW and the glucoraphanin (1.6 to 13.9
pmol - g'1 DW) was confirmed as a major constituent in the total glucosinolate profile among the six identified
individual glucosinolate species, whereas the progoitrin, which was only detected in 13 accessions, showed
accession-specific variation and negative correlation with glucoraphanin content. It was also revealed that
the four major glucosinolates, such as glucobrassicanapin, glucoraphanin, glucobrassicin, and gluconapin,
affected major content variation and showed higher positive inter-correlation. These results might be used
for the selection of potential breeding materials as functional broccoli germplasm through the further evaluation
on the stability and reproducibility of glucosinolate profile depending on environmental factors or cultural

managements using the selected accessions.
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TFE B8] A ¢Jar 1&E o] Qlti(Halkier and Gershenzon,
2006). 1200] £9] A2 & F29] glucosinolate 5, 71 7]
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[ G40 242 AISHaL phase IT &40 S-S F=e
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Helix pomatia) 200uLE 7}8}1L AR 2 Ao A 24A7F &
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Desulfo-glucosinolate g2 $¢J5}o] photo diode array
(PDA) detector7} A+2He] UPLC(H-Class, Waters Co., USA)
£ o] g3st4 o BEH-C18 ZH(1.7um, 2.1 x 100mm,
Waters Co., USA)0 2 B3}t grfl= E(A)T 20%(v/v)
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Table 1. The UPLC spectroscopy information on six identified major desulfo-glucosinolates in broccoli flower head.

Peak No.  Trivial name Abbr. R Side chain Group® Observed RT (min)
1 Progoitrin PRO (2R)-2-hydroxy-3-butenyl Aliphatic 3.70
2 Glucoraphanin RAP 4-methylsulphinylbutyl Aliphatic 3.92
3 Sinigrin SIN 2-propenyl Aliphatic 412
4 Gluconapin NAP 3-butenyl Aliphatic 5.49
5 Glucobrassicanapin CAN 4-pentenyl Aliphatic 7.03
6 Glucobrassicin BRA 3-indolylmethyl Indolic 7.82

“Glucosinolates are grouped on their biosynthetic origin.
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Fig. 1. Typical UPLC chromatograms of desulfo-glucosinolates from broccoli flower head. A, chromatographic separation of nine
desulfo-glucosinolate standards; B, a UPLC chromatogram for low-glucoraphanin accession (PR96-1); C, a UPLC chromatogram
for high-glucoraphanin accession (M448). The labels for the respective peaks represent the trivial names and retention times.
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AU 2 3}5 ) E3L Perez-Balibrea et al.(2011)
Lz B2 ET 9 FAeF B A 659 glucosinolates
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et al., 2011).
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Fig. 2. The variations of six individual and total desulfo-
glucosinolate contents in 95 broccoli accessions. The lower
and upper circles represent 5 and 95% ranges. The bi-
directional vertical error bars represent 10 and 90% ranges.
The lower and upper borders represent 25 and 75% ranges.
The horizontal solid lines represent the mean values of the
corresponding GLS variation for 95 broccoli accessions. The
identified desulfo-glucosinolates are shown in Table 1.
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DW), glucobrassicanapin(0.9-6.3pumol-g’ DW), glucobrassicin
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glucoraphanin®| 7}4 =2 slgko g Hisl= 707 30|
SIEh 13%9) AR 0004 7 ke ek i )
£ 1¢] progoitrin®] %%, AEl wfekAE o 6.7umol-g
DW] 2 &S UeERio] progoitrin®] 5-=of digt {3l
A ¥ 7]& ZA3KChavadej et al., 1994; Ratzka et al.,
2002)9 ¥i7o] 3 o, Al AL SR 0 41l 31018
glucoraphanini} $H7 A o2 ol & AJEQ Ao
= ghe g
Rosa et al.(2001)-& H 2 =7] glucosinolates ol A 7}
2 wko g8 EA5H= AL glucoraphanino] 2}l HJ_OI-
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Fig. 3. Desulfo-glucoraphanin contents in 95 broccoli accessions.
Vertical bars represent SE of the means (n = 3). The box
plot represents the total variation of desulfo-glucoraphanin.
The lower and upper circles represent 5 and 95% ranges.
The bi-directional vertical error bars and dotted lines
represent 10 and 90% ranges. The lower and upper borders
represent 25 and 75% ranges. The horizontal solid line
represents the total mean value of desulfo-glucoraphanin
for 95 broccoli accessions.
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9] 4% glucosinolateso]] &J3f 2A L= Ao 2 ATEEHTH
(F1g 4). Glucoraphanin $}Fo] =t A9 10%9] AEE

2 glucobrassicanapin g =2 AgFo|gl o, v 319
10%9] AZEL 4% F9 glucosinolated] =2 FoL}
progoitrin®] o] =2 ko] Ai(Fig. 4). 7HEA glucosinolate
o] AHEA Ax WA 7|54 EZ 9l glucoraphaninS
gluconapin(r = 0.8183), glucobrassicanapin(r = 0.9786),
glucobrassicin(r = 0.8924)1} &2 A HY T o] 5 4%
A2 Aot 2 A9 AHHAT} o] Zel

© ™ progoitrin¥}= F-] AAA|(r = -0.2143)7} 1A &
%l tH(Table 2).

H oA FAH aliphatic glucosinolate 5= methi-
onine > 2 F¥] carboxylation®] 23} chain elongation FH3-
o7 23407 A ETH(Chisholm and Wetter, 1967).

teFo] 714 =Qkd glucoraphanin

rlo m
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4 4 o) o
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Fig. 4. PCA plot of individual desulfo-glucosinolate contents
for 95 broccoli accessions. Abbreviations: PRO, progoitrin;
RAP, glucoraphanin; SIN, sinigrin; NAP, gluconapin; CAN,
glucobrassicanapin; BRA, glucobrassicin. The gray squares
represent nine low-glucoraphanin accessions (lower 10%
range among 95 broccoli accessions), and the black triangle
represents 9 high-glucoraphanin accessions (upper 10%
range among 95 broccoli accessions).

Sinigrin(2-propenyl glucosinolate) homo-methionine &
2 X, glucoraphanin, gluconapin, progoitrin< dihomo-
methionine © 25 ¥, glucobrassicanapin-> trihomo-methionine
S 27Y 747 Yo A|=, Brassica 2HEdR o2t
Zkzyo] AYgHA whA|9 A chanin elogation®] Ho{3h=
GSL-ALKU} GSL-OH 59 & 49| g49] o] ola}ol,
A7 glucosinolate®] FFoll lofAf oF4 E= A At
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Table 2. Pearson’s correlation coefficients for the individual desulfo-glucosinolate contents.

Desulfo-glucosinolates

RAP SIN NAP CAN BRA
PRO? -0.2143* 0.1462N° 0.3745* -0.0487" 0.1619"°
RAP -0.0352N° 0.8183** 0.9786** 0.8924**
SIN 0.1656™° 0.1111N8 0.2870*
NAP 0.9078** 0.9650**
CAN 0.9662**

*PRO, progoitrin; RAP, glucoraphanin; SIN, sinigrin; NAP, gluconapin; CAN, glucobrassicanapin; BRA, glucobrassicin.

NS,***
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Non-significant, significant at P = 0.05, and 0.01, respectively.
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