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Abstract: A reproducible and robust enzymatic desulfatiorctiea utilizing Sulfatase enzyme frokelix pomatia type
H1, was developed and used in conjunction with gimozed HPLC-UV/ESI-MS/MS method developed in thiady, for
complete separation and identification of desutfagkicosinolates, extracted from 89 AGDH mappinguation derived
from a cross between rapid cycliBgassica oleracea lines; A12DH and GD33DH with high resolution fonaptification
measurements were used. In addition, we have deratetsthe first use of two internal standardsmythe preparation of
the plant material for analysis, which significgnimproved the reproducibility of the quantitatimeeasurements. The
guantitative data were then used for the identificaof significant Quantitative Trait Loci (QTL)pf individual glucosi-
nolates and for key points in their biosynthestsealed for the presence of major gene effect theatop ofB. oleracea
linkage group 9 (LGY9), associated with aliphatioagisinolate synthesis. Moreover, a number of n@/ELs were also

identified, which control the synthesis of glucasates.
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1. Introduction

The Brassicaceae family consists of vegetable codps
agricultural and nutritional importance due to thegfyto-
chemical content, of which the active compoundsagsi+
nolates are of most interest in this and relatadiss [1, 2].
The genus Brassica contains a number of importgrit a
cultural species, such as rape seed (B. napus)agah(B.
oleracea), turnip rape (B.rapa) and mustard (Brani@.
juncea and B. carinata) [3], which are linked wgénomic
relationship referred to as the triangle of U [@Ggnes af-
fecting glucosinolate biosynthesis have been ptesho
identified in Arabidopsis [5, 6, 7] and in othera8sica
species such as in B. rapa [8]. Consequently, fmddion
developed in any chosen Brassica can be appliedhter
Brassica species as a result of the close reladsdofethe
species [9, 10, 11, 8, 12].

The glucosinolates are a uniform class of 3-thiogbides
grouped into three major groups, namely aliphatidplic
and aromatic glucosinolates, according to theie-gidain

structure (R) (Figure 1), which represent the prsau
amino acids involved in the biosynthesis of theivitiial
compound [13] via independent metabolic pathwaysl a
share a common set of enzymes that is involvetiarcore
structure formation of glucosinolates under genetiotrol

[14].
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Figure 1. The general structure of glucosinolate [13, 14].

Evidence from the literature [15]; has shown thenpr
ising healthy effects of glucosinolates not only fweven-
tion and treatment of cancer, but also for protectrom
heart disease(s) as well as neurodegenerative Hrat o
chronic disorders [16]. However, early studies entrated
on the toxic and anti-nutritional effects of glucedates; e.g.
oxazolidine-2-thione derived from progoitrin, shalvgoi-
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trogenic and growth retardation activity on animalst no
similar effect on humans was detected [17]. [1$® &nown
that some cabbage aphids feed on cruciferous phatsire
able to store glucosinolates in their intact fowhjch they
can later use for defence against attack from dtedrivores
causing tissue damage [18]. Therefore, the neednfer

proving plant metabolomics research through differe

analytical and genetic tools are necessary to enslative
compositions of metabolites to toxic or sensorizacept-
able compounds are optimal and under control [19].

Therefore, in this study we aim to genetically megions
regulating the synthesis of individual glucosinetain B.
Oleracea mapping populations, with the aim of usingh
information to optimize the glucosinolates contentege-
table crops.

2. Results & Discussion

2.1. Development of An Optimized Method for Glucosi-
nolate Extraction and Desulaftion

The average peak area (APA) for desulfated gluoesin brassicin

lates in the UV chromatograms, obtained from theceo-
trations dependant desulfation reactions, showedlésul-
fated glucosinolates were eluting reproducibly frane
HPLC column in replicates. By increasing Sulfataseyme
solution concentration, an increase in the APAtfar de-
sulfated glucosinolates (desulfoglucoraphanin, egiu-
cobrassicin, desulfo-4-methoxyglucobrassicin ansulie-
neoglucobrassicin) was observed, until the measemésn
plateaued within the range 1.25-3.75 U/ mL, whia#i¢cated
that the desulfation reaction of these glucosiesliahad
reached equilibrium, except for
fo-4-methoxyglucobrassicin, the APA showed a platat
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and was used as a base peak for the quantitatiesure
ment of glucosinolates. The results show less tianavas
obtained between the technical trials (Table 1).

Table 1. Variationsin the relative peaks area obtained from UV chroma-
tograms, based on IS1 and IS2. RPA: relative peak area, STDEV: standard
deviation, and % STDEV/RPA: ratio of standard deviation to relative peak.

% %
rpa  RPA oo oroey, STDEVSTDEV
based / /
Compounds based on based orbased or
IS1 Is1 1s2  RPA RP
1S2 based based
on IS1 on IS2
152 1.0 00 - -
IS1 1.0 00775 0.0  0.0027 -  3.5%
Desulfoglucora-  he96  0.0761 0.0072 0.0066 10% 8.7%
phanin
gi;‘”'fog'”mbrasl.6842 0.0317 0.2434 0.0029 14% 9.0%
Desul-
fo4-methoxyglucc2.4499  0.1111 0.2135 0.0057 9%  5.0%
brassicin
Desulfoneogluco-, 7667 1257 0.2983 0.0126 10% 10.0%

The desulfated glucosinolates were all identifigdh®ir
characteristic m/z values, that is presenting tfdirH]+
and [M+Na]+ ions [20]. Confirmation of their idetytiusing
MS/MS fragmentation method, produces a typicalrfragt
ion for all desulfated glucosinolates with the gahéormula
of [M+H-C6H1005] + and the observation of fragment
with 162.1 Da less than the precursor ion (TableF2iy-
thermore, other structure specific fragments dependn
the R side chain, were used for structural deteatiun of

desul- desulfated glucosinolates that have the same nhie a1,

22].

enzyme solution concentration range of 3.75-5 U/, mL

within this range, desulfation of 4-methoxyglucatsiain

(as well as all other glucosinolates in the exjraeached
equilibrium. For maximum desulfation reaction, dution

of Sulfatase enzyme contains 10 U/ mL was usediéor
sulfation of glucosinolates in all plant samples.

A suitable 1S1 should be chosen based on the laek-o
dogenous glucosinolate in the plant material. Tioeee
glucotropaeolin was used as "IS1" rather than singrhich
is naturally synthesised in these plants populatidrratio
of 0.3g dry leaf material to 2 pmoles of IS1, th¥ thro-
matogram showed peak for 1IS1, with an APA was withie
range observed from endogenous desulfated gludas#so
in the plant lines. Therefore, this level of IS1svaketermined
to be the optimal concentration and used for ttanttative
measurements.

The relative peak area (RPA) for individual compdsin
was calculated based on I1S1 peak, the standardtasvin
three technical replicates, and the % of the ratistandard
deviation to the RPA showed significant variatiomere
observed, which may lead to inaccurate or impregisan-
titative measurements. However, when sinigrin wseduas
"1S2" added to each sample prior to injection it HPLC,

Table 2. Desulfated glucosinolates detected from different AGDH plant
linesidentified with their RT and nVz using MS and MS/MS fragmentation
method. Additional structure-specific fragments were used to distinguish
desulfated glucosinolates with identical molecular weight.

MS/MS MS/MS

[M+ [M+ .
Desulfated RT Na]® H]~* Wl ey -
. . fragment characteristic
glucosinolates (min) (m/z) (m/2) . .
ion fragment ion
(m/2) (m/2)
Desulfoglucora- g 5 3300 3580  196.0
phanin
Desulfoprogoitrin 8.7 330.0 310.0 148.0
Desulfosinigrin - 11.2  302.0 280.0 118.0
Desulfogluco- 165 3160 2040 132.0
napin
Desulfogluco- 555 3910 369.0  207.0
brassicin
Desulfo-4
-methoxyglucobre23.5 421.0 399.0 237.0 160.0 [R]"
ssin
205.0
Desulfone- LN
421.0 399.0 237.0 177.0[ROHJ

oglucobrassicin 130.0[R-CH30+

H] *
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2.2. Selected AGDH plant lines of biological interest

Investigating the plant lines selected based oin tie-
cosinolate profiles, revealed some interestingtgiaes that
have potential biological applications including diwal,
agricultural, economic and consumer acceptancelgTab

The highest content of total glucosinolates obstamong

all the analysed plant lines in this population,swar
AGDH1039, composed mainly of progoitrin. The disad-
vantages of these vegetable crops are not onlyittiee taste
[13], but also the toxic effect of the hydrolysioguct de-
rived from progoitrin [23].

Table 3. Comparison between 6 selected plant lines of biological interest; showing the content for individual glucosinolate as a percentage of the total

glucosinolate content.

Plant lines ;Iout«e:l:)sinolate ;I]l;(i:rc])ra— Progoirin Sinigrin Gluconapin Srlgscz(a)i;:in A(;,\ljl:c:g(r):;/sicin gllizobrassicin
(umole/ g)

AGDH4051 6.8 36.2 41.1 6.27 8.3 55 2.6
AGDH2206 A 323 67.7
AGDH4034 1.0 28100 56.0 3.0 13.0
AGDH1039 907 72.2 16.9 7.9 0.6 23 0 ===
A12DH ay === e 33.3 44.2 9.2 (T T —
GD33DH 43 A8/ 88 21.8 26.4 3.0

The plant line AGDH2206 was found to have the hgghe Therefore, this plant line is considered importéot de-

total indolic glucosinolate content, with no desdie con-
tent of any of the aliphatic glucosinolates. Alsayas found
to contain the highest content of 4-methoxyglucesian,
in addition to its relatively high content of glumassicin.
This suggested potential anti-fungal defensivevagtifor

this plant material, which is important for agricuwhl ap-
plications as an organic bio-fumigant [24]. Moregvihe
dietary benefit of glucobrassicin is known to dese the
risk for breast cancer [25].

The lowest content of aliphatic glucosinolates ¥easd
in the plant line AGDH4034. Such a vegetable crajubd
have higher consumer acceptance because of thetagted
but with minimum health benefits due to its lowatoglu-
cosinolate content. However, it has the highesatirad
composition of glucobrassicin to its total glucadates
content.

In this study, the parental plant line GD33DH sysised
glucosinolates with the highest percentage of ghlygloanin.
Studies on the health promoting effects of indiaidprod-
ucts derived from glucoraphanin hydrolysis, the trios
portant of which is sulforane, are the focus of tfinical
research to find potential cancer prevention amdireat-

ment compounds. In addition, glucoraphanin may helg,4 on LG9

protect from serious chronic diseases affecting dhedi-
ovascular or the nervous system [25]. The benéfiiro-
ducing this plant crops is that the hydrolysis prtdsulfo-
ran is not volatile and so, will not affect theviteur or the
aroma of the vegetables [26].

veloping a crop for a healthy diet in addition ke tother
possible agricultural applications. On the othendhaa
vegetable crop with this glucosinolate profile amsidered a
safe material for feeding animals due to the natlvaence
of progoitrin.

The parental plant line A12DH, was found to synihes
glucosinolates with a highest composition for glepin
within all AGDH plant lines, followed by sinigring{uco-
sinolates containing alkene bonds). Such planttihaslis-
advantage of the bitter taste [13], however theylarown
for their health benefits.

2.3. Comparison of QTLs Mapped for Glucosinolates on
the AGDH Genetic Map with Corresponding Regions
of A. Thaliana and B. Rapa

In this study, the QTL identified on LG8 which couis
the content of aliphatic glucosinolates, showedirearity
with the position of CYP79F1/F2 gene (coding foryanes
catalysing the core structure formation of aliphagiuco-
sinolates) [5], which has been previously identifiat a
similar position in Arabidopsis [29]. The QTLs cwoiting
the content of aliphatic glucosinolates were mappedG7
suggesting the presence of potential
CYP79F1/F2 like gene at the same positions.

The QTLs mapped on LG3 and on LG9 that control the
content of individual aliphatic glucosinolates (goitrin,
gluconapin, glucoraphanin and sinigrin), were c@dir with
regions on the Arabidopsis genome where the MAMegen

The plant line AG4051 was found to synthesis a d®@mbgymjly (controlling the chain elongation step of tiienine

nation of glucoraphanin and sinigrin at the highesitent
compared to the AGDH plant lines, when progoitraswot
observed. In addition to the previously discussenkfits of
glucoraphanin, sinigrin is known as a powerfulfbni-

gant glucosinolate, due to the production of thdrblysis
product allyl isothiocyanate [9, 27]. Also it ipeecursor for
isothiocyanate, known for its anticancer activify7 [ 28].

prior to core structure formation of aliphatic gbsinolates
group), has been identified [5]. Therefore, the @ Tapped
on LG7, LG5 and LG8 control the synthesis of primgoi
sinigrin and the sum of sinigrin and gluconapispectively,
suggesting the presence of potential MAM like gtzmaily,
which have not been yet identified in the Brassicara-
bidopsis co-linear region.
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The positions of the Gls-ALK and Gls-OH genes (ogdi
for enzymes catalysing double bond formation anddmw-
ylation reactions on the R group side chain respelg)
have been previously identified in the Brassicaoges on
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cursor gluconapin, or not being expressed at htbrdfore, a
possibility of having the same effect on the otbkrcosi-
nolates linked to the same biosynthetic pathway pras
posed. Furthermore, gluconapin showed linkage t6 ad

LG9 by Gao & coworkers [30] and Kliebenstein & co-mapped convincingly as a single locus at 9 cM,datiing

workers [5]. Comparative analysis of QTLs identifia this
study, that control the synthesis of progoitrin megh on
LG3, showed co-linearity with regions on the Araipdis

that a major gene controlling the content of glugan is
associated with this locus. This result agrees witter
previous results, were a single dominant Mendadiame in

genome where the Gls-OH gene has been mappedaBimiB. oleracea controls the production of alkene sitiain
QTLs mapped on LG7 and LG8 suggested the presdnceglucosinolates, has been mapped on LG9, at thevaite

potential Gls-OH like genes, which have not beenden-
tified in Brassica or Arabidopsis co-linear regiorihe
Gls-ALK gene has been identified at the co-linegyion for
the QTLs mapped on LG9, which control the synthesis
sinigrin and gluconapin. Therefore, similar QTLspped
on LG3, LG5, LG7 and LG8, control the synthesigyhf-
cosinolates with a double bond in their side chaimggest-
ing the presence of potential Gls-ALK like genedentying
these QTLs.

between the markers pW157 and pW137 at 12.3 addZ3.
respectively [27].

As expected, mapping QTLs of aliphatic glucositeda
using data model that removes the major gene gHeQfTL
for progoitrin was observed within the same intéofathe
previously identified QTL for gluconapin on LG9, mwas
in agreement with that described by Mithen & covessk
[31], where the GlIs-ALK gene has been mapped on-chr
mosome At4 in A. thaliana as a single dominant M¢iad

The QTLs mapped on LG1 controlling the synthesis ofiene. The previously mapped QTL for progoitrin inoBe-

glucobrassicin, showed co-linearity with regions the
Arabidopsis genome, where the CYP83B1 gene (cdintgol
the core structure formation of indolic glucosirtelg has
been identified [11]. Therefore, the QTLs mapped G2,
LG5 and LG9 control the synthesis of total indddicico-
sinolates, neoglucobrassicin, and total indolicghinolates
and glucobrassicin respectively, suggesting thegmee of
potential CYP83BL1 like genes to occur at the saasitipns.

racea by Gao & coworkers [30] was at a positioriear
with the Gls-OH gene position on chromosome At\in
Thaliana, whose phenotype is the presence or absaic
progoitrin. These two potential genes were propcsed
region co-linear with the top region of LG9 in tA6&DH
linkage map used in this study [5, 29, 32, 33] ichtsup-
ported the prediction of a potential major geneeauting the
observed QTLs, controlling the synthesis of gluganand

However, QTL for the synthesis of nuoglucobrassicirprogoitrin.

mapped on LG5, where the genen(s) controls corome s

glucobrassicin into neuglucobrassicin has not bgen
identified. Therefore, comparative analysis ingeiing

QTLs that have been identified in B. oleraceadpar, and A.
thaliana re-inforced that the QTLs observed in stisdy

were important in determining glucosinolate contant

were in agreement with other published results 2305, 11,
8]. In addition, previously identified genes anchgaegu-
lators in Arabidopsis, would propose potential gen@-

derlying the QTLs in the C genome which hasn't bden
termined yet.

2.4. QTL for Potential Major Gene Effect Controlling
Aliphatic Glucosinolate Content

Interestingly, the QTLs for gluconapin and the sam
gluconapin and sinigrin were highly significant (p&01),
and were located on LG9 near to each other. Thiéecy
distribution within the trait analysed in the AGDIkes,
suggested the presence of a potential gene withajarm
effect on this trait underling these QTLs.

Approximately half the plant lines produced a detble
level of gluconapin and half did not, while 35%tloé plant
lines produced a detectable level of sinigrin abgh&lid not.
In addition, by comparing the concentrations ofcghapin
with those of progoitrin, two expression patterristhese
traits were observed, in which either progoitrinsweax-
pressed at much higher concentrations than thas qire-

The same comparative analysis with Arabidopsis was
applied for investigation of QTLs that control thricosi-
nolates content, where a potential major gene effes
proposed. Consequently, QTLs mapped on LG5 and LG7
coding for the content of aliphatic glucosinolateth 3 or 4
carbon side chains, proposed potential MAM gene lik
family, which has not been yet identified in theaBsica or
Arabidopsis co-linear region, to underlies theseLQTIn
addition, QTLs mapped on LG3, LG5 and LG7, which
control the synthesis of glucosinolates with alkesige
chains, proposed potential GIs-ALK like genes atilsir
positions underlying these QTLs, while a QTL colstrine
synthesis of progoitrin mapped on LG7, proposee il
Gls-OH like genes at a similar position.

3. Experimental
3.1. General Material

Glucotropaeolin (benzyl glucosinolate) from Appkch.
Sinigrin (2-propenyl glucosinolate), Ba(OA¢) Pb(OAc).
3H,0 and Sulfatase (aryl sulfohydrolases, (EC 3.1.6.1)
Type-1) with an activity of 22400 Units/ g solid reepur-
chased from Sigma Aldrich. 0.1% Formic acid and¥®.1
formic in acetonitrile were of HPLC-MS grade purshd
from J.T. Baker. DEAE Sephadex A-25 was purchasat f
GE Healthcare.
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3.2. The Genetic Map

An HPLC (Thermo Fisher Scientific), fitted with a&
bax Eclipse (XDB-C18 4.6 x 150 mm 5 pm) column veith

The 89 AGDH mapping population is derived from &p,_jine zorbrax reliance analytical guard column«(80 mm,

cross between rapid cycling B. oleracea line; A12(V&f.
alboglabra) as the female parent and the brocéod |
GD33DH (var. italica) as the male parent [34]. Salveer-
sions of the genetic map for this population hagerbpub-
lished [34, 35, 33] . The map has been recentlatgatiwith
the addition of a number of SSR markers and mapped
loci (GR Teakle, University of Warwick, unpublished-
sults). A subset of markers distributed at appretaty 10
centi-Morgan (cM) intervals, selected based on ravthe
most complete genotype information was used [36].

3.3. Plant Material

5 um) (Agilent Technologies) were used, utilizinfyhloop
injection (25 uL), with all samples housed at ambi®om
temperature. A quaternary pumping system using 0.1%
formic acid (solvent A) and 0.1% formic acid in togtrile
(solvent B) with a linear gradient composed of 5%2Bnin),
5-40% B (26 min), 40-41% B (2 min), 41-95% B (5 min
with a flow rate of 0.25 mL/ min was used to resothe
desulfated glucosinolates, followed by a washingley
composed of 95% B (5 min), 95-5% B (2 min), 5% B& (1
min) with a flow rate of 0.4 mL/ min. A photodiodegray
detector was used to collect spectral data from&fDnm,
using one channel at 229 nm for the absorbancemaaaf

The AGDH population was grown under controlled endesulfated glucosinolates.

vironmental conditions; with each plant line wagresented
by three genetically identical plants. Young fudlypanded
healthy leaves were collected at the bud initiatiage from
the three plants as a bulk material, and were mixextder
to pool homogeneous plant material.

3.4. Extraction & Desulaftion of Glucosinolates

Optimization of the Desulaftion Reaction Conditidfige
fractions of GD33DH each of 0.3 g of plant matenigere
extracted with boiling water, using 2 pmol gloopaeolin
(IS1), 30 pmol Pb(OAc)2 and 30 pmol Ba(OAc)2 togpre
pitate proteins and free sulphate ions [37]. Aftér min
boiling followed by 30 min agitation and sonicaticthe
samples were cooled to 4 °C and centrifuged at §f0040
min. The supernatant of the plant extract was tbaded

Identification of desulfated glucosinolates wasieebd
using an inline Thermo Fisher Scientific electragpioni-
sation (ESI) LTQ XL mass spectrometer, combinedhwit
linear ion trap mass analyser, and utilizing thal¥ar LTQ
program Rev 2.5.0. The ESI nozzle was held at 3viki a
temperature of 280 °C operated in positive ion miodé¢he
detection of desulfated glucosinolates using fcéirsmode.
A mass inclusion list was created, containing tkpeeted
m/z of protonated desulfated glucosinolates precargl7]
as shown in Table 2. MS/MS fragmentation method was
used at normalised collision energy of 35 with@eaisola-
tion width on the precursor ion observed for 30 ense

3.6. Development of Statistically Valid Method for Quan-
tifying Desulfated Glucosinolates

onto the Sephadex column. The column were flushild w  The Avalon peak detection algorithm was used fee-in

methanol and equilibrated with sodium acetate l\{fiel=

5.5), and then treated overnight with 1 mL of solutof

Sulfatase ultimately containing 0.25, 1.25, 2.553and 5 U
prepared as described by Graser et al. [38], sendabjusted
into 40 ml final volume with acetate buffer priar incuba-
tion in a shaking incubator at 37 °C and 80 rpm18rhrs.
The desulfated glucosinolates was eluted with 6%eaus
methanol. The eluent was evaporated and re-suspémde
mL of 0.1% formic acid.

grating peaks. The absolute peak area of desulfjitexb-
sinolates was converted to RPA based on 1S2. Tlhgve
response factor (RRF) was used in order to cofoeadif-

ferences in the UV absorbance between differenilfi¢ed
glucosinolates. The content of each glucosinokiegive to
IS1, expressed in (umoles/g) of completely driethsa
was calculated using the equation described irsténedard
protocol [37]. For this study, RRF were derivedatile to
desulfoglucotropaeolin, with a generic lower liroftdetec-

Optimization of IS1 concentration: A 0.3g of GD33DHtion for individual desulfated glucosinolates wasaitmined,

plant material were extracted with 0.3, 1.5 and®|es of
IS1, and then desulfated with 10 U of sulfataseyeres,
using the optimized reaction conditions.

Optimization of 1IS2 concentration: Serial dilutioofin-
tact sinigrin (IS2) were prepared (1, 2 and 6 mgj.nAn
aliquot containing 5 pL of each concentration wasted
10-fold in water and injected into the HPLC coluniihe
optimum concentration was selected that provided AP
IS2 similar to those of the analysts of interestisTconcen-
tration was further validated by addition to a plartract
and analysed in triplicate.

3.5. HPLC-UV/ESI-MS/MS Method for Separation &
| dentification of Desulfated Glucosinolates

based on the minimum relative concentration at ke
characteristic fragment in the MS/MS spectrum whs o
served (Table 4).

Table 4. Relative response factors (RRF) for desulfated glucosinolates
relativeto | S1 determined at 229 nmasdescribed in (EEC, 1990), with the
lower limit of detection for individual desulfated glucosinolates.

ywer limit of detection

Desulfated glucosinolate RRF
(umole/ g)

Desulfoglucoraphanin 1.13 0.30
Desulfoprogoitrin 1.15 5.00
Desulfosinigrin 1.05 0.90
Desulfogluconapin 1.17 0.50
Desulfoglucobrassicin 0.31 0.35
Desulfo4-methoxyglucobrassicir0.26 ~ 0.03
Desulfoneoglucobrassicin 0.21 0.05
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3.7. QTL Mapping

(2]

Mapping QTL to chromosomal regions was performed

using Windows QTL Cartographer (ver 2.5, Win QTLriza

the IM and CIM analysis were used. Kosambi mappingg]

function was used with precision of 2 cM, using $tendard
model 6, control marker number 5, window size ofch
and the forward regression method. The results were
firmed by reanalysing the data using Map QTL® ved 4
analysis [39]. The data model used was based cavrage
concentration for the individual glucosinolatesd am the
sum of glucosinolates of the same chemical classirdd
from three technical replicates. In addition, thensof sini-
grin and gluconapin was used to map QTLs contrahef
alkene bond formation. When a plant line did nqiress a
glucosinolate at a concentration that could be daiete an
arbitary figure of half the concentration of thevker limit of
detection was used. These concentration values logt®
transformed to increase the homogeneity of varianee
tween plant lines.

4. Conclusion

The ability of performing precise analysis of glanm-
late content in plant extracts will increase théeptal for
using complementary supplements of phytochemibalsis
known for their activity in prevention and treatrheof
cancer, or for use as natural bio-fumigants. Tleesfa
protocol with combination of the quantitative datad ge-
netic analysis of glucosinolate profiles was depebb and
used to infer the existence of factors at distiloci and
associated these with specific steps in the bib®gis
pathway of glucosinolates in B. oleracea. In additi
markers tightly linked to the newly identified QTtsuld be
adopted for marker assisted breeding strategid&ing
different genomic approaches. Consequently, tHisrmima-
tion can be applied to other Brassica species feeding
vegetable crops with altered glucosinolate profiles
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