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Abstract Glucosinolates are secondary components

characteristic for the Brassicaceae with complex

biological functions. Glucosinolates in the seeds are

anti-nutritive when feeding animals and their inheri-

tance have been extensively investigated. Much less is

known about the genetics of glucosinolates in leaves

and stems, which may attract some insects, while

repelling others. They may also inhibit bacterial

processes of importance when using green biomass

for the production of biogas. The objective of this study

was to analyse the genetic variation of total and

individual glucosinolates in the green material of

rapeseed. For this 28 resynthesized winter rapeseed

lines were tested at two locations. There was a large

variation in leaf glucosinolate content between

0.10 and 4.75 lmol/g dry matter. The predominant

leaf glucosinolates are the alkenyle glucosinolates

progoitrin, gluconapin and glucobrassicanapin. The

line R53 is exceptional, while combining a relative

high content of the indole glucosinolate glucobrassicin

with low alkenyle glucosinolates in the leaves. The

total glucosinolate concentration in the stems and

leaves is not correlated with the seed glucosinolate

concentrations. Heritabilities are above h2 = 0.60 for

progoitrin, h2 = 0.65 for gluconapin, h2 = 0.30 for

glucobrassicanapin and h2 = 0.52 for total glucosino-

late content in the leaves. In conclusion, resynthesized

rapeseed is an important genetic resource to modify the

leaf glucosinolate content and composition of rapeseed.

Keywords Brassica napus L. � Glucosinolates �
Heritabilities � Leaves � Stems

Introduction

Glucosinolates with more than 100 different side chain

structures have been described (Mithen 2001). In the

Brassicaceae, the main groups are the aliphatic or

alkenyle glucosinolates (derived from methionine), the

phenyl or aromatic glucosinolates (from phenylalanine

or tyrosine) and indole glucosinolates (from trypto-

phane). Depending on structural differences, alkenyle,

aromatic and indole glucosinolates produce different

toxic end-products after cleavage by the myrosinase

enzyme (Fenwick et al. 1983). The alkenyle glucosin-

olates are dominant in Brassica napus L. and are

systematically classified as 2-propenyl (sinigrin = SIN),

3-butenyl (gluconapin = GNA), 2-hydroxy-3-butenyl

(progoitrin = PRO), 4-pentenyl (glucobrassicanapin =

GBN) and 2-hydroxy-4-pentenyl (gluconapoleiferin =

! GNL) glucosinolates (Mithen 2001), also the aromatic

glucosinolate NAS (gluconasturtiin), and GBC, NEO,

4OH which belong to the indole glucosinolate group is

classified (Hopkins et al. 2009), see systematic names in

Table 1.
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The genetic variation and inheritance of seed

glucosinolates is well known. Compared to this, the

knowledge on glucosinolates in leaves and stems is

still rather limited. Therefore the objective of this

study is to investigate the genetic variation of

glucosinolate content and composition in green

material of rapeseed. As material, resynthesized

rapeseed lines from interspecific hybridization

between cabbage (B. oleracea L.) and turnip rape

(B. rapa L.) (Gland et al. 1981) are used, because in

such material the maximum amount of genetic

variation available in Brassica napus L. can be

expected.

Materials and methods

Materials

The material consisted of 28 resynthesized lines with

very broad genetic background both for the B. oler-

acea L. and the B. rapa L. parent (Table 2). For

comparison, the common German winter rapeseed

cultivar ‘Express’ was included as check.

Field experiments

The resynthesized lines were sown in two row plots

of 2.5 m length with 10 cm plant distance, at two

locations, Einbeck and Göttingen in the 2007/2008

season. At beginning of May, the leaves and stems

were harvested as random sample of 10 green fresh

leaves and stems from each plot, cooled during

transport, and dried in an oven at 55�C (McGregor

and Love 1978). At maturity, the pods of three open

pollinated plants were harvested; more than 100 seeds

were stored for further analysis.

Glucosinolate analysis

Glucosinolate profiles of stems, leaves and seeds

were analyzed by HPLC (High Pressure Liquid

Chromatography). After heating 200 mg of milled

material twice for 10 min at 75�C glucosinolates

were extracted and hydroxylated using concentrates

of both 70 and 10% methanol. After decantation the

extract was passed through Sephadex micro-columns.

After rinsing the columns with 1 ml of water and

addition of a sulphatase, these were incubated over

night at 40�C. The desulfo-glucosinolates were

eluated by 500 ll of water. An ultraviolet detector

(190–400 nm) was used for peak detection. Gluco-

sinolates are expressed in lmol/g dry matter (D.M.).

For seed meal containing SIN, glucotropaeolin

(200 ll 6 mM) was used as an internal standard.

For leaf and stem material, SIN (200 ll, 6 mM) was

used as an internal standard (Spinks et al. 1984). The

HPLC analyses were performed at least three times

for each sample, and the results were averaged.

Statistical analysis

An analysis of variance was performed with location

and genotype as factors. For comparison of glucosin-

olate content between lines least significant differ-

ences (P = 0.05) were calculated. The software

Plabstat (Utz 1996) was used for all statistical analyses.

Results

To explore the genetic resources of Brassica napus L.

seeds, leaves and stems from resynthesized lines was

analyzed for their glucosinolate content. The gluco-

sinolate concentrations are subdivided into their main

Table 1 Glucosinolates

detected in leaves and seeds

(adapted from Velasco and

Becker 2000)

Systematic name Trivial name Abbreviation

2-propenyl Sinigrin SIN

2(R) 2-hydroxy-3-butenyl progoitrin Progoitrin PRO

4-pentenyl glucobrassicanapin Glucobrassicanapin GBN

2-hydroxy-4-pentenyl napoleiferin Gluconapoleiferin GNL

3-indolylmethyl glucobrassicin Glucobrassicin GBC

N-methoxy-3-indolylmethyl Neoglucobrassicin NEO

2-phenylethyl gluconasturtiin Gluconasturtiin NAS

4-hydroxy-glucobrassicin 4Ohglucobrassicin 4OH
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components. The seed glucosinolates of the resyn-

thesized lines are given in Table 3. The results for

leaves and stem are given in Table 4. The mean level

of total glucosinolates in the seeds is 64.23 lmol/g

D.M., for the leaves 1.06 lmol/g D.M., and for stems

1.99 lmol/g D.M. The dominant glucosinolates

belong to the alkenyles (PRO, GBN, GNL and

GNA) in seeds as well as in stems and leaves, SIN

and 4OH are only present in the seeds. Total leaf

glucosinolate values range from 0.10 to 4.75 lmol/g

D.M. Alkenyles are the most dominant glucosinolate

group in the seeds (70–80%) followed by the indole

glucosinolate GBC (10%) and the phenyl type NAS

(10%). Leaves and stems have dominant concentra-

tions of PRO and GNA. In the leaves the most

prevalent individual glucosinolate was PRO (0.06–

2.00 lmol/g D.M.) followed by GBN (0.00–0.81

lmol/g D.M). NAS was the major glucosinolate

type in the phenyl group (0.00–0.81 lmol/g D.M.).

The indole group was dominated by GBC

(0.01–0.31 lmol/g D.M.).

The genotype S3 has the highest content of leaf

glucosinolates associated with high seed glucosino-

late content. Least significant differences showed in

the leaves of S3 a significantly higher total glucosin-

olate content and levels of PRO and GNA compared

with the rest of the resynthesized lines. H4 has the

lowest leaf glucosinolate content; in this line alkenyle

glucosinolates are almost absent. H327 has the

highest seed glucosinolate content, whereas H19

Table 2 Origin of resynthesized winter rapeseed lines used in the field experiments

Line Mother Father

S3 B. rapa L. ssp. rapa B. oleracea convar. acephala var. sabellica

H231 B. oleracea L. convar. capitata (L.) Alef. var. capitata L. B. rapa ssp. pekinensis (Lour.) Hanelt

H327 B. oleracea convar. capitata var. capitata B. rapa ssp. nipposinica (Bailey) Hanelt var. perviridis Bailey

R75 B. oleracea convar. acephala (DC.) Alef. B. rapa ssp. oleifera

H19 B. oleracea convar. capitata var. sabauda L. B. rapa ssp. pekinensis

G35 B. oleracea convar. capitata var. sabauda B. rapa ssp. oleifera

H344 B. oleracea convar. capitata var. sabauda B. rapa ssp. pekinensis

L122 B. oleracea. convar. capitata var. sabauda B. rapa ssp. pekinensis

G2 B. oleracea convar. capitata var. sabauda B. rapa ssp. oleifera

R28 B. oleracea convar. capitata var. capitata B. rapa ssp. oleifera

H357 B. oleracea convar. capitata var. capitata B. rapa ssp. pekinensis

R59 B. oleracea convar. capitata var. capitata B. rapa ssp. oleifera

R1 B. oleracea convar. capitata var. capitata B. rapa ssp. rapa

R53 B. oleracea convar. capitata var. capitata B. rapa ssp. pekinensis

G56 B. oleracea convar. capitata var. capitata B. rapa ssp. nipposinica var. perviridis

R64 B. oleracea convar. capitata var. capitata B. rapa ssp. rapa

R12 B. oleracea convar. capitata var. capitata B. rapa ssp. pekinensis

R73 B. oleracea convar. capitata var. capitata B. rapa ssp. oleifera

H4 B. oleracea convar. acephala var. sabellica L. B. rapa ssp. pekinensis var. laxa (Tsen et Lee) Hanelt

L239 B. oleracea convar. gemmifera (DC.) Gladis B. rapa ssp. 9 chinensis (L.) Hanelt

R19 B. oleracea convar. gemmifera B. rapa ssp. oleifera

H196 B. oleracea. convar. acephala var. gongylodes L. B. rapa ssp. chinensis

L341nc B. napus L. ssp. napus B. rapa. ssp. pekinensis

S14 B. napus var. pabularia (DC.) Reichb. 9 B. oleracea
convar. acephala var. sabellica

B. rapa. ssp. oleifera

S15 B. napus 9 B. rapa ssp. oleifera (DC.) Metzg. B. oleracea var. gemmifera DC.

S16 B. napus 9 B. rapa ssp. oleifera B. oleracea convar. acephala var. sabellica

S30 B. napus 9 B. rapa ssp. oleifera B. rapa ssp. pekinensis

S31 B. oleracea L. convar. botrytis var. italica Plenck B. rapa ssp. pekinensis
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had the lowest seed glucosinolate content. This

corresponds both with a high and low leaf glucosin-

olate content respectively 2.02 lmol/g D.M. and

0.30 lmol/g D.M. The line R53 combines a very low

leaf alkenyle content (PRO, GNA, GNL, GBN) and

high leaf indole (GBC) glucosinolate content.

Express is the standard cultivar chosen for compar-

ison with the resynthesized rapeseed lines. Express

has the lowest seed glucosinolate content, but average

leaf glucosinolate content.

An analysis of variance for leaves, stems and seeds

shows highly significant differences for total gluco-

sinolates among locations and genotypes (Table 5).

Depending on the genotype the level of PRO and

GNA varies significantly in the leaves and the stems.

In the stem, also GBN, GBC, and NAS show

significant genotypic differences. In the seeds, for

all glucosinolates except GBC significant genotypic

variance was observed. The heritability estimates are

high for total and major glucosinolate types of the

Table 3 Seed glucosinolates for the resynthesized lines

Seed glucosinolates

PRO SIN GNL GNA GBN GBC 4OH NAS Sum

S3 48.83 1.29 0.57 25.80 1.31 0.23 4.55 0.53 83.22

H231 33.50 1.37 3.93 22.13 4.34 0.10 3.13 0.75 69.33

H327 73.04 2.37 0.51 30.57 4.74 0.21 5.91 0.38 117.89

R75 44.90 0.94 0.15 28.86 3.27 0.35 2.52 0.14 81.32

H19 6.48 0.33 1.76 6.70 0.57 0.19 6.01 0.29 22.40

G35 55.74 0.93 0.38 22.71 2.36 0.08 2.71 0.13 85.15

H344 50.89 2.45 0.52 35.63 2.84 0.17 5.27 0.44 98.35

L122 38.49 0.20 0.26 12.06 7.75 0.06 2.94 1.35 63.50

G2 14.80 3.46 3.61 22.30 2.70 0.12 3.67 0.60 51.42

R28 39.50 2.91 0.12 8.47 3.24 0.16 3.15 0.71 58.46

H357 60.88 0.76 0.46 13.98 4.54 0.03 2.29 0.10 83.06

R59 30.32 0.90 5.79 17.29 1.37 0.27 5.32 0.19 61.59

R1 14.27 0.50 2.74 13.56 3.91 0.33 7.29 2.38 45.30

R53 21.31 0.20 0.98 8.18 2.57 0.79 5.82 0.58 40.75

G56 44.02 1.32 12.45 15.14 1.04 0.33 8.40 0.21 83.08

R64 45.75 1.29 4.41 28.95 3.07 0.22 7.80 0.69 92.30

R12 18.65 0.67 3.23 8.42 0.61 0.15 5.60 0.24 37.74

R73 43.91 2.18 1.42 8.69 2.00 0.08 4.53 0.22 63.10

H4 13.60 2.71 0.27 5.17 1.62 0.45 3.51 0.36 27.88

L239 16.93 0.43 1.34 3.00 0.79 0.31 4.86 0.34 28.55

R19 27.86 0.75 2.80 13.23 3.10 0.20 6.70 1.10 56.01

H196 15.97 1.69 3.33 9.15 0.32 0.04 4.65 0.31 35.50

L341nc 26.00 0.51 0.40 6.76 5.55 0.68 4.52 0.16 45.23

S14 50.96 2.07 1.03 22.23 4.50 0.05 4.77 1.21 86.92

S15 53.66 1.61 0.37 25.50 1.65 0.12 4.05 0.58 87.74

S16 53.00 1.14 0.56 24.80 2.79 0.26 3.97 0.25 86.90

S30 33.91 1.20 0.40 8.96 6.39 0.16 5.26 0.57 56.96

S31 43.76 1.79 0.41 20.53 1.34 0.52 4.48 0.52 73.46

Mean values 35.61 1.35 2.11 16.58 2.79 0.23 4.80 0.56 64.23

Express 8.61 0.32 0.07 2.71 5.13 1.68 0.40 0.46 19.57

LSD 0.05 14.89 1.90 1.85 8.97 3.51 0.46 3.29 0.87 23.12

Minimum 6.48 0.20 0.12 3.00 0.32 0.03 2.29 0.10 22.40

Maximum 73.04 3.46 12.45 35.63 7.75 0.79 8.40 2.38 117.89
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alkenyles group (PRO, GNA, GBN) within the leaves

and stems (Table 5). For total glucosinolate content

heritability is very high for seeds (h2 = 0.90), and

lower for leaves (h2 = 52) and stems (h2 = 0.58).

The correlation between the different leaf gluco-

sinolate types are significant for GNA, PRO (0.87**)

and GNA, GBN (0.69**), which are alkenyle gluc-

osinolates related with each other (Table 6). The

minor glucosinolate types NAS and GBC, belong to

the aromatic and indole glucosinolate groups are also

significantly correlated [0.76**]. However, signifi-

cant correlations between the main indole glucosin-

olate type (GBC) and alkenyle types are absent.

A clear difference between glucosinolate compo-

sition if seeds, stems, and leaves is observed (Fig. 1).

Increasing relative amounts of PRO in the leaves,

stems and in the seeds are observed (24% in the

leaves, 48% in the stems and 56% in the seeds). GNL

Table 4 Leaf and stem glucosinolate content (in lmol/g D.M.) in Brassica napus

Genotype Leaf Stem

PRO GNL GNA GBN GBC NAS Sum PRO GNL GNA GBN GBC NAS Sum

S3 2.00 0.00 1.65 0.75 0.11 0.25 4.75 3.28 0.03 0.57 0.19 0.05 0.17 4.28

H231 0.18 0.38 0.01 0.04 0.11 0.11 0.83 0.13 0.45 0.11 0.04 0.11 0.11 0.95

H327 0.30 0.12 0.48 0.42 0.28 0.42 2.02 0.98 0.35 0.93 0.42 0.21 0.21 3.10

R75 0.14 0.32 0.25 0.22 0.09 0.10 1.12 0.63 0.21 0.16 0.22 0.17 0.17 1.56

G2 0.13 0.14 0.00 0.03 0.04 0.00 0.34 0.79 0.27 0.09 0.35 0.16 0.30 1.94

G35 0.06 0.31 0.00 0.02 0.01 0.00 0.41 0.45 0.27 0.12 0.27 0.04 0.10 1.24

H344 0.24 0.04 0.37 0.39 0.04 0.37 1.44 1.43 0.00 0.51 0.70 0.10 0.23 2.97

L122 0.46 0.01 0.15 0.42 0.03 0.15 1.22 1.93 0.03 0.24 1.01 0.18 0.23 3.61

R28 0.43 0.05 0.22 0.24 0.31 0.17 1.42 1.05 0.02 0.32 0.56 0.08 0.51 2.53

H357 0.10 0.03 0.05 0.59 0.30 0.05 1.12 0.23 0.25 0.03 0.09 0.12 0.16 0.87

R59 0.24 0.00 0.81 0.71 0.05 0.81 2.62 0.55 0.00 0.38 0.36 0.06 0.29 1.63

R1 0.20 0.37 0.27 0.23 0.06 0.27 1.40 0.82 0.33 0.51 0.73 0.36 0.42 3.16

R53 0.09 0.00 0.02 0.05 0.31 0.02 0.50 0.15 0.00 0.00 0.03 0.29 0.45 0.92

G56 0.43 0.00 0.19 0.14 0.09 0.19 1.05 3.50 0.01 0.21 0.57 0.16 0.20 4.64

R64 0.11 0.28 0.11 0.04 0.02 0.11 0.67 0.47 0.00 0.08 0.13 0.06 0.18 0.91

R73 0.19 0.29 0.09 0.00 0.06 0.09 0.72 0.64 0.33 0.08 0.08 0.13 0.09 1.34

S30 0.17 0.03 0.06 0.02 0.03 0.06 0.38 0.88 0.00 0.29 0.15 0.14 0.17 1.61

R12 0.13 0.00 0.00 0.05 0.03 0.00 0.21 0.11 0.00 0.03 0.06 0.04 0.07 0.31

H4 0.07 0.00 0.01 0.00 0.01 0.01 0.10 0.19 0.00 0.07 0.05 0.04 0.05 0.39

H19 0.08 0.00 0.01 0.16 0.03 0.01 0.30 0.08 0.26 0.01 0.04 0.10 0.18 0.65

L239 0.15 0.00 0.05 0.08 0.08 0.05 0.40 1.09 0.02 0.08 0.19 0.08 0.15 1.60

R19 0.38 0.00 0.21 0.18 0.04 0.21 1.04 0.61 0.00 0.05 0.25 0.11 0.31 1.32

H196 0.13 0.02 0.04 0.00 0.10 0.04 0.32 0.28 0.06 0.06 0.04 0.10 0.09 0.61

L341nc 0.13 0.00 0.08 0.01 0.03 0.08 0.34 0.38 0.00 0.02 0.11 0.08 0.09 0.66

S31 0.16 0.03 0.17 0.09 0.09 0.17 0.70 1.14 0.00 0.56 0.28 0.16 0.28 2.41

S16 0.20 0.45 0.02 0.10 0.07 0.02 0.87 1.93 0.34 0.38 1.03 0.13 0.54 4.33

S14 0.63 0.34 0.23 0.81 0.07 0.23 2.31 2.11 0.36 0.27 0.89 0.11 0.20 3.93

S15 0.27 0.39 0.19 0.14 0.04 0.11 1.14 1.31 0.33 0.30 0.16 0.06 0.20 2.35

Mean 0.28 0.13 0.21 0.21 0.09 0.15 1.06 0.97 0.14 0.23 0.32 0.12 0.22 1.99

Express 0.27 0.06 0.15 0.40 0.07 0.08 1.13 0.30 0.00 0.17 0.19 0.05 0.16 0.92

LSD 0.05 0.67 0.42 0.57 0.59 0.29 0.46 1.84 1.77 0.41 0.40 0.44 0.11 0.26 2.47

Minimum 0.06 0.00 0.00 0.00 0.01 0.00 0.10 0.08 0.00 0.00 0.03 0.04 0.05 0.31

Maximum 2.00 0.45 1.65 0.81 0.31 0.81 4.75 3.50 0.45 0.93 1.03 0.36 0.54 4.64
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contributes in a smaller amount to the total glucosin-

olate content, with values from 11% in the leaves, 7%

in the stems and 3% in the seeds. The same is true for

GBN (leaves = 18%, stems = 16% and seeds 4%)

and the indole glucosinolate GBC (8% in the leaves,

6% in the stems and almost absent in the seeds).

Highly significant (P = 0.01) correlations are

found between the content of glucosinolates in the

stems and leaves (r
2

= 0.65; Fig. 2). Lower correla-

tions were observed between seed glucosinolate

content and glucosinolates in stems (r2 = 0.47, data

not shown) and leaves (r2 = 0.39, Fig. 3). Though

leave and seed glucosinolates are not highly corre-

lated, there is a relationship in so far, that low leaf

glucosinolate content was only observed in genotypes

with low seed glucosinolate content.

Table 5 Mean squares of the analysis of variance for glucosinolate content (lmol/g D.M.)

Material DF PRO SIN GNL GNA 4-OH GBN GBC NAS Sum

Leaves (n = 28)

Genotype (G) 27 0.27* / 0.05 0.22** / 0.12 0.02 0.06 10.77**

Location (L) 1 0.89** / 0.71** 0.67** / 0.99** 0.04 0.05 1.67*

G 9 L 27 0.11 / 0.04 0.08 / 0.08 0.02 0.05

h2 0.60 / 0.19 0.65 / 0.30 0.00 0.21 0.52

Stems (n = 25)

Genotype 24 1.58* / 0.05 0.1** / 0.19** 0.01** 0.03* 3.43*

Location 1 8.17** / 0.66** 0.05 / 0.04 0.018* 0.01 19.06**

G 9 L 24 0.74 / 0.04 0.04 / 75.91 74.21 51.57 1.44

h2 0.53 / 0.21 0.62 0.76 0.74 0.52 0.58

Seeds (n = 28)

Genotype 27 575.05** 2.3* 18.76** 159.83** 5.5* 7.67* 0.08 0.52** 1204**

Location 1 178.43* 0.15 0.16 21.98 13.77* 0.67 0.08 1.04* 571*

G 9 L 27 51.80 0.84 0.80 18.81 2.52 2.88 0.05 0.18 125

h2 0.91 0.63 0.96 0.88 0.54 0.62 0.35 0.65 0.90

Table 6 Phenotypical correlation coefficients for leaf gluco-

sinolate types

r2 PRO GNL GNA GBN GBC NAS

GNL -0.13

GNA 0.87** -0.17

GBN 0.60 -0.09 0.69**

GBC 0.08 -0.16 0.09 0.24

NAS 0.00 -0.08 0.04 0.25 0.76**

Sum 0.86** 0.00 0.88** 0.82** 0.36 0.36

** Significant at P = 0.01
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Discussion

Glucosinolate content in leaves and stems is low in

comparison with the content in seeds. The leaves are

quite fragile material, which differ within the season,

within and between the years and during their

development, and even during the day (Rosa 1997).

Jürges (1982) who did a comparable research on

winter rapeseed cultivars before flowering measured

leaf concentrations ranging from 1.0 to 15.5 lmol/g

D.M. According to Clossais-Besnard and Larher

(1991), the concentration of glucosinolates in dry

seeds is about five to ten times higher as in stems and

leaves; however, this is not always the case (Mithen

2004). Therefore manipulation of 0 and 00 lines with

low and high seed glucosinolate content indepen-

dently from the leaf glucosinolates (Mithen 2004) is

rather challenging. The distribution of the glucosin-

olates varies depending on plant part, with both

quantitative and qualitative differences among leaves,

stems and seeds (Velasco et al. 2007). A low

(\4.8 lmol/g D.M.) total glucosinolate content in

the leaves of winter rapeseed was observed.

A further explanation for the low glucosinolate

content in the leaves and stems in comparison with the

seeds could be found in the dilution of glucosinolates

during plant growth (Clossais-Besnard and Larher

1991). This starts already after germination, where a

mixture of enzymatic reactions causes the further

turn-over of glucosinolates. Because of the existence

of seed-specific glucosinolates, it is suggested that

vegetative parts mainly provide precursors and that

the final steps for glucosinolate synthesis occur in the

seed (Clossais-Besnard and Larher 1991). Secondly

while the tissue in the seeds is morphologically

protected, a lower decomposition of instable gluco-

sinolates types due to environmental reasons in the

seeds as in the green material is caused. Thirdly a

possible explanation could be differences in transport

between the different plant organs. Transport proper-

ties of glucosinolates within Brassica napus L. are of

interest as identification of the mechanism leading to

lower levels obtained in specific tissues such as seeds

(Brudenell et al. 1999). This is particularly observed

for PRO, which is highest in the seeds and leaves of

Brassica napus L.

The correlation between total seed and leaf

glucosinolates is low. This is most probable caused

by differences in biochemical reactions due to

different gene actions in the tissue of the green

material compared to the seeds. Seed glucosinolate

concentrations cannot be used for indirectly predict

the concentration of the glucosinolates in the leaves.

A triangle shaped plot is shown in Fig. 3. This means

that low seed glucosinolate lines always have low

leaf glucosinolate content, whereas high seed gluco-

sinolate lines may have low or high leaf glucosinolate

content. For the relation of the total glucosinolate

contents in the different plant organs, earlier obser-

vations on the presence or absence of correlations are

until now rather contradictory (Jürges 1982). It has

been suggested that weak correlations between seed

and leaf glucosinolates content might be caused by

the dependence of leaf glucosinolate content on

environmental effects and growing stage (Schilling

and Friedt 1991).

This study describes the genetic variation of

alkenyle, indole and phenyl glucosinolates occurring

in low but measurable quantities. Genetic variation in

leaves and stems of rapeseed is high for alkenyle

glucosinolate types (PRO, GNA and GBN). Gluco-

sinolate variability has been observed within leaves

of the Brassicaceae, which are distinct for their

alkenyle glucosinolate composition. An assumption is

that a difference in gene action causes this methio-

nine side chain elongation. This makes it possible to

further investigate gene controlled variation in leaves

within Brassica napus L. (Kroymann et al. 2000). In

leaves of Brassica napus L., this is expressed in

significant correlated levels of PRO and GNA (Gland

et al. 1981). GBC, which is synthesized from

tryptophane (Kutácek and Králová 1971) is the

indole glucosinolate with the highest level. The

causes of high glucobrassicin levels are possibly
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Fig. 3 Total glucosinolate content in the seeds and leaves of

28 resynthesized rapeseed lines
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enzymatic and absence can be explained by a genetic

block for direct glucosinolate synthesis from trypto-

phane (Kutácek and Králová 1971).
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Velasco P, Cartea ME, González C, Vilar M, Ordás A (2007)

Factors affecting the glucosinolate content of kale

(Brassica oleracea acephala). J Agric Food Chem 55:

955–962

546 Genet Resour Crop Evol (2012) 59:539–546

123

http://www.unihohenheim.de/&tilde;ipspwww/soft.html
http://www.unihohenheim.de/&tilde;ipspwww/soft.html

	Genetic variation in leaf and stem glucosinolates in resynthesized lines of winter rapeseed (Brassica napus L.)
	Abstract
	Introduction
	Materials and methods
	Materials
	Field experiments
	Glucosinolate analysis
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


